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Series Introduction

Depression and anxiety, both externally experienced and internally perceived, are part of

the normal human repertoire of response to stress. In my opinion, those who never experi-

ence such feelings are seriously ill, unable to recognize or respond appropriately to the

importance of danger and loss. On the other hand, the capacity to tolerate a “normal

expectable” level of each is a sign of mental health. Unfortunately, however, many of us

are unable to withstand the impact of the usual vicissitudes of life and are overwhelmed

by excessive stress or chronic strain. The stressors may be as sudden as the events of

9/11, the diagnosis of a life-threatening disease, or the loss of someone we love, or they

may be an accumulation of the ordinary stresses of life at work and at home, with family

and friends. Symptoms of depression and/or anxiety may develop, sometimes assorted

into identifiable syndromes and, at times, representing specific disease states.

The chapters of this volume provide us with background information, such as the

conceptual history of our understanding of anxiety and depression, their epidemiology

and genetics. They also provide insight into our current knowledge of the physiology and

pathology of both anxiety and depression, and information about up-to-date treatment

approaches for both acute and chronic presentations.

This volume should be kept on our desks, readily accessible for consultation when

we need help with understanding the difficult issues that bring people to us in search of

relief. It is a “vade-mecum”—a useful manual of what we now know about the biological

and pharmacological treatments of depression and anxiety, and an invaluable resource for

all who care for the afflicted, important for general practitioners as well as for psychiatrists

and others in the mental health fields. The internationally renowned group of contributors

illustrate a growing consensus that anxiety and depression are both symptom and syn-

drome, and, in some instances, disease. It is time to apply this understanding to the practice

of medicine.

William A. Frosch, M.D.

Weill Medical College of Cornell University

New York, New York
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Preface

Anxiety and depression are complex emotional states in which cognitive evaluations and

affective and physiological responses are involved. Considering the complexity of these

emotions, which can be described in several scientific languages at different levels of

analysis, there is no doubt that multiple neuronal systems in the brain are implicated in

the pathophysiology of these closely related disorders.

On a phenomenological level, there is a high degree of overlap between symptoms

of anxiety and depression as well as a high degree of comorbidity. This does not imply,

however, that both syndromes are merely different phenotypical expressions of a geneti-

cally based constitution sharing similar biological underpinnings. The question of whether

anxiety and depression result from similar or different biological abnormalities cannot be

answered using one research strategy. On the one hand, psychophysiological research

provides evidence suggesting that anxiety and depression are clearly distinct disorders;

on the other hand, some anxiety disorders and depressive syndromes respond to similar

pharmacological interventions. Thus, these conflicting findings from different biomedical

fields of research present a challenge to all of us involved in the study of these very

common and often debilitating psychiatric illnesses.

Some investigators argue that distinguishing different subtypes among depressive

syndromes and anxiety disorders is a somewhat artificial practice. They reason that a

syndrome exists based upon a common underlying propensity toward ‘‘nervousness.’’

This (dimensional) viewpoint implies that the different diagnostic categories could be

merely phenotypical manifestations of an underlying vulnerability to anxiety or depres-

sion.

Over the last decade, our knowledge about the biological underpinnings of depres-

sion and anxiety disorders has increased substantially, particularly for anxiety disorders,

and new insights are continually emerging from widely disparate fields, such as epidemiol-

ogy, genetics, immunology, psychophysiology, and psychopharmacology. This volume

brings together these different disciplines and reviews the state of the art in research on

anxiety and depression and their interrelatedness.

We consider ourselves fortunate to have succeeded in getting so many internation-

ally renowned contributors, who lend to this volume their knowledge and expertise in

v



vi Preface

these disciplines. We hope that scientists and clinicians from many fields will be inspired

by the exciting findings presented in this book.

Siegfried Kasper

Johan A. den Boer

J. M. Ad Sitsen
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A Conceptual History of Anxiety
and Depression

GERRIT GLAS

University of Leiden

Leiden, The Netherlands

I. INTRODUCTION

For more than 2500 years, physicians have distinguished the clinical conditions we call

affective or anxiety disorder from such everyday feelings as fear, restlessness, and despon-

dency. Contrary to what might be expected, case descriptions from the past often bear

remarkable resemblances to patients encountered in modern-day clinical practice. Whether

one consults Aristotle, Galen, Burton, or the 19th-century alienists, images of a suggestive

reality are evoked, images in which we can easily recognize the depressive, anxious, and

melancholic individual of our own era. These are similarities in symptomatology and

course, as well as in the distinction between normality and pathology.

On the other hand, there are also considerable disparities in language and frame of

reference, conceptualization, and interpretation. From the time of Hippocrates until well

into the 17th century, the description and interpretation of anxiety and depression were

dominated by the doctrine of bodily fluids (humors). And, until quite recently, all manner

of ideas involving neural energy overshadowed discussions of phenomena such as neuras-

thenia, inhibition, and motor agitation.

These disparities have traditionally been given particular emphasis. The undeniably

impressive growth of our knowledge is seen as evidence of the superiority of contemporary

explanatory models. Conversely, ideas that were current from antiquity until the 19th

century are considered to be of no more than historical interest—simply a fanciful mythol-

ogy for enthusiasts. The history of medicine has become a somewhat antiquated study,

pursued by a handful of specialists.

1



2 Glas

This may or may not be considered regrettable. However, these disparities once

again become relevant at a deeper level of discussion for clinicians as well as for scientific

investigators. I refer here to the level of medicine’s basic concepts and to the cultural and

ideological strata from which these concepts derive their meaning.

A consideration of the foundations of medicine helps, for example, to put into per-

spective the already overly strict separation of symptoms and explanatory models. Symp-

toms are not natural phenomena in that they are not the invariable expressions of an

unchanging biological substratum. Whatever one’s concept of disease, what the patient

says is always based upon interpretation, at least to a certain extent. That interpretation

can be colored by whatever is considered to be normal or abnormal in a particular culture.

Explanatory models, on the other hand, are not simply conjured up out of the blue. They

are neither arbitrary nor coincidental, but are instead closely linked to whatever paradigms

are currently fashionable in the various branches of science. Moreover, they are always

interpretations of a reality that is already interpreted by the afflicted person and those

around him.

Accordingly, we cannot pretend that depression and anxiety are natural phenomena

that have consistently been expressed and experienced in the same way down through the

centuries. The view according to which only the explanatory models have changed and

not the phenomena themselves should be rejected. Concentrating purely on differences at

the level of the explanatory models can easily turn the history of medicine into a study

of scientific folklore, as if, with the passage of time, only the explanatory models have

undergone change and not the signs and symptoms of the disorders. Notwithstanding the

above-mentioned similarities in clinical picture and course, the symptoms of anxiety and

depression also have changed (i.e., their relevance to what counts as disease and their

meaning as an expression of disease).

Seen from this point of view, the study of the history of medicine suddenly becomes

extremely relevant to a clear understanding of all sorts of current explanatory models.

The medical history of anxiety and depression is, therefore, not simply concerned with

internal scientific development. It also involves the interplay of cultural changes and psy-

chopathological phenomena, including the scientific interpretations of such phenomena.

In this chapter, several leading concepts in the history of anxiety and depression will be

summarized. Instead of delving into historical detail, the emphasis will be on concepts

and, particularly, on the paradigm shifts associated with the changes in conceptual content.

Anyone interested in the detail is referred to the existing literature on the history of medi-

cine, particularly to the outstanding studies of Jackson [1] and Klibansky et al. [2]. Also

of interest are the studies by Ackerknecht [3], Beek [4], Berrios [5,6], Flashar [7], Foucault

[8], Gardiner et al. [9], King [10], Leibbrand and Wettley [11], Lewis [12], Roccatagliata

[13], Rosen [14], Starobinski [15], and Zilboorg [16].

II. NOMENCLATURE

Before commencing with our historical review, a few comments about terminology. First

of all, it should be realized that the generally accepted distinction between anxiety and

depression is of comparatively recent vintage. The first nonphobic form of anxiety to take

its place in the description of disease did so as recently as the middle of the 19th cen-

tury. Flemming’s Über Praecordialangst, which dates from 1848, was cited by Schmidt-

Degenhard [17] as the first medico-psychiatric text exclusively devoted to a nonphobic

form of anxiety.
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Of course, this does not mean that subtle variations in the spectrum of anxiety and

depressive disorders had not been observed and described prior to this. Evidently, how-

ever, there was no recognition of the need for a systematic distinction between anxiety

and depression. For a long time, both were encompassed by the broad concept of melan-

cholia. Since the Corpus Hippocraticum (5th-century b.c.), fear and despondency have

been referred to as the prominent characteristics of melancholia.

The terms melancholia (Greek: melaina cholè, black bile) and hypochondria (Greek:

hypochondrios, under the breastbone) are therefore of ancient vintage. The same applies

to the concept of mania. The word depression (Latin: deprimere, to press down) gradually

came into use during the 18th century [18].

Unlike the term phobia (Greek: phobos, fear), the term anxiety has neither Greek

nor Latin origins. The word anxiety (German: angst, worry) probably derives from the

Indo-Germanic root angh, which means to narrow, to constrict, or to strangulate [19–21].

This root reappears in the Greek word anchein, which means to strangle, to suffocate, or

to press shut. The root angh has also survived in Latin, for example, in angor (suffocation;

feeling of entrapment) and anxietas (shrink back fearfully; being overly concerned). Fear

derives from the German stem freisa or frasa. The term panic, on the other hand, has a

Greek background, namely, Pan or Panikos, the Greek god of the forest and of shepherds,

who was thought to have caused panic amongst the Persians at Marathon.

The boundaries of the different terms are rather vague. This is particularly true of

the term melancholia, which covers practically all forms of nonorganically determined

psychopathology. In summary, however, it can be stated that despondency is a central

element in numerous terms for depression, whereas in terms referring to anxiety the em-

phasis is often on sensations of tightness and constriction in the region of the chest and

throat.

III. A HISTORY OF THE CONCEPTS OF ANXIETY AND DEPRESSION
BASED UPON THE CONCEPT OF MELANCHOLIA

A. Ancient Greece and Rome

Western psychiatry, just like somatic medicine, has its roots in Greek natural philosophy.

In this philosophy, the traditional explanations of mental illness, based upon the supernatu-

ral, gradually diminish in significance. Clinical observation and reasoning become estab-

lished practice. Natural philosophers attempt to elucidate the universal principle behind

observed phenomena. They observe heaven and earth, the orbits of heavenly bodies, and

the course of the seasons, as well as the cycle of ascension, splendor, and decline in the

living and the nonliving worlds. They are dissatisfied with demonological explanations

of mental illness, such as those found in the works of Homer, for example.

This does not mean that moments of speculation become a thing of the past (let us

consider, for example, the Corpus Hippocraticum). This work consists of a series of 70

medical texts dating from the 5th century B.C., which are attributed to Hippocrates and

his pupils. The Corpus contains the earliest formulation of the theory of the four humors

or bodily fluids. This humoral theory was a modified version of the view first encountered

in the works of Empedocles that the universe is made up of a mixture of four elements:

earth, fire, air, and water. Empedocles himself was probably influenced by the Pythagorean

school’s doctrine of the “harmony of the spheres,” which placed strong emphasis on no-

tions such as tuning and equilibrium. According to the humoral theory, disease results

from a disturbance in the natural balance (dyscrasia) of the elements.
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Blood, yellow bile, black bile, and phlegm are the four bodily fluids or humors

distinguished in the Hippocratic texts. These fluids were considered to be influenced by

the seasons. Accordingly, blood would increase in the spring, yellow bile in the summer,

black bile in the fall, and phlegm in the winter. In addition, each of the humors was

associated with a pair of primary qualities. Thus blood was associated with heat and wet-

ness, yellow bile with heat and dryness, black bile with dryness and cold, and phlegm

with cold and wetness (see Fig. 1).

To the Greek physician, disease was caused by a disturbance in the natural balance

of the bodily fluids. This balance was influenced by all sorts of factors, such as seasonal

changes, climate, geographical conditions, age, mental effort, as well as eating and drink-

ing habits. The Greeks were well aware, for example, of the link between depressive

phenomenon and the fall. In addition to these factors, certain people were temperamentally

predisposed to melancholia. The term temperament refers to a personal’s humoral constitu-

tion. Due to an excess of black bile, or to an increased susceptibility of the black bile to

heat or cold, some people could have a natural tendency toward melancholia.

This suggests that the balance between the humors reflects a much broader biopsy-

chological and ecological equilibrium. This is indeed the case. The ancient concept of

disease must be seen against the background of the then popular idea of a fundamental

likeliness of macrocosm and microcosm. Universe at large is a well-ordered macrocosm.

Its changes are reflected at the level of microcosm—the individual body, for instance.

This theme was to dominate the concept of disease for at least two millennia. It left no

room for the principle of linear (unidirectional) causality, which began to dominate medi-

cine in the middle of the 18th century, nor can it be equated with the late 19th-century

concept of homeostasis, since this concept presupposes the idea of internal feedback, a

notion that is quite foreign to the ancient Greeks. In antiquity, disease was seen as a

disorder reflected on all levels of existence, rather than as the consequence of an internal

disorder. The excess of black bile in melancholia was the analogue of changes in the

seasons, in dietary habits, and in psychological constitution [22,23]. The origins and con-

clusion of disease were not confined to the relative isolation of the body. Instead, disease

reflected changes on various levels within the macrocosm.

Figure 1 The four humors and their relation to the seasons, the elements, and the primary

qualities.
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The first-century reader may suspect that there are conceptual problems here; how-

ever, none seemed to exist for the Greek physician-philosopher, who seemed quite uninter-

ested in the question of how all these different processes interacted with one another, and

chose instead to ignore the problem. Some have suggested, for example, that the Greek

outlook could not accommodate a psychogenic cause of mental illness. This is factually

incorrect, since the literature of that time includes many examples of scholars becoming

depressed through excessive study, and of melancholics consumed by feelings of guilt,

hatred, or grief over a lost love. In addition, there is also a conceptual misunderstanding

here, such as occurs whenever modern ways of thinking begin to dominate the interpreta-

tion of humoral pathology. The humors are then reduced to purely biological phenomena

(comparable to neurotransmitters) and the lovelorn state, or that of being overworked, to

mere matters of psychology. Greek physicians undeniably thought of the melainè cholè

as a substance that was both visible and tangible, even though they had never actually

seen it. Nevertheless, they persisted in associating this unseen substance with all kinds of

effects at the psychological and behavioral levels. From a first-century point of view, this

association could be seen as a metaphor. To the Greek physician, however, the notion of

atrabiliousness (black bitterness) was a condensation of all sorts of very real experiences

and perceptions. In short, even though the emphasis lay on what is now referred to as the

biological component, the psychological connotation still was implied by the terms for

the bodily fluids.1 According to Aretaeus, bile means anger and black, much or furious:

. . . in certain of these cases, there is neither flatulence nor black bile, but mere anger and

grief, and sad dejection of mind; and these were called melancholics, because the terms bile

and anger are synonymous in import, and likewise black with much and furious (Aretaeus;

via Jackson [24]).

For all that, black bile was the last substance to be ranked amongst the true bodily fluids.

Initially interpreted as a breakdown product of yellow bile, black bile was first described

as a natural constituent of the body in the Corpus Hippocraticum. Its change in status can

probably be attributed to the dark-colored urine and feces observed in malaria sufferers

and in patients with hepatic disease or gastric bleeding.

However, more than five centuries were to pass between this reference to black bile

in the Hippocratic texts and the first summarized description of its effects. This summary,

which can be found in the medical works of Galen (131–201 a.d.), was to serve as a

model for medical thinking for centuries to come.

Galen owed a great deal to the work of Rufus of Ephesus (circa 100 a.d.), who we

must thank for a description of various melancholic delusions, amongst other things. One

such delusion was that of being an earthen pot, another was that of lacking a head. Rufus

also influenced Arabic medicine and, through it, the medicine of the Middle Ages. It was

Rufus from whom the great Ishaq ibn Imran, of 10th-century Baghdad, reputedly derived

his ideas about melancholia. The latter’s work was to become the direct source for De

Melancholia by Constantinus Africanus (11th century), a text that enjoyed great authority

during the Middle Ages and the Renaissance [25]. The distinction between the three forms

of melancholia, which he may have derived from Rufus, was considered by Galen to be

of particular significance. He distinguished the following forms:

1. A generalized form of melancholia, with the blood being full of black bile

2. A cerebral form of melancholia, which only affected the brain

3. An hypochondrical form of melancholia involving the organs of the upper abdo-

men [26–28]
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The first form, unlike the second, could be accompanied by other phenomena (e.g., discol-

oration of the skin, cirrhosis of the liver, and the accumulation of fluid). The mental mani-

festations of both the generalized and the cerebral forms were due to obstructed blood

vessels in the brain, as a result of a thickening of the blood. Galen suspected that this

obstruction led to a blockage of the channels through which the so-called pneuma animalis

flowed. This pneuma was an etherlike substance, made up of small, lightweight, highly

animated particles. From ancient times until well into the 17th century, it has been associ-

ated with all kinds of mental functions, including perception and imagination. In other

cases, according to Galen, black bile caused cerebral tissue damage, leading to the impair-

ment of intellectual functions in particular. In the third form of melancholia, disease symp-

toms were not interpreted as resulting from black bile as such. Instead they were caused

by a vapor emanating from this fluid, as a result of local warming in the hypochondrium.

This smoky vapor, according to Galen, rose up into the brain, obscuring thought. It was

this mental obscuration that explained the anxiety seen in melancholics. Galen compared

it to the darkness of night, which induces a causeless fear in many people:

As external darkness renders almost all persons fearful, with the exception of a few naturally

audacious ones or those who were specially trained, thus the color of the black bile induces

fear when its darkness throws a shadow over the area of thought [in the brain] [29].

Apart from generating this vapor, such local warming also converted one of the other

bodily fluids to black bile, thereby producing an excess. Under circumstances such as this,

melancholia would be characterized by heat rather than coldness. According to some later

writers of the Galenic school, this explained motor restlessness and behavioral disorders,

an interpretation with which Burton concurred in 1621.

In terms of treatment, it was the distinction between the three forms of melancholia

that became of primary importance. Phlebotomy, the preeminent therapy for the general-

ized form, was ineffective in the treatment of the other two forms of melancholia, which

required alternative measures. Mention is made of changes in eating and drinking habits,

the use of emetics and laxatives, and attaining a correct balance between rest and physical

exercise.

Galen was aware that, while the manifestations of anxiety and depression are tremen-

dously varied, the heart of melancholia consists of despondency and anxiety, especially

the fear of death:

Although each melancholic patient acts quite differently than the others, all of them exhibit

fear or despondency. They find fault with life and people; but not all want to die. For some

the fear of death is of principal concern during melancholy. Others again will appear to you

quite bizarre because they dread death and desire to die at the same time.

Therefore, it seems correct that Hippocrates classified all their symptoms into two

groups: fear and despondency. Because of this despondency patients hate everyone whom

they see, are constantly sullen and appear terrified, like children or uneducated adults in deep-

est darkness [30].

The link between melancholia and mania had already been established by Aretaeus of

Cappadocia, who lived around 150 a.d. [31]. However, in the work of Galen, this link is

conspicuous by its very absence. In the Hippocratic texts, the term mania was frequently

used when referring to mental illness in general, even though the link with the action of

black bile had already been established. In the centuries that followed, mania and melan-

cholia gradually became delineated as disorders having a certain periodicity, but with
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contrasting outward expressions. Nevertheless, we must exercise caution, and not be over

hasty in identifying these ailments with the present-day, bipolar disorder. The term melan-

cholia still has very wide connotations, incorporating many different forms of psychosis

and all kinds of neurotic symptoms. Mania, on the other hand, specifically refers to the

various forms of emotional restlessness and motor excitation.

In fact, mania and melancholia together encompass virtually the entire field of pro-

longed psychopathology, that is, chronic diseases not associated with fever. The third form

of mental illness, phrenitis, is both acute and associated with fever. The obvious compari-

son here is with delirious visions and acute psychoses. Epilepsy had a place all its own.

Viewed by the Greco-Roman world as a “sacred disease,” it includes forms that are transi-

tional between classic epilepsy and melancholia.

B. The Middle Ages

During the Middle Ages, ideas about anxiety and depression actually changed very little.

Scholars continued to build upon the foundations created by the Hippocratic–Galenic

school. For many centuries, Alexandria, with its enormous library, was the center of re-

search and contemplation. One area of Byzantine medicine, as it is known, is particularly

worthy of mention, particularly with respect to the work of compilers such as Oribasius

of Pergamon (325–403), Alexander of Tralles (525–605) and Paul of Aegina (625–690).

These scholars classified existing ideas from many different sources, without adding any

significant contributions of their own.

At about the same time, the work of the Greek authors began to be translated into

the Semitic languages by Christians who had fled the Byzantine Empire, as well as by

Arab authors. In this way Arabic medicine came to assimilate its Byzantine inheritance,

in addition to influences from India and even China. By the end of the first millennium,

writers from the Eastern Caliphate (Baghdad), such as Rhazes (865–923) and Avicenna

(980–1037), had produced medical treatises of their own. Avicenna’s Canon of Medicine,

in particular, was to dominate medical ideas for centuries to come. From Persia came

another significant figure, Ishaq ibn Imran (early 10th century), who has been referred to

previously. His work on melancholia inspired the great and influential treatises on the

subject by the encyclopedist Constantinus Africanus (1020?–1087). Originally from North

Africa, Constantinus subsequently lived in Salerno and later moved to Monte Cassano.

His work reflects that of Ishaq, in that he also devoted an extraordinary amount of consider-

ation to psychogenic causes of melancholia. Later on, famous scholars from the Western

Caliphate (Spain), such as Averroes (1126–1198) and Maimonides (1135–1204), also

exerted an influence on medicine. In the late Middle Ages, however, authors dealing with

melancholia mainly referred to the works of Avicenna and Constantinus [32]. In the late

Middle Ages, medical knowledge was mainly concentrated in monasteries and in cathedral

schools. Moreover, various university medical schools were founded, the best known of

these being Montpellier, Bologna, and Padua. In addition to continued classification,

some scholars now began to apply morality to humoral pathology [33]. This led to melan-

cholics being described by some as degenerate, along with phlegmatics and cholerics.

Sanguinics, on the other hand, were considered to represent man, as God had intended

him to be, at the Creation. Melancholia was also associated with acedia, a type of list-

lessness and restless boredom, accompanied by a longing for change of environment. As

long ago as the 4th century, Cassianus described this condition in the monks of desert

monasteries not far from Alexandria. The afternoon demon would appear around the sixth
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hour. It bred in the monks a loathing for their own cells, a disdain of the other brothers,

and a slothful unwillingness to take part in the routine activities of monastic life. Acedia,

in the guise of Sloth, was to become one of the Seven Deadly Sins of the Middle Ages

[34,35]. One particular development in the continuing systematization of humoral pathol-

ogy was an accentuation of the difference between two forms of melancholia. In additon

to melancholia as a result of an excess of natural black bile, a second form was discerned,

caused by an excess of unnatural black bile. Unnatural black bile was thought to be pro-

duced by the combustion, or degeneration, of one of the four bodily fluids.

In cases of an excess of natural black bile, the characteristics of the melancholic

temperament became more prominent. In such patients, mediation gave way to brooding.

Their previously sincere and caring attitude toward life plunged into one of anxiety and

gloom. Those afflicted would stare at a single point, be incommunicative, and avoid all

contact. Beek, whose Waanzin in de Middeleeuwen (Madness in the Middle Ages) is,

unfortunately, not available in an English translation, summarizes the writings of many

authors as follows:

An excess of melancholic humor, which is thick and sediment-like, imparts a red color to

the head. The patient also experiences a feeling of heavy-headedness. He tastes a bitter-sweet

taste, the sediment of the humor. The pulse is weak and the veins full. The urine is thick and

red-colored [36,37].

Although the combustion or degeneration of black bile presents a broadly similar picture,

there is the added element of preoccupation with death:

They become agitated about funerals. Believing that they are about to die, they lie on graves

and collect the bones of the dead. The pulse is hard and tense, the urine is lead-colored and

thin [38].

The picture that developed as a result of burned yellow bile was one of mania. Patients

ranted, raved, and screamed all day long. Referring, once again, to Beek:

They lie awake. They exhibit excessive movement, jumping and running around. They are

reckless and quarrelsome, wanting to beat those around them, preferably with an iron bar.

In the grip of the mania, they throw themselves through windows. The choleric temperament

is characterized by a lack of inhibition, wild behavior, recklessness, constant motion and rage.

Such patients have a lemon-colored complexion, their urine is thin and yellowish, the pulse

hard and rapid. It is thought that sufferers do not feel the cold because the combustion of

the bile keeps them warm [39].

Conversely, the combustion of blood produces feelings of happiness rather than of sadness:

They talk and laugh the whole time, wanting to dance and make merry all whole day long.

Their temperament type is one of happiness, laughter and loquacity. Their urine is thick and

reddish brown [40].

Degeneration of phlegm, on the other hand:

. . . induces apathy, inertia and absent-mindedness. Feeling heavy-headed, these patients nei-

ther move nor laugh, nor do they feel joy. In people with this type of temperament, inertia,

drowsiness and forgetfulness come to the fore. Characterized by a moist mouth and nostrils,

and a pale white complexion, they are referred to as lymphatics. Believing themselves to be

fish, they ask for water all day long and pine for river, or the sea. Their pulse is small and

weak, their urine pale, whitish and of medium thickness [41].
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In tracing the origins of melancholia, factors other than the humors (combusted or other-

wise) must be taken into consideration. These were the complexio (the temperament and

primary qualities) of the brain and the condition of the rest of the body. A brain that is

overly dry, or excessively cold, has an increased susceptibility to disease. A weak heart

lowers the threshold against developing melancholia. Particular and frequent mention is

made of the relationship between heart and head. Heart palpitations, for example, are the

expression of an affection of the heart. Obviously, there is a relationship between the

malfunctioning of this organ and a person’s state of mind. After all, did not the spiritus

vitalis ascend from the heart to the brain, where it influenced the spiritus animalis?

In medieval medicine, the nature of these influences was connected to the localiza-

tion of functions in the different ventricles. The anterior (or lateral) ventricles were associ-

ated with imagination (imaginatio), the median (or third) ventricle with reasoning (ratio),

and the posterior (or fourth) ventricle with memory (memoria). Melancholia was usually

linked with a disorder of the middle ventricle. Conditions that involve hallucinations and

delusions, such as mania and psychotic depression, were based upon disturbances to the

equilibrium of the anterior ventricles.

Classification was extended to include therapeutic procedures. Polypharmacy had

been popular even in ancient times, with leading roles being played by black hellebore

and extracts of mandragora. In addition, regulation of the so-called non-naturalia (external

or environmental factors) remained an important part of the therapeutic arsenal. Tradition-

ally, six such factors were identified. These were:

Air: The patient should be kept in a warm, moist environment, the door of his house

should preferably face east.

Rest and exercise: The aim should be to reduce sensory excitation and to achieve

relaxation. The patient should preferably be nursed in a dark room. The walls

should be bare of pictures, since these might overstimulate his imagination. A

not overly arduous walk, when the time is ripe, is beneficial for the maintenance

of body temperature, as are massages and hot baths. An excess of body heat,

however, dries out the body and causes melancholia.

Waking and sleeping: The patient should sleep neither too little nor too much.

Food and drink: This sickness can result both from overeating and from excessive

fasting (as seen in the ascetics). Food must be easily digestible. Vegetables such

as lentils and beans give rise to flatulence and therefore cause melancholia. Pep-

pery spices, garlic, leeks, and onions must be avoided since they can burn the

humors. The same applies to both mature and salted meat, the meat of forest

animals, mature cheese, vinegar, and fish. A heavy wine, rich in sediment, causes

sickness, whereas a light, young wine can actually raise the spirits.

Retention and excretion: Melancholia can result from the accumulation of those

bodily fluids which are normally discharged, such as menstrual blood, sperm, or

hemorrhoidal blood. The same is true of feces. Evacuation sometimes requires

mechanical assistance, for example, in constipation, the nonappearance of men-

struation, or the nonbleeding of hemorrhoids. Coitus is generally to be recom-

mended, although men with low potency should avoid overindulgence. Bathing,

whether in a herbal bath or just with plain water, is an important therapeutic agent

that can also facilitate evacuation. However, excessively hot baths can induce

madness.
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Passions of the soul: Excessive fear, hatred, and grief should be avoided. The same

applies to excessive study and to intense preoccupation with a particular task.

Nevertheless, anxious and inhibited melancholics can actually be cured by either

a fierce rage or a sudden shock. Generally speaking, however, these passions

should be kept under control. Discussion and philosophical reading can both be

useful in calming the patient.2

C. Intermezzo: Melancholia as a Characteristic of Genius

We have placed great emphasis on the continuity of the medical debates regarding melan-

cholia. This continuous dialogue spans the centuries, from ancient times until the Middle

Ages and, as we shall see, even beyond. There are, in all, three closely related concepts:

1. Natural black bile.

2. The disorder of melancholia, based on either an excess of natural black bile or

the combustion of one of the four body humors (melancholia adusta)

3. A chronic predominance of natural black bile in people with a melancholic-

type temperament.

In spite of the allegorizing and moralizing interpretations, the concept of melancholia

retained its link with humoral pathology. This doctrine, however, was not entirely undis-

puted in ancient times. The empirical school, for example, considered the theory of bodily

fluids to be too speculative. There was also the methodist school, which sought refuge in

a much simpler classification of disease (involving the status strictus versus status laxus

or, in other words, the respective contraction and relaxation of the so-called internal pores).

We also found that, with regard to the temperaments, there was some doubt about the

normalcy of the character variations (cf. Note 1).

There is another line that, in terms of the theme of this review, is even more impor-

tant. This proceeds from Plato and Aristotle, via the Florentine School of the Middle Ages

(Marsilio Ficino) and Robert Burton [42] in the Renaissance, to William James [43] in

the present. It is a line of thought that regards the melancholic as exhibiting certain traits of

genius. There is the famous opening line from the thirtieth book of Aristotle’s Problemata:

Why is it that all those who have become eminent in philosophy or politics or poetry or the

arts are so clearly of an atrabilious temperament, and some of them to such an extent as to

be affected by diseases caused by black bile, as is said to have happened to Heracles among

the heroes? [44]

Aristotle seeks a natural explanation for this “madness which comes from the gods.” This

is in contrast with Plato’s Phaedrus [45], which offers a mythological description.3 Aris-

totle suggests that the eminence of the poets, politicians, and philosophers in question

could be ascribed to an optimum warmth of the black bile. Black bile, by its very nature,

was thought to be sensitive to changes of temperature. When cooled, it brought about

“apoplexy or torpor or despondency or fear.” Heating induced “cheerfulness accompanied

by song and frenzy and the breaking forth of sores and the like” [46]. In the case of a

man of genius, black bile, which is as such a pathogenic fluid, is in an optimum state.

Such a person represents the normal within the abnormal or, in the words of Klibansky,

Panofsky, and Saxl, an “eucrasia within an anomaly” [47].

During the Renaissance, a time of revived interest in astrology, this association
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between melancholia and genius acquired a special meaning. In antiquity, the planet Saturn

had been associated with Kronos, the son of Uranus (the god of Heaven) and Gaia (the

Earth goddess), who had been banished to the underworld after the castration of his father.

Now, Saturn gradually turned into a symbol of the ambivalence of intellectual and artistic

life. According to ancient astrology, Saturn was the planet of gloom, desolation, decline,

and old age. However, the Neo-Platonists claimed that Saturn, as the highest planet, was

the planet of the elevated, of ecstatic release from early things and happenings [48]. Mar-

silio Ficino (1433–1499), Neo-Platonist of the Florentine school as well as a priest and

physician, depicted Saturn at the heavenly body whose rays influenced the vital spirits of

the brain (spiritus animalis), which were thought to connect the physical to the spiritual.

This influence was described as a kind of saturation process, one to which those born

under the sign of Saturn were especially sensitive. Although enjoying intellectual powers

and creative talents far exceeding those of others, there was a tragic element to these

people. They spent their lives teetering on the very brink of catastrophe and they were

especially susceptible to melancholia. Black bile was identified with the earth, including

the very center of the planet itself, which meant that such people tended to have a deeply

penetrating understanding of existence. The association with Saturn, the highest of the

planets, meant that they aspired to higher planes of thought [49]. The novel element here

is the heightening of self-consciousness, the awareness of man’s vulnerability to catastro-

phe and decline. Their view of life took on a nostalgic and tragic tint. This outlook was

to recur in a variety of different forms in later periods, as, for example, in the Elizabethan

literature of the 16th and 17th centuries (Elizabethan Malady) [50].

D. The Renaissance, 17th, and 18th Centuries

The Renaissance was not only an age of heightened self-awareness and the era of Homo

literatus, with his knowledge of the classics, it was also the time of alchemy. This lent

impetus to the interpretation of disease in terms of chemical change, an approach that

texts on the history of medicine refer to as iatrochemistry. Substances such as salt, sulfur,

and silver became the focus of attention. Paracelsus (1493–1541) was one of the first to

apply the newly gathered knowledge to medicine in an attempt to break down the hegem-

ony of humoral pathology. He did not, however, renounce the doctrine of the temperaments

and the elements. Melancholia now became associated with the qualities of the chemical

elements, which are sharp and acidic. Thomas Willis (1621–1675), renowned for Two

Discourses Concerning the Soul of Brutes, expounded the theory that, in melancholia, the

blood became “salino-sulphureous,” causing the spiritus animalis to adopt a different pat-

tern of motion [51].

The high point of 17th century medical literature on melancholia, however, was

Robert Burton’s The Anatomy of Melancholy, published in 1621 [52]. This work, which

may seem somewhat bizarre to the modern reader, offered a compilation of all contempo-

rary knowledge on the subject of melancholia. Greatly indebted to ancient medicine and

philosophy, Burton punctuated his arguments with references from ancient times. He sub-

scribed to the dichotomy of the passions (derived from Thomas Aquinas), a doctrine that

was generally accepted at the time. Here, the passions that predisposed one toward desire

(passiones concupiscibiles) were distinguished from those which predisposed one toward

rage (passiones irascibiles). “Sorrow” and “fear,” emotions (perturbationes) belonging to

the latter category, were described by Burton as being directed at the evil that crossed
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one’s path. Sorrow was related to disaster in the present, fear to disaster in the future.

Burton considered sorrow to be a major cause of melancholia, as well as one of its manifes-

tations. It was:

. . . an inseparable companion, the mother and daughter of melancholy, her epitome, symptom,

and chief cause [53].

The same was true of fear, the emotion most able to hold the imagination in thrall [54].

The imagination was:

. . . medium deferens of the passions, by whose means they work and produce many times

prodigious effects [55].

Burton went on to add, however, that the converse was also true, since imagination serves

to enhance the impact of emotions.

In discussing the symptoms of melancholia, Burton considered fear and sorrow to

be two of a whole list of phenomena affecting those suffering from this condition. How-

ever, although these emotions were relatively nonspecific, this did not mean that they

were unimportant. Burton was acquainted with many of the forms of anxiety known today.

He made reference to fear of death, fear of losing those who are most important to us,

and paranoid anxiety. He also cited anxiety based on ideas and delusions of reference,

fear associated with depersonalization, delusional depersonalization, and hypochondria.

Other forms that are mentioned include agoraphobia (!) and many other kinds of specific

phobias, such as fear of public speaking, fear of heights, claustrophobia, anticipatory fear,

and hyperventilation [56]. The physiology of emotions was strongly emphasized in René

Descartes’ Les Passions de l’Âme (The Passions of the Soul), which was published about

a quarter of a century later [57–59]. This emphasis on physiology had a distinctly mecha-

nistic flavor in keeping with the contemporary trend toward a general mechanization of

the world view—a trend in medicine that really only took off in the 18th century and is

known as iatromechanics [60]. According to Descartes, passions not only prepare the body

but also predispose the soul to desire that for which the body is being prepared. The

physical manifestations of emotion therefore provide some degree of insight into the func-

tion of emotions.

Fear and anxiety did not rank highly amongst the passions [61]. Descartes considered

the emotion of fear to be quite useless. Nevertheless, his descriptions of the processes

that give rise to fear are worthy of mention, since they are representative of the 17th- and

18th-century mechanistic view of disease. According to Descartes, the sight of a dangerous

animal caused certain particles (the “esprits animaux” or spiritus animalis referred to previ-

ously) to be released by the pineal gland. Although invisible, these rapidly moving parti-

cles were quite material in nature. They traversed the neural pathways to reach the heart,

the leg muscles, and the circulatory system, and gave rise to the physiological component

of the fight-or-flight response. The altered distribution of blood then caused a rush of these

esprits animaux (animal spirits) to the brain. Here, the pores associated with fear were

opened, directing the esprits onward, back toward the periphery. Mental influences were

not, therefore, presumed to be involved in the generation of fear. Instead, fear was seen

as a complex, but purely physiological, reflex.

Although emotional perception was secondary, consisting of the registration of pi-

neal gland movements, Descartes believed that such registration had a purpose, namely

evaluation. It facilitated the perception of objects in terms of their effects upon us, whether

beneficial or otherwise.4 Properly employed, passions predispose the soul to desire those
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things which are naturally good for us. In this resigned adaptation to the eternal laws of

nature, one can detect the after-effects of the Stoa—after-effects that extend to the implicit

morality of certain modern-day forms of psychotherapy aiming at tolerance and cognitive

apprehension of the symptoms of anxiety and/or depression.

Descartes’ emphasis on mechanics was not accepted by the medical world until the

closing years of the 17th century. It enjoyed a brief flowering in the period around 1750

before giving way to other interpretations. Those associated with iatromechanics, as it

was called, included men such as Pitcairn, Hoffmann, and Boerhaave (whose work reveals

traces of a humoral pathology, interpreted from the point of view of fluid dynamics).

Boerhaave and Pitcairn favored a vasocentric approach seeking the origins of melancholia

in the modified flow patterns and viscosity changes of liquids in the blood channels. Hoff-

mann was one of the first to consider a neurocentric approach. He considered nerves to

be hollow tubes containing a flowing liquid. Under normal circumstances, this neural

fluid was thin and volatile; however, if it thickened to an earthy, slimy consistency, then

melancholia developed.

Under the influence of Isaac Newton, men such as Mead and Cullen (who was the

first to use the term neurosis) speculated that this neural fluid might also have electrical

properties. Cullen and others thought of this neural fluid as a tenuous, highly mobile

substance that was related to ether. This etherlike substance did not actually flow, but

transmitted motion to the various parts of the body by means of vibration. This caused

the fluid hydraulics model of mental illness to be discarded. At the time, there was only

a vague notion of electrical phenomena. These were linked to the vitalistic interpretation

of disease, the central concepts of which were tone and irritability. Cullen considered the

irritability of the nervous system to be responsible for tissue tone [62].

Meanwhile, the clinical description of melancholia remained virtually unchanged.

Some still cited the Galenic trio of generalized, cerebral, and hypochondriacal melancho-

lia. However, there were those (Boerhaave, for example) who interpreted this classical

triad merely as stages on a continuous scale of severity. Some authors were inclined to

uncouple hypochondria from melancholia (of which it was the least serious form) and

link it instead with hysteria. According to Sydenham and Lorry, for example, hysteria in

women was equivalent to hypochondria in men.

The 18th century was a time bursting with tensions and contrasts, shifts and changes.

Humoralism gave way to solidism (the explanation of disease based on the properties of

the organs and tissues). Iatrochemistry gave way to iatromechanics, which in turn was

replaced by concepts such as tone and irritability. Vasocentric views were replaced by

neurocentric views. Meanwhile, vitalistic views of disease blended with speculation on

the electrical properties of neural fluids. Each of these various approaches was considered

to be compatible, incompatible, or related to one another. The rational framework of the

early 18th century clearly offered medicine of that time the requisite intellectual freedom

with which to forge its principal concepts.

Toward the end of the century, this all began to change. Pathological anatomy had

expanded enormously, and greater emphasis was being given to clinical observation and

description. It was a time of sensualism and fascination with sensory perception. Notions

such as irritability bear witness to a preoccupation with the hypersensitivity of the nervous

system and of the senses. The end of the 18th century saw the final demise of humoralism.

During the same period, the notion that melancholia originated in the blood, or in the

functions of the liver or spleen, was also dismissed. The central nervous system replaced

blood and abdominal organs. Today, the idea of temperament is all that remains of hu-
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moralism. Although it has no place in the scientific view of character and personality, it

still exists as a metaphorical expression for the experience of despondent people.

E. The 19th Century: Further Disintegration of the Concept
of Melancholia

The concept of partial insanity was popular in the nasographical schemes of the 18th

century and the first decades of the 19th century [63]. As has been noted, medical scholars

of the late 18th century were fascinated with the sensitivity and irritability of the nervous

system. This, together with the fast-growing influence of faculty psychology (which

sharply distinguished between intellect, will, and imagination), may have contributed to

the popularity of the concept of partial insanity. This was not particularly novel, it was

more the emphasis of an element of meaning found in descriptions of melancholia dating

from ancient times (e.g., those of Aretaeus and Galen). For centuries it had been observed

that the thoughts and ideas of the melancholic were confined to a single theme, often to

the extent that they became delusional. Melancholia was traditionally considered to be a

delirium without fever, accompanied by fear, despondency, and additional phenomena

such as restlessness, insomnia, weariness, and discomfort in many parts of the body. In

addition, however, frequent reference was made to the monothematic content of the melan-

cholia sufferer’s ideas and thoughts [64].

Late 18th-century medicine had a neurocentric orientation, one which tended to

focus upon sensitivity and cognitive capabilities. Perhaps this may have influenced the

classification of mental illness into disorders in which the powers of judgment were com-

pletely incapacitated, and those in which they were partially impaired (partial insanity).

Melancholia was considered to fall within the latter category, a view that can be found,

for example, in the Traité Médico-Philosophique sur l’Aliénation Mentale (Medical-Philo-

sophical Treatise on Mental Disorder) by Philippe Pinel (1745–1826) [65]. Pinel also

considered mania to belong to this “melancholia with delirium.”

This (temporary) identification of melancholia with partial insanity completed the

decline of a concept that for centuries had dominated the description of mental illness.

Melancholia was divided up and its various parts were classified under other disorders.

A number of things contributed to this redistribution, such as resistance to humoral pathol-

ogy, and its terminology; more detailed observation (as a side effect of growing institution-

alization); and rationally inspired expectations regarding psychology’s ability to influence

mental illness [66].

The first line of demarcation was the idea of partial insanity itself. Some melanchol-

ics exhibit no signs of insanity (delirium) whatsoever; thus none of their thoughts and

ideas would be regarded as psychotic in the modern sense. In the Manual of Psychological

Medicine, which he wrote in collaboration with Bucknill, D. Hack Tuke (1827–1895)

distinguished between simple melancholia, in which the intellectual powers were intact,

and complicated melancholia, in which they were not. The distinction applied by Henry

Maudsley (1835–1918) was essentially the same as Tuke’s, if somewhat wider in scope.

In addition to melancholia simplex (cf. Bucknill and Tuke’s simple melancholia), he dis-

tinguished not one, but two, forms of melancholia, both falling within the category of

ideational insanity. These were melancholia as a form of general insanity and melancholia

as a form of partial insanity. In the first case, intellectual derangement is complete, whereas

in the latter case it is only partial. There was also a parallel distinction in mania. However,

Maudsley went to great pains to emphasize the provisional nature of this theory [67].
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Similarly, in France the significance of the term melancholia declined considerably

under the influence of a nomenclature introduced in 1838 by Jean-Etienne-Dominique

Esquirol (1772–1840) in Des Maladies Mentales [68]. Since ancient times, the meaning

of the term melancholia had encompassed both dejection and exultation. Finding this an

unsatisfactory state of affairs, Esquirol substituted the term monomania for melancholia.

Monomania, which became an equivalent of the term partial insanity, was subdivided as

follows:

1. monomania, properly so-called, which is indicated by a partial delirium and a gay or excit-

ing passion; this condition corresponded to maniacal melancholy, maniacal fury, or (. . .)

melancholia complicated with mania; in fine . . . (to) amenomania; and 2. monomania

coresponding to melancholy of the ancients, the tristimania of Rush and the delirium with

melancholy of Pinel [69].

Esquirol borrowed the terms amenomenia and tristimania from the work of Benjamin

Rush (1745–1813), the father of North American psychiatry. It was Rush who had linked

tristimania with hypochondria, alluding to the ancient hypochondriacal form of melancho-

lia rather than to the diluted, 18th-century meaning of the term. Confusingly, besides

employing monomania in the broad sense mentioned above, Esquirol also used the term

to denote the manialike form of partial delirium. In this way, monomania became the

equivalent of the first form of monomania, the partial delirium with the “gay or exciting

passion.” The second, melancholic form of monomania was denoted by the term lypema-

nia. In addition, Esquirol distinguished mania as a generalized insanity associated with

excitement and exultation. He occasionally tended to describe lypemania, monomania (in

the strict sense of the word), and mania as having progressive degrees of severity, the

greatest derangement occurring in mania and the least in lypemania.

Even in ancient times it was frequently pointed out that melancholia and mania

could occur in parallel, in sequence and in combination. However, it was not until 1854

that cyclical mood swings were specifically identified as the distinguishing criterion of a

subcategory of manic and depressive patients. In the same year, Jules Baillarger (1809–

1890) described la folie à double forme (the insanity with two forms), 10 days later fol-

lowed by a commentary of Jean-Pierre Falret (1794–1870), in which he also discussed a

folie circulaire (circular insanity). Some 40 years later, Kraepelin explicitly harked back

to the work of these two French clinicians when he distinguished dementia praecox from

manic-depressive psychosis. Nonetheless, even by the middle of the 19th century, the

terminological distinction between affective and schizophrenic psychopathology was by

no means a fait accompli. Accordingly, Richard von Kraft-Ebing (1840–1902) declared

that there were two forms of melancholia, namely simple melancholia and melancholia

with stupor. The latter form, also known as melancholia attonita or melancholia stupida,

was quite different from the partial delirium of French and English psychiatry. It was

related to a condition that, a few decades later, Kahlbaum was to call catatonia, which

could also be associated with reduced consciousness. With regard to simple melancholia,

von Kraft-Ebing distinguished between a mild form of melancholia that was not associated

with delusions, melancholia associated with precordial pain, and melancholia associated

with delusions and hallucinations. He placed strong emphasis on psychomotor inhibition

in all forms of melancholia, stating that in cases of melancholia attonita, this usually had

an organic cause, such as a blockage in the motor neuron pathways. Such inhibition could,

however, also be psychogenically induced. In practical terms, there were all kinds of

transitional states between the two major forms of melancholia. The difference between
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these states lay in the relative degree to which mental and organic components were in-

volved in the origin of the inhibition.

This shows that the ups and downs of 19th-century melancholia, as a concept, were

determined by a variety of different factors. In addition to attempts to distinguish new

forms and the pursuit of ever-more precise classification, there were also advocates of

continuity, who searched for transitional forms between the diverse clinical pictures. An

extreme example of this is provided by Wilhelm Griesinger (1817–1868), who strongly

defended the concept of a unitary psychosis (Einheitspsychose) in his Die Pathologie

und Therapie der psychische Krankheiten für Ärtzte und Studierende (The Pathology and

Therapy of Mental Diseases for Physicians and Students). In this work, he cited both his

mentor, Zeller, and the Belgian alienist Guislain. According to Griesinger, the various

clinically defined forms of mental illness could be reduced to the different stages of one

and the same disease. The first of these successive states of mental depression was the

stadium melancholicum—that is, the deterioration of normal emotions such as grief and

jealousy. Next came hypochondria, the mildest form of insanity. This was followed by

melancholia in sensu stricto, which, although not necessarily associated with psychotic

phenomena, had a greater effect on the personality than did hypochondria. Finally, there

was mania, which caused the most pronounced mental derangement of any of the condi-

tions listed here.

F. Emil Kraepelin

The debate about the classification of mood disorders, which continued on into the 20th

century, centered around the question of whether or not this group of disorders could be

subdivided. However, after 1900, the matter of whether mood disorders constituted a sepa-

rate category of mental illness was hardly ever discussed.

This remarkable fact can be largely traced back to the work of one man, Emil

Kraepelin (1856–1926). It has often been pointed out that the term melancholia (along

with related terms such as mania, partial delirium, and monomania) certainly cannot be

identified with what we currently refer to as affective disorder. The clinical pictures were

always those incorporating a variety of phenomena that would currently be regarded as

expressions either of schizophrenia or of a schizophreniform disorder. It is remarkable,

to say the least, that this age-old intermingling of psychotic and affective symptomatology

should have come to an end at the beginning of this century.

In his early years, Kraepelin worked with the neuroanatomist Flechsig. For a lengthy

period, he was also a research worked in Wundt’s psychological laboratory. Kraepelin

cannot simply be portrayed as a materialist, or as a somatologist; his field of interest was

much too comprehensive for that [70]. Nevertheless, the idea that every psychiatric clinical

picture could ultimately be reduced to an organic substratum in the brain was kept alive

by Kraepelin and many of his contemporaries. They were motivated by the discovery of

the cause of dementia paralytica, the confrontation with many cases of alcohol dementia,

and the aftermath of the theory of degeneration, formulated by Morel in the middle of

the 19th century. Kraepelin accordingly established an anatomical laboratory in Heidel-

berg. He also brought in Nissl, a histopathologist, to assist him in the visualization of

the cerebral cortex. Their collaboration eventually bore fruit in the form of photographs

(measuring from 50 to 75 cm) showing general views of the cerebral cortex [71].5

However, it was not these efforts that ultimately contributed to the lasting topicality

of Kraepelin’s work. Possibly influenced by Kahlbaum, Kraepelin became persuaded
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about the importance of systematic clinical observation and description. This conviction

inspired him to amass a database of all the patients registered in Heidelberg. This database

enabled him to follow the medical histories of his patients, in some cases for several

decades. It formed the basis for the separation of manic-depressive illness (‘das manisch-

depressive Irresein’) from schizophrenia (dementia praecox), which was first described in

the fifth (1896) and sixth (1899) editions of his famous textbook [72]–[74]. Although

there was always a bias toward neuroanatomy and localization, it gradually faded into the

background and made way for a more functional and strictly empirical approach in which

classfication had less to do with diagnosis (i.e., the cause) and more to do with prognosis

[75]. It was the course alone (rather than cause, symptoms, or periodicity) that proved

decisive in demarcating dementia praecox from manic-depressive illness. Dementia prae-

cox led, by definition, to personality decline (Verblödung; dementia), whereas manic-

depressive illness did not.

(. . .) the universal experience is striking, that the attacks of manic-depressive insanity within

the delimitation attempted here never lead to profound dementia (Verblödung, G.G.), not

even when they continue throughout life almost without interruption. Usually all morbid man-

ifestations completely disappear; but where that is exceptionally not the case, only a rather

slight, peculiar psychic weakness develops, which is just as common to the types here taken

together as it is different from dementias in diseases of other kinds [76].

At the onset of the illness, it can be extremely difficult to reach a correct diagnosis. Some

things to go by are age at onset (younger than 20 or beyond middle age) and a confirmed

family history. There is also the premorbid character that, in the case of manic-depressive

illness, is weak, susceptible, dejected, and lacking in self-confidence [77].

Meanwhile, the category of manic-depressive illness was very broad, encompassing

much more than the bipolar disorder, as it is called today:

Manic depressive insanity (. . .) includes on the one hand the whole domain of the so-called

periodic and circular insanity, on the other hand simple mania, the greater part of the morbid

states termed melancholia and also a not inconsiderable number of cases of amentia. Lastly,

we include here certain slight and slightest colorings of mood, some of them periodic, some

of them continuously morbid, which on the one hand are to be regarded as the rudiment of

more severe disorders, on the other hand pass over without sharp boundary into the domain

of personal predisposition. In the course of the years I have become more and more convinced

that all the above mentioned states only represent manifestations of a single morbid pro-

cess [78].

In this definition, the bipolar disorder of our time coincides with “periodic and circular

insanity.” Here, manic derangement is characterized by the triad of rapid association of

ideas, elated mood, and hyperactivity. Depression, on the other hand, is associated with

the triad of dejection or anxious moods, inhibition of thought, and reduced spontaneity.

In addition to the circular and simple disorders, amentia, and milder mood disorders,

Kraepelin also refers to mixed pictures. These cases exhibit characteristics resembling the

mixed episodes of contemporary bipolar disorder. He also refers to the so-called “ground

states” (Grundzustände; predisposing personality traits), which form the basis for the de-

velopment of mood disorders [79]. Kraepelin distinguished four ground states: depressive,

manic, irritable (erregbare), and cyclothymic. Finally, a distinction was made between

this group and the form of melancholia associated with a decline due to the effects of

aging (Rückbildungsalter; involution). In the latter case, inhibition was often absent while

anxiety and hypochondria were more prominent. Although Kraepelin was initially inclined
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to keep this (involutional) melancholia separate from the others, he abandoned this idea

after the comprehensive study of this clinical picture by [80]. He subsequently included

this form of melancholia within manic-depressive psychosis (das manisch-depressive

Irresein). The debate about involutional melancholia was not finally settled until the 1970s

when this condition became just another form of depression.

Something that is common to all forms of manic-depressive illness is the absence

of an immediate cause, or at least a course that appears to be independent of possible

causes. A distinction should therefore be made between psychogenic depression and the

conditions referred to above [81]. The most fundamental cause of manic-depressive psy-

chosis is an hereditary, morbid predisposition. According to Kraepelin, of the 990 cases

that he studied in Heidelberg, he managed to establish that about 80% involved an heredi-

tary defect [82].

Despite opposition [83,84], Kraepelin’s interpretations nevertheless enjoyed great

authority in German-speaking regions. For example, this is demonstrated by Eugen

Bleuler’s textbook, which was published in 1916. In describing the manic-depressive ill-

ness as a distinct disorder, this work relies heavily on the questions that Kraepelin had

raised on the subject [85]. The 13th edition of this book, published in 1975, exhibits some

reservations about the heredity hypothesis and about the possibility of an airtight distinc-

tion between dementia praecox, on the one hand, and psychogenic disorders on the other.

Nevertheless, it still contains references to the old Kraepelinian classification [86].

G. Critique on Nosology: Reaction Type Versus Endogeny

The situation was different in the United States where, during the first decade of the 20th

century, Adolf Meyer (1866–1950) expressed doubts about the value of the course crite-

rion. He distinguished several forms of depression, such as constitutional depression, sim-

ple melancholia proper, other forms characterized by neurasthenic malaise or hypochon-

driacal complaints, depressive deliria, catatonic melancholia, and the so-called “delire de

negation,” in which the patient believes he is nothing [87]. This was more than just a

debate about classification. Meyer was particularly uneasy about the coupling of heredity

(endogeny) and manic-depressive psychosis, in the broad, Kraepelinian sense. He viewed

this link as nothing more than “neurologizing tautology,” which might easily give rise to

therapeutic nihilism. Moreover, it did not do justice to the fact that mental illness is an

attempt at adaptation, a reaction to the demands of a changing situation. Only when disease

is seen as an inadequate attempt at recovery, the search for what he called “modifiable

determining factors” could begin. We are then “in a live field, in harmony with our instincts

of action, of prevention, of modification and of an understanding doing justice to a desire

for directness” [88].

The question remains as to whether Meyer did justice to Kraepelin. In any event,

Kraepelin cannot be accused of therapeutic nihilism. Under his direction, the enlarged

baths at Heidelberg achieved international fame and were visited by many foreign guests.

Nothing was too much trouble for him when it came to experimenting with new methods

of treatment. Of greater importance is the conceptual point at issue here. According to

Meyer, the debate on classification should not be short-circuited by an appeal to such

ideas as endogeny and heredity, about which nothing was empirically established. He did

not presume that biological processes should enjoy a privileged position in the list of

determining factors for mental illness. For this reason, Meyer substituted the term manic-

depressive psychosis with the etiologically neutral term “affective reaction type.” Within
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this reaction type, he distinguished a manic-depressive type, an anxious type, and simple

depressions [89].

Essentially the same view was held by Sir Aubrey Lewis who, in the 1930s, pub-

lished an authoritative study of 61 cases investigated at the Maudsley Hospital in London

[90–92]. According to Lewis, a total reaction of the organism is involved, even in cases

where the illness appears to be entirely without cause. Without doubt, there were

changes in the internal structure of the body, its chemical and vegetative regulation which

play a great part in determining its course. But these are only part of the total reaction of

the organism, and it is by no means in denial of their fundamental importance in the illness

that one refuses them independent and preponderant significance, either aetiological or as

part of the process of the illness [93].

According to Lewis, the more closely patients were studied, the less evidence there was for

a nosological distinction between autonomous (endogenous) and reactive (psychogenic;

situational) depressions. Incidentally, the very same view had already been expressed 8

years earlier by Mapother, Lewis’ predecessor, on the basis of impressions obtained in

clinical practice.

This established the scope of a debate which, since then, has been repeated with

endless variations and which, even now, continues to exert a hold on psychiatry [94,95].

Ironically enough, the seeds of controversy were sown by Kraepelin, the very person who

most wanted to distance himself from the speculative impetus within the debate. In spite

of his empirical bias, Kraepelin continued to link the clinically descriptive course criterion

with the etiological hypothesis of endogeny. Through this, the reference to heredity be-

came an established fact. In practical terms, Kraepelin’s coupling of the course criterion

with the idea of endogeny raised two mutually related issues, namely: (1) the role of

exogenic (biological and nonbiological) factors in the origin of depression and (2) the

demarcation of manic-depressive illness with respect to psychogenic depressions and

milder variants within the manic-depressive spectrum [96,97].

Both of these issues ultimately proved to be insoluble within the framework of the

endogeny/exogeny dichotomy. In practice, it was quite impossible to distinguish between

depressions that were psychogenically induced and those in which psychological and situa-

tional factors merely played an instigating role. The responsiveness of the illness proved

to be of only limited significance as a distinguishing criterion. Meanwhile, it should not

be forgotten that, in Kraepelin’s time, the term endogeny was also an expression of embar-

assment. At the end of the 19th century, Möbius introduced the twin concepts of endogeny

and exogeny. By about 1900, these concepts corresponded respectively to diseases whose

causes were still unknown and those whose causes had been well defined. Causes whose

existence were (still) uncertain were described as endogenous. These were attributed, more

or less out of embarrassment, to innate personal qualities [98]. Exogenous causes included

bacteria, toxins, and tissue injury resulting from brain trauma. In 1910, Bonhoeffer devoted

a monograph to these so-called exogenic reactive types, and his name has been linked to

them ever since [99].

H. The Influences of Psychology and Psychoanalysis

After 1920, mainly because of changes in the use of the adjective “exogenous,” this debate

became even more complex. Originally this term was used only in relation to biological

factors; now it was extended to include intrapsychic and situational factors as well, thus



20 Glas

highlighting the demarcation between depression and neurosis. New dichotomies conse-

quently arose, such as endogenous/reactive (Lange); autonomous/reactive (Gillespie);

endogenous/neurotic; psychotic/neurotic. After World War II, these were supplemented

by S (somatic) type/J ( justified) type (Pollitt); and vital depression/personal depression

(van Praag). Of course, this shift in the debate cannot be dissociated from the influence

of Sigmund Freud (1856–1939) and the psychoanalytic school. In one of his early works,

the so-called Draft G, Freud had already addressed the neurological explanation of melan-

cholia [100]. In 1917, he published an excellent, authoritative article on the link between

grief and melancholia [101]. In this article, he stated that, unlike grief, object loss in

melancholia was associated with unresolved feelings of ambivalence and regression of

the ego. Anger at being abandoned would then be directed toward the ego, which remained

narcissistically identified with the other. This internal “other” was then destroyed. Indeed,

Karl Abraham had already demonstrated self-destructive behavior and experiences in de-

pressive patients [102]. From here, a line can be drawn via the work of Melanie Klein to

authors such as Lindemann [103] and Bowlby [104–106]. Klein distinguished a depressive

position as a phase in early childhood development. Lindemann wrote an influential article

on reactions to grief. Bowlby, as is well-known, worked extensively on the relationship

between psychopathology and the processes of attachment and separation.

The influence of the theory of emotions, developed by the philosopher Max Scheler

(1874–1928) should also be mentioned. Scheler distinguished between four emotional

levels or strata: the level of sensory, physical (or vital), psychic, and spiritual feelings,

respectively [107]. This theory constitutes part of Scheler’s own moral philosophy with

emphasis on values as nonsubjective realities that are expressed in the interaction between

a person and the environment. Scheler’s theory had the advantage of accounting for the

fact that people are capable of experiencing more than one mood and/or emotion at a

time. A person can be in a dejected mood while at the same time being angry with his

neighbor. Kurt Schneider applied this feeling theory to depression by stating that depres-

sion is based on a disorder in the vital sphere. Psychic feelings, such as feelings of guilt

and inadequacy, whould then be an “understandable reaction” to this vital disorder. The

vital feeling of being depressed would co-occur with psychic feelings of guilt and worth-

lessness. This theory of feelings was held, albeit temporarily, in high esteem. The adjective

“vital” for endogenous depression, which until recently was in use in Europe, represents

the psychopathological remnant of this theory.

I. Toward the Twin Pillars of DSM-III

Psychoanalysis enjoyed considerable influence for several decades, to such a degree that

there was barely any perceptible movement in the classification debate. However, this

began to change with the discovery of the mechanisms of action of antidepressants, toward

the end of the 1950s. At that time, the effects of lithium had been known for 10 years

while ECT had been in use for more than 20 years. The advent of these new therapeutic

drugs raised the question of whether the biological active site of these drugs could be

linked with specific target symptoms of depression (or mania). Gradually, it was accepted

that this was indeed the case. Target symptoms, it was assumed, pointed to a given core

disorder in the spectrum of depressive symptomatology. The increasing use of advanced

statistical methods also had considerable impact on the debates. It enabled larger groups

of patients, taken from adjacent diagnostic categories, to be investigated for clustering of
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symptoms (discriminant function analysis) and underlying factors or dimensions (factor

analysis).

The outcome of these developments was not immediately obvious [108]. In sum-

mary, the classification debate gradually split into two separate debates after 1960. These

concerned (1) the distinction between manic-depressive psychosis and other forms of de-

pression; and (2) the distinction between “endogenous” and neurotic depression.

The considerable overlap between these two debates served only to complicate mat-

ters, since the classificatory status of endogenous depression was central to both. When

highlighting some moments of this debate, mention should first be made of the clinical

and genetic studies of Perris [109] and Angst [110]. Both workers found that depressives

with a previous history of mania had different hereditary profiles from those with no such

previous history. On the basis of these findings, they concluded that the distinction between

unipolar and bipolar depressions, which was already defended on clinical grounds by

Leonhard in 1959, was valid. This distinction became one of the basic assumptions of

the classification of mood disorders in the DSM-III [111] and its subsequent editions

[112,113].

Kendell, meanwhile, carried out a retrospective investigation of 1080 patients who

had been admitted to Maudsley Hospital [114]. He could find no evidence of a bimodal

distribution in the symptom profiles of a heterogeneous group consisting of manic de-

pressive patients, patients with neurotic depression, and patients with involutional melan-

cholia. However, this kind of distribution was found in the Newcastle study. Something

common to both studies was the relatively high loading of a “bipolar” factor.

As Kendell himself observed, his investigation did not negate the distinction be-

tween psychotic and neurotic depression. These could represent two poles of a continuum,

with the psychotic pole displaying greater homogeneity than the neurotic pole. The simple

fact that the symptoms of the neurotic side are milder and fewer in number contributed

substantially to the reduced tendency toward clustering [115].

The lack of homogeneity at the neurotic depressive pole of the spectrum also found

expression in the tri- and tetra-partite divisions of Klein [116] and Paykel [117], respec-

tively. Klein distinguished an “endogenomorphic” depression, as well as a reactive and

a (chronic) neurotic form. Paykel distinguished psychotic depressives as well as three other

groups: anxious depressives, hostile depressives, and young depressives with personality

disorder. Again, remarkably, some degree of consensus existed with respect to the psy-

chotic or “endogenomorphic” end of the spectrum. The limited extent of this consensus

was due to the fact that, for the above-mentioned authors, the central issue was not bipolar-

ity (cf. Perris, Angst, and Kendell), but rather vital phenomena and psychotic symptoms.

For this reason, it is not surprising that some clinicians opted for a center-periphery instead

of a continuum model. Mendels and Cochrane, for example, observed that:

the so-called endogenous factor might represent the core of depressive symptomatology,

whereas the clinical features of the reactive factor may represent phenomenological manifes-

tations of psychiatric disorders other than depression which ‘contaminate’ the depression syn-

drome [118].

Ultimately, however, with the advent of DSM-III(R), neither the center-periphery nor the

continuum model was to gain the upper hand. Instead, the winner was a twin pillar model,

centering around the pillars of bipolar disorder and depressive disorder. In an article that

appeared in 1974, Klein articulated an important consideration regarding this shift [119].
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He pointed out that endogenomorphic depressions (those which give the impression of

having arisen endogenously) occur particularly frequently in the group of neurotic de-

pressives. As a result of epidemiological studies, less emphasis was placed upon the het-

erogeneity of neurotic depressions. Conversely, greater attention was paid to the chronicity

and severity of the disease. Finally, in the 1980s, genetic investigations not only favored

the further demarcation of bipolar disorder—something which had already been advocated

on the basis of factorial analysis studies—but also the distinction of dysthymia (neurotic

depression) as a separate category.

In summary, it can be said that a consensus began to emerge in which the most

important demarcation line was drawn between bipolar disorder and unipolar depression.

In addition, within the group of unipolar depressive disorders, a subdivision was created,

roughly corresponding to the distinction between endogenomorphic and chronic neurotic

depression as described by Klein. Ironically enough, the old concept of melancholia was

once again called upon for assistance, namely, in the definition of the endogenomorphic

(vital) form of major depression.

It should be noted, however, that this consensus was by no means universal. For

example, it still has not been decided whether or not the categorical distinction between

cyclothymia and dysthymia, on the one hand, and personality disorders, on the other, is

an artifact. In addition, the debate about the demarcation between affective and anxiety

disorders has become of particular relevance in the past decade. Longitudinal, familiar,

and epidemiological studies have demonstrated that there is a high degree of comorbidity

between affective and anxiety disorders, both in the course of the illness and in relatives.

However, this discussion is beyond the scope of this chapter.

I switch now to a discussion of some highlights from the conceptual history of

anxiety and anxiety disorders.

IV. HIGHLIGHTS FORM THE CONCEPTUAL HISTORY OF ANXIETY
AND ANXIETY DISORDERS

A. The Demarcation of Agoraphobia

As mentioned in Sec. II, prior to about 1850, anxiety was not considered to be a distinct

form of psychopathology in the medical literature. This is of particular importance to the

recent debate on the demarcation between affective and anxiety disorders. For hundreds

of years, the symptoms of anxiety had simply been seen as part of melancholia. In the

course of the past century and the present one, the various forms of anxiety came to be

distinguished from depressive disorders, on a variety of grounds. In light of the century-

old merging of anxiety and depression, a reconsideration of these grounds is therefore a

matter of considerable topical interest. Why the urge to merge the independent status

of various forms of anxiety within the total spectrum of psychopathological symptoms?

Historically, attention focused initially on phobias. Phobic anxiety, like other symptoms of

anxiety, had been described in other terminology in the Hippocratic texts. Burton described

agoraphobia, claustrophobia, and fear of public speaking. Errera [120] cites le Camus’

Médecine de l’Esprit (Medicine of the Mind) from 1769 [121] and de Sauvages’ Nosologie

Méthodique (Methodical Nosology from 1770–1771 [122] as being the first medical stud-

ies in the field of phobia. The former includes a section on Des aversions (avoidance

behavior) while the latter lists many different types of phobias. The term phobia was
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occasionally used in a diagnostic context even before 1850, as, for example, in the 1798

work of Benjamin Rush [123].

However, three publications that appeared around 1870 became particularly authori-

tative. The first of these was a short article by Benedikt entitled Über Platzschwindel (On

dizziness on squares) [124]. Here, the author focused on a form of dizziness that, because

of its characteristic symptomatology and treatability, in his opinion, merited a separate

classification among the various forms of giddiness. This article was to go down in medical

history as one of the first descriptions of agoraphobia. As just noted, this is in fact histori-

cally inaccurate. Furthermore, the term “Platzschwindel,” was invented by Griesinger, not

Benedikt. Nevertheless, by according a separate classification to the series of phenomena

currently referred to as agoraphobia, Benedikt’s article does mark a turning point.

Although Benedikt had observed anxiety in the patients he described, he believed

this to be secondary to the dizziness:

. . . however, as soon as they enter a wider street or (especially) a square, they are overcome

by dizziness. They either become terrified of collapsing mentally or else they are gripped by

such tremendous fear that they will never dare to pass through such a place again [125].

Two years later, Westphal challenged the view that dizziness was of primary importance

[126]. Westphal, who was the first to use the term agoraphobia in a technical sense, be-

lieved that anxiety, rather than dizziness, was at the root of this phobia. It was anxiety

that caused the dizziness, not the other way around. Westphal’s observation was the fore-

runner of a debate that went full swing more than a century later [127]. This debate centers

around the provocative role of bodily sensations and their interpretation in the origin of

panic attacks. Westphal based his hypothesis upon clinical observation, rather than on

theoretical considerations. He imputed Benedikt’s interpretation to the incompleteness of

his investigations [128].

Interestingly enough, Westphal himself was very much aware of the fact that the

three patients he described were certainly not afraid of streets or squares, as such. He

stressed the unfounded nature of their anxiety. Theirs was rather a fear of anxiety itself,

an anxiety that only much later is linked to particular situations. Modern-day authors who

point out that agoraphobic anxiety is not a fear of streets or squares and that it occurs

under all sorts of other circumstances find an ally in Westphal.

B. Anxiety Under Circumstances of War

During the same period, Da Costa published an article on cardiac symptoms in exhausted

infantry soldiers during the Civil War [129]. Da Costa, himself a cardiologist, spoke of

an “irritable heart.” Observations of more than 300 patients led him to believe that this

condition was caused by a heightened nervous irritability of the heart, which, in turn,

was caused by prior overactivity, such as long marches or physical illness, for example.

During auscultation of the heart, Da Costa heard a weak and sometimes split first sound,

a pronounced second sound, and sometimes a systolic murmur. This systolic murmur

has recently been related to the midsystolic click of mitral valve prolapse. Da Costa

spoke of a sound “like the sudden motion of an only slightly elastic or cartilaginous sub-

stance” [130].

This classic article by Da Costa continued to stir things up among cardiologists,

neurologists, and psychiatrists well into the middle of this century [131]. The debate be-

came particularly intense during and after both world wars when, once again, tens of
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thousands of those departing for the front lines were afflicted with the syndrome described

by Da Costa. Thomas Lewis gave a figure of 70,000 such cases among British soldiers

during World War I, 44,000 of whom subsequently received a war pension [132]. In

addition to a report on this subject, which he drew up for the Medical Research Committee

in 1917, in 1940 Lewis also published a monograph on the same theme [133]. By that

time, many agreed with Lewis that the term “irritable heart” was incorrect, since this

placed a one-sided emphasis on heart palpitations and on pain in the region of the heart,

which wrongly suggested that the complaints were cardiac in origin. However, despite

this consensus, there was still no unanimity about what actually lay behind the syndrome.

This lack of unanimity was also reflected in the nomenclature. Lewis introduced

the term effort syndrome in order to emphasize both the intolerance to physical exertion

and the syndromal character of the picture described by Da Costa. While the clinical

picture was indeed determined by cardiac symptoms, he found that only one-sixth of the

patients actually suffered from heart disease. Other terms that came into use were soldier’s

heart [134], war neurosis [135], Da Costa syndrome [136], neurocirculatory asthenia, and

heart neurosis.

Following rejection of the cardiac hypothesis, the controversy over etiology mostly

centered on whether this picture was determined by psychic factors [137,138] or whether

it was a syndrome that could develop in more than one way [139–142].

Mackenzie, for example, blamed the confusion surrounding the condition (which

he termed soldier’s heart) on consideration of some individual symptoms to the exclusion

of all else, and on the fact that this disorder had been named after its most prominent

symptom (in this case, heart palpitations and pain in the region of the heart). Because

of this, less prominent symptomatology tended to be disregarded. Mackenzie states that,

according to the “law of associated phenomena,” local disorders are usually accompanied

by so-called reflex symptoms in other parts of the body (see Sec. IV. D). Moreover, long

before the formulation of the attribution theory, he already emphasized the influence of

medical terms on the way in which disease is perceived. By designating the systolic mur-

mur associated with effort syndrome as an aortic or mitral valve defect, physicians could

turn their patients into invalids. Intolerance to exertion would then wrongly be labeled as

heart disease.

The debate was settled provisionally by two collaborative studies by a number of

specialists from a section of the Maudsley Hospital, which was rehoused at Mill Hill

School during World War II. A special unit had been set up at the school for the purpose

of studying patients with effort syndrome. One of these studies was an award-winning

work by Maxwell Jones, who later achieved fame as a champion of the therapeutic commu-

nity [143]. In the other study, cardiologist Paul Wood concluded that the symptoms of

Da Costa syndrome were also prevalent in peace time and that they closely resembled the

symptoms of anxiety neurosis [144]. Although constitution, heavy exertion, and previous

infectious diseases could all be precipitating factors, effort syndrome was ultimately expli-

cable in terms of (and maintained by) a neurotic mechanism. It affects those who, in their

youth, “clung too long to their mothers’ skirts” [145] and who, either due to parental

overconcern or to comments by their physician, learned to interpret various (normal) phys-

iological changes as signs of physical impotence or even of danger.

Like Mackenzie, Wood placed great emphasis on the suggestibility of the patients,

particularly on their capacity to interpret, in a negative way, the normal physiological

changes that occur during physical exertion. Wood’s interpretation was partly based upon

physiological experiments that had demonstrated that peripheral sensation in effort syn-
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drome was founded neither upon local abnormalities like hypersensitivity of the central

nervous system (such as in hyperadrenalism), nor hyperventilation. Therefore, in his opin-

ion, there was no specific pathophysiological mechanism that could be held responsible

for the physical symptoms. However, there did exist a specific psychological mechanism

that involved the association of exertion with all sorts of imaginary physical catastrophes.

Wood believed that this association was mediated by an emotion, usually anxiety, although

patients were generally not consciously aware of this. Therefore, the therapy consisted of

a form of psychoeducation in which people were informed of the physical manifestations

of emotions and of the fact that physical sensations were not, by definition, indicative of

a disorder in any particular organ.

Maxwell Jones concurred with this. He developed a form of group psychoeducation,

using groups of about 100 patients, which later evolved into the first therapeutic commu-

nity. The aim of therapy was to teach patients to adopt a different attitude toward their

symptoms. In addition, Jones stressed the reality of intolerance to exertion, for which

extensive physiological studies failed to provide an explanation. He therefore spoke of

an effort phobia. Jones’ investigations had demonstrated that effort phobic patients quit

exerting themselves long before they reach their physiological limit, as expressed by a

slightly smaller increase in the lactate level relative to a normal control group following

the subjective maximum of exertion.

The debate can be summarized by stating that the variation in nomenclature was

determined not only by all sorts of theoretical views concerning the causation of physical

sensations, but also by the immediate military importance of identifying and treating those

suffering from war neurosis. Wars have contributed greatly to our knowledge not only of

anxiety disorders but also, for example, of traumatic neuroses and terror psychoses

[146,147]. In addition, they have propelled this knowledge in a specific direction. Lewis’

choice of the term effort syndrome was significant, as was his involvement in the develop-

ment of exercise programs to increase the exertion tolerance of the soldiers he was treating.

Both can be seen as a direct reflection of the military importance of the capacity to deliver

physical effort [148]. Lewis’ effort syndrome is a splendid example of social influences

affecting psychiatric diagnosis. Regarding subsequent developments, it can be noted that

the special relationship between anxiety phenomena and the heart persisted even after

1950. While consideration was being given on the sidelines to the psychiatric mode of

interpretation, the somatic approach continued to play a dominant role. The 1960s saw

the development of somatic concepts such as hyperkinetic heart syndrome and hyper-

dynamic beta-adrenergic condition. In the 1980s and 1990s, the relationship between anxi-

ety disorders and mitral valve prolapse has been the subject of debate, as has the so-called

fatigue syndrome [149,150].

C. Anxiety Psychosis

The frequent occurrence of anxiety with psychotic symptoms did not, of course, go unno-

ticed by 19th-century psychiatry. Wernicke, however, was the first to use the term anxiety

psychosis. In Wernicke’s opinion, frightening cognitions, hallucinations, delusions, and

delusory ideas were the result, rather than the cause, of the emotion of anxiety. He ex-

plained the psychotic phenomena seen in anxiety psychosis by the intensity of the anxiety

itself. The reverse was true of alcohol hallucinosis, where anxiety was the result of the

hallucinations. Melancholia also differed from anxiety psychosis. So-called agitated mel-

ancholia, on the other hand, which was actually a variant of anxiety psychosis, was totally
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unrelated to melancholia [151]. The motor expressions that appeared in anxiety psychosis

were interpreted by Wernicke as complications, rather than as direct consequences of

anxiety. In the ensuing debate, criticism was leveled at the term anxiety psychosis

[152,153]. Some questioned the worth of a classification that was based on the content

of cognitions. Anxiety-dominated cognitions were not restricted to anxiety psychosis; they

also occurred in a variety of other psychiatric disorders. Wernicke himself had already

made a distinction between anxiety psychosis, on the one hand, and anxiety in paranoid

delusions and in delusions of reference, on the other. The distinguishing criterion—

namely, that the cognition in anxiety psychosis must be a direct consequence of anxiety—

proved not to be unequivocally applicable in practice.

Meanwhile, Specht’s interpretation differed considerably from that of Forster.

Specht felt that anxiety psychosis was a mixed (Kraepelinian) form of manic depressive

psychosis in which motor agitation was an expression of the manic component. Like Wer-

nicke, he drew a sharp distinction between anxiety and agitation on the basis that the

former frequently occurred in depression, while the latter was commonly a feature of

mania. Specht’s view was that anxiety psychosis involved motor agitation as an expression

of the manic component, accompanied by the anxiety and inhibition of thought as a result

of the depressive component. For Wernicke, anxiety was the central characteristic of anxi-

ety psychosis; for Specht it was agitation.

Forster, on the other hand, felt that the symptoms of anxiety psychosis could best

be seen either as a variant of melancholia (melancholia agitata) or as the early stage of

another disorder. Not only did Forster not want to separate anxiety from agitation, he also

resisted Kraepelin’s separation of manic depressive psychosis from dementia praecox. In

his opinion, anxiety was not so much an emotion that was difficult to define, but more a

complex series of cognitions that cannot be expressed in words. This formal characteristic,

i.e., a special type of cognitive complexity, was determined by the “fundamental disorder”

that Forster placed at the level of the organic cerebral substratum [154].

In the ninth edition of Kraepelin’s textbook, anxiety psychosis was still included

under the Emotionelle Symptomenkomplexe (emotional symptom complexes). It was de-

fined as a dysphoric condition that cannot be sharply distinguished from depression. It

was associated with anxiety, motor restlessness, and psychotic symptoms [155]. As a

symptom complex, it could occur in all types of psychiatric disorders, including manic

depressive psychosis and dementia praecox. It could also be age-related, as in presenility

and senility.

Two questions dominated this somewhat confusing debate surrounding anxiety psy-

chosis. These concerned the relationships between emotions and cognition, and between

anxiety and (psycho)motor agitation. On the first point, Wernicke considered the anxiety

emotion to be dominant, whereas Forster placed the cognition in the leading role. Specht’s

reference to the Kraepelinian idea of the manic depressive mixed condition suggested a

preference for the view that the affective component was dominant. On the second point,

both Wernicke and Specht made a sharp distinction between anxiety and agitation. With

regard to a distinguishing criterion for anxiety psychosis, Wernicke emphasized the anxi-

ety, Specht the agitation. Forster allowed anxiety, agitation, and desperation to intermingle,

since he believed that there were insufficient empirical grounds for a sharp distinction

between anxiety disorders, manic depressive disorders, and psychotic disorders. Basically

Forster rejected the traditional classification (derived from faculty psychology) into think-

ing disorders, feeling disorders, and disorders affecting the function of the will [156].
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In the post-1910 literature, two publications are worthy of mention: G.E. Störring’s

Zur Psychopathologie und Klinik der Angstzustände (On the psychopathology and treat-

ment of anxiety states) [157] and K. Conrad’s Die beginnende Schizophrenie (incipient

schizophrenia) [158]. Although neither work includes the term anxiety psychosis, both

point out the fundamental significance of anxiety in the origin of psychosis. Both go on

to describe a period of depersonalization, anxiety, and anxious moods which often pre-

cedes the onset of psychosis. Conrad used the term trema to denote this anxious delusory

mood. Störring described how this anxious delusory mood could lead to so-called objecti-

vation of anxiety, which nowadays is called projection. Feelings of anxiety are no longer

experienced internally, but transform into perceptions of a dreadful and mysteriously

changed world. In the case of psychosis, the background to this symptom is a disorder

that affects the sense of identity. Psychotics are no longer able to perceive themselves as

the source of meaningful experiences and activities. Feelings lose their natural bond

with the I. As a consequence, they take on an enigmatic and indeterminate character.

While the patient does not necessarily experience anxiety subjectively, the world neverthe-

less changes in an obscure way and appears to be terrifying, threatening, and gruesome.

Sometimes anxiety is experienced in flashes, in which case, according to Störring, it makes

sense to speak of a delusory affect rather than of a delusory mood.

Meanwhile, with the virtual disappearance of the term anxiety psychosis from clini-

cal usage, interest in anxiety symptoms in the context of psychosis had also faded [159].

However, studies pertaining to the occurrence of panic attacks in schizophrenia and in

schizophreniform disorders are still published from time to time.

D. Neurasthenia

In the second half of the 19th century a new concept, neurasthenia, gained ground. George

M. Beard, the American advocate of this idea, considered neurasthenia to be a functional

disorder characterized by a deficiency of “nervous force.” This deficiency could express

itself in a multitude of symptoms, particularly at the level of the central nervous system,

the digestive tract, and the reproductive tract [160,161]. Although not highly prominent

among these symptoms, morbid fear and phobia were nevertheless ranked among the most

difficult symptoms to cure [162,163]. Beard used analogies for nervous exhaustion such

as that of a furnace lacking in fuel and of a battery losing its charge [164]. Central to the

concept of neurasthenia was the lack of the strength and reserve to fight the disturbances

of nervous function caused by stress. Beard’s neurasthenia concept was closely linked

with his vision of American society, which supposedly caused much greater overexcitation

of the central nervous system than did European society. “American nervousness,” one

of Beard’s favorite synonyms for neurasthenia, was a typical product of an industrial

society in which the upper classes were doomed to a hectic lifestyle.

Beard experienced just as little difficulty with the conceptual difference between

the physical depletion of energy and the psychic feeling of exhaustion as did Freud a

decade later [165]. He had observed that not only did neurasthenia patients tend to survive

their own physicians, but also they were capable of considerable mental effort. However,

this did not cause him to reconsider the difference between subjective feelings of exhaus-

tion and an actual deterioration in achievements resulting from a lack of physical reserves.

On the contrary, he stressed that, in a functional sense, there was actually something amiss,

such as a hyperemia of the cerebrum, the stomach, or the prostate, for example.
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Due to a lack of resistance, the functional disorder (which initially occurred locally)

became transmitted to other regions of the body (irradiation). It therefore had no opportu-

nity to develop into a permanent local abnormality. In Beard’s opinion, this was not the

case in healthy people where occasionally local overexcitation could even result in death.

In the case of neurasthenia, the local functional disorder never exceeded the threshold of

intensity beyond which permanent defects could develop. Irradiation not only explained

the variable and migratory course, but also the multiplicity of symptoms. Among the

symptoms included by Beard were the “irritable heart,” all kinds of phobias, compulsions,

impotence, hyperesthesia, and a huge range of physical sensations.

The irradiation of the local functional disorder occurred reflectively, and Beard

thought that the sympathetic nerve played an important role here. This hypothesis of re-

flective nerve impulse transport was one of the three basic assumptions in Beard’s concept

of neurasthenia. In addition to the reflex theory, there was the idea of the electrical nature

of nerve excitation and the law of conservation of energy [166].

Beard himself believed that it was open-minded observation that led him to the

discovery of neurasthenia, and his descriptions do indeed bear testimony to his extraordi-

nary attention to detail. He would take even the most idiosyncratic, subjective sensations

quite seriously. The fact that neurasthenia had not been previously described was, in his

opinion, due to the fact that neurasthenic patients are not found in hospitals or mental

institutions. They should instead be sought elsewhere, neurasthenia being a disease of the

street [167]. Nevertheless, Beard overestimated his inductive powers, as is demonstrated

by the above-mentioned three basic assumptions and the role they played in his work.

These assumptions constituted the guiding principle on which he based his attempts to

forge a whole out of the positively exorbitant diversity of observations. Moreover, it was

quite common in those days to think of psychic disorders in terms of an excess or a

deficiency of (nervous) energy. Furthermore, as we have previously seen, ideas such as

asthenia and irritability were already fashionable a century earlier [168,169]. In 1848,

W.B. Carpenter explicitly suggested the idea of a close relation between nervous energy

and electricity. Thinkers such as Spencer, Fechner, and Darwin subsequently elaborated

this idea still further. Meanwhile, in the therapeutic sphere, the process of electrification

became quite popular [170]. Nor was Beard the first to see a connection between lifestyle

and functional changes in the central nervous system. The previously mentioned theory

of degeneration, which was very popular on the European continent at the time, provides

still more far-reaching examples. It is true to say that the fascination with the relationship

between nervous energy and electrical phenomena was not unconnected with develop-

ments in the natural sciences. Its origin, however, lay in the romantic period. The intellec-

tuals of the romantic period are known to have been strongly captivated by the living

world’s organic urge to develop and evolve. Early in the 19th century, the concept of

natural force encompassed not only physical forces, such as motion and heat, but also

biotic and psychic forces, such as the life force, growth energy, and the urge toward further

development. It is therefore not the case that the concept of physical energy was initially

discovered by physicists and only later applied, in a metaphorical sense, to psychic symp-

toms. In the second half of the 19th century, the prevailing climate of thought, which

was still dominated by the influence of the romantic period, swung in a materialistic and

mechanistic direction. This transformation, which was associated with such names such

as H. Helmholtz, E. du Bois-Reymond, E.W. Brücke, and C. Ludwig, was triggered by

the discovery of the law of conservation of energy by Robert Mayer in 1842. It resulted
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in a differentiation between physical and psychic force, which suddenly breathed new life

into the psychophysical problem. At the end of the 19th century, there was yet another

swing, this time back in a neoromantic direction, whereby all sorts of vitalistic concepts

gained new ground. Beard’s concept of nervous force seemed to fit in with this neoroman-

tic pattern of a vitalistic mixture of psychic and physical forces. In summary, it can be

said that both Beard’s description of neurasthenia, as well as the temporary popularity of

this concept, cannot be understood from a purely medical perspective. Instead, one must

consider the interaction between medical observations, theoretical opinions, philosophical

traditions of thinking, and various social changes. However, the fact that medicine con-

cerned itself with neurasthenic patients at all was, to a great extent, a social phenomenon.

When social pressure became too much for an individual’s resilience, neurasthenia offered

a medical excuse for taking it easy.

E. Psychasthenia

One of the most remarkable studies in the history of the classification of anxiety is Pierre

Janet’s Les obsessions et la psychasthénie (The obsessions and psychasthenia), dating

from 1903 [171]. This work, written in an elegant and still readable style, not only offers

an overview of all possible manifestations of pathological anxiety, it also contains numer-

ous vivid descriptions of conditions that are known today as depersonalization, somato-

form disorder, hypochondria, stereotyped movement disorder, and chronic fatigue syn-

drome.

Janet argues against the tendency of many of his colleagues to divide symptom

clusters into separate diagnostic entities. Indeed, he presents a classification of his own, by

making a distinction between three types of psychasthenia: obsessive thoughts, irresistable

movements (compulsions, tics, outbursts of temper as a result of the inability to complete

the compulsions), and visceral anxiety (generalized anxiety, panic, phobias, and even pain

syndromes). These types, in their turn, are subdivided into various clinical states. Janet

nevertheless emphasizes the close ties between these states. In the course of their illness,

many patients show symptoms of conditions belonging to different types. Moreover, sup-

pression of the target symptoms of one type often leads to the emergence of symptoms

belonging to another type of psychasthenia. Blocking of the obsessions, for instance,

heightens the anxiety and may induce compulsive behavior. Resisting one’s compulsions,

on the other hand, often leads to cardiac palpitations and the sensation of suffocation.

The real innovative element of Janet’s study, however, is his attempt to fit his numer-

ous observations in a general theory of psychological functioning. In his Introduction,

Janet declares his sympathy with the French psychologist Ribot, who was one of his intel-

lectual fathers and who had made a plea for the close collaboration between medicine

and psychology. Common to all patients, says Janet, is a disturbance in psychological

functioning, the so-called psychasthenic state or psychasthenia. This state is characterized

by three distinctive features, namely: (1) a sense of incompleteness (sentiment d’incom-

plétude); (2) a diminishing or loss of the sense (or function) of reality (la fonction du

reel); and (3) exhaustion [172].

It is not easy to perceive exactly what Janet meant with the first two of these features.

Roughly speaking, the sense of incompleteness refers to the subjective feeling that some-

thing is missing in one’s actions, feelings, or intellectual functioning. It is a sense of being

incapable and unsuccessful. Whatever one does, it seems useless and incomplete. Doubt,
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hesitance, and endless rumination dominate one’s activities. Depersonalization, feelings

of doubleness and unreality, restlessness, apathy and disgust complete this list of manifes-

tations.

With regard to the second feature, the diminishing of the sense (or function) of

reality, it is at first sight even harder to imagine what Janet had in mind. Citing Spencer,

he defines it as “the coefficient of reality of a psychological fact” [173]. Rephrasing this

statement, one could say that certain classes of psychic functioning can be assessed with

respect to their degree of reality (i.e., to a certain quality of psychic functioning in relation

to actual tasks and circumstances). In sum, the function of reality refers to the capacity

to be present, spontaneous, and effective, particularly in the domain of voluntary action,

attention, and perception.

Janet, after all, discerns five hierarchical levels of psychological functioning: the

function of reality at the upper level; then indifferent activities (routine acts and vague

perceptions); the imagining function (memory, imagination, abstract reasoning, and day

dreaming) and visceral emotional reactions; and finally, at the lowest level, involuntary

muscular movements. The quality of psychological functioning is determined by the so-

called psychological tension, the psychic correlate of the nervous energy, to which Beard

and Freud had alluded to. Lowering of this tension initially leads to a lack of attention,

concentration, and other synthetic mental functions—in other words, to a loss of “la fonc-

tion du réel” and subsequently to a disruption of routine activities at the second level.

The psychasthenic state is the result of precisely this lowering of psychic tension (abaisse-

ment de la tension psychologique) [174].

From this, it will become clear that anxiety is by no means the central symptom in

Janet’s account of the psychasthenic state. Anxiety occurs when psychic functioning is

disturbed from the upper level down to the fourth level, that of the visceral emotional

reactions. Anxiety, consequently, belongs to the most elementary of the mental functions:

Underneath the anger, fear and love, there is an emotion, that is not specific any more, that

is a sum-total of vague respiratory and cardiac complaints, which don’t evoke in the mind

the idea of any inclination or any particular action. That emotion is called anxiety, the most

elementary of the mental functions (translation by the author) [175].

Clearly, psychasthenia encompasses a broad range of clinical phenomena, including

the anxiety disorders of our time. The psychasthenic state, however, is determined by a

breakdown of only the highest level of psychic functioning. This implies that even in the

case of phobias, obsessive-compulsive disorder, and panic attacks, a central role should

be assigned to feelings of unreality, incompleteness, ineffectiveness, and depersonaliza-

tion, and not to feelings of fear and anxiety. Emotions and emotion theory play only a

secondary role in Janet’s description and explanation of these disorders.

Janet does not deny the occurrence of panic attacks in some cases of psychasthenia

[176]. But these can only be accounted for by the assumption of a temporary and more

severe collapse of the psychological tension, leading to disturbances at the third and fourth

level. Fear, on the other hand, is a more complex and differentiated emotion, involving

psychic activity of the higher levels, such as imagination, perception and goal-directed

behavior. Fear as such, however, is the expression of activity at the fourth level of psychic

functioning.

From a psychological point of view, Janet was far ahead of his time, by pointing

to the importance of disturbances in the domain of attention and perception and their
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relation to the sense of self. Psychology and psychiatry had to wait until the 80s before

attentional bias became a topic of some interest in empirical research of the anxiety disor-

ders.

F. Anxiety Neurosis

The history of the classification of anxiety disorders since the time of Beard can be seen

as a peeling away of layers of the concept of neurasthenia. Anxiety neurosis was the first

stratum to be laid bare under its surface. Next came all sorts of classificatory subdivisions

within anxiety neurosis [177].

Kahlbaum’s successor, Hecker, initiated the above-mentioned process in a classic

article on anxiety states in neurasthenia [178]. He had noticed that the anxiety attacks

experienced by many neurasthenia sufferers were not accompanied by any subjective feel-

ing of anxiety. There were also patients who did not show anything like the full range of

physical symptoms. Hecker used the term “larvirt” (larval; larvalike) to denote this absence

of a feeling of anxiety. The term “abortiv” was indicative of the interrupted, incomplete

nature of the attack in terms of the somatic symptomatology. The picture described by

Hecker bears a strong resemblance to the so-called limited symptom attacks in present-day

literature on panic disorder. Citing Lange, a Dane who had formulated an interpretation of

emotions that was practically identical to that of William James, Hecker stated that the

absence of subjective anxiety in the attack was based on a kind of misperception. The

physical symptoms were simply not recognized as expressions of anxiety. However, it

was also possible for an attack to commence with just one of the somantic symptoms

before radiating to other parts of the body. The way in which Hecker described this irradia-

tion betrays a relationship with Beard’s reflex theory.

In 1895, Sigmund Freud, with reference to Hecker, joined the critics of Beard’s

broad concept of neurasthenia. However, in being more explicit about pathogenesis, Freud

went a step further than Hecker [179,180]. He believed that demarcation of neurasthenia

was essential since anxiety neurosis, because of its different pathogenesis, required differ-

ent treatment. Neurasthenia was a disorder of the way in which the so-called somatic-

sexual excitation was released, whereas anxiety neurosis was primarily a disorder in the

psychic processing of such excitation. In the case of anxiety neurosis, Freud imagined

that there was a buildup of pressure on the walls of the male seminal vesicles. When this

pressure exceeded a given threshold, it was transformed into somatic energy and transmit-

ted, via neural pathways, to the cerebral cortex. Under normal conditions, sexual fantasy

groups became charged with this energy, leading to sexual excitement (libido) and the

pursuit of release. Anxiety neurosis involved a blockage in the psychic processing of this

somatic sexual tension. Such a blockage might arise through abstinence, for example, or

due to the use of coitus interruptus, or because sexual fantasies had simply failed to take

shape. Somatic sexual tension was thus deflected away from the psyche (the cortex) and

directed to subcortical paths, finally expressing itself as inadequate actions, which occurred

most characteristically during an anxiety attack.

The pioneering article in which Freud detached anxiety neurosis from neurasthenia

includes a description of the symptomatology of the various forms of anxiety that is still

valid today [181]. Freud cited anxious expectation as the core symptom of anxiety neuro-

sis. He also distinguished between specific phobias agoraphobia, free-floating anxiety, and

anxiety attacks. The latter were spontaneous in nature and were described as a purely
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somatic phenomenon [182]. The aforementioned distinctions anticipated the now generally

accepted classification of specific phobias, agoraphobia, generalized anxiety, and panic

disorders. Freud was not alone in anticipating DSM-IV. As the authors of DSM-IV have

acknowledged, striking similarities are also to be found in the sixth edition of Kraepelin’s

textbook [183,184]. Furthermore, it is interesting that Freud considered agoraphobia to

be characterized by a fear of panic attacks, and not by fear of streets or squares per se:

“. . . ce que redoute ce malade c’est l’événement d’une telle attaque . . .” (. . . what the

patient fears is the occurrence of such an attack . . .) [185].

Freud’s reputation was not based upon his interpretations of anxiety neurosis, how-

ever. His second theory of anxiety, in which anxiety was interpreted as a signal of inner

threat, would ultimately have much greater influence [186].

This second theory had already announced its arrival by around 1895, albeit in a

somatic guise. Freud asked why nonprocessed sexual excitation should express itself

specifically in the form of anxiety. In answering this question, a glimpse is afforded of

something that would later be more explcitly developed as a theme. Unlike real anxiety,

which was based on the perception of an external threat, neurotic anxiety was a reaction

to inner threat. The core of this inner threat was an inability to process endogenously

created (sexual) excitation [187]. On another occasion, Freud put it as follows: “Anxiety

is the sensation of the accumulation of another endogenous stimulus, the stimulus to

breathing . . .” [188].

It is sometimes forgotten that elements of the above hypothesis also appeared in

Freud’s signal theory. There, also, the basis of all anxiety was biological helplessness

(i.e., the helplessness of the child with respect to its own drive impulses) [189]. Although

the signal theory also concerns the satisfaction of needs, it does not relate primarily to

sexual needs but rather to those associated with the instinct for self-preservation [190].

Object loss, the most clear-cut threat recognized by this instinct, becomes the psychologi-

cal prerequisite for inducing the ego to give off a small quantum of anxiety in order to

restore a favorable balance of pleasure and displeasure. The threat of object loss remains

linked to the biological state of being at the mercy of one’s drive impulses. This linkage

is mediated by remembrance symbols that, via separation and birth, ultimately refer to an

archaic inheritance of hereditary anxiety responses. In anxious patients, the symptom of

gasping for air is no longer seen as a mitigated orgasm but rather as the rudiment of the

cry of a newborn child [191].

In a negative sense, Freud’s second theory of anxiety was of great significance within

the classification debate. His statement that anxiety was the “loose change” of the neurotic

conflict illustrates the nosologically nonspecific character gradually adopted by anxiety

in his interpretations.

This was partly the reason why the classification of anxiety symptoms did not exactly

receive top priority in the period between 1930 and 1960. This is not, of course, meant

to detract from Freud’s exceptional merits. In the field of anxiety theory, these merits lay

particularly in the concept of anxiety as a reaction to an inner threat. This idea, which

was without precedent in Freud’s days, permanently changed the face of psychiatry. Freud

thereby gave a wholly individual treatment to the fundamental distinction between (object-

less) anxiety and (object-linked) fear, a theme that for the rest was to find its way into

psychiatry via another route.6

Freud’s approach was not limited to the psychoanalytic school. In its interpretation

of anxiety, cognitive psychology (in the style of Beck) built upon Freud’s pioneering

concept of anxiety as an inner threat [192,193].
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G. Clinical Studies

After 1900, despite the almost universal recognition of the central position of anxiety in

psychopathology, relatively few psychiatric monographs were devoted exclusively to anxi-

ety and anxiety disorders. One exception was the previously mentioned, exhaustive study

by Störring. Several authors occupied themselves with conceptual questions based on clini-

cal observations. Goldstein [194] and Kronfeld [195] produced splendid articles that incor-

porated some fundamental concepts. Some other names that should be mentioned in this

context are those of Hoche [196], Kornfeld [197], and Oppenheim [198]. We already

discussed Janet’s, “Les obsessions et al psychasthénie” (Obsessions and psychasthenia);

however, his “De l’angoisse à l’extase” (From anxiety to ecstasy) from 1926 is worthy

of special mention too [199].

Next, reference should be made to several studies arising from particular theoretical

points of view. These include not only the psychoanalytical studies by Stekel [200], Bitter

[201], and Riemann [202], but also the anthropological studies of von Gebsattel [203–

205] and Tellenbach [206]. In addition, studies exclusively devoted to a particular form

of anxiety, such as the innumerable publications on “Schreckneurosen” and “Schreckpsy-

chosen” (from the German Schreck: terror), were carried out in the periods around both

world wars [206–208].

Seen from a broader perspective, the conceptual framework within which the debate

on pathological anxiety took place was specifically determined by the intellectual legacy

bequeathed by scientists and philosophers such as Charles Darwin, W.B. Cannon, William

James, Sigmund Freud, and Max Scheler. It is no simple matter to illustrate just how the

various interpretations and schools of thought influenced one another. Accordingly, I will

restrict my discussion to two themes, the role of bodily perceptions in the origin of anxiety

and the further determination of the distinction between anxiety and fear.

With regard to the first theme, there seemed to be a significant resistance among

clinicians to the James-Lange theory of emotions. Bodily changes, according to this theory,

instead of resulting from subjective feelings, were actually the cause of the emotional

coloring of sensory perceptions. Perception became emotion via the awareness of bodily

changes [210]. James himself was responsible for the subsequent confusion as to whether

a temporal-causal relationship existed between bodily changes and emotional perceptions,

or whether both occurred simultaneously. It was usually assumed (probably not entirely

correctly) that James was postulating a temporal sequence between bodily changes and

emotional perceptions. Clinicians, who also adopted this interpretation, criticized him on

this point by pointing out the immediacy of the experience of anxiety. According to Stör-

ring, the experience of anxiety was not mediated by prior bodily perception. However,

he was not entirely logical on this point since he consistently spoke of anxiety as a pro-

cessing of, or a reaction to, sensations associated with specific organs [211]. Both Kornfeld

(not to be confused with Kronfeld, who has been mentioned previously) and Hoche lodged

objections, on descriptive grounds, against the idea of a temporal sequence between bodily

change and emotional perception. Kornfeld, who himself suffered from neurasthenic com-

plaints and panic attacks, enlivened his article with a description of one of his nightly

panic attacks. On awakening, he would first experience a severe feeling of anxiety without

really knowing why he was frightened. Shortly afterward, he would become aware of

bodily sensations such as a feeling of constriction in the region of the heart, difficulty in

breathing, paraesthesia, and cold akra. This led him to conclude that a sharp distinction

should be made between feelings of anxiety and the perception of bodily changes. Al-
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though Hoche thought along similar lines, like Hecker he formulated a sort of interoceptive

explanation for anxiety, in which anxiety was based on the misinterpretation of bodily

sensations. Kraepelin and Lange’s handbook ultimately rejected James’ theory of emotions

on theoretical grounds, both because of its psychophysical dualism and its disregard for

central regulatory processes. An emotion such as fear of suffocation could be both somatic

and psychological in origin. According to Kraepelin and Lange, the origin of this fear of

suffocation (whether lack of oxygen, hypercapnia, acidosis, or frightening events) was

irrelevant to the quality of the emotion itself. In all cases, the central issue was a threat

to the patient’s existence as a biological entity rather than any perception of bodily changes

[212]. It should be noted, howver, that James was too much of a Darwinist to be accused

of psychophysical dualism.

In summary, it can be said that clinical psychiatrists mainly resisted the James-Lange

theory because of their support for the primacy of clinical observation. Nevertheless, the

antitheoretical sentiment in these convictions sometimes led to all sorts of nonexplicit

theoretical views being smuggled in through the back door.

In discussing the second theme, that of the further determination of the distinction

between anxiety and fear,6 consideration should first be given to Kurt Goldstein’s observa-

tions of patients with organic brain damage. The majority of Goldstein’s patients were

victims of the World War I. He observed that, when faced with overly complex tasks,

these patients displayed a catastrophic reaction consisting of a wide range of physiological

and psychomotor symptoms. Goldstein believed that even though it was not subjectively

experienced as such, this condition could best be interpreted as an expression of anxiety.

While Goldstein’s patients were unaware of the fact of their anxiety, the appearance

of their physical symptoms coincided with the failure to accomplish their tasks. Strictly

speaking, their anxiety was neither a reaction to failure nor a reaction to an awareness of

failure. Anxiety—and this was the essence of Goldstein’s interpretation—was quite liter-

ally the actual manifestation of failure. Goldstein concludes that generally spoken anxiety

was the expression of a frustrated urge for self-realization.

This reference to the urge for self-realization was particularly popular among those

contemporary authors who drew their inspiration from vitalism. Although similar refer-

ences can also be found in Freud’s later work [213], it was actually the colossal presence

of Charles Darwin, behind the scenes, which inspired this line of thought. However,

Goldstein was not thinking of the survival of the species, or that of the individual, in

purely Darwinian terms. The urge toward self-realization was more than a purely biologi-

cal reality. It also found expression, for example, in the productive creativity shown by

children and adults in mastering the world. Anxiety was referred to as the “Erschütterung

(des) Bestandes der Persönlichkeit” (disruption of the stability of personality) [214]. Ulti-

mately, however, Goldstein failed to fully clarify the conceptual status of the propensity

for self-realization. The task of formulating more explicitly things that Goldstein merely

hinted at fell to other authors. Here we find a scheme in which personality was divided

into an impersonal substructure and a personal superstructure. The substructure was de-

scribed in vitalistic terms while the superstructure was analyzed in terms derived from

existentialist phenomenology. Examples of this can be found in work by Arthur Kronfeld,

Felix Krueger, Philipp Lersch, and, to a lesser extent, H.C. Rümke. According to Kronfeld,

anxiety was based upon a deterioration of the personal superstructure. In extremely suc-

cinct terms, this disintegration was expressed as psychotic anxiety. However, the type of

anxiety that Kronfeld initially had in mind was existential rather than psychotic:
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Anxiety is the mental expression of the existential annihilation of the integrity (“Einheits-

form”) of the person. Its archetype is the fear of death, the anxiety related to vital destruc-

tion [215].

Such statements only become comprehensible when it is realized that Kronfeld re-

jected the link between anxiety and threat. Anxiety, in the true sense of the word, is not

the counterpart of safety, but of meaning, of being a person, of “one-ness,” of living. The

anxious person need not necessarily have a subjective awareness of this, however. Death

has significance long before it becomes a subjective reality. According to Kronfeld, the

biological aspect of anxiety consisted of life fleeing from death. Such flight is in vain,

however, and therein lies the source of all fear of life and of anxiety about fate. Therefore,

with anxiety, it is necessary to pose the question of meaning [216]. Kronfeld’s criticism

of the biologically inspired interpretation of anxiety was that it failed to do this.

In uncoupling anxiety from threat, Kronfeld may have gone a little too far, but his

remark that indescribable anxiety often has the quality of fear of living receives daily

confirmation from the mouths of borderline patients.

H. From Dimension to Category

As has already been noted, the study of anxiety was not a high priority in the period from

1930 to 1960. In addition to the previously mentioned influence of psychoanalysis, which

described anxiety as a nonspecific phenomenon, the assumption that anxiety occupied a

low position in the hierarchy of psychiatric symptoms also had a part in this [217]. Ac-

cording to this line of thought, not only did anxiety occur in practically all psychopatholog-

ical syndromes, it also marked the lower boundary of psychopathology, where this bor-

dered on normality.

Jablensky adds to this that classification had traditionally been an area of interest

for institutional psychiatry [218]. An explanation for the relative neglect of the classifica-

tion of anxiety disorders was that, as a rule, patients with neurotic anxiety were never

hospitalized. This status quo gradually changed toward the end of the 1950s. I shall sum-

marize a number of these developments.

The psychophysiological investigation of emotions continued along the lines of the

James-Lange theory. In this context, Ax attempted to draw a distinction between the emo-

tions of anxiety and anger on the basis of their peripheral physiological symptoms [219].

The anxiolytic effect of benzodiazepines was discovered, resulting in a flood of

research into the effects of these chemicals on the central nervous system [220].

J. Wolpe introduced systematic desensitization as a form of behavior therapy,

thereby giving new impetus to the treatment of people with anxiety disorders [221].

The British psychiatrist M. Roth described a form of depersonalization associated

with severe anxiety and phobic phenomena [222]. This was the so-called “phobic anxiety-

depersonalization syndrome.” Although it usually developed in the wake of a psycho-

trauma, this picture could sometimes occur spontaneously. The EEGs of just under one-

sixth of all patients revealed the presence of temporal-epileptic symptoms.

Finally, at the end of the 1950s, D.F. Klein (who has been referred to previously)

discovered that panic attacks in agoraphobic patients could be blocked using Imipramine

[223,224]. This marked the beginning of a great flood of experimental, pharmacological,

clinical, longitudinal, epidemiological, genetic, and familial research into the existence

and course of panic disorder.



36 Glas

With this boom in psychopharmacological research, increasingly stringent criteria

for the definition of psychiatric syndromes were drawn up. This was principally for the

sake of comparability between research groups. Thus, psychopharmacological and biologi-

cal psychiatric research constituted a powerful impetus for the development of the Feigh-

ner Criteria [225]. These, together with the Research Diagnostic Criteria [226] formed

the basis of the DSM-III and its further editions. The emphasis on descriptive precision

led to the demarcation of various forms of anxiety and to an abandonment of the concept

of neurosis, which was considered to be too vague. The depressive neurosis of DSM-II

(1968) became dysthymia in DSM-III, falling under the affective disorders. Two types of

hysterical neurosis, hypochondria and depersonalization, were classified under somato-

form and dissociative disorders, respectively. Neurasthenic neurosis was discarded. Anxi-

ety neurosis, phobic neurosis, and obsessive-compulsive neurosis were combined under

the heading of anxiety disorders. Post-traumatic stress disorder, a newcomer, was added

to the anxiety disorders [227,228]. The anxiety neurosis was subsequently split up into

panic disorder and generalized anxiety disorder, while the phobic neuroses were divided

up into agoraphobia, simple phobias, and social phobia [229,230].

In spite of the nontheoretical nature of DSM-III, this change nevertheless heralded

in a fundamentally different approach to the psychopathology of anxiety. DSM-III bode

farewell not only to the psychodynamic conflict model, but also to a broader tradition in

which anxiety was associated with disorders in personality structure. It was replaced by

a finely grained description and classification of more superficial symptomatology. Anxi-

ety was no longer regarded as a consequence of the personality structure but primarily as

a symptom in and of itself. This resulted in a switch from the predominantly dimensional

or dispositional approach, which characterized the neurosis model, to a typological or

categorical approach to psychopathology.

Panic disorder represents the most outstanding example of this development, becom-

ing “a microcosm of many of the classic controversies surrounding psychiatric research”

[231]. Biological, psychoanalytic, behavioral, and cognitive explanatory models now com-

peted for priority in this debate [232–236]. At the moment, the question of what exactly

should be classified (patients? theoretical constructs? diseases?) is once again highly rele-

vant [237].

V. SUMMARY AND CONCLUSION

The preceding chapters cover only part of the history of anxiety and depression. While

this is partly attributable to the introductory nature of this review, the main reason is that

this discussion has been limited to concepts alone. Behind these concepts lies individual

suffering, the often ineffective concern of those around the patient, and the numerous

therapeutic efforts of physicians and paramedics. Although not covered here, this history

is at least as worthy of our consideration as the one described above.

In the Introduction, it was stated that the history of anxiety and depression should

be interpreted as the interplay of cultural changes and of changes not only in psychopatho-

logical symptoms per se, but also in their scientific interpretation. This interplay has, to

some extent, been reflected in the preceding chapters.

Viewed in the context of the microcosm–macrocosm theme, which was current both

in antiquity and in the renaissance, the mentally ill appeared as the personification of a
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disruption in the subtle balance of cosmic forces. Such people were different, but not so

different as to warrant either ostracism or confinement.

The moralizing and allegorizing of humoral pathology in the Middle Ages raised

the question of where disease ended and sin began. But it was difficult to know where to

draw the line, as the 19th-century theory of degeneration made clear. According to this

theory, a transgression (due to alcoholism, for example) in one generation could lead to

increasingly serious forms of psychopathology in succeeding generations.

The idea that melancholics show traits of the exceptional and of genius is a common

thread running throughout history. Starting with Aristotle, it can be traced via Marsilio

Ficino, through Burton and the poets of the Elizabethan Era, and onward into the present

century in the work of William James. The fact that depressives’ weaker perceptual de-

fenses allow them a more adequate perception of reality may, perhaps, be a pale reflection

of this very idea. The rationalization and mechanization of the world view in the post-

Cartesian era finally resulted in a view of the mentally ill in which the irrational and

uncontrollable elements of their behavior received special emphasis. The bestial side of

human nature revealed itself in such people. Right up to the present day, domination and

control have been key words in understanding the motivation behind medical concern for

the psychiatric patient. It is this very contrast with earlier treatment that illustrates the

extent to which the medical domination of previously uncontrollable emotions has become

both the motive and guiding principle for current theoretical and therapeutic activity.

The current fascination of clinicians and researchers with the biological approach

therefore comes as no surprise. This approach seems to bring the promise of control and

of tangible results, in contrast to the unpredictable and much less concrete results obtained

by psychological and social intervention. However, it is appropriate to issue a warning at

this point, since history has shown us how intractable psychopathological reality can be.

It is not without reason that clinicians repeatedly demonstrated an astonishing eclecticism

concerning the theoretical explanation of various insights. Clinicians showed reticence

when it came to reasoning from preconceived theoretical points of view. I would remind

you of the reservations expressed against the James-Lange theory of emotions. This reti-

cence cannot simply be attributed to an antiscientific attitude. It also stems from healthy

clinical skepticism. The history of the classification of anxiety and depression serves to

emphasize the fact that such skepticism was often quite appropriate. Whenever attempts

were made to refine a given theory, or combination of theories, clinical reality always

proved to possess an overabundance of elusiveness and unpredictability. Broadly speaking,

longitudinal clinical observation advanced the classification of anxiety disorders, and espe-

cially that of mood disorders, more than did any classification based on preconceived

theoretical assumptions. In view of the controversy between the unitarians and the separat-

ists, a combination of longitudinal and interdisciplinary (bio-psycho-social) research

would seem to hold out particular promise for the future.

Finally, what has been said above should also be emphasized on epistemological

grounds. As scientific disciplines, neurobiology and pharmacology tackle problems ab-

stractly and objectively. This implies that there is, by definition, a gap between the research

findings in these disciplines and clinical reality. Furthermore, scientific constructs never

relate to this reality in its entirety, but merely to aspects of the whole. Reification (i.e.,

the identification of these constructs with reality) can only lead to distortion. The concep-

tual history of anxiety and depression illustrates the repeated recurrence of forgotten ideas.

These were eliminated in the process of abstraction, only to return via the back door.
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Scientific interpretations only bear fruit when the tension-filled gap separating them from

clinical reality, rather than being short-circuited, is kept open.

NOTES

1. Klibansky, Panofsky, and Saxl (1964, pp. 64–66 and 98–102) point out an irregularity in the classical

interpretation of melancholia; this irregularity occurs in the theory of temperaments. In the strict humoralist

tradition, temperaments are reduced to disturbances in the balance between the bodily fluids. These disturbances

initially appear to fall within the normal range, like the usual variations of character dispositions. However,

changes in interpretation over the centuries become obvious: only blood is now considered to be an integral

part of the body, with the other three fluids regarded as degeneration products. The significance of these degenera-

tion products (yellow bile, black bile, and phlegm) would, especially in the Middle Ages, take on a negative

connotation, as a result of which they would be considered to be responsible for all kinds of character abnormali-

ties and immoral behavior.

The Galenic and Neo-Galenic theories of temperament, on the other hand, were originally oriented toward

the primary qualities (heat, cold, dryness, and wetness), and not so much toward the humors. The Galenic

temperaments are not in fact real temperaments, that is to say temperaments in a biological (humoral) sense,

but rather disturbances in the balance between the primary qualities. Health was considered by Galen to be an

ideal state; every relative excess of a particular bodily fluid was, to his mind, a disturbance and therefore also

a disease. Thus the Galenic tradition had little influence on the development of a proper theory of temperament:

it could not deal with normal variation of character dispositions.

Behind this irregularity in the theory of temperaments lies a difference of opinion about disease: the

strict humoralistic tradition took a concrete and natural view of normality; whereas the Galenic tradition estab-

lished itself on more abstract ideas, such as the primary qualities.

2. In scholastic medicine, the emotions of anxiety and rage are diametrically opposed. In rage, heat is

generated and floats to the periphery, the arms and legs display movement, the face becomes red, the pulse

strengthens, and the brain also comes to life again. In anxiety, the heat drains inward, peripheral parts become

cold and pale, the pulse rate decreases and the patient feels cold.

3. Plato distinguished four forms of godlike mania, namely, mania as the art of fortune telling (cf. the

etymological relation between mania and mantikè, i.e., fortune telling); mania as ritual purification and consecra-

tion leading to the relief of disease and grief; mania in the sense of ecstasy inspired by the Muses; and finally

mania in the sense of being emotionally moved by memories when looking at beautiful things.

4. Cf. Descartes, 1647, article 52: “. . . qui nous importent . . .”; and Guéroult 1953, p. 253.

5. Kraepelin remained a dedicated experimental psychologist throughout his life. During his years in

Heidelberg (1891–1903), the work which he carried out included experiments on the function of will (task

performance, level of fatigue), cognitive capacities (distractibility, attention, memory, ideational association), and

expressive functions (motor activity, handwriting, and language performance) (Kraepelin 1983, p. 71). During his

Münich years (1903–1922), much to his regret, he was no longer able to find the time for experimental psychol-

ogy, although he did give refresher courses for colleagues (ibidem, pp. 144, 145, 149).

6. The distinction between objectless anxiety and object-linked fear, which already had been formulated

by the philosopher Kierkegaard (1844), was to be introduced by Karl Jaspers in 1946, in the fourth edition of

his Allgemeine Psychopathologie (General Psychopathology). In the ensuing years, it was developed as a theme

in the anthropological school, which was oriented toward existential phenomenology.
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tion of Histoire de la folie à l’age classique). New York: Random House, 1965/1973.

9. Gardiner HM, Metcalf RC, Beebe-Center J. Feeling and Emotion. A History of Theories.

Westport: Greenwood Press, 1937 (reprint 1970).

10. King LS. The Philosophy of Medicine. The Early Eighteenth Century. Cambridge, MA: Har-

vard University press, 1978.

11. Leibbrand W, Wettley A. Der Wahnsinn. Geschichte der abendländischen Psychopathologie.
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I. INTRODUCTION

Epidemiological studies in psychiatry may help in assessing the importance of a certain

disorder in order to develop treatment strategies and in planning special health prevention

programs. They may provide information on the use of health services and the economic

impact of psychiatric disorders on the health-care system. Epidemiological research may

also help us to better understand the etiology of psychiatric diseases. For example, when

it is found that the prevalence rates of the anxiety disorders are more or less the same in

many different countries, despite different cultural and social environments, it seems less

probable that these disorders can be attributed mainly to cultural or psychosocial causes.

If this is the case, neurobiological determinants that are distributed statistically among all

people, regardless of their sociocultural surroundings, must also be seen as a relevant

etiological factor.

A substantial underrecognition and undertreatment of anxiety disorders and depres-

sion have been shown. According to a WHO study, only approximately half of the cases

of depression and anxiety have been recognized and only one-third were offered drug

treatment [1].

II. METHODOLOGY OF EPIDEMIOLOGICAL STUDIES

A. Prevalence Rates

In epidemiological studies, different kinds of prevalence rates are determined, and all have

their advantages and disadvantages. The lifetime prevalence is the proportion of the sample
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who ever experienced a disorder in their life. Lifetime prevalence rates of disorders with

a high mortality rate may be underestimated. The annual prevalence is the proportion of

probands who experienced the disorder at some time in the 12 months prior to the inter-

view. Disorders of longer duration are likely to be overrepresented in annual prevalence

rates compared to those of short duration. The more chronic a disease, the more similarities

between lifetime and 12-month prevalence rates should be found. The point prevalence

is the prevalence of a disorder on a certain effective day.

B. Representativity

To determine the prevalence of mental disorders, large-scale, expensive, and complex

surveys have to be undertaken.

One relatively simple way to find out how many people suffer from certain psychiat-

ric disorders would be to make a survey among all patients who attend a number of

different mental health services. However, by simply counting the individuals suffering

from panic disorder or major depression who consult a psychiatrist in a private practice

or a mental clinic, one would obtain prevalence rates that could be significantly distorted,

as they could be influenced by various factors such as specialty of the physician. Moreover,

prevalence rates could be distorted because patients with certain psychiatric diseases tend

to have a high medical care utilization, such as somatization disorder patients, and others

may only rarely seek psychiatric help, such as patients with social phobia or severe cogni-

tive dysfunctions. Finally, some patients in some countries can just simply not afford to

see a doctor, resulting in an underestimation of the prevalence of certain disorders in this

population.

The only way to obtain reliable prevalence rates is a so-called “knock-door” survey,

in which representative samples are collected by using methods known from population

polls. From a listing of all residential addresses, systematic samples are selected, and one

household member is addressed using a special procedure. Then, interviewers knock at the

door of these households and interrogate the selected member using a structured interview.

To obtain a complete overview, representative surveys should also include patients

currently hospitalized or in long-term facilities. However, not all studies have incorporated

this population.

Samples should be taken from different regions, including urban and rural sites. The

sample sizes of these surveys should be very large in order to obtain reliable and generaliz-

able results, not only for frequent disorders but also for rare illnesses. The largest of these

studies, the ECA study (see below), comprised 24,371 respondents.

When these large samples are investigated in population surveys, it is too expensive

to have the work done by experienced psychiatrists. Thus, these studies are usually con-

ducted by professional interviewers who go through a specific training program for psychi-

atric interviews.

However, studies conducted in psychiatric outpatient services or in primary care

setting may also yield valuable information. Recently, a worldwide survey conducted by

the World Health Organization (WHO) explored the frequency of psychological problems

in primary care or general health settings [2].

In statistical investigations conducted with psychiatric inpatients, psychiatric disor-

ders like depression, schizophrenia, or personality disorders are usually overrepresented

because certain features of these disorders require inpatient treatment, including suicid-
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ality, hostility, or reduced social integration. In these surveys, patients with anxiety disor-

ders are generally underrepresented, as anxiety disorders rarely require inpatient treatment.

C. Diagnosis and Interview Technique

In order to obtain reliable diagnoses, interviews are usually based on the standard diagnos-

tic tools, Diagnostic and Statistical Manual for Mental Disorders (DSM) [3] or Interna-

tional Classification of Diseases (ICD-10) [4]. In order to structure the diagnostic process

and to obtain objective results, special interview manuals have been developed. These

include:

The Structured Interview for DSM (SCID), which is a semistructured interview for

making the major axis I DSM diagnoses. It is administered by a clinician [5,6].

The Mini-International Neuropsychiatric Interview (M.I.N.I.), which is a short,

structured diagnostic tool for DSM-IV and ICD-10 psychiatric disorders. With

an administration time of approximately 15 min, it was designed to meet the need

for a short, but accurate, structured psychiatric interview for multicenter clinical

trials and epidemiological studies [7].

The Diagnostic Interview Schedule (DIS), which is an interview schedule that allows

lay interviewers or clinicians to make psychiatric diagnoses according to DSM

criteria [8].

The Composite International Diagnostic Interview (CIDI) for DSM [9] or its modi-

fied version for ICD-10 [10], which combines questions from the DIS with Present

State Examination questions and is fully structured to allow administration by

lay interviewers and scoring of diagnoses by computer.

Some representative surveys have been conducted in recent years, using complex

sampling methods, well-defined diagnostic criteria, elaborate questionnaires, and sophisti-

cated statistical methods (see Table 1). The largest ones were the following:

In the Epidemiologic Catchment Area Program [11], a project conducted in the early

1980s, a probability sample of households was selected and one adult residing

Table 1 Lifetime and 6- or 12-Month Prevalence Rates for Major Depression, Sorted

by Lifetime Prevalence

Authors Site N Lifetime 12 months 6 months

Karam [21] Beirut, Lebanon 526 19.0% — —

Kessler et al. [12] U.S. (NCS) 8098 17.1% 10.3% —

Lépine et al. [86] Paris, France 1746 16.4% 4.5%

Joyce et al. [87] New Zealand 1498 12.6% 5.3% —

Wittchen et al. [14] West Germany 657 9.0% — 3.0%

Bland et al. [17] Edmonton, Canada 3258 8.6% — 3.2%

Robins et al. [22] U.S. (ECA) 18,571 5.2% 3.0% —

Canino et al. [88] Puerto Rico 1551 4.6% — 3.0%

Hwu et al. [13] Taiwan 11,004 1.5% 0.8% —

Faravelli et al. [60] Florence, Italy 1110 — 5.2% —

Lee et al. [89] Korea 5100 2.9 2.3%
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in this household was interviewed in five U.S. communities; the DSM-III and the

DIS were used; it included 18,571 persons.

The National Comorbidity Survey (NCS) [12] was based on a stratified, multistage

probability sample of persons aged 15 to 54 years in 48 U.S. states and was

conducted from 1990 to 1992. DSM-III-R diagnoses were made with the CIDI;

8098 persons were interviewed. The interviewers were not clinicians, had an aver-

age of 5 years of prior interviewing and went through a 7-day study-specific train-

ing program for this survey.

The Taiwan Psychiatric Epidemiological Project was a representative survey and

used the DSM-III and the DIS. It was conducted by trained lay interviewers in

seven urban and rural regions in Taiwan [13]; 11,004 persons were interviewed

from 1982 to 1986.

Nonpsychiatrists sometimes express the opinion that prevalence rates for some men-

tal disorders obtained in these studies are grossly exaggerated. For example, according to

the NCS study [12], every third woman suffers from an anxiety disorder once in her life.

It is a problem that the classification systems DSM and ICD cannot reliably differentiate

between subthreshold cases and clinically significant cases, which definitely need treat-

ment. Some of the DSM and ICD criteria were decided by committee rather than being

empirically derived from field studies. If a survey is carried out by lay interviewers, there

is the possibility that prevalence rates of some less well-defined disorders may be inflated.

If a survey is conducted by psychiatrists (e.g., Ref. 14) or uses a general psychiatric outpa-

tient sample (e.g., Ref. 15), the clinical cases will probably be identified more reliably.

Recently, a worldwide survey conducted by the WHO has explored the frequency

of psychiatric disorders in primary care [2]. In this kind of study, persons who are con-

sulting health-care services are screened for psychological problems and psychiatric disor-

ders, regardless of their reason for attending that service. This also means that persons

who consulted the doctor for a cold are included. These studies are not appropriate for

obtaining representative prevalence rates for the reasons given above. However, they may

yield valuable information on the use of health services and the social and financial impact

of psychiatric disorders.

Even the representative population surveys show substantial discrepancies in preva-

lence rates. This may be attributed to various factors, including methodological differences

that could distort the actual prevalence rates, for example:

Variation in the use of the diagnostic criteria (e.g., DSM-III or DSM-III-R).

Variation in the use of the interview manual (e.g., CIDI or DIS).

Type of interviewer (trained lay or psychiatrist/psychologist).

Interviewer instructions [16].

Language differences or translating problems.

Cultural differences in conveying psychiatric symptoms.

Differences in age range of the sample investigated [12].

Standardization of prevalence rates to the census population of each site instead of

to an identical population [17].

However, actual differences between the investigated populations may exist also and may

be due to:

Biological differences across races and ethnic groups.
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Culturally determined psychosocial differences (e.g., a different role of women in

society).

Traumatic stressors that influence whole nations or ethnic groups (e.g., war, poverty,

natural disasters, or suppression of minorities).

III. DEPRESSION

A. Prevalence

Lifetime and 6- or 12-month prevalence rates in different countries are listed in Table 1.

There was a wide variability in the rates of major depression across nations [18]. There

is no simple explanation for this finding. The highest rates were found in war-shaken

Lebanon, but rates in the U.S. (NCS study) or Paris were almost the same. The lowest

rates were found in the Taiwan study. In this study, very low rates were also found for most

other psychiatric disorders, the reasons for which are unknown. It would be premature to

attribute these low rates to actual differences rather than to methodological biases (see

Refs. 19,20 for a discussion).

Women have higher depression rates than men across all countries. The female-to-

male ratio is 2:1 on average, ranging from 1.6:1 in Taiwan and Lebanon [13,21] to 2.6

in the U.S. [22]. A number of reasons for the higher rates in women have been proposed

without a clear resolution. The higher occurrence of anxiety disorders in females than

males beginning early in life might explain the higher female risk for major depression,

as anxiety rates are also higher in women [23].

B. Course

The mean age at onset is very similar in most studies, ranging from 24.8 to 29.5 in the

majority of surveys—with the exception of Italy, where a mean age of 34.8 years was

found [18]. Depression rates are highest in midlife. The highest 1-month prevalence rate

was found in the age group 25 to 44 (3.9%), followed by 18 to 24 (2.9%), 45 to 64 (2.6%),

and 0.9% in persons aged 65 and older [11]. However, these prevalence rates may have

been influenced by high rates of suicidality for depressed patients.

IV. BIPOLAR DISORDER

In contrast to the high variability found in major depression, the lifetime rates for bipolar

disorder were rather consistent across the nations and varied between 0.3 and 0.9%, with

the exception of New Zealand, where a higher rate of 1.5% was found.

Although women have higher rates for major depression, for bipolar disorder the

opposite was found in some countries. In Canada, Puerto Rico, Korea, and New Zealand,

female-to-male ratios between 0.3:1 and 0.7:1 were registered. In the U.S. (ECA), the

rate was 1.2:1, and in Taiwan rates were equal for men and women [18]. The mean age

at onset ranged between 17.1 in Canada to 29.0 in West Germany.

V. DYSTHYMIA

A. Prevalence

The lifetime prevalence rates of dysthymia in different countries are listed in Table 2.

The average female-to-male ratio in these studies was 1.5 to 2.5. The highest 1-month
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Figure 1 Lifetime prevalence rates for anxiety disorders (Ref. 22).

Figure 2 Lifetime prevalence rates for anxiety disorders (Ref. 12). OCD: obsessive-

compulsive disorder; GAD generalized anxiety disorder; PTSD: post-traumatic stress dis-

order.
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Figure 3 Lifetime prevalence rates for anxiety disorders (Ref. 17). OCD: obsessive-

compulsive disorder.

Figure 4 Number of patients attending an anxiety disorders unit at the University of Goet-

tingen, Germany in 6 months (May–Oct 1999). Diagnoses according to ICD-10 (Bandelow,

unpublished).

Table 2 Lifetime Prevalence Rates of Dysthymia

Refs. Site Lifetime Prevalence

Kessler et al. [12] U.S. (NCS) 6.4%

Canino et al. [88] Puerto Rico 4.7%

Wittchen et al. [14] West Germany 4.0%

Bland et al. [17] Edmonton, Canada 3.7%

Robins et al. [22] U.S. (ECA) 3.0%

Hwu et al. [13] Taiwan 0.9–1.5%
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prevalence rates were found in the age group 45 to 64 (5.4%), followed by 25 to 44 (5.1%)

in persons aged 65 and older (2.3%) and the age group 18 to 24 (2.2%) [11].

VI. ANXIETY DISORDERS

A. Prevalence

Among all psychiatric disorders, the anxiety disorders are the most frequent [12]. Because

patients with anxiety disorders are mostly treated as outpatients, they probably receive

less attention from clinical psychiatrists than patients with other disorders that require

inpatient treatment but are much less frequent, such as mania or schizophrenia.

The prevalence rates of the anxiety disorders in three epidemiological studies are

presented in Figures 1 to 3.

In a special anxiety disorders unit, the numbers of patients seeking help differed

substantially from the actual prevalence rates in the population (Fig. 4). Panic disorder

with or without agoraphobia seems to be by far the most frequent reason for seeing an

anxiety specialist psychiatrist, whereas patients with GAD were rare, and specific phobia

patients did not appear at all.

B. Is There an Increase in the Prevalence of Anxiety Disorders?

Many newspaper articles start with the line “More and more people are suffering from

anxiety,” suggesting there has been a relative increase in anxiety disorders over the past

years. This tendency was already observed before the terrorist attacks in the U.S., which

shocked the world and may have made many people feel insecure. However, although

the question is of great interest and a general increase in media reports on anxiety disorders

has surely been observed in recent years, it is difficult to prove a change in anxiety rates

over the years. Epidemiological data obtained before the introduction of classification

systems such as the DSM-III are too imprecise to be compared with modern studies. To

verify the hypothesis that there is an increase or decrease in certain psychiatric disorders,

one would have to repeat large epidemiological surveys such as the ECA or NCS pro-

grams—in the same population using the same methodological setting—after an interval

of, for example, 30 years.

C. Panic Disorder with or Without Agoraphobia

The prevalence of panic disorder is presented in Figures 1 to 3. For better clarity, the

rates for panic disorder and agoraphobia have been added up in the figures, although they

were reported separately in the surveys. In the majority of cases, the disorder starts with

spontaneous panic attacks, with patients later developing agoraphobia as they learn to

avoid situations in which they might have spontaneous attacks, such as crowds, public

transport, or enclosed spaces. In a survey of outpatients [24] it was found that 60.4% of

the patients had panic disorder with agoraphobia, 28.9% panic disorder without agorapho-

bia, and 10.7% had agoraphobia without panic disorder. In a cross-national survey, 22.5

to 58.2% of panic patients had agoraphobia [19].

In a primary care setting, 0.9–1.7% of the patients attending a general practitioner

had panic disorder and 1.5 to 1.6% had agoraphobia [25]. It has consistently been found

that more women than men suffer from panic disorder. Weissman et al. [19] found female-
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to-male ratios between 1.3:1 and 5.8:1 in different countries. Relatively few studies have

investigated whether women with anxiety disorders have characteristics that are distinct

from those of men with the same disorders. The cause of the enhanced vulnerability to

anxiety for women remains largely undetermined. Some data suggest that female reproduc-

tive hormones and related cycles may plan an important role [26]. There is some evidence

that the vulnerability to anxiety disorders may be genetically determined [27]. This genetic

vulnerability may manifest in neurobiological differences. For example, increased mono-

amine oxidase A activity in women has been found in female patients with panic disorder

[28]. The role of women in society may also play a substantial role. Furthermore, it has

been discussed that prevalence rates for men are underestimated because it may be less

socially acceptable for men to admit suffering from anxiety.

1. Course

According to the Cross-National Epidemiologic Study, the majority of studies found an

age at onset between 23.2 and 27.9 years, with two exceptions (32.1 years in Korea and

35.5 in Germany) [19]. In a clinical sample of 322 patients with panic disorder from 6

countries, subjects indicated that they had a mean age at onset of panic disorder of 28.9

years. The average onset of agoraphobia was 6 months later [29].

Panic disorder seems to be rare in children before puberty. In a retrospective study,

343 adults with panic disorder were interviewed whether or not they fulfilled the criteria

for panic disorder before age 13. This was condirmed by only 1% of the panic patients

[30]. During adolescence, the risk of developing panic disorder steadily increases. A repre-

sentative survey among 388 high-school attendants revealed a lifetime prevalence of 4.7%

for the age period 12 to 19 [31].

Panic disorder has a waxing and waning course. As a whole, it follows a chronic

course if left untreated. However, “chronic” is a relative term, as spontaneous remission

is generally observed beginning after the age of 40 [11]. Mental health providers rarely

see typical panic patients after the age of 60. Bland et al. [32] reported a 6-month preva-

lence rate of 0.0% for the age of 65 and older. The age distribution of patients referred

to an anxiety disorders clinic shows that most patients are between 30 and 45 when they

are referred for treatment (Fig. 5). Only persons aged 16 and older were included in this

study.

2. Cross-Cultural Differences

Epidemiological data on panic disorder from community studies from 10 countries around

the world have been compared [19,33]. These studies were conducted in countries that

differ quite a lot in terms of culture, socioeconomic status, religion, and other aspects,

and included Canada, Germany, Italy, Korea, Lebanon, New Zealand, Puerto Rico, the

U.S., and Taiwan. Although the various surveys differed in design, they were comparable,

as DSM-III/DMS-III-R and the interview manuals DIS or CIDI were used for all of them.

Some of the studies had very small samples sizes (e.g., 234 in Lebanon and 481 in Ger-

many). Despite some limitations, there seemed to be high agreement in prevalence rates

of panic disorder across the majority of countries. Most studies found a lifetime prevalence

rate of 1.4 to 2.9%.

Only in the NCS, a high prevalence rate of 3.5 was found, probably because DSM-

III-R was used, which has a broader definition of panic disorder. The other studies used

DSM-III. In the DSM-III-R criteria, patients are included if they have had only one attack
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Figure 5 Age distribution of 512 patients with panic disorder with or without agoraphobia

referred to an anxiety disorders clinic (Ref. 92). Percentage of all men or all women, respec-

tively. Mean age of all patients: 34.9 years.

in their life and then had “persistent worry about having a panic attack” for at least 1

month. In contrast, DSM-III requires at least 3 panic attacks in 3 weeks.

In Taiwan, very low rates were found for panic disorder, as was found also for many

other psychiatric disorders in the Taiwan study. This has been widely discussed (see

above). It was hypothesized that culturally determined response bias might have lowered

the rates for panic disorder [19,20]. However, as rates for generalized anxiety were rela-

tively high in Taiwan (3.7–10.5%) [13], it may also be speculated that differences in

wording or lack of clinical experience of the lay interviewers led to an overestimation of

generalized anxiety and an underestimation of panic disorder. When the interview tech-

nique is imprecise, it might happen that panic patients are misdiagnosed as having general-

ized anxiety disorder because most panic patients roughly fulfill GAD criteria. On the

other hand, panic disorder criteria are more exact so that it is less probable that GAD

patients are misdiagnosed as panic patients.

Still, it seems that the prevalence of panic disorder is relatively consistent in different

cultures. This may have consequences for assumptions on the etiology of panic disorder.

Neurobiological hypotheses on the etiology of anxiety disorder are getting some support

by these findings, whereas cultural influences may play a less important role.

D. Specific Phobia

According to most studies, specific phobia is one of the most frequent anxiety disorders

(Figs. 1 to 3). However, patients with isolated fears rarely seek professional help, probably
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because they do not have the same restrictions in quality of life as do patients with the

other anxiety disorders (Fig. 4). Fear of animals, heights, and blood are most common.

The most prevalent specific fears were of animals (among women) and heights (among

men) [34]. A female-to-male ratio of 2.3:1 was found [12]. Specific phobia seems to have

a chronic course. Despite treatment, 64% of specific phobia patients still had symptoms

after 10 to 16 years [35].

E. Social Phobia (Social Anxiety Disorder)

Estimates for the lifetime prevalence of social anxiety disorder differ substantially (Figs.

1 to 3), ranging from 0.5% in Taiwan [13] to 14.4% in France [36]. Methodological

reasons for different prevalence rates found in various countries have been discussed

above. Additionally, the DSM and ICD definitions for social phobia may not be appro-

priate for reliably differentiating between pathological fear of social situations and simple

“shyness” or “stage fright.” For example, according to these definitions, someone who is

afraid of having a single presentation at a university commission, which significantly inter-

feres with his academic functioning, would receive a diagnosis of social anxiety disorder.

There is a high rate of underrecognition in social anxiety disorder. In a study explor-

ing the prevalence of social phobia in general health care, the disorder was diagnosed in

only 24.2% of the patients [36]. However, patients may also contribute to underrecogni-

tion, as one of the typical features of the disorder is being easily embarrassed when talking

about one’s psychiatric problems. Thus, only a minority of patients with social phobia

actively seek treatment (Fig. 6).

A female-to-male ratio of 1.4:1 was found in the Edmonton [17] and NCS study

[37]. Although more women suffer from social anxiety disorder, it appears that men are

more likely to seek treatment [38].

1. Course

Unlike other anxiety disorders, which tend to have an onset at the end of the 20s, the

mean age at onset for social anxiety disorder is in midadolescence (between age 15.2 and

16.2) [39–41]. Onset after the age of 25 was uncommon [40]. Because of its early onset,

development of psychosocial behavior is impaired at an early stage, later leading to re-

duced social interaction, poor school performance, and poor employment status [42]. The

natural course of the disorder seems to be chronic and unremitting.

Figure 6 Out of 98 sufferers of social phobia, only a minority saw a doctor for psychologi-

cal problems or admitted seeking help for social phobia (Ref. 42).
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F. Obsessive-Compulsive Disorder

Obsessive-compulsive disorder (OCD) has previously been underestimated because of a

number of factors, including patients’ reluctance to spontaneously admit obsessions and

compulsions because of fear or shame [43]. Annual prevalence rates ranged between 1.1%

in Korea and New Zealand to 1.8% in Puerto Rico, according to a cross-national compari-

son. Again, Taiwan, where only 0.4% was found, was the exception [44]. The NCS study

did not address OCD. The female-to-male ratio ranges between 1.2 and 3.8 [11,44].

Consistent evidence shows the average age at onset to be in adolescence or early

adulthood [45,46]. OCD follows a chronic course. In patients with an illness duration of

at least 10 years, 27% were episodic and 73% chronic [47]. Steketee et al. [48] found

that only approximately 20% of patients had full remission and 50% had partial remission

during a follow-up of up to 5 years. In a 40-year follow-up, Skoog et al. [49] found

improvement in 83%, including recovery in 48% (complete recovery, 20%; recovery with

subclinical symptoms, 28%). Approximately one-half of the patients had obsessive-

compulsive disorder for more than 30 years.

OCD in children is often underrecognized, as children often keep their OCD secret

and do not easily request treatment [50]. Fifty percent of the childhood OCD cases have

their onset by age 15 [51]. In a 9- to 14-year follow-up of patients with OCD onset during

adolescence, 6 of 14 patients retained their diagnosis [52].

G. Post-Traumatic Stress Disorder

In two sites of the ECA study, lifetime prevalence rates of 1.0 and 1.3%, respectively,

were found [53,54] for post-traumatic stress disorder (PTSD). The 6-month prevalence

was found to be 0.44% [54]. In the NCS study, a lifetime rate of 7.8% was found (Fig.

2).

Notably, only a moderate percentage of persons exposed to trauma develop PTSD.

Risk factors, such as prior psychiatric history, a family history of psychiatric illness, and

neurobiological factors influence vulnerability to the onset of the disorder [55]. In a study

by Norris [56], respondents in a representative sample were asked if they had ever experi-

enced traumatic events. Rates of current PTSD varied by type of exposure and were highest

for sexual assault (14%), physical assault (13%), and motor vehicle accidents (12%). Some

epidemiological studies have assessed survivors of specific types of traumas. Of men who

served in the Vietnam war, 15.2% met the criteria for PTSD. The rate for women was

8.5% [57]. Among women with a history of sexual assault, the PTSD rate was estimated

to be 3.7% compared to less than 1% for those with no such history [58]. Of respondents

who were exposed to hurricane Andrew, approximately 3% of males and 9% of females

met the criteria for PTSD [59].

H. Generalized Anxiety Disorder

Prevalence rates for generalized anxiety disorder (GAD) found in the ECA and NCS stud-

ies are shown in Figures 1 and 2. In different countries, the following lifetime prevalence

rates were found: 4.0% in West Germany [14], 5.4% in Florence [60], 10.0% in Paris

[15], and in 3.7 to 10.5% in different regions in Taiwan [13].

Of patients consulting a general practitioner for any kind of illness in different coun-

tries in Europe, 8.5% were identified as suffering from GAD [61]. However, it is surprising

that patients with GAD were relatively rare as compared to panic patients in a special
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anxiety disorders outpatient department (Fig. 4). Possible explanations for this discrepancy

to epidemiological studies may be that the differentiation between GAD and anxious de-

pression may be very difficult in some cases because of the high comorbidity of these

conditions. The differential diagnosis may require all the experience of a well-trained

psychiatrist and may be asking too much of lay interviewers. Also, lay interviewers may

mistake panic disorder for GAD (see above).

Because of the 90.4% comorbidity of GAD with a wide spectrum of other mental

disorders, including depression and other anxiety disorders [62], it has been discussed

whether GAD is an independent diagnostic entity at all.

In most cases, GAD has its onset after the age of 25 years. For women, a substantial

increase in the incidence was observed after the age of 35, whereas in men an increase

occurred after the age of 45 [63]. According to all available studies, it follows a chronic

course.

VII. COMORBIDITY

Most studies show a high overlap between depression and anxiety syndromes. Relevant

data come from representative studies. In clinical settings, the relative proportion of co-

morbid cases is even higher than that found in representative population surveys because

individuals with two concomitant disorders, suffering from a high overall burden, are more

likely to seek treatment than individuals with only one disorder (Berkson’s paradox).

Both depression and anxiety syndromes also co-occur with other psychiatric condi-

tions such as substance abuse or personality disorders.

A. Depression and Panic Disorder

Patients with anxiety of long standing are subject to melancholia

Aristotle, Epidemics, III

Of all anxiety disorders, panic disorder has been investigated most thoroughly with regard

to its association with depression. Frequently, both panic disorder and depression occur

simultaneously. Consistently, high estimates of the lifetime prevalence of major depression

in panic disorder between 22.5 and 68.2 have been reported [19,64–66]. Point prevalence

rates vary between 30 and 38% [67–70]. Conversely, high lifetime rates of panic disorder

among subjects with bipolar disorder or unipolar depression have been found. They vary

from 10–59% [69,71–73]. Looking at different depression types, a lifetime prevalence

rate of panic disorder of 20.8% was observed among subjects with bipolar disorder, com-

pared to 10.0% among subjects with unipolar depression and 0.8% among reference sub-

jects [74].

Subjects with both panic and depression usually have worse symptoms than those

who had only one disorder [64,75–77]. The disorders begin earlier in life when they are

comorbid than when they occur singly [77,78].

Models explaining co-occurrence of panic disorder and depression include the

hypotheses that the co-occurrence of panic attacks and major depression

1. Results from a common underlying pathogenic process.

2. Is a third disorder separate from panic disorder and depression.

3. Is a coincidence of two common psychiatric disorders by chance.
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4. May be explained in some cases by secondary depression due to demoralization

by panic attacks.

5. In other cases may be explained by major depression with secondary anxiety

symptoms.

From the available epidemiological, family, and neurobiological studies it is difficult to

decide which model is most appropriate to explain the high frequency of comorbidity of

panic disorder and major depression (for details, see Refs. 75, 76, 79–82).

B. Depression and Other Anxiety Disorders

In patients with major depression, comorbidity with simple phobia was found in 24.3%,

with social phobia in 27.1%, with post-traumatic stress disorder in 19.5%, and with

obsessive-compulsive disorder in 5.4 to 10.9% [18,83]. Conversely, patients with these

disorders have a higher than expected rate for major depression. Of all anxiety disorders,

generalized anxiety disorder shows the highest comorbidity with major depression (e.g.,

62.4%) [62]. It can be assumed that the same comorbidity models apply for these anxiety

disorders as for panic disorder (see above).

C. Is There a “General Neurotic Syndrome”?

It has been discussed that anxiety disorders (and probably “neurotic depression”) are not

diagnosed entities but are just different manifestations of a “general neurotic syndrome”

[84] because there is such a high overlap between these disorders. Moreover, no biological

markers have been found that are able to differentiate between these disorders and antide-

pressants seem to be effective in all of these conditions. However, it still seems to make

sense to demarcate different diagnostic entities. Reasons for this include:

In most comorbid cases, one disorder can be identified which is in the foreground

(see below).

Some features, such as symptomatology and age of onset (see above) seem to differ

quite substantially between these disorders.

There is some evidence for specificity in the genetic transmission.

D. Comorbidity of Anxiety Disorders

Although comorbidity rates are very high (Table 3), the majority of patients still do not

have another anxiety disorder, underlining the fact that anxiety disorders should not be

easily lumped together.

Table 3 Overlap Between Anxiety Disorders (Lifetime Prevalence)

Comorbidity with

First diagnosis Panic disorder GAD Specific phobia Social phobia

Panic disorder — 23.5% 14.8% 10.9%

GAD 23.5% — 16.0–35.1% 13.3–34.4%

Specific phobia 35.1% — 37.6%

Social phobia 10.9% 13.3% 37.6–44.5% —

Source: Refs. 19, 37, 62, 90, 91.
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VIII. HEALTH-CARE UTILIZATION

Anxiety disorders show different patterns in health-care utilization, explaining why preva-

lence rates found in representative epidemiological surveys differ from statistical studies

in clinical settings. As shown in Figure 7, panic disorder has a relatively high proportion

of individuals seeking professional help. Patients with panic disorder often assume that

they have a medical rather than a psychiatric condition and tend to have themselves re-

checked again and again in internal medicine or emergency wards.

In contrast, patients with social phobia tend to hide their problem. As shyness and

shame are typical features of social anxiety, it is not surprising that patients are hesitant

to see a physician and to discuss their problem (Fig. 6).

Patients with specific phobia mostly can cope with their problem. Without major

restrictions in quality of life they can avoid having contact with the objects or situations

they fear, such as dogs, heights, or insects. Thus, these persons very rarely seek profes-

sional help.

These considerations may explain why psychiatrists or special anxiety disorders

units mostly see patients with panic disorder (Fig. 4), although specific and social phobia

are more frequent according to epidemiological studies. GAD patients were also underrep-

resented in the clinical setting, perhaps because they are overrepresented in representative

epidemiological studies (see above). The high health-care utilization of panic patients also

explains why more clinical studies have been conducted with panic disorder than with

any other anxiety disorder, due to the easy access to high patient numbers needed for

scientific studies. For example, a MEDLINE query found 2151 references for “panic disor-

der” and only 334 for “generalized anxiety disorder.”

IX. CONCLUSIONS AND FUTURE PERSPECTIVES

The anxiety disorders and depression are among the most prevalent psychiatric disorders.

They are associated with a considerable degree of impairment, high health-care utilization,

Figure 7 Health-care utilization. Promotion of individuals with specific mental disorders

treated in any professional health-care service in 1 year (Ref. 93). For a comparison, the

numbers for somatization disorder and severe cognitive impairment are also given.
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and an enormous economic burden for society. Epidemiological studies may help in plan-

ning treatment and prevention programs and they also may help us to better understand

the etiology of these disorders.

Future large epidemiological initiatives to investigate the prevalence of depression

and anxiety among different cultures are currently ongoing. They include the European

Study of Epidemiology on Mental Disorders (ESEMeD), which will involve 25,000 indi-

viduals, and the WHO World Mental Health 2000 study, which will comprise 100,000

interviews conducted in 23 countries around the world [85].

For more accurate projections of treatment need and further explication of rate dis-

crepancies, data on clinical significance (e.g., responses to questions on life interference

from, telling a professional about, or using medication for symptoms) should be taken

into account in mental disorder prevalence estimates [94].
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1. Sartorius N, Üstün TB, Lecrubier Y, Wittchen HU. Depression comorbid with anxiety: results

from the WHO study on psychological disorders in primary health care. Br J Psychiatry Suppl

1996; 30:38–43.
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I. INTRODUCTION: GENERAL CONCEPTS ON COMORBIDITY
AND DEFINITIONS

Patients with anxiety or mood disorders often have features of multiple mental disorders,

but the extent and significance of this comorbidity has received surprisingly little attention

in clinical practice or research in the past [1]. However, the comorbidity of psychiatric

disorders is emerging as a recent topic of major practical and theoretical significance. As

more systematic attention has been devoted to psychiatric diagnosis in general, psychiatric

comorbidity has commanded increasing consideration, and the high frequency of multiple

diagnoses has discredited the previously popular assumption that a particular patient is

unlikely to have more than one disorder. Parallel, the success of DSM-III [2] concept is

largely the result of meeting the clinical research community’s need for a better diagnostic

system, addressing a confluence of dissatisfaction with the DSM-I [3] and DSM-II [4],

and meeting the need increasingly recognized in the late 1960s and the 1970s for an

empirical knowledge base (e.g., Ref. 5). However, even after its fine tuning through suc-

cessive editions, the current edition, DSM-IV [6], represents only a fraction of clinical

reality. In DSM-IV and DSM-IV-TR [7], clinicians find categories defined appropriately

by descriptive, observable definitions; they also find that the boundaries of any given

category are an inadequate match with the patients they treat. Comorbidity and the frequent

presentation of atypical and subclinical symptoms are the primary reasons for failure to

match patients with the DSM-IV’s discrete, categorical, prototypes of mental illness [8].

69
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Given the short history of the term comorbidity, there are a surprisingly large number

of definitions. Feinstein [9] coined the term comorbidity to mean “any distinct additional

clinical entity that has existed or that may occur during the clinical course of a patient

who has the index disease under study.” Strictly speaking, use of the term is restricted to

diseases or disorders, not symptoms. Symptoms can associate or co-occur, but they are

not comorbid with disorders or with each other. In psychiatric epidemiology, the term

comorbid is used somewhat differently, the emphasis being on relative risk. When a patient

has a particular index disorder, there may be a relatively greater or lesser risk of other

disorders being diagnosed or other symptoms observed.

Clinical studies also use the concept of comorbidity in the sense that more than one

disorder can be diagnosed in the same individual. In addition, any individual who meets

the full diagnostic criteria for only one disorder may still have an increased frequency of

symptoms from other categories, but to an extent that is insufficient to diagnose another

disorder. Diagnostic studies may identify symptoms or relationships between syndromes

that improve diagnostic precision by increasing the discriminant power of diagnostic

criteria.

Kaplan and Feinstein [10] also introduced a number of distinctions about types of

comorbidity to clarify the concepts of comorbidity that arise in medicine in general and,

possibly, in psychiatry. They distinguished between pathogenic, diagnostic, and prognostic

comorbidity. Pathogenic comorbidity arises when a particular disease leads to certain other

complications or diseases, which are therefore considered to be etiologically related. For

an example of two diseases that are diagnostically comorbid, Kaplan and Feinstein cited

a patient with polyuria, which is caused by diabetes and a coexisting renal ailment. Diag-

nostic comorbidity is likely whenever diagnostic criteria are based on patterns of symp-

toms that are individually nonspecific. Disorders that predispose the patient to develop

other disorders have prognostic comorbidity.

It is often difficult to distinguish these subtypes of comorbidity, however, unless

the pathogenesis of the disorder is well understood, which rarely happens with psychiatric

disorders. The proper terminology—comorbidity versus some other word or phrase—is

not unanimously accepted. Winokur [11], for example, prefers cosyndromal or use of

the primary–secondary distinction over comorbid. The multiple uses of the primary–

secondary distinction have been discussed in Maser et al. [12], and Winokur refers only

to the chronological meaning of the primary–secondary distinction. In medical terms,

comorbidity conveys, at least in part, the notion of a disease process. Disease is produced

by pathogens, but despite the suspicion of many, as said before, there are very few patho-

gens known to underlie the mental disorders described in DSM-IV. Cosyndromal is a

more technically accurate term, and the temporal definition of the primary–secondary

distinction has value; but in line with current usage, we shall continue with the term

comorbid in relation to mental illnesses, even when there is no known pathogen.

In psychiatry, comorbidity appears to be the rule rather than the exception. Numer-

ous studies of clinical samples of inpatients and outpatients [13–17] have demonstrated

the large proportion of patients who simultaneously meet diagnostic criteria for more than

a single disorder, both within axis I and between axes I and II of the DSM-III-R [18].

Similarly, multiple diagnoses within individual subjects appear to be quite frequent in

epidemiological surveys conducted in the general population [19–21].

Two major approaches have been employed to classify multiple diagnoses within

a single individual: (1) assignment of a primary and secondary diagnosis based on order

of onset; and (2) application of hierarchical diagnostic systems in which one condition is
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inferred to supercede the other. The former approach is preferable because no precon-

ceived etiological assumptions regarding the relationships between disorders are neces-

sary. However, the primary–secondary distinction may be difficult to apply to the assign-

ment of retrospectively ascertained lifetime diagnoses, which require accurate

determination of the age of onset of disorders that often emerge in an insidious manner.

The latter approach has not been applied consistently across studies because of difference

in the hierarchical structure of the diagnostic systems employed. Moreover, hierarchical

relationships may often belie clinical data. The elimination of hierarchical relationships

between many of the disorders in the DSM-III-R [18] criteria facilitated the assessment

of relationships between two or more disorders.

II. BASIC CONCEPTS: SYNDROMAL AND SUBSYNDROMAL
COMORBIDITY

During the last two decades, a large number of epidemiological studies conducted in the

community [20–23], general health-care sector [13,24], and clinical settings [14–17] have

documented that comorbidity between different psychiatric disorders is a frequent phe-

nomenon. Most of these studies focused on “threshold” comorbidities; that is, the coexis-

tence of two or more mental disorders in the same individual in a defined period of time

(lifetime, 6 months, 1 month). Each disorder meets the diagnostic criteria for disorders

found in the DSM-IV [6] or the ICD-10 [25].

Whether the co-occurrence of two or more mental disorders in the same person

reflects the presence of pathophysiologically independent entities is far from clear. High

levels of comorbidity raise questions about the specificity and the boundaries of certain

diagnostic categories and provide important clues to the etiology, pathophysiology, and

phenomenology of both the index and comorbid disorders. Klein and Riso [26] argued

that there are at least four theoretical models of comorbidity that may explain the simulta-

neous co-occurrence of two or more mental disorders in the same individual: comorbidity

due to sampling bias, artifacts of diagnostic criteria, drawing boundaries in the wrong

place, and common etiological relationships (see Table 1). The concept of comorbidity

Table 1 Relationships Between Depression and Anxiety

Both depression and anxiety are reflection of the same phenomenon

1. Both conditions are reflections of the same phenomenon.

2. One of the two conditions is a mere reflection of the other.

3. One of the two induces changes that leads to the other.

Common factor for both anxiety and depression

1. Vulnerability hypothesis.

Artifact of diagnostic criteria

1. Comorbidity due to overlapping criteria.

2. Comorbidity due to one disorder encompassing the other.

Anxiety and depression are two separate entities

1. They can be either depression or anxiety.

2. They may appear together (comorbidity viewpoint).

3. Each can appear at threshold or subthreshold level. Any combination is possible (mixture

subsyndromal viewpoint).

4. Comorbidity is a common final pathway of two distinct conditions.

Source: Adapted from Refs. 26 and 65.
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is a valid and important clinical construct to capture and depict different components of

psychopathology.

The amount of comorbidity may be influenced in different ways. First, the exclusion

of hierarchical rules in the classification of mental disorders and the separation of a more

pervasive condition into more specific conditions may increase comorbidity rates. Second,

the period of time through an individual’s lifespan when a disorder is present can affect

comorbidity. Third, the definition of a threshold for a diagnosis may also sensitively affect

levels of comorbidity as low threshold tends to increase prevalence rates, while high

threshold tends to decrease prevalence rates.

Comorbidity and the classifications found in DSM-IV [6], the ICD-10 [25], and

similar categorical systems are inextricably related. Without a categorical classification

scheme, there is no reason to discuss comorbidity, and diagnostician would then quantify

attributes; syndrome categories, defined by clusters of symptoms, would not exist, and

therefore, could not coexist. The DSM-IV disputes the claim that “each category of mental

disorder is a completely discrete entity with absolute boundaries” (p. xxii). However,

although its designers can make this statement with every honest intention, resarchers and

insurance companies act as if each category is a discrete entity. Moreover, DSM-IV does

not provide any standardization information about the frequency of co-occurrence of disor-

ders, further suggesting that each category is discrete. The claim is also made that “there

is no assumption that all individuals described as having the same mental disorder are alike

in all important ways” (p. xxii). They may differ in severity, impairment, and symptom

expression, and we will focus attention on the last of these possible differences. The DSM-

IV uses polythetic criteria sets, which means that a given individual may present with a

subset of diagnostic criteria from a larger set. Thus, a person diagnosed as depressed must

have at least five symptoms out of the longer list of nine diagnostic criteria. Polythetic

criteria sets, however, speak to heterogenous clinical presentations only within a diagnostic

category. Consider adjustment disorders (DSM-IV, pp. 623–627) as a relatively understud-

ied but common example seen in clinicians’ offices. Adjustment disorders are not usually

considered a serious mental disorder (compared to schizophrenia, bipolar disorder, or

panic disorder). But, as we shall see, they can be serious enough when comorbidity, sub-

stance use, hospitalization, and suicide are taken into account.

The issue becomes even more problematic when considering “subthreshold” comor-

bidities. Clinical correlates of subthreshold forms of anxiety and their relationship with

other mental disorders have not, to our knowledge, been investigated systematically. Epi-

demiological studies suggested that brief recurrent hypomania and mixed states, arising

within the setting of an attenuated bipolar spectrum, in some cases, may be detectable in

the context of co-occurring symptoms that fall below the threshold for a diagnosis of panic-

agoraphobia, generalized anxiety, social phobia, and obsessive-compulsive disorders [20].

However, differences in the outcome and treatment response are still not clear [27–29].

It has also been argued that in the majority of patients with a “neurotic syndrome,”

symptoms drawn from two or more diagnostic categories on the basis of predominant

features, would often be found. In such cases, the diagnostic groups may overlap or fade

into another. Therefore, neurotic disorders have been hypothesized to occur generally

among individuals who show deviations along a number of independent dimensions, which

may predispose them to either anxiety, obsessive symptoms, or depressive disorders, as

well as other emotional disorders. In many cases, it may be difficult to disentangle the

specific components of such neurotic syndromes [30,31].
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The DSM-IV [6] has tentatively recognized a disorder composed of symptoms from

two subclinical disorders: depression and anxiety. Mixed anxiety–depressive disorder,

however, has been placed in an appendix to the main text. It is one of a number of new

categories that were suggested by consultants for possible inclusion in the DSM-IV [6]

or a future edition, but lacked sufficient empirical backing to be included in the current

nomenclature. The term “mixed anxiety–depression states” has been also proposed and

incorporated into the ICD-10 [25].

According to DSM-IV, persons with this disorder present with persistent or recurrent

dysphoric mood and a minimum of four of the following symptoms for at least 1 month:

concentration or memory difficulties, sleep disturbance, fatigue or low energy, irritability,

worry, being easily moved to tears, hypervigilance, anticipating the worst, hopelessness

or pessimism about the future, and low self-esteem or feeling of worthlessness. If the

critiera for mood or anxiety disorders have ever met, then mixed anxiety–depressive disor-

der cannot be diagnosed. Both DSM-III-R and DSM-IV also mention “limited-symptom”

panic attacks, which have fewer than four somatic or cognitive symptoms.

The phenomenology, course, and the treatment outcome of less severe forms of

depression have received greater attention than that of less severe forms of anxiety because

of their high prevalence in the general population and in general health-care settings

[32,33]. Patients with subthreshold depression were nevertheless found to have a family

psychiatric history and level of medical and psychiatric comorbidity similar to those of

patients with depressive disorders [34].

A spectrum model of psychopathology is more adept at recognizing the subclinical

or threshold symptomatology that may occur concomitantly with core psychiatric disor-

ders. The term spectrum has been traditionally used to underlie relationships among clus-

ters of symptoms or to place defined syndromes in relation to one another. In a broader

way the spectrum model can bring coherence to complex psychiatric symptoms, and in-

clude: (1) core, atypical, and subclinical symptoms of the primary axis I disorder; (2)

signs, isolated symptoms, symptom cluster, and behavioral patterns related to the core

symptoms that may be prodromal, may represent a precursor of a not-yet fully expressed

condition, or may be sequelae of a previously full-fledged disorder; and (3) temperamental

and/or personality traits. The spectrum model of psychiatric disorders evolved (initially

with the “panic-agoraphobic spectrum”) at the University of Pisa, and has been further

developed in collaboration with researchers from the University of Pittsburgh and else-

where in the United States [35]. This approach has the potential to answer to various

problems that arise by splitting disorders into narrow, distinct, nonoverlapping diagnostic

entities, like: (1) failure to encompass subthreshold and atypical symptomatology; (2)

artificial enhancement of comorbid diagnosis; and (3) failure to replicate genetic markers

of narrow, restrictive phenotypes. It gives clinical weight to low-severity and isolated

symptoms that either appear alone or occur concomitantly with a major disorder. Such

symptoms, even in the absence of syndromal illness, may lead to considerable suffering

and disability. In the presence of a syndromal axis I condition of another type (e.g., a

small number of, or even a single, panic–agoraphobic spectrum symptom in the presence

of syndromal major depression), they may have as significant an impact on functioning

and treatment outcome as the comorbidity of two fully syndromal conditions [35,36].

Therefore, the identification of these “spectrum phenomena” should be included as a rou-

tine part of clinical assessment because exclusive use of the categorical system and the

virtual exclusion of other broader concepts of psychiatric classification have led to stereo-
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Figure 1 Possible associations among spectrum disorders.

typical portraits of patients and have limited the available descriptive clinical information,

resulting in oversimplification of multifaceted clinical profiles.

For example, a patient who presents with major depression, but with no complaints

of somatic manifestations of anxiety or phobias, differs significantly from a patient who

exhibits precisely the same criterion symptoms of depression along with palpitations, gas-

trointestinal distress, and multiple phobias related to feelings of suffocation or entrapment

(e.g., fears of elevators or highway driving). However, limiting the diagnostic workup to

DSM or ICD criteria would result in identical descriptions of these patients.

Spectrum symptomatology may be viewed as the part of the iceberg that is hidden

beneath the surface of the water, while the core, diagnostic criteria symptoms represent

the obvious, visible portion. Of course, the various conditions may evidence substantial

overlap in terms of individual symptoms, and symptoms of mood spectrum may overlap

with symptoms of panic spectrum, obsessive-compulsive spectrum, social phobia spec-

trum, bulimic-anorexic spectrum, as well as with what we have termed the separation

anxiety spectrum (Fig. 1).

Potential uses for the spectrum approach may include the improvement of treatment

selection, development of better strategies for outcomes measurement, monitoring the

course of illnesses, strengthening of therapeutic alliances, and improvement in subtyping

of patients for clinical, biological, and genetic research.

III. CLINICAL DESCRIPTIONS AND SYMPTOM CLUSTERS:
COMORBIDITY AS A SPECIFIER FOR TREATMENT

The World Health Organization (WHO) Collaborative Study on Psychological Problems

in General Health Care indicated that anxiety and depressive disorders are the most com-

mon co-occurrence of psychiatric disorders [13]; of those patients with a current anxiety

disorder, about 45% also had a current depressive disorder, and 40% of those with a

current depressive disorder had a current anxiety disorder [19].

Given the presence of multiple disorders, which disorder appeared first? What impli-

cations does this knowledge have for treatment? These questions are the basis of an impor-

tant debate, one that will ultimately be resolved by longitudinal data revealing the natural
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course of these disorders and the long-term outcome of treatment. Some believe, for exam-

ple, that childhood separation anxiety is a prodrome (i.e., precursor or predictor) for adult

panic disorder. If we knew that separation anxiety disorder or an extreme sensitivity to

separation in adulthood preceded the onset of panic disorder, we could screen for that

disorder, intervene when appropriate, and (theoretically) prevent the onset of panic. Simi-

larly, if we knew that clinical or subclinical social phobia preceded the onset of depression,

we could screen for the anxiety disorder and take similar steps to those described for

separation/panic disorder. Knowledge about the course of illness will impact prevention

and treatment, and it will enhance our understanding of the origins of mental disorders.

Because longitudinal research is complex, tends to become dated, and requires stability

of investigators, subjects, and funding, course of illness is not easily studied. In spite of

these difficulties, such studies have been done and data exist. In this regard, consider three

data sets related to depression and anxiety: the National Institute of Mental Health (NIMH)

Collaborative Depression Study (CDS), the Munich Follow-up Study, and the Zurich Co-

hort Study of Young Adults. The CDS is a naturalistic clinical investigation of consecutive

patients who sought treatment at five major teaching hospitals in the United States. Patients

were periodically tracked and, at their 5-year follow-up, depression was found to precede

their anxiety disorders [16]. In a community epidemiological survey, Wittchen and Essau

[37] followed patients in the German city of Munich to report that after 7 years, the

majority of their subjects with both disorders experienced anxiety before depression. This

is the opposite finding of Coryell and associates [16]. Subjects in the Munich Follow-up

Study came from both the community and a cohort of former psychiatric inpatients. In

Switzerland, Angst and colleagues [38] found that persons diagnosed 7 years earlier with

pure anxiety tended to develop additional depressive disorders, but persons originally diag-

nosed with pure depression tended to retain that single diagnosis over the follow-up period.

That is, a diagnosis of pure depression remained relatively stable, whereas one of pure

anxiety exhibited substantial instability as reflected in additional major or recurrent brief

depressions. There are several implications of these three sets of data, two of which (i.e.,

Munich and Zurich) agree that anxiety tends to precede depression. The Munich and Zu-

rich surveys, as well as Epidemiologic Catchment Area (ECA) study [39], are more likely

to reflect true rates of pure and comorbid disorders. A second implication is that the DSM-

IV is most relevant when its individual diagnostic categories are applied to pure depression

found in community surveys. Pure depression subjects are less likely to seek treatment

and less likely to have additional mental illnesses during the course of their depression.

Conversely, clinicians seeing a patient with a pure anxiety disorder (i.e., no depression

or substance abuse) may expect additional disorders to appear if effective treatment for

the person is not promptly instituted. The degree to which treatments are effective in

preventing the appearance of these other disorders or in reducing their symptomatology

when they already exist concurrently is represented sparsely in the literature. A third impli-

cation is that mixed cases seem to have a worse outcome. Wittchen and Essau [37], found

that subjects with mixed anxiety/depression were more severely impaired in psychosocial

functioning and evidenced more management problems in social roles than subjects with

a pure disorder. In terms of remission rates, Wittchen and Essau’s mixed group evidenced

lower rates than those individuals with pure depression. An unfavorable, chronic course

was found in 44.1% of the mixed anxiety/depression group but in only 26.3% of the

pure depression group. The clinical study found depressive symptoms to be more severe,

persistent, and recurrent when the patients had a coexisting anxiety syndrome than when

depression occurred among patients with anxiety [16,40]. Moreover, mood-congruent de-
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lusions and the delusional subtype of depression are more frequent among patients with

both depression and panic disorder than in patients with depression only [40]. Obsessions

and compulsions clearly had the gravest prognosis when they were present in a depressed

patient, but the presence of any anxiety syndrome predicted a worse outcome than was

projected for patients without a comorbid anxiety syndrome. A common limitation of

these three studies is the lack of any assessment of temperament as a maker of mood

vulnerability. Savino and colleagues [27], for example, studied 140 panic patients and

showed that high rates of temperamental dysregulation often co-occur (over a lifetime)

with anxiety disorders and may represent the only manifestation of a mood lability preced-

ing the onset of an anxiety disorder. In this perspective, any data lacking information

on temperamental features appear incomplete for characterizing the temporal relationship

between anxiety and mood disorders. A limitation of the report by Coryell and colleagues

[16] is that it is a clinical, not a community, study. As such, it may not be a valid representa-

tion of the natural course of illness. Berkson [41] demonstrated an often replicated rule

in epidemiological research: persons seeking treatment for a medical problem usually have

an additional medical diagnosis, and prevalences recorded in clinical settings do not reflect

the base rate for either diagnosis in the community. Most of the subjects entered the

NIMH-CDS seeking treatment for existing comorbidities. Perhaps this particular set of

patients was unusual in having their depression precede anxiety. Perhaps this progression

is the more severe and drives people into a clinic. The answers are not yet clear, but the

patients who entered the proband group of the Collaborative Depression Study and who

were reported on in the Coryell study probably reflect what practicing clinicians see.

A. Bipolar Depression

Lifetime diagnoses of anxiety disorders are very common in bipolar patients, but research

is still limited in this field for two main reasons: the relative underdiagnosis of bipolar II

disorders, often misdiagnosed as unipolar or personality disorders [42], and the lack of

utilization of structured interviews for the diagnosis of anxiety disorders in hypomanic

patients [43], or bipolarity in anxious patients [44].

Recent data from the Stanley Foundation Bipolar Treatment Outcome Network [45]

report a lifetime comorbid anxiety disorder in 42% of 288 bipolar patients, while 30% of

them have a current comorbid anxiety disorder. In the National Comorbidity Survey

(NCS), patients who had a bipolar disorder in the past 12 months had a 95% frequency

of lifetime anxiety disorders, with a reported risk of comorbid panic disorder and social

phobia higher in bipolar disorder (odds ratios of 11.0 vs. 4.6) compared to unipolar disor-

der (odds ratios of 7.0 vs. 3.6) [21]. Chen and Dilsaver [14], using the Epidemiological

Catchment Area (ECA) data, found that the prevalence of panic disorder among bipolar

patients was higher than in unipolars (20.8% and 10.0%, respectively) and that the risk

of having panic disorder was 2.1 times higher for a bipolar patient than for patients with

unipolar depression. Furthermore, panic disorder was frequently found to be associated

with obsessive-compulsive disorder comorbidity in bipolar and unipolar patients [15].

Savino et al. [27], in a clinical sample of panic patients, found a prevalence of 47.8% of

bipolar spectrum disorders and 22.9% of unipolar depression.

Comorbidity rates of obsessive-compulsive disorder with bipolar disorder have been

found to range between 7.3 and 21.1% [28, 46, 47]. A reanalysis of the ECA data showed

a higher prevalence of obsessive-compulsive disorder comorbidity in bipolar patients than

in unipolar depressives (21.0% and 12.2%, respectively), with a risk of having obsessive-
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compulsive disorder two times greater for bipolar than for unipolar depressives [15]. By

contrast, Krueger et al. [48] found a similar lifetime prevalence of obsessive-compulsive

disorder in bipolar (35.1%) and unipolar depressives (35.2%). These two studies suggest

that the incidence of this disorder in bipolar disorder was higher than had previously been

thought.

Wittchen et al. [49] reported a rate of comorbidity of generalized anxiety disorder

(GAD) with bipolar disorder of 10.5%, lower than with major depression (62.4%). In a

recent clinical trial, Pini et al. [28] reported higher lifetime rates of generalized anxiety

disorder in bipolar subjects (31.6%) even if still lower than in unipolar depressives

(37.1%). These findings support the hypothesis that bipolar disorder has a strong connec-

tion to panic and obsessive-compulsive disorders, while GAD may be related to affective

disorder.

B. Major Depression

A high proportion of patients receiving a diagnosis of depression also manifest a variety

of anxiety symptoms that fulfill the criteria for one or more concomitant anxiety disorders.

Several epidemiological and clinical studies indicate that comorbidity of major depression

and anxiety disorders range from 21% to 91% [20, 22, 28, 50] (Table 2). The concomitance

of anxiety disorders with depression has important prognostic and therapeutic implications

for clinical practice. Although there has been controversy in recent years as to whether

anxiety and depressive disorders are continuous and merged insensibly with each other

or whether they constitute distinct entities, it is clinically evident that the co-occurrence

of the two conditions has been found to be associated with greater overall psychopathol-

ogy, high risk of chronicity of illness, greater social and occupational impairment, high

risk of suicide, and poor prognosis [48, 51, 52].

1. Enquiries into the Relationship Between the Anxiety Disorders

and Depressive Disorders in Clinical Samples

Panic Disorder. The rate of panic disorder in the general population is estimated

to be between 1.4 to 2.9%. Individuals with panic disorder have high rates of comorbidity

with mood and other disorders. Epidemiological studies estimate that 74 to 90% of subjects

with a history of panic also meet criteria for at least one other mental disorder and 56 to

73% have had a lifetime history of major depression [22,53]. Similar rates have been

reported in clinical samples. In approximately one-third of cases, the onset of panic pre-

cedes the onset of major depression; in one-third, major depression has a primary onset;

and in the remaining one-third, the two conditions occur in close temporal relationship

[23,54]. Predictors of subsequent episodes of major depression in patients with panic disor-

der include prior history of major depression, presence of generalized anxiety disorder,

and the severity of agoraphobia, with the latter two factors significant after controlling

for lifetime history of depression [55].

Social Phobia. The prevalence of social phobia in the general population is re-

ported to be around 1.7 to 3.8% [56,57]. Social phobia is estimated to precede the onset

of major depression in two-thirds of cases [57,58]. Furthermore, percentage ranging from

67 to 92% of individuals with a lifetime history of social phobia meet criteria for at least

one other psychiatric disorder and, of these, 15 to 20% had a lifetime comorbid major

depressive disorder. Higher rates of comorbidity between major depression and social
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Table 2 Comorbidity Between Depression and Anxiety: Prevalence and Chronology of Onset

Anxiety disorder Anxiety disorder MDD comorbid Onset of anxiety

comorbid with any comorbid with with anxiety disorder

Diagnosis Prevalence psychiatric disorder MDD disorder precedes MDD

Panic disorder 1.4%–2.9% 74%–90% 56%–73% 10% 29%

Social phobia 1.7%–3.8% 67%–92% 15%–21% 27% 65%

GAD 1.9%–6.6% 80%–90% 62%–67% 17% 63%

PTSD 1%–13.8% 73%–83% 37%–48% 20% 53%–78%

Source: Adapted from Ref. 66.



Comorbidity of Depression and Anxiety 79

phobia have been reported by Cassano et al. [52] in clinical samples, including cohorts

of subjects with psychotic depression. Results of genetic epidemiological studies suggest

that genetic factors may contribute to the development of social phobia, with heritability

estimated at approximately 30% [59].

2. The Relevance of Treatment Response for Relationship Between

Depression and Anxiety Disorders

There is an extensive literature that testifies that both tricyclic antidepressants and MAOI

compounds are effecting in alleviating the symptoms of panic-agoraphobic and general

anxiety disorder. More recently, the SSRIs have also been demonstrated to be effective

in the treatment of agoraphobia and related panic attacks. On the basis of a meta-analytic

review of the literature, it has been reported that these drugs had proven superior to imipra-

mine and to alprazolam in treating panic disorder [60]. However, the interpretation of

these results testifying to the unity of anxiety and depressive disorders is far from clear.

The way in which patients with panic-agoraphobic spectrum conditions respond to each

of these groups of drugs differs from the response of depressive patients. In the initial

phases of treatment of patients with anxiety disorders, anxiety and tension are initially

exacerbated. It is plausible that effects in anxiety disorders are probably achieved along

a different pharmacodynamic route than along which changes are induced in patients with

depressive illness. Further, the similarity of treatment response of two or more groups of

disorders with distinct profiles does not signify an identical etiology or pathogenesis. The

wide range of efficacy of corticoid compounds and of antibiotics are illustrative of this

point. Any classifications of disease based on similarity of therapeutic response to either

of these compounds, would prove chaotic and meaningless.

Differences in treatment response are more informative. Most clinical trials in de-

pression have not evaluated the efficacy of antidepressant treatment for comorbid anxiety

disorders and symptoms. Only a handful of studies have examined this issue but none

have sought to evaluate the relative efficacy of one treatment over another. In an open

study, response to fluoxetine for the treatment of depression was investigated in a large

cohort of depressed patients with, versus without, comorbid anxiety disorders [61]. The

results indicated that patients with comorbid anxiety disorders were more likely to be

nonresponders. In a naturalistic study of 30 outpatients with major depression, who also

met the criteria for at least one current comorbid anxiety disorder, fluvoxamine was found

to be effective in reducing both depressive and anxiety symptoms [62]. A limitation of

these studies was that neither a placebo nor an alternative treatment was utilized, making

it difficult to know if there was a specific antianxiety effect and whether fluvoxamine was

superior to other antidepressants in treating depression with comorbid anxiety disorders.

More recently, fluoxetine, sertraline, and paroxetine were found to be equally effective

in depressed patients with high levels of anxiety [63]. However, in this comparative study,

only anxiety symptoms as measured by several items on the Hamilton Rating Scale for

Depression were used, making it unclear if a broader range of anxiety symptoms would

also respond to these treatments. Similarly, because no comorbid anxiety diagnoses were

made, we cannot know whether these treatments would be effective in depressed patients

with anxiety disorders.

We conducted a 4-month multicenter, open, controlled clinical trial to compare the

efficacy and safety of paroxetine and moclobemide in patients with major depression with

current comorbid anxiety disorders. In this study, we addressed several limitations of the

previous research: that is, comorbid anxiety diagnoses were made, a more comprehensive
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assessment of anxiety symptoms was used, and two antidepressant medications were

studied.

Both moclobemide and paroxetine produced significant improvement in symptoms

of depression and anxiety. However, we found that compared to moclobemide, paroxetine

showed greater efficacy in patients with depressive disorders and comorbid panic disorder

in reducing depressive and anxiety symptomatology; furthermore, paroxetine was more

rapid than moclobemide in improving anxiety symptoms. Interestingly, this effect of par-

oxetine was not found in the subgroup of depressed patients with comorbid generalized

anxiety disorder.

Although not directly comparable with our data, Fava et al. [63] found no differences

in efficacy and tolerability of fluoxetine, sertraline, and paroxetine in the treatment of

depressed patients with high levels of baseline anxiety, as assessed by the six items of

the anxiety factor on the 17-item HDRS. These results suggest that for at least some

anxious symptoms, there may be no difference between the three antidepressants studied.

However, in light of the results reported here, it is plausible that a diagnostic characteriza-

tion of comorbid anxiety diagnoses (e.g., using the DSM system) could have revealed

differences in the efficacy of these three drugs. Given the high rate of anxiety comorbidity

in patients requiring treatment for depression, the most appropriate drug will be the one

that shows the highest and earliest efficacy in both conditions. This property will enable

clinicians to limit the use of drug combination or of benzodiazepines in those cases of

depression associated with anxiety conditions. In the future, a better clinical profile charac-

terization of new drugs should be obtained through protocols specifically designed for

patients with comorbid mood and anxiety disorder, as well as the adoption of multiple

disorder outcome measures either in their full-fledged or subthreshold manifestations [36].

Our study suggests that two drugs of proven efficacy in depression and anxiety, moclobe-

mide and paroxetine, perform differentially depending on specific comorbid anxiety diag-

nosis. In light of the fact that panic disorder, GAD, and obsessive-compulsive disorder

can co-occur in patients with depression [22,28,64,65], and not all antidepressants may

be equally effective, it is important that clinicians choose a treatment that would be most

effective in treating both types of disorders.

C. Dysthymic Disorder

There is considerable evidence that patients with a principal diagnosis of dysthymic disor-

der manifest a variety of nondepressive symptoms typically associated with anxiety

[17,66,67]. Studies conducted in community samples [68] and in clinical settings

[17,28,69] show rates of anxiety comorbidity ranging from 20% to 40% in patients with

dysthymia. Generalized anxiety disorder, panic disorder, and social phobia are the most

frequently associated conditions [28]. Recently, Klein et al. [70] conducted a prospective,

longitudinal follow-up study of 86 outpatients with early-onset of dysthymic disorder and

39 outpatients with episodic major depressive disorder. They found that 36% of dysthymic

patients had a concurrent anxiety disorder compared to 17.9% of counterparts. During the

course of the follow-up, patients with dysthymic disorder exhibited significantly greater

levels of symptoms and lower functioning than patient with episodic major depressive

disorder. Haykal and Akiskal [71] have suggested that anxious features may often compli-

cate the course of dysthymia and may contribute to make dysthymia less responsive to

treatment interventions.
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Tricyclic antidepressants (TCA), selective serotonin reuptake inhibitors (SSRI), re-

versible inhibitors of monoamine oxidase (RIMA), and benzamides have all proven effi-

cacy in dysthymia [72]. In a double-blind study, moclobemide (300 mg/day) was found to

be superior compared to fluoxetine (20 mg/day) in treating dysthymia with superimposed

depression [73]. On the other hand, Haykal and Akiskal [71] reported more satisfactory

results with fluoxetine than with imipramine in patients categorized as pure dysthymic,

the difference being much more pronounced in females than in males. In these studies,

the impact of associated anxiety component on treatment outcome was not investigated.

Indeed, specific patterns of anxiety comorbidity may play a role in rendering partially

inconsistent the results of different clinical trials in patients with dysthymia. In Haykal

and Akistal’s study, for example, dysthymic subjects with axis I comorbid anxiety disor-

ders that dominated the clinical picture were excluded from the trial. On the contrary, in

Duarte et al.’s study [73], a substantial number of subjects with dysthymia had comorbid

anxiety syndromes.

Comorbidity of dysthymia with various discrete anxiety disorders was rarely taken

into account in comparative clinical trials, despite being commonly encountered in psychi-

atric practice and being suggested to be more prone to develop chronicity [74]. Recently,

we compared moclobemide (effective in dysthymia [72,73]) and paroxetine (effective in

a broad spectrum of anxiety disorders [75,76]), in a population of dysthymic patients with

anxiety comorbidity and without superimposed major depression (unpublished data). Our

analyses showed that paroxetine and moclobemide were in general effective both on de-

pressive and anxious symptoms in patients affected by primary dysthymia comorbid with

anxiety disorders. However, paroxetine was found to be significantly superior to moclobe-

mide in reducing depressive and anxious symptomatology in patients with dysthymia with

comorbid panic disorder, suggesting that specific pattern of anxiety comorbidity may sub-

stantially affect treatment-response of patients with depressive disorders [24,36,77].

In conclusion, our data suggest that specific anxiety comorbidity patterns such as

panic disorder may affect treatment response, predict different antidepressant efficacy,

and indicate best treatments in dysthymic patients.

D. Spectrum Comorbidity: Diagnostic and Therapeutic Implications

The difficulty, if not the impossibility, of classifying many patients with multiple disorders

into one of the DSM categories has spawned a variety of other procedures to cope with

clinical reality [12]. These include use of the primary–secondary distinction, multiple

diagnoses, use of both axes I and II, associated features of a disorder, and the spectrum

of a disorder concept [78]. In this section we describe the concept of spectrum as an

additional perspective for the clinical evaluation of concomitant psychiatric disorders. The

necessity of this additional conceptual tool to describe mental disorder phenomenology

derived from similar observations that gave rise to other coping mechanisms: sharply

divided categorical systems of classification do not capture the complex and variable psy-

chopathology seen in most patients. Usually this complex phenomenology is simplistically

attributed to premorbid personality traits, to personality disorder, or to residual symptoms

and/or maladaptive behavior residual to a previous axis I disorder. The definition of spec-

trum includes a range of subclinical and/or atypical symptoms and isolated behavioral

features that are partial or subclinical expressions of a categorical disorder. These are

usually overlooked by clinicians. The spectrum itself is not a diagnostic category. A good
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example of this concept was given by Cassano and Savino [78], who described the panic-

agoraphobic spectrum as an expansion of panic disorder phenomenology described in

DSM-III-R. It included symptoms and behavioral features belonging to the following ar-

eas: panic attacks; anxious expectation; polyphobic features; avoidant behavior; reassur-

ance sensitivity; help-seeking behavior; maladaptive behavior; predisposing or prodromal

factors; and physiological sensitivity to chemical substances. When adhering to a DSM-

IV diagnosis, co-occurring symptoms and subclinical or atypical manifestations of other

disorders that cut across different diagnostic categories are often seen as associated fea-

tures of the primary disorder. However, when even a few isolated or subclinical symptoms

are present, there may be significant impairment in the patient’s social functioning [79],

and the phenomenology of the axis I disorder may be significantly modified, thereby de-

laying and misleading the diagnosis. For example, symptoms of an overlooked comorbid

anxiety and bipolar II disorder can often be observed within the categories of borderline

personality disorder and atypical depression. In these cases, feelings of insecurity and

agitation and episodes of dyscontrol brought about by atypical panic symptoms co-oc-

curring with depressive episode in a bipolar patient may be easily confused with the impul-

sivity and aggressivity of borderline patients. In the same way, unrecognized, subclinical,

or isolated panic symptoms may bring atypical features such as mood reactivity to a de-

pressive episode. The high rates of comorbidity between panic disorder and bipolar disor-

ders found by Savino and associates [27] and Chen and Dilsaver [14] support these obser-

vations. Higher rates of comorbidity could be reasonably expected if subjects were selected

using a symptomatic extension of DSM-IV criteria. The impact of a mild, subtle, and

long-lasting psychopathology on parents’ quality of life was very clear to Sir Aubrey

Lewis, who wrote in 1936 [80]: ‘‘It may be said, simply, that severe emotional upsets

ordinarily tend to subside, but that mild emotional states, when often provoked or long

maintained, tend to persist, as it were, autonomously. Hence the paradox that a gross

blatant psychosis may do less damage in the long run than some meager neurotic incubus:

a dramatic attack of mania or melancholia, with delusions, wasting, hallucinations, wild

excitement and other alarms, may have far less effect on the course of a man’s life than

some deceptively mild affective illness which goes on so long that it becomes inveterate.

The former comes as a catastrophe, and when it has passed the patient takes up his life

again, while with the latter he may never get rid of his burden (p. 998).”

Detection of subtle, long-lasting, underlying psychopathology is more difficult when

it is concomitant with an axis I disorder. Description of a clinical reality that includes a

complex array of symptoms belonging to different disorders and their proper treatment led

us to speak in terms of subclinical and atypical spectrum comorbidity. Early recognition of

spectrum comorbidity (observed over a lifetime) leads to a significant improvement in

diagnostic accuracy, choice of a more appropriate treatment strategy, management of treat-

ment, control over the potential for substance abuse, and prediction of outcome [35].

Moreover, clinical experience shows that the adoption of a proper treatment strategy cov-

ering both the axis I disorder and the lifetime occurrence of spectrum symptoms often

produces dramatic changes in the lifestyle of the patient, who feels free from psychopatho-

logical features that the clinician and even the patient believed were stable personality

traits. Unrecognized spectrum symptoms occurring at one time in the patient’s life may

impact his or her personality and the presentation of any psychopathology at some future

time. An example might be of a young man who, at the age of 20, experiences one or

two mild panic attacks. He seeks no treatment, but the attacks change his life in certain

ways. Prior to the mild panic attacks, he was described as energetic, open to new experi-
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ences, and socially outgoing with a hyperthymic temperament. Following the onset of

panic symptoms, he becomes increasingly pavid, dependent, socially avoidant, and wor-

ried about his health. These features become stable and traitlike. When this patient is seen

by a clinician at age 40 for a depressive episode, his panic symptoms have long been

forgotten, and he presents as a fearful person, somewhat hypochondriacal, and dependent

on others to such an extent that he tends to avoid remaining alone. Now the recognition

of distinct symptoms of the panic spectrum and the consequent adoption of a well-targeted

treatment strategy become fundamental. If the clinician attempts to treat only the de-

pressive episode, he or she will miss the main reason for the patient’s 20 years of fear-

fulness, dependency, avoidness, and hypochondriasis, which were initiated and maintained

by a partial expression of panic disorder.

It is not clear how a psychosocial treatment would deal therapeutically with the

clinical case described above, but in terms of medications, a drug such as imipramine (or

paroxetine) is much more likely to treat both the depression and residual symptoms of

the panic attacks than compounds such as nortriptyline, which are targeted at depression

alone [81]. Also, the clinician–patient relationship, the cornerstone of any treatment strat-

egy, can be significantly improved by adopting the spectrum approach. Providing clini-

cians with new keys with which to interpret the patient’s behavior, this approach enables

an easy identification of individualized psychopathological profiles, capturing mild symp-

toms and details of patients’ lifestyles. In some profiles, patients often recognize them-

selves. Receiving credible, practical, and clear interpretation of their long-lasting problems

helps patients establish a positive and reassuring relationship with their therapist. With

the quick establishment of preferential channels of communication, patients usually feel

syntonic with the therapist and, in return, they comply more completely with the therapeu-

tic plan. There are diagnostic and therapeutic implications of a lifetime presence of spec-

trum symptoms in a patient with an axis I disorder. Referring to the sample above, missing

the spectrum comorbidity means overlooking potential complications related to the con-

comitance of panic disorder and depression—that is, greater severity of illness [40,82],

poorer prognosis [37,83], higher rates of chronicity [84], decreased patient compliance

and responsiveness to treatment [85,86], poorer psychosocial functioning [87], increased

family loading [88], higher risk for substance abuse [88,89], and elevated odds ratios for

suicide attempts [90,91]. From a therapeutic perspective, this patient will benefit mainly

from a drug or other treatment modality acting on both the axis I disorder and the spectrum

symptoms. A common example is that of two patients presenting with the same severity

of depressive episode. Presume that the clinician prescribes the same antidepressant (e.g.,

clomipramine) to both patients. After 10 to 15 days, one patient improves as expected,

whereas the other now evidences panic attacks as well as depression. Without asking about

the spectrum of symptoms, even those that may have occurred much earlier in the patient’s

lifetime, a therapist will have difficulty understanding these dramatically different out-

comes. With the spectrum approach used as a magnifying lens on the patient’s psychopa-

thology, it is possible to solve the problem. The patient who improved may have chronic,

mild obsessive traits, such as perfectionism, which makes clomipramine the drug of first

chice. On the other hand, the patient who developed panic attacks may reveal a previous

trait of separation and loss sensitivity, which exlains his or her adverse reaction to the

clomipramine. The patient who worsened had an overlooked panic vulnerability. When

the spectrum reveals such a panic profile, the patient’s hypersensitivity to antidepressants

and to benzodiazepine withdrawal should be taken into account. Finally, the patient will

probably need reassurance and cognitive support, as do most panic patients. A similar
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example is that of a depressed, grieving patient who does not recover unless the clinician

gives an antidepressant with antipanic action. An abnormal grief reaction reflects a particu-

lar vulnerability to separation, which in most cases belongs to the panic-agoraphobic spec-

trum. Besides the same panic habitus is often expressed by extremely intense and tight

interpersonal relationships and dependency on others, characteristics typical of panic pa-

tients.

IV. IMPLICATIONS FOR TREATMENT AND SUGGESTED
GUIDELINES FOR CLINICIANS

Comorbidity is clearly important in patient management and treatment. Feinstein [9] noted

that researchers try to exclude patients with associated disease from therapeutic trials for

a given disease. However, findings in such presumably homogeneous samples may not

apply to routine clinical practice. Failure to classify and analyze comorbid disease can

create misleading medical statistics and may cause spurious comparisons during the plan-

ning and evaluation of treatment for patients. Comorbidity can alter the clinical course

of patients with the same diagnosis by affecting the time of detection, prognostic anticipa-

tions, therapeutic selection, and post-therapeutic outcome of an index diagnosis [10]. Also,

the presence of soft signs and symptoms belonging to the spectrum of other disorders

(observed over a lifetime) is systematically overlooked, leading to an opposite bias of a

heterogeneous sample, which may raise doubts and questions about the reliability of such

studies in the light of a more descriptive approach. For example, in a hypothetical trial

for an antipanic medication, a panic patient, who has obsessive symptoms but lacks one

symptom to fulfill the criteria for OCD, is included in the trials as well as a patient without

obsessive traits. Practical consequences may include poor knowledge about the spectrum

of action of the treatment, difficulty in predicting response to the treatment, and/or atypical

outcomes.

The DSM-IV does not suggest specific treatments for each disorder category and

subcategory. However, modern treatment researchers—psychosocial and psychopharma-

cological—have attempted to design treatments tailored to specific DSM categories. The

strategy links treatment to diagnosis, and we may expect this strategy to succeed to the

extent that the targeted DSM-IV classification is valid. It is possible that treatment re-

searchers will successfully design treatments that fit DSM-IV categories but fail to treat

their patients successfully because the categories do not completely represent the patients.

To the extent that comorbidity presents a challenge to the official nomenclature, it presents

a similar challenge to treatments designed and targeted for DSM categories.

If not treated properly, patients with comorbid anxiety and depression have a worse

outcome than patients with either illness alone [92], and have more severe and a greater

number of symptoms than those diagnosed with depression. Furthermore, they are more

likely to have low mood, panic attacks, and suicidal ideation, with greater disruption to

social, work and family life [93,94]. Thus, the most effective treatment requires attention

to symptoms of both anxiety and depression. Usually, diagnostic theories inform treatment

protocol, but since the newer antidepresssants are successful for treating not only depres-

sion but also anxiety disorders, there may be less need to employ different medications

for each disorder. After identifying the patient’s specific disorder(s) and/or subdiagnostic

symptoms, the ideal treatment for depression and comorbid anxiety should take the form

of a single drug that is efficacious in the treatment of both disorders. Drugs that achieve

an effective dosage through once-daily administration and with a good tolerability should
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be preferred to aid patient compliance. Safety in overdose is also important because of

the higher risk of suicide in depressed patient with associated anxiety than in those with

depression alone [94–96].

As both depression and anxiety disorders tend to be chronic and recurring, treatment

should be effective in the long term and should prevent relapse of the condition. Patients

then need to be educated about the time it takes to heal, the potential side effects of

treatment, the fact that most side effects will resolve with time, and the collaborative

approach to treatment, which will lead to significant relief of symptoms and recovery.

V. CONCLUSIONS

Clinicians who seek only the diagnostic criteria for a specific disorder, with rigid adher-

ence to the DSM-IV diagnostic criteria, and by extension, the DSM-IV categories, will

probably miss a more global perspective of the entire pathology. Such a narrow perspective

is mainly justified in research, but is unacceptable in clinical practice. The DSM-IV was

conceived, at least in part, as a research tool, allowing common, standardized, and atheoret-

ical communication among clinical investigators. But the DSM-IV is also used as a clinical

manual when the practitioner is face to face with the client/patient. In such a nonstan-

dardized, unstructured setting, the clinician more often than not sees the DSM-IV as a

means to collect payment from a third party and focuses on the predominant symptom

picture as the diagnosis. A more integrative approach that takes comorbidity into account

should not only reflect a more valid psychiatric classification, but should also improve

treatment and treatment outcome.

Evidence for the dramatic intrusion of comorbidity phenomena (axis I and spectrum

comorbidity) in psychiatry has been derived from several sources, including epidemiologi-

cal, pharmacological, clinical, and genetic studies. Despite this broad body of evidence,

proponents of the categorical approach mostly conceive subclinical symptomatology that

coexists with the disorder as background noise, overlooking the complex degree of over-

lap, both phenomenological and neurobiological, among the different symptoms. In fact,

specific patterns of comorbidity appear to be stable, as if there were common neuronal

networks that probably represent functional loci minoris resistentiae. We have discussed

the diagnostic improvement brought about by the punctual and refined recognition of

subclinical and atypical comorbidity. Another relevant consequence involves therapeutic

strategy, as comorbid syndromes often require different acute, continuation, and mainte-

nance doses as well as a distinct timing of administration and suspension of the treatment.

It is not difficult to believe that drug targets in the brain are different in different patients;

for example, a patient with a pure disorder compared to a patient with the same disorder

plus spectrum symptoms of panic, obsessive-compulsive disorder, and related symptom-

atology. However, official guidelines for the therapy of depression and bipolar disorders

still do not provide clinicians and researchers with any treatment-specific indications, de-

voting relatively little attention to the clinical importance of comorbidity, treatment strate-

gies, and outcome. Also, the reliability of clinical trials can be questioned in light of a

more descriptive approach as pharmacological trials are usually conducted with patients

whose symptomatology fits a particular diagnosis coded by standardized criteria.

Diagnostic procedures should attempt to combine descriptive, categorical, and di-

mensional approaches, devoting more attention to the cross-sectional and longitudinal

analysis of nuclear, subclinical, and atypical symptoms that may represent a pattern of

full-blown and partially expressed comorbidity. Within this conceptual framework, psycho-
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pathology can be more specifically approached in clinical terms of either individualized

treatment or prevention. Further, some traditional points of weakness of clinical psychiatry

and psychology, such as the chronic forms of illness and the treatment-resistant disorders,

may be contrasted more successfully.
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I. INTRODUCTION

Biological variations, social influences, psychological and cognitive factors, childhood

experience, individual goals and choices, and other aspects of personality have been de-

scribed by various researchers as components of personality [1]. People differ markedly

from one another in multiple quantifiable dimensions of personality—the dynamic organi-

zation of the psychobiological system that moderates adaptation to experience [2]. For

a long time scientists such as Freud, Adler, Jung, Rogers, Catell, Allport, Bandura, and

Michel, explored personality and developed various theories about it. But there is no con-

sensus in the field about which model should guide personality research [1].

Rapid progress is being made in understanding the neurobiology of human personal-

ity. This has been facilitated by using questionnaires that assess multiple dimensions of

personality quantitatively and reliably. Hypothesis-driven research has mapped models

with five to seven dimensions of personality to results from recent work on the biology of

these personality dimensions. These reliable personality inventories permit tests of specific

hypotheses about regional brain activity, neurophysiology, neurochemistry, and neurogen-

etics [2]. People’s responses to such questionnaires are remarkably stable, even over sev-

eral decades. Human personality is currently approached by a number of dimensional

personality traits. The underlying assumption is that describing the individual’s personality

profile (i.e., his or her score on each of the selected traits) is enough to provide a relevant

description of that individual’s personality. We can accept that the thousands of adjectives

with which we characterize people can be reduced to a few dimensions. But it should be

noted that mathematical or theoretical analyses do not provide only one unique solution—

an infinite number of different solutions seem possible [3].
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II. PERSONALITY

A. Personality Models

Interest in the study of personality has existed for a long time, but theories differ and are

innumerable. Jung [4] described the personality dimensions of introversion and extrover-

sion, Kretschmer [5] defined the dimensions of schizothymia and cyclothymia. Biological

mechanisms are proposed as the basis of Gray’s [6] two-dimensional model of personality,

with reward and punishment mechanism traits. Eysenck [7,8] has proposed three major

factors of personality: neuroticism versus emotional stability, extroversion versus introver-

sion, and psychoticism versus superego control. He argues that these three dimensions

are biologically determined. They exist in animals and in people from many countries

with vastly diverse cultures, which supports the idea that they are caused by a fundamental

biological variability.

Cloninger’s psychobiological theory proposed seven basic dimensions of personality

that are based on inherited biological differences—the dimensions of temperament (nov-

elty seeking, harm avoidance, reward dependence, and persistence) and character (self-

directedness, cooperativeness, and self-transcendence). Temperament refers to automatic

emotional responses to experience that are moderately heritable and stable throughout life.

In contrast, character refers to self-concepts and individual differences in goals and values,

which influence voluntary choices, intentions, and the meaning of what is experienced in

life. Differences in character are moderately influenced by sociocultural learning and ma-

ture in progressive steps throughout life. Each of these aspects of personality interacts

with one another to motivate adaptation to life experiences and to influence susceptibility

to emotional and behavioral disorders. There are weak correlations within the domains

of temperament and character and moderate, nonlinear correlations between temperament

and character. In other words, each possible temperament profile is associated with two

or more possible character profiles and vice-versa [2]. According to Cloninger, “each of

the temperament dimensions corresponds to a specific neurotransmitter: dopamine (in low

levels, for novelty seeking), serotonin (in high levels, for harm avoidance), and norepi-

nephrine (in low levels, for reward dependence).” Accumulating clinical and biological

research findings from laboratories throughout the world are now confirming the cross-

cultural validity of this seven-factor model for both normal and abnormal personality. The

drugs that psychiatrists use to treat various disorders have biological effects that fit the

model [1]. Harm avoidance is the inhibition of approach behaviors, and the enhancement

of escape behaviors, and these are principally served by the serotonin system. The trait

has resemblance to neuroticism and perhaps depression. Novelty seeking, the increased

tendency to respond with approach to novel and promising situations, is principally served

by the dopamine system. Rewarding activities increase domapine release or inhibit its

uptake. Reward dependence reflects the persistence of behavior that is likely to be intermit-

tently rewarded, so that a key subscale of reward dependence is persistence [9].

In contrast to Cloninger, Fiske [10] introduced by linear factor analysis five uncorre-

lated dimensions, a model he called the “Big Five” personality factors model. Studies

were conducted to determine what dimensions people use when they describe themselves

and one another. The data showed that extroversion, agreeableness, conscientiousness,

neuroticism, and openness were the personality dimensions most used. Most of the vari-

ability in normal adult personality can be described by these terms, but probably more

than five are needed to be comprehensive [2].
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B. Biological Aspects of Personality

Relationships between personality and biology have been suggested since ancient Greek

times when Hippocrates proposed his humoral theory. Hippocrates claimed that each per-

son’s temperament reflects the balance of the body fluids: blood—sanguine (optimistic,

hopeful); black bile—melancholic (depressed, sad); yellow bile—choleric (angry, irasci-

ble); phlegm—phlegmatic (unemotional, apathetic) [11]. Psychologists such as Eysenck

have documented psychometric dimensional factors in personality; these factors have been

hypothesized to reflect a genetic and biological basis [12]. Current theories emphasize the

importance of the brain and neurotransmitter systems. Neurotransmitters have specific

functions and, depending upon how these various systems are balanced, the result may

correspond to personality variations, such as impulsiveness, easy arousal, and so on

[13,14]. From what we know about the functioning of various parts of the brain, it is

tempting to speculate that neural differences predispose people to develop differences in

personality.

In recent research, factor-analytical-derived personality dimensions are shown to be

more biologically heterogeneous than the seven dimensions proposed by Cloninger, sim-

ply because interactive biological systems are unlikely to be uncorrelated. For exam-

ple, high neuroticism scores can result from either high harm avoidance or low self-

directedness. However, the biological correlates of harm avoidance differ from those

of self-directedness, just as anxiety disorders (which are high in harm avoidance) differ

from personality disorders (which are low in self-directedness) [2].

1. Biology, Genetics, and Environment in Personality

Many twin- and adoption studies confirm that hereditary factors influence the development

of personality. The field of behavioral genetics studies the impact of heredity on personal-

ity and other behavior. It assesses the heritability of traits; that is, the extent to which they

are genetically determined. Heritabilities of 25 to 50% for personality traits are commonly

reported. Many twin studies have been conducted [15–17]. Loehlin [16] showed the herit-

ability of the “Big Five” personality traits (extroversion, agreeableness, conscientiousness,

neuroticism, and openness). Genetics accounted for approximately 28 to 46% of the vari-

ability of these traits. Other scientists try to confirm the heritability with different personal-

ity models in twin studies. Tellegen et al. [17] report heritabilities of 0.39 to 0.58 using

the Multidimensional Personality Questionnaire (MPQ).

Several findings seem to be consistent: 25% of variation is transmissible from parent

to child, another 25% of variation is dependent on nonlinear interaction among multiple

genes. Consequently, the correlation between sibs for a specific personality trait is usually

about 0.15 to 0.30. Multiple genes contribute to each dimension so individual genes are

unlikely to explain more than 3 to 10% of the total variance in a trait. Therefore, there

are often inconsistencies about the importance of a particular candidate gene when compar-

isons are made between different populations, particularly when the samples studied are

small [2].

However, all these heredity studies permit an estimation of environmental effects.

The crucial point to research in this area is to distinguish genetic and environmental effects.

However, environment is, after all, more difficult to quantify than genetic relationship.

For example, anxiety might develop from having an anxious parent, but it might also

result because the parent creates a frightening world. Adoption studies are useful to esti-
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mate these effects. There is some evidence that the shared family environment influences

some areas more than others. Loehlin [18] found strong influences for conservatism and

religiosity. Hoffman [19] reported that family environment also influences whether sib-

lings develop common interests, such as an interest in music. But there is also evidence

that siblings who grow up together tend to have greater differences in specific personality

characteristics. “Dependency is one such characteristic,” according to Cloninger; “a vari-

ety of factors, including birth order and illness, work to make one sibling the dependent

one and to prevent the expression of dependency in the others [19].” Scarr [15] notes that

heredity and environment can combine in various ways. Sometimes heredity influences

people to select or pay attention to particular facets of environment.

In molecular genetics, many have studied human personality (linkage disequilib-

rium in families, association in case-control designs, systematic genome scan). The first

genome-wide scan of personality traits detected significant linkage between the trait harm

avoidance and a locus on chromosome 8p21-23 that explained 38% of the trait variance.

There was significant evidence of epistatis between the locus on 8p and others on chromo-

somes 18p, 20p, and 21q. These oligogenic interactions explained most of the variance

in harm avoidance [20].

Extensive work has been carried out with particular candidate genes, including poly-

morphisms related to the serotonin transporter, serotonin 1b receptor, serotonin 2c recep-

tor, dopamine transporter, dopamine D3 receptor, dopamine D4 receptor, and catechol-

O-methyltransferase [2]. For example, the role of the serotonin transporter in temperament

and character has been studied in detail in many laboratories since the initial report by

Lesch et al. [21] of association and linkage with anxiety-related personality traits like harm

avoidance. Lesch et al. demonstrated an association between the short form (containing a

44 bp deletion) of the serotonin transporter promotor region polymorphism (5-HTTLPR)

and anxiety-related traits such as neuroticism and harm avoidance. Heritabilities in the

30 to 50% range are typical [22]. The finding has been replicated in some studies, but

not in others. Subsequent studies analyzed the association between 5-HTTLPR and the

TCI dimensions of cooperativeness and self-directedness in a group of healthy volunteers

[23]. Contrary to Cloninger’s theory Hamer et al. [23] found a strong association between

5-HTTLPR and the character traits of self-directedness and cooperativeness. In that study,

the short allele was associated with lower scores in self-directedness as well as in coopera-

tiveness compared to the long allele. On the other side, the linkage and association are

even stronger with the character traits of self-directedness and cooperativeness than with

harm avoidance.

Association studies between novelty seeking and the dopamine D4 receptor have

shown for the first time the importance of interactions among multiple genes [3,24]. It

was shown to be positive in most large studies, but there are some negative findings [2].

The dopamine D4 receptor (DRD4) was the first common genetic polymorphism (the

seven repeat of the dopamine D4 receptor) providing evidence of an association with a

normal human personality dimension [9,25]. It is clear now that novelty seeking is a

behavior that depends on the epistatic interaction of multiple gene loci, not just the average

effect of a single gene. In addition to the dopamine D4 receptor locus, variation in novelty

seeking has also been found to be influenced by variation at the dopamine transporter

gene and at the dopamine D3 receptor locus. The same gene may interact with multiple

other genes, creating partly overlapping sets of epistatic systems. For example, dopamine

D4 receptor variation influences novelty seeking, but it also interacts with polymorphisms
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in the serotonin 2c receptor locus to influence the level of reward dependence and persis-

tence [9].

Another dopamine receptor that has been examined for a role in personality traits

is the dopamine 3 receptor (DRD3), which was associated in a study with high scores in

neuroticism and behavioral inhibition [26]. Another investigation showed an association

of DRD3 and novelty seeking in bipolar patients [27]. A particularly exciting development

is the possibility that the role of genes in human temperament could be recognized very

early in development at a time when environmental influences are minimum [22].

In brain imaging studies it has been shown that individual differences in specific

human temperament traits are associated with specific differences in regional cerebral

blood flow. Novelty seeking was shown to be positively correlated with activity of the

paralimbic cortex; in contrast, harm avoidance and reward dependence were negatively

correlated with different regions [2]. Another study using the distinction between extrover-

sion and introversion (novelty seeking is moderately correlated with introversion; high

extroversion corresponds primarily to low harm avoidance) came out with highly conver-

gent findings [2]. But brain systems are necessarily interactive with one another and there-

fore partially overlapping.

Another approach is to correlate the regional brain distribution of specific ligands

(dopamine transporter, dopamine D2 receptor binding in positron emission tomography)

with measures of personality. Studies found a negative correlation of detachment scores

(Karolinska scales of personality) with striatal dopamine transporter binding [2]. Detach-

ment scores resemble low novelty seeking and reward dependence. But such studies in

resting states could be more fully evaluated in activation.

In neurophysiology studying event-related potentials, low P300 amplitude in an au-

ditory task was associated with high harm avoidance and low novelty seeking [2]. But

the functional significance of P300 as an indicator of executive functions and behavioral

inhibition, as well as the interplay of temperament and character in these cognitive func-

tions, must further be evaluated. Further studies focused on the positive correlation of

pupil reactivity to the noradrenergic alpha-1 agonist challenge and fear of dangerous or

risky situations (resembles harm avoidance).

Pharmacological challenges were also tested in relation to personality traits (e.g.,

high harm avoidance has been associated with differences in serotonergic function: low

plasma tryptophan availability, blunted prolactin response to d-fenfluramine, low platelet

5HT2 receptor sensitivity). Novelty seeking is related to both dopaminergic and noradren-

ergic processes (amphetamine and norepinephrine-dependent testosterone and prolactin

levels). Personality profiles show consistent relationships with risk for cardiovascular dis-

ease (blood pressure, epinephrine levels, lipids, cholesterol). Blood lipid levels, diet, activ-

ity and personality appear to interact in a complex interdependent manner [2].

Progress is being made in understanding the biology of human personality at every

level of observation, brain imaging, neurophysiology, neurochemistry, and neurogenetics.

Multidimensional models of human personality help to facilitate investigation of the archi-

tecture of relationships at each of these levels. When we get to the level of molecular

genetics, we find extensive epistatic interaction among multiple loci influencing variation

in each trait and also partial overlap. There is some specificity in relationships, but there

is universal interrelatedness at every observable level. This interactive relatedness means

that we will need to shift away from linear causal thinking about one or two variables at

a time and certainly give up exclusive reliance on categorical labeling of personality disor-
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ders [2]. Impressive progress is being made in understanding the organization of the psy-

chobiological system that regulates our adaptation to experience.

C. Psychosocial Aspects of Personality

Scientists agree that personality is a dynamic process that develops over time [1]. Environ-

ment, society, culture, etc., influence the development of personality. Longitudinal studies

illustrate continuity of personality and change over time. Cloninger states: “Continuity

across life span has been found for various characteristics, including ego control, shyness,

dependency, and ill temper. Change occurs, too, especially when life roles change or when

education breaks maladaptive patterns” [1]. In this context, Erikson [28] proposed that

eight developmental stages from infancy, early childhood to adulthood, and old age. Clon-

inger reports that this “psychological theory” describes the relationship between the psy-

chological development of the individual and the social context in which this development

occurs: “At each stage, the developing ego strength is in conflict with its opposite: trust

with mistrust, and so on. We achieve a healthy balance if our strengths prevail over their

opposites. It is best not to extinguish mistrust, shame and other negative characteristics,

however, because we need them to keep a realistic equilibrium: the person who trusts

everyone or who never feels ashamed cannot function in the real world” [1]. Various

stages of life (infancy, childhood, adolescence, adulthood, old age) can influence the devel-

opment of personality. For example, during infancy secure attachment to the parent be-

comes the basis for later social relationship. Acklin et al. [29] reported that psychiatric

outpatients with inadequate relationships in early memories showed a higher degree of

pathology measured with various clinical scales. In recent studies [30], researchers found

that attachment was associated with higher performance on commonly used intelligence

tests for the next decade. Furthermore, the findings from Acklin et al. [31] indicate that

undergraduates who experienced lack of control or difficulties in relationships in early

childhood showed higher scores on a questionnaire measure of depression.

D. Assessment of Personality

There are many instruments to assess the personality differences among individuals. Mea-

surements are sometimes categorical and called qualitative measurements. More often,

personality is expressed as quantitative measurements. But qualitative measurements as

well as quantitative measurements must be reliable (the measurement is dependable) and

valid (the test measures what the rater is trying to measure). Some often-used instruments

are the Tridimensional Personality Questionnaire (TPQ), Temperament and Character In-

ventory (TCI), Minnesota Multiphasic Personality Inventory (MMPI), the Myers-Briggs

Type Indicator (MBTI), and the Rorschach inkblot test [1]. A widely used questionnaire

based on the consensual “Big Five” model, is the Revised NEO Personality Inventory

(NEO-PI-R). Although reliance on self-report may seem unsound, the self-report version

of the NEO is stable over time, and the factor structure replicates in different cultures

around the world [9].

Some personality inventories take a different approach, basing themselves on spe-

cific psychological or biological theories rather than the neutral mathematical technique

of factor analysis. A recent example that has proved of heuristic value in psychiatry is the

Tridimensional Personality Questionnaire (TPQ). The TPQ was developed by Cloninger to

measure the dimensions of his psychobiological theory. It draws on human and animal

work to suggest that behavior is mediated by certain neurotransmitters that underlie three
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basic and largely heritable dimensions (novelty seeking, harm avoidance, and reward de-

pendence). TPQ harm avoidance is highly correlated with NEO neuroticism, and TPQ

novelty seeking is positively correlated with extroversion and negatively correlated with

conscientiousness. Reward dependence is the TPQ term for attachment to others, senti-

mentality, and warmth; its opposites are pragmatism and tough-mindedness [9]. A key

subscale of reward dependence is persistence. The Temperament and Character Inventory

(TCI) was further developed by Cloninger after the TPQ for assessment in clinical settings

and to test specific predictions based on a seven-dimensional model of psychobiology of

personality. The TCI measures seven dimensions of personality, including three character

dimensions (self-directedness, cooperativeness, and self-transcendence) in addition to the

four dimensions of temperament measured by the TPQ (harm avoidance, novelty seeking,

reward dependence, persistence) [2].

III. PERSONALITY DISORDERS

Pinel [32] was the first to distinguish personality disorders from mental illness. With the

term “manie sans délire” he described people who had no delusions but were susceptible

to unexplainable, sudden violent behaviors. Other classifications of personality disorders

were gradually developed during the 19th century. In Germany, in the late 1920s, Kraepe-

lin [33] finally endorsed the term “psychopathic personality” and described seven different

types of personality disorders. The main importance of the psychopathology for the con-

ception of personality disorders was indicated by Schneider [34]. He regarded abnormal

personalities as “constitutional variants that are highly influenced by personal experiences”

and identified 10 specific classes of “psychopathic personality.” The classification system

influenced the DSM-IV [35] and ICD-10 classification system [36]. A comparison [37]

shows that some types of personality disorders identified by Schneider are similar to types

of personality disorders described in the DSM-IV and ICD-10 classification systems.

In general, definition of personality disorders, according to the ICD-10 [36] and

DSM-IV [35] diagnostic guidelines include three key concepts:

1. A main disorder of characteristic constitution and behavior that concerns differ-

ent fields of personality.

2. An onset in childhood or adolescence. (A diagnosis of personality disorder be-

fore age of 16 or 17 is inappropriate.)

3. Mostly related with personal and social impairments.

Table 1 lists the specific personality disorders as classified in DSM-IV.

A. Prevalence of Personality Disorders

There is evidence that up to 10% of the population shows an abnormal personality [38].

In the international WHO-study (716 psychiatric patients from 12 different countries)

Loranger et al. [39] diagnosed in 39.5% of patients a personality disorder according to

ICD-10 diagnostic criteria. Table 2 [40] shows the prevalence rates in populations, ranging

from 0.1%, found by Lin et al. [41] to 9.8%, found by Langner and Michael [42]. Few

studies provide information about temporal trends in the prevalence of personality disor-

ders [43]. In a 15-year follow-up study, Lin et al. [41] reported that there was no increase

in the prevalence of personality disorders over the years using an unstructured psychiatric

interview. Two other studies [39,44] showed a marked increase of personality disorders
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Table 1 Personality Disorders According to DSM-IV

Cluster A 301.0:

Paranoid Personality Disorder

301.20

Schizoid Personality Disorder

301.22

Schizotypal Personality Disorder

Cluster B 301.50

Histrionic Personality Disorder

301.7

Antisocial Personality Disorder

301.81

Narcissistic Personality Disorder

301.83

Borderline Personality Disorder

Cluster C 301.4

Obsessive-Compulsive Personality Disorder

301.6

Dependent Personality Disorder

301.82

Avoidant Personality Disorder

301.9

Personality Disorder, not otherwise specified.

Source: American Psychiatric Association, 1994/1996.

in psychiatric inpatients over 10 years and 15 years, respectively [43]. However, further

studies are needed to evaluate temporal trends in the prevalence of personality disorders.

B. Psychopharmacological Drugs and Personality Disorders

In principal, treatment with psychopharmacological agents in patients with personality

disorders can be focused on specific symptoms or syndromes (e.g., cognitive dysfunctions,

mood disorders, impulsive behavior, or anxiety) but only partly on personality disorders

as a whole [45]. On the other hand, treatment can be directed against complications of

personality disorders (suicide, aggression, or a lack of social adjustment) [45]. Finally,

comorbid axis I disorders (depression, anxiety, etc.) in patients with personality disorders

can be treated with psychopharmacotherapy. Psychopathological symptoms of axis I disor-

ders will be reduced, but personality disorders can be treated in addition with interventions

of different psychotherapeutic techniques. Tables 3 and 4 give an overview of studies in

which patients with personality disorders received pharmacological interventions [45].

We will present in more detail a few studies selected at random using antidepressants

from the group of selective serotonin reuptake inhibitors (SSRIs). Fava et al. [46], for

example, treated patients with depressive disorder and personality disorders with fluoxe-
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Table 2 Prevalence of Personality Disorders in Epidemiological Surveys

Date of Size of Method of Prevalence

Author(s) Country survey sample assessment (%)

Allebeck et al. (1988) Sweden 1969–70 50465a Clinical interview using ICD-8 criteria 2.7

Bash and Bash-Liechti Islamic Republic 1963–70 1468 Clinical interview using ICD-8 criteriab 1.0

(1987) of Iran

Bremer (1951) Norway 1939–44 1080 Clinical interview using Scandinavian 9.4

criteria

Dilling et al. (1989) Germany 1975–79 1536 Clinical interview 6.4

1980–84 1666 CIS using ICD-8 criteria (1975–79), 2.8

and ICD-9 and DSM-III-R criteria

(1980–84)

Essen-Moller (1956) Sweden 2550c Clinical interview using ICD-8 criteria 6.4

Helgason (1981) Iceland 1957–77 5395 Clinical interview using Scandinavian 4.6

criteria; informants

Langner and Michael USA 1954 1660 Clinical interviewd using American crit- 9.8

(1963) eria

Leighton (1959) Canada 1952 1010 Specific interview schedulee using 0.1

DSM-I criteria

Lin et al. (1989) China (Province 1946–48 19931 Clinical interview using European crite- 0.1

of Taiwan) 1961–63 39024 ria; informants 0.1

Sethi et al. (1972) India 2691 Clinical interview 0.1

Source: Adapted from Ref. 40.
a Refers to a survey of male military conscripts aged 18–20 years.
b Diagnoses were recoded using ICD-9 criteria.
c The Lundby study: a community survey of an entire population from Lund.
d The clinical interview was based on symptom questionnaires such as the Minnesota Multiphasic Inventory, the Cornell Medical Index, and the World War II Screening Neuropsy-

chiatric Adjunct.
e The interview schedule was partly based on the Health and Opinion Survey.
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Table 3 Double-Blind, Placebo-Controlled Treatment Studies with Neuroleptics in Various Personality Disorders

Author n Medication Result

Montgomery and 42 Flupenthixol 20 mg i.m. every 4 weeks Significant reduction of suicide attempts after 6

Montgomery (1982) weeks

Goldberg et al. (1986) 50 Thioridazine 5–40 mg Significant drug–placebo differences were found

on “illusions,” “psychoticism,” “obsessive-

compulsive symptoms” but not on “depression”

Cowdry and Gardner 16 Trifluoperazine 7.8 mg (n � 7 for 3 weeks) Improvement of behavioral control, anxiety, and de-

(1988) pression

Soloff et al. (1993) 36 Haloperidol 4 mg/d Superior efficacy for phenelzine, followed by pla-

38 Phenelzine 60 mg/d cebo and haloperidol on measures of depression,

34 Placebo anxiety, anger, and hostility

Frankenburg and 15 (open study) Clozapine 253.3 �/� 163.7 mg/d for 2–9 Twelve of 18 symptoms as rated by the brief psy-

Zanarini (1993) months chiatric rating scale (BPRS) decreased signifi-

cantly; global assessment score increased

Chengappa et al. (1995) 1 (casuistic) Clozapine 300 mg/d Impulsivity and self-injurious behavior significantly

decreased

Khouzam and Donnelly 1 (casuistic) Risperidone 4 mg/d Impulsivity in combination with self-injurious

(1997) behavior decreased

McDougle et al. (1997) 18 (12 weeks) Risperidone 1.8 �/� 1.0 mg/d Reduction of aggressive and impulsive behavior,

improvement in social behavior

Source: Adapted from Ref. 45.
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Table 4 Double-Blind, Placebo-Controlled Treatment Studies with Antidepressants in Various Personality Disorders

Author n Medication Result

Soloff et al. (1986) 60 Amitriptyline 147 mg, Significant improvement in depression with haloperidol in

Haloperidol 4.8 mg comparison to amitriptyline

Cowdry and Gardner (1988) 12 Tranylcypromine 40 mg/d In comparison to trifluoperazine, carbamazepine, and pla-

on average cebo, improvement on mood

Liebowitz et al. (1984) 60 Phenelzine, imipramine Response rate with phenelzine was 67%, significant

higher rates on dysphoric features than imipramine and

placebo

Parsons et al. (1989) ? Phenelzine, imipramine Improvement with phenelzine in comparison to imi-

pramine

Soloff et al. (1993) 38 Phenelzine 60 mg/d Superior efficacy for phenelzine, on measure of depres-

36 Haloperidol 4 mg/d sion, anxiety, anger, and hostility in comparison to halo-

34 Placebo peridol and placebo

Markovitz (1995) 22 Fluoxetine 80 mg/d Significant improvement in anxiety and depression

Simeon et al. (1997) 17 Fluoxetine 55 mg/d Fluoxetine was significantly superior to placebo in the

treatment of skin picking

Coccaro and Kavoussi (1997) 40 Fluoxetine 20–60 mg/d Significant reduction on irritability, aggressive and impul-

sive behavior during week 6 and 12; no influence on

the self-report.

Source: Adapted from Ref. 45.



102 Aschauer and Schlögelhofer

tine for 8 weeks. The presence of a cluster B diagnosis before treatment predicted positive

outcome for depression. Following treatment, they found reductions in the frequency of

most individuals’ personality disorder diagnoses and total Personality Disorder Question-

naire (PDQ-R) scores. Patients with cluster B personality disorders may experience

changes in measures of personality function in response to treatment, regardless of changes

in depression or symptoms associated with depression.

In a placebo-controlled study, Salzman et al. [47] treated borderline personality dis-

order volunteers with fluoxetine for 13 weeks. The most striking finding from this study

was a clinically and statistically significant decrease in anger among fluoxetine recipients,

independent of changes in depression. But possibly this result cannot be duplicated in

severely ill patients.

Coccaro et al. [48] performed a double-blind, placebo-controlled trial of fluoxetine

in personality-disordered patients with current histories of impulsive aggressive behaviors

and irritability. Over 3 months of treatment, fluoxetine demonstrated an antiaggressive

effect on these individuals, suggesting a therapeutic role for fluoxetine or other SSRIs in

personality disorders.

Eskelius et al. [49] reported a trial with sertraline and citalopram in patients with

major depressive disorder in whom a personality disorder measure was performed. Follow-

ing treatment, reductions in the frequency of paranoid, borderline, avoidant, and depen-

dent personality disorder diagnoses were seen in both treatment groups. Reduction of

depression scores accounted for 0 to 8.4% of the observed variance. Therefore, they con-

clude that in depressed patients SSRIs significantly affect personality traits.

Studies from the 1980s found that patients with both depressive disorder and person-

ality disorder were less likely to receive medication [50] and received antidepressants for

a shorter time period [51]. More recent studies [52] indicate that patients with both an

affective disorder and a personality disorder were as likely as patients without a personality

disorder to receive pharmacotherapy. Regarding psychotherapy, individuals with depres-

sion and a comorbid personality disorder were significantly more likely than those without

a personality disorder to have received psychotherapy in the past.

Phillips et al. [53] in a longitudinal study (1991 to 1996) were the first to examine

the relationship between comorbid personality disorders and treatment received in patients

with anxiety disorders. The results of this study showed that anxiety disorder patients with

a personality disorder were just as likely to receive medication, and they received a higher

number of drugs compared to patients without a personality disorder. Individuals with a

borderline personality disorder were more likely to receive heterocyclic antidepressants

and interventions characteristic of psychodynamic psychotherapy and cognitive therapy.

Notable is that in this study the percentage of personality-disordered patients who received

medication, and the number of medications received, did not increase over a span of 5

years. According to Phillips et al., “the reason for this stability is unclear, but it may

reflect clinicians’ impressions that while medications are often beneficial for personality

disorders, their effects are often modest” [53].

IV. PERSONALITY DISORDERS AND DEPRESSION

It is well established that there is a relationship between personality disorders and comor-

bid axis I disorders [54]. Cluster A personality disorders associate with schizophrenia;

cluster B personality disorders with substance abuse, eating disorders; and somatization

disorders; and cluster C personality disorders are related with anxiety and mood disorders.

Sanderson et al. [55] investigated whether the type and prevalence of personality
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disorders differed among outpatients with dysthymia (n � 63), major depression (n �

197), and dysthymia plus major depression (n � 32) diagnosed by the Structured Clinical

Interview for DSM-III-R (SCID-I and SCID-II). Fifty percent of patients with major de-

pression, 52% of patients with dysthymia, and 69% of patients with a major depression

and dysthymia received a clinical diagnosis of at least one personality disorder. Sanderson

et al. [55] also reported that patients with a personality disorder had significantly higher

scores on the Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI) in

comparison to patients without a personality disorder. The most frequently diagnosed per-

sonality disorders were from DSM-III-R cluster C (avoidant, dependent, obsessive-com-

pulsive, and passive-aggressive personality disorders); personality disorders from cluster

B (histrionic, narcissistic, antisocial, and borderline personality disorders) were less fre-

quent; and personality disorders from cluster A (paranoid, schizoid, and schizotypal per-

sonality disorders) were rare. Similar results found Kool et al. [56]. The authors investi-

gated the incidence of personality disorders among individuals with both major depression

and dysthymia and patients with major depression without dysthymia. Approximately 60%

of patients with depressive disorders (n � 211) suffered from one or more personality

disorders (diagnosed by the personality questionnaire, VKP) in comparison to a control

group. The most common personality disorders are those in cluster C (anxious/fearful).

The literature suggests higher incidence of personality disorders in patients with seasonal

affective disorder compared to normal populations [57,58]. These studies found up to 23%

of the depressed patients with seasonal disorder to meet DSM-IV criteria for personality

disorder, mostly cluster C personality disorders. But the prevalence of personality disor-

ders seems to be lower than in patients with nonseasonal depressive disorder [59,60].

Notable in this context is that patients with personality disorders have significantly more

symptoms (assessed with the Symptom Check List SCL-90) than patients without these

disorders. Regarding predictive value of personality disorders and the development and

relapses of major depression, borderline personality disorders and dependency personality

traits predicted relapses of major depression in a 6-year follow-up study [61]. Fava et al.

[62] reported that patients with early onset of major depression in comparison to those

with late onset of depression had a significantly higher prevalence of avoidant, histrionic,

narcissistic, and borderline personality disorders.

Hirschfeld [63] reviews the literature with respect to comorbidity of personality

disorders and depression. Personality disorders may precede the development of depres-

sion, depression may precede the personality disorder, or there may be an interface be-

tween both. Contrary to expectation, with respect to treatment, the presence of the person-

ality disorders did not affect the rate of response to pharmacotherapy for chronic

depression (dysthymia, chronic major depression, double depression). For acute depressive

states, personality disorders are prevalent and are likely to adversely affect response to

treatment. Furthermore, data strongly support the hypothesis that successful treatment for

depression is associated with improvement of the personality disorder as well. The results

of O’Leary et al. [64] support the view that the presence of a personality disorder and

high neuroticism scores modify the short-term course to remission onset in depression:

longer time to remission onset is associated with a high neuroticism score.

V. PERSONALITY DISORDERS AND ANXIETY

Over the years, there has been an increasing interest in the prevalence of patients with

anxiety disorders and personality disorders [65]. Several studies have found high rates of

personality disorder diagnoses among patients with anxiety disorders such as panic disor-
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der and agoraphobia [66,67], obsessive-compulsive disorder [68], generalized anxiety dis-

order [69], and social phobia [70]. But is there a relationship between certain personality

disorders and anxiety disorders in general, or between certain personality disorders and

certain anxiety disorders? In this context, Sanderson et al. [71] investigated the prevalence

of personality disorders of patients with anxiety disorders and compared the prevalence

within each specific anxiety disorder. The findings indicate that 35% of patients with

anxiety disorders were diagnosed with at least one personality disorder. The prevalence

rate ranged from 12% (simple phobia) to 49% (generalized anxiety disorder) and 61%

(social phobia) among the different anxiety disorders. It is not surprising that 71% of all

patients with a personality disorder were from the “anxious/fearful” cluster C of personal-

ity disorders. Dyck et al. [72] found particularly consistent results in their study. Twenty-

four percent of 622 individuals with at least one past or current episode of one or more

anxiety disorders had one or more personality disorders. The most commonly diagnosed

personality disorders were avoidant, obsessive-compulsive, dependent, and borderline per-

sonality disorders. Patients with social phobia and generalized anxiety disorders had the

highest rates of one or more personality disorders. These findings suggest that the develop-

ment of social phobia and generalized anxiety disorder is probably more closely linked

to personality disorders than panic disorder and agoraphobia [72]. But there are divergent

findings for specific associations between particular anxiety disorders and personality dis-

orders, although each of these studies used structured interviews (SCID II) as the basis

for diagnosis. For example, Brooks et al. [65] and Nesdadt et al. [73] associated obsessive-

compulsive personality disorders with general anxiety disorders. In contrast, Mauri et al.

[74] found a connection between dependent personality disorder and generalized anxiety

disorder. However, understanding comorbidity patterns of anxiety and personality dis-

orders is complicated further by the frequent co-occurrence of depressive disorders in

anxiety-disordered patients.

VI. PERSONALITY AND DEPRESSION

Tellenbach [75] described the melancholic type (“typus melancholicus”) of personality as

a premorbid personality structure predisposing to episodes of melancholia. von Zerssen

[76] conceived the manic type as its counterpart (i.e., a premorbid marker of predisposition

to the manic component of a bipolar disorder). Hecht et al. [77] investigated in this context

the personality features in patients with affective disorder (unipolar depression, bipolar I,

and bipolar II), in a high-risk group (first-degree relatives) and a control group. Features

of the melancholic personality type are more pronounced in patients with unipolar depres-

sion in comparison to controls. In the bipolar I group with mainly manic episodes, per-

sonality features do not differ from those of controls. Regarding personality in healthy

relatives, melancholic personality features tend to be somewhat more pronounced in

high-risk subjects. It was concluded that premorbid typus manicus and typus melancho-

licus predicted, respectively, a predominant manic and a predominant depressive course of

an affective disorder. Other investigators addressed the same questions using different

measures and found that high neuroticism predicted increases in depressive symptoms

across time. Additionally, high conscientiousness predicted increases in manic symptoms

across time. Therefore, they concluded that specific personality traits may assist in pre-

dicting bipolar symptoms [78].

Several reports have shown that anxiety-related personality traits are related to de-

pression [9]. A large female twin study showed that neuroticism (and not self-esteem)
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was a predictor of risk for major depression. Hansenne et al. [79] studied the role played

by the TCI character dimensions in depression. Depressed patients exhibited higher harm

avoidance and self-transcendence scores as well as lower self-directedness and coopera-

tiveness scores as compared to healthy controls. Among the depressed group, harm avoid-

ance, self-directedness, and cooperativeness dimensions are related to the severity of de-

pression.

Furthermore, Bagby et al. [80] found higher scores in the openness dimension in

seasonal affective disorder (SAD) patients compared to both nonseasonal depressive pa-

tients and healthy controls, using the NEO-PI-R [81]. In a twin study, Jang et al. [82] found

moderate, but significant, associations between seasonality and neuroticism in healthy

volunteers, using the Five-Factor Inventory [81], and these associations seem to be attribut-

able to common genetic factors rather than being influenced by environmental factors

[83]. A recent study [84] failed to show a correlation between the severity of neuroticism

and seasonality, using the NEO-PI-R in a sample of SAD patients. Sher et al. [85] found

the 5-HTTLPR polymorphism to be independent in its effect on both seasonality and

neuroticism in a sample of healthy patients [85].

Poor response rate to bright light therapy has shown to be associated with cluster

C personality disorders and high scores in the harm avoidance scale in the Tridimensional

Personality Questionnaire [58].

SAD patients showed a decrease in neuroticism scores after successful bright light

therapy, correlating with changes in the total score in the Hamilton Depression Rating

Scale [60]. Lilie et al. found personality abnormalities in 60% of a small number of SAD

patients during winter, but only in 35% during summer [59]. The character dimension

self-directedness was shown to be susceptible to the state effects of depression in major

depressive disorder [86]. Similarly, recent findings suggest that SAD patients exhibit sig-

nificantly lower scores in the factors of agreeableness, surgency, and emotional stability,

and significantly higher in conscientiousness, during the nondepressed state when com-

pared to healthy controls using the Five-Factor model of personality [87].

TPQ scales were also used to predict response to treatments with antidepressants.

Scores on the novelty seeking and reward dependence dimensions were not affected by

depressed state or treatment response status. However, scores on the harm avoidance di-

mension were significantly lower in antidepressant responders and were altered by de-

pressed state [88]. TPQ scales also accounted for 35% of the variance in treatment response

compared to less than 5% predicted by clinical variables in a study by Joyce et al. [89].

They treated depressed patients with double-blind clomipramine or desipramine (tricyclic

antidepressants) for 6 weeks.

Curiously, although harm avoidance or neuroticism has been associated in some

studies with the short 5-HTTLPR allele, no firm association between this polymorphism

and major depression could be reported. Serretti et al. [90] showed that 5-HTTLPR has

not a major influence on the depressive symptomatology in mood disorder subjects. Only

the short 5-HTTLPR variant was marginally associated with higher psychic anxiety scores.

A study conducted by Rosenthal [91] showed an association between seasonal affective

disorder and the 5-HTTLPR short allele. However, these findings could not be replicated

in more recent studies [92,93]. The study by Willeit et al. [92] resulted in an association

between the polymorphism in the serotonin transporter and the melancholic type of sea-

sonal affective disorder [92]. A meta-analysis, however, showed an association between

this polymorphism and bipolar disorder [9].

In suicide victims, impulsivity (prominent in the novelty-seeking personality trait)
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is an important personality profile. Association was observed between suicidal ideation and

COMT gene locus (catechol-O-methyltransferase). COMT contributes to novelty seeking

along with the DRD4 and 5-HTTLPR polymorphisms. The polymorphism in the promoter

region of the serotonin transporter gene (5-HTTLPR) was shown to be associated with

violent suicide behavior [92]. A polymorphism in the tryptophan hydroxylase gene (impor-

tant in the serotonergic pathway) has also been linked to suicide and other impulsivity

disorders such as violence associated with alcoholism [9].

VII. PERSONALITY AND ANXIETY

It has been shown that subjects with higher harm avoidance scores have a greater probabil-

ity of being affected by cluster C personality disorders and comorbid mood and anxiety

disorders [9]. However, no association was observed between panic disorder and the 5-

HTTLPR short allele, the so-called “anxiety gene.”

We studied a sample of detoxified alcohol dependents with TPQ and found that

harm avoidance was the only dimension of TPQ influenced by anxiety. Depressive symp-

toms did not change TPQ scores. High anxiety measures were associated with high harm

avoidance [94]. Keeping in mind that harm avoidance is theoretically associated with the

serotonergic neurotransmitter system, this could explain the positive therapeutic effects

of serotonergic drugs on anxiety disorders.

A substantially increased score was found on the harm avoidance dimension in both

panic disorder patients and patients with general anxiety disorder, but it did not differ

with regard to TPQ scores [95]. This latter finding is in agreement with the findings that

panic disorder and general anxiety disorder do not differ significantly with respect to the

associated personality disorders.

In general, individuals with various anxiety disorders are all expected to be high in

harm avoidance. They are usually about average or low in novelty seeking. Social phobics

are also reported to be low in reward dependence. Panic disorder patients were found to

be lower in persistence than controls [96]. Persistence was average in obsessionals com-

pared to the general population. The stability of harm avoidance has been examined in a

longitudinal study of panic disorder patients undergoing treatment with drugs and/or be-

havior therapy. Despite reductions in panic attacks, harm avoidance remained stable during

a 6-month follow-up. This suggested that harm avoidance may reflect susceptibility to

generalized anxiety independent of panic states.
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I. INTRODUCTION

Depression and anxiety coexist so often in patients that it is natural to question whether

they have a common etiology. Distinct clinical syndromes may have the same etiology

(e.g., the clinical syndrome caused by pneuomococcal infection depends on whether it

occurs in the lung, meninges, or elsewhere). At the same time, two disorders that occur

together might have distinct etiologies. For example, lung cancer and alcoholic cirrhosis

might frequently occur together because drinkers tend to smoke. The debate over whether

pathological anxiety and depression constitute different aspects of the same disorder [1]

or distinct, although often overlapping, conditions [2] is not new, but remains unresolved.

In this chapter we review evidence pertinent to the question at hand from methodologies

of epidemiology, neuroscience, pharmacology, and psychophysiology. While many of the

results of these studies pertain more to the question of common pathophysiology than of

common etiology of anxiety and depression, a thorough understanding of the former may

be necessary to present an informed response as to the latter.

II. ANXIETY AND DEPRESSION: NORMAL AND ABNORMAL

In discussing the etiologies of anxiety and depression, one must distinguish normal af-

fective responses from exaggerated affective responses as seen in emotionally labile per-

sons, and from categorically defined anxiety and depressive disorders. In the most common

sense of the term, “etiology” implies a pathological cause. Normal emotional responses,

111



112 MacKinnon and Hoehn-Saric

therefore, do not have an etiology, but it may be enlightening to examine shared mecha-

nisms of normal anxiety and sadness as a way to explain pathological emotions. Exagger-

ated emotional responses are pathological in function, but not form; the pathology exists

not in the emotional response, but in the vulnerability to exaggerated response. The funda-

mental question posed by the common coexistence of anxiety and depression in patients

is whether pathological forms of anxiety and depression have the same pathological cause.

As affects, anxiety and depression are experienced in everyday life and serve impor-

tant biological functions. Normal anxiety improves motivation and performance on tasks.

Anxious feelings act as a warning to focus on potentially dangerous situations and to

formulate plans to deal with them. Moreover, since anxiety is an unpleasant emotion from

which we like to escape, it motivates us to master or avoid anxiety-provoking situations.

Normal depression, akin to grief, occurs after a loss, either real or perceived. The biological

usefulness of depression may be thus to promote affiliative behavior. Some aspects of

depression may be useful as a means of energy conservation; in this regard, symptoms

of seasonal depression (lethargy, increased sleep, carbohydrate craving) may seem adap-

tive in a wintertime agrarian or hunter–gatherer economy.

In normal as well as pathological states, depression and anxiety may intermingle.

The perception of imminent, but potentially correctable, danger often coexists or alternates

with the perception of hopelessness. Distressed persons often experience mixed feelings

of anxiety and depression, whether or not they have a psychiatric disease. In the old

nomenclature, patients with exaggerated, but not necessarily pathological depression or

anxiety were seen to exhibit different forms of neurosis. Thus, the psychological etiology

or trigger of anxiety and depression may be the same because the same source of stress

may lead to both kinds of symptoms.

The difference between normal and abnormal anxiety and depression is in part a

matter of degree but is mainly a categorical question. Some emotional expressions are so

intense as to interfere with a patient’s ability to cope with the stress that triggered the

emotion. Cases in which the emotional response is understandable, albeit extreme, are to

be differentiated from cases in which the emotional response is not related to or is out of

proportion to an understandable cause and is associated with a cluster of other stereotypic

symptoms defining a clinical syndrome. In the former cases, the underlying biological

cause of the disorder is a patient’s vulnerability to experience an exaggerated emotional

response of some sort. In the latter cases, the emotional response is only one of a set of

symptoms that tend to emerge simultaneously with or without an apparent source of stress.

The difficulty in sorting out whether a pathological anxiety or mood state is an

extreme on a dimensional scale or a categorically defined disease entity is one of the

critical dilemmas in clinical psychiatry. Frequent overlap of anxiety and depressive symp-

toms further confounds this dilemma. An estimated 20 to 90% of patients in surveys

experience both anxiety and depression [3]. Numerous studies have shown that anxiety

disorders may contain an element of depression and vice versa [4,5]. Therefore, many

anxiety rating scales contain subscales of depression, and depression scales also include

subscales describing psychic and somatic symptoms of anxiety (e.g., Refs. 6,7). Rating

instruments that measure both mood states simultaneously have been useful in the recogni-

tion of how clinicians have separated nonpsychotic anxiety patients from nonpsychotic

depressive patients. While patients with “anxiety neurosis” tend to score high mainly on

scales measuring anxiety, patients with “depressive neurosis” score high both on scales

measuring the degree of anxiety and depression [8]. Thus, patients with depressive neuro-

sis were as anxious, but more depressed, than patients with anxiety neurosis.
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Not all patients with anxiety and depressive disorders exhibit mixed features. Some

patients with anxiety disorders are free of clinically significant depression and some pa-

tients with depressive disorders do not experience significant levels of anxiety. However,

the frequent co-occurrence of symptoms of both anxiety and depression in a substantial

subset of patients indicates that identification of mixed anxiety and depressive disorders

is an important first step toward discovering a common etiology. Differentiation of a mixed

anxiety-depressive disorder has been slow to come to the diagnostic nomenclature [9,10],

possibly because of mixed data on clinical response to treatment [11,12].

III. CLINICAL AND EPIDEMIOLOGICAL STUDIES

Reliable data on the boundaries and stability of psychiatric diagnosis awaited the develop-

ment of a widely accepted, categorical definition of diagnostic entities. Soon after the

advent of the Diagnostic and Statistical Manual of Mental Disorders (DSM), 3rd ed. [13],

however, it became clear that diagnostic reliability had a limitation. Not all patients could

be cleanly assigned to a single diagnostic category according to the guidelines of the

manual [2,14,15]. Later editions of the DSM have employed three strategies to account

for such complex forms of disorder: hierarchies, comorbidity, and specifiers. Hierarchies

in the definitions of certain disorders specify that the disorder is not diagnosed if it occurs

only in the context of another disorder (e.g., generalized anxiety disorder is not diagnosed

if the syndrome appears only when the patient also has a major depression syndrome).

Comorbidity accounts for multiple disorders by simply listing all disorders for which a

patient meets diagnostic criteria whether or not one disorder is the same as, or secondary

to, the other (e.g., a patient may have both major depression and panic disorder). In older

nomenclatures, specifiers such as “endogenous” versus “reactive” or “neurotic” depression

implied the diagnostician had knowledge about the cause of the depression. Specifiers in

DSM are used with some disorders to denote a phenomenologically distinct subtype (e.g.,

major depressive disorder with atypical features). However, none of the specifiers avail-

able for mood disorders define an anxious subtype or account for anxiety symptoms.

Therefore, for the most part our discussion of the unity or differentiation of anxiety from

depressive diagnoses will focus on comorbidity data.

Comorbidity, however, has limitations as a concept, in large part because it has a

number of definitions that are used erratically across studies. In some studies of anxiety

and depression, the term indicates that anxiety and depressive symptoms coexist simulta-

neously. In other studies, however, the term denotes that one condition frequently follows

the other. Earlier studies on comorbidity were mostly descriptive; more recent studies

have tried to explore biological relations between disorders that frequently show comor-

bidity. Some investigators have proposed that anxiety and depression are biologically sepa-

rate disorders [2]. If this is true, we should find little overlap in their clinical pictures. It

is also conceivable that symptoms of anxiety and depression represent different aspects

of the same disorder [1]. Here, symptoms of anxiety and depression could occur simulta-

neously or alternate. A third possibility is that one condition (e.g., anxiety) induces changes

that lead to another condition, namely depression. In this model, pathological depression is

the consequence of pathological anxiety and should not lead to anxiety disorders. Finally,

comorbidity may be the final common pathway of two originally independent conditions;

however, without enhanced knowledge of pathophysiology this possibility is hard to sup-

port.

Longitudinal studies have suggested that anxiety is often a prodromal form of de-
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pressive disorder. Whereas depression without anxiety tends to maintain diagnostic stabil-

ity over time, individuals with anxiety disorders and mixed anxiety-depressive disorders

at baseline often are found to have depressive disorders later in life [16–19]. While patients

who had originally suffered from anxiety disorders often subsequently developed de-

pressive disorders, patients who were diagnosed as having depressive disorders without

anxiety rarely developed an anxiety disorder. Thus, depression maintained a diagnostic

stability over time, but this was not true for anxiety disorders.

Studies on comorbidity with various anxiety disorders have shown an inconsistent

picture as to the associated risk of depressive disorder. Anxiety disorders have been found

to occur in as many as the majority of individuals in treatment for depression, with social

phobia as the most common disorder [20]. Results of most studies suggest that panic

disorder and depression are frequently associated or that depression emerges in the course

of panic disorder [21]. Indeed, panic disorder is an extremely common, albeit not universal,

condition in patients with both depressive [22] and manic depressive [23] disorders. Gener-

alized anxiety disorder (GAD), as mentioned above, overlaps so often with depression

that it is not considered a comorbid condition; indeed, it is not diagnosed at all if it occurs

only with depression. Breslau and Davis [24] reported a high incidence of major depression

in surveyed mothers who carried the primary diagnosis of GAD. A lifetime history of

major depression can be diagnosed in anywhere from 6 to 46% of patients with GAD,

depending on the methodology (reviewed in Ref. 25); however, Angst et al. [17] rarely

found coexisting depression in their GAD groups. Variant findings may be explained by

differences in patient population, diagnostic criteria, and assessment methods. Neverthe-

less, taking at face value the positive reports of a chronological priority of one disorder

to another does not resolve the question as to whether the two disorders derive from the

same etiology, or whether one disorder produces the other.

Family studies address directly the question of a shared etiology of anxiety and

depression by examining shared familial risk for these disorders. If anxiety disorder (or

depressive disorder) in a family member raises the risk for both anxiety and affective

disorder in relatives, then this may be evidence for a shared etiology. If anxiety and de-

pressive disorders “breed true” (i.e., if anxiety only raises the familial risk for anxiety

and depression for depression), then this argues against a common genetic etiology. The

empirical results are complex. Looking at anxiety broadly, patterns of comorbidity sug-

gesting a specific risk in some families are not apparent. Angst et al. [17] found that

parents of patients with pure anxiety or depressive disorders and mixed anxiety-depressive

disorders had comparable histories of anxiety and depressive disorders. Noyes et al. [26]

and Crowe [27] demonstrated that the risk of having an anxiety neurosis was six times

higher in relatives of probands with that disorder than in relatives of controls. The specific-

ity of transmission of anxiety disorders is also suggested by the work of Cloninger et al.

[28] and Dealy et al. [29], whose studies showed that relatives of probands with anxiety

disorders, but not depressive disorders, exhibited an increased risk of anxiety neurosis.

On the other hand, twin studies support the hypothesis that pure depression and mixed

anxiety–depression are etiologically similar disorders, whereas pure anxiety disorders dif-

fer etiologically from depressive and mixed disorders [30]. These discrepant results as

well as others that show a lack of crossover familial risk of one anxiety disorder to another

[26] suggest that it may not be possible to talk about the genetic etiology of anxiety in

general, but rather about each specific type of anxiety disorder.

In a similar way, it may not be possible to speak about the etiology of depression

in general, as opposed to depression as part of a mood disorder syndrome [31]. A case
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in point is panic disorder. Weissman et al. [32] have used a family study approach to

measure the risk of pure and comorbid panic and major depressive disorders in the relatives

of probands with each disorder alone, of probands with combined panic and major depres-

sion, and of unaffected control probands. They concluded that panic and early-onset major

depressive disorder were specific and independent disorders, and that combined depression

and panic disorder were probably not a disorder distinct from the simple types. The rela-

tionship of panic and bipolar disorders, however, suggests a different story. MacKinnon

et al. [33] found that the risk for panic combined with bipolar disorder was elevated in

relatives of probands with combined panic and bipolar disorder compared to bipolar and

panic disorder alone. Thus, one possible account of the etiological relationship of anxiety

and mood is that familial bipolar affective disorder and panic disorder may have common

etiological factors, at least in some families. Major depression and panic together do not

appear to constitute a subtype of illness, but may be related at a higher level (i.e., panic

may arise as a complication of depression, or vice versa).

Pursuit of a common genetic etiology of depression and anxiety shows promise, but

has not yet yielded a molecular basis for comorbidity. Linkage and association studies

support a complex genetic basis for many psychiatric disorders [34]. Thus, it is possible—

indeed probable—that a common genetic basis for two related psychiatric disorders will

exist in the form of a common genetic vulnerability of several genes involved in the

pathogenesis of the various disorders. Anxiety, for example, may be the result when one

has variants of two of the genes A, B, and C, while depression may be produced by

variants of two of the genes C, D, and E. Combinations including a variant of gene C

will produce comorbidity by a common mechanism, while other combinations produce

comorbidity via distinct mechanisms. A potential crossover candidate gene is the serotonin

transporter gene. Functional polymorphisms in this gene have been associated or linked

with anxiety-related traits in several studies [35,36] and with depression [37]; however,

results have been inconsistent [38].

Longitudinal and family studies provide mixed support for the hypothesis that de-

pressive and anxiety disorders may have common etiological risk factors. In longitudinal

studies, it appears that anxiety often may be an early manifestation of a disease process

that leads later in life to clear depression. In family studies, it appears that some, but not

all, of the genetic alleles related to bipolar and panic disorder may be the same; however,

there is little evidence that other anxiety and depressive disorders share genetic risk factors.

Without detailed knowledge of pathophysiological mechanisms, it may not be possible

to say whether anxiety and depressive disorders associated epidemiologically are also

associated etiologically. This knowledge may come from molecular genetics or from stud-

ies of brain structure and function.

IV. IMAGING STUDIES

Changes in cerebral blood flow and metabolism, seen in imaging studies, emphasize differ-

ences between anxiety and depressive disorders rather than features common to both types

of disorders. Moreover, subtypes of anxiety disorders and subtypes of depressive disorders

exhibit specific imaging patterns that indicate biological differences not only between

anxiety and depression per se but also between the subtypes. For example, panic disorder

patients at rest, but not other anxiety disorder patients, show increased metabolism and

blood flow in the right parahippocampal region [39,40] while obsessive-compulsive pa-

tients at rest exhibit higher cerebral blood flow in right prefrontal cortex [41]. Under
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symptom provocation, three different anxiety disorders, namely, obsessive-compulsive

disorder, specific phobia, and post-traumatic stress disorder, showed as a common charac-

teristic increased cerebral blood flow in the right inferior frontal cortex, the right posterior

medial orbitofrontal cortex, the bilateral insular cortex, the bilateral lenticulate nuclei, and

bilateral brain stem foci [42]. This finding indicates a widespread activation of the brain

during heightened anxiety. In contrast to anxiety disorders, depressive disorders generally

show decreased metabolism and blood flow in the dorsolateral and medial-prefrontal cor-

tex, basal ganglia, and the cingulate, reversed with successful pharmacotherapy [43,44].

However, a group of unipolar patients with positive family history of depression exhibited

increased blood flow in portions of the orbital frontal cortex and amygdala [45]. Thus,

imaging studies not only fail to support the hypothesis of a common etiology of anxiety

and depressive disorder but indicate a biological diversity in subgroups of disorders.

V. PSYCHOPHYSIOLOGICAL STUDIES

Similarities in patterns of autonomic and neurovegetative functioning between individuals

with anxiety and depressive disorders may implicate common pathophysiological mecha-

nisms that in turn reflect a common etiological factor for these disorders. Findings of a

common psychophysiological abnormality would serve as a potentially valuable clue, but

would not definitively establish a common etiology until more is understood about the

linkage of etiology and pathological mechanisms. A number of studies have examined

the question of whether the physiology of sleep and autonomic arousal is similar or distinct

in subjects with depression and anxiety.

Sleep disturbance is a common complication of anxiety and depressive disorders;

however, different disorders tend to have different sleep complaints. Whereas insomnia

in anxious patients tends to occur early, reflecting hyperarousal, patients with depression

tend to have middle or late insomnia, indicating a fundamental disturbance of sleep archi-

tecture and regulation. These differences are reflected in sleep encephalographic studies,

which consistently show in depression abnormal sleep continuity and shortened REM

latency [46] as well as microarchitectural abnormalities, including decreased delta ampli-

tude or incidence [47]. Despite common complaints of early insomnia in panic disorder

[48], reports of sleep architectural changes have been inconsistent [49,50] and distinct

from EEG patterns seen in depression [51]. Similarities in sleep architecture disturbance

between subjects with GAD and dysthymia support the notion that these may be variants

of the same disorder [52].

Several investigators have focused on quantitative encephalographic asymmetry as

a means of discriminating anxious from depressed emotional states in normal subjects.

Observation of a shift to the right in brain activity [53] in dysphoric states is consistent

with many other lines of evidence on cerebral asymmetry [54]. Electrodermal activity,

which reflects sympathetically controlled sweat gland activity, is often decreased in de-

pressed persons [55]. Patterns of electrodermal activity have been found as well to corre-

late with differential activation of right versus left brain, dependent on the degree of anx-

ious and depressed temperament in the individual [56]. Studies of electrodermal activity

and/or quantitative EEG activation in patients with mood and anxiety disorders tend to

find patterns of asymmetry, however, with inconsistent patterns across studies [57–59].

Evidence that major depressive disorder and panic are distinct disorders is derived

from panic provocation studies using lactate or carbon dioxide, which consistently differ-

entiate panic from other anxiety disorders [60,61] and, generally, from major depressive
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disorder [62–65]. Mechanisms for panic vulnerability have not been worked out in detail,

but have been hypothesized to involve faulty regulation of respiration [66] or hyper-

sensitivity of the amygdala-related structures involved in the generation of a fearful re-

sponse [67].

Other evidence that anxiety and depression may be related pathophysiologically

and thus etiologically can be sought in measures of autonomic nervous system arousal.

Cardiovascular activity measures such as basal forearm blood flow, heart rate, and blood

pressure are similar in patients with chronic anxiety and with agitated depression, in con-

trast to normal controls and patients with “nonagitated depression” [68]. Individuals with

anxiety and depressive disorders, as well as other dysphoric emotional states, have been

found to have diminished heart rate variability, possibly through a mechanism involving

decreased vagal tone [69]. Empirically, however, no consistent abnormalities in vagal tone

have been found in anxiety disorders or depression [70].

In summary, studies of sleep architecture and symptom provocation offer evidence

for differential mechanisms of depressive and anxious symptomatology, while studies of

quantitative electroencephalography and cardiovascular regulation suggest a greater de-

gree of physiological overlap. Heightened specificity of physiological measures correlated

with emotional symptoms may yield evidence in time of overlapping disease mechanisms

for specific subtypes of anxiety and depressive disorders.

VI. NEUROENDOCRINE MECHANISMS

The hypothesis that psychiatric disorder results from stress, as mediated by the hypothala-

mic–pituitary–adrenal (HPA) axis, has long provenance and mixed heuristic value and

empirical support. Proponents of this hypothesis connect childhood trauma to affective

and anxiety psychopathology via corticotropin-releasing factor (CRF) hypersecretion in-

duced by the early stressful conditions [71]. These findings parallel biochemical and be-

havioral findings in animal models [72]. It is unclear, however, how applicable this hypoth-

esis may be to affective and anxiety disorder patients who do not have a history of trauma

and/or evidence of cortisol dysregulation. It is also unclear whether this hypothesis ad-

dresses the etiology of depressive and anxiety disorders, or whether hypersecretion of

stress hormones reflects a response to the stress of having psychiatric symptoms rather

than a root cause of psychiatric symptoms. While cortisol elevation is seen during acute

stress, it is not found in chronic anxiety disorders. On the contrary, patients in some anxiety

disorders, for instance in PTSD, have cortisol levels that are lower than in nonanxious

individuals [73].

Challenge studies have been used to test whether cortisol dysregulation plays a role

in psychiatric disorder. For a short while, it appeared that the challenge studies would

have diagnostic and prognostic value in depression and anxiety disorders. Unfortunately,

these neurohormonal manifestations lack specificity. Changes in the HPA axis, leading

to hypercortisolemia and nonsuppression of cortisol in the dexamethasone suppression

test (DST), are found in approximately 50% of patients with major depression [31: 448].

Some evidence suggests that normalization of HPA nonsuppression is a prerequisite for

antidepressant response in depression [74]. The test, however, is not specific to depression

as it gives positive results in alcohol withdrawal, psychotropic drug withdrawal, acute

weight loss, or physical exercise, and is frequently positive in schizophrenia and dementias

[75]. It also has been found positive, although to a lesser degree, in anxiety disorders. In

the studies he has surveyed, Heninger [76] reported that panic disorder patients had a
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median nonsuppression rate of 18%, which places them between the rate of normal persons

(approximately 10%) and that of major depression. Hospitalized panic disorder patients

were more frequently nonsuppressed, which suggests that nonsuppression is linked to the

severity of the disorder. Elevation of cortisol levels has been found to be elevated in the

saliva of patients experiencing an acute spontaneous panic attack [77] and in the serum

of subjects who demonstrate vulnerability to panic provocation with lactate [78]. Cortisol

nonsuppression using the DST has also been reported in GAD and in obsessive-compulsive

disorder [75]. Interestingly, in one study of GAD patients, the nonsuppression normalized

after successful nondrug behavioral treatment [79].

Dysfunction in the HPA axis might reside in the mechanism by which ACTH is

released by CRF. In animal models, CRF has been shown to stimulate amygdala structures

putatively involved in the generation of fear and anxiety responses [80]. Amygdala CRF,

in turn, has been shown to be selectively stimulated by circulating glucocorticoids [81].

Diminished ACTH response to CRF has been demonstrated in major depression and panic

disorder in comparison to normal controls [76,82]. However, while CRF has been found

increased in depressed patients and, in some studies, in anxiety patients [83], these findings

were not consistently seen in anxiety patients [72,84]. Since CRF is under partial control

of the noradrenergic system, the effect of challenges on the system are reflected in the

cortisol response. The cortisol response to the α2-noradrenergic agonist clonidine and to

the α2-noradrenergic antagonist yohimbine were similar in both disorders. Thus, overacti-

vity of the HPA axis occurs in subsets of depressive and anxiety disorders and, therefore,

lacks specificity. Twenty-four-hour monitoring of cortisol levels in psychotic versus non-

psychotic depressed patients, for example, revealed higher cortisol levels in the psychotic

patients, who also had greater illness chronicity, again suggesting higher cortisol as a

possible effect of prolonged stress rather than a cause of illness [85].

The serotonergic system is even more complex and less well understood than the

noradrenergic and HPA systems. At least 16 receptors with different functions have been

described, making interpretation difficult [86]. Challenge studies of the serotonergic sys-

tem are also difficult to interpret. An infusion of the serotonin precursor tryptophan in-

duced a normal prolactin response in panic patients, but a blunted response in major de-

pression [87]. The same group [76:393] reported that prolactin responses to the serotonin

1c agonist m-chlorophenylpiperazine (mCPP) were normal in both conditions. Kahn et

al. [88] found, however, that small doses of mCPP caused anxiety and, compared with

normals, heightened cortisol secretion in panic disorder, but not in major depression. The

authors interpreted their findings as evidence for postsynaptic serotonin oversensitivity in

panic disorder, but not in depression. Their study did not rule out a subsensitivity of the

serotonergic system in depression. mCPP also caused transitory increases in obsessive-

compulsive symptoms, without a differential effect on hormonal levels in patients with

obsessive-compulsive disorder [89]. Since serotonin modulates areas of the brain that are

involved in anxiety and depression, one cannot conclude a common mechanism. Serotonin

may affect different brain functions in each disorder.

VII. CLINICAL PHARMACOLOGY

A discussion of the common pharmacological mechanisms of antidepressant and antianxi-

ety response must begin with the caveat that the relationship between pharmacological

mechanisms and etiology is likely to be indirect. Medications in the antidepressant class

that work both on anxiety and depression may begin to alter neurotransmission with the
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first dose, while the therapeutic effect may not be evident for several weeks. In contrast,

medications that work immediately, such as benzodiazepines that act through the γ-amino-

butyric acid (GABA) receptor to lower anxiety, particularly the physiological manifesta-

tions of anxiety, are generally not effective in the treatment of depression per se, except

by lowering anxiety in agitated depression [90]. Antidepressants that block the reuptake

of norepinephrine and serotonin reduce depression and block panic attacks, but have no

acute effect on generalized anxiety [91,92]. Prolonged administration of norepinephrine

and/or serotonin reuptake inhibitors reduces panic attacks, possibly by inhibiting locus

coeruleus activity. However, only antidepressants with serotonin reuptake–inhibiting

properties reduce psychic symptoms, such as ruminations, in GAD [91,93], psychic symp-

toms in panic disorder [94,95], and obsessions and compulsions [96–98], possibly through

reduction of frontal lobe activity [99]. Not all antidepressants have anxiolytic effects. For

instance, buproprion, an antidepressant that may exercise its effects through the dopamin-

ergic system, does not reduce panic attacks [100] nor has it been found useful in treatment

of other anxiety disorders.

Thus, some medications reduce anxiety without affecting depression. Some, but not

all, antidepressants have in addition anxiolytic effects but they differ in their effectiveness.

Since antidepressants alter functions of various, but not necessarily the same, brain areas

their anxiolytic effects may be coincidental and cannot be taken as evidence of brain

mechanisms common to anxiety and depression.

The development and application of receptor-specific drugs will enhance our under-

standing of biological mechanisms of anxiety and depression. Clonidine, a fairly specific

α2-noradrenergic agonist, for instance, blocks panic attacks and has a stabilizing effect

on fluctuations in anxiety. However, after an initially sedating effect, it has only a modest

effect on generalized anxiety and has no effect on depression [101]. Particularly interest-

ing are drugs that affect specific serotonergic receptors. Although a general blockade of

serotonin reuptake suppresses panic attacks, relieves depression, decreases obsessive-

compulsive symptoms, and, after prolonged administration, decreases psychic symptoms

of generalized anxiety, specific serotonin receptor agonists and antagonists have either

anxiety-inducing or anxiolytic [102] effects and may lower depression [103].

In summary, pharmacotherapeutic interventions suggest complex, but different,

mechanisms for anxiety and depressive disorders. Moreover, mechanisms differ in sub-

groups of the disorders. Some symptoms of anxiety and depression are ameliorated by

the same medication. This may indicate overlapping mechanisms in certain disorders. On

the other hand, many drugs have a broad spectrum of actions and may affect several

independent mechanisms. Systematic investigations of the disorders with receptor-specific

drugs promise to widen our understanding of these disorders.

VIII. CONCLUSIONS

A survey of research findings linking anxiety and depression reveals some evidence of

common pathophysiology and some evidence of divergent pathophysiology. The patho-

physiological relationship among depression and anxiety disorders varies by the anxiety

disorder. Some chronic anxiety disorders—especially phobias and generalized anxiety

disorder—are difficult to differentiate from depressive disorders and thus in some in-

stances may be variants of affective disorder. These disorders may, in a sense, converge to

a common etiology. Some anxiety disorders (e.g., panic disorder and obsessive compulsive

disorder) do not have significant symptomatic overlap, but do have significant comorbidity
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with affective disorders. These disorders may share some, but not all, biochemical or

physiological markers with affective disorders; thus they appear to be distinct disorders

but related at some unknown level. If they are related etiologically, it is likely to be via

a complex chain of causation with some links in common. One might conceive of this

relationship as either parallel or intersecting, depending on whether the disorders arise

from common etiological elements or, alternatively, one disorder arises as a complication

of another.

What sort of conceptual model of brain function might account for this complex

picture of depression entwined with anxiety but in many details distinct from anxiety

disorders? The brain can be conceptualized as a multimodular system. These modules have

distinct functions, but being closely interconnected with other modules, their functions are

constantly modified. The clinical differences in anxiety and depressive disorders can be

explained by differences in the degree to which certain modules are pathologically affected

and influence other modules. Some modules may be activated only in anxiety disorders,

others only in depression, leading to “pure” disorders. However, in many subtypes of

anxiety or depressive disorders, modules activated in pure anxiety interact with those

activated in pure depression, leading to various types of anxiety-depressive disorders. This

interaction between modules may be caused by a genetic predisposition, as suggested by

family studies. They may be caused by early environmental influence, particularly early

life trauma, which affects cerebral response patterns, sometimes permanently, as seen in

animal models and in patients who have experienced severe trauma. In a more subtle way,

these emotional patterns may manifest in “neurotic” individuals who respond with high

degrees of anxiety and depression when faced with everyday stressors. Certain severe

forms of one sort of disorder seem to recruit modules of another; thus patients with agitated

depression complain of anxious mood and restless energy, or patients with severe agora-

phobic social avoidance may become constricted in behavior to the point of inertia resem-

bling melancholia. Therefore, rather than search for a common etiology of anxiety and

depression, we need to search for the etiology of subgroups of anxiety and depressive

disorders and the effects of these disturbances on the biology of the brain with respect to

the interactions between modules.
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Hôpital Fernand Widal

Paris, France

The extensive use of standardized methods of evaluation and quantitative psychopathology

are relatively recent phenomena in psychiatry. The main goal of quantitative psychopathol-

ogy is to standardize diagnostic categories in order to improve diagnostic accuracy and

screening of psychiatric cases, assessment of severity of symptoms or disorders, and evalu-

ation of treatment effects.

Diagnostic categories are reliable to the extent that clinicians can agree with each

other on whether or not a given disorder is present in a patient. There are no absolute

criteria against which psychiatric diagnoses can be validated. Hence scientific progress in

psychiatry has been based on establishing a consensus among clinicians about the signs

and symptoms that constitute specific psychiatric disorders and operationalizing clinical

practice. The need for diagnostic reliability is of particular importance in the follow-up

of patients in treatment, and to assure the homogeneity of patient populations in clinical

research.

The main sources of poor reliability for inter-rater evaluations are information vari-

ance (i.e., differences in the type or quantity of information obtained), interpretation vari-

ance (i.e., differences in interpretation of clinical information in terms of psychopathologi-

cal significance), and criteria variance (i.e., differences in the criteria used to define mental

disorders).

Structured and semistructured diagnostic instruments reduce the information vari-

ance by standardizing the information-gathering process. Interpretation variance is de-
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creased by use of a detailed glossary of psychopathological terms along with the instru-

ment, as well as extensive training of interviewers. Finally, explicit and standardized

diagnostic criteria diminish the criteria variance by use of a uniform set of criteria for a

given diagnosis.

There are two principal types of psychopathological evaluations: categorical and

dimensional evaluations. Categorical assessments are qualitative assessments and establish

a category of diagnosis based on the presence or absence of certain attributes in a patient.

On the other hand, dimensional evaluations are quantitative and aimed at assessing the

intensity of the disorder. The dimensional evaluation can assess several factors and is a

more sensitive instrument in the evaluation of treatment effects. Categorical and dimen-

sional assessments, although conceptually distinct, are not entirely separable. Between

these two classification types, there is an ordinal classification, using ordered sets of cate-

gories such as mild, moderate, and severe. Moreover, a cut-off point can be used with

any continuous scale to indicate a threshold for a corresponding category.

The psychometric properties of psychiatric instruments can be considered under the

headings of reliability and validity. The reliability of an instrument refers to the reproduc-

ibility of measurements. A reliable instrument is one that reproduces the same results on

repeated administrations. The validity of an instrument is defined as the extent to which

an instrument measures what it claims to measure.

In the following section, we will first discuss categorical (diagnostic) instruments

mainly used in adult subjects to assess depression and anxiety disorders. Next, we turn

to dimensional instruments providing an assessment of the severity of anxiety disorders

and depression.

I. DIAGNOSTIC INSTRUMENTS FOR DEPRESSION
AND ANXIETY DISORDERS

All the instruments presented here provide diagnosis of depressive or anxiety disorders.

Most of them are clinician-administered interviews, requiring trained clinicians with a

good knowledge of psychopathology. However, two of the interviews (CIDI and DIS) can

be administered by trained nonclinical or lay interviewers and are used in epidemiological

studies.

We will also present two primary care interviews that combine both self-report and

follow-up examination designed for use as screening instruments by nonpsychiatric physi-

cians. All the instruments presented differ in the extent of their coverage of axis I disorders

and the degree of structure imposed. Some of them are wedded to one set of diagnostic

criteria, whereas others can generate diagnosis according to multiple types of criteria. One

of the limitations of these interviews is that they are all time consuming and expensive,

especially those that should be administered by a clinician.

The Schedule for Affective Disorders and Schizophrenia (SADS) [1] was initially

developed in an effort to reduce information variance in both the descriptive and diagnostic

evaluation of the subjects for the National Institute of Mental Health Clinical Research

Branch Collaborative Program on the Psychobiology of Depression. This instrument can

be used in clinical or nonclinical settings. SADS is a semistructured instrument, which

should be administered by a clinician. It evaluates mental disorders according to the Re-

search Diagnostic Criteria (RDC) [2] which is a precursor of DSM-III. The RDC covers

23 major diagnostic categories including mood disorders and anxiety disorders. The instru-
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ment consists of two sections: the first covers the symptoms of current mental disorders

and the second covers the lifetime history of mental disorders before the year preceding the

interview. Individual symptoms and other aspects of current affective (mood) disorders,

psychotic disorders, and anxiety disorders are rated in detail in scales of severity. Symp-

toms are rated according to their most severe level during the current episode and at the

level they were experienced in the week before the interview. Clinically significant symp-

toms of lifetime disorders are rated as present or absent. The time required for administer-

ing the instrument is typically 1 to 3 h depending on the symptoms present. Different

versions of SADS include SADS-L (lifetime), SADS-LB (specifically intended to evaluate

bipolar disorders), and SADS-LA (anxiety disorders). It is important to note that this

instrument does not generate diagnoses according to the DSM-IV criteria; it seems to be

very useful in that it provides for (1) a detailed description of the features of the current

episodes of illness when they were at their most severe; (2) a description of the level of

severity of manifestations of major dimensions of psychopathology during the week pre-

ceding the evaluation, which can be used as a measure of change; (3) a progression of

questions and criteria, which provides information for making diagnoses; and (4) a detailed

description of past psychopathology and functioning relevant to an evaluation of diagnosis,

prognosis, and overall severity of disturbance. Test–retest reliability of summary scale

scores from Part I of the SADS is good [3]. Test–retest reliability of disorders shows

good agreement (kappa � 0.65) for most disorders and subtypes of affective disorders.

Finally, SADS item and scale scores are shown to be sensitive to change in placebo-

controlled medication studies.

The Structured Clinical Interview for DSM (SCID) [4] was initially developed to

provide a broad coverage of psychiatric diagnoses according to DSM. It was designed to

be more efficient and simpler to use than other existing instruments and, consequently,

to require less time for training and administration.

SCID-I is a semistructured instrument that needs to be administered by a clinician

and generates diagnoses according to DSM-IV criteria. This instrument can be used with

psychiatric patients or with nonpatient community subjects who are undergoing evaluation

for psychopathology. SCID-I includes nine diagnostic modules: mood episodes, psychotic

symptoms, psychotic disorders differential, mood disorders differential, substance use,

anxiety, somatoform disorders, eating disorders, and adjustment disorders. Two versions

of SCID are available: SCID-I (research version) [5] and SCID-CV (clinical version) [6].

The majority of diagnoses generated by this instrument are made on a lifetime (ever pres-

ent) and current (meets diagnosis criteria in the past month) basis. This instrument also

allows evaluation of subthreshold diagnosis. The time required to administer the instru-

ment can range from 1 to 3 h depending on the clinical symptoms of the subject.

The Schedules for Clinical Assessment in Neuropsychiatry (SCAN) [7] were devel-

oped internationally for the study of psychopathology. It forms the basis for collaborative

studies of the causes, risk factors, outcomes, and consequences of mental disorders. This

instrument is an outgrowth of the Present State Examination (PSE) [8], which was first

developed in the early 1960s and has undergone nine revisions. Its purpose is to assess

the psychopathology and behavior associated with a broad range of major psychiatric

disorders in adult life. The SCAN can be used to make psychiatric diagnoses in clinical

samples according to Diagnostic Criteria for Research (ICD-10-DCR), DSM-IV, and other

systems. It is important to note that this instrument can also provide dimensional ratings

of symptoms and syndromes that are not wedded to any single classification or diagnostic
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system. This instrument can be administered by interviewers who should be well trained

in assessing the signs and symptoms of psychopathology. It provides current and lifetime

diagnoses.

Several brief screens are available to help identify mental disorders in primary care.

In choosing among them, an investigator must consider the clinical research setting, the

sampling framework, and the strategy used to assess the reliability and validity of the

instruments. We chose to describe here the PRIME-MD and the SDDS-PC that are often

used in primary care practice to screen patients for psychiatric symptoms.

PRIME-MD [9] is intended for use by general practitioners and is designed for the

diagnosis of mental disorders that are most commonly encountered in general practice. This

instrument was specifically designed for use by nonpsychiatric primary care physicians.

Because of its simplicity and efficiency, it can be used as a quick assessment tool for psy-

chiatrists evaluating patients with anxiety, depression, or somatic symptoms. Its limitations

are that it covers only a few of the psychiatric diagnoses encountered in psychiatric settings

and it ignores certain aspects of the criteria for the disorders that it does cover, such as

impairment and differential diagnosis criteria. It consists of two sections: a 1-page patient

questionnaire, which is completed by the patient prior to seeing the physician and a 9-page

evaluation guide for the clinician, which is a structured interview. The Clinical Evaluation

Guide generates five types of diagnoses according to the DSM-IV criteria (mood, anxiety,

alcohol use/abuse, eating disorders, and somatic disorders). The average time required for

administering PRIME-MD is typically less than 20 min. Spitzer and colleagues assessed the

validity and utility of PRIME-MD [9] in a sample of 1000 adult patients assessed by 31

primary care physicians. In this study there was good agreement between PRIME-MD diag-

noses and those of independent mental health professionals [for the diagnosis of any PRIME-

MD disorder (kappa � 0.71; overall accuracy rate � 88%)]. The sensitivity of the PRIME-

MD was very good for detecting any psychiatric diagnosis (0.83) and at least satisfactory

for detecting any diagnosis with a particular diagnostic module.

The Symptom-Driven Diagnostic System for Primary Care (SDDS-PC) [10] was

developed as a computerized instrument to improve diagnosis of mental disorders in pri-

mary care practice. It consists of three components: (1) a 29-item patient self-report screen-

ing questionnaire; (2) a diagnostic interview guide with six diagnosis modules plus a

module assessing suicide risk; and (3) a longitudinal tracking form. It provides diagnoses

according to the DSM-IV. The SDDS-PC is intended for use by primary care physicians

and nurse practitioners, with little or no specific training in its use. It takes approximately

5 min for patients to complete the screening form. Each diagnostic module can take be-

tween 5 and 10 min to administer.

This instrument has not been tested in mental health settings and has limited diagnos-

tic coverage for general use in psychiatric practice. The SDDS-PC covers five disorders

(major depression, panic disorder, alcohol abuse or dependence, generalized anxiety disor-

der, and obsessive-compulsive disorder, as well as suicidal ideation. Patients who screen

positive for a disorder receive the corresponding diagnostic interview module. Patients

who meet mental disorder criteria on the diagnostic interview module are then followed

with the longitudinal tracking form.

A cross-validation study was carried out by the instrument developers [11] and

showed an overall sensitivity for any disorder of 0.88 and a fair concordance (kappa �

0.47) between diagnoses of depressive disorders made by primary care physicians and

SCID diagnoses made by trained mental health interviewers. In this study, the kappa values
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ranged from 0.11 (generalized anxiety disorder) to 0.48 (suicidal ideation); the overall

kappa for any diagnosis was 0.50.

The Diagnosis Interview Schedule (DIS) [12] is a structured interview developed

for use by lay interviewers or clinicians in subjects in community or in clinical samples.

DIS generates current as well as lifetime diagnoses according to DSM-III criteria. DIS has

undergone several revisions. The fourth version, DIS-IV, generates diagnoses according to

DSM-IV criteria. DIS-IV also provides information about symptom duration, remission,

and associated impairment and treatment received. This instrument is being used in a set

of epidemiological studies sponsored by the National Institute of Mental Health Center

for Epidemiological Studies.

The DIS is the precursor to the Composite International Diagnostic Interview (CIDI)

[13]. The latter was developed in order to allow evaluation of mental disorders in different

cultural settings and according to the International Classification of Disease (ICD) and

the DSM criteria. The DIS has been revised several times, and the latest version, DIS-IV

[14] yields diagnoses on the basis of DSM-IV diagnostic criteria. DIS-IV also provides

information about symptom duration, remission, and recency and about associated impair-

ment and treatment received. The DIS begins with a demographic section, followed by

19 diagnostic modules, and concludes with an open-ended question the interviewer may

not have covered and a section for rating observations of the subject’s speech, affect, and

behavior. Additions made to version IV of the DIS have increased administration time to

approximately 90 to 120 min. This instrument has been administered to 220 psychiatric

patients by lay interviewers to compare the diagnoses obtained by the DIS to clinical

diagnoses [15]. Kappas for agreement between DIS and chart diagnoses ranged from 0.39

to �0.03 and averaged 0.14 for 13 diagnostic categories. Agreement was best for affective,

obsessive-compulsive, and schizophrenic disorders and was poorest for phobias where

patients overemphasized fears.

The Composite International Diagnostic Interview (CIDI) [13] was designed at the

request of the World Health Organizations/US Alcohol, Drug Abuse, and Mental Health

Administration Task Force on Psychiatric Assessment Instruments. This instrument com-

bines questions from the DIS with questions designed to elicit PSE items.

The CIDI is a highly structured instrument, which can be administered by nonclini-

cians. It generates diagnoses according to the DSM-IV and ICD-10 criteria. Most of the

major ICD and DSM axis I diagnostic classes are addressed by the most recent CIDI

(version 2.1). The 11 diagnostic modules included in the CIDI roughly correspond to the

modules that cover adult axis I disorders in the DIS, with some modest differences in

terminology and content. An alternative version of the CIDI was developed for use in the

National Comorbidity Survey (NCS) in the United States in the early 1990s. For both the

DIS and the CIDI, interviewers proceed through a series of questions formatted according

to a flowchart. When the subject answers in the affirmative a question about whether a

symptom has ever been experienced, the interviewer asks whether the subject has (1) told

a doctor or other professional about the symptom; (2) taken medication for it; or (3) ex-

perienced significant interference with life or activities as a result of it. The time required to

administer this instrument is approximately 75 min and its most recent version is CIDI 2.1

The Mini-International Neuropsychiatric Interview [16] is a short, structured diag-

nostic interview, developed jointly by psychiatrists and clinicians in the United States and

France, for DSM-IV abd ICD-10 psychiatric disorders. With an administration time of

approximately 15 min, it was designed to meet the need for a short, but accurate, structured
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psychiatric interview for multicenter clinical trials and epidemiological studies and to be

used as a first step in outcome tracking in nonresearch clinical settings. The diagnoses

generated are lifetime and present. The disorders assessed by this instrument are mood

disorders, anxiety disorders, eating disorders, and psychotic disorders.

The Newcastle Diagnostic Scales [17] for affective disorders include several short,

10-item scales useful for the assessment of depressed patients. One of the first scales

published was designed to make the difference between endogenous and exogenous de-

pression through a structured interview. The same year (1965) the authors published an-

other scale designed to predict the response to electroconvulsive therapy. These two scales

have only two items in common, which assess anxiety and weight loss. These scales are

easy to administer and their reliability is good. They are designed to be completed by a

psychiatrist but short training could allow family practitioners to use of these scales. Da-

vidson et al. [18] assessed the validity and the reliability of this instrument. Good inter-

rater reliability was obtained for diagnostic category and for item scores in 36 patients.

The scale showed construct validity with reference to the Hamilton and Montgomery–

Asberg rating scales. Concurrent validity was shown relative to other diagnostic scales

of endogenous depression.

Several diagnostic instruments not covered in this chapter have been designed spe-

cifically for use in special patient populations. The Diagnostic Interview for Genetic Stud-

ies (DIGS) [19] is a comprehensive and lengthy instrument designed as a diagnostic assess-

ment tool in genetic studies. For patients with anxiety disorders, the Anxiety Disorders

Interview Schedule (ADIS-R) [20] provides DSM diagnosis of anxiety disorders by DSM

criteria, with additional coverage of mood, somatoform, and substance abuse disorders.

II. DIMENSIONAL ASSESSMENT OF ANXIETY

There are two main types of instruments for dimensional assessment of anxiety, namely,

self-evaluation scales (designed to be completed by the subject) and hetero-evaluation

scales (intended for use by an interviewer).

A. Self-Assessment Scales for Anxiety

The main categories of self-assessment scales used in the evaluation of anxiety are scales

assessing general psychopathology including anxiety, such as the General Health Ques-

tionnaire (GHQ) [21,22] the Symptom Check List-90 Revised (SCL-90R) [23], and the

Brief Symptom Inventory (BSI) [24]; scales assessing the general anxiety (e.g., the Beck

Anxiety Inventory [25], and the Hospital Anxiety and Depression (HAD) [26] and, finally,

scales assessing specific dimensions of anxiety such as the Fear Questionnaire [27] and

the Penn State Worry Questionnaire (PSWQ) [28].

B. General Psychopathology Scales Assessing Anxiety

In this chapter we are going to examine the most commonly used measures of general

psychiatric symptoms. These scales are intended as screening instruments to identify indi-

viduals likely to have psychopathology, not as specific diagnostic measures to identify

particular axis I disorders. These instruments also focus on the impact of the psychopathol-

ogy on the individual’s ability to function. The GHQ assesses levels of mental health in

general clinical practice, the SCL-90-R goes further in assessing specific symptoms with
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nine symptom constructs. Finally, the BSI is a multidimensional symptom inventory de-

rived for brevity from the SCL-90-R.

The GHQ [21,22] was developed to evaluate the psychological components of ill

health, assessing the subject’s ability to carry out daily functions. This measure is not

designed for psychiatric diagnosis but rather as a screening device. It may be seen as

a complement to a formal psychiatric interview. This instrument is a self-administered

questionnaire that takes 3 to 15 min to complete.

There are four versions of the GHQ, which include 60, 30, 28, or 12 items, respec-

tively. The GHQ-28 is a scaled version of the GHQ designed on the basis of results

from principal components analysis, indicating a total score with four subscales: somatic

symptoms (scale A), anxiety/insomnia (scale B), social dysfunction (scale C), and severe

depression (scale D). These subscales are dimensions of symptomatology rather than dis-

tinct diagnosis.

The GHQ is highly acceptable to the general population, as evidenced by its frequent

use in large-scale surveys in clinical and nonclinical settings. This instrument has been

used most commonly to estimate the prevalence, presentation, detection, and outcome of

psychiatric disorders among primary care attenders.

The SCL-90-R [23] is a 90-item self-administrated questionnaire assessing the dis-

comfort created by each symptom during the past week. This instrument contains only

minor revisions from the SCL-90 that are the replacement of two items and minor changes

to seven other items. The SCL-90-R is constituted by nine symptom constructs: somatiza-

tion, obsessive-compulsive symptoms, interpersonal sensitivity, depression, anxiety, hos-

tility, phobic-anxiety, paranoid ideation, and psychoticism. It takes about 12 to 20 min to

complete. This instrument can be used as a screening instrument of global psychological

distress and as a multidimensional measure of symptom profiles. This instrument is often

used in randomized clinical trials assessing antidepressants and anxiolytics, and also in

clinical studies evaluating anxiety and depressive disorders. Schmitz et al. [29] investi-

gated the screening properties of the GHQ-12 and the SCL-90-R in a primary care setting

in Germany. A randomly selected sample (n � 408) of adult outpatients from 18 primary

care offices was screened using the German versions of the GHQ-12 and the SCL-90-R.

A structured diagnostic interview (SCID) and an impairment rating (IS) were used as a

gold standard to which both questionnaires were compared. There was no difference in

the performance of the general scores of the two questionnaires. Both instruments were

able to detect cases. Analyses confirmed that the SCL-90-R subscales “anxiety” and “de-

pression” showed acceptable concurrent validity for the diagnostic groups anxiety and

depression (according to DSM-III-R). In this study, GHQ-12 and SCL-90-R appeared to

be useful tools for identifying mental disorders in primary care practice and research.

The Brief Symptom Inventory (BSI) [24] is derived from the SCL-90-R. This instru-

ment is a multidimensional symptom inventory designed to assess the psychological symp-

tom patterns of respondents in the community, medical, and psychiatric settings. The BSI

is a 53-item form of the SCL-90-R requiring 8 to 10 min to be completed. It reflects

psychopathology and psychological distress in terms of the same nine symptom dimen-

sions of the SCL-90-R. The BSI may be used as a single, one-time assessment of the

patient’s clinical status. It may also be used repeatedly to document formal outcomes or

quantify pre- and post-treatment responses. This instrument is therefore useful both in

screening primary care patients and in planning treatment and evaluating outcome.

Collectively, the sum of studies using the BSI demonstrates the instruments to be
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broadly sensitive to the manifestations of psychological distress and interventions across

a wide range of contexts.

C. Scales Assessing General Anxiety

Principal instruments providing broad coverage of anxiety symptomatology are described

in this part. Usually, these instruments are used in situations in which a clinician does

not want to assess a specific type of anxiety disorder or in patients with clinically signifi-

cant anxiety that falls below the minimum threshold set by the anxiety disorder criteria.

These broader measures should not be confused, as they often are, with measures of gener-

alized anxiety disorder, which is a specific DSM diagnosis.

HADS [26] is 14-item self-report scale originally designed to screen for the presence

of a mood disorder in medically ill patients. Seven items of the instrument assess anxiety

and seven items assess depression. Factor analysis of the instrument has revealed that all

seven items assessing depression correspond to a single factor (depression factor), whereas

the items assessing anxiety correspond to two factors—motor anxiety and psychological

anxiety. This instrument is a good screening device for the presence of depressive disorder

in nonpsychiatric populations.

Zigmond and Snaith [26] found item-total correlations (r) ranging from 0.30 to 0.60

in 50 patients in a general outpatient clinic. An exploratory factor analysis of the HAD

was carried out in 568 cancer patients by Moorey et al. [30]. Two distinct, but correlated,

factors emerged that corresponded to the questionnaire’s anxiety and depression subscales.

The factor structure proved stable when subsamples of the total sample were investigated.

The internal consistency of the two subscales was also high. The validity of this instrument

was assessed in adolescents by White et al. [31].

The HADS was given to 248 schoolchildren, to 48 psychiatric outpatients, and to

38 deliberate self-harm inpatients aged 12 to 17, and validated against ICD-10 diagnoses

for the outpatients. In this study, the HADS has adequate test–retest reliability and factor

structure, and discriminates between adolescents diagnosed with depressive or anxiety

disorders and those without these diagnoses.

Finally, the construct validation of the Hospital Anxiety and Depression Scale was

assessed with clinical populations by Johnston et al. [32]. Data from patients with breast

disease, myocardial infarction, and stroke were examined using factor analytic and psycho-

metric analyses. The HADS showed high levels of internal consistency and there was

little evidence that removing items would improve it.

The Beck Anxiety Inventory (BAI) [25] assesses anxiety, with a focus on somatic

symptoms. This instrument was specifically developed to discriminate between anxiety

and depression. The BAI is a 21-item self-report questionnaire assessing symptoms of

anxiety such as nervousness, inability to relax, dizziness or light-headedness, and heart

pounding or racing. Patients record how much they have been bothered by each symptom

during the past week, including the day the questionnaire was administered. It takes ap-

proximately 5 min to complete this instrument. This questionnaire is a reliable and well-

validated measure of somatic anxiety symptoms found across anxiety disorders and also

in depression. However, it is important to note that this instrument does not assess worry,

which is an important symptom in the GAD, nor does it focus on the other DSM-IV

symptoms of this specific anxiety disorder. Moreover, BAI does not discriminate well

between specific anxiety disorders.

The Beck Anxiety Inventory was administered to 105 outpatients who were diag-
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nosed with various types of psychiatric disorders by Steer et al. [33]. A principal factor

analysis was performed, and two factors were found to represent subjective and somatic

symptoms of anxiety. Results of this study supported the use of the inventory for evaluat-

ing self-reported anxiety in outpatients adolescents.

D. Instruments Assessing Specific Dimensions of Anxiety

The Fear Questionnaire [27] is a self-report instrument developed to assess the severity

of common phobias (mainly agoraphobia, social phobia, and blood-injury phobia) and

associated anxiety and depression. The FQ agoraphobia and social phobia subscales may

be useful as brief screening instruments for symptoms of agoraphobia and social phobia.

Cox et al. [34] conducted a confirmatory factor analysis using the Fear Questionnaire

responses of 122 social phobia patients. The results indicated that the proposed three-factor

model of the scale (agoraphobia, social phobia, and blood/injury dimensions) provided a

good fit of data. These data provided strong support for the validity of the scale.

The Penn State Worry Questionnaire (PSWQ) [28] was designed to assess trait

symptoms of pathological worry. This instrument was created to assess the tendency of

an individual to worry, and the tendency for the worrying to be generalized and not re-

stricted to one or a small number of situations. The PSWQ is a 16-item self-report ques-

tionnaire assessing the frequency and intensity of worry symptoms. It takes approximately

5 min to complete this instrument. The PSWQ showed good convergence with other mea-

sures of worry in nonclinical populations. The use of this instrument is recommended as

a measure of severity of pathological worry and change. It may be useful as a screening

tool to detect pathological worry, but it cannot be used to diagnose generalized anxiety

disorder in nonclinical populations because worry could be related to many disorders

besides generalized anxiety disorder.

Brown et al. [35] assessed the psychometric properties and utility of the PSWQ in

a clinical sample of 436 anxiety disorders patients and 32 normal controls. Factor analysis

indicated that the PSWQ assesses a unidimensional construct. Furthermore, the PSWQ

evidenced quite favorable internal consistency using GAD patients and each of the other

anxiety disorder groups and normal controls. The validity of the PSWQ was supported

by an analysis indicating that the measure distinguished GADs from each of the other

anxiety disorder groups including those with obsessive-compulsive disorder. Collectively,

the findings speak favorably to the PSWQ in research examining the nature and treatment

of GAD and the processes of normal and pathological worry.

E. Hetero-Evaluation Scales Assessing Anxiety

The Hamilton Anxiety Rating Scale (HARS) [36] is a 14-item clinician-administered rat-

ing scale providing an overall measure of global anxiety, including psychic (cognitive)

and somatic symptoms. The symptoms assessed are anxious mood, tension, fear, insomnia,

intellectual (cognitive) symptoms, depressed mood, behavior at interview, somatic (sen-

sory) symptoms, cardiovascular symptoms, respiratory symptoms, gastrointestinal symp-

toms, genitourinary symptoms, autonomic symptoms, and somatic (muscular) symptoms.

It takes approximately 15 to 30 min to administer this instrument. The HARS can be used

to assess the severity of overall anxiety in patients meeting criteria for anxiety or de-

pressive disorders but this instrument does not distinguish symptoms of a specific anxiety

disorder or distinguish an anxiety disorder from an anxious depression.

The Tyrer’s Brief Scale for Anxiety [37] is a 10-item clinician-administered scale
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designed to assess anxiety among mentally ill patients. This instrument is derived from

the CPRS (Comprehensive Psychopathological Rating Scale) [38], which assesses general

psychopathology.

This instrument includes 10 specific items for generalized anxiety; eight items corre-

spond to reported symptoms and two to the observed ones. The cognitive symptoms of

anxiety are assessed by four items, whereas the somatic symptoms of anxiety are assessed

by five items. It takes approximately 15 min to complete this instrument. This instrument

has been used in pharmacological trials assessing the efficacy of anxiolytic drugs.

The Association for Methodology and Documentation in Psychiatry (AMDP-Sys-

tem) [39] is composed of two parts: a part on history data (AMDP-1 to �3) and a part

on the present psychiatric and somatic state (AMDP-4 and �5). The psychopathology

scale contains 100 items � 15 “French” items (mainly on anxiety); the somatic scale, 40

� 7 items, all graded from 0 to 4. The interview and the completion of the two scales

take approximately 45 to 60 min. Presently there are two systems derived from the AMDP:

one for gerontopsychiatry (the AGP System) and one for forensic psychiatry (the FPDS

System).

Gebhardt et al. [40] carried out a study assessing the validity of the syndrome scales

in the AMDP-system. In order to assess this validity, various diagnostic groups as defined

by the ICD were described by these scales and distinguished from each other by discrimi-

nant analyses. As a comparison, the same diagnostic groups were distinguished using the

syndrome scales of the AMP system. The analyses using the AMDP system were per-

formed in a sample of 659 patients of the Psychiatric Clinic of the Free University of

Berlin during 1979 to 1980, the analyses with the AMP system in a sample of 2269

patients of the same clinic during the period 1971 to 1976. It could be shown that different

endogenous and organic psychoses as well as neuroses can be described in their psychopa-

thology and discriminated from each other by means of the syndrome scales of the AMDP

system. The validity of the syndrome scales in relation to this criterion could be proved.

Moreover, a high similarity between the results with the AMDP system and the results

with the AMP system was found, which demonstrates that the two systems compare well.

III. INSTRUMENTS FOR THE EVALUATION OF SPECIFIC
ANXIETY DISORDERS

Use of different scales allows better appreciation of the various clinical dimensions of a

specific anxiety disorder. For panic disorders, the available instruments include the Panic-

Associated Symptom Scale [41], the Panic Disorder Severity Scale (PDSS) [42], and Anxi-

ety Sensitivity Index (ASI) [43]. For social phobia, the available instruments include Lie-

bowitz Social Anxiety Scale (LSAS) [44], the Brief Social Phobia Scale (BSPS) [45], and

the Social Phobia and Anxiety Inventory (SPAI) [46]. For obsessive-compulsive disorders,

the available scales include: the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) [47],

and The Leyton Obsessional Inventory [48], and the Mausley Obsessional Compulsive

Inventory [49]. Finally, instruments assessing the post-traumatic stress disorder that we

describe in this chapter are Impact of Event Scale (IES) [50], the Mississippi Scale (MSS)

[51], the Clinician-Administered PTSD Scale (CAPS) [52], and the Posttraumatic Stress

Diagnostic Scale (PDS) [53].

A. Instruments Assessing Panic Disorder and Agoraphobia

The Panic-Associated Symptom Scale (PASS) [41] is a 14-item self-rating scale with a

0 to 3 scoring. The 14 items assess several panic attack symptoms and the patient is asked
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to determine the severity of each symptom during the worst moment of the panic attack.

This instrument is frequently used in studies comparing patients with panic disorder in

terms of clinical features and outcome.

The Panic Disorder Severity Scale (PDSS) [42] is a clinician-administered instru-

ment developed to provide a simple way of measuring the overall severity of DSM-IV

panic disorder. This instrument consists of seven items assessing panic frequency, distress

during panic, panic-focused anticipatory anxiety, phobic avoidance of situations, phobic

avoidance of physical sensations, impairment in work functioning, and impairment in

social functioning. It takes between 5 to 10 min to complete the PDSS. This instrument

is useful in assessing overall panic disorder severity at baseline, and it provides a profile

of severity of the different panic disorder symptoms. It is important to note that the PDSS

is not a diagnostic instrument; it could be used to monitor the outcome of panic disorder

specifically.

Shear et al. [54] assessed reliability and validity of the PDSS and tried to provide

an estimate of a cut-off score discriminating the presence or absence of current DSM-IV

panic disorder, and to determine the factor structure of the instrument. One-hundred-four

psychiatric outpatients, including 54 with current panic disorder, underwent structured

diagnostic assessment and the PDSS interview. The PDSS was repeated within 3 to 17

days. The reliability and the validity of the PDSS were confirmed and a one-factor solution

fit the data. A cut-off score of eight identifies patients with current panic with a sensitivity

of 83.3% and a specific of 64%.

The Panic and Agoraphobia Scale [55] was developed to assess the degree of sever-

ity of these disorders after a diagnosis has been made according to the criteria of the

DSM-III-R/IV or the ICD-10. This instrument was specially developed for use in clinical

drug trials. Factors that impair the quality of life in panic disorder and agoraphobia patients

(panic attacks, phobic avoidance, anticipatory anxiety, impairment in social relationships

and work, assumption of somatic disease) were considered in the development of this

scale so that the efficacy of a certain drug therapy on each of these factors can be assessed

separately. It takes few minutes to complete this instrument. The PAS is a useful tool for

assessing the severity of PDA.

The Anxiety Sensitivity Index (ASI) [43] assesses fear of anxiety symptoms or con-

sequences, evaluating the degree to which individuals interpret symptoms of anxiety as

threatening. This instrument is a 16-item self-report questionnaire that could be used as

a measure of symptom type and severity at baseline, and a clinical outcome measure in

patients with panic disorder. Although the ASI is not a diagnostic measure, this instrument

could be used to distinguish patients with panic disorder from patients with other anxiety

disorders.

Since the development of the 16-item Anxiety Sensitivity Index ASI, there has been

considerable controversy in the literature about whether it should be conceptualized as an

unidimensional or multidimensional measure. ASI responses were collected by Cox et al.

[56] from 216 panic disorder patients and 365 undergraduate students. Confirmatory factor

analysis results for both the patient and student data strongly supported the view that the

ASI is a multidimensional measure.

The Mastery of Your Anxiety and Panic II [57] is a method for recording self-

monitored panic attacks. Any panic attacks had to be recorded as soon as the attacks

are over providing measure of frequency, intensity, and duration of panic episodes. This

instrument could be used as the main outcome measure in studies of panic disorder. Panic

frequency data can be collected over any specified period, although a minimum of 2 weeks

is recommended to establish a baseline for the panic attack.
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The Mobility Inventory for Agoraphobia (MI) [58] is a self-report questionnaire

designed to assess the frequency of panic attacks and the severity of agoraphobic avoid-

ance behavior both in situations where the patient is accompanied by a trusted companion

and where the patient is alone. It takes about 20 min to complete this instrument. The MI

seems to be the best available measure of agoraphobic avoidance to data.

B. Instruments Assessing Social Phobia

The Liebowitz Social Anxiety Scale [44] is a clinician-administered semistructured inter-

view designed to assess the social phobia as determined by DSM-IV criteria. The LSAS

includes 24 items, 13 describing performance situations and 11 describing social interac-

tional situations. The LSAS yields four subscales: fear-social, avoidance-social, fear-per-

formance, and avoidance-performance. It takes approximately 15 to 20 min to complete

this instrument. The Liebowitz scale covers a broad range of potentially fearful situations.

Heimberg et al. [59] assessed the reliability, validity, and treatment sensitivity of

the Liebowitz Social Anxiety Scale. Three hundred and eighty-two patients from several

studies of the treatment of social phobia were evaluated. An independent assessor adminis-

tered the LSAS to each patient prior to the initiation of treatment. Patients also completed

other measures of social anxiety and avoidance, although the specific measures varied

across the samples. The LSAS and its subscales were normally distributed and demon-

strated excellent internal consistency. The convergent validity of the LSAS was demon-

strated via significant correlations with other commonly used measures of social anxiety

and avoidance. These correlations also tended to be larger than correlations with measures

of depression, especially after treatment. However, the pattern of correlations of LSAS

subscales with one another and with the other measures suggest that the fear subscales

and the avoidance subscales may not be sufficiently distinct in clinical samples. The LSAS

was also demonstrated to be sensitive to the effects of pharmacological treatments of social

phobia over time. In conclusion, the LSAS appeared to be a reliable, valid, and treatment-

sensitive measure of social phobia.

The Brief Social Phobia Scale (BSPS) [60] is a semistructured instrument assessing

severity and treatment response in social phobia as defined by DSM criteria. The BSPS

consists of 11 items. The first seven items assess the severity of avoidance for each of

the following situations: public speaking, talking to people in authority, talking to strang-

ers, being embarrassed or humiliated, being criticized, social gatherings, and doing some-

thing while being watched. The second part contains four items assessing physiological

symptoms (i.e., blushing, trembling, palpitations, and sweating) experienced by the patient

while being confronted with the social situations. It takes approximately 10 to 15 min to

complete this instrument. The BSPS should not be used as a diagnostic instrument. It does

not provide information about the duration of social phobia symptoms or the degree of

distress or interference they cause. Finally, this instrument demonstrates acceptable inter-

rater and test–retest reliability, internal consistency, concurrent validity against other mea-

sures of social phobia, and the ability of patients to change as a result of treatment. It can

also detect differences between active treatment and placebo treatment.

Davidson et al. [45] assessed the psychometric properties of the BSPS in a sample

of social phobia patients. The results yielded a high level of reliability and validity. Test–

retest reliability was excellent, as was internal consistency. The fear and avoidance sub-

scales demonstrated highly significant correlations with remaining items totals; however,

the physiological subscale did not. The BSPS also demonstrated significant relationships
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with other established scales that assess anxiety and disability, and it proved sensitive to

treatment effects in a trial of 5-HT3 antagonist and placebo.

The Social Phobia and Anxiety Inventory [46] is a self-report questionnaire assess-

ing specifically social phobia as defined in DSM. This instrument is composed of two

subscales that are the 32-item social phobia scale and the 13-item agoraphobia scale.

Twenty-one of the 32 social phobia items assess the degree of distress in different social

settings. Other social phobia items assess the degree to which respondents experience

somatic and cognitive symptoms in social situations. Average administration time is be-

tween 20 and 30 min.

Beidel et al. [61] examined the correlation of the SPAI with daily social behavior of

a clinic sample of social phobics. The results indicated that the SPAI provides a reasonable

indication of the distress experienced during daily social encounters in three dimensions:

behavior, cognitions, and overall distress. They also examined the validity of the SPAI

with reference to the somatic response and avoidance behavior of social phobics. The

results indicated that the somatic items of the SPAI are related to the somatic response

of social phobics and that performance of the SPAI is associated with avoidance behavior

in an anxiety-producing task.

C. Instruments Assessing the Obsessive-Compulsive Disorders

The Yale-Brown Obsessive Compulsive Scale [47] was designed to remedy the problems

of existing rating scales by providing a specific measure of the severity of symptoms of

obsessive-compulsive disorder that is not influenced by the type of obsessions or compul-

sions present. This instrument measures the severity of obsessive-compulsive symptoms

in patients with obsessive-compulsive disorder. Both obsessions and compulsions are rated

in terms of time spent, interference with functioning, distress, resistance, and control. This

instrument is a clinician-administered interview, divided into two subscales: the obsessions

subscale and the compulsions subscale. It takes approximately 10 to 15 min to administer

the Y-BOCS.

The Y-BOCS is currently a standard for the assessment of obsessive-compulsive

symptoms. It provides a good measure of overall obsessive-compulsive disorder severity

and it is well suited for assessing changes with treatment. It can be used as a screening

instrument, but it is not a diagnostic instrument because it does not specifically assess

whether the diagnostic criteria for DSM-IV obsessive-compulsive disorder are met or not.

Goodman et al. [47] assessed the validity of the Y-BOCS and its sensitivity to

change. Convergent and discriminant validity were examined in baseline ratings from

three cohorts of patients with obsessive-compulsive disorder (n � 81). The total Yale-

Brown Scale score was significantly correlated with two of three independent measures

of obsessive-compulsive disorder and weakly correlated with measures of depression and

anxiety in patients with obsessive-compulsive disorder with minimal secondary depressive

symptoms. These results indicate that this is a reliable and valid instrument for assessing

obsessive-compulsive disorder symptom severity.

The Leyton Obsessional Inventory [48] is a 69-item self-administered instrument

designed to assess obsessive and compulsive symptoms among patients. First, the subject

must answer each item, checking the presence or absence of obsessive or compulsive

symptoms. Then the patient is asked to choose answers regarding the interference of the

symptoms with daily life and the degree of the patient’s resistance to each symptom. This

instrument is often used in clinical settings, but it cannot be used as a screening instrument

or in epidemiological studies.
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The Leyton Obsessional Inventory was administered to 73 obsessive-compulsive

patients by Murray et al. [62] and their responses were compared with those of 100 normal

subjects. The ratio of the mean patient to normal scores ranged from 2.4:1 for obsessional

traits and 3.2:1 for symptoms to 6.2:1 for resistance and 12.5:1 for interference with

other activities. A principal components analysis on the patients’ replies produced three

unitary components (household order, personal contamination, and doubting plus two bi-

polar components (checking/parsimony and desire for closure/unpleasant ruminations).

These components appeared to be quite stable and have also been identified in normal

subjects, suggesting that obsessional neurotics differ from normal subjects quantitatively

rather than qualitatively.

The Maudsley Obsessional Compulsive Inventory (MOCI) [49] is a 30-yes/no-item

instrument assessing obsessional and compulsive symptoms such as checking, cleaning,

slowness, and doubting. The psychometric characteristics and relationship among the Ley-

ton Obsessional Inventory, the MOCI, and the Y-BOCS were examined in a sample of

30 obsessive-compulsive patients diagnosed using a structured interview [63]. The major-

ity of the subscales of the various measures were found to have a good internal consistency

across gender and the mean scores were similar to those reported in other studies.

D. Instruments Assessing the Post-Traumatic Stress Disorder (PTSD)

The Impact of Event Scale (IES) [50] is a 15-item self-report questionnaire originally

developed to measure the psychological response to specific traumatic stressors or stressful

life events. More precisely, it was intended to capture symptoms of intrusion and avoid-

ance. Clinical, field, and experimental studies of potentially stressful life events give con-

cordant findings: there is a general human tendency to undergo episodes of intrusive think-

ing and periods of avoidance. The IES can be employed with any stressful life events.

This instrument is composed of two scales, the 7-item intrusion subscale and the 8-item

avoidance subscale. Respondents rate how frequently they experienced each of the 15 IES

symptoms during the prior 7 days on a 4-point scale. It is important to notice that the IES

does not assess hyperarousal symptoms (e.g., irritability and exaggerated startle response)

that are part of the DSM-IV diagnostic criteria for post-traumatic stress disorder. It takes

about 5 to 10 min to administer the IES. Although the IES is not a diagnostic instrument,

it provides a brief, reliable, assessment of intrusion and avoidance symptoms associated

with post-traumatic stress disorder.

Sundin and Horowitz [64] reviewed studies that evaluated the psychometric proper-

ties of the IES. The results indicate that the IES’s two-factor structure is stable over differ-

ent types of events, that it can discriminate between stress reactions at different times

after the event, and that it has convergent validity with observer-diagnosed post-traumatic

stress disorder. The use of IES in many psychopharmacological trials and outcome studies

is supportive of the measure’s clinical relevance.

The Mississippi Scale (MSS) [51] is a 35-item self-report assessing the severity of

trauma-related symptoms on the basis of the DSM-III criteria for post-traumatic stress

disorder. It takes 5 to 20 min to complete the MSS. This instrument seems to be a useful

self-report measure of baseline post-traumatic stress disorder principal symptoms. It is

important to note that the MSS is not a diagnostic measure but provides an assessment

of the severity of this specific anxiety disorder.

Lauterbach et al. [65] assessed the psychometric properties of the Civilian Missis-

sippi Posttraumatic Stress Disorder Scale. The Mississippi is internally consistent (alpha
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approximately � 0.89, split-half r approximately � 0.80), and it can discriminate between

traumatized and nontraumatized respondents. However, its relationship with measures of

PTSD was weaker than its relationship with measures of depression and anxiety, sug-

gesting that it may be more of a general measure of distress.

The Clinician-Administered PTSD Scale [52] is a structured interview assessing the

type and severity of DSM-III-R Post-traumatic stress disorder symptoms. The CAPS con-

sists of 17 interviewer-rated items that cover the principal symptoms of PTSD according

to the DSM criteria, which are reexperiencing the traumatic event, presence of intrusive

thoughts, flashbacks, distressing dreams, avoidance of stimuli related to the trauma, numb-

ing of general responsiveness, efforts to avoid trauma-related thoughts or situations, and

restricted affect and increased arousal with sleep problems, irritability and hypervigilance.

It takes approximately 45 to 60 min to administer this instrument. This scale could be

used as a diagnostic instrument, as a measure of baseline severity of post-traumatic stress

disorder and as a treatment outcome measure.

The Posttraumatic Stress Diagnostic Scale (PDS) [53] is a 49-item self-report scale

developed to provide a reliable DSM-IV diagnosis of post-traumatic stress disorder and

for quantifying the symptom severity. The score provides a profile of diagnosis, symptom

severity, symptom description, and level of impairment. It takes 10 to 15 min to complete

this instrument.

IV. INSTRUMENTS ASSESSING DEPRESSION

The goal of assessing depression is to measure the severity of depressive symptoms in

terms of both the severity of individual symptoms and the total number of depressive

symptoms that have been present. Most of the depressive self-rating scales could be used

as screens and can indicate the presence of depressive symptoms. However, unless the

screens were used in a patient with an earlier determined diagnosis of depressive disorder,

the clinician would still need to completely assess the patient before diagnosing depressive

disorder.

A. Self-Assessment Scales

The Beck Depression Inventory (BDI) [66] is a self-administered instrument developed

to assess the behavioral manifestations of depression. This instrument provides a standard-

ized assessment of depression severity in patients with previously diagnosed depressive

illness. The BDI is one of the most used self-rating scales for measuring depression. A

second use of the BDI is to screen patients who may have depressive illness and may

require intervention, but in this case, the BDI should be followed up with a diagnostic

instrument or a clinical interview. It takes 5 to 10 min to complete the BDI. Richter et

al. [67] discussed validity aspects of the BDI on the basis of meta-analyses of studies on

the psychometric properties. Shortcomings of the BDI are its high item difficulty, lack of

representative norms, and thus doubtful objectivity of interpretation, controversial factorial

validity, instability of scores over short time intervals (over the course of 1 day), and poor

discriminant validity against anxiety. Advantages of the inventory are its high internal

consistency, high content validity, validity in differentiating between depressed and nonde-

pressed subjects, sensitivity to change, and international propagation.

The Center for Epidemiologic Studies Depression Scale (CES-D) [68] is a 20-item

self-report instrument developed in order to measure symptoms of depression in commu-
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nity populations. This instrument has also been used in many studies as a screen for the

presence of depressive illness. The items assess the depressed mood, feelings of worth-

lessness, feelings of hopelessness, loss of appetite, poor concentration, and sleep distur-

bance. The scale does not include items for increased appetite or sleep, anhedonia, psycho-

motor agitation or retardation, guilt or suicidal thoughts.

Weissman et al. [69] presented data from psychiatric populations and a community

sample on the CES-D. Results showed that the scale is a sensitive tool for detecting de-

pressive symptoms and change in symptoms over time in psychiatric populations, and

that it agreed quite well with more lengthy self-report scales used in clinical studies and

with clinician interview ratings. Although a symptom scale cannot differentiate between

diagnostic groups, the CES-D has demonstrated its validity as a screening tool for de-

tecting depressive symptoms in psychiatric populations.

The Zung Self-Rating Depressive Scale (Zung SDS) [70] is a 20-item self-report

instrument providing a measure of depression severity. Items are selected to tap affective,

cognitive, behavioral, and physical aspects of depression. Although there is coverage for

most DSM-IV symptom criteria, there is no item assessing psychomotor retardation or

symptoms that are more common in atypical depressions such as increased appetite, weight

gain, or hypersomnia.

Biggs et al. [71] assessed the validity of the ZSDS. This instrument correlated well

(0.69) with the treating physician’s global rating in 26 depressed outpatients during the

6 weeks of treatment with a tricyclic antidepressant. In a larger sample of 41 patients, a

high correlation was found between the ZSDS and the Hamilton Rating Scale. The sensi-

tivity of the ZSDS was found to be adequate. The scale was able to differentiate, at the

0.05 level, four severity groups classified on the basis of the global rating. This study

indicated that the ZSDS is a valid and sensitive measure of clinical severity in depressed

patients and supported its continued use as a research instrument.

This self-administered Befindlichkeits-Skala (BFS) [72] includes 28 pair of antony-

mous adjectives designed to assess mood. The BFS provides an assessment of mood varia-

tions. For each adjective pair, the patient is asked to choose between three answers. This

scale is easy to complete and is not time consuming. It could be easily used in clinical

settings.

B. Hetero-Evaluation Scales

The Hamilton Rating Scale for Depression (Ham-D) [73] is a 17-item interviewer-adminis-

tered scale providing an assessment of the severity of depressive symptoms in patients

with primary depressive illness. This instrument is also useful for monitoring changes in

depressive symptoms with treatment. The Ham-D is probably the most commonly used

observer-rated depressive symptom rating scale. It takes about 15 to 20 min to administer

the Ham-D. It is important to note that because this instrument was developed before the

DSM-III and the Research Diagnostic Criteria, it does not include symptoms like anhedo-

nia, and reverse neurovegetative symptoms (oversleeping and overeating), and thus may

underestimate depressive severity in patients with atypical features. Several other versions

of this instrument (21 items, 23 items, and 26 items) are also available.

Ratings of 54 English and 52 Swedish patients on a 65-item comprehensive psycho-

pathology scale were used to identify the 17 most commonly occurring symptoms in pri-

mary depressive illness in the combined sample. Ratings on these 17 items for the patients

participating in studies of four different antidepressant drugs were used to create a depres-
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sion scale consisting of the 10 items that showed the largest changes with treatment and

the highest correlation to overall change. This new scale was the Montgomery-Asberg

Depression Ratings Scale (MADRS) [74].

MADRS is a 10-item interviewer-administered scale designed to assess the overall

severity of depressive symptoms in patients with depressive disorder. The main goal of

this instrument is to assess treatment changes with good sensitivity. It takes approximately

15 min to administer the MADRS. The inter-rater reliability of this scale is high. Scores

on the scale correlate significantly with scores on a standard rating scale for depression,

the Hamilton Rating Scale for Depression (Ham-D), indicating its validity as a general

severity estimate. Its capacity to differentiate between responders and nonresponders to

antidepressant treatment is better than the Ham-D, indicating greater sensitivity to change.

Davidson et al. [75] assessed the reliability and the validity of the MADRS in 44

depressed inpatients. All items on the scale occurred frequently in the sample; the scale

exhibited construct validity (internal homogeneity) and concurrent validity relative to the

Hamilton Depression Scale and the concepts of endogenous and nonendogenous depres-

sion. Sleep disturbance, reduced appetite, and suicidal thoughts correlated poorly with the

remainder of the scale. Finally, inter-rater reliability was demonstrated between a psychia-

trist and a nurse on individual item and total scores.

The Scale of Psychomotor Retardation [76] assesses only one dimension of depres-

sion, that is, psychomotor retardation, whereas most of the instruments provide an assess-

ment of several dimensions of this mood disorder. This interviewer-rated 14-item instru-

ment describes the motor, verbal, hedonic, and cognitive behavior of the depressed patient.

This scale could be used in assessing the efficacy of antidepressant drugs.

The CORE system [77] is an 18-item clinician-rated instrument assessing psychic

and motor signs in depressed patients. Retardation, agitation, and lack of interaction are

the three main dimensions of the CORE System. Each item is scored 0 to 3, with a total

score of 54. A single cut off score of 8 is used to allocate patients to either a “melancholic”

or “nonmelancholic” class.

The Bech-Rafaelsen Melancholia Scale [78] is an 11-item interviewer-administered

instrument providing an assessment of cognitive and somatic symptoms in depressed pa-

tients. This scale is derived from the Hamilton 17-item scale and from the Cronholm-

Ottoson Depression Scale. This instrument should be administered at a precise time, in

the morning, between 8:00 and 9:30 am. It takes approximately 15 to 30 min to complete

this instrument. The Bech-Rafaelsen Melancholia Scale seems to be a good instrument

in assessing the depressive disorder, among in- or outpatients. It could also be used in

pharmacological and epidemiological studies. It is important to note that even though the

name of this scale refers to melancholia, this instrument could be used among patients

with minor, nonmelancholic depression.

Finally, depression scales developed for use in special populations are also available.

We are going to describe one scale usually used in postpartum women, one used in elderly

people, and one used in schizophrenic patients.

The Edinburgh Postnatal Depression Scale [79] was designed to identify patients

with postpartum depression. This instrument is a 10-item self-report questionnaire provid-

ing a probable diagnosis of depression on the basis of Research Diagnostic Criteria (RDC).

It takes approximately 10 min to complete this instrument. This scale seems to be well

accepted and it appears to be helpful for aiding general practitioners in detecting major

and minor depressive disorder occurring in the postpartum period. It also has the advantage

that many usual somatic features in postpartum women, including changes in sleep and
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energy, are not scored as pathological. In addition to performing as a screening tool, the

EPDS measures the severity of depression.

The Geriatric Depression Scale (GDS) [80] was developed to assess depression in

geriatric populations. Most of the currently available symptom scales were developed and

validated in samples of medically healthy younger adults. However, it is important to

notice that sleep difficulties, decreased energy, and decreased libido are frequently found

in nondepressed elderly persons. Thus, there is a need to use a different set of symptom

descriptors when assessing depression in geriatric populations. In constructing the GDS,

a 100-item questionnaire was administered to normal and severely depressed subjects.

The 30 questions most highly correlated with the total scores were then selected and

readministered to new groups of elderly subjects. These subjects were classified as normal,

mildly depressed, or severely depressed on the basis of Research Diagnostic Criteria

(RDC). The GDS, Ham-D, and SDS are all found to be internally consistent measures,

and each of the scales was correlated with the subject’s number of RDC symptoms.

The GDS was designed to provide a reliable screening test for depression that would

be easy to score and simple to administer. The items reflect a variety of symptoms relevant

to depression, including lowered mood, poor self-image, poor motivation, past versus

future orientation, cognitive problems, obsessive traits, and agitation. This instrument is

a 30-item self-report scale used to screen for depressive illness in geriatric patients and

also used to assess the severity of depression for monitoring change over time or with

treatment. The authors suggest that the GDS represents a reliable and valid self-rating

depression screening scale for elderly populations.

Lyons et al. [81] assessed the reliability, validity, and temporal stability of the Geri-

atric Depression Scale (GDS) in 69 elderly patients who underwent surgery for broken

hips. The GDS demonstrated internal consistency, reliability, and concurrent validity with

the Hamilton Depression Rating Scale. In addition, the GDS was stable across the hospital

stay and thus appeared to be less influenced by the patients’ acute health status.

The Calgary Depression Scale for Schizophrenia (CDSS) [83] was developed to

assess symptoms of major depressive disorder in patients with schizophrenia. Rating scales

developed to assess depressive symptoms have questionable validity in schizophrenic pa-

tients. The CDSS proposes to address this problem. This instrument consists of nine items:

depressed mood, hopelessness, self-deprecation, guilty ideas of reference, pathological

guilt, depression worse in the morning, early wakening, suicide, and observed depression.

The items on the CDSS are all typical depressive symptoms and do not appear to overlap

with the negative symptoms of schizophrenia. These items are selected from the Hamilton

Depression Rating Scale and the Present State Examination. The time frame is typically

2 weeks prior to the interview. It takes 15 to 20 min to administer this instrument. The

CDSS is potentially useful in screening patients with schizophrenia to identify those with

possible major depressive disorder. This instrument is also useful in monitoring the re-

sponse of depressive symptoms to treatment.

V. CONCLUSION

The first step when choosing an instrument in psychopathology is to determine whether

one intends to use the instrument for diagnosis or to evaluate the severity of a given

disorder. If the main aim of the evaluation is diagnosis, a categorical instrument is suitable.

On the other hand, if the severity of the disorder is being assessed, a dimensional instru-

ment is appropriate. Next, one must consider who will administer the instruments. Certain
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instruments can only be used by psychiatrists or clinical psychologists (e.g., SADS),

whereas others (e.g., CIDI or DIS) can be used by trained lay interviewers.

Clinical studies, including randomized controlled trials, often rely on specialized

instruments that can only be administered by psychiatrists or clinical psychologists. Epide-

miological studies, however, make use of instruments that can be used by trained lay

interviewers. Finally, some instruments are particularly suitable for screening of patients

in the primary care setting (PRIME-MD).

In case of dimensional evaluations, certain instruments are intended for evaluation

of general psychopathology, including anxiety (e.g., GHQ, SCL90R), whereas others as-

sess only general anxiety (e.g., BAI, HAD). Another group of instruments evaluate specific

dimensions of general anxiety (e.g., Fear Questionnaire, PSWQ). A final group of dimen-

sional instruments (e.g., PASS, PDSS, Y-BOCS) assess specific anxiety disorders such

as panic disorder or obsessive-compulsive disorder.

The use of standardized instruments in clinical practice can improve the collection,

synthesis, and reporting of information as compared with the use of unstructured clinical

examinations. Standardized assessments can ensure that relevant topics are covered in

appropriate depth and decrease the likelihood of omitting important domains of informa-

tion. These instruments also allow categorization and quantification of symptoms ac-

cording to an agreed-upon system and provide consistency of assessments across exam-

iners.
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Mardaga, 1981.

40. Gebhardt R, Pietzcker A. Validity of the syndrome scales in the AMDP-system. Arch Psychiatr

Nervenkr 1983; 233(6): 509–523.

41. Argyle N, Deltito J, Allerup P, Maier W, Albus M, Nutzinger D, Rasmussen S, Ayuso JL,

Bech P. The Panic-Associated Symptom Scale: measuring the severity of panic disorder. Acta

Psychiatr Scand 1991; 83(1):20–26.

42. Shear MK, Brown TA, Barlow DH, Money R, Scholomskas DE, Woods SW, Gorman JM,

Papp LA. Multicenter collaborative panic disorder severity scale. Am J Psychiatry 1997;

154(11): 1571–1575.

43. Reiss S, Peterson RA, Gursky DM, McNally RJ. Anxiety sensitivity, anxiety frequency and

the prediction of fearfulness. Behav Res Ther 1986; 24(1): 1–8.

44. Liebowitz MR. Social phobia. Mod Probl Pharmacopsychiatry 1987; 22: 141–173.

45. Davidson JR, Miner CM, De Veaugh-Geiss J, Tupler LA, Colket JT, Potts NL. The Brief

Social Phobia Scale: a psychometric evaluation. Psychol Med 1997; 27(1): 161–166.

46. Turner SM, Beidel DC, Dancu CV, Stanley MA. An empirically derived inventory to measure

social fears and anxiety: the Social Phobia and Anxiety Inventory. Psychol Assess 1989; 1:

35–40.

47. Goodman WK, Price LH, Rasmussen SA, Mazure C, Delgado P, Heninger GR, Charney DS.

The Yale-Brown Obsessive-Compulsive Scale. I and II. Arch Gen Psychiatry 1989; 46(11):

1006–1016.

48. Cooper J. The Leyton obsessional inventory. Psychol Med 1970; 1(1): 48–64.

49. Hodgson RJ, Rachman S. Obsessional-compulsive complaints. Behav Res Ther 1977; 15(5):

389–395.

50. Horowitz M, Wilner N, Alvarez W. Impact of Event Scale: a measure of subjective stress.

Psychosom Med 1979; 41(3): 209–218.

51. Keane TM, Caddell JM, Taylor KL. Mississippi Scale for Combat-Related Posttraumatic

Stress Disorder: three studies in reliability and validity. J Consult Clin Psychol 1988; 56(1):

85–90.

52. Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS, Keane TM.

The development of a Clinician–Administered PTSD Scale. J Trauma Stress 1995; 8(1): 75–

90.

53. Foa EB, Cashman L, Jaycox L et al. The validation of the self-report measure of post-

traumatic stress disorder: the Post-traumatic Diagnostic Scale. Psychol Assess 1997; 9: 445–

451.

54. Shear MK, Rucci P, Williams J, Frank E, Grochocinski V, Vanjer BJ, Houck P, Wang T.



148 Arbabzadeh-Bouchez and Lépine
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I. INTRODUCTION

Depressive and anxiety disorders are clinically and neurobiologically heterogeneous con-

ditions [1,2]. One consequence of heterogeneity is that it is implausible that a single type

of treatment will be universally effective. Because depression and anxiety often occur at

times of grief or life stress; affect how the sufferer feels about his or her self, world, past,

and future; and disproportionately afflict those with histories of early trauma or personality

difficulties, psychotherapy has long been considered a reasonable and useful treatment

[3]. Since the 1950s, however, many drug therapies have been studied and are now com-

monly used in the treatment of depression and anxiety [4,5]. Moreover, during the past

20 years, greater emphasis has been placed on the theoretical and clinical development

of time-limited structured psychotherapies that are specifically tailored toward core psy-

chopathologies found in the depressive and anxiety disorders [6–8], although the specific-

ity of different psychotherapies has been debated [9]. Given the wide variety of effective

psychotherapies and drug therapies that are currently available for treating depression and

anxiety, a clinically and scientifically important question is whether the combination of

psychotherapy and pharmacotherapy is more effective than either treatment modality

alone. In this chapter, we will review the use of combination psychotherapy and pharmaco-

therapy for depression and anxiety, discuss some of the clinical and methodological prob-

lems with these studies, and suggest directions for future research in this area.
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II. REASONS FOR COMBINING PSYCHOTHERAPY AND
PHARMACOTHERAPY

Various psychotropic drugs, especially antidepressants, have been found to be effective

not only in the treatment of depression [10], but also in the treatment of different anxiety

disorders, including panic disorder with or without agoraphobia [11], generalized anxiety

disorder [12], obsessive-compulsive disorder [13], social anxiety disorder [14], and post-

traumatic stress disorder [15]. In addition, interpersonal psychotherapy (IPT), cognitive

behavioral therapy (CBT), and various forms of behavioral therapy (BT) are effective

treatments for depression [6]. Modified forms of CBT and BT have been better studied

than IPT for anxiety [16–18], and they have been found to be effective in the treatment

of different anxiety disorders [7], including panic disorder [19], generalized anxiety

disorder [20], obsessive-compulsive disorder [21], social anxiety disorder [22], and post-

traumatic stress disorder [23].

Despite the effectiveness of drug therapy, patients may experience residual symp-

toms, may not be fully compliant in taking medication, may have deficient interpersonal

and problem-solving skills, may have underlying maladaptive personality or temperamen-

tal traits, and may face ongoing life stressors [24,25]. Most patients and psychiatric prac-

titioners also strongly prefer the use of psychotherapy to drug therapy [26–28]. Combining

psychotherapy and pharmacotherapy for the treatment of depression and anxiety is com-

monly done in clinical practice and often is recommended by clinical practice guidelines

[29–31]. Together with drug therapy, the use of psychotherapy can instill hope and reestab-

lish patient morale, increase levels of social and physical activity, help develop appropriate

coping behaviors, address medication noncompliance, mobilize psychosocial resources,

and provide practical psychosocial skills development [32].

Although the majority of patients will clearly show clinical improvement with phar-

macotherapy or psychotherapy alone, only a significant minority will experience a full

remission with treatment [33]. Because psychotherapy and pharmacotherapy likely have

different mechanisms of action, combining them might have additive or synergistic thera-

peutic effects that lead to a greater overall clinical outcome [6,34,35]. Drug therapy is

more likely to target underlying biological abnormalities and to improve somatic symp-

toms [4,5]. Psychotherapy is more likely to affect psychological and cognitive processes

and to improve psychosocial functioning [30,36,37]. However, successful drug therapy is

associated with concomitant improvements in psychological and psychosocial functioning

[38]. Successful psychotherapy has also been associated with normalization of abnormal

regional brain metabolism [39,40]. Thus, pharmacotherapy and psychotherapy each may

have primary and secondary effects on the underlying biological pathophysiology of de-

pression and anxiety, as well as associated psychosocial impairment, which may recipro-

cally enhance and complement their therapeutic effects [41,42].

There is also some evidence that the clinical effects of pharmacotherapy may work

more quickly, whereas the effects of psychotherapy may be delayed but more durable

over time [43,44]. For example, antidepressants have been shown to have more rapid

therapeutic benefits compared to psychotherapy [45,46]. By contrast, several studies re-

ported that the therapeutic benefits of psychotherapy were more durable after treatment

discontinuation than those observed in depressed patients withdrawn from antidepressants

[47–50]. As a result, short- and long-term clinical effects of combining psychotherapy

and pharmacotherapy may complement each other.

Drug therapy may facilitate the use of psychotherapy in other ways [51]. Because



Combining Psychotherapy and Pharmacotherapy 153

the use of psychotherapy depends on adequate cognitive functioning (e.g., concentration,

verbal comprehension, and memory), severe depression and anxiety states may be associ-

ated with impaired neuropsychological functioning, making it difficult for a patient to use

psychotherapy effectively [52]. By improving underlying neuropsychological functioning,

drug therapy may improve the cognitive skills necessary to engage in psychotherapy. Also,

psychotherapy may facilitate adherence to pharmacotherapy, especially early in treatment

when side effects are more likely to occur before substantial clinical improvement [53].

For example, in a recent study of chronic depression, subjects treated with a combination

of psychotherapy and pharmacotherapy were less likely to drop out of treatment because

of adverse drug effects compared to subjects treated with pharmacotherapy alone [46]. In

addition, another recent study of bereavement-related major depression found that subjects

receiving combined treatment were less likely to drop out compared to subjects receiving

psychotherapy, pharmacotherapy, or placebo [54].

III. EFFICACY OF COMBINED TREATMENT FOR DEPRESSION
AND ANXIETY

Previous reviews of studies comparing psychotherapy and pharmacotherapy in the treat-

ment of depressive and anxiety disorders have concluded that the two modalities were

generally comparably effective [6,7], although these studies and their conclusions have

been criticized [55]. Most studies investigating the efficacy of combined treatment have

been conducted in depressive rather than anxiety disorders.

A. Depressive Disorders

One of the earliest studies on depression contrasted IPT and amitriptyline, each alone and

in combination, against a minimal-contact control group [56]. Not only did the effects of

both IPT and amitriptyline surpass those of the minimal contact control group, but there

also was a small additive effect favoring the group receiving both active therapies, sug-

gesting that each modality has unique or complementary therapeutic effects. However,

most other early studies of psychotherapy and antidepressant combinations failed to dem-

onstrate statistically significant additive effects [57–61]. More recently, a research group

studying late-life major depression found that approximately 80% of subjects showed a

full response during open treatment with the combination of IPT and the antidepressant

nortriptyline [62], a response rate significantly higher than is usually seen in antidepressant

treatment studies. This group has also compared IPT and nortriptyline, singly and com-

bined, in a group of older adults with grief-related major depressive episodes [54]. The

investigators found a significant effect for nortriptyline (versus placebo), but not for IPT

(versus placebo). They observed several trends suggesting an advantage for the IPT and

nortriptyline combination versus nortriptyline alone, although these modest effects were

not statistically significant because of the small sample sizes of the treatment groups.

Surprisingly, newer generation antidepressants have not been well studied in combi-

nation with psychotherapy. Recently, Ravindran et al. [63] compared group CBT and

sertraline, each alone and in combination, in a placebo-controlled multicenter study of

dysthymic disorder. Sertraline was significantly more effective than placebo or group

CBT, whereas group CBT was not significantly more effective than placebo. Several non-

significant trends suggested an additive effect for group CBT and sertraline, but the study

was too small to determine if this modest advantage was clinically significant.
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Thase et al. [64] reported the results of a pooled analysis of a series of 595 depressed

outpatients treated with psychotherapy alone (using CBT or IPT) or the combination of

IPT and tricyclic antidepressants. Patients receiving combined therapy had a 14% greater

remission rate than those treated with psychotherapy alone. Moreover, there was a large

difference (41%) in the subgroup of patients with more severe, recurrent depressive epi-

sodes. These results support the general finding that psychotherapy and pharmacotherapy

have modest additive effects for a broad range of depressed patients and a large advantage

for selected subgroups (e.g., more severe depressions).

A large multicenter, randomized clinical trial evaluated the cognitive behavioral

analysis system of psychotherapy (CBASP), which is a modified form of CBT, and the

antidepressant nefazodone, singly and in combination, in 681 patients with chronic major

depression [46]. Nefazodone and CBASP were each associated with significant reductions

of depressive symptoms after 12 weeks of treatment, but the combination group had sig-

nificantly greater proportions of responders and fully remitted patients. Nefazodone alone

and combined with CBASP was more rapidly effective than CBASP alone. Subjects

treated with combination therapy appeared to benefit from both the more rapid effects of

nefazodone and the slower emerging benefits of CBASP. Patients receiving combination

therapy also were less likely to relapse during 16 weeks of continuation treatment com-

pared to CBASP or nefazodone alone [65].

Two controlled studies have examined the efficacy of IPT combined with the antide-

pressants imipramine [66] or nortriptyline [67] for prevention of recurrent major depres-

sion. In both studies, sustained remission was initially achieved during acute treatment

with the combination of IPT and medication. Following 4 months of continuation therapy,

the next stage of treatment was random assignment to maintenance pharmacotherapy,

psychotherapy, or a combination of both. In the first study [66], patients receiving imipra-

mine alone or combined with IPT had significantly better outcomes compared to placebo,

IPT alone, or IPT plus placebo during 3 years of maintenance treatment. There was no

advantage for the patients who received combined treatment. In the second study [67],

older patients receiving nortriptyline alone, IPT alone, or combination therapy had signifi-

cantly better outcomes compared to placebo during maintenance treatment. This study,

however, found an additive effect in the group receiving the combination of IPT and

pharmacotherapy.

Several studies have examined the sequential use of combined psychotherapy and

pharmacotherapy after an initial monotherapy treatment trial of depression. These studies

suggested that adding CBT or IPT to pharmacotherapy after completion of acute-phase

pharmacotherapy alone leads to better clinical outcomes [68–70]. A recent study in women

with recurrent major depression found that adding pharmacotherapy in patients who did

not fully respond to an initial course of IPT alone resulted in a greater remission rate

(79%) compared to those patients who had received combined treatment initially (66%)

[71]. Moreover, some studies have found that the sequential addition of psychotherapy

after an initial course of pharmacotherapy not only improves residual depressive symp-

toms, but also will improve psychological symptoms and psychosocial functioning

[70,72]. Hence, combined therapy may be especially useful for patients who have shown

a partial response to psychotherapy or pharmacotherapy alone [32].

Mood-stabilizing medications are considered the mainstay of treatment for bipolar

disorder, but there is developing evidence that the use of specific psychosocial interven-

tions together with pharmacotherapy may lead to a better clinical outcome [73]. For exam-

ple, family-focused psychoeducational treatment was effective in reducing relapses and
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improving depressive symptoms in bipolar disorder [74]. In addition, modified forms of

IPT and CBT have been shown to improve compliance, reduce depressive symptoms, and

increase psychosocial functioning [75–79].

B. Anxiety Disorders

Studies comparing psychotherapy and pharmacotherapy in the treatment of anxiety disor-

ders have generally found that the two modalities are effective [7], although there has

been some debate about their relative efficacy [55]. Compared to depression, however,

the use of combined treatment for various anxiety disorders has not been as well studied

[7,43].

Panic disorder with or without agoraphobia can be effectively treated either with

drug therapy, typically antidepressants, or with psychotherapy, usually some form of CBT

or BT such as exposure therapy [30]. Earlier meta-analyses of treatments for panic disorder

did not find substantial or consistent evidence that combined therapy is better than psycho-

therapy or pharmacotherapy alone [80–82], but various methodological problems with

these studies prevent any definitive conclusions [55]. More recently, a large multicenter

randomized double-blind placebo-controlled clinical trial evaluated CBT and the antide-

pressant imipramine, singly and in combination, in 312 patients with panic disorder [83].

This study found that imipramine and CBT alone were significantly better than placebo

on most measures during acute and maintenance treatment. There was a trend for greater

improvement with combined therapy compared to CBT or imipramine alone during acute

treatment, but combined therapy showed a substantial advantage by the end of mainte-

nance treatment. Studies with newer generation antidepressants such as paroxetine [84]

and fluvoxamine [85] have found that combined therapy may be more effective than psy-

chotherapy alone. Similar to studies in depression, there is developing evidence that adding

psychotherapy to pharmacotherapy may be useful for treating residual symptoms [86] or

preventing relapse [7,87] in panic disorder. Finally, studies of agoraphobia have found

that the combination of imipramine and exposure BT is superior to either therapy alone [7].

Generalized anxiety disorder can be effectively treated with various drug therapies,

including antidepressant drugs, or with psychotherapy, usually CBT [20,12]. Psychother-

apy may also successfully treat comorbid conditions commonly found in generalized anxi-

ety disorder [88]. Unfortunately, there are no systematic studies comparing the efficacy

of combined therapy to psychotherapy or pharmacotherapy alone [7,89].

Obsessive-compulsive disorder can be effectively treated either with drug therapy

(i.e., clomipramine or a serotonin reuptake–inhibiting antidepressant) or with some form

of CBT or BT such as exposure and response prevention therapy [13,90,91]. An earlier

meta-analysis of treatments for obsessive-compulsive disorder suggested that combined

therapy is better than psychotherapy or pharmacotherapy alone [21], but the methodology

of this analysis has been criticized [55]. Other recent studies have not found substantial

or consistent evidence that combined therapy is superior [92,93], although the study by

Hohagen et al. [94] suggested that obsessional and depressive symptoms may improve

more with the combination of BT and the antidepressant fluvoxamine.

Social anxiety disorder can be effectively treated with various drug therapies, pri-

marily antidepressants, or with psychotherapy, usually CBT [14,22]. Although there are

no systematic studies comparing the efficacy of combined therapy to psychotherapy or

pharmacotherapy alone, the differential short-term and long-term effects of pharmacother-

apy and psychotherapy have suggested that they may have especially useful synergistic
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effects when combined [22,95]. Also, given the substantial comorbidity found in social

anxiety disorder [96], combination treatment may lead to a better overall clinical outcome.

The treatment of post-traumatic stress disorder has not been as extensively investi-

gated as depression and other anxiety disorders, although recent studies have shown sig-

nificant benefits with the use of antidepressants [15] and different forms of CBT, especially

exposure therapy [23]. Because of the diverse and complex symptoms often found in post-

traumatic stress disorder [97], reflecting underlying psychological and neurobiological

processes, it is likely that combining psychotherapy and pharmacotherapy will be more

effective than either therapy alone, but this has not been systematically studied [98,99].

C. Conclusions and Recommendations About the Use of Combined
Treatment

The research studies reviewed here generally support the conclusion that combined treat-

ment is at least as effective as psychotherapy or pharmacotherapy alone in the treatment

of depression. This contradicts the notion that pharmacotherapy might interfere with the

effects of psychotherapy or vice versa [51]. Additive effects have been observed in some

of the studies evaluating psychotherapy and pharmacotherapy combinations, but the

largest effects have been shown in patients with more severe and chronic illnesses. Surpris-

ingly, virtually all studies of combined therapy have used older tricyclic antidepressant

drugs. Additional studies investigating the use and effectiveness of combined therapy with

newer generation medications are needed.

There also is some developing evidence that partial responders to psychotherapy or

pharmacotherapy alone will improve by using combined treatments. These findings sug-

gest that the sequential strategy of combining treatments only after failing an adequate

monotherapy might be more efficacious and cost effective than using combination therapy

for all patients at the beginning of treatment. This issue deserves further study, especially

examining different sequence patterns of combined treatments (e.g., pharmacotherapy

added to psychotherapy versus psychotherapy added to pharmacotherapy) as well as exam-

ining the efficacy of different treatment components (i.e., different types of medications

and different forms of psychotherapy). These studies also need to specifically and prospec-

tively investigate possible clinical and biological predictors of treatment response.

Because medications may work more quickly, whereas psychotherapy may have

more delayed but sustained effects, it is possible that combination therapy might have

greater long-term benefits. Combination therapy has not been as well studied during long-

term treatment, however, but combined treatment can reduce the risk of recurrent depres-

sion in older patients. In addition, psychotherapy can not only target mood and anxiety

symptoms, but also improve psychological and psychosocial functioning. Hence, there is

a need to study further the long-term effects of combined treatment not only on illness

symptoms and recurrence risk but also on psychosocial functioning. Along with this, the

overall cost effectiveness of combined treatment compared to psychotherapy or pharmaco-

therapy alone can be assessed [9,100].

The failure to demonstrate a more significant advantage with combined treatment

may be due to the relatively small sample sizes of most studies. In addition, age, gender,

type of treatment, and diagnostic subgroups might also be potential confounding factors

in studies comparing the effects of psychotherapy, pharmacotherapy, and their combina-

tion. For example, younger and older depressed cohorts respond differently to different

types of antidepressant drugs [101,102]. Men and women also have differential response
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rates to different types of antidepressants and different forms of psychotherapy [103,104].

Response rates to medications and psychotherapy may also vary according to depressive

subtype [45,105–108].

Another potential problem in treatment studies of combined therapy is the adequacy

of pharmacotherapy or psychotherapy. The adequacy of pharmacotherapy is relatively

easy to quantify (e.g., dose, duration, and compliance). Recent efforts at quantifying the

adequacy of psychotherapy have found that the quality of therapy [109], therapeutic alli-

ance [9,110], and investigator allegiance [111] may all affect the response to psychother-

apy. It is also likely that psychotherapy and pharmacotherapy engender different therapeu-

tic expectations as well [112–114], which might affect treatment outcome.

Compared to depression, the use and effectiveness of combination therapy has not

been as well studied in anxiety disorders. Studies of panic disorder have provided the

strongest evidence that combination therapy may be superior to psychotherapy or pharma-

cotherapy alone. There is clearly a need for additional research in other anxiety disorders,

as well as studies investigating different drug and psychotherapy combinations, the use

of sequential treatment strategies, clinical and biological predictors of treatment response,

and the long-term effects of combination therapy on symptomatic and psychosocial out-

comes. Moreover, because anxiety affects the treatment response to pharmacotherapy and

psychotherapy in major depression [115,116], formal combined treatment studies of com-

orbid depression and anxiety are needed.

Based on this review, not all patients with depression and anxiety will necessarily

require or greatly benefit from combined treatment using pharmacotherapy together with

a rigorous course of psychotherapy (such as IPT or CBT). Several particular subgroups

of patients might be more likely to benefit from combined treatment, especially those with

more severe [64], chronic [46,117], or treatment-resistant [32] depression and anxiety.

The presumed benefit in reducing the high level of suffering and disability in these patients

is more likely to justify the added cost and expenditure of limited therapists’ time in

providing combined treatment. The choice of treatment, however, will ultimately depend

on patient and provider preferences as well as the availability of appropriately trained

psychotherapists and pharmacotherapists.
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The hereditary nature of emotional behavior was recognized even in ancient times. In

particular, specific features of temperaments were observed to run in families. Thus, imme-

diately after the introduction of the modern concepts of affective and emotional disorders

by Falret and later by Kraepelin, familial etiology was discussed and investigated: for

more than 100 years it has been evident that at least some subtypes of manic depressive

disorders were familial and genetic. Although the first family and twin studies were per-

formed without standardized and criteria-based diagnoses in the absence of structured

interviews, their results were clearly replicated in subsequent methodologically more re-

fined and valid studies. Currently, the field is intensively searching for DNA variants that

predispose to mood disorders with only limited success.

I. GENETIC EPIDEMIOLOGY OF MOOD DISORDERS

A. Familial Clustering

For many years, family studies dominated the research field of genetics of affective disor-

ders. Numerous studies demonstrated the familial nature of unipolar depression and bipolar

disorder (Table 1).

Overall, first-degree relatives of probands with unipolar depression are at an in-

creased risk for unipolar depression; the mean relative risk
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Table 1 Proportion of First-Degree Relatives of Bipolar (BP) and Unipolar Depressive (UP) Disorder Probands with a Lifetime History of

Bipolar and Unipolar Depressive Disorder

Rates/100

Sample Subtype in relatives by proband subtype

Refs. Disorder Probands (n) Relatives (n) BP–BP BP–UP UP–BP UP–UP Controls–BP Controls–UP

BP 54 411

2 UP 16 113 19.6 11.5 11.0 20.1 0.2 0.5

Controls 75 619

BP 130 739

3 UP 30 166 21.9 2.6 8.0 3.0 0.4 5.7

Controls 43 265

UP 133 810
4 — — 1.5 3.2 1.5 4.1

Controls 82 591

BP 100 230

5 UP 225 500 21.2 1.9 11.9 2.3 0.2 4.8

Controls 160 543

BP 80 504

6 UP 108 306 7.1 17.1 1.3 19.0 0.9 7.7

Controls 80 221

Total rates/100 6.2 12.2 2.2 13.6 0.6 3.8

Relative risk (vs. controls) 10.3 3.2 3.5 3.6

Ratio weighted for sample size.

Source: Ref. 1.
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λ �
risk among first-degree relatives

risk among controls

is 1.9 [7]. The degree of familial aggregation of bipolar disorder is substantially stronger

with a mean relative risk of 7.9 [8]. No gender effect was found for these relative risks.

Specifically, a continuum mode of familial genetic liability to unipolar depression using

gender-specific thresholds to explain the higher prevalence in females (a higher liability

for males is requested for expressing the disease resulting in reduced prevalence) has been

ruled out [9].

What is the familial relationship between unipolar depression and bipolar disorder?

There is consistent evidence across a large number of family studies that unipolar depres-

sion is also more common among relatives of probands with bipolar disorder than expected

from general population prevalence rates; relative risks for unipolar depression among

relatives is very similar between probands with unipolar depression and with bipolar disor-

der (relative risk of 1.9). On the other hand, most family studies in probands with unipolar

depression did not find elevated risks for bipolar disorder among biological relatives, al-

though there are a minority of family studies reporting a substantially increased risk for

bipolar disorder among relatives of probands with unipolar depression [5,10,11]. It is

difficult to decide if these latter studies are false positives. Therefore, it is difficult to

decide if

1. Unipolar depression and bipolar disorder are located on a familial genetic con-

tinuum of liability in a two-threshold model. Bipolar disorder has a stronger

familial genetic determination transmitting the risk for both disorders (higher

threshold in the model); however, unipolar depression, with the reduced familial

risk, is also a familial condition, with a lower familial risk for bipolar disorders

(with a lower threshold in the model) [12: 106]; an increased risk for bipolar

disorder in families of probands with unipolar depression can be expected from

this model, but is difficult to be detected because of the low prevalence rate of

bipolar disorder.

2. Unipolar depression is etiologically heterogeneous with only a small minority

of cases carrying an increased risk for bipolar disorder: a smaller subgroup of

unipolar depression in the familial context of bipolar disorder versus a larger

subgroup of unipolar depression in absence of a familial relationship to bipolar

disorder.

Unfortunately, the currently available body of evidence does not prove either possi-

bility.

B. Genetic Determination

Unipolar depression has been most widely investigated by twin studies (Table 2) in both

hospital- as well as population-based samples. All published twin studies (population- or

hospital-based) on unipolar depression suggest a genetic influence ranging between 30 to

50% with a mean of 37% [7]. The degree of heritability is comparable between males

and females. Thus, sex-specific genetic factors cannot explain the higher prevalence of

depression among females. A reduced female–male to same-sex concordance in dizygotic

twins suggests that genes may exist that act differently on the risk of depression in males

and females [24].
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Table 2 Twin Studies in Bipolar Disorder and Unipolar Depression

Sample size

Concordance
Sample MZ DZ

Disorders Refs. H/C—countrya pairs pairs MZ DZ

Bipolar disorder 13 H-Norway 6 — 67% —

14 H-U.S. 5 15 20% 0%

15 H-Denmark 34 37 62% 8%

16 H-Norway 4 6 75% 0%

17 H-Sweden 13 22 39% 5%

18 H-U.K. 22 27 36% 7%

Unipolar depression 19 H-Sweden 57 157 41% 27%

19 C-Sweden 97 169 54% 33%

20 H-U.K. 68 109 46% 20%

21 C-U.S. 1874 1498 23% 14%

22 C-Australia 1323 1339 42% 35%

23 C-U.S. 1368 2422 39% 30%

a Sample ascertained from Hospital (H), Community (C) population.

The majority of twin studies on unipolar depression further decomposed the nonge-

netic component into a component shared by both twins and an individual-specific compo-

nent. Consistently across all studies the individual-specific component was substantially

stronger than the shared environmental component, and exceeded the impact of the genetic

component by magnitude; in most studies the shared environmental component was negli-

gible in the model-based variance analysis [20,25,26].

As a limitation, the individual-specific environmental component also includes vari-

ance because of the measurement error that might be substantial in lifetime assessment

of depressive episodes (because of memory problems). Twin studies with a follow-up

component (two distant time points of clinical lifetime assessments) can estimate the rela-

tive impact of the measurement error; using this strategy, Kendler et al. [27] extracted

the variance emerging from measurement error by a model-based analysis of heritability

on the remaining variance in the Virginia twin study in females. As a result, the magnitude

of the individual-specific environmental component decreased considerably, and the esti-

mate for the heritability was doubled and raised to 70%.

In contrast to unipolar depression, the number of twin and adoption studies on bipo-

lar disorder is relatively small; however, results are more equivocal and genetic factors

define most of the proportion of variance. The heritability of bipolar disorder as evidenced

in twin studies was estimated as 0.59% [8]. Given the overwhelming evidence of a major

genetic component, bipolar disorder became the first psychiatric disorder to be submitted

to linkage analysis 30 to 40 years ago.

Adoption studies are another tool used to demonstrate genetic determination of a

disorder. This method received little attention during the past decade and available samples

are small. The two major adoption studies of bipolar disorder found an approximately

three-fold increased risk of bipolar disorder among biological compared to adoptive rela-

tives of probands [28,29]. The results of two adoption studies conducted on unipolar de-

pression yielded evidence for significantly increased rates of mood disorders after adoption

[29,30]. In contrast, a third study in unipolar depression did not find evidence for increased
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rates of mood disorders among biological compared to adoptive relatives of adopted mood

disorder probands [31]; however, this study suffers from methodological insufficiencies

(no personal interviews).

C. Modifiers of Familial Genetic Influences on Unipolar Depression

Severity and course of mood disorders is interindividually variable, stimulating specula-

tions on a familial genetic influence. Thus, three study questions have been explored:

1. Familiality of and genetic influence on severity of symptoms.

2. Familiality of and genetic influence on age at onset.

3. Familiality of and genetic influence on recurrency or chronicity of the course

of the disease.

Heritability to unipolar depression apparently varies along a dimension of severity

indexed by number of symptoms and degree of impairment, with more severe cases car-

rying a stronger genetic component: A recent, population-based telephone interview twin

study proposed that depression with mild or only modest degree of severity is under ge-

netic control [21]. This conclusion is supported by prior twin studies [16], but not by

another large population-based twin study [27,32]. A hospital-based twin study argues for

a universal genetic influence on unipolar depression [20]; given that hospital care is deliv-

ered to more severe cases, this observation is compatible with the variation of the magni-

tude of the genetic component along a dimension of severity in population-based studies.

On the other hand, low severity of depression is likely to be correlated with under-reporting

and measurement error; thus, heritability of low-severity depression might be underesti-

mated. A series of family studies proposed a reciprocal relationship between age at onset

across the lifespan and degree of familial loading: (1) it has been demonstrated that late-

onset depression goes together with a lower familial risk [33–35]; (2) however, it remains

unclear if this reciprocal linear relationship between age at onset and familial loading also

extends to childhood and adolescence.

Twin studies with a high proportion of young adults provide no conclusive evidence

for this relationship [32:21]. Assuming the inverse linear relationship, a higher familial

loading among adolescent probands with depression would be the consequence. This as-

sumption is supported by a recent German study in adolescents using the family history

method yielding the maximal relative risk in relatives (parents) for unipolar depression:

the relative risk for depression in parents of depressed probands was increased by an odds

ratio of 2.7 (with confidence interval 2.1–3.5) [36]. However, Klein et al. [37], using the

more valid and reliable family study method reported an odds ratio of 1.8 for the risk,

which is not higher than the mean relative risk found in the family studies in adults. Some

prospective studies in adolescents were also unable to confirm a stronger familial genetic

impact on early-onset depression [38,39].

Two reasons might contribute to the inconsistencies across studies with regard to

the impact of early age at onset:

1. The concept of early-onset depression might be inappropriate: genetic influence

was observed to be stronger in adolescent than in prepubertal depression, with

the latter showing a pattern of familial clustering that is similar to adult-onset

cases [40,41].

2. Greater heterogeneity in early-onset cases: prospective studies demonstrated a

lack of longitudinal specificity of unipolar depression (in contrast to bipolar
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disorder); early-onset unipolar depression is strongly intraindividually associ-

ated with anxiety disorders and often subsequently develops into pure anxiety

disorder [41]; however, Klein et al. [40] did not observe greater familial risk

in adolescent depression.

In sum, the concept of early-onset major depression needs further familial genetic

study before early onset can be considered as an indicator of greater familial genetic risk.

A relationship between increased familial genetic risk and early onset has not yet been

convincingly established because of the lack of sufficient study.

Some studies proposed a linear relationship between recurrence and familial risk in

unipolar depression [32,42]. Other factors predictive for the familial variant of unipolar

depression are longer duration of episodes and recurrent thoughts of death and suicide [32].

In bipolar disorder, a differential familial genetic background of early versus late-

onset subtypes was proposed and empirically supported [43]. In addition, intrafamilial

association of the age at onset in bipolar disorder proposes direct or indirect genetic influ-

ence [44].

D. Subtypes of Affective Disorders

The search for disease genes in some complex disorders took an enormous advantage of

more homogeneous clinical subgroups with greater genetic risk and Mendelian modes of

transmission (e.g., Alzheimer’s disease and breast cancer with early-onset cases defining

those homogeneous groups).

Classic clinical concepts of unipolar depression proposed a dichotomy between two

subtypes: one being biologically and genetically determined, and another being of psycho-

social origin without biological etiology. According to this distinction, two different pat-

terns of familial aggregation of depression should be observable. Andrew et al. [45] tested

this hypothesis in a hospital-based twin series and were able to reject it. Maier et al. [46]

and Fanous et al. [47] explored whether melancholia defines a distinct familial genetic

subtype and found no support for a stronger familial determination. Thus, although there

might be a quantitative variation of the magnitude of genetic determination along the

various clinical and biological correlates of unipolar depression, clinical distinctions based

on the melancholia/endogenous depression concept or absence/presence of psychosocial

risk factors are not reflecting this putative variation.

Dysthymia is a chronic low-grade form of unipolar depression characterized by dis-

turbed mood and vegetative functions, whereas depressive personality disorders describe

persistent depressionlike cognitive sets of low self-esteem and negative anticipation and

pessimism. Both conditions are familial and belong to a unipolar depressive spectrum

with shared familial liability [48]. Each of the chronic variants shows diagnostic specificity

as well as nonspecificity in familial aggregation; in particular, the chronic variants, dysthy-

mia and depressive personality disorders, go together whereas the risk for dysthymia in

families of probands with depressive episodes in absence of dysthymia is only slightly

increased [49]. One extended twin sample proposed a modest genetic influence on dysthy-

mia comparable by magnitude to unipolar depression [21].

Bipolar disorder requires the presence of full-blown depressive and manic episodes

(bipolar I disorder). Milder variants of manic episodes are called hypomania and define

bipolar II disorder (full depressive episodes and separated hypomanic episodes). Highly

recurrent hypomanic and recurrent subthreshold depression define cyclothymia. Are these

subtypes genetically distinct entities, or are all of them variants of bipolar I with similar
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familial patterns of aggregation? Unfortunately, systematic twin studies exploring these

questions have not been published. However, some family studies addressing these issues

are available. Those family studies [3,6,50,57] report bipolar II disorder to be familial

and observed a coaggregation with bipolar I disorder and unipolar depression. The familial

pattern of aggregation among bipolar II probands is more similar to bipolar I than to

unipolar depression probands. Simultaneously, bipolar II was most common among rela-

tives of bipolar II probands, which supports bipolar II as being a partially distinct category

in a familial genetic perspective. In this vein, some pedigree analyses support familial

homogeneity of bipolar II disorder without coaggregation of bipolar I disorder [52]. Thus,

it remains unclear if bipolar I and II are alternative expressions of the same liability. A

familial relationship between cyclothymia and bipolar disorder was also reported. The

familial relationship to unipolar depression seems to be less strong [53–55].

Affective disorders, particularly bipolar disorder, are strongly associated with sui-

cidal ideation and behavior. However, this association cannot explain that suicidal ideation

and behavior is familial and genetically influenced. Adoption and twin studies have con-

vincingly demonstrated that the familial genetic basis of suicidal behavior is in large part

independent of associated familial mental disorders. Schulsinger et al. [56] and Wender

et al. [29] were the first to propose this hypothesis on the basis of a small Danish adoption

study covering multiple psychiatric diagnoses. In the meantime, two extended twin studies

(one in the U.S. by Fu et al. [57], and one in Australia by Statham et al. [58]) supported this

hypothesis and demonstrated that suicidal ideation and suicidal attempts are genetically

influenced but most of the variance was explained by shared and nonshared environmental

factors. Both studies differ in the magnitude of genetic influence on suicidal attempts vs.

ideation. Twin studies also demonstrated that completed suicide is under genetic control

[59]. Another family study demonstrated familial genetic links between completed suicide

and suicide attempts [60]. Thus, affective disorders with suicidal ideation or behavior

might define a genetically distinct and even more complex group than affective disorders

as a whole.

E. Familial Genetic Relationship to Other Disorders

Nearly all family studies observed a lack of familial specificity for affective disorders.

Most nonspecificity was reported for offspring of probands with affective disorders

(mainly bipolar disorder) [61]; cosegregation was particularly observed for various anxiety

disorders, attention deficit hyperactivity, and other behavioral problems.

Historically, the relationship between affective and psychotic disorders received

most attention. The family and twin studies dedicated to this study question can be summa-

rized by the following conclusions:

1. Schizoaffective disorders are not only at a higher risk for affective disorders

but also for a higher risk for psychotic disorders (including schizophrenia) [62].

2. Affective disorders with psychotic symptoms (beyond schizoaffective disorder)

were reported to be more common among relatives of probands with schizophre-

nia than would be expected by chance [63].

3. Most family studies were unable to find a familial relationship between nonpsy-

chotic affective disorders and schizophrenia. In contrast, some controlled family

studies propose an elevated risk of nonpsychotic unipolar depression among

relatives of probands with schizophrenia but not with bipolar disorder [62,64].

4. Recently, a British twin study ignoring diagnostic hierarchies proposed a rela-
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tionship between schizophrenia and mania [65]. An excess of schizophrenia

among relatives of probands with affective disorders is not reported in any of

the larger controlled family studies, although speculations on anticipation op-

erating in bipolar disorder suggested increased risk of schizophrenia among

offspring [66].

Thus, there is some evidence of overlapping familial genetic conditions between

affective disorders, on one hand, and psychotic disorders, on the other hand. Linkage

studies recently shed new light on this relationship (see below).

The family studies in bipolar disorder proposed a familial genetic subset of patients

with comorbid panic disorder (or panic attacks) [67]. The combined diagnosis revealed

strong familial clustering but was not associated with increased familial risk for pure panic

disorder. This constellation suggests that the comorbid diagnosis defines an etiologically

distinct entity and not just the combination of two familial conditions. In those families,

panic disorder was similarly intraindividually combined with bipolar I and bipolar II disor-

ders. The validity of this comorbid subtype was further supported by subsequent linkage

and association studies (see below). The familial genetic relationship of unipolar depres-

sion to anxiety disorders is discussed in more detail in Chapter 9.

The relationship between mood disorders and alcoholism has been explored exten-

sively during the last three decades mainly by family studies. Intraindividual co-occurrence

is high not only among the index cases but also among relatives. Overall, the links of

alcoholism with bipolar disorder seem to be stronger than with unipolar depression. The

conclusions on shared familiality are diverse. Some studies found intrafamilial cosegrega-

tion of bipolar disorder or unipolar depression, respectively, and alcoholism [68–70],

whereas the majority of investigators were unable to observe this relationship [11,71–76].

One study came to divergent conclusions depending on the mode of data analysis [77].

Furthermore, an extended twin study in the general population found that the observed

comorbidity between major depression and alcoholism (with an odds ratio of 2) is nearly

exclusively due to common genetic factors [78]. Thus, if there is any communality of

familial genetic risk factors between mood disorders and alcoholism, it is of limited degree

and, therefore, difficult to detect.

It has been speculated that specific diagnostic subgroups of unipolar depression

reveal a stronger familial genetic link to alcoholism; for example, Winokur et al. [79]

proposed to subdivide unipolar depression into three groups according to family history—

familial loading with unipolar depression only, with alcoholism, and with absence of famil-

ial loading. Although the diagnostic distinctions received some subsequent support by the

same group [68] they did not hold up in other family studies [80].

Finally, the excess comorbidity between eating disorders and affective disorders

stimulated familial genetic inquiries; they often go together in a complex neurobiological

relationship. Interest in this relationship recently emerged from the detection of the orpha-

sin gene (with functions in affect, eating, and sleeping). As expected, there is not only

cosegregation in families but also a genetic relationship; twin studies have also demon-

strated that unipolar depression has similar genetic determinants as anorexia [81]; the

relationship to bulimia seems to be less strong [82].

F. Interplay Between Genes and Environment

Epidemiological and clinical research identified several environmental and personal risk

factors for unipolar depression [83–86]: (1) female gender; (2) critical life events and
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daily hustles in the temporal context of the depressive episode; (3) early emotional envi-

ronment (e.g., parental warmth); (4) early traumas during childhood; (5) head injury in

early adulthood; (6) lack of social support; (7) depressionlike personality factors such as

increased neuroticism; and (8) previous psychiatric and somatic diseases (e.g., anxiety

disorders, alcoholism, or cardiovascular diseases).

Genetic as well as environmental factors contribute to affective disorders. The mode

of their interplay is extensively explored for unipolar depression. Different mechanisms

to combine environmental and genetic factors can mediate depressive episodes:

1. Are these risk factors operating independent of the genetic risk factors (indepen-

dent relationship)?

2. Does their impact depend on the amount of genetic risk (interaction)?

3. Some of these risk factors are genetically influenced: do those genetic influences

on risk factors contribute to the hereditary basis of depression (correlation)?

All of these possible mechanisms operate for specific environmental factors in uni-

polar depression:

1. Independence: Gender as a risk factor neither interacts nor correlates with the

genetic risk for depression [87].

2. Interaction: The effect of critical life events on depression is stronger in the

presence of increased genetic risk; one family study even found that life events

only induce depression in the presence of a history of emotional disorders in

parents [41,88].

3. Correlation: Life events reveal some heritability pointing at the genetic media-

tion of life events that are dependent on the proband’s behavior [83]. It has also

been shown that this is the case particularly for life events that increase the risk

for depression [84]. In addition, the fact that specific environmental risk factors

operate independently cannot be excluded.

Which environmental factors have a powerful impact on major depression in the absence

of substantial genetic risk? One strategy to approach this question is to compare two

discordant monozygotic twins; the rationale is that strong genetic factors would most likely

be associated with the presence of depression in both twins. The comparison between

affected and unaffected monozygotic twins proposed childhood vulnerability and interper-

sonal difficulties as most influential environmental determinants [89]; pregnancy and peri-

natal complications might be of relevance for early-onset bipolar disorders [90].

Thus, the biometric analyses reveal that the interaction of genetic and environmental

factors is extremely complex. Further refinement of this puzzle can be expected once

specific susceptibility genes have been identified. However, the search for susceptibility

genes is severely hampered by the interaction with environmental factors.

II. SEARCH FOR SUSCEPTIBILITY GENES ON A DNA LEVEL

The search for disease genes on a DNA level starts with localization on the genome. For

this purpose, two strategies are available: linkage analysis in families with multiple affect-

eds, and linkage disequilibrium/association studies in case-control or nuclear family sam-

ples. Genetic variability occurs so frequently on the genome on a population level that a

variant at a specific polymorphic site is in linkage disequilibrium (association) with vari-

ants at multiple other loci in close neighborhood. Thus, linkage to a locus or association
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with an allele or haplotype does not mean that the linked/associated locus/allele is in-

volved in the etiology of the disease; instead, such a finding identifies a candidate region

and stimulates extensive fine mapping and, subsequently, functional studies in order to

identify the disease gene.

The most direct approach in the search for disease genes relies on the knowledge

of pathophysiology and of involved gene products (candidate-gene approach). Given the

linkage disequilibrium along the genome, a genome-wide search for disease genes is possi-

ble using high-throughput techniques [91], yet it is technically difficult to perform. In the

near future, genome-wide association studies will be technically feasible but will require

huge sample sizes. Currently, a genome-wide strategy is only technically feasible with

the linkage approach because of the lower spatial resolution of this method (�500 ap-

propriately placed markers required). Unfortunately, genes with minor effect (odds ratio

1:2) have only a low chance of being detected by the linkage strategy. In contrast, the

linkage disequilibrium/association strategy is substantially more powerful for small gene

effects [92].

Thus, a most promising research strategy is to combine these possibilities and (1)

to identify linked candidate regions on the genome by linkage analyses; (2) replicate the

linkage finding and, in the positive case, (3) finemap the region using a linkage disequilib-

rium strategy to further narrow down candidate interval.

A. Genome-Wide Linkage Analysis

Given the stronger genetic influence, bipolar disorder was until now the most frequently

investigated affective disorder with regard to linkage analysis. Bipolar disorder was even

the first psychiatric disorder where linkage analysis was applied. As early as 1969, bipolar

disorder was reported to be linked to a monogenic disease, color blindness, and/or to

glucose-6-phosphate dehydrogenase deficiency with genes located on chromosome Xq26-

28 [93,94]. In multiple subsequent studies, this finding was only partly replicated [95].

However, a recent linkage scan in a single extended Finnish pedigree proposed linkage

to a nearby locus Xq25-26 [96], raising the possibility of genetic heterogeneity. Early

enthusiasm motivated by the upcoming molecular genetic opportunities was particularly

dampened by the nonreplication of the linkage to chromosome 11p initially reported in

an isolate pedigree (Amish population) [97,98].

Meanwhile genome-wide linkage analyses using informative marker systems like

microsatellites became feasible. Twelve genome-wide linkage scans have been published;

for summary of all studies published till early 2001, see Refs. 99, 100. The chromosomal

regions suggested to be linked to bipolar disorder are broad, usually covering 20 to 40 cM.

The strength of linkage for all proposed candidate loci is moderate at best, with mostly

“suggestive” linkage according to the criteria of Lander and Kruglyak [101]. The maximal

lod score observed for bipolar disorder is 3.8 to 10p [100]. Not a single linkage to a

specific region received support from all or even the majority of scans. However, at least

some of the genome scans found suggestive linkage to some region. Loci emerging from

at least two of the published linkage scans are: 1q21-42, 4p16, 10q21-26, 12q23-24,

13q11-32, 18p11, 22q11-12 [102]. Two very recently published genome scans [100,103]

provided further support to some of these linkages.

The vast majority of implicated studies are samples of affected pairs of siblings

recruited in outbreed populations. Although it is believed that these samples are particu-

larly informative, linkage analysis in isolate families with a high density of affected cases
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might accelerate the detection of susceptibility genes: given the homogeneous population

background and the possibility that the disease was introduced to the isolate by a single

or only a few founders, fewer susceptibility genes, but with stronger effects, are likely to

contribute to the disease. Haplotype analysis can efficiently narrow down candidate re-

gions to regions covering less than 10 cM in extended multiplex families. A linkage study

in a French-Canadian isolate pedigree demonstrates these putative advantages [104–106].

Limitations of statistical power inherent in the available linkage analyses propose

a combination of family samples or a meta-analysis (combination of P values) to select

“true” candidate regions. Badner and Gershon [99] performed a meta-analysis across 11

published linkage scans and found strongest evidence for susceptibility loci for bipolar

disorder on chromosome 13q11-32 (p � 6 � 10�6) and on chromosome 22q11-12 (p �

1 � 10�5). The other candidate loci did not receive strong support for linkage; on the

other hand, a meta-analysis cannot exclude linkage to these regions.

The broad variation of results and high inconsistency between various studies is not

an argument against the validity of the linkage approach. Two main reasons explain the

diversity of results across studies:

1. The available sample sizes are too small to create consistent results. If multiple

genes contribute, the sample size required for the detection of linkage to any

of the susceptibility genes is substantially smaller than the sample size required

to replicate this specific finding [107]; thus, given the limitations of power and

sample size inherent in the published scans, a high rate of nonreplications can

be expected.

2. Disorders that are under the influence of multiple genes are likely to be geneti-

cally heterogeneous. The genes contributing and their effect sizes might differ

across the population of affecteds (e.g., between severe and less severe cases)

and by the genetic population background; another possibility is pleiotropy (i.e.,

multiple different genetic constellations produce the same phenotype). Thus,

samples of pairs of affected siblings might differ partly between recruiting sites

even within the same country, between countries, and ethnicities. In addition,

etiologically different subgroups might be driven by different susceptibility

genes as has been recently proposed by Rotondo et al. [108] for bipolar disorder

in combination with panic disorder. The variation of proportions of specific

subtypes across samples might produce divergent linkage results.

Despite these ambiguities it can be concluded from these results that bipolar disorder

is not influenced by a single major gene; instead, multiple susceptibility genes each with

only a mild-to-modest effect are likely to operate.

Some of the candidate regions detected for bipolar disorders are overlapping with

candidate regions linked to schizophrenia [109]. Some authors interpret this constellation

as a hint in favor of a common genetic basis for affective disorder and schizophrenia.

Yet, this conclusion is premature. Because there are thousands of genes in these regions,

overlap of candidate regions cannot be interpreted as identity of genes being involved for

both disorders. On the other hand, the degree of overlap cannot be explained by random

fluctuation alone.

Up to now, no genome-wide linkage scan has been performed in unipolar depression;

yet, currently, two major linkage efforts are in progress. The only reported linkage studies

in unipolar depression focus on candidate genes with no evidence of statistically significant

linkage [101] in a sample with “pure depressive disorder” with recurrent episodes [110].
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B. From Candidate Regions to Candidate Genes

Given the higher power and the finer spatial resolution of association/linkage disequilib-

rium studies, this technique has to be applied to polymorphic candidate genes located in

regions linked to the disease (positional candidates). In this context, candidate genes that

are functionally involved in the pathophysiology of bipolar disorder according to the cur-

rent knowledge are of interest (positional as well as functional candidates). Some candi-

dates in the linked regions are of particular functional interest and have therefore been

explored recently:

1. Myo-inositol monophosphatase (IMPA2), a key enzyme of lithium on chromo-

some 18p11.2 [111,112].

2. G-protein-coupled receptor kinase-3 on chromosome 22q11, which is differen-

tially expressed in an animal model for psychotic mania [113].

3. Gene coding with multiple mutations for Wolfram syndrome (WFS1), an au-

tosomal recessive disease that is characterized by frequent comorbidity with

affective disorders and located on chromosome 4p16 [114–117].

4. Gene coding for Darier’s disease, an autosomal dominant dermatological dis-

ease with frequent comorbidity with affective disorders on chromosome 12q23-

24; this gene expresses the protein calcium-ATPase in the endoplasmic reticu-

lum [118].

Although a few of these studies reported borderline significant associations, a rela-

tionship of any of these candidate genes to bipolar disorder has not as yet been established.

C. Genetic Association Studies

Numerous association studies (mainly case-control comparisons) were conducted in af-

fective disorders with a broad range of candidate genes. Recent research preferentially

focused on genes coding for receptors, transporters, and enzymes involved in monoaminer-

gic transmission. The results are extremely conflicting with multiple claims for association

that could not be replicated. Given the small magnitude of genetic effects to be identified

and limitations in sample size, perfect consistence of multiple replication tests cannot be

expected even for a “true” positive finding. Meta-analyses are useful under this condition

or at least a considerable proportion of successful replication tests of an initially positive

finding. In this perspective, several genetic variants of candidate genes reveal some evi-

dence for an association with affective disorders.

The strongest association to bipolar disorder is reported for a variant of the mono-

amine oxidase A (MAO-A) gene. MAO-A operates as a candidate, given the efficacy of

MAO-A inhibitors in antidepressant treatment. There has been suggestive evidence for

an association between bipolar disorder and a CA repeat variant in intron 2 [119], although

not all replication tests unequivocally confirm this overall (e.g., Refs 120, 121). Unfortu-

nately, association to functional genetic promoter variants was excluded in moderate-sized

samples [122].

Most frequently, the relationship to the promoter polymorphism of the serotonin

transporter gene has been studied. The polymorphism is functionally relevant, and an

association of affective disorders to the short allele has been proposed [123]. A former

meta-analysis proposed a small effect of this variant in bipolar disorder [124], with an

increased odds ratio of 1.2, but subsequent studies were mainly negative [120,125,126].
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The evidence for association of this genetic variant to unipolar disorder is less conclusive.

However, heterogeneity might prohibit consistent results (e.g., an association of the small

allele with the clinical subtype of seasonal depression was reported [127,128]). The associ-

ations of the short allelic variant to the personality factor “neuroticism” appear to be more

stable [129–131].

Unfortunately, neither of these two candidate genes with variants in suggestive asso-

ciation with bipolar disorder are located in any of the candidate regions for bipolar disorder

found by linkage analysis.

Other polymorphisms, such as the tyrosine hydroxylase (TH) gene, the tryptophan

hydroxylase (TPH) gene, the COMT gene, or the serotonin and dopamine receptor genes,

provided only inconclusive or negative results in association studies with bipolar disorder

or unipolar depression [132].

The view that unipolar depression is under the control of the same genes independent

of the age at onset has recently been challenged by an inquiry in late-onset depression:

this condition was associated with a mutation in the methylenetetrahydrofolate reductase

enzyme gene (MTHFR) in contrast to early-onset depression. The same mutation is predis-

posing to cerebrovascular diseases and is associated with increased plasma homocysteine

and folate deficiencies which were also reported for late-onset depression [133].

D. Cytogenetic Techniques

Besides the main stream of linkage and genetic association studies, a few groups used

cytogenetic techniques to search for gene loci that implicate the disease through chromo-

somal abnormalities (particularly translocations and deletions). A series of regions were

found which, unfortunately, did not overlap with regions linked to the disease (for over-

view see Ref. 132). Of particular interest is a Scottish family with several psychoses,

bipolar disorder, and unipolar depression with a balanced translocation between two genes

(chromosomes 1q42, 11q14.3). A gene in 11q14.3 disrupted in affected family members

(DISC1) with up-to-now unknown function was detected and needs further investigation

[134].

E. Search for Genes Using Specific Modes of Transmission

Specific features of the familial aggregation of affective disorders have been proposed.

1. Anticipation

According to some family studies, the vertical transmission of bipolar disorder from one

generation to the next goes together with a decrease of the age at onset [135]. This phenom-

enon can be explained by multiple mechanisms. One possibility in this context is geneti-

cally mediated anticipation that can be caused by expansion of trinucleotide repeats at the

mutated disease gene locus (dynamic mutations). This kind of mutation codes for the so-

called polyglutamine disease (like Huntington’s), which shows anticipation on a pheno-

type level. Using the repeat expansion detection (RED) method, the maximal lengths of

trinucleotide alleles were compared for the whole genome between probands with bipolar

disorder and controls in multiple studies. Conclusive results were not obtained [136,137].

This negative conclusion does not rule out the hypothesis because the RED method might

be too insensitive to detect the majority of dynamic mutations across the genome.
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2. Parent-of-Origin Effects

Patients with bipolar disorder have more mothers than fathers with the same disease [135].

Although multiple nongenetic causes might explain this constellation in complex diseases,

two genetic mechanisms might account for this pattern:

1. Genetic imprinting: DNA methylization might operate specifically for specific

maternal alleles of maternal decent with the consequence that the mutated pater-

nal mutations at a disease locus are preferentially expressed. Indeed, at least one

of the proposed linkages to bipolar disorder—18p11—is limited to paternally

transmitted pedigrees; however, this specific linkage is not very strong and

might be a false positive.

2. Mitochondrial transmission: genetic information is also transported by mito-

chondria which are exclusively transmitted from the mother. Furthermore, mito-

chondrial dysfunction is also proposed by other lines of evidence [138]. The

whole mitochondrial genome was sequenced in several studies [132,139,140]

without a consistently confirmed significant result. Yet, one variant (the 10398A

polymorphism) has been found with increased frequency in two studies. How-

ever, causal mechanisms might also arise from different haplotype patterns and

not only from variations at a single site; this possibility [139] has to be further

evaluated.

F. Pharmacogenetics

The broad interindividual variation of response to treatment is partly due to the interindi-

vidual variability: multiple functional sequence variation sites in metabolizing enzymes

and transport, target, and effector proteins are likely to influence individual side effects

and effectiveness [141]. Empirical evidence supports this assumption. Response to long-

term lithium treatment in multiple cases within the family was found to be correlated. Also,

plasma levels of most antidepressants are influenced by the cytochrome P450 metabolizing

system, which reveals broad genetic variation (e.g., resulting in pure and fast metabo-

lizers); plasma levels have some impact on side effects and effectiveness (although a linear

relationship or a “therapeutic window” has not been detected).

The field of pharmacogenetics promises to provide DNA markers and haplotypes

for prediction of drug response, and to improve the opportunity for individualized treat-

ment [142]. However, progress of knowledge with regard to antidepressants is slow be-

cause of the lack of appropriately sized prospective controlled pharmacological treatment

programs with a pharmacogenetic component (which are accessible to the academic com-

munity). Up to now, few pharmacogenetic studies investigated the impact of the variation

in the serotonin receptor or transporter genes and their promoters on response to selective

serotonin reuptake inhibitors (SSRIs) and to lithium. The short allele in the promoter of

the serotonin transporter gene was associated with poor responses to SSRIs, according

to Zanardi et al. [143]; Kim et al. [144] reported a conflicting result with regard to the

homozygotes for the short allele. The same allele was associated with response to

lithium [145].

Despite the currently disappointing results in the search for genetic predictors of

antidepressants, major progress can be expected with the advent of informative clinical

trials and new genotyping techniques.
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III. CONCLUSIONS

The detection of genes coding for mood disorders turned out to be substantially more

difficult than anticipated. This constellation is currently identical for all genetically com-

plex disorders, and the consequences are also the same. The growing opportunities emerg-

ing from the progress of human genomics, neurosciences, biostatistics, and epidemiology

justify optimistic perspectives. The current research trends in psychiatric genetics support

this view.

1. The application of the opportunities for DNA genotyping (e.g., SNPs or chip

technology) will increase efficiency, reduce costs, and encourage new strategies

as genome-wide case-control studies for the search of susceptibility genes [91];

the huge case-control samples needed for this new approach are currently re-

cruited in many places.

2. The growing knowledge on linkage disequilibrium across the genome and the

relevance of population backgrounds will inform the search for disease genes

and improve the understanding of the variation of results across samples and

populations (for an overview, see Refs. 146, 147). New methods using the diver-

sity of haplotypes across the genome have already been successful in unraveling

the genetic basis of complex diseases (e.g., Crohn’s disease) [148].

3. The extraction of genetically relevant phenotypes that are more closely related

to the genes underlying the disease [149] will accelerate the successful search

for disease genes; the clinical diagnosis will not remain the only way to define

the phenotype. Clinical subtyping of diagnostic entities is also a new and prom-

ising approach to extract biologically meaningful phenotypes (e.g., Ref. 150).

4. The progress of the functional genetics and genomics, of transgenic and proteo-

mic methods allow the detection of new pathways, and improves the understand-

ing of gene function in the brain; new candidate gene families emerge from

those innovative research activities (for an overview, see Ref. 151).

5. The emerging collaboration between genetics, neuroscience, epidemiology, and

clinical research [1] will replace the small groups of investigators, and will

shift the field from a purely hypothesis-free genome-wide search to an informed

genome-wide search for disease genes (without focusing on well-established

disease genes).

Thus, the lack of knowledge of fully confirmed susceptibility genes for unipolar

depression or bipolar disorder will not discourage further research aimed at the genetic

architecture of mood disorders. Furthermore, the emerging discipline of pharmacogenetics

will contribute to an improvement of antidepressant treatment.
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M. Association between a functional polymorphism in the monoamine oxidase A gene pro-

moter and major depressive disorder. Am J Med Genet 2000; 96:801–803.

122. Preisig M, Bellivier F, Fenton BT, Baud P, Berney A, Courtet P, Hardy P, Golaz J, Leboyer

M, Mallet J, Matthey ML, Mouthon D, Neidhart E, Nosten-Bertrand M, Stadelmann-Dubuis

E, Guimon J, Ferrero F, Buresi C, Malafosse A. Association between bipolar disorder and

monoamine oxidase A gene polymorphisms: results of a multicenter study. Am J Psychiatry

2000; 157:948–955.

123. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J, Muller CR,

Hamer DH, Murphy DL. Association of anxiety-related traits with a polymorphism in the

serotonin transporter gene regulatory region. Science 1996; 274:1527–1531.

124. Furlong RA, Ho L, Walsh C, Rubinsztein JS, Jain S, Paykel ES, Easton DF, Rubinsztein

DC. Analysis and meta-analysis of two serotonin transporter gene polymorphisms in bipolar

and unipolar affective disorders. Am J Med Genet 1998; 81:58–63.

125. Ohara K, Nagai M, Tsukamoto T, Tani K, Suzuki Y, Ohara K. Functional polymorphism

in the serotonin transporter promoter at the SLC6A4 locus and mood disorders. Biol Psychia-

try 1998; 44:550–554.

126. Serretti A, Cusin C, Lattuada E, Di Bella D, Catalano M, Smeraldi E. Serotonin transporter

gene (5-HTTLPR) is not associated with depressive symptomatology in mood disorders. Mol

Psychiatry 1999; 4:280–283.

127. Rosenthal NE, Mazzanti CM, Barnett RL, Hardin TA, Turner EH, Lam GK, Ozaki N, Gold-

man D. Role of serotonin transporter promoter repeat length polymorphism (5-HTTLPR) in

seasonality and seasonal affective disorder. Mol Psychiatry 1998; 3:175–177.

128. Sher L, Hardin TA, Greenberg BD, Murphy DL, Li Q, Rosenthal NE. Seasonality associated

with the serotonin transporter promoter repeat length polymorphism. Am J Psychiatry 1999;

156:1837.

129. Greenberg BD, Li Q, Lucas FR, Hu S, Sirota LA, Benjamin J, Lesch KP, Hamer D, Murphy

DL. Association between the serotonin transporter promoter polymorphism and personality

traits in a primarily female population sample. Am J Med Genet 2000; 96:202–216.

130. Jorm AF, Prior M, Sanson A, Smart D, Zhang Y, Easteal S. Association of a functional

polymorphism of the serotonin transporter gene with anxiety-related temperament and behav-

ior problems in children: a longitudinal study from infancy to the mid-teens. Mol Psychiatry

2000; 5:542–547.

131. Osher Y, Hamer D, Benjamin J. Association and linkage of anxiety-related traits with a

functional polymorphism of the serotonin transporter gene regulatory region in Israeli sibling

pairs. Mol Psychiatry 2000; 5:216–219.

132. Kato T. Molecular genetics of bipolar disorder. Neurosci Res 2001; 40:105–113.

133. Hickie I, Scott E, Naismith S, Ward PB, Turner K, Parker G, Mitchell P, Wilhelm K. Late-

onset depression: genetic, vascular and clinical contributions. Psychol Med 2001; 31:1403–

1412.

134. Millar JK, Wilson-Annan JC, Anderson S, Christie S, Taylor MS, Semple CA, Devon RS,

Clair DM, Muir WJ, Blackwood DH, Porteous DJ. Disruption of two novel genes by a trans-

location co-segregating with schizophrenia. Hum Mol Genet 2000; 9:1415–1423.

135. McMahon FJ, Stine OC, Chase GA, Meyers DA, Simpson SG, DePaulo JR Jr. Influence of

clinical subtype, sex, and lineality on age at onset of major affective disorder in a family

sample. Am J Psychiatry 1994; 151:210–215.

136. O’Donovan MC, Guy C, Craddock N, Murphy KC, Cardno AG, Jones LA, Owen MJ,



Genetics of Depression 187

McGuffin P. Expanded CAG repeats in schizophrenia and bipolar disorder. Nat Genet 1995;

10:380–381.

137. Guy CA, Bowen T, Jones I, McCandless F, Owen MJ, Craddock N, O’Donovan MC.

CTG18.1 and ERDA-1 CAG/CTG repeat size in bipolar disorder. Neurobiol Dis 1999; 6:

302–307.

138. Kato T, Kato N. Mitochondrial dysfunction in bipolar disorder. Bipolar Disord 2000; 2:180–

190.

139. Kirk R, Furlong RA, Amos W, Cooper G, Rubinsztein JS, Walsh C, Paykel ES, Rubinsztein

DC. Mitochondrial genetic analyses suggest selection against maternal lineages in bipolar

affective disorder. Am J Hum Genet 1999; 65:508–518.

140. McMahon FJ, Chen YS, Patel S, Kokoszka J, Brown MD, Torroni A, DePaulo JR, Wallace

DC. Mitochondrial DNA sequence diversity in bipolar affective disorder. Am J Psychiatry

2000; 157:1058–1064.

141. Evans WE, Relling MV. Pharmacogenomics: Translating functional genomics into rational

therapeutics. Science 1999; 286:487–491.

142. Roses AD. Pharmacogenetics and the practice of medicine. Nature 2000; 405:857–865.

143. Zanardi R, Serretti A, Rossini D, Franchini L, Cusin C, Lattuada E, Dotoli D, Smeraldi E.

Factors affecting fluvoxamine antidepressant activity: influence of pindolol and 5-HTTLPR

in delusional and nondelusional depression. Biol Psychiatry 2001; 50:323–330.

144. Kim DK, Lim SW, Lee S, Sohn SE, Kim S, Hahn CG, Carroll BJ. Serotonin transporter

gene polymorphism and antidepressant response. Neuroreport 2000; 11:215–219.

145. Serretti A, Lilli R, Mandelli L, Lorenzi C, Smeraldi E. Serotonin transporter gene associated

with lithium prophylaxis in mood disorders. Pharmacogenom J 2001; 1:71–77.

146. Goldstein DB. Islands of linkage disequilibrium. Nat Genet 2001; 29:109–111.

147. Reich DE, Cargill M, Bolk S, Ireland J, Sabeti PC, Richter DJ, Lavery T, Kouyoumjian R,

Farhadian SF, Ward R, Lander ES. Linkage disequilibrium in the human genome. Nature

2001; 411:199–204.

148. Johnson GC, Esposito L, Barratt BJ, Smith AN, Heward J, Di Genova G, Ueda H, Cordell

HJ, Eaves IA, Dudbridge F, Twells RC, Payne F, Hughes W, Nutland S, Stevens H, Carr

P, Tuomilehto-Wolf E, Tuomilehto J, Gough SC, Clayton DG, Todd JA. Haplotype tagging

for the identification of common disease genes. Nat Genet 2001; 29:233–237.

149. Leboyer M, Bellivier F, Nosten-Bertrand M, Jouvent R, Pauls D, Mallet J. Psychiatric genet-

ics: search for phenotypes. Trends Neurosci 1998; 21:102–105.

150. Niculescu AB 3rd, Akiskal HS. Proposed endophenotypes of dysthymia: evolutionary, clini-

cal and pharmacogenomic considerations. Mol Psychiatry 2001; 6:363–366.

151. Pandey A, Mann M. Proteomics to study genes and genomes. Nature 2000; 405:837–846.





9

Genetics of Anxiety

WOLFGANG MAIER

University of Bonn

Bonn, Germany

I. INTRODUCTION

Anxiety disorders are common. Like all other common diseases, anxiety disorders are

familial and genetically influenced. In contrast to other psychiatric disorders, the familial

genetic nature of anxiety disorders were detected recently, with a delay of several decades.

It was only about two decades ago—after the advent of the first criteria-based definitions

of specific anxiety disorders in DSM-III—that intensive genetic–epidemiological research

on anxiety disorders started. It became evident at the same time that anxious behavior in

animals reveals strong similarities to that in human behavior, and anxious behavior in

animals is under genetic control. Given the face validity of the animal phenotype, genetic

animal research became a model for understanding the genetic basis of human anxiety

and anxiety disorders.

II. GENETIC EPIDEMIOLOGY BY FAMILY AND TWIN STUDIES

During the last two decades, a series of family and twin studies documented the familial

aggregation and genetic determination of generalized anxiety disorders, panic disorders,

and phobic disorders. Adoption studies had not been conducted. Recent review studies

reported the current evidence in this field [1,2]. Thus, this chapter briefly summarizes the

current state of knowledge in Tables 1 and 2.

Although the prevalence rates for anxiety disorders in families of affected subjects

and of controls vary considerably across samples, the odds ratios and heritability estimates

are less variable. Heterogeneity tests for odds ratios were conducted, and for the heritabil-

ity rates in twin samples without revealing inconsistencies across samples [2].

189
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Table 1 Family Studies: Meta-Analysis

OR

Risk (%) among compared

Disorders Refs. first-degree relatives Controls to controls

Generalized anxiety disorders 4 19.5 3.5 6.6

5 8.9 1.9 5.0

Panic disorders 6 17.3 4.2 4.8

5 13.2 0.9 15.6

7 7.9 2.3 3.6

8 11.0 1.8 6.7

9 9.5 3.0 3.4

Agoraphobia 6 11.6 4.2 3.0

10 10.0 3.0 3.5

Social phobia (generalized) 11 16.0 6.0 2.9

12 26.4 2.7 12.9

3—parents 22.4 12.2 4.7

Simple phobias 10 31.0 9.0 4.4

Source: Refs. 2 and 3.

Table 2 Twin Studies: Meta-Analysis

Proband-

wise

concordance

Sample (%)

Disorders Refs. gender MZ DZ Heritability

Generalized anxiety disorders 13 males/females 60.0 14.3

14 males — — 0.37

15 males 22.9 19.5 0.22

15 females 38.1 40.6 0.22

Panic disorders 16 males/females 30.8 0.0

13 males/females 41.7 16.7

17 males/females 73.0 0.0

18 females 20.7 14.5 0.37

14 males — — 0.43

Agoraphobia 19 females 23.2 15.3 0.39

20 males 12.2 12.2 0.37

Social phobia 19 females 24.4 15.3 0.30

20 males 12.6 9.8 0.20

Simple phobias 21 males/females 13.0 8.0

” , animal 19 females 25.9 11.0 0.32

” ” 20 males 15.9 7.7 0.35

” , situational 19 females 22.2 23.7 —

” ” 20 males 21.2 6.5 0.25

” , medical 22 females — — —

” ” 20 males 15.6 4.1 0.28

Source: Ref. 2.
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Two main conclusions can be drawn:

1. Altogether, consistent evidence emerge that all anxiety disorders are strongly

familial. The odds ratios indicate an at least threefold excess of morbid risk for

any anxiety disorder among first-degree relatives of affected individuals (Table

1). For each of the listed diagnostic categories, the reported odds ratios even

exceed the odds ratios for unipolar depression (ranging between 2 and 3) [1].

2. Twin studies clearly demonstrate that all anxiety disorders are under genetic

influence (Table 2). The magnitudes of the genetic components range between

0.2 and 0.4 and are comparable by magnitude across the various disorders with

a trend for panic disorder showing maximal heritability rates; maximal heritabil-

ity was reported for panic disorder by Scherrer et al. [14], with 0.43 in males,

whereas lowest heritability estimates (15–22%) were calculated for one twin

study in generalized anxiety disorder based on only a modest familial aggrega-

tion rate [15]. Unipolar depression is influenced by genes to a similar extent. In

contrast, schizophrenia and bipolar disorders, as well as dimensional personality

traits like neuroticism, are under stronger genetic control (heritability � 0.5).

Overall, the heritability estimates are lower than 50%. Thus, a nongenetic environ-

mental component is apparently more relevant for the manifestation of anxiety disorders

than genetic factors. This conclusion might be inappropriate as the environmental compo-

nent also includes (1) all the measurement errors and (2) the variance due to gene–environ-

ment interaction. Consequently, the magnitude of the genetic component is likely to be

an underestimate.

The analysis of twin study data allows additional refinements: variance component

analysis of twin studies enables the decomposition of the origin of variation because of

nongenetic factors in shared and in individual-specific environmental components. Al-

though those calculations are model-dependent, they allow a rough impression on the

relevance of putative risk-factor components. Counter to expectancy, the nongenetic vari-

ance is nearly exclusively due to individual-specific determinants in anxiety disorders of

adults [2]. Common environment, however, might be more relevant in childhood or adoles-

cent anxiety disorders; e.g., a recent twin study [23] found substantial impact for shared

environment on separation anxiety disorder, particularly in boys, which decreased with

age.

As a limitation, this variance-analytic strategy is not sensitive enough to detect con-

tributions of shared environment of only very modest magnitude (� 10%); e.g., although

no impact of shared environment was observed in the global variance analysis in a Virginia

sample with more than 2000 twins, the analysis of the specific risk factor “deficient parent-

ing” (coldness, overprotectiveness/rejection, and authoritarianism) revealed a modest, but

significant, contribution to the risk of generalized anxiety disorder, phobia, and panic

disorder [24]. In this line, a family study in social phobia [3] reported only a borderline

significance for parental style. Merikangas et al. [25] were also unable to find a significance

impact on parental style (beyond the parental psychopathology) on anxiety disorders in

offspring. Thus, also the analysis of specific environmental factors detected only minor

effects of environment but could not prove a major contribution of shared nongenetic

family influences.

In summary, we can conclude that the family aggregation of anxiety disorders is

mainly attributable to genetic factors but not to a common environment. Even without

the specification of genes and environments in family and twin studies, these results con-
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tribute to the classic discussions on the origin of anxiety disorders; e.g., it was proposed

that anxious behavior and particularly social anxiety were learned by modeling (model-

learning hypothesis), and that children, in particular, learn this behavior from their parents.

According to this hypothesis, children would be exposed to a common, shared risk factor

emerging as shared variance from twin studies. Given the lack of evidence for shared

nongenetic components in twin studies, the model-learning hypothesis cannot explain a

substantial proportion of the variance.

III. MODIFIERS OF THE MAGNITUDE OF RELATIVE RISK

The magnitude of familial loading is broadly varying across families for each anxiety

disorder. What are the determinants? Gender, age at onset, and comorbidity with selected

disorders have been explored as risk-modifying factors.

Anxiety disorders are generally more common among females than males. Conse-

quently, female relatives of affected probands are more vulnerable to anxiety disorders

than male relatives. However, the relative risks of any anxiety disorder are comparable

between female and male relatives of affected probands across the various family studies.

Similarly, the heritability estimates are not gender-dependent (Tables 1 and 2) [15].

The familial risk of most psychiatric disorders is positively correlated to the age at

onset. Similarly, in anxiety disorders, Goldstein et al. [26] observed higher familial loading

for early-onset panic disorder. This issue has not been pursued in other anxiety disorders.

Comorbidity of panic disorder with agoraphobia has been proposed to indicate in-

creased severity associated with increased familial risk to panic disorder and agoraphobia

[6]. Further research was unable to support this hypothesis [7,27].

Comorbidity of panic disorder with major depression is also considered an indicator

of high severity. Despite of earlier contradicting reports, the familial risk for anxiety disor-

ders is apparently unchanged by comorbidity with depression [27].

IV. MODE OF TRANSMISSION

The mode of intrafamilial transmission remains unclear for all anxiety disorders as is the

case for all psychiatric and all common diseases. Previous reports on segregation analyses

for panic disorders proposing a major gene effect or even a dominant transmission [28]

were not replicable in subsequent segregation studies [29]. Thus, all anxiety disorders can

be considered genetically complex disorders without a Mendelian mode of transmission.

The most reasonable assumption for all anxiety disorders is that multiple genes are

interacting with each other and with environmental factors to produce the disorder (multi-

ple susceptibility/vulnerability genes). Given the results of genome-wide linkage studies

in panic disorders (see below), genes with a major effect are unlikely to operate in the

majority of families affected by panic disorders (see below). In agreement with this trans-

mission model, Merikangas et al. [25] observed a gene-dose effect: the risk among off-

spring doubles if both parents suffer from anxiety disorders. More specific knowledge

about the transmission of anxiety disorders is only feasible after specific impacting vulner-

ability genes are identified.

A. The Structure and the Boundaries of the Transmitted Phenotype

What is the genetic architecture of the inherited phenotype? Given that the definitions of

anxiety disorders emerge from clinical conventions, it is unlikely that these diagnostic
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entities are transmitted in families as distinct phenotypes; a one-to-one relationship be-

tween a combination of genetic factors and a specific anxiety disorder cannot be expected.

It would come as a surprise if the conventional clinical boundaries would map into distinct

genetic entities. Instead, the phenotypes transmitted in families are only correlated to anxi-

ety disorders. Empirical evidence supports this suggestion.

1. Anxiety disorders might be transmitted as part of a continuum.

2. Anxiety disorders might not operate as genetically distinct entities.

3. Anxiety disorders might share susceptibility genes with other disorders.

4. Neurophysiological and neurochemical indicators might be genetically related

to anxiety disorders, and present as more direct cues to the susceptibility genes.

1. Transmission of an Anxiety-Related Continuum

Anxiety disorders might be considered as extremes on a continuum of liability to anxious

behavior that is driven by a common genetic predisposition (quantitative trait loci—QTL);

thus, subthreshold anxiety disorders, anxiety symptoms, and anxious behavior are also

influenced by the same genetic variation as anxiety disorders; either a lower environmental

or genetic load or the presence of protective genes or environment prevent these subdiag-

nostic features from becoming more severe and presenting as anxiety disorders.

Empirical research using individual symptoms or dimensional measures of phobia

and panic provided only limited evidence for a familial genetic basis for subthreshold

conditions. In this context, the magnitude of the relative risk of subsyndromal anxiety in

relatives of patients with panic/phobic disorders, and of the heritability estimates remains

controversial: particular phobic symptoms have not been found to be highly transmissible

by interview-based family studies [30,31]; similarly, only very modest heritability was

reported for individual phobic/panic symptoms and factors in a twin study using question-

naires [32]. However, there is also conflicting evidence [33–36]. Several twin studies

report heritability estimates for symptoms of specific phobic fears (between 0.45 and 0.55)

comparable to phobic disorders particularly among children. Despite these twin studies,

it remains uncertain if the number of anxiety symptoms represents a trait that is as heritable

as anxiety disorders.

More basic and more traitlike symptoms may produce unpleasant, adverse, or harm-

ful consequences (anxiety sensitivity). Recent research demonstrated that anxiety sensitiv-

ity is an antecedent risk factor for panic and anxiety symptoms [37]. A new twin study

using a new scale to measure anxiety sensitivity revealed a very substantial heritability

rate of nearly 50% [38]. The genetic architecture of this trait, however, remains to be

explored.

2. Diagnostic Specificity in Transmission of Specific Anxiety Disorders?

The familial genetic relationship between specific phobias remains ambiguous: on the one

hand, a family study in probands with panic disorder and phobia (in absence of comorbid-

ity with nonanxiety disorders) found a diagnosis-specific familial contribution to panic

disorder with agoraphobia, social phobia, and simple phobia [10] without excluding partial

overlap of the familial components between each of these disorders (especially between

social and simple phobias). Another family study found familial coaggregation of social

phobia and agoraphobia in probands with panic disorder in the absence of comorbidity

with major depression; however, the coaggregation of both conditions is not a consequence
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of shared familial genetic factors; instead, social phobia presents more of a consequence

of preestablished agoraphobia in relatives [8].

The genetic relationship between panic disorder and phobias has been extensively

explored with ambiguous results. A prior family study by Noyes [6] also found panic

disorder with agoraphobia and panic disorder without agoraphobia to breed true. Subse-

quent studies were unable to replicate this relationship [7,27]. Partial identity of genetic

vulnerability factors for phobias and panic disorder (as well as bulimia) was also reported

in two independent population-based twin studies [14,39]. In contrast, the genes impacting

on generalized anxiety disorder and depression did not reveal substantial overlap with

genes influencing the manifestation of phobias and panic disorder according to Hickie et

al. (40) and Kender et al. [41]. Phobias were not further specified in these two large-scale

studies, leaving space for divergent relationships on the level of specific phobias. Another

study in offspring of patients found evidence for a familial genetic link between social

phobia and depression [3]. A recent twin study by Scherrer et al. [14], however, suggested

that at least half of the genetic liability for panic disorder overlapped with generalized

anxiety disorder. Thus, it cannot be excluded that specific phobias show differential ef-

fects.

Apparently, there is diagnostic specificity as well as unspecificity with regard to the

subtype in a family-genetic perspective. Panic disorder and phobic disorder are consider-

ably overlapping whereas generalized anxiety disorder shows the highest degree of dis-

tinctness.

3. Genetic Relationship to Other Disorders

Anxiety disorders and depression: The familial genetic relationship between generalized

anxiety and depression was the topic of intensive study in several population-based twin

studies [42–46]. A very strong genetic relationship between generalized anxiety disorder

and major depression emerged from these twin studies: both disorders share the same

genetic vulnerability factors; the differential alternative expression as anxiety or as depres-

sion is due to distinct environmental factors that still have to be identified. If anxiety and

depression are considered quantitatively as two continua, with the disorders defining the

extreme of the continuum, the close genetic relationship between both psychopathological

conditions was replicated in other population-based twin studies [42–44]. Anxiety disor-

ders and depression in childhood are even more closely correlated than in adulthood

[25,47].

There is also consensus in more recent family and twin studies that panic disorders

and major depression are not strongly related genetically. Controlled family studies report

only modest or insignificant excess of major depression in families of probands with panic

disorder without a history of major depression [27,48]. Twin studies [39] report absence

of a substantial genetic correlation between panic disorder (and phobias), on the one hand,

and depression, on the other hand. In contrast, a family-genetic relationship between bi-

polar disorder and panic disorder seems to be closer [49].

The observed diagnostic unspecificity of anxiety disorders and depression with re-

gard to familial aggregation has been considered under the model of age-specific expres-

sion of common risk factors: anxiety is preferentially expressed in childhood, and depres-

sion is preferentially expressed in adulthood [50–52].

Another model, derived from the analysis of a large Australian twin study, proposes

that anxiety (mainly in males) and depression (mainly in females) are variable expressions
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of a heritable trait of neuroticism (which revealed heritability estimates of more than 50%

in multiple twin studies) [53].

The genetic correlations between liabilities to phobias and panic disorder and be-

tween generalized anxiety disorder and depression may explain a substantial proportion

of the intraindividual comorbidity between these disorders as observed in epidemiological

studies [54]. However, genetic factors cannot account for the excess comorbidity between

panic disorder and major depression.

Anxiety disorders and addiction: The relationship between anxiety disorders and

alcoholism is particularly complex. It is indisputable that an excess rate of alcoholism

(abuse or dependence) can be encountered in families of probands with any anxiety disor-

der. The relationship to anxiety disorders in family studies, however, is heterogeneous:

(1) alcoholism in relatives of probands with social phobia is mainly secondary to the

relative’s primary social anxiety disorder [55]; (2) several studies report that a partly

shared genetic-familial diathesis underlies alcoholism and panic disorder [55–57]. How-

ever, twin studies only attribute a very modest common genetic component to panic disor-

der and alcoholism [39].

4. Genetically Correlated Neurobiological Indicators

Diagnostic categories are based on a consensus that does not refer to pathogenic mecha-

nisms or aim at defining the most appropriate phenotype emerging from underlying genes.

Genes influence the behavior through multiple complex neurobiological mechanisms (mo-

lecular mechanisms, neurotransmitter systems, neurophysiological mechanisms, brain cir-

cuits); nongenetic forces do impact those pathways. Thus, the relationship between vulner-

ability genes and the behavioral phenotype is only indirect, and the effect of a single

genetic mutation is likely to influence multiple behavioral qualities simultaneously. Given

that genes exert their influence on behavior through neurobiological mechanisms, neuro-

chemical and the neurophysiological indicators represent intermediate phenotypes that are

closely related intraindividually to the genetically more complex behavioral phenotype of

anxiety. These hypothetical indicators of the genetic diathesis to the disease (1) should

occur more often among subjects with increased genetic risk even if these subjects are

not affected with the disease, and (2) should be under genetic control. Those vulnerability

indicators can be considered as endophenotypes [58] and are most useful for the search

of specific underlying genes that also impact on the correlated disorders.

Indicators of particular interest of a diathesis for anxiety are somatic and behavioral

reactions to stimuli like lactate infusion, hyperventilation, and CO2 inhalation [59,60] for

panic disorder and phobia, or reactions to the unfamiliar or novelty in children [61] for

social phobia, and reactions to threat- and fear-related stimuli (startle) [25] for panic and

phobia in children and adults. These response patterns have been shown to precede the

development of anxiety disorders (mainly panic disorders and phobias) as indicators of

increased risk.

Given that anxiety disorders are familial, the high-risk approach exploring children

of affected parents is a particularly promising strategy to evaluate disease-related vulnera-

bility indicators. These indicators have been explored in a series of high-risk studies.

1. Children at high risk for anxiety disorders have increased startle reflex under

baseline but even more under various aversive conditions, and increased gal-

vanic skin response particularly subsequent to threat-related stimuli [25].
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2. Behavior inhibition to unfamiliar stimuli or situations is associated with shyness

among children and occurs consistently more commonly in offspring of parents

with social anxiety and other variants of anxiety disorders [51,62]; thus, this

reaction type among children was proposed to reflect constitutional “anxiety

diathesis” that is familial and predictive of liability to social phobia and panic

disorder [63].

3. Sensitivity to CO2 challenge measured by autonomic reactions is well supported

as a vulnerability indicator of anxiety, particularly of panic disorder. Healthy

relatives of probands with panic disorder have increased sensitivity [64]. In

addition, Bellodi et al. [65] demonstrated genetic influence on this trait by a

twin study in healthy volunteers. Response to CO2 inhalation has been proposed

to be associated with the functional promoter polymorphism of the serotonin

transporter gene [66]. On this basis, interactive gene x psychological risk factor

models have been proposed to explain the pathogenesis of anxiety in vulnerable

subjects [66].

Another putative vulnerability indicator is the reaction to lactate infusion that pro-

vokes panic attacks in affected subjects. However, in contrast to CO2, relatives of probands

with panic disorder do not consistently respond with panic attacks to lactate [67].

Physiological vulnerability indicators for generalized anxiety disorders have not yet

been developed. Automatic (e.g., heart-rate variability) activity and reactions are particu-

larly promising in this respect but have not yet been fully explored as vulnerability indica-

tors.

Besides these physiological functions, behavioral trait measures as anxiety sensitiv-

ity or personality traits like neuroticism may also reflect the underlying liability to anxiety

disorders more appropriately than the diagnostic categories (see above).

What can be concluded for the transmitted phenotype?

1. Apparently, various categories of anxiety disorders do not breed true, although

there is some diagnostic specificity; generalized anxiety is genetically most dis-

tinct whereas panic disorders and phobias share genetic risk factors.

2. The diagnostic boundaries are not supported by a differential genetic etiology;

the boundary between depression and generalized anxiety is not reflected in

distinct genetic etiologies; on the contrary, genetic components for both disor-

ders are strongly correlated. Thus, in a genetic perspective, generalized anxiety

is closer to depression than to the other anxiety disorders.

3. Several physiological and behavioral dimensional traits that are closely related

to the manifestation of phobias and panic disorder are apparently influenced by

the same genes as the anxiety disorders; they might serve as alternative, more

appropriate phenotypes from a genetic perspective.

B. Search for Predisposing Genes

Two major strategies for mapping disease genes are feasible: linkage analysis and associa-

tion studies. In either case, polymorphic loci on the genome are used as markers. The first

strategy applies to families with multiple affected subjects, and explores whether genetic

markers are transmitted together with the disease. The second strategy applies either to

independent cases in comparison to controls or, alternatively, to nuclear families (affected

index case with both parents using the not transmitted parental alleles as controls); the
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association strategy tests whether a genetic variant (allele) at a specific locus is more

common among affecteds compared to controls.

The linkage strategy can be used in a hypothesis-free manner by using a genome-

wide approach with a limited number of densely and appropriately placed informative

markers; markers linked with the disease indicate a broad candidate region that is likely

to host a disease gene. A genome-wide approach by association studies will be technically

feasible in forthcoming years; in addition, very extensive case-control samples are needed.

Currently, the association strategy is still restricted to a candidate-gene approach.

Candidate genes express gene products (e.g., proteins) that are involved in the pathophysi-

ology or treatment of the disease.

The two strategies have certain advantages and disadvantages: The success of the

association strategy depends on the knowledge of the neurobiology of anxiety disorders.

Given the limitations of the specific progress in this field, most candidate genes are not

yet known. Observed associations with a genetic variant must also be interpreted with

caution: two markers in close distance on the same chromosome are in linkage disequilib-

rium and, therefore, in association; an associated variant, therefore, does not necessarily

represent the “true” susceptibility gene variant but may just indicate that a genetic variant

in linkage disequilibrium influences the risk. On the other hand, the linkage strategy can

only localize genes with a major or at least substantial effect and may be futile in disorders

driven by an operation of multiple genes with only small effects that can be detected more

easily by the association strategy.

The most critical issue in searching predisposing genes is the appropriate phenotype

definition. Up to now, published studies relied nearly exclusively on clinical diagnoses

(only exception being anxiety disorders) [68]. However, there are serious uncertainties

about the utility of clinical diagnoses in gene-mapping studies (see above). Latent behav-

ioral and/or biological traits (like anxiety sensitivity or reaction to CO2 inhalation) might

be more appropriate.

1. Genome-Wide Linkage

In an influential paper, Risch [69,70] demonstrated that linkage studies for mapping of

disease genes using pairs of affected siblings are more powerful the higher the relative

risk of the disease among first-degree relatives. Given that the odds ratio is higher than

3.0, all anxiety disorders are promising candidates for genome-wide linkage analysis; in

this respect they are better suited for linkage studies than unipolar depression with lower

relative risk.

Three genome-wide linkage scans were conducted in samples of families with panic

disorder: in 23 families by Knowles et al. [71], which were extended to 34 families by

Weissman et al. [72]; in 23 families by Crowe et al. [73]; and in 20 pedigrees by Gelernter

et al. (74). Linkage signals with only modest effects were found in each of these studies,

proposing that only genes with a small or modest effect influence panic disorder. Conse-

quently, multiple susceptibility genes with small to modest effects impact on the manifes-

tation of panic disorder.

The signals found in one family sample were, unfortunately, not replicable in the

two other family samples, although very similar selection criteria for probands and families

and similar tools for phenotype characterization were applied. Given the difficulties of

replication of small or modest linkage signals under the condition of relatively small family

samples, this inconsistency does not come as a surprise [75]. However, the comparison

of two of the three studies brought some consensus: a locus on chromosome 7p showed
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suggestive linkage in two samples: maximal lod score in Knowles’ et al. sample 1.71 [71],

in Crowe et al.’s sample 2.23 [73]; similarly, another locus on chromosome 1 revealed

suggestive linkage in Crowe et al.’s sample [73] with a maximal lod score of 1.1, and of

2.0 in Gelernter et al.’s sample [74]. Despite not reaching the level of statistical signifi-

cance, and despite the lack of incomplete consensus between the three genome scans,

these results are remarkable given the low likelihood of obtaining overlapping signals in

different genome scans with very limited sample sizes. These promising candidate regions

await additional replication as well as fine-mapping, particularly in candidate genes lo-

cated in these areas; unfortunately, current knowledge does not propose interesting

positional candidate genes. Linkage studies for other anxiety disorders are currently not

available.

Two innovative approaches to linkage deserve special attention, although the empiri-

cal results are not yet replicated. In the sample of families with multiple members with

panic disorder recruited for linkage [72] coincidence of panic disorder with a series of

somatic diseases (affecting kidney, bladder, thyroid, and mitral valve) in individual family

members was noticed. After restriction of the sample to families with at least one member

reporting panic together with one of these somatic diseases, the lod score at a single locus

on chromosome 13 went up to a highly significant magnitude.

Motivated by the observation of the excess comorbidity between panic disorder and

joint laxity in a specific population, Gratacos et al. [76] collected families with a high

prevalence of panic disorder or phobias and joint laxity. Before starting the genome scan,

an initial cytogenetic examination in family members with both disorders was performed;

an interstitial duplication on chromosome 15q (DUP25) was found in the majority of

affected subjects. At the DUP25 locus, a highly significant linkage signal was detected

in the multiplex families. The proposed vulnerability gene variant DUP 25 is of particular

interest because of its non-Mendelian transmission [76].

2. Candidate Genes

The selection of candidate genes primarily focuses on neurochemical hypotheses to the

disease. Anxiety and its disorders are thought to be related to serotonin. Other candidate

genes refer to targets of anxiety-provoking agents.

Serotonin transporter genes. The serotonin transporter is instrumental in the regu-

lation of serotonergic activity. The polymorphism in the promoter region of the serotonin

transporter gene is a most promising candidate for negative emotions, anxiety, as well as

anxiety disorders. After the first report of an association of the allele with reduced in vitro

transporter expression with neuroticism and other personality-bound, anxiety-related traits

[77], a bulk of studies tried to replicate the results with limited success: in favor of the

original finding [78–80]; partly in favor [81]; not in favor [82–84]. Using clinical diagno-

ses (panic disorder) as phenotypes, neither linkage nor association have been found in

family-based studies [85].

Serotonin receptor genes. Another candidate is the serotonin receptor 5HT2c as

agonists to this receptor may provoke anxiety (e.g., mCPP) whereas antagonists (e.g.,

ritanserine) are anxiolytic agents. Deckert et al. [86] identified polymorphisms in regula-

tory units of this gene and found a significant association of one variant with panic disorder

in one but not in another population.

Animal studies (knockout models), in particular, propose the 5HT1a receptor as a

candidate for genetic studies [87]. However, common variants of this gene have not been

found up to now which could explain a relevant proportion of the genetic variance [88].



Genetics of Anxiety 199

Serotonin-metabolizing enzymes: monoamine oxidase and COMT genes. Mono-

amine oxidase inhibitors are powerful drugs for panic disorder and social phobia. Although

the relationship between MAO and anxiety disorders remains obscure [89], the genes

coding for the two variants of MAO are promising candidates; both genes carry functional

genetic variants in their regulatory units. Deckert et al. [90] first reported an association

between a promoter variant for MAO-A on the X-chromosome and panic disorder in two

independent populations. A subsequent replication test in a family-based association sam-

ple was unable to support the initial report [91].

The gene encoding another monoamine-metabolizing enzyme, catechol-O-methyl-

transferase (COMT), carries a functionally relevant variant that is hypothesized to impact

on several psychiatric disorders and their clinical presentations. Until now, there has been

no evidence for an association with anxiety disorders [92]. Lack of evidence for association

with the COMT variants was also reported for the anxiety-related traits of behavior inhibi-

tion and neuroticism [93].

Target of anxiolytic drugs: GABA and its receptors. The GABAergic systems are

implicated in the pathophysiology and treatment of anxiety disorders: GABA-A agonists

like benzodiazepines are anxiolytic and there is evidence for a decreased benzodiazepine

receptor function in anxious patients; in temporal correlation with the onset of anxiolytic

action, mRNA of specific GABA-receptor subunits is expressed by benzodiazepines in

critical areas in the brain. The genes of GABA-receptor subunits carry multiple polymor-

phisms. Unfortunately, candidate gene studies of GABA-receptor subunits did not form

replicable associations with panic disorder [94]. However, recently an association study

with behavior inhibition, an anxiety-related phenotype, found modest evidence that an

isoform of the glutamic acid decarboxylase (GAD65) was less common in affected sub-

jects. While this finding requires replication, it is noteworthy that the GAD65 knock-out

mouse revealed increased anxiety-like behavior [68].

Anxiety-provoking substances and their targets: CKK and adenosine receptors.

Cholecystokinin-tetrapeptide triggers panic attacks in patients with panic disorder more

often than in controls; this effect can be blocked by antipanic substances (e.g., imipra-

mine). The CKK gene carries a polymorphism in the promoter region. It has been tested

for association with panic disorder with positive results [95], which were not consistently

replicable [96]. Caffeine can also provoke anxiety in panic disorder probands through its

binding to adenosine receptors. Several silent mutations were identified in the two subtypes

of adenosine receptors A1 and A2 AR. Some evidence for an association with A2 AR gene

variants was found by Deckert et al. [97] for panic disorder. A replication test could not

confirm the initial result [98].

C. Genetic Animal Models

Anxiety as a reaction to threatening situations is not unique to humans. Avoidance and

anxiety-like behavior is a physiological reaction in all rodents and serves a protective

function; anxiety behavior is an evolutionary conserved phenotype (in contrast to depres-

sion). Thus, we can use animal models in order to understand mechanisms underlying

human anxiety. Multiple behavioral models in animals were developed in the past with

the following results: as in humans, there is a broad variation of anxiety-related behavior

among members of the same species and the same strain; selective breeding experiments

have clearly demonstrated that genetic factors control the degree of anxiety-like behavior

also among mice and rats. Because of the apparent homology between human and animal
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behavior, these studies provided valid animal models for anxiety disorders by defining

extreme behavioral variants as pathological anxiety. In this context, anxiety-like behavior

can be observed and quantified by avoidance behavior and behavior inhibition in aversive

conditions, and by conditioned fear and potential startle [99].

More recently, the inactivation of specific genes became feasible among mice using

transgenic technology (knock-out lines) in order to study the impact of a specific gene

on the behavior and underlying neurobiological circuits. By these means, new promising

candidate genes can be identified beyond our current knowledge of the pathophysiology

of the disease (what is particularly advantageous, given the limited knowledge on the

pathophysiology of anxiety disorders). A large number of genes contributing to neuronal

messengers, receptors, and intracellular regulations have been targeted in knock-out lines

and tested for anxiety-like behavior (see overview, Ref. 100). Apart from confirming the

involvement of serotonin, gamma-aminobutyric acid, and corticotropin-releasing hormone

as major mediators of anxiety and stress-related behaviors, two novel groups of anxiety-

relevant molecules have been revealed. The first group consists of neurotrophic-type mole-

cules, such as interferon-gamma, neural cell adhesion molecule, and midkine, which play

important roles in neuronal development and cell-to-cell communication. The second

group comprises regulators of intracellular signaling and gene expression, which empha-

sizes the importance of gene regulation in anxiety-related behaviors. Defects in these mole-

cules are likely to contribute to the abnormal development and/or function of neuronal

networks, which leads to the manifestation of anxiety disorders.

V. CONCLUSION

All anxiety disorders are under genetic control probably with multiple genes impacting

on all disorders. The contributing genes still have to be identified. The search for suscepti-

bility genes is hampered by the uncertainty of what is transmitted in families. The familial

genetic transmission reveals diagnostic specificity as well as unspecificity between the

various subcategories of anxiety disorders as well as with depression and alcoholism.

Thus, diagnostic subcategories, even if they are diagnosed with maximal precision and

reliability, will not present the most appropriate phenotypes for the detection of the under-

lying genes. The availability of the expanding technical potentials to map the variability

of the human genome, and to explore the relationship to genetically influenced phenotypes,

will not automatically result in a successful identification of genes accounting for anxiety

disorders. In order to reduce the complexity of the phenotype-genotype relationship and

to use forthcoming technical potentials, two critical steps have to be achieved: (1) the

development of a genetic nosology [1] using behavioral and neurobiological vulnerability

indicators and endophenotypes; [2] the recruitment of large samples of nuclear families

(with affected index cases) and/or of cases and controls in order to use the new prospects

of genome-wide association studies.
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I. INTRODUCTION

Stress is classically defined as a threatening of homeostasis to which the organism, in

order to survive, responds with a large number of adaptive responses. According to work

by Cannon, this mainly implicates the sympathetic nervous system and hormones of the

adrenal medulla. Selye was the first to suggest that neuroendocrine factors play a decisive

role and he considered the pituitary adrenal system to be the major organizer of the nonspe-

cific responses to stress. Any type of emotional or physical stressor sets into motion a

cascade of processes that fine-tune the adaptive response according to specific demands.

Sympathetic pathways are activated to allow for enhanced alertness and focused attention,

whereas vegetative functions such as feeding, sleep, and sexual drive are decreased. Pe-

ripherally, the humoral and neural systems support the most pressing requirements by

elevating heart rate, blood pressure, respiratory rate, and gluconeogenesis. An integral

part of adaptation to a stressor is the protection of the organism against an overreaction

and the curtailment of the response following termination of the stressor. If the organism

is incapable of terminating the reponse to stress at the end of the exposure, or if it is

exposed to chronic stress, adaptive mechanisms can lead to pathological changes. Defects

in this counterregulatory mechanism may be either genetically encoded, acquired during

premorbid life, or they may be a scar imprinted by previous disease episodies or traumatic

events. Whatever their origin, there is plausible evidence that changes in stress-adaptive

mechanisms are involved in the development, treatment, and prevention of depression and

anxiety disorders.
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II. THE STRESS RESPONSE

In response to acute physical or psychological stress, parvocellular neurons of the paraven-

tricular hypothalamus (PVN) produce increased amounts of corticotropin-releasing hor-

mone (CRH), which is released into portal vessels activating the secretion of corticotropin

(ACTH) from anterior pituitary cells. In turn, ACTH enters the circulation and elicits

corticosteroids from the adrenal cortex. This rapid activation of the hypothalamic pituitary

adrenocortical (HPA) system can be life sustaining because of the metabolic effect of

elevating blood glucose levels. Other stress-related responses needed for life-sustaining

adaptations encompass a number of behavioral reflexes elicited by activation of the HPA

system, presumably by an increase in CRH release. Activation of the stress response may

be affected by ascending aminergic input from the locus coeruleus and the raphé nuclei.

However, limited direct input to the PVN and dense innervations of central limbic struc-

tures further suggest indirect pathways in the modulation of the stress response. In addi-

tion, GABA-, glutamate-, and possibly acetylcholine-containing neurons play a role in

excitation of the PVN.

A. Corticotropin-Releasing Hormone (CRH), CRH Receptors,
and Natriuretic Peptides

CRH is a 41-residue peptide originally isolated by Vale and colleagues from ovine hypo-

thalamus [1]. Sequences for human and rat CRH were subsequently determined and found

to be identical to each other, and they differed from ovine CRH in 7 of the 41 amino acid

residues [2]. Two important CRH-containing neuronal tracts originate in the PVN of the

hypothalamus: CRH neurons with an endocrine role coproduce arginine vasopressin

(AVP) and terminate at the median eminence. CRH neurons involved in autonomic func-

tions produce CRH alone and project to the brain stem and the spinal cord. CRH is also

found in the cerebrocortex, limbic system, locus coeruleus, and olfactory bulb, although

at lesser concentrations. Besides its role as the principal secretagogue of ACTH, CRH

has neurotransmitter-like actions outside the hypothalamus as well. Of note, CRH neurons

innervate noradrenergic centers in the pons (locus coeruleus) and the central nucleus of

the amygdala, areas of recognized importance in anxiety and stress response.

The effects of CRH are mediated by two specific G-protein-coupled seven-trans-

membrane domain receptors called CRH-R1 and CRH-R2. Furthermore, two splice vari-

ants of the CRH-R2 receptor have been characterized in the rat brain [3]. A nearly exclu-

sive expression of CRH-R1 has been observed in frontal cortical areas, the cholinergic

basal forebrain, the brainstem cholinergic nuclei, and superior colliculus, the basolateral

nucleus of the amygdala, the cerebellum, the trigeminal nuclei, and the anterior pituitary.

CRH-R2α, on the other hand, is more strongly expressed in the paraventricular nucleus,

the lateral septum, the cortical and medial nuclei of the amygdala, and the serotonergic

raphe nuclei. Mixed receptor populations have been reported for the olfactory bulb, the

hippocampus, the entohirnal cortex, the bed nuclei of the stria terminalis and the periaque-

ductal gray [4]. Interestingly, low-to-moderate CRH-R1 signals have further been reported

for the central nucleus of the amygdala and the substantial nigra [5]. Moreover, recent

evidence points toward expression of CRH-R1 in the locus coeruleus, at least in the nonhu-

man primate brain [6]. However, differences among species have to be considered when

predictions about clinical implications of drugs acting at CRH receptor subtypes are based

on manipulations of rodent CRH receptors [7].
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Most studies exploring behavioral effects of CRH in animals have used intracerebro-

ventricular or site-specific effects of CRH, and all agree that CRH mediates numerous

anxiogenic and fear-related aspects of stress. These include the CRH-induced potentiation

of acoustic startle, suppression of social interaction, and an increase in stress-induced

freezing behavior [8]. This is further supported by transgenic mice overexpressing CRH.

These mice have deficits in emotionality and were used as a genetic model of anxiogenic

behavior [9]. As shown in Figure 1, most of the signs and symptoms induced by CRH

administration correspond to symptoms of today’s diagnostic algorithms for depression

and anxiety disorders.

Decreased CRH neurotransmission has been studied by administering antisense oli-

godeoxynucleotides corresponding to the start-coding region of CRH mRNA. The applica-

tion of this kind of gene therapy to stressed rats produced a decrease in CRH biosynthesis

and led to the reduction of anxiety-related behavior [10]. Comparison of the behavioral

effects of antisense probes that were either directed against CRH-R1 or against R2-receptor

mRNA suggested that CRH-R1 is more likely to convey anxiety and, possibly, depression-

related signaling [11,12]. Complementary evidence was provided by the generation of

CRH-R1-receptor-deficient mouse mutants, which proved to be less anxious than normal

Figure 1 Animal studies in which CRH was injected intracerebroventricularly or CRH

synthesis was disrupted (knockout mice or antisense oligodeoxynucleotide treatment of

rats) or CRH receptor function was manipulated through antagonists, gene therapy or gene

targeting are in accord with indirect clinical evidence that many signs and symptoms present

in major depression can be attributed to enhanced central activity of CRH (according to

Ref. 7).
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mice [13,14]. Conflicting results with respect to anxiety-like behavior were described for

CRH-R2-receptor knockout mice [15,16].

Whereas several peptides besides AVP are known to act synergistically with CRH,

the only peptide candidate in humans that inhibits the HPA system at all regulatory levels

of the system seems to be atrial natriuretic peptide (ANP). ANP has been shown to inhibit

the stimulated release of CRH and ACTH in vitro and in vivo. This can be observed in

humans as well, where ANP inhibits the CRH-induced ACTH [17], prolactin [18], and

cortisol secretion [19]. ANP is not only synthesized by atrial myocytes [20] and released

into the circulation, but also is found in neurons of different brain regions [21] where

specific receptors have been found. ANP receptors and immunoreactivity have been found

in periventricular and paraventricular hypothalamic nuclei, the locus coeruleus, and the

central nucleus of the amygdala. HPA modulation by ANP is shown in Figure 2.

Intracerebroventricular administration of ANP elicited anxiolytic activity in the

open-field, social interaction, and elevated plus-maze tests [22,23]. The effects of central

and peripheral administration of atriopeptin-II, a 23-amino-acid residue peptide of ANP

(Ser103-Arg125), was furthermore investigated in the elevated plus-maze test in rats previ-

ously exposed to a social defeat stress. Results show that the intracerebroventricular, intra-

amygdala, and intraperitoneal administration of atriopeptin-II produced anxiolytic effects

without affecting spontaneous locomotor activity [24]. In line with opposite endocrine

effects of C-type natriuretic peptide (CNP) [25], intracerebroventricular administration of

CNP had a clear anxiogenic effect in the elevated plus-maze [26]. The blockage of this

anxiogenic effect of CNP by a CRH receptor antagonist [27] gives further evidence for

Figure 2 Preclinical and clinical studies show that ANP inhibits the HPA system at the

hypothalamus, the pituitary, and the adrenal cortex. ANP is released from the heart but is

found in the CNS as well. GR, glucocorticoid receptor; MR, mineralocorticoid receptor.
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a bidirectional interaction of CRH and natriuretic peptides, with respect not only to the

HPA-system, but also to anxiety-related behavior.

B. Glucocorticoids, Glucocorticoid Receptors, and Neuroactive
Steroids

Corticosteroids act on neurons by two principal mechanisms: (1) genomic actions, where

the steroid enters the cell and binds to cognate receptors that transform into transcription

factors, modulating the expression of steroid hormone-regulated genes; and (2) nongeno-

mic actions, where steroids bind to sites at synaptic membranes, affecting ion conductance

(Figure 3).

The central role of corticosteroids in the maintenance of basic functions and in

adaptation and survival under stressful conditions has led to the evolution of two distinct

receptor systems, the mineralocorticoid receptors (MR) and the glucocorticoid receptors

(GR) [28]. These two receptors, the MR with about 10-fold higher affinity to cortisol than

the GRs, provide sufficient control over tonic (MR) and stress-response (GR) mechanisms

in the hippocampus allowing for physiological responsiveness over a wide concentration

range of cortisol. Under baseline conditions, the MRs are 90% occupied by cortisol,

Figure 3 Nongenomic and genomic effects of neuroactive steroids. The list in the upper

left-hand corner of the figure shows steroids that fulfill the criteria for neuroactive steroids.

The lower list gives neurotransmitter receptors that are targets for steroid modulation. The

right-hand side of the figure describes the classical model of steroid-hormone activation via

the steroid-receptor cascade at the genomic level, which takes place over minutes to hours.

The list on the right-hand side of the diagram gives typical steroid hormones. BDZ, benzodi-

azepines; ER, estrogen receptor, G, G-protein; GR, glucocorticoid receptor; MR, mineralo-

corticoid receptor; PS, pregnenolone sulfate; R, receptor. (From Ref. 33.)
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whereas the GRs are only 50% occupied. In the early morning, when HPA activation

occurs, or following stress, the GRs become more fully occupied in order to curtail HPA-

activating mechanisms. Continuing corticosteroid hypersecretion leads to overexposure

of GRs and MRs which in turn are downregulated. The most important control mechanism

of the HPA system is an autoregulatory feedback by corticosteroids that can inhibit ACTH

secretion, both directly and indirectly by rapid (within minutes) and delayed (more than

2 h) effects [29]. At the DNA level, where positive and a few negative (including ACTH

suppression) gene regulations occur, GR and MR bind as heterodimers. Whenever coloca-

lyzed as in the case in hippocampal cells, GR and MR can heterodimerize, which expands

the repertoire of cellular responses to fluctuating corticoid levels [30].

In the last decade, considerable evidence has emerged indicating that certain steroids

may alter neuronal excitability via their action at the cell surface via interaction with

certain neurotransmitter receptors. For steroids with these particular properites, the term

“neuroactive steroids” has been used (31–33). Other authors use the term neurosteroids,

which can be misconstrued, because these steroids are not specifically synthesized in neu-

rons. Whereas it seems attractive to differentiate genomic from nongenomic actions upon

neurons, it could be demonstrated that transitions may also exist between these two modes

of action [34]. Steroids that are believed to have limited effects at membrane sites, such as

allopregnanolone (3α,5α-THP) and allotetrahydrodeoxycorticosterone (3α,5α-THDOC),

can be oxidized intracellularly and then exert genomic actions through progesterone recep-

tors. Thus, the steroid molecule provides a rather flexible structure that can be modified,

depending on the tissue, to satisfy specific demands.

The first behavioral observations related to these steroids date back to Selye, who,

over 50 years ago, reported that progesterone and deoxycorticosterone (DOC) have a

strong sedative action through their A-ring-reduced metabolites. These two steroids,

3α,5α-THP and 3α,5α-THDOC, bind at γ-aminobutyric acidA (GABAA) receptors to en-

hance GABA-induced chloride currents. In rats, 3α,5α-THDOC and 3α,5α,THP are ele-

vated in cortical and hypothalamic tissue after stress [32], and they have been shown

to be anxiolytic and hypnotic, respectively, as predicted by electrophysiology, where a

benzodiazepine-like action was demonstrated [34]. Several other neuroactive steroids have

opposite effects. For example, the sulfated form of pregnenolone has been observed to

antagonize GABAA-receptor-mediated chloride currents by reducing the channel open fre-

quency [31] and therefore being proconvulsant. Interestingly, 3α,5α-THP dampens the

activity of the HPA system and counteracts CRH-induced anxiety. In addition, neonatal

treatment of rats with 3α,5α-THDOC abolishes the behavioral and neuroendocrine conse-

quences of adverse early life events [35].

III. DEPRESSION AND ANXIETY DISORDERS

Today, there is a trend to create an increasing number of diagnostic categories, which is

reflected by the fact that the official diagnostic manual of the American Psychiatric Associ-

ation for diagnoses released in the 1950s (DSM-I) contained 106 diagnostic categories,

while the current version of this manual (DSM-IV) has been expanded to over 400 catego-

ries. In this light, any attempt to validate a psychiatric diagnosis with laboratory findings

must be frustrating. Instead of syndromes or diagnoses being contrasted with HPA mea-

sures, the latter should be considered as one of the features of the clinical phenotype.

Ideally, these abnormalities should be incorporated as signs and symptoms into a

multiaxial diagnostic scheme [36].
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A. Major Depression

Approximately 50 to 60% of patients with major depression show distinct baseline changes

in ACTH and cortisol secretion. Studying the pulsatile activity and circadian rhythmicity,

it can be demonstrated that in depression the number of ACTH pulses is increased, while

for cortisol it was not the number but the amount released per burst that was increased

[37]. The coincidence of increased ACTH burst frequency and enhanced cortisol secretory

amplitude is probably a secondary consequence of the hypersensitivity of the adrenal

glands, which is further supported by increased cortisol surges after ACTH administration

[38], the normal cortisol response despite blunted ACTH secretion following CRH stimu-

lation [39] and an enlarged adrenal size during depression [40].

The dexamethasone suppression test (DST) has received considerable attention in

psychiatric research because of its ease of use and its suggested potential for identifying

patients with endogenous or melancholic depression. A large number of studies have

shown that depressives frequently escape from the suppressive effect of 1 to 2 mg dexa-

methasone (DEX) [41–43], but to date the DST is no longer regarded as a diagnostic test

[44]. The most promising application of the DST remains its use as a state marker, which

can be applied longitudinally to follow-up treatment response [44].

After CRH became available for clinical studies, several groups consistently re-

ported that ACTH response was blunted, regardless of whether ovine or human CRH was

used [39,45] (Fig. 4). In some studies, an inverse relationship was found between baseline

cortisol concentration and post-CRH ACTH concentrations, and it was concluded that

elevated baseline cortisol concentrations account for ACTH blunting via negative feed-

back. However, other factors, such as CRH receptor desensitization of corticotrophs, al-

tered processing and storage of ACTH precursors and alternative processing of POMC

may also contribute to this phenomenon.

A surprising finding emerged when patients with depression were given DEX and

were then challenged with CRH in the afternoon of the following day. Inadequately sup-

pressed cortisol concentrations and DEX together should be additive in blunting ACTH

release via negative feedback. Against expectation, depressed patients showed a paradoxi-

cal pattern insofar as DEX pretreatment resulted in increased ACTH and cortisol responses

to CRH despite combined endogenous (cortisol) and exogenous (DEX) glucocorticoid

concentrations [46,47] (Fig. 4). This abnormality disappears after successful antidepres-

sant treatment [48]. In those patients where the neuroendocrine abnormalities persisted,

the risk of relapse was much higher [49,50]. The combined DEX/CRH test proved particu-

larly useful as a predictor of increased risk for relapse [48–53]. Results of a study in

which different doses of DEX were administered prior to CRH showed that ACTH and

cortisol suppression occurs at higher DEX dosages in the depressives than in matched

controls [54]. This shift of the dose-response curve to higher DEX dosages corroborates

the view that negative feedback mechanisms through glucocorticoid receptors to which

DEX binds are impaired in major depression [55].

In major depression as well as in chronic stress there is a shift to a gradually intensi-

fying vasopressinergic regulation of the HPA system. Dexamethasone, which does not

bind to corticosteroid-binding globulins, exerts its effect on the HPA system primarily at

the pituitary corticotrophs and does not suppress the expression of hypothalamic CRH and

vasopressin as effectively as endogenous corticosteroids. A transient GR desensitization

gradually develops, and vasopressin expression, which reacts differentially to changes in

glucocorticoid concentrations than does CRH expression, becomes less efficiently sup-
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Figure 4 Patients with major depression usually have a blunted ACTH reponse to CRH,

which is believed to be secondary to desensitized CRH1 receptors (left). After pretreatment

with a low dose of dexamethasone, healthy controls do not show a substantial ACTH re-

lease, whereas the ACTH response in patients with major depression is comparable to the

response of healthy controls not pretreated with dexamethasone (right).

pressed than CRH by circulating corticosteroids. In control subjects, only CRH and AVP

administered together are able to override DEX suppression of the HPA system [56]. In

patients with major depression, corticosteroid receptor function is genetically altered, as

the Munich Vulnerability Study [57,58] suggests, or acquired as a result of impaired cop-

ing with stress, and this is why patients with major depression show a much less restrained

release of central ACTH stimulants than healthy controls or depressive patients in remis-

sion.

The consequences of impaired regulation of cortisol concentrations are manifold,

ranging from untoward effects in peripheral tissues (e.g., osteoporosis) to changes in the

central nervous system. The latter are believed to comprise effects on morphology as well

as on cognitive function [59]. Studies by Sheline et al. [60,61] and Bremner et al. [62]

suggest that recurrent major depression is associated with hippocampal volume loss and

that the degree of this change is determined by the duration of the illness. It has been

proposed that the neuroendocrine changes in depression may account for the changes in

hippocampal volume. Importantly, these reductions in hippocampal volume, which are

also seen in patients with schizophrenia [63], a disease not particularly associated with

hypercortisolemia, do not necessarily reflect cell death [62]. Moreover, in post-traumatic

stress disorder, decreased hippocampal volume is associated with normal or even reduced

plasma and urine cortisol concentrations [64]. Factors other than glucocorticoids also ac-

count for stress-induced reversible or permanent morphological changes in the hippocam-

pus. For example, a study in nonhuman primates, where high dosages of glucocorticoids

were given for 12 months to aged macaques no evidence was found for decreased hippo-

campal volume, subfield volumes, subfield neuronal density, and subfield total neuronal

number [65]. This finding is in accordance with a report of postmortem brains of patients
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with major depression and of patients treated with synthetic corticosteroids, where mor-

phological changes or signs of cell death were absent [66].

B. Panic Disorder

Only subtle changes in baseline HPA activity occur in panic disorder patients. Abelson

and Curtis [67] showed that panic disorder patients tend to show elevated cortisol concen-

trations at night, a greater amplitude of ultradian secretory episodes, but a similar number

of secretion pulses compared to controls. Interestingly, these HPA system alterations in

panic disorder patients are modulated by illness severity and treatment-seeking behavior:

patients who were actively in treatment had higher cortisol concentrations than patients

who were enrolled in the study through advertisement. Most studies, however, show that

compared to patients with major depression, panic disorder patients have decreased [68]

and, compared to control subjects, unchanged baseline cortisol concentrations [69]. Stud-

ies in panic disorder patients with agoraphobia have been more inconsistent: some studies

demonstrate mild hypercortisolism while other studies do not [70,71].

Compared to patients with major depression, lower rates of nonsuppression follow-

ing a standard DST has been found in panic disorder patients. Furthermore, compared to

control subjects, panic disorder patients in general do not have a higher rate of nonsuppres-

sion in the DST [71,72]. Like patients with major depression, panic disorder patients

have a blunted ACTH response to CRH [73,74], although it has been suggested that this

attenuation has different reasons [75]. After DEX pretreatment, panic disorder patients

have higher CRH-induced ACTH and cortisol concentrations than control subjects and

lower levels than a reference group of depressed patients [76]. CSF concentrations of

CRH are not altered in patients with panic disorder [77].

Although it seems unlikely that CRH is not secreted during panic attacks, there are

no empirical data demonstrating this release directly. Only few investigations have man-

aged to study the HPA system during naturally occurring panic attacks: while spontaneous

panic attacks in the laboratory are not accompanied by an increase in cortisol concentra-

tions [78], spontaneous attacks in the natural environment are reported to be accompanied

by increased cortisol concentrations [79]. In the context of exposure therapy, situationally

triggered panic attacks were not accompanied by an increase in cortisol concentrations

[80]. Panic disorder patients who experience a panic attack in response to lactate demon-

strate significantly higher plasma cortisol concentrations immediately preceding lactate

infusion compared with nonpanicking patients and normal control subjects [81]. This acti-

vation of the HPA system correlates with self-reported fear, and may be related to anticipa-

tory anxiety. While lactate-induced panic attacks are not accompanied by an activated

HPA system, cholecystokinin tetrapeptide (CCK-4)-induced panic attacks are accompa-

nied by an exaggerated ACTH secretion [82], providing evidence for an enhanced pituitary

ACTH secretion during panic attacks despite unchanged cortisol concentrations and points

to a possible role of CRH in these attacks.

Negative feedback loops seem to be involved in the HPA-system alterations of pa-

tients with panic disorder as well. Compared to patients with major depression, panic

disorder patients have a significantly increased number of lymphocyte glucocorticoid re-

ceptors [83]. Furthermore, a significantly accelerated ANP release has been described in

patients with lactate-induced panic attacks [84] and it has been suggested that this increase

contributes to the paradoxical blunting of ACTH and cortisol secretion during lactate-

induced and most likely spontaneous panic attacks as well.
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C. Post-Traumatic Stress Disorder

Compared with normal controls and in contrast to other psychiatric disorders, patients

with post-traumatic stress disorder (PTSD) have lower mean 24-h urinary cortisol secre-

tion [85], lower baseline plasma cortisol concentrations [86], increased glucocorticoid

binding in lymphocytes [84], and increased sensitivity to the HPA-suppressive effects of

DEX [87], which, taken together, indicate enhanced negative feedback capacity in these

patients. Further studies will have to clarify whether these abnormalities are a consequence

of the trauma and the disorder or whether they represent premorbid alterations, increasing

the risk for PTSD after trauma exposure. Preliminary data demonstrated that a history of

a previous assault leads to attenuated cortisol concentrations in the immediate aftermath

of a subsequent rape in women [88].

Like patients with major depression, PTSD patients have increased CSF CRH con-

centrations [89] and a blunted ACTH response to the CRH stimulation test [90]. Further

evidence for a hypersecretion of CRH in PTSD comes from a study showing an increased

ACTH release in response to metyrapone [91], which impedes adrenal steroidogenesis by

blocking the conversion of 11-deoxycortisol to coritsol. This finding further underscores

the role of increased sensitivity of the glucocorticoid receptors in HPA-system abnormali-

ties in PTSD.

IV. STRESS-RESPONSIVE NEUROHORMONES IN THE TREATMENT
OF DEPRESSION AND ANXIETY

GABAA-receptor modulation by benzodiazepines has long been practiced in the short-

term treatment of depression and anxiety disorders. However, side effects, tolerance devel-

opment, and dependence limit their use to highly selected patients in the early phase of

drug treatment as an adjunct to antidepressants [92]. Inhibition of CRH release by benzodi-

azepines has been described in the hypothalamus [93] and the median eminence [94].

In panic disorder patients, benzodiazepine treatment resolves pretreatment HPA-system

abnormalities [95]. Although neuroimaging studies are indicative of changes in benzodiaz-

epine–GABAA-receptor function in panic disorder [96–98], the hypothesized shift in the

benzodiazepine receptor “set-point” [99] could not be substantiated [100,101]. At the mo-

ment, long-term pharmacological treatment of depression or anxiety disorders is best per-

formed with antidepressants. Their effects on stress-responsive neurohormones and possi-

ble new treatment approaches will be reviewed in more detail.

A. Antidepressant Treatment

Antidepressants are clinically effective not only in depression, but also in panic disorder

and PTSD. In contrast to their clinical effectiveness, elucidation of the mechanisms of

action of these drugs has been less successful. The hypothesis that has dominated the field

is based on the assumption that a biogenic amine-deficiency underlies mood disorders and

that this can be remedied by inhibition of presynaptic reuptake transporters of serotonin

and/or norepinephrine, thus increasing the transmitter concentrations at presynaptic sites.

This hypothesis, however, does not explain why it takes at least weeks before antidepres-

sants become effective, whereas reuptake inhibition occurs immediately. Two new hypoth-

eses, which are complementary rather than mutually exclusive, have been forwarded to

explain how antidepressants work. One hypothesis, developed by Duman et al. [102],

focuses on the effects of activation of the cAMP cascade through cell membrane receptors,
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followed by enhanced induction of CREB and hippocampal brain-derived neurotrophic

factors (BDNF). The other hypothesis submits that antidepressants act through improving

GR function [57,103]. In the CNS, these modulations also affect brain regions not or only

indirectly connected to the peripheral HPA system, which regularly stabilizes under the

influence of antidepressants.

In vivo experiments showed that rats, when treated chronically with antidepressants,

displayed decreased baseline and stress-induced levels of plasma ACTH and corticoste-

rone. Upon analyzing the capacity of MR and GR in the hippocampus of these rats, it

was found that the first change was seen in MR binding, which increased after 1 week

of treatment [104,105]. In the light of inhibitory effects of MRs on HPA activity, which

is reflected by studies employing MR antagonists in rats and humans or MR antisense in

rats [106], the observed upregulation of MR capacity seems to be the first step necessary

for the inhibition of hypothalamic CRH neurons. This effect is followed by increased GR

transcription capacity [104,105,107]. The MR upregulating effects of antidepressants and

the subsequent reduction of HPA overactivity in depressed patients underscore the impor-

tance of appropriate MR function. This is further supported by a clinical trial in which

antidepressant response to amitriptyline in major depression was impared by co-

administration of spironolactone, an MR antagonist (Hundt et al., unpublished results,

cited in Ref. 7).

The effects of antidepressants on GR function have also been studied using

transgenic mice expressing GR antisense: after long-term treatment with moclobemide, a

reversible MAO-A inhibitor, these mutated mice not only show normalized HPA activity

but also changes in several tests of anxiety and memory [108]. These findings support

the notion that antidepressants act by improving the negative feedback capacity of the

HPA system at various levels and that the setpoint of the HPA-system activity is modified

in a way that “buffers” the hormonal response to stressors. This may represent one mecha-

nism by which patients who have recovered from depression or an anxiety disorder may

be protected by long-term antidepressant treatment against further stress-induced relapses.

A new line of research in regard to the mechanisms of antidepressants was stimulated

by the observation that in animal studies the selective serotonin reuptake inhibitor (SSRI)

fluoxetine, which is widely used for the treatment of depression and anxiety, may enhance

the concentrations of 3α,5α-THP in the rat brain [109]. At the molecular level, it has been

demonstrated that SSRIs shift the activity of the 3α-hydroxysteroid oxidoreductase, which

catalyzes the conversion of 5α-DHP into 3α,5α-THP, toward the reductive direction,

thereby enhancing the formation of 3α,5α-THP [110]. Additionally, 3α,5α-THP has been

suggested to possess antidepressant-like effects in mice using the Porsolt forced swim test

[111]. These preclinical findings suggest that 3α-reduced neuroactive steroids such as

3α,5α-THP may play a role in the treatment with antidepressant drugs. Indeed, the concen-

trations of GABA-agnostic neuroactive steroids 3α,5α-THP and 3α,5β-THP were reduced

in plasma of depressed patients, while there was an increase in 3β,5α-THP, an antagonistic

isomer of 3α,5α-THP [112,113], as shown in Figure 5. In contrast to preclinical data,

also tri- and tetracyclic antidepressants interfered with the composition of neuroactive

steroids in a similar way as did SSRIs [112]. In addition, antidepressants do not generally

shift the activity of the 3α-hydroxysteroid oxidoreductase toward the reductive direction.

The concentrations of 3α,5α-THDOC were elevated during depression, probably as a

consequence of hypercortisolemia, and reduced by fluoxetine [114], but not by tri- or

tetracyclic antidepressants [115]. Thus, the effects of antidepressants on neuroactive ste-

roids also appear to be substance substrate-specific. So far no data are available whether
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Figure 5 Mean plasma concentrations of progesterone, 3α,5α-THP, 3α,5β-THP and

3β,5α-THP in patients with major depression during fluoxetine treatment and in control sub-

jects. (From Ref. 112.)

similar effects on the concentrations of neuroactive steroids can be achieved by nonphar-

macological interventions such as electroconvulsive treatment or psychotherapy. Further-

more, no clinical data on the potential antidepressant activity of 3α-reduced neuroactive

steroids are available.

While no data on the role of a 3α-reduced neuroactive steroids in the treatment of

PTSD are published until now, in panic disorder patients, opposite changes to those seen

in major depression emerged. At baseline, patients with panic disorder had significantly

increased concentrations of the positive allosteric modulators 3α,5α-THP and 3α,5β-THP

together with significantly decreased concentrations of 3β,5α-THP, a functional antagonist

for GABAA-agonistic steroids, which might result in an increased GABA-ergic tone. SSRI

treatment did not influence these changes of neuroactive steroid concentrations [116].

Most strikingly, during experimentally induced panic attacks, drastic changes of neuroac-

tive steroid concentrations occur, paralleling psychopathological changes and resulting in

a dramatically reduced GABA-ergic tone [117] supporting the idea that the increased

baseline concentrations of GABAA-agonistic neuroactive steroids may serve as a counter-

regulatory mechanism against the occurrence of spontaneous panic attacks. Major depres-

sion and panic disorder show distinct changes in the concentrations of neuroactive steroids

and the effects of antidepressant treatment. When attempting to pharmacologically modify

the equilibrium of neuroactive steroids as a treatment for psychiatric disorders [118], con-

sideration should also be given to baseline concentrations and possible counterregulatory

mechanisms.

C. Possible Treatment Approaches

If one assumes that normalization of an altered HPA setpoint is an essential mechanism

for antidepressant drug action, the question arises as to how this goal is achieved. An

alternative treatment approach would, therefore, be either to suppress the behavioral symp-

toms of enhanced CRH by CRH receptor antagonists or ANP receptor agonists or to block
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the many untoward effects of excessive corticosteroid secretion by administration of GR

antagonists. Furthermore, modulation of the concentration of neuroactive steroids has been

suggested as a new psychopharmacological tool as well [33,119].

The most straightforward strategy to restrain the depressionogenic and anxiogenic

effect of excessive CRH production and relase is the administration of CRH-R1 antago-

nists. One of these compounds (R121919), a pyrazolopyrimidine has been tested [7]. The

first open-label trial with this substance in depressed patients significantly reduced depres-

sion and anxiety scores as was seen in both clinican and patient ratings, suggesting that

this type of compound may have considerable therapeutic potential [120]. The question

of whether CRH-R1 antagonists resolve the entire depressive syndrome or only several

stress-related symptoms, such as pathological anxiety, loss of appetite and sexual drive,

sleep disturbance, psychomotor and cardiovascular changes, etc., as found in animal exper-

iments, remains to be validated in controlled clinical trials. Although especially promising

until now, there are no data on the therapeutic potential of CRH-R1 antagonists in the

treatment of panic disorder or PTSD.

In preclinical studies with two selectively bred rat lines, in high-anxiety-related be-

havior (HAB) R121919 reduced anxiety-related behavior in a dose-dependent manner,

whereas it had virtually no behavioral effect in low-anxiety-related behavior (LAB) rats

[121]. In contrast, the stress-induced activity of the HPA system, as determined by simulta-

neously measured plasma ACTH levels, was similarly blunted by R121919 in both HAB

and LAB animals. Because CRH gene expression was observed to be increased in the

locus coeruleus of HAB rats and activation of the brain area is associated with stress and

anxiety in rats, the anxiolytic effect of R121919 is consistent with an action of the CRH-

R1 antagonist at this brainstem locus [122].

An alternative approach focuses upon reduction of cortisol either by cortisol synthe-

sis inhibitors or by blocking their action by antagonizing their effects at receptors. To

date, only few studies with small sample size exist, which limit their clinical acceptance.

Of particular interest is the use of metyrapone, which results in an inhibition of hydroxyla-

tion at position C11 of the steroid molecule, thus preventing the synthesis of cortisol.

Metyrapone treatment has produced antidepressant-like behavioral changes in two fre-

quently used rodent models for screening antidepressive compounds, the forced swim-

test and the olfactory-bulbectomized rat [123]. Numerous exploratory studies and one

small placebo-controlled trial suggest that metyrapone has antidepressant potential [124].

This clinical effect seems to contradict the notion that decreased cortisol-mediated feed-

back may elicit increased CRH in all those brain areas where CRH gene expression is

controlled by GR. However, the additional bioavailability of non-C11-hydroxylated adre-

nal steroids increases the pool of neuroactive steroids [125], which can exert a number

of neuroendocrine and behavioral symptoms such as a reduction of anxiety-like behavior

and suppression of CRH expression [35,126]. Ketoconazole, in addition to blocking adre-

nal steroid synthesis, inhibits cytochrome P450-dependent enzymes and has direct inhibi-

tory effects on other pituitary cells than corticotrophs [127], thus, for example, affecting

gonadal steroid secretion as well. Consistent with predictions from open-label studies, a

recent placebo-contolled trial suggested that ketoconazole is superior to placebo among

hypercortisolemic depressed patients [128]. Again, it is difficult to dissociate the effects

of ketoconazole from the effects of other adrenal steroids that are produced at much higher

rates because of the enzyme blockade.

Blockade of GR as a treatment strategy has been poorly studied due to the lack of

specific antagonists. Preliminary results suggested that mifepristone (RU486) may be a
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Figure 6 Normed CCK-4-induced increase in the API score, and the anxiety and somatic

sub-scores in patients with panic disorder. Compared to placebo, ANP inhibits the CCK-4

induced increase in the API score and the anxiety and somatic subscores, giving evidence

for an anxiolytic activity of ANP in patients with panic disorder. (From Ref. 131.)

useful treatment approach in major depression [129]. At the moment it is not fully clear

how disturbed corticosteroid-receptor signaling can be influenced therapeutically. Conser-

vatively, administration of a CRH-R1 antagonist is expected to shorten the onset of coad-

ministered antidepressants. Such drugs may also work as antidepressants when adminis-

tered as monotherapy [120]. Similarly, GR antagonists might not be effective enough as

monotherapy, but they may be a worthwhile adjunct to antidepressants. Perhaps the most

intriguing approach is the administration of GR antagonists to patient with psychotic de-

pression. It has been submitted by Schatzberg and coworkers [130] that hypercortisolemia

enhances dopaminergic transmission to an extent that results clinically in psychotic symp-

toms. Thus suppressing cortisol effects at GR may limit this dopamine excess and thus

resolve psychotic symptoms. It is of note that psychotic depression is almost always associ-

ated with HPA overactivity.

Natriuretic peptides are specifically involved in the modulation of the HPA system

at all regulatory levels [19]. Neuroanatomical distribution of the natriuretic peptide system

supports a role of these peptides in anxiety modulation as well. And indeed, in rodents

ANP was found to be anxiolytic [24], whereas CNP was anxiogenic [26,27]. In patients

with panic disorder, basal ANP concentrations are lower when compared to healthy control

subjects, but ANP concentrations are faster and more pronounced during experimentally

induced panic attacks [17]. In line, there is recent evidence for an anxiolytic activity of

ANP in humans: ANP decreases CCK-4-induced panic anxiety in patients with panic

disorder [131] (Fig. 6) and healthy control subjects and attenuates the HPA-system activity

by decreasing ACTH and cortisol stimulation [132]. Nonpeptidergic ANP receptor ligands

may ultimately be used in the pharmacological treatment of anxiety disorders, like panic

disorder.
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VIII. SUMMARY

Clinical and preclinical studies have gathered substantial evidence that stress-response

alterations play a major role in the development of major depression, panic disorder, and

post-traumatic stress disorder. The stress response, the hypothalamic pituitary adrenocorti-

cal (HPA) system and its modulation by CRH, corticosteroids, and their receptors, as well

as the role of natriuretic peptides and neuroactive steroids, are described. We review the

role of the HPA system in major depression, panic disorder, and post-traumatic stress

disorder, as well as its possible relevance for treatment. Impaired glucocorticoid-receptor

function in major depression is associated with an excessive release of neurohormones,

like CRH, to which a number of signs and symptoms characteristic of depression can be

ascribed. In panic disorder, a role of central CRH in panic attacks has been suggested.

Atrial natriuretic peptide (ANP) is involved in sodium lactate-induced panic attacks. Fur-

thermore, preclinical and clinical data on its anxiolytic activity suggest that nonpeptidergic

ANP-receptor ligands may ultimately be used in the treatment of anxiety disorders. Recent

data further suggest a role of 3α-reduced neuroactive steroids in major depression, panic

attacks, and panic disorder. Post-traumatic stress disorder is characterized by a peripheral

hyporesponsive HPA system and elevated CRH concentrations in CSF. This dissociation

is probably related to an increased risk for this disorder. Antidepressants are effective

both in depression and anxiety disorders and have major effects on the HPA system,

especially on glucocorticoid and mineralocorticoid receptors. Normalization of HPA-sys-

tem abnormalities is a strong predictor of the clinical course, at least in major depression

and panic disorder. CRH-R1 or glucocorticoid-receptor antagonists and ANP-receptor ag-

onists are currently being studied and may provide future treatment options more closely

related to the pathophysiology of the disorders.
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26. Montkowski A, Jahn H, Ströhle A, Poettig M, Holsboer F, Wiedemann K. C-type natriuretic

peptide exerts opposing effects to atrial natriuretic peptide on anxiety-related behaviour in

rats. Brain Res 1998; 792:358–360.



Stress-Responsive Neurohormones 223
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117. Ströhle A, Romeo E, di Michele F, Pasini A, Hermann B, Gajewsky G, Holsboer F, Rup-

precht R. Induced panic attacks shift GABAA receptor modulatory neuroactive steroid com-

position. Arch Gen Psychiatry (in press).

118. Guidotti A, Costa E. Can the antidysphoric and anxiolytic profiles of selective serotonin

inhibitors be related to their ability to increase brain 3α,5α-tetrahydroprogesterone (allopreg-

nanolone) availability? Biol Psychiatry 1988; 44:865–873.

119. Rupprecht R. The neuropsychopharmacological potential of neuroactive steroids. J Psychiatr

Res 1997; 31:297–314.

120. Zobel AW, Nickel T, Künzel HE, Ackl N, Sonntag A, Ising M, Holsboer F. Effects of the

high-affinity corticotropin-releasing hormone receptor 1 antagonist R121919 in major depres-

sion: the first 20 patients treated. J Psychiatr Res 2000; 34:171–181.

121. Keck ME, Welt T, Wigger A, Renner U, Engelmann M, Holsboer F, Landgraf R. The anxio-

lytic effect of the CRH1 receptor antagonist R121919 depends on innate emotionality in rats.

Eur J Neurosci 2001; 13:373–380.

122. Plotsky PM, Zurich KJ, Mathys C, Sanchez MM, Thrivikraman KV, Holsboer F, Wigger

A, Landgraf R. Region-specific alterations in corticotropin releasing factor (CRF) mRNA

distribution and CRF-R2 bindings in rats bred for high anxiety-related behavior (HAB). Soc

Neurosci Abstr 2000; 26:206–207.

123. Healy DG, Harkin A, Cryan JF, Kelley JP, Leonhard BE. Metyrapone displays antidepres-

sant-like properties in preclinical paradigms. Psychopharmacology 1999; 145:303–308.
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I. INTRODUCTION

In the search for the underlying pathophysiology of the major psychiatric disorders, neuro-

peptides, in general, and hypothalamic-releasing factors, in particular, have been scruti-

nized closely. Our growing understanding of the brain over the past few decades has

suggested complex interactions between classic monoamine neurotransmitters, such as

dopamine (DA), norepinephrine (NE), and serotonin (5HT), and the growing numbers of

neuropeptides found throughout the brain. Neuropeptides—molecules that contain two or

more amino acids linked by peptide bonds—function as critical chemical messengers and

are heterogeneously distributed through the peripheral and central nervous system (CNS).

Many of these peptides exert diverse actions, functioning as hypothalamic hypophysio-

tropic-releasing factors, neuromodulators, and/or neurotransmitters. As understanding of

the behavioral effects of these neuropeptides continues to grow, it has become increasingly

apparent that dysregulation of the proper functioning of neuropeptide systems may be

relevant to particular psychiatric disorders. In this chapter, we briefly review basic neuro-

peptide neurobiology most relevant to psychiatric disorders and summarize preclinical

and clinical studies implicating neuropeptide alterations in the pathophysiology of mood

and anxiety disorders.
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II. RATIONALE FOR EXPLORING NEUROPEPTIDE MODULATION
IN AFFECTIVE AND ANXIETY DISORDERS

Undoubtedly one early rationale for the intensive study of neuropeptide systems in patients

with primary psychiatric disorders was the higher than expected psychiatric morbidity in

patients with primary endocrine disorders such as Addison’s disease or Cushing’s syn-

drome. Disturbances in the feedback regulation of the hypothalamic–pituitary–end-organ

axes are of considerable interest. Because hypothalamic hypophysiotropic neuropeptides

ultimately control the activity of these neuroendocrine axes, considerable effort has been

expended into the search for evidence of dysfunction in these systems. However, outside

of the neuroendocrine axes, the ongoing discovery and characterization of new neuropep-

tides and multiple subtypes of neuropeptide receptors and their heterogeneous distribution

have often suggested these peptides may modulate behaviors directly relevant to psychiat-

ric disease. Because neuropeptides account for neurotransmission at a large percentage

of CNS synapses and indirectly or directly modulate the activity of a diverse number of

hormones and neurotransmitters that have been implicated in the pathogenesis of affective

and anxiety disorders, their scrutiny may allow for elucidation of the primary pathophysio-

logical deficits in these devastating illnesses.

One of the primary motivations for the continuing investigation of the major endo-

crine axes is the so-called “neuroendocrine window strategy.” This strategy is based on

a large literature that indicates that the secretion of the target endocrine organs (e.g., the

adrenal cortex or thyroid) is largely controlled by their respective pituitary trophic hor-

mones, which in turn are controlled primarily by the secretion of their respective hypothal-

amic release and/or release-inhibiting hormones. There is now considerable evidence that

the secretion of these hypothalamic hypophysiotropic hormones is controlled, at least in

part, by the classic neurotransmitters including 5HT, acetylcholine (ACh), and NE, all

previously posited to play a preeminent role in the pathophysiology of affective, anxiety,

and/or psychotic disorders.

However, the hypothesis that one can infer information about higher CNS neuronal

activity as, for example, the activity of serotonergic neurons in a particular disease state

solely by measuring the function of a specific endocrine axis, is, however far from proven

and fraught with difficulty. Many factors other than a single neurotransmitter system affect

the activity of the various endocrine axes. Nevertheless, taken together with other measures

of neurotransmitter function, this approach can indeed provide useful information.

The contrasting behavioral and neurobiological effects of antidepressants [tricyclic

antidepressants or monoamine oxidase inhibitors (MADs)], anxiolytics (SSRIs, SNRIs,

and benzodiazepines), and antipsychotics as well as those drugs which induce or worsen

depression (such as reserpine), anxiety (flumazenil, cholecystokinin), and psychosis (psy-

chostimulants, phencyclidine) have provided yet another impetus for scrutiny of neuroen-

docrine and neuropeptide pathophysiology in the major psychiatric illnesses because virtu-

ally all of these agents alter the activity of one or more endocrine axis. This second core

assumption, the “psychopharmacological bridge technique” posits that if a drug produces

therapeutic effects and has specific biochemical actions, an etiological relationship be-

tween the therapeutic effects, biochemical changes, and the primary cause of the syndrome

may exist [1]. For example, tricyclic antidepressants block reuptake of NE and 5HT, MAO

inhibitors inhibit the metabolism of catecholamines and 5HT and, moreover, downregula-

tion (decrease in the number) of β-adrenergic receptors that is associated with most anti-

depressant treatments occurs in association with the clinically successful treatment of de-
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pression. The pharmacological bridge technique and “neuroendocrine window strategy”

together suggest that alterations of a variety of endocrine axes exist within patients with

major psychiatric disorders, and that many clinically efficacious agents act upon one or

more of the neuropeptide circuits in the CNS. The pharmacological bridge technique also

suggests altered neurotransmitter transporter or receptor-mediated signal transduction in

depression and other psychiatric disorders. Whether alterations in peripheral endocrine

organ hormone secretion contribute primarily to the pathogenesis of psychiatric disorders,

and/or whether altered secretion of pituitary and hypothalamic hormones primarily con-

tribute to the signs and symptoms of a specific mental illness remains a subject of consider-

able controversy. In this chapter, we briefly outline the major findings concerning the

putative roles of neuropeptides and hypothalamic-release factors in mood and anxiety

disorders.

III. CURRENT STRATEGIES FOR EVALUATING A SPECIFIC ROLE
FOR NEUROPEPTIDES IN PSYCHIATRIC DISORDERS:
PRECLINICAL AND CLINICAL STUDIES

A. Preclinical Studies

Preclinical studies have been essential in providing useful and novel peptide circuit targets

for drug discovery and in understanding some of the possible roles of neuropeptides and

their interactions with other brain systems. Most of these studies involve directly injecting

the peptide of interest into the brains of laboratory animals and studying its effect on

behavior and on other known peptide and hormonal systems. One example of the use-

fulness of this strategy is in identifying potential behavioral effects of cholecystokinin

(CCK), which was originally discovered in the gastrointestinal tract. CCK injections in

laboratory animals can induce many behavior responses characteristic of panic attacks,

which has led to scrutiny of a potential role for CCK and its receptor systems in panic

disorder.

B. Clinical Studies

As noted above, during the 1970s and 1980s peripheral neuroendocrine markers were

often used to indirectly assess CNS function because the brain was relatively inaccessible

for study, with the exception of cerebrospinal fluid (CSF) and postmortem studies. With

the emergence of the monoamine theories of mood disorders and schizophrenia, many

investigators attempted to draw conclusions about the activity of specific neurotransmitter

circuits in patients with various psychiatric disorders by measuring the basal and stimu-

lated secretion of pituitary and end-organ hormones in plasma. Clinical studies, however,

are often confounded by the normal circadian rhythms and the pulsatile release of many

of the hypothalamic–pituitary–end-organ axes components that are often not taken into

account when these experiments are designed. Further, differences in assay sensitivity,

gender, inclusion criteria for patients, and severity of symptoms all may potentially gener-

ate confounding or at least quite variable results. Nevertheless, considerable progress about

the neurobiology of psychiatric disorders has been discovered through such an approach.

Before proceeding into a review of the relevant clinical literature, a brief overview

of the most common methodologies employed merits discussion. Most clinical studies in

humans are based on one of three methodologies: (1) postmortem studies in which the

concentration of neuropeptides and neuropeptide receptors are measured; (2) studies mea-
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suring the concentrations of peptides in biological fluids such as plasma and CSF; and

(3) studies measuring the biological and behavioral changes following administration of

the neuropeptides (i.e., challenge tests).

Postmortem studies are advantageous in that they allow peptide levels to be sampled

directly in brain tissue and from distinct brain regions. Methodologically there are major

obstacles to overcome in obtaining and studying postmortem tissue. Because peptides and

their receptors and mRNA are degraded postmortem, differences between the elapsed time

between death of the subject and harvesting of the tissue, and hence in postmortem decay,

as well as other neurochemical confounds associated with preserving and handling the

tissue render conclusions concerning the relations between peptide circuit alterations and

psychiatric disorders tentative and unable to stand on their own.

Many investigators have measured peptides in plasma and CSF. The concentration

of neuropeptides in CSF is thought by some, but not all, investigators to accurately mea-

sure extracellular fluid concentration in brain, and therefore has an advantage over post-

mortem studies that are thought to measure both the releasable and nonreleasable pools

of neuropeptides. Although CSF concentrations may be an index of the mean activity of a

neuropeptide system, they may not accurately represent regional variations in extracellular

availability of these peptides that may be of great pathophysiological importance. Plasma

concentrations of neuropeptides are also commonly determined, although they are con-

founded by the presence of binding proteins as, for example, with corticotropin-releasing

factor (CRF), and the impossibility of differentiating between CNS and peripheral sources

of the neuropeptide being measured.

Another important strategy has been the administration of neuropeptides or synthetic

neuropeptide agonists or antagonists directly to patients with affective and anxiety disor-

ders, and measuring subsequent neuroendocrine and/or behavioral changes. In these so-

called stimulation or provocation tests, hypothalamic and/or pituitary-derived factors or

their synthetic analogs are exogeneously administered, and the hormonal response to this

“challenge” is assessed. For example, in the standard CRF stimulation test, a 1 µg/kg

dose of human or ovine CRF is administered intravenously, and the adrenocorticotropin

(ACTH) and cortisol response is measured over a period of 2 or 3 h. This test is a very

sensitive measure of hypothalamic–pituitary–adrenal (HPA) axis activity, and changes

in the magnitude and/or duration of the response relative to normal control values are

characteristic of one or another type of dysregulation of the HPA axis. One must be cau-

tious, however, about making assumptions about what, if any, CNS deficits are responsible

for the pattern of HPA axis activity observed.

IV. CORTICOTROPIN-RELEASING FACTOR IN MOOD AND ANXIETY
DISORDERS

A. Basic Biology

The HPA axis has been extensively scrutinized in patients with psychiatric diseases. An

abundance of evidence dating back over 100 years has demonstrated that dysfunction of

the HPA axis may lead to specific psychiatric disturbances. At the pinnacle of this system

is the neuropeptide CRF, also known as corticotropin-releasing hormone (CRH), a 41-

amino-acid peptide that, as a hypothalamic-releasing factor, controls the activity of the

HPA axis.
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Figure 1 Diagram of the neurovascular anatomy of the hypothalamic-pituitary axis. PVN,

paraventricular nucleus. SON, supraoptic nucleus. POA, preoptic area. ARC, arcuate

nucleus. PT, pars tuberalis. PI, pars intermedia. PD, pars distalis. PN, pars nervosa, MB,

mamillary body, OC, optic chiasm.

Within the hypothalamus, CRF is primarily synthesized in the parvocellular neurons

located in the paraventricular nucleus (PVN) [2]. CRF neurons in the PVN (Fig. 1) receive

input from a variety of brain nuclei, including the amygdala, bed nucleus of the stria

terminalis, and other brain stem nuclei [2]. Hypothalamic CRF-containing neurons, in

turn, project to the median eminence [3]. In response to stress, this neural circuit is acti-

vated releasing CRF from the median eminence into the hypothalamo-hypophyseal portal

system where it binds to CRF receptors on corticotrophs in the anterior pituitary, which

promotes the synthesis of propiomelanocortin (POMC) and the release of its post-transla-

tion products, adrenocorticotropic hormone (ACTH), β-endorphin, and others. ACTH re-

leased from the anterior pituitary into the systemic circulation then stimulates the produc-

tion and release of cortisol by acting on ACTH receptors in the adrenal cortex. (For a

general schematic of HPA axis regulation, see Fig. 2.).

Although Saffron and Schally identified a crude extract that promoted the release

of ACTH from the pituitary in 1955 [4], CRF was not isolated and chemically character-

ized until 1981. Working with extracts derived from 500,000 sheep hypothalami, Vale

and colleagues at the Salk institute isolated, synthesized, and elucidated the structure of
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Figure 2 Overview of the common organizational motif of the neuroendocrine axis. The

neurosecretion of hypothalamic factors into hypophyseal portal vessels is regulated by a

set point of activity from higher brain centers. Neurohormones released from the hypothala-

mus into hypophyseal portal vessels in turn stimulate cells in the pituitary. These adenohy-

pophyseal hormones then regulate the hormone output from the end-organ. The end organ

then exerts negative feedback effects at the pituitary and hypothalamus to prevent further

neurohormone and pituitary hormone release via “long-loop” negative feedback. Short-loop

negative feedback may also occur where pituitary hormones feed back directly on hypothal-

amic neurons to prevent further neurohormone release.

CRF [5]. This discovery led to the availability of synthetic CRF, which finally permitted

a more comprehensive assessment of HPA axis activity to be developed. It is now clear

that CRF coordinates the endocrine, immune, autonomic, and behavioral responses of

mammals to stress.

Two CRF receptor subtypes, CRF1 and CRF2, with distinct anatomical localization

and receptor pharmacology, have been identified [6–10] in rats and humans. Both recep-

tors are G-protein-coupled receptors and are positively coupled to adenylyl cyclase via

Gs. The CRF1 receptor is predominantly expressed in the pituitary, cerebellum, and neocor-

tex in the rat [11]. A growing body of evidence from animal studies has shown that CRF1

receptors may specifically mediate some of the anxiogenic-like behaviors observed after

administration of CRF [12,13]. The CRF2 receptor family is composed of two primary

splice variants, CRF2A and CRF2B. The CRF2A receptor is more prevalent in subcortical

regions, such as the ventromedial hypothalamus, lateral septum, and dorsal raphe nucleus,

whereas CRF2B is more abundantly expressed in the periphery. In addition to CRF, several

other endogeneous peptide ligands for CRF receptors have recently been discovered in-

cluding urocortin [14], urocortin II, and urocortin III, and perhaps others [15,16]. With

the discovery of several new putative endogenous ligands, much of the pharmacology

and functional interactions between these ligands and receptors remains to be discovered

[17,18].
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B. HPA Axis Abnormalities in Depression

Evidence linking HPA axis abnormalities and psychiatric symptoms, as noted above, dates

back more than 100 years. The greater than expected prevalence of depression and other

psychiatric symptoms in both Cushing’s and Addison’s disease served as an impetus for

researchers to scrutinize HPA axis function in patients with psychiatric disorders. Based

on the work of research groups led by Board, Bunney, and Hamburg, as well as by Carroll,

Sachar, Stokes, and Besser, literally thousands of studies were conducted in this area,

most during the 1970s.

Some of the earliest studies demonstrated abnormalities in glucocorticoid function

in depressed patients, including elevated plasma and CSF cortisol concentrations in de-

pressed patients [19,20], increased 24-h urinary free cortisol concentrations, and increased

levels of cortisol metabolites in urine [21]. One of the major advances, of course, came

with the discovery of the chemical identity of the neuropeptide CRF, the primary physio-

logical secretagogue of ACTH, and ultimately of cortisol (Table 1).

In order to accurately assess HPA axis function, several functional challenge tests

have been developed, both provocative and suppression tests. The most commonly used

test to measure HPA axis function is the dexamethasone suppression test (DST). In this

standardized test, 1 mg of dexamethasone is administered orally at 11 P.M., and blood

samples are obtained at 8 A.M. the following morning for cortisol measurement. Dexa-

methasone is a synthetic steroid similar to cortisol; it suppresses ACTH secretion and

subsequently cortisol release in healthy volunteers. Nonsuppression of plasma glucocorti-

coid levels following the administration of dexamethasone is common in depressed pa-

tients. The rate and magnitude of cortisol nonsuppression after dexamethasone administra-

tion generally correlates with the severity of depression [22]; in fact, nearly all patients

with major depression with psychotic features exhibit DST nonsuppression [23,24]. Since

Carroll’s initial report [25,26] and subsequent claims for diagnostic utility [27], the dexa-

methasone suppression test has generated considerable controversy [28] as to its diagnostic

utility. Diagnostic issues notwithstanding, the overwhelming conclusion from a myriad

of studies demonstrates that a sizeable percentage of depressed patients exhibit HPA axis

hyperactivity.

Shortly after the isolation and characterization of CRF, a standardized CRF stimula-

tion test was developed to further assess HPA axis activity. In this paradigm, CRF (ovine

or human) is administered intravenously (usually in a fixed dose of 100 µg or as a 1 µg/

kg dose), and the ensuing ACTH (or β-endorphin) and cortisol response is measured at

30-min intervals over a 2 to 3-h period [29]. Numerous studies have now demonstrated

Table 1 HPA Axis Changes in Depression

↑ Corticotropin-releasing factor (CRF) concentrations in cerebrospinal fluida

↓ Adrenocorticotropic hormone response (ACTH) to CRF stimulation

↓ Density of CRF receptors in frontal cortex of suicide victims

Enlarged pituitary gland in depressed patientsa

Adrenal gland enlargement in suicide victims and depressed patients

↑ Plasma cortisol during depressiona

↑ Urinary free cortisol concentrationsa

Nonsuppression of plasma cortisol and ACTH after dexamethasone administrationa

a State-dependent.
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a blunted ACTH and β-endorphin response to exogenously administered ovine CRF

(oCRF) or human CRF (hCRF) in depressed patients when compared to nondepressed

subjects, though the cortisol response in depressed patients and nondepressed control sub-

jects does not consistently differ [30–34]. The blunted ACTH response to CRF occurs in

depressed DST nonsuppressors, but not in DST suppressors [35]. The attenuated ACTH

response to CRF is presumably because of either chronic hypersecretion of CRF from

nerve terminals in the median eminence, which results in downregulation of CRF receptors

in the anterior pituitary, and/or to chronic hypercortisolemia. This receptor downregulation

results in a reduced responsivity of the anterior pituitary to CRF, as has been demonstrated

in laboratory animals [36–40]. Following recovery from depression, the documented dis-

turbances in the HPA axis generally remit.

A combined dexamethasone/CRF test has also been developed by Holsboer and

colleagues. In this test, 1.5 mg of dexamethasone is administered orally at night (23:00

h), and subjects receive an IV bolus of 100 µg of human CRF at 15:00 h the following

day. Patients with HPA axis dysfunction, which is frequently encountered in 40 to 60%

of depressed patients, display a paradoxically increased release of ACTH and cortisol

following CRF challenge relative to controls. These abnormalities disappear following

remission of depression, and normalization of HPA axis function seems to precede full

clinical remission [41,42]. The combined DEX/CRF test appears to have much higher

sensitivity for detecting subtle alterations in HPA axis function; approximately 80% of

patients with major depression exhibit an abnormal response to the DEX/CRF test. In

contrast, only approximately 44% of patients with major depression demonstrate an abnor-

mal response when the dexamethasone suppression test is administered alone [41,42].

Furthermore, otherwise healthy individuals with first-degree relatives with an affective

illness, which greatly increases their own risk for psychiatric disorders, demonstrated corti-

sol and ACTH responses to the DEX/CRF test that were higher than a control group, but

less than patients currently suffering from major depression. One interpretation of these

findings is that a genetically transmittable defect in corticosteroid receptor function may

render these individuals more susceptible to developing affective disorders by increasing

baseline and evoked HPA axis activity [43].

C. Extrahypothalamic CRF and Depression

The studies thus far discussed focused primarily on dysregulation of the HPA axis, but

perhaps of even greater relevance to psychiatric disorders is the fact that CRF controls

not only the neuroendocrine, but also the autonomic, immune, and behavioral responses

to stress in mammals. Moreover, results from both clinical studies, and a rich body of

literature conducted primarily in rodents and lower primates, have indicated the impor-

tance of extrahypothalamic CRF circuits [13,44]. In rodents, primates, and humans, CRF

and its receptors have been heterogeneously localized in a variety of regions including

the amygdala, thalamus, hippocampus, and prefrontal cortex, and others [45–48]. These

brain regions are known to be important in regulating many aspects of the mammalian

stress response, and in regulating affect. The presence of CRF receptors in both the dorsal

raphe (DR) and locus coeruleus (LC), the major serotonergic and noradrenergic cell-body-

containing regions in the brain, respectively, also deserve comment. Because most avail-

able antidepressants, including the tricyclics and selective serotonin reuptake inhibitors

(SSRI), are believed to act primarily via modulation of noradrenergic and/or serotonergic
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systems, the neuroanatomical proximity of CRF and monoaminergic systems provides

plausibility for interaction between CRF systems and antidepressants.

Involvement of extrahypothalamic CRF systems in the pathophysiology of depres-

sion is suggested by numerous studies showing elevated CRF concentrations in the cere-

brospinal fluid (CSF) of drug-free depressed patients [49–53], although a discrepant report

has appeared [54]. Elevated cisternal CSF CRF concentrations have also been detected

in depressed suicide victims [49]. A reduction in concentrations of CRF in CSF has been

observed in healthy volunteers treated with the tricyclic antidepressant desipramine [55]

and in depressed patients following treatment with fluoxetine [56] or amitryptiline [57],

providing further evidence of a possible interconnection between antidepressants, norad-

renergic neurons, and CRF systems. Similar effects have been reported after electroconvul-

sive therapy (ECT) in depressed patients [58]. Elevated CSF CRF concentrations appear

to represent a state, rather than a trait, marker of depression (i.e., a marker of the state of

depression rather than a marker of vulnerability to depression) [58]. Furthermore, high

and/or increasing CSF CRF concentrations, despite symptomatic improvement of major

depression during antidepressant treatment, may be the harbinger of early relapse [59],

as our group previously reported for DST nonsuppression [60].

While the exact mechanism contributing to CRF hyperactivity remains obscure,

studies from our group and others have documented long-term persistent increases in HPA

axis activity and extrahypothalamic CRF neuronal activity after exposure to early unto-

ward life events—for example, neglect, and child abuse, respectively, in both laboratory

animals (rat and nonhuman primates) and patients [43,61–63]. Early-life stress apparently

permanently sensitizes the HPA axis and leads to a greater risk of developing depression

later in life. To measure HPA axis responsivity to stress in humans, the Trier Social Stress

Test (TSST) was developed. This laboratory paradigm involves a simulated 10-min public

speech and a mental arithmetic task. The TSST has been validated as a potent activator

of the HPA axis in humans [64]. Recently, our group has reported increased plasma ACTH

and cortisol concentrations, presumably because of hypersecretion of CRF, after exposure

to the TSST in women (both depressed and nondepressed) who were exposed to severe

physical and emotional trauma as children [65]. The depressed women both with and

without early-life stress exhibited a blunted ACTH response to CRF, whereas the women

with early trauma alone exhibited an exaggerated ACTH response. These data provide

further evidence for functional hyperactivity of CRF systems that may be influenced by

early adverse life events.

D. CRF and Anxiety Disorders

Involvement of CRF in anxiety disorders has been well documented in both animal and

human studies. As reviewed by Arborelius and colleagues [66], patients with post-trau-

matic stress disorder (PTSD) (i.e., Vietnam combat veterans) exhibit significantly elevated

CSF CRF concentrations [67,68], as well as alterations in the ACTH response to CRF

challenge [69]. A recent elegant study using an in-dwelling catheter in the lumbar space,

which allows repeated sampling of CSF for several hours after the initial, and presumably

stressful, lumbar puncture, demonstrated elevated CSF CRF levels in PTSD combat veter-

ans [68]. In contrast, low serum cortisol and urinary free cortisol levels have been repeat-

edly, yet unexpectedly, detected in PTSD, especially after dexamethasone administration

[70,71]. One possible mechanism that has been proposed by Yehuda and colleagues to
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explain these findings is heightened negative glucocorticoid feedback within the HPA axis

in chronic PTSD patients [72].

Although CSF CRF concentrations are not increased in panic disorder patients

[73,74], a diminished ACTH response to CRF administration has been observed [75].

Increased [76] or normal concentrations [74,77] of CSF CRF have been documented in

patients with obsessive-compulsive disorder (OCD), although significant decreases in CSF

CRF concentrations occur with a therapeutic response to clomipramine [78]. Patients with

generalized anxiety disorder (GAD), however, exhibit similar CSF CRF concentrations

in comparison to normal controls [74,79]. Not surprisingly increased concentrations of

CSF CRF occur in alcohol withdrawal, a condition of sympathetic arousal and increased

anxiety [80,81]. In contrast, CSF CRF concentrations are reduced [82] or are normal [83]

in abstinent chronic alcoholics with normal plasma cortisol concentrations. Although HPA

axis hyperactivity exists in patients with certain anxiety disorders, such perturbations do

not exist in the patterns suggestive of CRF hypersecretion as documented in patients with

major depression [66]. Moreover, in the majority of these studies, careful assessment of

comorbidity of mood and anxiety syndromes and symptoms has not been conducted.

E. CRF in Depression and Anxiety: Conclusions

Space constraints do no permit an extensive review of the preclinical literature; however,

several additional points are worth highlighting. Numerous studies have documented that

when CRF is directly injected into the CNS of laboratory animals, it produces effects

reminiscent of the cardinal symptoms of depression, including decreased libido, reduced

appetite and weight loss, sleep disturbances, and neophobia. Based on this premise, newly

developed CRF1 receptor antagonists represent a novel putative class of antidepressants.

Such compounds show activity in nearly every preclinical screen for antidepressants and

anxiolytics currently employed. Recently, a small open-label study exmaining the effec-

tiveness of R121919, a CRF1 receptor antagonist, in major depression was completed [84]

in which standard severity measures of both anxiety and depression were reduced in the

depressed patients after R121919 treatment. Although this drug is no longer in clinical

development, it is clear that CRF1 antagonists potentially represent a new class of psycho-

therapeutic agents to treat anxiety and affective disorders. Finally, the early trauma data

raises the question of whether childhood physical and sexual abuse, common among de-

pressed patients, is responsible for some or all of the changes reported in the HPA axis

and CRF circuits in patients with major depression.

V. THYROTROPIN-RELEASING FACTOR, THE THYROID AXIS,
AND DEPRESSION

A. Biology

Dysfunction of the HPT axis has been associated with numerous psychiatric disturbances,

ranging from mild depression to overt psychosis. The HPT axis controls the release of

thyroid hormones, T3 and T4, and is regulated by two peptide hormones, thyrotropin-

releasing hormone (TRH), a tripeptide, and thyroid-stimulating hormone (TSH) or thyro-

tropin, a large protein. TRH was the first of the hypothalamic-releasing hormones to be

isolated and characterized. TRH is synthesized predominantly in the paraventricular nu-

cleus in the hypothalamus and stored in nerve terminals in the median eminence where

it is released into the vessels of the hypothalamic-hypophyseal portal system. TRH is then
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transported to the sinusoids in the anterior pituitary, where it binds to TRH receptors on

thyrotropes and promotes the release of TSH into the systemic circulation.

TSH is a 28-kDA glycoprotein composed of two noncovalently linked protein

chains, TSH-α, which is identical to the α subunit contained in other pituitary hormones,

including follicle-stimulating hormone, luteinizing hormone, human chorionic gonadotro-

pin, and TSH-β. Upon stimulation by TSH, the thyroid gland releases the iodinated amino

acids L-triiodothyronine (T3) and thyroxine (T4). Beside their well-known metabolic ef-

fects, T3 and T4 provide feedback to the hypothalamus and adenohypophysis to regulate

the synthesis and release of TRH and TSH, respectively [85]. Following its initial isolation,

the heterogeneous distribution of TRH in extrahypothalamic sites strongly suggested a role

for this peptide as a neurotransmitter or neuromodulator, as well as a releasing hormone. It

is now established that TRH itself can produce direct effects on the CNS independent of

its actions on pituitary thyrotrophs.

B. Psychiatric Manifestations of Thyroid Dysfunction

Primary thyroid axis disorders are often associated with numerous psychiatric manifesta-

tions ranging from mild depression and anxiety to overt psychosis. Regardless of the

etiology, hypothyroidism leads to a number of clinical manifestations, including slowed

mentation, forgetfulness, decreasing hearing, cold intolerance, and ataxia. Decreased en-

ergy, weight gain, depression, cognitive impairment, or overt psychosis (“myxedema mad-

ness”) may also result. Because of the overlapping symptoms with depression, thyroid

hormone deficiency must be ruled out when evaluating patients with depression.

Early studies from the late 1960s and early 1970s scrutinized psychiatric comorbid-

ity in patients with hypothyroidism, and a substantial number of these patients demon-

strated signs of depression, anxiety, and/or cognitive disturbances [86,87]. Furthermore,

these symptoms were often improved or resolved following resolution of the thyroid condi-

tion alone. Later studies have demonstrated varying degrees of cognitive disturbance in up

to 48% of psychiatrically ill hypothyroid cases [88], and approximately 50% of unselected

hypothyroid patients have symptoms characteristic of depression [88]. Anxiety symptoms

are also common, occurring in up to 30% of unselected patients. Mania and hypomanic

states have rarely been reported in hypothyroid patients. Finally, although psychosis is

the most common reported symptom in the case literature on hypothyroidism (52.9%), it

only accounts for approximately 5% of the psychiatric morbidity in an unselected sample

[88], presumably because more severe symptoms are more likely to be documented in

the clinical literature.

C. TRH and TSH in Depression

Considerable evidence has revealed an increased incidence of HPT axis dysfunction in

patients with major depression (Table 2). More than 25 years ago research groups led

Table 2 Hypothalamic-Pituitary-Thyroid (HPT) Axis Alterations in Depression

↑ CSF TRH concentrations in depressed patients

↓ Nocturnal plasma TSH

Blunted or exaggerated TSH in response to TRH stimulation

Presence of antithyroglobulin and/or antimicrosomal thyroid antibodies
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by Prange [89] and Kastin demonstrated that approximately 25% of patients with major

depression exhibit a blunted TSH response to TRH [89,90]. This is clearly not secondary

to hyperthyroidism but presumably because of hypersecretion of TRH from the median

eminence, which leads to TRH receptor downregulation in the anterior pituitary and re-

duced sensitivity of the pituitary to exogeneously administered TRH. This hypothesis

seems plausible in light of evidence showing elevated TRH concentrations in CSF of drug-

free depressed patients [91] and an inverse relationship between the blunted TSH response

to TRH and CSF TRH concentrations [92]. Depressed patients have also been shown to

have an increased prevalence rate of symptomless autoimmune thyroiditis (SAT), defined

by the abnormal presence of antithyroglobulin and/or antimicrosomal thyroid antibodies

consistent with grade 4 hypothyroidism [93].

Although there is a preponderance of evidence suggesting elevated TRH release in

some depressed patients, as of yet it is unclear what precise role this factor plays in depres-

sion. Interestingly, a lumbar intrathecal infusion of 500 µg of TRH into medication-free

inpatients with depression produced a clinically robust, but short-lived, improvement in

mood and suicidality, which led the authors to propose that elevated TRH levels might

be a compensatory response in depression [94]. Although this work is preliminary, it raises

the interesting possibility that a systematically administered TRH receptor agonist may

represent a novel class of antidepressant agents.

D. Bipolar Disorder and HPT Abnormalities

HPT axis abnormalities have also been reported in bipolar disorders. Both elevated basal

plasma concentrations of TSH and an exaggerated TSH response to TRH have been dem-

onstrated [95,96]. There is also evidence that bipolar patients with the rapid cycling sub-

type have a higher prevalence rate of hypothyroidism (grades I, II, and III) than bipolar

patients who do not [97,98]. A blunted or absent evening surge of plasma TSH, a blunted

TSH response to TRH [99,100], and the presence of antithyroid microsomal and/or anti-

thyroglobulin antibodies [101,102] have also been demonstrated in bipolar patients.

E. Thyrotropin-Releasing Hormone Alterations in Anxiety Disorders

Evidence demonstrating alterations of TRH circuits in anxiety disorders is relatively lim-

ited. A blunted TSH response to TRH has been observed in panic disorder patients

[103,104]. However, in one of these studies, this effect was only demonstrated in patients

with concurrent major depression [104]. Another study indicated that the TSH reponse to

TRH is normal in panic disorder patients [105]. CSF TRH concentrations in patients with

panic disorder, generalized anxiety disorder, or obsessive-compulsive disorder are un-

changed compared to control subjects [106].

VI. ARGININE-VASOPRESSIN

A. Biology

Arginine-vasopressin (AVP), also known as antidiuretic hormone (ADH), is a nonapeptide

synthesized in the lateral magnocellular neurons of the paraventricular and supraoptic

nuclei of the hypothalamus, and is released directly into the bloodstream from axon termi-

nals in the posterior pituitary [107]. These AVP-containing neurons terminate in the neuro-
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hypophysis and secrete AVP into the systemic circulation, although they send collaterals

to the hypothalamo-hypophyseal portal system as well. Another group of AVP-containing

neurons project from the medial parvocellular subdivision of the paraventricular nucleus

(PVN) to the median eminence. Within the median eminence, the parvocellular-derived

AVP is released from axon terminals, secreted into the hypothalamo-hypophyseal portal

circulation, and carried to the anterior lobe of the pituitary gland [3]. Moreover extrahypo-

thalamic AVP-containing neurons lie within limbic structures such as the septum and

amygdala, as well as in the brainstem and spinal cord [108]. AVP-containing neurons also

receive afferent innervations from many different neuronal cell groups and send axonal

projections from the cerebral cortex throughout the CNS. It is thought that AVP and the

other well-known posterior pituitary hormone, the nonapeptide oxytocin (OT), play a role

in modulating neural activity in hypothalamic, limbic, and autonomic circuits.

AVP has prominent roles in controlling fluid balance via its effects on the kidney, in

regulating blood pressure by its vasoconstrictive effects on blood vessels, and can directly

promote the sensation of thirst. AVP also can act synergistically with CRF to promote

the release of pituitary POMC-derived peptides (i.e., ACTH and β-endorphin) in humans

[109] and animals [110] following stressful stimuli [111]. Chronic stress or adrenalectomy

increases the activity of the parvocellular AVP system [112,113]. CRF and AVP are colo-

calized in the parvocellular cells of the human hypothalamus and may be secreted together

into the human hypothalamic-hypophyseal portal circulation [114]. The ratio of AVP and

CRF released into the hypothalamic-hypophyseal portal circulation varies in different spe-

cies [110] and according to the nature of the stress [115,116].

B. AVP in Anxiety and Depression

Similar to the clinical investigations regarding CRF, a variety of patient groups have been

studied. Alterations of CSF AVP concentrations have been reported in patients with major

depression, bipolar disorder, schizophrenia, anorexia, obesity, alcoholism, Alzeheimer’s

disease, and Parkinson’s disease [117,118]. CSF AVP concentrations in patients with ma-

jor depression are reportedly reduced in comparison to control subjects, although the

source of CSF AVP is likely extrahypothalamic and not an index of PVN AVP secretion

[119–121]. Basal plasma concentrations of AVP in depressed patients are also reportedly

decreased in comparison to age-matched controls [122], although others have found no

difference [123]. Interestingly AVP secretion in response to an infusion of hypertonic

saline is diminished in depressed patients as compared to controls [123].

A mildly blunted ACTH response to exogenous AVP administration has been re-

ported in depressed patients [33], but the finding was not replicated in two other studies

[124,125]. Remarkably, an increase in the number of PVN AVP neurons colocalized with

CRF cells has been reported in depressed patients compared to controls in a postmortem

tissue study [126,127]. This is of interest in view of the ability of AVP to potentiate the

actions of CRF at the corticotrope. In contrast to the findings suggestive of diminished

hypothalamic-vasopressinergic activity in depressed patients are the findings suggestive

of hypersecretion of AVP in bipolar patients during their manic phase. Elevations in CSF

AVP concentrations have been documented in manic patients [118], as well as significant

increases of plasma AVP in comparison to patients with unipolar depression and controls

[128]. Clearly, hypothalamic and extrahypothalamic AVP circuits are regulated indepen-

dently. Whether the perturbations of AVP secretion in patients with neuropsychiatric disor-

ders are state- or trait-dependent requires further elucidation.
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VII. ENDOGENOUS OPIOID PEPTIDES

A. Biology

The rationale for studying opioids in depression and anxiety disorders is based on the

observation that opiates possess antidepressant and anxiolytic effects. Opium has been

known to have mood-elevating properties, and Krapelin proposed opium as a treatment

for depressed patients as early as 1905. It is now known that the endogenous opioid peptide

system is composed of three groups of peptides, including methionin-enkephalin and

leucine-enkephalin [129], β-endorphin [130], and the dynorphins [131]. These peptides

have been shown to play a variety of physiological roles, including regulation of pain,

mood, respiration, cardiovascular function, gastrointestinal activity, satiety, sexual behav-

ior (see review, Ref. 132).

At the genomic level, there are three genes responsible for the precursors of opioid

peptides: pro-opiomelanocortin (POMC), proenkephalin, and prodynorphin. Conse-

quently, there are at least three classes of opioid peptides with different biosynthetic and

neuronal pathways: the endorphins, enkephalins, and dynorphins. In the adenohypophysis

[133], POMC is processed to yield only ACTH and β-lipotropin. β-lipotropin is then

processed to yield at least three compounds, including β-γ, and α-endorphin. The second

endogenous opioid system is composed of met- and leuenkephalin, whose precursor is

proenkephalin. Derivatives of prodynorphin are the third group of endogenous opioid pep-

tides, including dynorphin A, dynorphin B, and neoendorphin, which are located almost

exclusively in the posterior pituitary.

B. Opioids in Depression

Early open trials with β-endorphin indicated an improvement in depressed patients follow-

ing intravenous β-endorphin administration [134], which were later substantiated by con-

trolled clinical trials [135,136]. However, these results were not confirmed, and there is

conflicting evidence as to whether intravenously administered β-endorphin permeates the

blood-brain barrier (see Ref. 137 for a comprehensive review of these studies). Also,

the highly addictive nature of opioids limits their usefulness as a potential treatment for

depression. Several studies have also shown that the potent mu opiate receptor antagonist

naloxone does not directly affect mood [138–140], further weakening a strong role of the

endogenous opioid system in affective disorders. Two later studies, using very high doses,

showed an increase in anxiety in normal controls [141] or an augmentation of symptom

severity in depressed patients. Nevertheless, these studies did not provide evidence for a

role for opioid peptide systems in depression.

The studies investigating CSF β-endorphin immunoreactivity in depression and anx-

iety disorders by and large also have not substantiated any major role for endogenous

opioid peptides in depression or anxiety disorders. Most investigators [142–146], but not

all [147], have reported normal concentrations of CSF β-endorphin in patients with major

depression. One study also showed elevated CSF β-endorphin levels in patients diagnosed

with panic disorder [148], although this effect was not demonstrated in a later study [149].

Because of these negative findings and a lack of corroborating evidence, extensive scrutiny

of CSF enkephalin and dynorphin concentrations in patients with affective disorder has

not been conducted.

Numerous studies have also measured plasma concentrations of β-endorphin in pa-

tients with affective disorders. Because both ACTH and β-endorphin are coreleased from
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the pituitary following stress and share a common precursor, POMC, these studies are

particularly interesting in light of the consistent alterations in HPA axis function seen in

depression [150]. Studies investing plasma levels of β-endorphin have yielded somewhat

discrepant results. Some investigators have shown increased concentrations [147,151,152],

whereas others have found normal concentrations [34,153–156].

Not surprisingly, similar to the ACTH response to i.v. CRF challenge (vida supra),

the β-endorphin response to exogenously administered oCRF is blunted in depressed pa-

tients compared to normal subjects [34]. Morever, nonsuppression of plasma β-endorphin

occurs in depressed patients in a manner similar to cortisol nonsuppression after dexameth-

asone administration. β-endorphin nonsuppression to dexamethasone has been observed

even in those patients whose baseline β-endorphin levels were similar to those of normal

controls [156–158]. In these patients, postdexamethasone levels of cortisol and β-endor-

phin were strongly correlated [156,158]. In contrast, depressed patients have been reported

to exhibit increased secretion of β-endorphin in response to cholinergic stimulation

[147], thyrotropin-releasing hormone (TRH), and luteinizing-hormone-releasing-hormone

(LHRH) in comparison to controls [159].

VIII. NEUROPEPTIDE Y

Originally cloned from a pheochromocytoma by Minth and colleagues in 1984, neuropep-

tide Y (NPY) is a 36 amino acid–containing peptide whose gene is expressed in cells

derived from the neural crest [160]. Neurons displaying NPY immunoreactivity are abun-

dant within several of the limbic areas of the CNS [161,162]. NPY is also present within

neurons of the hypothalamus, brainstem, and spinal cord. Present in most sympathetic

nerve fibers, NPY can be detected in vascular beds throughout the body and occurs in

parasympathetic nerves as well [163]. Receptors for NPY are also widely distributed. Not

only do NPY-containing neurons innervate CRF-containing cells of the PVN [164], but

NPY administration increases hypothalamic CRF levels [165] and promotes its release as

well [166]. The relationship of NPY to CRF is further substantiated by the partial blockade

of the NPY-stimulated ACTH response by a CRF receptor antagonist. Moreover, NPY

potentiates the effects of exogenously administered CRF in animals [167]. NPY itself may

have anxiolytic properties. Recently developed NPY overexpressing mice have demon-

strated an attenuated sensitivity to the behavioral consequences of stress [168].

Although an initial investigation [169] did not find significantly diminished CSF

NPY concentrations in depressed patients, Widerlov and colleagues [170] subsequently

reported that patients with major depression do exhibit decreased CSF NPY concentrations

in comparison to sex- and age-matched controls. A recent study has also demonstrated

decreased levels of NPY in the plasma of patients who attempted suicide, and patients

who had repeatedly attempted suicide had the lowest plasma NPY levels [171]. Negative

correlations have been also observed between dimensional anxiety ratings and CSF NPY

levels in depressed patients [172]. Marked reductions in brain-tissue concentrations of

NPY have also been reported in suicide victims, with the most dramatic decreases in

those patients diagnosed with major depression [173]. Efforts toward development of NPY

receptor-specific agonists and antagonists continue, but the field has been greatly hampered

because of the lack of availability of synthetic nonpeptide NPY receptor agonists [174].

NPY-ergic medications may have significant benefit in the treatment of affective disorders

and/or eating disorders.
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IX. SUBSTANCE P

Mammalian members of the peptide tachykinin family are known as neurokinins [175],

including neurokinin A, neurokinin B, and substance P. The most well known and abun-

dant of the neurokinins, the undecapeptide substance P, was discovered in 1931 by von

Euler and Gaddum, but not isolated in pure form until 1970 by Chang and Leeman. Sub-

stance P (SP) binds to the neurokinin-1 (NK-1) receptor, neurokinin A (NKA) to the

neurokinin-2 (NK-2) receptor, and neurokinin B (NKB) to the neurokinin-3 (NK-3) recep-

tor. Within the CNS, SP is localized within the limbic, hypothalamic, and brainstem areas

(amygdala, hypothalamus, periaqueductal gray, locus coeruleus, and parabrachial nucleus)

[176] and is colocalized within norepinephrine- and serotonin-containing cell bodies as

well [177–180]. Furthermore, substance P and other tachykinins serve as pain neurotrans-

mitters in primary afferent neurons [181] and exert a variety of other peripheral actions,

including bronchoconstriction, vasodilatation, salivation, and smooth muscle contraction

in the gut [182,183].

Preclinical studies have provided much of the impetus to continue investigation of

the potential efficacy of substance P receptor antagonism in psychiatric disorders, particu-

larly when these agents have not been effective as analgesics [184]. Substance P (or sub-

stance P agonist) administration to animals elicits behavioral and cardiovascular effects

resembling the stress response and the so-called “defense reaction” [185]. Moreover, pre-

clinical studies documented reduction of behavioral and cardiovascular stress response by

administration of substance P receptor antagonists [186,187]. A breakthrough study had

indicated that the substance P receptor antagonist MK-869 is more effective than placedo,

and is as effective as paroxetine in patients with major depression with moderate-to-severe

symptom severity [187].

Future clinical investigations will determine whether brain and CSF substance P

concentrations are altered in patients with major depression [188] (one study showed ele-

vated levels [189]) and whether there are significant changes in CSF substance P concen-

trations after treatment [190]. Moreover, we await convincing studies that reveal whether

substance P antagonists will play a substantive therapeutic role in patients with anxiety

disorders or schizophrenia [191] or asthma, irritable bowel syndrome, and migraine.

X. GROWTH HORMONE AND SOMATOSTATIN

A. Biology

A great deal of evidence has accumulated demonstrating abnormalities in both growth

hormone secretion and somatostatin concentrations in CSF in depression and, to a lesser

extent, anxiety disorders. Growth hormone (GH) is synthesized and secreted from somato-

trophs located in the anterior pituitary. Its release is unique in that it is controlled by

two peptide hypothalamic hypophysiotropic hormones, growth-hormone-releasing factor

(GHRF), and somatostatin, and secondarily by classic neurotransmitters such as Ach, DA,

NE and 5HT that innervate the releasing factor–containing neurons. Somatostatin, also

known as growth hormone-release-inhibiting hormone (GHIH) or somatotrophin-release

inhibiting factor (SRIF), was first isolated from ovine hypothalamus in 1974 [192]. It is

a tetradecapeptide containing a disulfide bridge linking the two cysteine residues. Somato-

statin is released predominantly from the periventricular and paraventricular nucleus of

the hypothalamus and inhibits GH release. Somatostatin also inhibits the release of both

CRF and ACTH [193–195]. Somatostatin has a wide extrahypothalamic distribution in
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brain regions, including the median eminence [196,197], limbic system, cerebral cortex,

hippocampus, hypothalamus [198], and amygdala.

GHRF was characterized and sequenced in 1981 after considerable difficulty. The

long-postulated GHRF was discovered several years after the elucidation of the structure

of somatostatin from extracts of an ectopic tumor associated with acromegaly. GHRF is a

44-amino-acid peptide, and has the most limited CNS distribution of all the hypothalamic-

releasing hormones that have been identified. GHRF-containing neurons are concentrated

in the infundibular and arcuate nuclei of the hypothalamus and stimulate the synthesis

and release of GH. Dopamine, NE, and 5HT innervate GHRF-containing neurons thereby

modulating GH release. Both GHRF and SRIF are released from the median eminence

into the hypothalamo-hypophyseal portal system where they act on somatotrophs in the

anterior pituitary to regulate GH release. Negative feedback is provided by GH, which

stimulates somatostatin release preventing further GH release. The GH axis is unique in

that it does not have a single target endocrine gland but instead growth hormone acts

directly on multiple tissue targets including bone, muscle, and liver.

Growth hormone is released in a pulsatile fashion, with its highest release occurring

around the time of sleep onset and extending into the first non-REM period of sleep [199].

A variety of stressors, including starvation, exertion, or emotional stress, also promote

growth hormone release in humans [200]. Growth hormone is necessary for the longitudi-

nal bone growth that occurs during the late childhood; appropriately, GH levels are high

in children, reach their peak during adolescence, and decline throughout adulthood. In

addition to its effects on the long bones, growth hormone has predominantly anabolic

effects and leads to increased muscle mass and decreased body fat. GH stimulates the

release of somatomedin from the liver as well as insulin-like growth factors.

Growth hormone is released after treatment with L-dopa, a DA precursor [201],

apomorphine, a centrally active DA agonist [202,203], clonidine [204], a central α2 adren-

ergic receptor agonist, NE [205], and the serotonin precursors L-tryptophan [206] and 5-

hydroxytryptophan [207]. Serotinin receptor antagonists, methysergide and cyprohepta-

dine, interfere with the GH response to hypoglycemia [205]. In contrast, phentolamine,

a nonspecific α-adrenergic receptor antagonist, inhibits GH secretion [208] (Table 3).

B. Growth Hormone and Depression

Several findings indicate dysregulation of GH secretion in depression. A blunted nocturnal

GH surge in depression has been reported [209], whereas daylight GH secretion seems

to be exaggerated in unipolar depressed patients [210]. A number of studies have also

demonstrated a blunted GH response to noradrenergic agents (clonidine, desipramine)

[211–217] and dopaminergic agonists (apomorphine) [218] in depressed patients. Siever

et al. [217] demonstrated that the blunted GH response to clonidine was not related to

age or sex, and this study provided evidence that the diminished GH response to clonidine

may be secondary to decreased α2-adrenergic receptor sensitivity in depression [217].

A GHRF stimulation test has also been developed and studied in depressed patients.

Two groups observed a blunted GH response to GHRF in depressed patients [219–221].

However, Krishnan and colleagues [222,223] found minimal differences in serum GH

response to GHRH between depressed and control patients. A comprehensive review of

GHRF stimulation tests in depression, anorexia nervosa, bulimia, panic disorder, schizo-

phrenia, and Alzheimer’s disease suggested that the results of this test are not always

consistent and in some cases contradictory [224]. Contributing factors include the variabil-
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Table 3 Releasing and Inhibiting Factors for Growth Hormone

Growth hormone releasing factors

• Growth-hormone releasing hormone (GRF of GHRH)

• Dopamine

• L-DOPA

• Apomorphine (dopamine receptor agonist)

• Norepinephrine

• Clonidine (α2-adrenergic receptor agonist)

• Serotonin

• L-tryptophan

• 5-hydroxytryptophan (5HTTP)

Factors that inhibit growth hormone release

• Somatostatin (SRIF)

• Phentolamine (nonspecific alpha-adrenergic receptor antagonist)

• Methysergide (serotonin 5HT1,2-receptor antagonist)

• Cyproheptadine (serotonin 5HT1,2a, 2c-receptor antagonist)

ity of GHRF-stimulated GH among controls, lack of standard outcome measures, and

age- and gender-related effects. Further studies using GHRF will help develop a standard

stimulation test to further clarify the GH response to GHRF in depression and other psychi-

atric disorders. With the characterization of the genes encoding GHRF and its receptor,

alterations in the CNS of depressed patients that underlie the diminished GH response to

NE and DA agonists can now be studied in post-mortem tissue (Table 4).

Using a GHRF stimulation test, our group has demonstrated a slight exaggeration

of GH response to GHRF in depressed patients compared to controls, although this group

difference was mainly attributable to 3 of the 19 depressed patients who exhibited mark-

edly high GH responses to GHRF [222]. Others, however, have reported a blunted GH

response to GHRF in depressed patients. Thus it is unclear whether the blunted GH re-

sponse to clonidine seen in depression is because of a pituitary defect in GH secretion,

further implicating a subsensitivity of α-adrenergic receptors in depression, or to a primary

GHRF deficit which leads to a secondary blunted GH response. Recently a diminished

GH response to clonidine was demonstrated in children and adolescents at high risk for

major depressive disorder. When considered with evidence demonstrating GH dysregula-

tion in childhood depression [225], it suggests the blunted GH response seen in high-risk

adolescents may represent a trait marker for depression in children and adolescents [226].

Arguably, the blunted GH response to clonidine seen in depression may be the most repro-

ducible and specific finding in the biology of affective disorders.

C. Somatostatin and Depression

Several studies have demonstrated decreased SRIF concentrations in the CSF of patients

suffering with depression [143,227–231], schizophrenia [227], and dementia, including

Table 4 Growth Hormone (GH) Axis Changes in Depression

↑ Circulating daily GH levels (uni- and bipolar depression)

↓ Nocturnal GH in depression

↓ Response of GH to noradrenergic or dopaminergic agents
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Alzheimer’s disease [232,233]. Reduced CSF SRIF concentrations have been reported in

patients exhibiting dexamethasone nonsuppression (whether schizophrenic or depressed),

and are negatively correlated with the maximum post-dexamethasone cortisol plasma con-

centration in patients with major depression [234]. Although some investigators have re-

ported normalization of CSF SRIF concentrations after recovery from depression

[228,235,236], others have noted no significant changes in CSF SRIF concentrations of

depressed patients after clinical improvement with antidepressants [59] or ECT treatment

[58]. Interestingly, administration of certain psychotropic medications is known either to

decrease CSF SRIF concentrations (e.g., carbamazepine [235], diphenylhydantoin, and

fluphenazine [237]), increase CSF SRIF concentrations (e.g., haloperidol [238]), or have

no effect (e.g., desipramine or lithium [239]). Somatostatin also inhibits the release of

both CRF and ACTH [193–195] indicating a direct interaction between the growth hor-

mone and HPA axes. No differences in CSF SRIF levels have been observed in patients

with generalized anxiety disorder compared to normal controls [79]. No published studies

measuring GHRH concentration and GHRH mRNA expression have been conducted in

post-mortem tissue of depressed patients and matched controls which, in light of the evi-

dence presented here, is of interest. Similarly, CSF studies of GHRH are also lacking.

Obvious alterations of GH and SRIF concentrations and function exist in major

depression, although whether these changes represent fundamental contributors to this

syndrome or are merely epiphenomena remains to be determined. Diminished concentra-

tions of the inhibitory neuropeptide SRIF might plausibly allow CRF hypersecretion and

increased HPA axis activity. Further elucidation of SRIF receptor function and the effects/

utility of SRIF receptor agonists and antagonists will provide important information re-

garding the pathophysiology of major depression and neurodegenerative disorders such

as AD.

XI. CHOLECYSTOKININ

A. Biology

Cholecystokinin (CCK) was first identified in the gastrointestinal tract as a 33-amino-acid

peptide [240] and was later discovered in the mammalian CNS in 1975. Utilizing gastrin

antisera that avidly cross-reacts with CCK, Vanderhaeghen et al. [241] found abundant

gastrin-like material in the brain of many vertebrate species, including humans. Amino

acid sequence analysis determined this substance to be the carboxyl-terminal amidated

peptide CCK 8 [242]. In the gut, CCK exists predominantly in its larger forms of CCK,

22, 33, 39, and 58 with smaller quantities of CCK 8. In the brain, its major amidated form

is CCK 8. Although first identified in the gastrointestinal track, CCK is found in higher

concentrations in the brain than in the gut. In the brain only neuropeptide Y exists in

higher concentrations than CCK. CCK and high densities of its receptors exist in areas

of the mammalian brain associated with emotion, motivation, and sensory processing,

such as the cortex, striatum, hypothalamus, hippocampus, and amygdala [243–248]. CCK

is often colocalized with DA in the ventrotegmental neurons that comprise the mesolimbic

and mesocortical DA circuits. Of the two major subtypes of CCK receptors that exist, the

CCKA subtype is primarily found in the lower gastrointestinal tract, pancreas, and gallblad-

der, whereas the CCKB receptor predominates in the brain.

CCK has been reported to reduce the release of DA [249–251]; conversely, the

release of CCK is modulated by DA [252,253]. Moreover, preclinical studies indicated that

DA neuronal activity may be either facilitated or inhibited by CCK [254–257]. Because of
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the interactions between DA and CCK, initial investigations had focused on a putative

role for CCK in the pathophysiology of schizophrenia with little evidence forthcoming

to support the hypothesis. Investigation of possible perturbations of CCK function in pa-

tients with mood disorders has similarly demonstrated rather disappointing findings. There

is a single report of diminished concentrations of CSF CCK in patients with bipolar [258],

but not unipolar, depression [119,143,259,260].

B. CCK and Panic Disorders

An impetus for the study of a role of CCK in the pathophysiology of panic disorder (PD)

and other anxiety disorders was stimulated by the finding that i.v. injection of cholecystoki-

nin tetrapeptide (CCK-4) induced panic symptoms in healthy individuals [261]. In a subse-

quent double-blind study, patients with PD experienced panic attacks after i.v. CCK but

not following saline challenge [262]. Furthermore, in comparison to normal controls, pa-

tients with PD exhibit an increased sensitivity to CCK-4, a preferential CCKB receptor

agonist [263–265], although both PD patients and controls experience panic attacks with

increasing doses of CCK-4 [263,264]. These findings have been extended to investigations

in which panic attacks were provoked in patients with PD, and to a lesser extent in patients

with generalized anxiety disorder [266], and normal controls with pentagastrin, another

CCKB receptor agonist [267,268]. Patients with PD have been reported to exhibit dimin-

ished CSF CCK concentrations in comparison to controls [269].

The development of CCKB receptor antagonists may lead to a potentially novel

treatment for PD and other anxiety disorders. Certain CCKA or CCKB receptor antagonists

have demonstrable anxiolytic [270–273], antidepressant [274], or memory-enhancing

[275] effects in animals. Moreover, in patients with panic disorder, administration of L-

365,260, a benzodiazepine-derived CCKB receptor antagonist, blocks CCK-4-induced

panic [276]. In normal controls, L-365,260 did not exhibit an anxiolytic effect but did not

induce adverse changes in mood, appetite, or memory [275]. A larger placebo-controlled,

double-blind clinical trial with L-365,320 failed to find any clinical improvements in pa-

tients with panic disorders [277]. Another compound, CI-988, has been studied in patients

with generalized anxiety disorder but was no more effective than placebo as an anxiolytic

[278]. Nevertheless, efforts continue toward the development of an alternative, effective

anxiolytic that does not have the adverse sedative, dependence liability, and cognitive

effects of benzodiazepines.

XII. CLINICAL IMPLICATIONS AND CONCLUSIONS

The last three decades of neuropsychophysiological exploration has yielded a plethora of

new findings regarding alterations of CNS circuits containing neuropeptides and hypothal-

amic releasing factors in certain psychiatric disorders. These studies have led to major

advances in biological psychiatry by helping us further understand the brain circuits in-

volved in the pathophysiology of mood and anxiety disorders. Although the balance of

evidence indicates that multiple neuropeptide systems within the CNS are altered in major

depression and anxiety disorders, determination of the activity or dysfunction of these

systems within the brain remains relatively difficult. Not only may there be differences

between hypothalamic and extrahypothalamic circuit involvement in a particular disorder,

but it remains unclear as to which compartment (or both) CSF sampling accesses. Further-

more, there is also discordance between CNS and more “peripheral” sources of several
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neuropeptides, such as CCK. Peripheral plasma concentrations of a neuropeptide or hypo-

thalamic releasing factor are determined not only by the rate of release, but also by local

metabolic degradation, the presence of specific binding proteins (as, for example, in the

case of CRF), and redistribution into other extravascular spaces [279]. For example,

plasma CRF concentrations can be measured, but may not truly represent CNS secretion

because of the factors noted above and the contribution by the adrenal medulla and spleen,

which also synthesize the peptide.

The importance of neuropeptides in the pathophysiology of psychiatric illness is

most evident in the large literature indicative of CRF hypersecretion in patients with major

depression. This theory is supported by evidence from a variety of disciplines and has

led to the development of a novel therapeutic approach for the treatment of anxiety and

depression, namely, CRF receptor antagonists. This is one of the few instances where

preclinical evidence has led to a rational target for drug discovery in the hopes of treating

psychiatric disease. Furthermore, this work has provided a mechanism to explain the in-

crease in depression seen in patients exposed to trauma early in life, first postulated by

Freud in the early part of the twentieth century. If CRF truly is the “black bile” of depres-

sion, CRF receptor antagonists may represent a novel class of antidepressants with a

unique mechanism of action distinct from other commonly used antidepressants.

Virtually all of the neuropeptide and neuroendocrine axis alterations in patients with

major depression thus far studied are state-dependent (Table 5). However, nearly all the

studies noted in this chapter are “cross-sectional” in design (i.e., the psychiatric disorder

and alterations of neuropeptide or hypothalamic releasing factor were determined at ap-

proximately the same time). Clinical investigators of the twenty-first century will extend

understanding of whether certain neurobiological alterations provide fundamental patho-

physiological contributions to the behavioral manifestation of a particular psychiatric

disorder, or are merely epiphenomena (i.e., diminished CSF concentrations of SRIF in

patients with Alzheimer’s disease). Furthermore, present efforts guided by the “neuroendo-

crine window strategy” and the “pharmacological bridge technique” may provide informa-

tion as to whether the secretion of neuropeptides and hypothalamic-releasing factors are

associated with alterations in the activity of putative neurotransmitters, such as 5HT, DA,

and ACh, in a particular disease state. The availability of selective ligands that can be

utilized with positron-emission tomography (PET) will mark the next major leap in our

understanding of the peptidergic involvement in psychiatric disorders. The ability to deter-

Table 5 Alterations of Neuropeptides and Hypothalamic

Releasing Factors in Various Psychiatric Disorders

Major Depression

Hyperactivity of the HPA axis

Dysregulation of GH secretion

Diminished SRIF activity

Diminished NPY secretion

Bipolar Disorder-Manic Phase

Hypersecretion of AVP

Anxiety Disorders

Increased sensitivity to CCK-4, a preferential CCKB-receptor agonist
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mine peptide-receptor alterations in the brain and pituitary of patients with psychiatric

disorders will contribute immensely to our understanding of the neurobiological underpin-

nings of such disorders.

A clearer understanding of the neuroendocrinology of depression and anxiety may

well lead to the development of novel pharmacological agents for the treatment of these

major mental disorders. We await confirmation of the initial report documenting the effec-

tiveness of the substance P (NK-1) receptor antagonist, MK-869, in patients with major

depression. Early studies of novel CRF receptor antagonists suggest efficacy in the treat-

ment of depression. A selective CCKB antagonist with anxiolytic activity offers a new

psychotropic modality in the treatment of panic disorder. Progress during the last three

decades has been nothing short of remarkable and the concatenation of present findings

undoubtedly adumbrates further progress in these disorders. In conclusion, the elucidation

of biochemical abnormalities in psychiatric disorders has led to an increased comprehen-

sion of the neurochemical basis of psychiatric disease, with the ultimate goal being the

development of novel pharmacological and behavioral techniques to treat these devastating

disorders.

ACKNOWLEDGMENTS

The authors are supported by NIH grants MH-42088, MH-49523, MH-39415, MH-40524,

and MH-58922.

REFERENCES

1. Janowsky D, Risch SC, Neborsky R. Strategies for studying neurotransmitter hypotheses of

affective disorders. In: Michels R et al, eds. Psychiatry. Philadelphia: Lippincott, 1993.

2. Hauger R, Dautzenberg FM. Regulation of the stress response by corticotropin releasing

factor. In Conn P, Freeman ME, eds. Neuroendocrinology in Physiology and Medicine. To-

towa, NJ: Humana Press, 2000:267–293.

3. Swanson LW, Sawchenko PE, Rivier J, Vale WW. Organization of ovine corticotropin-

releasing factor immunoreactive cells and fibers in the rat brain: an immunohistochemical

study. Neuroendocrinology 1983; 36(3):165–186.

4. Saffran M, Schally AV, Benfey BG. Stimulation of the release of corticotropin from the

adenohypophysis by a neurohypophysial factor. Endocrinology 1955; 57:439–444.

5. Vale W, Spiess J, Rivier C, Rivier J. Characterization of a 41-residue ovine hypothalamic

peptide that stimulates secretion of corticotropin and beta-endorphin. Science 1981;

213(4514):1394–1397.

6. Chalmers DT, Lovenberg TW, Grigoriadis DE, Behan DP, De Souza EB. Corticotrophin-

releasing factor receptors: from molecular biology to drug design. Trends Pharmacol Sci

1996; 17(4):166–172.

7. Grigoriadis DE, Lovenberg TW, Chalmer DT, Liaw C, De Souze EB. Characterization of

corticotropin-releasing factor receptor subtypes. Ann NY Acad Sci 1996; 780:60–80.

8. Lovenberg TW, Liaw CW, Grigoriadis DE, Clevenger W, Chalmers DT, DeSouza EB,

Oltersdorf T. Cloning and characterization of a functionally distinct corticotropin-releasing

factor receptor subtype from rat brain [published erratum appears in Proc Natl Acad Sci USA

1995; 92(12):5759]. Proc Natl Acad Sci USA 1995; 92(3):836–840.

9. Chang CP, Pearse RV, O’Connell S, Rosenfeld MG. Identification of a seven transmembrane

helix receptor for corticotropin-releasing factor and sauvagine in mammalian brain. Neuron

1993; 11(6):1187–1195.



Neuropeptide Alterations 251

10. Chen R, Lewis KA, Perrin MH, Vale WW. Expression cloning of a human corticotropin-

releasing-factor receptor. Proc Natl Acad Sci USA, 1993; 90(19):8967–8971.

11. Primus RJ, Yevich E, Baltazar C, Gallager DW. Autoradiographic localization of CRF1 and

CRF2 binding sites in adult rat brain. Neuropsychopharmacology 1997; 17(5):308–316.

12. Henrichs SC, Lapsanksy J, Lovenberg TW, De Souza EB, Chalmers DT. Corticotropin-

releasing factor CRF1, but not CRF2, receptors mediate anxiogenic-like behavior. Reg Pep-

tides 1997; 71(1):15–21.

13. Steckler T, Holsboer F. Corticotropin-releasing hormone receptor subtypes and emotion. Biol

Psychiatry 1999; 46(11):1480–1508.

14. Vaughan J, Donaldson C, Bittencourt J, Perrin MH, Lewis K, Sutton R, Chan AV, Turnbull

D, Lovejoy C, Rivier C. Urocortin, a mammalian neuropeptide related to fish urotensin I

and to corticotropin-releasing factor [see comments]. Nature 1995; 378(6554):287–292.

15. Reyes T, Lewis K, Perrin MH, Kunitake KS, Vaugan J, Arias CA, Hogenesch JB, Gulyas

J, Rivier J, Vale WV, Sawchenko PE. Urocortin II: A member of the corticotropin-releasing

factor (CRF) neuropeptide family that is selectively bound by type 2 CRF receptors. Proc

Natl Acad Sci USA 2001; 98(5):2843–2848.

16. Lewis K, Li C, Perrin MH, Blount A, Kunitake K, Donaldson C, Vaughan J, Reyes TM,

Gulyas J, Fischer W, Bilezikjian L, Rivier J, Sawchenko PE, Vale WW. Identification of

urocortin III, an additional member of the corticotropin-releasing factor (CRF) family with

high affinity for the CRF2 receptor. Proc Natl Acad Sci USA 2001; 98(13):7570–7575.

17. Dautzenberg FM, Hauger RL. The CRF peptide family and their receptors: yet more partners

discovered. Trends Pharmacol Sci 2002; 23(2):77.

18. Keck ME, Holsboer F. Hyperactivity of CRH neuronal circuits as a target for therapeutic

interventions in affective disorders. Peptides 2001; 22(5):835–844.

19. Carpenter WT Jr, Bunney WE Jr. Adrenal cortical activity in depressive illness. Am J Psychi-

atry 1971; 128(1):31–40.

20. Gibbons J, McHugh PR. Plasma cortical activity in depressive illness. J Psychiatr Res 1962;

1:162–171.

21. Sachar EJ, Hellman L, Fukushima DK, Gallagher TF. Cortisol production in depressive ill-

ness. A clinical and biochemical clarification. Arch Gen Psychiatry 1970; 23(4):289–298.

22. Evans DL, Nemeroff CB. The clinical use of the dexamethasone suppression test in DSM-

III affective disorders: correlation with the severe depressive subtypes of melancholia and

psychosis. J Psychiatr Res 1987; 21(2):185–194.

23. Arana GW, Baldessarini RJ, Ornsteen M. The dexamethasone suppression test for diagnosis

and prognosis in psychiatry. Commentary and review. Arch Gen Psychiatry 1985; 42(12):

1193—1204.

24. Evans DL, Nemeroff CB. Use of the dexamethasone suppression test using DSM-III criteria

on an inpatient psychiatric unit. Biol Psychiatry 1983; 18(4):505–511.

25. Carroll BJ, Martin FI, Davies B. Resistance to suppression by dexamethasone of plasma 11-

O.H.C.S. levels in severe depressive illness. Br Med J 1968; 3(613):285–287.

26. Carroll BJ, Martin FI, Davies B. Pituitary-adrenal function in depression. Lancet 1968;

1(7556):1373–1374.

27. Carroll BJ. Use of the dexamethasone suppression test in depression. J Clin Psychiatry 1982;

43(11 Pt 2):44–50.

28. Arana GW, Mossman G. The dexamethasone suppression test and depression. Approaches

to the use of a laboratory test in psychiatry. Neurol Clin 1988; 6(1):21–39.

29. Hermus AR, Pieters GF, Smals AG, Benraad TJ, Kloppenborg PW. Plasma adrenocortico-

tropin, cortisol, and aldosterone responses to corticotropin-releasing factor: modulatory effect

of basal cortisol levels. J Clin Endocrinol Metab 1984; 58(1):187–191.

30. Amsterdam JD, Maislin G, Winokur A, Berwish N, Kling M, Gold P. The oCRH stimulation

test before and after clinical recovery from depression. J Affect Disord 1988; 14(3):213–

222.



252 Gutman et al.

31. Gold PW, Chrousos G, Kellner C, Post R, Roy A, Augerinos P, Schulte H, Oldfield E,

Loriaux DL. Psychiatric implications of basic and clinical studies with corticotropin-releasing

factor. Am J Psychiatry 1984; 141(5):619–627.

32. Holsboer F, Muller OA, Doerr HG, Sippell WG, Stalla GK, Gerken A, Steiger A, Boll E,

Benkert O. ACTH and multisteroid responses to corticotropin-releasing factor in depressive

illness: relationship to multisteroid responses after ACTH stimulation and dexamethasone

suppression. Psychoneuroendocrinology 1984; 9(2):147–160.

33. Kathol RG, Jaeckle RS, Lopez JF, Meller WH. Consistent reduction of ACTH responses to

stimulation with CRH, vasopressin and hypoglycaemia in patients with major depression.

Br J Psychiatry 1989; 155:468–478.

34. Young EA, Watson SJ, Kotun J, Haskett RF, Grunhaus L, Murphy-Weinberg V, Vale W,

Rivier J, Akil H. Beta-lipoprotein-beta-endorphin response to low-dose ovine corticotropin

releasing factor in endogenous depression. Preliminary studies. Arch Gen Psychiatry 1990;

47(5):449–457.

35. Krishnan KKR, Rayasam K, Reed DA, Smith M, Cliepall P, Saunders WB, Richie JC, Carroll

BJ, Nemeroff CB. The CRF corticotropin-releasing factor stimulation test in patients with

major depression: relationship to dexamethasone suppression test results. Depression 1993;

1:133–136.

36. Aguilera G, Wynn PC, Harwood JP, Hauger RL, Millan MA, Grewe C, Catt KJ. Receptor-

mediated actions of corticotropin-releasing factor in pituitary gland and nervous system. Neu-

roendocrinology 1986; 43(1):79–88.

37. Holmes MC, Catt KJ, Aguilera G. Involvement of vasopressin in the down-regulation of

pituitary corticotropin-releasing factor receptors after adrenalectomy. Endocrinology 1987;

121(6):2093–2098.

38. Wynn PC, Aguilera G, Morell J, Catt KJ. Properties and regulation of high-affinity pituitary

receptors for corticotropin-releasing factor. Biochem Biophys Res Commun 1983; 110(2):

602–608.

39. Wynn PC, Hauger RL, Holmes MC, Millan MA, Catt KJ, Aguilera G. Brain and pituitary

receptors for corticotropin-releasing factor: localization and differential regulation after

adrenalectomy. Peptides 1984; 5(6):1077–1084.

40. Wynn PC, Harwood JP, Catt KJ, Aguilera G. Corticotropin-releasing factor (CRF) induces

desensitization of the rat pituitary CRF receptor-adenylate cyclase complex. Endocrinology

1988; 122(1):351–358.

41. Holsboer F. The corticosteroid receptor hypothesis of depression. Neuropsychopharmacology

2000; 23(5):477–501.

42. Heuser I, Yassouridis A, Holsboer F. The combined dexamethasone/CRH test: a refined

laboratory test for psychiatric disorders. J Psychiat Res 1994; 28(4):341–356.

43. Holsboer F, Lauer CJ, Schreiber W, Krieg JC. Altered hypothalamic-pituitary-adrenocortical

regulation in healthy subjects at high familial risk for affective disorders. Neuroendocrinol-

ogy 1995; 62(4):340–347.

44. Gutman D, Owens MJ, Nemeroff CB. Corticotropin-releasing factor antagonists as novel

psychotherapeutics. Drugs Future 2000; 25(9):921–931.

45. Suda T, Tomori N, Tozawa F, Mouri T, Demura H, Shizume K. Distribution and characteriza-

tion of immunoreactive corticotropin-releasing factor in human tissues. J Clin Endocrinol

Metab 1984; 59(5):861–866.

46. Sanchez MM, Young LJ, Plotsky PM, Insel TR. Autoradiographic and in situ hybridization

localization of corticotropin-releasing factor 1 and 2 receptors in nonhuman primate brain.

J Compar Neurol 1999; 408(3):365–377.

47. Van Pett K, Viau V, Bittencourt JC, Chan RK, Li HY, Arias C, Prins GS, Perrin M, Vale

W, Sawchenko PE. Distribution of mRNAs encoding CRF receptors in brain and pituitary

of rat and mouse. J Compar Neurol 2000; 428(2):191–212.



Neuropeptide Alterations 253

48. Charlton BG, Ferrier IN, Perry RH. Distribution of corticotropin-releasing factor-like immu-

noreactivity in human brain. Neuropeptides 1987; 10(4):329–334.

49. Arato M, Banki CM, Bissette G, Nemeroff CB. Elevated CSF CRF in suicide victims. Biol

Psychiatry 1989; 25(3):355–359.

50. Banki CM, Bissette G, Arato M, O’Connor L, Nemeroff CB. CSF corticotropin-releasing

factor-like immunoreactivity in depression and schizophrenia. Am J Psychiatry 1987; 144(7):

873–877.

51. France RD, Urban B, Krishnan KRR, Bissett G, Banki CM, Nemeroff CB, Speilman FJ.

CSF corticotropin-releasing factor-like immunoreactivity in chronic pain patients with and

without major depression. Biol Psychiatry 1988; 23:86–88.

52. Nemeroff CB. The role of corticotropin-releasing factor in the pathogenesis of major depres-

sion. Pharmacopsychiatry 1988; 21(2):76–82.

53. Risch SC, Lewine RJ, Kalin NH, Jewart RD, Risby ED, Caudle JM, Stipetic M, Turner J,

Eccard MB, Pollard WE. Limbic-hypothalamic-pituitary-adrenal axis activity and ventricu-

lar-to-brain ratio studies in affective illness and schizophrenia. Neuropsychopharmacology

1992; 6(2):95–100.

54. Roy A, Pickar D, Paul S, Doran A, Chrousos GP, Gold PW. CSF corticotropin-releasing

hormone in depressed patients and normal control subjects. Am J Psychiatry 1987; 144(5):

641–645.

55. Veith RC, Lewis N, Langohr JI, Murburg MM, Ashleigh EA, Castillo S, Peskind ER,

Pascualy M, Bissette G, Nemeroff CB. Effect of desipramine on cerebrospinal fluid con-

centrations of corticotropin-releasing factor in human subjects. Psychiatry Res 1993; 46(1):

1–8.

56. De Bellis MD, Gold PW, Geracioti TD, Listwak SJ, Kling MA. Association of fluoxetine

treatment with reductions in CSF concentrations of corticotropin-releasing hormone and argi-

nine vasopressin in patients with major depression. Am J Psychiatry 1993; 150(4):656–657.

57. Heuser I, Bissette G, Dettling M, Schweiger U, Gotthardt U, Schmider J, Lammers CH,

Nemeroff CB, Holsboer F. Cerebrospinal fluid concentrations of corticotropin-releasing hor-

mone, vasopressin, and somatostatin in depressed patients and health controls: response to

amitriptyline treatment. Depress Anxiety 1998; 8(2):71–79.

58. Nemeroff CB, Bissette G, Akil H, Fink M. Neuropeptide concentrations in the cerebrospinal

fluid of depressed patients treated with electroconvulsive therapy. Corticotrophin-releasing

factor, beta-endorphin and somatostatin. Br J Psychiatry 1991; 158:59–63.

59. Banki CM, Karmasci L, Bissette G, Nemeroff CB. CSF corticotropin-releasing and somato-

statin in major depression: response to antidepressant treatment and relapse. Eur Neuropsy-

chopharmacol 1992; 2:107–113.

60. Nemeroff CB, Evans DL. Correlation between the dexamethasone suppression test in de-

pressed patients and clinical response. Am J Psychiatry 1984; 141(2):247–249.

61. Nemeroff CB. The preeminent role of early untoward experience on vulnerability to major

psychiatric disorders: the nature-nurture controversy revisited and soon to be resolved [news;

comment]. Molec Psychiatry 1999; 4(2):106–108.

62. Holsboer F, von Bardeleben U, Wiedemann K, Muller OA, Stalla GK. Serial assessment of

corticotropin-releasing hormone response after dexamethasone in depression. Implications

for pathophysiology of DST nonsuppression. Biol Psychiatry 1987; 22(2):228–234.

63. Coplan JD, Andrews MW, Rosenblum LA, Owens MJ, Friedman S, Gorman JM, Nemeroff

CB. Persistent elevations of cerebrospinal fluid concentrations of corticotropin-releasing fac-

tor in adult nonhuman primates exposed to early-life stressors: implications of pathophysiol-

ogy of mood and anxiety disorders. Proc Natl Acad Sci USA 1996; 93(4):1619–1623.

64. Kirschbaum C, Pirke KM, Hellhammer DH. The ‘Trier Social Stress Test’—a tool for in-

vestigating psychobiological stress responses in a laboratory setting. Neuropsychobiology

1993; 28(1–2):76–81.



254 Gutman et al.

65. Heim C, Newport DJ, Heit S, Graham YP, Wilcox M, Bonsall R, Miller AH, Nemeroff CB.

Pituitary-adrenal and autonomic responses to stress in women after sexual and physical abuse

in childhood. JAMA 2000; 284(5):592–597.

66. Arborelius L, Owens MJ, Plotsky PM, Nemeroff CB. The role of corticotropin-releasing

factor in depression and anxiety disorders. J Endocrinol 1999; 160(1):1–12.

67. Bremner JD, Licinio J, Darnell A, Krystal JH, Owens MJ, Southwick SM, Nemeroff CB,

Charney DS. Elevated CSF corticotropin-releasing factor concentrations in posttraumatic

stress disorder. Am J Psychiatry 1997; 154(5):624–629.

68. Baker DG, West SA, Nicholson WE, Ekhator NN, Kasckow JW, Hill KK, Bruce AB, Orth

DN, Geracioti TD Jr. Serial CSF corticotropin-releasing hormone levels and adrenocortical

activity in combat veterans with posttraumatic stress disorder [published erratum appears in

Am J Psychiatry 1999; 156(6):986]. Am J Psychiatry 1999; 156(4):585–588.

69. Smith MA, Davidson J, Ritchie JC, Kudler H, Chappell LSP, Nemeroff CB. The corticotro-

pin-releasing hormone test in patients with posttraumatic stress disorder. Biol Psychiatry

1989; 26:349–355.

70. Heim C, Owens MJ, Plotsky PM, Nemeroff CB. The role of early adverse life events in the

etiology of depression and posttraumatic stress disorder. Focus on corticotropin-releasing

factor. Ann NY Acad Sci 1997; 821:194–207.

71. Stein MB, Yehuda R, Koverola C, Hanna C. Enhanced dexamethasone suppression of plasma

cortisol in adult women traumatized by childhood sexual abuse. Biol Psychiatry 1997; 42:

680–686.

72. Yehuda R, Teicher MH, Trestman RL, Levengood RA, Siever LJ. Cortisol regulation in

posttraumatic stress disorder and major depression: a chronobiological analysis. Biol Psychi-

atry 1996; 40(2):79–88.

73. Jolkkonen J, Lepola U, Bissette G, Nemeroff C, Riekkinen P. CSF corticotropin-releasing

factor is not affected in panic disorder. Biol Psychiatry 1993; 33(2):136–138.

74. Fossey MD, Lydiard RB, Ballenger JC, Laraia MT, Bissette G, Nemeroff CB. Cerebrospinal

fluid corticotropin-releasing factor concentrations in patients with anxiety disorders and nor-

mal comparison subjects. Biol Psychiatry 1996; 39(8):703–707.

75. Roy-Byrne PP, Uhde TW, Post RM, Gallucci W, Chrousos GP, Gold PW. The corticotropin-

releasing hormone stimulation test in patients with panic disorder. Am J Psychiatry 1986;

143(7):896–899.

76. Altemus M, Pigott T, Kalogeras KT, Demitrack M, Dubbert B, Murphy DL, Gold PW. Ab-

normalities in the regulation of vasopressin and corticotropin-releasing factor secretion in

obsessive-compulsive disorder. Arch Gen Psychiatry 1992; 49(1):9–20.

77. Chappell P, Leckman J, Goodman W, Bissette G, Pauls D, Anderson G, Riddle M, Scahill

L, McDougle C, Cohen D. Elevated cerebrospinal fluid corticotropin-releasing factor in

Tourette’s syndrome: comparison to obsessive compulsive disorder and normal controls. Biol

Psychiatry 1996; 39(9):776–783.

78. Altemus M, Swedo SE, Leonard HL, Richter D, Rubinow DR, Potter WZ, Rapoport JL.

Changes in cerebrospinal fluid neurochemistry during treatment of obsessive-compulsive dis-

order with clomipramine. Arch Gen Psychiatry 1994; 51(10):794–803.

79. Banki CM, Karmacsi L, Bissette G, Nemeroff CB. Cerebrospinal fluid neuropeptides in mood

disorder and dementia. J Affect Disord 1992; 25(1):39–45.

80. Hawley RJ, Nemeroff CB, Bissette G, Guidotti A, Rawlings R, Linnoila M. Neurochemical

correlates of sympathetic activation during severe alcohol withdrawal. Alcoholism: Clin Ex-

per Res 1994; 18(6):1312–1316.

81. Adinoff B, Anton R, Linnoila M, Guidotti A, Nemeroff CB, Bissette G. Cerebrospinal fluid

concentrations of corticotropin-releasing hormone (CRH) and diazepam-binding inhibitor

(DBI) during alcohol withdrawal and abstinence. Neuropsychopharmacology 1996; 15(3):

288–295.

82. Geracioti TD, Loosen PT, Ebert MH, Ekhator NN, Burns D, Nicholson WE, Orth DN. Con-



Neuropeptide Alterations 255

centrations of corticotropin-releasing hormone, norepinephrine, MHPG, 5-hydroxyindole-

acetic acid, and tryptophan in the cerebrospinal fluid of alcoholic patients: serial sampling

studies. Neuroendocrinology 1994; 60(6):635–642.

83. Roy A, DeJong J, Gold P, Rubinow D, Adinoff B, Ravitz B, Waxman R, Linnoila M. Cere-

brospinal fluid levels of somatostatin, corticotropin-releasing hormone and corticotropin in

alcoholism. Acta Psychiatr Scand 1990; 82(1):44–48.

84. Zobel AW, Nickel T, Kunzel HE, Ackl N, Sonntag A, Ising M, Holsboer F. Effects of the

high-affinity corticotropin-releasing hormone receptor 1 antagonist R121919 in major depres-

sion: the first 20 patients treated. J Psychiatr Res 2000; 34(3):171–181.

85. Veldhuis D. The neuroendocrine control of ultradian rhythms. In: Conn P, Freeman ME,

eds. Neuroendocrinology in Physiology and Medicine. Totowa, NJ: Humana Press, 2000:

453–475.

86. Whybrow PC, Prange AJ Jr, Treadway CR. Mental changes accompanying thyroid gland

dysfunction. A reappraisal using objective psychological measurement. Arch Gen Psychiatry

1969; 20(1):48–63.

87. Jain VK. A psychiatric study of hypothyroidism. Psychiatr Clin 1972; 5(2):121–130.

88. Boswell E, Anfinson TJ, Nemeroff CB. Neuropsychiatric aspects of endocrine disorders. In:

Yudofsky S, Hales R, eds. Textbook of Neuropsychiatry, 3rd ed. Washington, DC: American

Psychiatric Association Press, Inc, 2001.

89. Prange AJ, Lara PP Jr, Wilson IC, Alltop LB, Breese GR. Effects of thyrotropin-releasing

hormone in depression. Lancet 1972; 2(7785):999–1002.

90. Kastin AJ, Ehrensing RH, Schalch DS, Anderson MS. Improvement in mental depression

with decreased thyrotropin response after administration of thyrotropin-releasing hormone.

Lancet 1972; 2(7780):740–742.

91. Banki CM, Bissette G, Arato M, Nemeroff CB. Elevation of immunoreactive CSF TRH in

depressed patients. Am J Psychiatry 1988; 145(12):1526–1531.

92. Adinoff B. Inverse relationship between CSF TRH concentrations and the TSH response to

TRH in abstinent alcohol-dependent patients. Am J Psychiatry 1991; 148(11):1586–1588.

93. Nemeroff CB, Simon JS, Haggerty JJ Jr, Evans DL. Antithyroid antibodies in depressed

patients. Am J Psychiatry 1985; 142(7):840–843.

94. Marangell LB, George MS, Callahan AM, Ketter TA, Pazzaglia PJ, L’Herrou TA, Leverich

GS, Post RM. Effects of intrathecal thyrotropin-releasing hormone (protirelin) in refractory

depressed patients. Arch Gen Psychiatry 1997; 54(3):214–222.

95. Haggerty JJ Jr, Simon JS, Evans DL, Nemeroff CB. Relationship of serum TSH concentration

and antithyroid antibodies to diagnosis and DST response in psychiatric inpatients. Am J

Psychiatry 1987; 144(11):1491–1493.

96. Loosen PT, Prange AJ Jr. Serum thyrotropin response to thyrotropin-releasing hormone in

psychiatric patients: a review. Am J Psychiatry 1982; 139(4):405–416.

97. Bauer MS, Whybrow PC, Winokur A. Rapid cycling bipolar affective disorder. I. Association

with grade I hypothyroidism. Arch Gen Psychiatry 1990; 47(5):427–432.

98. Cowdry RW, Wehr TA, Zis AP, Goodwin FK. Thyroid abnormalities associated with rapid-

cycling bipolar illness. Arch Gen Psychiatry 1983; 40(4):414–420.

99. Sack DA, James SP, Rosenthal NE, Wehr TA. Deficient nocturnal surge of TSH serotonin

during sleep and sleep deprivation in rapid-cycling bipolar illness. Psychiatry Res 1988;

23(2):179–191.

100. Souetre E, Salvati E, Wehr TA, Sack DA, Krebs B, Darcourt G. Twenty-four-hour profiles

of body temperature and plasma TSH in bipolar patients during depression and during remis-

sion and in normal control subjects. Am J Psychiatry 1988; 145(9):1133–1137.

101. Lazarus JH, McGregor AM, Ludgate M, Darke C, Creagh FM, Kingswood CJ. Effect of

lithium carbonate therapy on thyroid immune status in manic depressive patients: a prospec-

tive study. J Affect Disord 1986; 11(2):155–160.

102. Myers DH, Carter RA, Burns BH, Armond A, Hussain SB, Chengapa VK. A prospective



256 Gutman et al.

study of the effects of lithium on thyroid function and on the prevalence of antithyroid anti-

bodies. Psychol Med 1985; 15(1):55–61.

103. Roy-Byrne PP, Uhde TW, Rubinow DR, Post RM. Reduced TSH and prolactin responses

to TRH in patients with panic disorder. Am J Psychiatry 1986; 143(4):503–507.

104. Gillette GM, Garbutt JC, Quade DE. TSH response to TRH in depression with and without

panic attacks. Am J Psychiatry 1989; 146(6):743–748.

105. Stein MB, Uhde TW. Thyroid indices in panic disorder. Am J Psychiatry 1988; 145(6):745–

747.

106. Fossey MD, Lydiard RB, Ballenger JC, Laraia MT, Bissette G, Nemeroff CB. Cerebrospinal

fluid thyrotropin-releasing hormone concentrations in patients with anxiety disorders. J Neu-

ropsychiatry Clin Neurosci 1993; 5(3):335–337.

107. Chrousos GP, Gold PW. The concepts of stress and stress system disorders. Overview of

physical and behavioral homeostasis. J Am Med Assoc 1992; 267:1244–1252.

108. Sawchenko PE, Swanson LW. Immunohistochemical identification of neurons in the para-

ventricular nucleus of the hypothalamus that project to the medulla or to the spinal cord in

the rat. J Comp Neurol 1982; 205(3):260–272.

109. DeBold CR, Sheldon WR, DeCherney GS, Jackson RV, Alexander AN, Vale W, Rivier

J, Orth DN. Arginine vasopressin potentiates adrenocorticotropin release induced by ovine

corticotropin-releasing factor. J Clin Invest 1984; 73(2):533–538.

110. Plotsky P. Pathways to the secretion of adrenocorticotropin: a view from the portal. J Neu-

roendocrinol 1991; 3:1–9.

111. Insel TR. A neurobiological basis of social attachment. Am J Psychiatry 1997; 154(6):726–

735.

112. de Goeij DC, Jezova D, Tilders FJ. Repeated stress enhances vasopressin synthesis in cortico-

tropin releasing factor neurons in the paraventricular nucleus. Brain Res 1992; 577(1):165–

168.

113. Whitnall MH. Stress selectively activates the vasopressin-containing subset of corticotropin-

releasing hormone neurons. Neuroendocrinology 1989; 50(6):702–707.

114. Mouri T, Itoi K, Takahashi K, Suda T, Murakami O, Yoshinaga K, Andoh N, Ohtani H,

Masuda T, Sasano N. Colocalization of corticotropin-releasing factor and vasopressin in the

paraventricular nucleus of the human hypothalamus. Neuroendocrinology 1993; 57(1):34–

39.

115. Canny BJ, Funder JW, Clarke IJ. Glucocorticoids regulate ovine hypophysial portal levels

of corticotropin-releasing factor and arginine vasopressin in a stress-specific manner. Endo-

crinology 1989; 125(5):2532–2539.

116. Caraty A, Grino M, Locatelli A, Guillaume V, Boudouresque F, Conte-Devolx B, Oliver C.

Insulin-induced hypoglycemia stimulates corticotropin-releasing factor and arginine vaso-

pressin secretion into hypophysial portal blood of conscious, unrestrained rams. J Clin Invest

1990; 85(6):1716–1721.

117. Demitrack MA, Lesem MD, Brandt HA, Pigott TA, Jimerson DC, Altemus M, Gold PW.

Neurohypophyseal dysfunction: implications for the pathophysiology of eating disorders.

Psychopharmacol Bull 1989; 25(3):439–443.

118. Legros JJ, Ansseau M, Timsit-Berthier M. Neurohypophyseal peptides and psychiatric dis-

eases. Reg Peptides 1993; 45(1-2):133–138.

119. Gjerris A, Rafaelsen OJ, Vendsborg P, Fahrenkrug J, Rehfeld JF. Vasoactive intestinal poly-

peptide decreased in cerebrospinal fluid (CSF) in atypical depression. Vasoactive intestinal

polypeptide, cholecystokinin and gastrin in CSF in psychiatric disorders. J Affect Disord

1984; 7(3-4):325–337.

120. Gjerris A, Hammer M, Vendsborg P, Christensen NJ, Rafaelsen OJ. Cerebrospinal fluid vaso-

pressin-changes in depression. Br J Psychiatry 1985; 147:696–701.

121. Linkowski P, Geenen V, Kerkhofs M, Mendlewicz J, Legros JJ. Cerebrospinal fluid neuro-



Neuropeptide Alterations 257

physins in affective illness and in schizophrenia. Eur Arch Psychiatry Neurolog Sci 1984;

234(3):162–165.

122. Laruelle M, Seghers A, Goffinet S, Bouchez S, Legros JJ. Plasmatic vasopressin neurophysin

in depression: basic levels and relations with HPA axis. Biol Psychiatry 1990; 27(11):1249–

1263.

123. Gold PW, Goodwin FK, Post RM, Robertson GL. Vasopressin function in depression and

mania [proceedings]. Psychopharmacol Bull 1981; 17(1):7–9.

124. Carroll BT, Meller WH, Kathol RG, Gehris TL, Carter JL, Samuelson SD, Pitts AF. Pituitary-

adrenal axis response to arginine vasopressin in patients with major depression. Psychiatry

Res 1993; 46(2):119–126.

125. Meller WH, Kathol RC, Jaeckle RS, Lopez JF. Stimulation of the pituitary-adrenal axis with

arginine vasopressin in patients with depression. J Psychiatric Res 1987; 21(3):269–277.

126. Raadsheer FC, Hoogendijk WJG, Stam FC, Tilders FJH, Swaab DF. Increased numbers of

corticotropin-releasing hormone expressing neurons in the hypothalamic paraventricular nu-

cleus of depressed patients. Neuroendocrinology 1994; 60:436–444.

127. Purba JS, Hoogendijk WJ, Hofman MA, Swaab DF. Increased number of vasopressin- and

oxytocin-expressing neurons in the parventricular nucleus of the hypothalamus in depression.

Arch Gen Psychiatry 1996; 53(2):137–143.

128. Legros JJ, Ansseau M. Increased basal plasma vasopressin-neurophysin in mania. Hormone

Res 1989; 31(1-2):55–58.

129. Hughes J, Smith TW, Kosterlitz HW, Fothergill LA, Morgan BA, Morris HR. Identification

of two related pentapeptides from the brain with potent opiate agonist activity. Nature 1975;

258(5536):577–580.

130. Li CH, Chung D, Doneen BA. Isolation, characterization and opiate activity of beta-endor-

phin from human pituitary glands. Biochem Biophys Res Commun 1976; 72(4):1542–1547.

131. Goldstein A, Tachibana S, Lowney LI, Hunkapiller M, Hood L. Dynorphin-(1-13), an ex-

traordinarily potent opioid peptide. Proc Natl Acad Sci USA, 1979; 76(12):6666–6670.

132. Smith AI, Funder JW. Propiomelanocortin processing in the pituitary, central nervous system,

and peripheral tissues. Endocrine Rev 1988; 9(1):159–179.

133. Bloom F, Battenberg E, Rossier J, Ling N, Leppaluoto J. Vargo TM, Guillemin R. Endorphins

are located in the intermediate and anterior lobes of the pituitary gland, not in the neurohypo-

physis. Life Sci 1977; 20(1):43–47.

134. Kline NS, Li CH, Lehmann HE, Lajtha A, Laski E. Cooper T. Beta-endorphin—induced

changes in schizophrenic and depressed patients. Arch Gen Psychiatry 1977; 34(9):1111–

1113.

135. Gerner RH, Catlin DH, Gorelick DA, Hui KK, Li CH. Beta-endorphin. Intravenous infusion

causes behavioral change in psychiatric inpatients. Arch Gen Psychiatry 1980; 37(6):642–

647.

136. Catlin DH, Gorelick DA, Gerner RH, Hui KK, Li CH. Clinical effects of beta-endorphin

infusions. Adv Biochem Psychopharmacol 1980; 22:465–472.

137. Nemeroff CB, Bissette G. Neuropeptides in psychiatric disorders. In: Berger PA, Brodie

HKH, eds. American Handbook of Psychiatry. New York: Basic Books: 1986:64–110.

138. Davis GC, Bunney WE Jr, DeFraites EG, Kleinman JE, van Kammen DP, Post RM, Wyatt

RJ. Intravenous naloxone administration in schizophrenia and affective illness. Science 1977;

197(4298):74–77.

139. Emrich HM, Cording C, Piree S, et al. Actions of naloxone in different types of psychoses.

In: Bunney WE, Kline NS, eds. Endorphins in Mental Health Research. New York: Oxford

University Press, 1979:352–360.

140. Terenius L, Wahlstrom A, Agren H. Naloxone (Narcan) treatment in depression: clinical

observations and effects on CSF endorphins and monoamine metabolites. Psychopharmacol-

ogy 1977; 54(1):31–33.



258 Gutman et al.

141. Cohen MR, Cohen RM, Pickar D, Sunderland T, Mueller EA 3rd, Murphy DL. High dose

naloxone in depression. Biol Psychiatry 1984; 19(6):825–832.

142. Naber D, Pickar D, Post RM, Van Kammen DP, Waters RN, Ballenger JC, Goodwin FK,

Bunney WE Jr. Endogenous opioid activity and beta-endorphin immunoreactivity in CSF of

psychiatric patients and normal volunteers. Am J Psychiatry 1981; 138(11):1457–1462.

143. Gerner RH, Yamada T. Altered neuropeptide concentrations in cerebrospinal fluid of psychi-

atric patients. Brain Res 1982; 238(1):298–302.

144. Inturrisi CE, Alexopoulos G, Lipman R, Foley K, Rossier J. Beta-endorphin immunoreactiv-

ity in the plasma of psychiatric patients receiving electroconvulsive treatment. Ann NY Acad

Sci 1982; 398:413–423.

145. Black PM, Ballantine HT Jr, Carr DB, Beal MF, Martin JP. Beta-endorphin and somatostatin

concentrations in the ventricular cerebrospinal fluid of patients with affective disorder. Biol

Psychiatry 1986; 21(11):1077–1081.

146. Pickar D, Naber D, Post RM, van Kammen DP, Kaye W, Rubinow DR, Ballenger JC, Bunney

WE. Endorphins in the cerebrospinal fluid of psychiatric patients. Ann NY Acad Sci 1982;

398:399–412.

147. Risch SC. Beta-endorphin hypersecretion in depression: possible cholinergic mechanisms.

Biol Psychiatry 1982; 17(10):1071–1079.

148. Pitkenen A, Lepola U, Ylinen A, Riekkinen PJ. Somatostatin and beta-endorphin levels in

cerebrospinal fluid of nonmedicated and medicated patients with epileptic seizures. Neuro-

peptides 1989; 13(1):9–15.

149. Brambilla F, Bellodi L, Perna G, Battaglia M, Sciuto G, Diaferia G, Petraglia F, Panerai A,

Sacerdote P. Psychoimmunoendocrine aspects of panic disorder. Neuropsychobiology 1992;

26(1-2):12–22.

150. Guillemin R, Vargo T, Rossier J, Minick S, Ling N, Rivier C, Vale W, Bloom F. Beta-

endorphin and adrenocorticotropin are selected concomitantly by the pituitary gland. Science

1997; 197(4311):1367–1369.

151. Genazzani AR, Petraglia F, Facchinetti F, Monittola C, Scarone S, Brambilla F. Opioid

plasma levels in primary affective disorders. Effect of desimipramine therapy. Neuropsy-

chobiology 1984; 12(2-3):78–85.

152. Karkkainen J, Laatikainen T, Naukkarinen H, Salminen K, Spoov J. Stenman UH, Rimon

R. Plasma endogeneous opioids and dexamethasone suppression test in depression. Psychia-

try Res 1987; 21(2):151–159.

153. Cohen MR, Pickar D, Extein I, Gold MS, Sweeney DR. Plasma cortisol and beta-endorphin

immunoreactivity in nonmajor and major depression. Am J Psychiatry 1984; 141(5):628–

632.

154. Alexopoulos GS, Inturrisi CE, Lipman R, Frances R, Haycox J, Dougherty JH, Rossier J.

Plasma immunoreactive beta-endorphin levels in depression. Effect of electroconvulsive ther-

apy. Arch Gen Psychiatry 1983; 40(2):181–183.

155. Daly RJ, Duggan PF, Bracken PJ, Doonan HJ, Kelleher NJ. Plasma levels of beta-endorphin

in depressed patients with and without pain. Br J Psychiatry 1987; 150:224–227.

156. Maes M, Jacobs MP, Suy E, Leclercq C, Christiaens F, Raus J. An augmented escape of

beta-endorphins to suppression of dexamethasone in severely depressed patients. J Affect

Disord 1990; 18(3):149–156.

157. Meador-Woodruff JH, Haskett RF, Grunhaus L, Akil H, Watson SJ, Greden JF. Postdexa-

methasone plasma cortisol and beta-endorphin levels in depression: relationship to severity

of illness. Biol Psychiatry 1987; 22(9):1137–1150.

158. Rupprecht R, Barocka A, Beck G, Schrell U, Pichl J. Pre- and postdexamethasone plasma

ACTH and beta-endorphin levels in endogenous and nonendogenous depression. Biol Psychi-

atry 1988; 23(5):531–535.

159. Brambilla F, Petraglia F, Facchinetti F, Genazzani AR. Abnormal beta-endorphin and beta-



Neuropeptide Alterations 259

lipotropin responses to TRH and LRH administration in primary and secondary affective

disorders. Acta Endocrinol 1986; 112(4):481–486.

160. Balbi D, Allen JM. Role of protein kinase C in mediating NGF effect on neuropeptide Y

expression in PC12 cells. Brain Res Molec Brain Res 1994; 23(4):310–316.

161. de Quidt ME, Emson PC. Distribution of neuropeptide Y-like immunoreactivity in the rat

central nervous system—I. Radioimmunoassay and chromatographic characterisation. Neu-

roscience 1986; 18(3):527–543.

162. Hendry J. Organization of neuropeptide Y neurons in the mammalian central nervous system.

In: Colmers WF, ed. The Biology of Neuropeptide Y and Related Peptides. Totowa, NJ:

Humana Press, 1993:65–156.

163. Sundler F, Bottcher G, Ekblad E, et al. PP PYY, and NPY—occurrence and distribution in

the periphery. In: Colmers WF, ed. The Biology of Neuropeptide Y and Related Peptides.

Totowa, NJ: Humana Press, 1993.

164. Liposits Z, Sievers L, Paull WK. Neuropeptide-Y and ACTH-immunoreactive innervation

of corticotropin releasing factor (CSF)-synthesizing neurons in the hypothalamus of the rat.

An immunocytochemical analysis at the light and electron microscopic levels. Histochemis-

try 1988; 88(3-6):227–234.

165. Haas DA, George SR. Neuropeptide Y-induced effects on hypothalamic corticotropin-

releasing factor content and release are dependent on noradrenergic/adrenergic neurotrans-

mission. Brain Res 1989; 498(2):333–338.

166. Tsagarakis S, Rees LH, Besser GM, Grossman A. Neuropeptide-Y stimulates CRF-41 release

from rat hypothalami in vitro. Brain Res 1989; 502(1):167–170.

167. Inoue T, Inui A, Okita M, Sakatani N, Oya M, Morioka H, Mizuno N, Oimomi M, Baba S.

Effect of neuropeptide Y on the hypothalamic-pituitary-adrenal axis in the dog. Life Sci

1989; 44(15):1043–1051.

168. Thorsell A, Michalkiewicz M, Dumont Y, Quirion R, Caberlotto L, Rimondini R, Mathe

AA, Heilig M. Behavioral insensitivity to restraint stress, absent fear suppression of behavior

and impaired spatial learning in transgenic rats with hippocampal neuropeptide Y overexpres-

sion. Proc Nat Acad Sci USA 2000; 97(23):12852–12857.

169. Berrettini WH, Doran AR, Kelsoe J, Roy A, Pickar D. Cerebrospinal fluid neuropeptide Y

in depression and schizophrenia. Neuropsychopharmacology 1987; 1(1):81–83.

170. Widerlov E, Lindstrom LH, Wahlestedt C, Ekman R. Neuropeptide Y and peptide YY as

possible cerebrospinal fluid markers for major depression and schizophrenia, respectively. J

Psychiatric Res 1988; 22(1):69–79.

171. Westrin A, Ekman R, Traskman-Bendz L. Alterations of corticotropin releasing hormone

(CRH) and neuropeptide Y (NPY) plasma levels in mood disorder patients with a recent

suicide attempt. Eur Neuropsychopharmacol 1999; 9(3):205–211.

172. Heilig M, Widerlov E. Neuropeptide Y: an overview of central distribution, functional as-

pects, and possible involvement in neuropsychiatric illnesses. Acta Psychiatr Scand 1990;

82(2):95–114.

173. Widdowson PS, Ordway GA, Halaris AW. Reduced neuropeptide Y concentrations in suicide

brain. J Neurochem 1992; 59(1):73–80.

174. Griebel G. Is there a future for neuropeptide receptor ligands in the treatment of anxiety

disorders? Pharmacol Therapeut 1999; 82(1):1–61.

175. Guard S, McKnight AT, Watling KJ, Watson SP. Evidence for two types of tachykinin recep-

tors on cholinergic neurons of the guinea pig ileum myenteric plexus. Ann NY Acad Sci

1991; 632:400–403.

176. Ku YH, Tan L, Li LS, Ding X. Role of corticotropin-releasing factor and substance P in

pressor responses of nuclei controlling emotion and stress. Peptides 1998; 19(4):677–682.

177. Bittencourt JC, Benoit R, Sawchenko PE. Distribution and origins of substance P-immunore-

active projections to the paraventricular and supraoptic nuclei: partial overlap with ascending

catecholaminergic projections. J Chem Neuroanat 1991; 4(1):63–78.



260 Gutman et al.

178. Magoul R, Dubourg P, Benjelloun W, Tramu G. Synaptic inputs of tachykinin-containing

nerve terminals to target tyrosine-hydroxylase-, beta-endorphin- and neuropeptide Y-produc-

ing neurons of the arcuate nucleus. Double pre-embedding immunocytochemical study in

the rat. J Chem Neuroanat 1993; 6(6):419–429.

179. Pelletier G, Steinbusch HW, Verhofstad AA. Immunoreactive substance P and serotonin

present in the same dense-core vesicles. Nature 1981; 293(5827):71–72.

180. Helke CJ, Yang L. Interactions and coexistence of neuropeptides and serotonin in spinal

autonomic systems. Ann NY Acad Sci 1996; 780:185–192.

181. Culman J, Itoi K, Unger T. Hypothalamic tachykinins. Mediators of stress responses? Ann

NY Acad Sci 1995; 771:204–218.

182. Pernow B. Substance P. Pharmacol Rev 1983; 35(2):85–141.

183. Payan DG, Brewster DR, Goetzl EJ. Stereospecific receptors for substance P on cultured

human IM-9 lymphoblasts. J Immunol 1984; 133(6):3260–3265.

184. Nutt D. Substance-P antagonists: a new treatment for depression? Lancet 1998; 352(9141):

1644–1646.

185. Helke CJ, Krause JE, Mantyh PW, Couture R, Bannon MJ. Diversity in mammalian tachy-

kinin peptidergic neurons: multiple peptides, receptors, and regulatory mechanisms. FASEB

J 1990; 4(6):1606–1615.

186. Culman J, Klee S, Ohlendorf C, Unger T. Effect of tachykinin receptor inhibition in the

brain on cardiovascular and behavioral responses to stress. J Pharmacol Exper Therapeut

1997; 280(1):238–246.

187. Kramer MS, Cutler N, Feighner J, Shrivastava R, Carman J, Sramek JJ, Reines SA, Liu G,

Snavely D, Wyatt-Knowles E, Hale JJ, Mills SG, MacCoss M, Swain CJ, Harrison T, Hill

RG, Hefti F, Scolnick EM, Cascieri MA, Chicchi GG, Sadowski S, Williams AR, Hewson

L, Smith D, Rupniak NM. Distinct mechanism for antidepressant activity by blockade of

central substance P receptors. [see comments]. Science 1998; 281(5383):1640–1645.

188. Rimon R, Le Greves P, Nyberg F, Heikkila L, Salmela L, Terenius L. Elevation of substance

P-like peptides in the CSF of psychiatric patients. Biol Psychiatry 1984; 19(4):509–516.

189. Berrettini WH, Rubinow DR, Nurnberger JI Jr, Simmons-Alling S, Post RM, Gershon ES.

CSF substance P immunoreactivity in affective disorders. Biol Psychiatry 1985; 20(9):965–

970.

190. Martensson B, Nyberg S, Toresson G, Brodin E, Bertilsson L. Fluoxetine treatment of depres-

sion. Clinical effects, drug concentrations and monoamine metabolites and N-terminally ex-

tended substance P in cerebrospinal fluid. Acta Psychiatr Scand 1989; 79(6):586–596.

191. Takeuchi K, Uematsu M, Ofuji M, Morikiyo M, Kaiya H. Substance P involved in mental

disorders. Prog Neuro-Psychopharmacol Biol Psychiatry 1988; 12(suppl):S157–S164.

192. Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J, Guillemin R. Hypothalamic

polypeptide that inhibits the secretion of immunoreactive pituitary growth hormone. Science

1973; 179(68):77–79.

193. Brown MR, Rivier C, Vale W. Central nervous system regulation of adrenocorticotropin

secretion: role of somatostatins. Endocrinology 1984; 114(5):1546–1549.

194. Heisler S, Reisine TD, Hook VY, Axelrod J. Somatostatin inhibits multireceptor stimulation

of cyclic AMP formation and corticotropin secretion in mouse pituitary tumor cells. Proc

Natl Acad Sci USA 1982; 79(21):6502–6506.

195. Richardson UI, Schonbrunn A. Inhibition of adrenocorticotropin secretion by somatostatin

in pituitary cells in culture. Endocrinology 1981; 108(1):281–290.

196. Patel YC, Hoyte K, Martin JB. Effect of anterior hypothalamic lesions on neurohypophysial

and peripheral tissue concentrations of somatostatin in the rat. Endocrinology 1979; 105(3):

712–715.

197. van Leeuwen FW, de Raay C, Swaab DF, Fisser B. The localization of oxytocin, vasopressin,

somatostatin and luteinizing hormone releasing hormone in the rat neurohypophysis. Cell

Tissue Res 1979; 202(2):189–201.



Neuropeptide Alterations 261

198. Brownstein M, Arimura A, Sato H, Schally AV, Kizer JS. The regional distribution of somati-

statin in the rat brain. Endocrinology 1975; 96(6):1456–1461.

199. Finkelstein JW, Roffwarg HP, Boyar RM, Kream J, Hellman L. Age-related change in the

twenty-four-hour spontaneous secretion of growth hormone. J Clin Endocrinol Metab 1972;

35(5):665–670.

200. Nestler E, Hyman SE, Malenka RC. Molecular Neuropharmacology: A Foundation for Clini-

cal Neuroscience. New York: McGraw Hill, 2001:280–290.

201. Boyd AF, Lebovitz HE, Pfeiffer JB. Stimulation of human-growth-hormone secretion by L-

dopa. N Engl J Med 1970; 283(26):1425–1429.

202. Lal S, Martin JB, De la Vega CE, Friesen HG. Comparison of the effect of apomorphine

and L-DOPA on serum growth hormone levels in normal men. Clin Endocrinol 1975; 4(3):

277–285.

203. Fink G. Neuroendocrine regulation of pituitary function: general principles. In: Conn P, Free-

man ME, eds. Neuroendocrinology in Physiology and Medicine. Totowa NJ: Humana Press,

2000:112–120.

204. Lal S, Tolis G, Martin SB, Brown GM, Guyda H. Effect of clonidine on growth hormone,

prolactin, luteinizing hormone, follicle-stimulating hormone, and thyroid-stimulating hor-

mone in the serum of normal men. J Clin Endocrinol Metab 1975; 41(5):827–832.

205. Toivola PT, Gale CC. Stimulation of growth release by microinjection of norepinephrine

into hypothalamus of baboons. Endocrinology 1972; 90(4):895–902.

206. Muller EE, Brambilla F, Cavagnini F, Peracchi M, Panerai A. Slight effect of L-tryptophan

on growth hormone release in normal human subjects. J Clin Endocrinol Metab 1974; 39(1):

1–5.

207. Imura H, Nakai Y, Yoshimi T. Effect of 5-hydroxytryptophan (5-HTP) on growth hormone

and ACTH release in man. J Clin Endocrinol Metab 1973; 36(1):204–206.

208. Toivola PT, Gale CC, Goodner CJ, Werrbach JH. Central-adrenergic regulation of growth

hormone and insulin. Hormones 1972; 3(4):192–213.

209. Schilkrut R, Chandra O, Osswald M, Ruther E, Baafusser B, Matussek M. Growth hormone

release during sleep and with thermal stimulation in depressed patients. Neuropsychobiology

1975; 1(2):70–79.

210. Mendlewicz J, Linkowski P, Kerkhofs M, Desmedt D, Golstein J, Copinschi G, Van Cauter

E. Diurnal hypersecretion of growth hormone in depression. J Clin Endocrinol Metab 1985;

60(3):505–512.

211. Siever LJ, Uhde TW, Silberman EK, Lake CR, Jimerson DC, Risch SC, Kalin NH, Murphy

DL. Evaluation of alpha-adrenergic responsiveness to clonidine challenge and noreadrenergic

metabolism in the affective disorders and their treatment. Psychopharmacol Bull 1982; 18(4):

118–119.

212. Charney DS, Heninger GR, Sternberg DE, Hafstad KM, Giddings S, Landis DH. Adrenergic

receptor sensitivity in depression. Effects of clonidine in depressed patients and healthy sub-

jects. Arch Gen Psychiatry 1982; 39(3):290–294.

213. Checkley SA, Slade AP, Shur E. Growth hormone and other responses to clonidine in patients

with endogenous depression. Br J Psychiatry 1981; 138:51–55.

214. Dinan TG, Barry S. Responses of growth hormone to desipramine in endogenous and non-

endogenous depression. Br J Psychiatry 1990; 156:680–684.

215. Matussek N, Ackenheil M, Hippius H, Muller F, Schroder HT, Schultes H, Wasilewski B.

Effect of clonidine on growth hormone release in psychiatric patients and controls. Psychiatry

Res 1980; 25–36.

216. Siever LJ, Tamminga C, Pert A. Increased growth hormone response to clonidine in

6-hydroxydopamine-treated rats. Psychopharmacology 1987; 91(3):342–344.

217. Siever LJ, Uhde TW, Silberman EK, Jimerson DC, Aloi JA, Post RM, Murphy DL. Growth

hormone response to clonidine as a probe of noradrenergic receptor responsiveness in af-

fective disorder patients and controls. Psychiatry Res 1982; 6(2):171–183.



262 Gutman et al.

218. Ansseau M, von Frenckell R, Legros JJ. Hormonal response to a pharmacological challenge.

Psychiatry Res 1988; 24(3):361.

219. Lesch KP, Laux G, Pfuller H, Erb A, Beckmann H. Growth hormone (GH) response to GH-

releasing hormone in depression. J Clin Endocrinol Metab 1987; 65(6):1278–1281.

220. Lesch KP, Laux G, Erb A, Pfuller H, Beckmann H. Attenuated growth hormone response

to growth hormone-releasing hormone in major depressive disorder. Biol Psychiatry 1987;

22(12):1495–1499.

221. Risch S. Growth hormone-releasing factor and growth hormone. In: Nemeroff C, ed. Neuro-

peptides and Psychiatric Disorders. Washington, DC: American Psychiatric Press, 1991:93–

108.

222. Krishnan KR, Manepalli AN, Ritchie JC, Rayasam K, Melville ML, Thorner MO, Rivier

JE, Vale WW, Nemeroff CB. Growth hormone response to growth hormone-releasing factor

in depression. Peptides 1988; 9(suppl 1):113–116.

223. Krishnan KR, Manepalli AN, Ritchie JC, Rayasam K, Melville ML, Daughtry G, Thorner

MO, Rivier JE, Vale WW, Nemeroff CB. Growth hormone-releasing factor stimulation test

in depression. Am J Psychiatry 1988; 145(1):90–92.

224. Skare SS, Dysken MW, Billington CJ. A review of GHRH stimulation test in psychiatry.

Biol Psychiatry 1994; 36(4):249–265.

225. Ryan ND, Dahl RE, Birmaher B, Williamson DE, Iyengar S, Nelson B, Puig-Antich J, Perel

JM. Stimulatory tests of growth hormone secretion in prepubertal major depression: de-

pressed versus normal children. J Am Acad Child Adolesc Psychiatry 1994; 33(6):824–

833.

226. Birmaher B, Dahl RE, Williamson DE, Perel JM, Brent DA, Axelson DA, Kaufman J, Dorn

LD, Stull S, Rao U, Ryan ND. Growth hormone secretion in children and adolescents at

high risk for major depressive disorder. Arch Gen Psychiatry 2000; 57(9):867–872.

227. Bissette G, Widerlov E, Walleus H, Karlsson I, Eklund K, Forsman A, Nemeroff CB. Alter-

ations in cerebrospinal fluid concentrations of somatostatinlike immunoreactivity in neuro-

psychiatric disorders. Arch Gen Psychiatry 1986; 43(12):1148–1151.

228. Agren H, Lundqvist G. Low levels of somatostatin in human CSF mark depressive episodes.

Psychoneuroendocrinology 1984; 9(3):233–248.

229. Rubinow DR, Gold PW, Post RM, Ballenger JC, Cowdry R, Bollinger J, Reichlin S. CSF

somatostatin in affective illness. Arch Gen Psychiatry 1983; 40(4):409–412.

230. Kling MA, Rubinow DR, Doran AR, Roy A, Davis CL, Calabrese JR, Nieman LK, Post RM,

Chrousos GP, Gold PW. Cerebrospinal fluid immunoreactive somatostatin concentrations in

patients with Cushing’s disease and major depression: relationship to indices of corticotropin-

releasing hormone and cortisol secretion. Neuroendocrinology 1993; 57(1):79–88.

231. Rubinow D, Davis C, Post R. Somatostatin in the central nervous system. In: Bloom F,

Kupfer D, eds. Psychopharmacology: The Fourth Generation of Progress. New York: Raven

Press Ltd, 1995:553–562.

232. Molchan SE, Hill JL, Martinez RA, Lawlor BA, Mellow AM, Rubinow DR, Bissette G,

Nemeroff CB, Sunderland T. CSF somatostatin in Alzheimer’s disease and major depression:

relationship to hypothalamic-pituitary-adrenal axis and clinical measures. Psychoneuroendo-

crinology 1993; 18(7):509–519.

233. Bissette G, Cook L, Smith W, Dole KC, Crain B, Nemeroff CB. Regional neuropeptide

pathology in Alzheimer’s disease: corticotropin-releasing factor and somatostatin. J Alzhei-

mer’s Dis 1998; 1:1–15.

234. Doran AR, Rubinow DR, Roy A, Pickar D. CSF somatostatin and abnormal response to

dexamethasone administration in schizophrenic and depressed patients. Arch Gen Psychiatry

1986, 43(4):365–369.

235. Rubinow DR. Cerebrospinal fluid somatostatin and psychiatric illness. Biol Psychiatry 1986;

21(4):341–365.

236. Post R, Rubinow D, Gold P. Neuropeptides in manic-depressive illness. In: Nemeroff C, ed.



Neuropeptide Alterations 263

Neuropeptides in Psychiatric and Neurological Disorders. Baltimore, MD: Johns Hopkins

University Press, 1998:76–115.

237. Doran AR, Rubinow DR, Wolkowitz OM, Roy A, Breier A, Pickar D. Fluphenazine treat-

ment reduces CSF somatostatin in patients with schizophrenia: correlations with CSF HVA.

Biol Psychiatry 1989; 25(4)431–439.

238. Gattaz WF, Rissler K, Gattaz D, Cramer H. Effects of haloperidol on somatostatin-like immu-

noreactivity in the CSF of schizophrenic patients. Psychiatry Res 1986; 17(1):1–6.

239. Rubinow DR, Gold PW, Post RM, Ballenger JC. CSF somatostatin in affective illness and

normal volunteers. Progr Neuro-Psychopharmacol Biol Psychiatry 1985; 9(4):393–400.

240. Mutt V, Jorpes JE. Structure of porcine cholecystokinin-pancreozymin. 1. Cleavage with

thrombin and with trypsin. Europ J Biochem 1968; 6(1):156–162.

241. Vanderhaeghen JJ, Signeau JC, Gepts W. New peptide in the vertebrate CNS reacting with

antigastrin antibodies. Nature 1975; 257(5527):604–605.

242. Dockray CJ. Polypeptides in brain and gut: cholecystokinin-like peptides. Adv Exp Med Biol

1978; 106:263–267.

243. Dietl MM, Palacios JM. The distribution of cholecystokinin receptors in the vertebrate brain:

species differences studied by receptor autoradiography. J Chem Neuroanat 1989; 2(3):149–

161.

244. Hokfelt T, Lundberg JM, Schultzberg M, Johansson O, Skirboll L, Anggard A, Fredholm

B, Hamberger B, Pernow B, Rehfeld J, Goldstein M. Cellular localization of peptides in

neural structure. Proc R Soc London Ser B: Biol Sci 1980; 210(1178):63–77.

245. Innis RB, Snyder SH. Cholecystokinin receptor binding in brain and pancreas: regulation of

pancreatic binding by cyclic and acyclic guanine nucleotides. Eur J Pharmacol 1980; 65(1):

123–124.

246. Saito A, Sankaran H, Goldfine ID, Williams JA. Cholecystokinin receptors in the brain:

characterization and distribution. Science 1980; 208(4448):1155–1156.

247. Tang F, Man WS. The regional distribution of thyrotropin releasing hormone, leu-enkephalin,

met-enkephalin substance P, somatostatin and cholecystokinin in the rat brain and pituitary

[erratum appears in Neuropeptides 1993; 24(1):62]. Neuropeptides 1991; 19(4):287–

292.

248. Roberts GW, Woodhams PL, Polak JM, Crow TJ. Distribution of neuropeptides in the limbic

system of the rat: the amygdaloid complex. Neuroscience 1982; 7(1):99–131.

249. Fuxe K, Andersson K, Locatelli V, Agnati LF, Hokfelt T, Skirboll L, Mutt V. Cholecystoki-

nin peptides produce marked reduction of dopamine turnover in discrete areas in the rat brain

following intraventricular injection. Eur J Pharmacol 1980; 67(2-3):329–331.

250. Lane RF, Blaha CD, Phillips AG. In vivo electrochemical analysis of cholecystokinin-

induced inhibition of dopamine release in the nucleus accumbens. Brain Res 1986; 397(1):

200–204.

251. Voigt M, Wang RY, Westfall TC. Cholecystokinin octapeptides alter the release of endoge-

nous dopamine from the rat nucleus accumbens in vitro. J Pharmacol Exper Therapeut 1986;

237(1):147–153.

252. Meyer DK, Holland A, Conzelmann U. Dopamine D1-receptor stimulation reduces neostria-

tal cholecystokinin release. Eur J Pharmacol 1984; 104(3-4):387–388.

253. Meyer DK, Krauss J. Dopamine modulates cholecystokinin release in neostratium. Nature

1983; 301(5898):338–340.

254. Hommer DW, Skirboll LR. Cholecystokinin-like peptides potentiate apomorphine-induced

inhibition of dopamine neurons. Eur J Pharmacol 1983; 91(1):151–152.

255. Van Ree JM, Gaffori O, De Wied D. In rats, the behavioral profile of CCK-8 related peptides

resembles that of antipsychotic agents. Eur J Pharmacol 1983; 93(1-2):63–78.

256. Crawley JN. Cholecystokinin potentiation of dopamine-mediated behaviors in the nucleus

accumbens. Ann NY Acad Sci 1985; 448:283–292.

257. Vaccarino FJ, Rankin J. Nucleus accumbens cholecystokinin (CCK) can either attenuate or



264 Gutman et al.

potentiate amphetamine-induced locomotor activity: evidence for rostral-caudal differences

in accumbens CCK function. Behav Neurosci 1989; 103(4):831–836.

258. Verbanck PM, Lotstra F, Gilles C, Linkowski P, Mendlewics J, Vanderhaeghen JJ. Reduced

cholecystokinin immunoreactivity in the cerebrospinal fluid of patients with psychiatric disor-

ders. Life Sci 1984; 34(1):67–72.

259. Lofstra F, Verbanck PM, Gilles C, Mendlewicz, Vanderhaeghen. Reduced cholecystokinin

levels in cerebrospinal fluid of parkinsonian and schizophrenic patients. Effect of ceruletide

in schizophrenia. Ann NY Acad Sci 1985; 448:507–517.

260. Rafaelsen OJ, Gjerris A. Neuropeptides in the cerebrospinal fluid (CSF) in psychiatric disor-

ders. Prog Neuropsychopharmacol Biol Psychiatry 1985; 9(5-6):533–538.

261. de Montigny C. Cholecystokinin tetrapeptide induces panic-like attacks in healthy volunteers.

Preliminary findings. [see comments]. Arch Gen Psychiatry 1989; 46(6):511–517.

262. Bradwejn J, Koszycki D, Meterissian G. Cholecystokinin-tetrapeptide induces panic attacks

in patients with panic disorder. Can J Psychiatry—Rev Can Psychiatrie 1990; 35(1):83–85.

263. Bradwejn J, Koszycki D, Shriqui C. Enhanced sensitivity to cholecystokinin tetrapeptide in

panic disorder. Clinical and behavioral findings. Arch Gen Psychiatry 1991; 48(7):603–610.

264. Bradwejn J, Koszycki D, Bourin M. Dose ranging study of the effects of cholecystokinin

in healthy volunteers. J Psychiatry Neurosci 1991; 16(2):91–95.

265. Bradwejn J, Koszycki D, Payeur R, Bourin M, Borthwick H. Replication of action of chole-

cystokinin tetrapeptide in panic disorder: clinical and behavioral findings. Am J Psychiatry

1992; 149(7):962–964.

266. Brawman-Mintzer O, Lydiard RB, Bradwejn J, Villarreal G, Knapp R, Emmanuel N, Ware

MR, He Q, Ballenger JC. Effects of the cholecystokinin agonist pentagastrin in patients with

generalized anxiety disorder. Am J Psychiatry 1997; 154(5):700–702.

267. Abelson JL, Nesse RM. Cholecystokinin-4 and panic. [letter; comment]. Arch Gen Psych

1990; 47(4):395.

268. van Megen HJ, Westenberg HG, den Boer JA, Haigh JR, Traub M. Pentagastrin induced

panic attacks: enhanced sensitivity in panic disorder patients. Psychopharmacology 1994;

114(3):449–455.

269. Lydiard RB, Ballenger JC, Laraia MT, Fossey MD, Beinfeld MC. CSF cholecystokinin con-

centrations in patients with panic disorder and in normal comparison subjects. Am J Psychia-

try 1992; 149(5):691–693.

270. Hendrie C, Dourish C. Anxiolytic profile of the cholecystokinin antagonist devazepide in

mice. Br J Pharm 1990; 99(138).

271. Hughes J, Boden P, Costall B. Domeney A, Kelly E, Horwell DC. Hunter JC, Pinnock RD,

Woodruff GN. Development of a class of selective cholecystokinin type B receptor antago-

nists having potent anxiolytic activity. Proc Natl Acad Sci USA 1990; 87(17):6728–6732.

272. Ravard S, Dourish CT. Cholecystokinin and anxiety. Trends Pharmacol Sci 1990; 11(7):

271–273.

273. Ravard S, Dourish C, Iversen S. Anxiolytic-like effects of the CCK antagonists L-365,260

and devazepide in the elevated-plus maze paradigm. J Psychopharmacol 1990; 4(281).

274. Kelly J, Leonard B. An examination of CI-988 in 3 animal models of depression. J Psycho-

pharmacol 1992(A14).

275. Lemaire M, Piot O, Roques BP, Bohme GA, Blanchard JC. Evidence for an endogenous

cholecystokininergic balance in social memory. Neuroreport 1992; 3(10):929–932.

276. Bradwejn J, Koszycki D, Couetoux du Tertre A, van Megan H, den Boer J, Westenberg H.

The panicogenic effects of cholecystokinin-tetrapeptide are antagonized by L-365,260, a cen-

tral cholecystokinin receptor antagonist, in patients with panic disorder. Arch Gen Psychiatry

1994; 51(6):486–493.

277. Kramer MS, Cutler NR, Ballenger JC, Patterson WM, Mendels J, Chenault A, Shrivastava

R, Matzura-Wolfe D, Lines C, Reines S. A placebo-controlled trial of L-365,260, a CCKB

antagonist, in panic disorder. Biol Psychiatry 1995; 37(7):462–466.



Neuropeptide Alterations 265

278. Adams JB, Pyke RE, Costa J, Cutler NR, Schweizer E, Wilcox CS, Wisselink PG, Greiner

M, Pierce MW, Pande AC. A double-blind, placebo-controlled study of a CCK-B receptor

antagonist, CI-988, in patients with generalized anxiety disorder. J Clin Psychopharmacol

1995; 15(6):428–434.

279. Linares OA, Zech LA, Jacquez JA, Rosen SG, Sanfield JA, Morrow LA, Supiano MA, Halter

JB. Effect of sodium-restricted diet and posture on norepinephrine kinetics in humans. Am

J Physiol 1988; 254:E222–E230.





12

Immunology in Anxiety
and Depression
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I. INTRODUCTION

The objectives of psychoneuroimmunology are to elucidate the reciprocal influences of

the nervous system and the immune system and their effects on behavior and health. This

field covers in vitro studies of tissue and lymphocytes; investigations of the influence of

stress, stress coping, and personality traits on the function of the immune system, as well

as the role of psychological factors during pathogenesis, and the course of tumor disorders

and their psychotherapeutic treatment. In addition, human behavior studies and animal

experiments, such as conditioning studies [1] or investigations into the dependency of

coupling behavior from the human leukocyte antigen (HLA) system [2], also belong to

the category of psychoneuroimmunology.

Cytokines mediate information between cells of the peripheral immune system and

the central nervous system (CNS). In part, they are actively transported through the blood–

brain barrier, but they are also released from activated astrocytes and microglial cells.

Interleukin (IL)-1, IL-2, IL-6, and tumor necrosis factor-alpha (TNF-α) are the most rele-

vant cytokines known to act on the CNS. Cytokines belong to a network, and they can

activate cells to produce other cytokines. Recent findings indicate the important role of

cytokines in psychiatric disorders, which may be because of their influence on neurotrans-

mission.

From a clinical point of view, depression shows several parallels to autoimmune
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disorders. These include early onset in many cases, genetic vulnerability, waxing and

waning course, and female preponderance.

The influence of an immune process on the pathogenesis of psychosis has been

under discussion since it was proposed that autoimmune disorders of the CNS, such as

lupus erythematosus, might lead to severe depressive states. The more it became evident

that the noradrenaline [3,4] and serotonin hypotheses [5] of depression were not sufficient

to explain depressive disorders, the more other pathological agents came into the focus

of interest.

Moreover, the increasing role of psychoneuroimmunology is also due to the rapid

development of immunological methods. Thanks to the recent immunological and molecu-

lar biological investigative techniques, our knowledge of the function, mechanisms of

regulation, and interaction of the immune system is growing, as shown in Figure 1. More

accurate estimation of the highly differentiated and variable immune system are made

possible by recent methodological advances.

The induction of severe depressive syndromes by immune processes is shown by

psychiatric disturbances that occur during different autoimmune disorders, such as lupus

erythematosus [6], scleroderma [7], Sjögren syndrome [8], and antiphospholipid syndrome

[9]. Additional evidence is given by the characteristic depressionlike side effects of inter-

feron-α (IFN-α) treatment in patients suffering from hepatitis C or malignant melanoma

[10,11].

Figure 1 Overview of important cell types and their products (cytokines) of the highly

differentiated immune system.
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Modern immunological methods at first led to the investigation of lymphocyte sub-

populations by monoclonal antibodies. Different cell surface markers point to different

functions of the lymphocytes. During the 1980s, several researchers studied the cellular

immune system in different psychiatric disorders [12–18]. The findings in the cellular

immune system, in particular in affective disorders, indicated that there was an immune

activation in these disorders, that in turn, raised the question as to the function of cytokines,

a key factor in the activation of the immune system.

II. THE CYTOKINE NETWORK IN THE CNS

Recent studies have revealed the close connection between the CNS, endocrine system,

and immune system [19]. Cytokines in the CNS are involved in the following different

regulatory mechanisms:

1. Initiation of an immune process in the CNS during an inflammatory disease.

2. Regulation of the blood–brain barrier.

3. Developmental and repair mechanisms after injury.

4. Regulation of the endocrine system in the hypothalamus–pituitary–adrenal

(HPA) axis.

5. Different stimulatory and inhibitory influences on the dopaminergic, serotoner-

gic, noradrenergic, and cholinergic neurotransmission.

Cytokines activate CNS cells in different ways. First, several cytokines such as IL-1

[20], IL-2 [21], and TNF-α [22], can be transported from the blood into the CNS by

active transport mechanisms, as shown in in vitro studies. Second, glia cells secrete cyto-

kines after activation by an antigenic challenge. Finally, it was recently reported that cyto-

kine secretion in the CNS can be stimulated by neurotransmitters [22a]. Noradrenaline

stimulates the release of IL-6 from astrocytes in vitro in a dose-dependent manner, an

effect that can be antagonized by blocking the adrenergic receptors. Since IL-6 is closely

linked to the function of other cytokines (e.g., IL-1, IL-2, and TNF-α), this finding indi-

cates that neurotransmitters can activate the cascade of cytokines [23]. This represents

possibly a relevant psychoneuroimmunological regulative mechanism affecting (auto-)im-

mune disorders, susceptibility to infections, and psychiatric disorders. Noradrenaline, re-

leased during stress [24], may act as a cytokine-activating stimulus, which in turn activates

immune phenomena mediated by the cytokine cascade.

It is unclear, however, whether cytokines have different functions depending on

whether they are released from the periphery or from the CNS. Nevertheless, it is likely

that there is at least a functional synergism. The localization of interleukin receptors, in

particular IL-1 receptors in glia cells around arterioles and in the plexus choroideus, sug-

gests that there is close communication between CNS IL-1 receptors and IL-1 invading

the CNS from the periphery [25].

III. ASTROGLIA, MICROGLIA, AND NEURONS AS CARRIERS
OF THE CNS IMMUNE FUNCTION

Astrocytes form the largest cell population in the CNS, exceeding neurons by more than

tenfold [26]. Astrocytes are located immediately beside neurons, often enfolding them.

This localization underlines the close relationship between astrocytes and neuronal func-
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Figure 2 The relationship between the TH-1 cytokine IFN-γ and serotonin metabolism.

IDO � indoleamine 2,3-dioxygenase; KYN-Hydrox. � kynurenine hydroxylase.

tion. About 10% of the glia cells are microglia cells [26]. Both microglia cells and

astrocytes can produce and release cytokines after activation, as shown schematically in

Figure 2. However, they not only do this in different ways, but also they produce different

patterns of cytokines. This indicates a functional difference in how they activate the im-

mune process in the CNS.

Viruses and viral particles stimulate microglia to release cytokines. This mechanism

initiates an immune reaction after viral infection and expresses cellular surface structures

for recognition [27].

The existence of cytokine receptors on neurons suggests that cytokines have a direct

influence on neuronal function. IL-1–containing neurons have been found in different

areas of the CNS, including the hypothalamus and hippocampus in animal investigations

[28–30]. A larger amount of messenger-RNA for IL-2 receptors (IL-2R)—the gene tran-

script for the protein synthesis of IL-2R—was found in neurons than in microglia or

astrocytes. Thus, IL-2 seems to directly influence neuronal functions [31], too.

Astrocytes and microglia are also able to express receptor structures of the immune

system, such as HLA molecules [32] or T-cell receptors after activation [33,34], and they

can act as antigen-presenting cells. Cytokines also play an important role during the physi-

ological development of the CNS [35], which may be strongly altered by an over- or

underproduction of cytokines.

IV. EFFECTS OF CYTOKINES IN THE BLOOD AND IN THE CNS

IL-1, IL-2, IL-6, and TNF-α are examples for cytokine functions in the CNS, although

many more cytokines are known to be released in the CNS.

Psychotropic effects were first described for IL-1. IL-1 is released by macrophages,

stimulates T-cells to proliferate, and is present everywhere in the blood. During an in-

flammation, IL-1 levels increase locally. IL-1 is actively transported into the CNS [21],

but it can also move passively into the CNS via the circumventricular organs [36]. It is

produced by astrocytes or microglia cells [35].

The localization of IL-1 in neurons of the hippocampus [25] underlines its influence

on both neuronal processes and psychological phenomena. One psychotropic effect of

IL-1 is a psychomotor retardation; IL-1 also induces fever, sleep disturbance, loss of

weight, and loss of appetite, suggesting that it has an anorectic effect. IL-1 also plays a

pronounced role in “sickness behavior” [37].

Via hypothalamic neurons, IL-1 upregulates the hormones of the HPA axis. For
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example, the release of corticotropin-releasing hormone (CRH) and growth hormone re-

leasing hormone (GHRH) is stimulated by IL-1 [38,39]. Since IL-1 release in the hypothal-

amus is upregulated by stress [40], one factor in the glucocorticoid stress reaction may be

IL-1, as Besedovsky et al. [38] mentioned. The central IL-1 upregulation, which leads to

stimulation of CRH, the HPA axis, and the sympathetic nervous system [41,42], may cause

immunosuppression induced by CNS IL-1 effects. The upregulation of IL-1 in hypothala-

mic neurons was thought a conclusive link to immunosuppression during stress, historically

a focus of experimental investigations in psychoneuroimmunology [43,44]. In vivo studies

also show that the exacerbation and the course of viral disorders are influenced by stress

(e.g., herpes simplex) [45,46]. In parallel, antibody titers of neurotropic viruses [47] and

the onset and course of several autoimmune disorders [48] are modulated by stress.

Like IL-1, IL-6 is known to interact strongly with the HPA axis, too. As our knowl-

edge of the function of cytokines in the CNS grows, the concept of specificity of the

cytokine action on the HPA axis needs to be revised in favor of an unspecific central

downregulating action of cytokines to the HPA axis [49]. IL-2 is produced in blood by

activated T lymphocytes; in the CNS, it is produced mainly by activated microglia cells.

Considering psychiatric disorders, IL-2 effects in the CNS are of particular interest for

three reasons: the highest concentration of IL-2 receptors is found in the hippocampus

[50], psychotic phenomena occur after application of IL-2 [51], and IL-2 has an immense

effect on the dopaminergic neurotransmission [52–54].

IL-6 is a pleiotropic cytokine, which is released from different cell types in the

blood (macrophages, monocytes, T and B cells). The largest amount of IL-6 in the blood

is macrophage-derived. One function of IL-6 is to activate B cells to synthesize antibodies

[55]. In the CNS, IL-6 is produced by activated astrocytes and microglia. The IL-6 produc-

tion, however, differs depending on the cell type. For example, TNF-α and IL-1, as well

as norepinephrine, induced IL-6 production in astrocytes, but not in microglia [56],

whereas IL-6 production in microglia is stimulated by granulocyte colony-stimulating fac-

tor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF), as in vitro

studies show. Astrocytes express more adrenergic receptors than neurons [57]. The strong

effect of noradrenaline on astrocytes seems to be because of this fact. Several findings

suggest that IL-6 may mediate the exacerbation of autoimmune disorders in the CNS [57]

(e.g., IL-6 supports the differentiation of B cells, local IgG synthesis in the CNS, and

blood–brain barrier disturbance [58,59]). In the hypothalamus, IL-6 can induce the release

of GHRH and thyroid-stimulating hormone (TSH), as does IL-1; moreover, IL-6 stimu-

lates in vitro the secretion of prolactin, growth hormone (GH), and luteinizing hormone

(LH) from pituitary cells [49].

TNF-α is a cytokine that acts synergistically with several other cytokines and has

strong toxic effects. In the CNS, primarily astrocytes release TNF-α, but also microglia

can release TNF-α after stimulation. The release of TNF-α from activated CNS cells can

be due to several stimuli, such as neurotropic viruses [27], but also bacterial toxins. Thus,

glial-derived cytokines up- and downregulate each other, providing an endogenous feed-

back mechanism [35].

V. THE CONCEPT OF INNATE AND ADAPTIVE IMMUNITY
IN HUMANS

The immune system has been developed during evolution over millions of years. In order

to guarantee successful defense against numerous varying invading, life-threatening micro-
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Table 1 Components of the Unspecific Innate and the More

Specific Cellular Adaptive Immune Systems in Humans

Components Innate Adaptive

Cellular Monocytes T and B cells

Macrophages

Granulocytes

NK cells

γ/δ cells

Humoral Complement, APP, mannose Antibodies

binding lectin (MBL)

organisms like bacteria, viruses, or parasites, a highly differentiated system consisting of

different lines of defense was established. A widespread heterogeneity was the conse-

quence: two functionally different immune systems both representing different types of

barriers and each consisting of cellular and humoral immune components. The innate

immune system is the phylogenetically older, primitive one. Its cellular arm is represented

by monocytes/macrophages, granulocytes, and natural killer (NK) cells. The humoral arm

consists of acute phase proteins and the complement system. This unspecific immune

system represents the first line of defense.

The specific part of the immune system of higher organisms, including humans, is

the adaptive immune system, consisting of the cellular arm of the T and B cells and the

humoral arm of specific antibodies. This system includes higher functions, such as mem-

ory, and can be conditioned. In case of a reexposition to a specific antigen, this system

can specify the enemy and initiate a specific immune answer (Table 1).

The innate and adaptive immune systems are functionally balanced. Within the adap-

tive immune system is another balance regarding the activation of the cellular and the

humoral immune system. The cellular arm of the adaptive immune system is mainly acti-

vated by the T-helper-1 (TH-1) system—helper cells, which produce the activating

immunotransmitters IL-2, IL-12, IFN-γ, and TNF-α. The humoral arm of the adaptive

immune system is mainly activated via the TH-2 system—helper cells, which produce

mainly IL-4, IL-10, IL-13, and IL-6.

VI. MAJOR DEPRESSION: THE DISCRIMINANT POWER OF TH-1
AND TH-2 FOR SUICIDALITY

An immunological model of major depression (MD) is sickness behavior, the nonspecific

reaction of the organism to infection and inflammation. Sickness behavior is characterized

by weakness, malaise, listlessness, inability to concentrate, lethargy, decreased interest in

surroundings, and reduced food intake—all of which are depressionlike symptoms. The

sickness-related psychopathological symptomatology during infection and inflammation

is mediated by cytokines such as IL-1, IL-6, TNF-α, and IFN-γ. Their active pathway

from the peripheral immune system to the brain is via afferent neurons and direct targeting

at the amygdala and other regions of the brain after diffusion at the circumventricular

organs and choroid plexus [60]. Undoubtedly, there is a strong relationship between the

cytokine system and the neurotransmitter system, but a more differentiated analysis may

be required to understand the distinct mechanisms in the heterogeneous disease entity of



Immunology 273

major depression. Blood levels of several cytokines have already been investigated in

major depression, and their interpretation based on the TH-1/TH-2 concept may help to

generate hypotheses for discrimination between subgroups of MD.

VII. TH-1 CYTOKINES IN MAJOR DEPRESSION: THE TH-1
SEROTONIN LINK AS A BIOLOGICAL BASIS
FOR SUICIDALITY

Data on IL-2 in major depression are mainly reduced to some measurements of its soluble

receptor in peripheral blood. Those blood levels of sIL-2R were repeatedly described to

be increased in MD patients [61–63]. One single study dealt with CSF measurement of

sIL-2R levels and reported a highly significant reduction in MD patients compared to

healthy control subjects [64].

Production of both IL-2 and IFN-γ is the typical marker of TH-1 cells. IFN-γ is

produced in higher amounts by lymphocytes of patients with MD than in healthy controls

[65]. Higher plasma levels of IFN-γ in depressed patients, accompanied by lower plasma

tryptophan availability, were described in 1994 [66]. Mendlovic and colleagues discrimi-

nated between suicidal and nonsuicidal MD patients in a small study. They found distinct

associations between suicidality and TH-1-type immune response on the one hand and a

predominance of TH-2 parameters in nonsuicidal patients on the other hand [67]. This

combination of psychopathological symptoms and their immunological correlates may

represent a very successful strategy in immunological research of major depression. We

want to introduce a line of evidence for a relationship between the TH-1 cytokine IFN-γ,

tryptophan metabolism, and suicidality.

The essential amino acid tryptophan is the precursor of two distinct metabolic path-

ways, leading to the products serotonin or kynurenine (see Fig. 2). The enzyme indol-

amine 2,3-dioxygenase (IDO) metabolizes tryptophan to kynurenine, which is then con-

verted to quinolinic acid by the enzyme kynurenine hydroxylase. Both IDO and

kynurenine hydroxylase are induced by IFN-γ. The activity of IDO is an important regula-

tory component in the control of lymphocyte proliferation [68]. It induces a halt in the

lymphocyte cell cycle due to the catabolism of tryptophan [69]. The TH-2 cytokines IL-4

and IL-10 inhibit the IFN-γ-induced tryptophan catabolism by IDO [70]. The enzyme

IDO is located in several cell types, including monocytes and microglial cells [71]. An

IFN-γ-induced, IDO-mediated decrease of central nervous tryptophan availability may

lead to a serotonergic deficiency.

One of the most consistent findings in biochemical research dealing with mental

disorders is that some patients with low 5-hydroxyindoleacetic acid (5-HIAA)—the me-

tabolite of serotonin—in CSF are prone to commit suicide [72–74]. This gives additional

evidence for a possible link between the TH-1-like cytokine IFN-γ and the IDO-related

reduction of serotonin availability in the CNS in suicidal patients.

On the basis of epidemiological data it has been hypothesized that high IL-2 levels

are associated with suicidality [75]. Accordingly, clinical studies have observed an activa-

tion of the TH-1 system that might be related to suicidality. Increased levels of serum

sIL-2R have been described in medication-free suicide attempters disregarding the psy-

chiatric diagnosis [76]. Treatment with high-dose IL-2 has been associated with suicide

in a case report [77]. Recently, a small study showed that T cells of suicidal patients with

major depression have TH-1 characteristics, while T cells of nonsuicidal depressed patients

showed TH-2 characteristics [67].
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We believe that the possible involvement of IFN-γ-induced IDO activity in the

pathophysiology of suicidality in major depression should be considered in future studies.

VIII. CYTOKINES AND THE CELLULAR IMMUNE SYSTEM IN MAJOR
DEPRESSION: FOCUS ON IL-6 AND ACUTE PHASE PROTEINS

Former studies show an increase of T-helper cells (CD4� cells) and an increased CD4�/

CD8� ratio in depressive disorders [78,79]. This finding points to an immune activation

and was the starting position for a series of further studies.

Further investigations of the cellular components of the immune system focused on

monocytes and macrophages. Increased numbers of peripheral mononuclear cells have

been described by different groups of researchers [80–82].

Neopterin is a sensitive marker of cell-mediated immunity. The main source of neo-

pterin are monocytes/macrophages. According to the findings of increased monocytes/

macrophages, an increased secretion of neopterin has been described by several groups

of researchers [66,83–85].

As a product of monocytes and macrophages, IL-6 is one of the most frequently

investigated immune parameters in patients suffering from major depression. Most publi-

cations report a marked increase of in vitro IL-6 production [86] or serum IL-6 levels in

depressed patients [61,87–91]. Most of these studies also report elevated plasma levels

of acute phase proteins (APPs)—indicators of the unspecific (innate) immune system.

Contradictory results are very few, indicating reduced [92], or not altered serum IL-6

levels [62,92a]. An age-related increase of IL-6 serum levels was reported in patients with

major depression [93]. From a methodological point of view, the potential influence of

possibly interfering variables such as smoking, gender, recent infections, and medication

prior to IL-6 release and concentration must be considered [94].

IL-6 production is stimulated by prostaglandin E2 (PGE2) [95]. The central nervous

system expression of the PGE2-producing enzyme cyclooxygenase-2 (COX2) is, on the

other hand, induced by IL-6 [96]. Therefore, an increased secretion of PGE2 could be

expected in depressive disorders. Indeed, several studies described increased PGE2 in the

cerebrospinal fluid, serum, and saliva of depressed patients [97–99]. Moreover, in vitro

studies show an increased PGE2 secretion from lymphocytes of depressed patients com-

pared to healthy controls [91]. Further evidence for a functional relationship between

PGE2 and depression is given by the fact that COX inhibitors are able to reduce the

lipopolysaccharide-induced sickness behavior in an animal model of depression [100].

Data of IL-6 and the IL-6 system in the CSF are still rare. The only available data

on CSF IL-6 have been published by our group. Herein, we found markedly decreased

levels of IL-6 and its soluble receptor subunit IL-6Rα in elderly patients with MD com-

pared to matched healthy controls [101].

As stated above, IL-6 is a highly important inducer of antibody production (TH-2

immune response) and, indeed, some data show increased antibody titers in MD. As in

schizophrenia, a great heterogeneity of antigen specificity of the antibodies such as antinu-

clear antiphospholipid, antithyroidal, or antiviral antibodies was found [86,102,103].

There is no doubt that IL-6 is involved in modulation of the HPA axis [55]. Activa-

tion of the HPA axis is one of the best-documented changes in major depression [104].

Furthermore, the relationship between psychological or physical stress and an enhanced

IL-6 secretion in the peripheral immune system seems to be well established [105–108].

An impaired ability of stress coping is often observed in depressed patients. Thus, the
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high number of data showing elevated peripheral IL-6 levels in MD patients may be related

to psychological stress. On the other hand, there is evidence for a relationship between

high peripheral IL-6 levels and elevated central nervous system serotonin availability.

Intravenous or intraperitoneal administration of IL-6 induced, not only an activation of

the HPA axis, but also an increase in brain tryptophan and serotonin metabolism, whereas

norepinephrine metabolism was unaffected in an animal model [109]. Accordingly, IL-6

seems to mediate the activation of the HPA axis and of the central nervous serotonin

system after administration of the endotoxin lipopolysaccharide (LPS) [110]. Thus, ele-

vated plasma levels of IL-6 do not fit with the hypothesis of a serotonin deficiency in MD.

On the other hand, there is a report about a correlation of the increased IL-6 produc-

tion in vitro with decreased tryptophan levels in depressed patients that emphasizes the

influence of IL-6 on the serotonin metabolism [86]. Serotonin synthesis in the CNS is at

least partly dependent on the availability of free plasma tryptophan [110a].

It should be recognized that an inherent heterogeneity exists in the etiology of de-

pression and different neurotransmitter systems may be disturbed. Norepinephrine is the

second major biogenic amine that has been proposed to be causally involved in the patho-

physiology of major depression [3,111] and in the mechanism of antidepressant drug

action [112]. Whether MD patients with elevated peripheral IL-6 are suffering pri-

marily from a CNS norepinephrine deficiency—in contrast to the suicidal patients with

marked serotonin deficiency and possible TH-1-dominated immune response—needs to

be investigated.

Studies on other TH-2 cytokines are lacking and the current data on IL-6 alone are

insufficient to establish any TH-2-related hypothesis on major depression. However, the

question remains, is a TH-2 response the common immunological hallmark of both nonsui-

cidal depression and negative schizophrenia—two different disease concepts but showing

certain similarities in the psychopathology.

IX. DEPRESSION: A HETEROGENEOUS SYNDROME WITH
DIFFERENT IMMUNE PATHOLOGIES

Major depression is a common disorder showing a lifetime prevalence between 5% and

25%, twice as frequent in women compared to men. From the standpoint of many research-

ers, the diagnosis of MD reflects different etiological and pathophysiological subgroups

as older diagnostic manuals differentiated entities such as endogenous depression, neurotic

depression, or psychoreactive depression. Moreover, different etiologies have been sug-

gested for monopolar and bipolar depression. Therefore, it could be expected that different

immunological patterns are found in different types of depression.

Only recently, immunological investigations have been performed on different types

of MD. A group of patients suffering from MD were investigated, a part of them fulfilling

the criteria of melancholic-type depression. Melancholic patients had normal leukocyte,

lymphocyte, and NK-cell counts, while the nonmelancholic depressed patients showed

increased leukocytes, lymphocytes, and NK cells [82].

On the other hand, melancholic patients showed decreased production of IL-2,

IFN-γ, and IL-10, while nonmelancholic patients had cytokine production comparable to

healthy controls [82]. During antidepressive treatment, the monocyte count stayed higher

in nonmelancholic patients after 2 and 4 weeks of treatment. Accordingly, alpha-2 macro-

globulin, another marker of inflammation, was increased in nonmelancholic patients before

therapy and after 2 and 4 weeks of treatment. There were no differences between healthy
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Table 2 Markers of TH-1/TH-2 Responses in Major Depression

Site of cytokine

expression TH-1 TH-2

In vitro production IFN-γ ↑ IL-6 ↑↑
Peripheral sIL-2R ↑↑ IL-6 ↑↑

IFN-γ ↑
IFN-γ ↑ ⇒ TRP ↓

CSF sIL-2R ↑ IL-6 ↓
sIL-6R ↓

Hypothesis A TH-1 serotonin link in A TH-2 dominance or an overactivation

suicidal MD? of monocyte/macrophage system in

nonsuicidal MD?

↑↑ or ↓↓ means repeated consistent data for elevation or decrease respectively; ↑ or ↓ means less consistent

data.

controls and both melancholic and nonmelancholic depression regarding C-reactive pro-

tein, haptoglobin, and in vitro production of IL-1β [113].

These results show that different types of depression—melancholic versus nonmel-

ancholic—are associated with different immune states. Moreover, suicidality seems to

show a further distinct immune pattern.

These results point to a methodological pitfall regarding studies of immunity and

depression: the heterogeneity of the results of immunological studies might at least be

due in part to different types of depression, including suicidality. Perhaps the finding of

increased sIL-2R and IL-1 concentrations in depression might be due to a patient group

more often exhibiting the melancholic type of depression.

However, regarding these findings it is doubtful that the pleiotropic cytokine IL-6

and the other components of the IL-6 system (such as the IL-6 receptor and the signal

transducing molecule gp130) are specifically altered in major depression. Moreover, in-

creased IL-6 levels have also been observed in patients suffering from schizophrenia.

Increased levels in schizophrenia are associated with the duration of the disease and the

paranoid psychopathology [114,114a].

Taken together, there might be a relationship between immunological, neurochemi-

cal, and clinical variables in MD patients: suicidality in MD may be related to a central

nervous serotonin deficiency, possibly induced by an IFN-γ (TH-1)-mediated IDO activa-

tion, whereas elevated levels of IL-6 (TH-2) might indicate a distinct group of MD patients

without deficiency of the serotonergic system. The possible predictive value of immuno-

logical parameters on antidepressant therapy regimen has to be unraveled in future studies

(Table 2). However, future immunological studies of MD should emphasize the role of

clinical and neurochemical variables.

X. CYTOKINES AND EFFECTS OF ANTIDEPRESSANTS

Only very few investigations have been carried out regarding the effects of antidepressant

medication on immune parameters [115]. However, attention has focused on the interac-
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tion of the serotonergic system and the immune system. It has been suggested that seroto-

nin has an inhibitory action on antibody production, since an inverse relationship between

brain serotonergic concentration and antibody synthesis has been demonstrated in previous

studies [116]. The suggested role of the cytokines in depression leads one to expect that

antidepressants would have an inhibitory effect to certain activating cytokines. Studies

using modern immunological methods observed an inhibitory function of the serotonin

system on the IFN-γ-induced MHC expression [117] and on mitogen-induced T-cell prolif-

eration [118].

During the last years, a modulatory, mostly inhibiting, effect of serotonin reuptake–

inhibiting drugs to activating immune parameters has been demonstrated in animals

[119,120]. Moreover, inhibiting effects of selective serotonin reuptake inhibitors on the

acute phase proteins were observed in animal investigations as well [121], and there are

several hints that the severe side effects of zimeldine are due to immunological mecha-

nisms of the 5HT system [122].

From an immunological point of view, some antidepressants are able to induce a

TH-1-to-TH-2 shift; Maes and colleagues demonstrated the potency of three different

antidepressants (sertraline, clomipramine, and trazodone) to significantly reduce the IFN-γ/

IL-10 ratio in vitro. These three drugs significantly reduced IFN-γ production, sertraline

and clomipramine and increased IL-10 production significantly [18].

Other researchers, however, observed a decrease of IL-6 during treatment of the

serotonin reuptake inhibitor fluoxetine [123]. These very preliminary results point to dif-

ferent immune modulating effects of different antidepressants, but the immune effects of

antidepressants and especially the effect on the cytokine production has not yet been stud-

ied systematically.

An interesting study showed a relationship between IL-6 production from the lym-

phocytes of depressed patients and the treatment response: patients producing low levels

of IL-6 showed a better response to treatment with amitryptyline over six weeks compared

to patients showing a high IL-6 production. During treatment, however, both groups turned

to a normal IL-6 production. The production of TNF-α was high in responders to amitryp-

tyline and turned to normal during therapy [123a].

With respect to the above-mentioned results, it can be speculated that amitryptyline

might be especially efficient in patients with low IL-6 levels, which show a more TH-1-

related immune response (melancholic type) similar to sertraline, clomipramine, and

trazodone, while fluoxetine might be more efficient in patients with high IL-6 levels (non-

melancholic) with a monocyte/macrophage immune response.

Another role in immunotherapy has been suggested for the antidepressant rolipram

[124]. Rolipram, a selective phosphodiesterase inhibitor, inhibits in vitro the production

of activating cytokines, especially TNF-α and IFN-γ. Moreover, rolipram is effective

in preventing, delaying, and reducing the clinical severity of EAE, the animal model of

MS [124,125]. Rolipram, not yet marketed, has been shown to be safe and effective in

the treatment of depression [126,127] and was proposed to be a potential therapy for

MS [124].

The downregulating effects of antidepressants on inflammatory cytokines, associ-

ated with the findings of increased proinflammatory cytokines and cellular immune mark-

ers, which were found mainly in nonsuicidal, nonmelancholic patients suffering from MD,

point out that this immune effect might be related to the therapeutic effects of antidepres-

sants. Further therapeutic strategies for MD should take into account those immune find-
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ings, including the different findings in the different clinical subgroups. From this point

of view, developing immunotherapeutic strategies will be a future research tool in depres-

sion.

XI. ANXIETY AND IMMUNE FUNCTION

The impact of anxiety on the immune function has widely been studied at the subclinical

model of stress and stress coping (i.e., the cognitive appraisal of stress stimuli). Type

and efficacy of psychological defense and coping can reduce acute emotional arousal and

endocrine stress responses to real-life stressors.

Several authors point out that acute stress and anxiety are associated with decreased

immune function. College students at the start of their studies exhibited significantly lower

lymphocyte proliferative responses to the mitogen concanavalin A and lower serum levels

of IL-1. A more negative attribution style of adversive events was associated with reduced

blastogenic T-cell responses and reduced serum levels of IFN-γ [128]. Students with higher

anxiety scores during examination stress showed altered lymphocyte subsets [129]. In

other studies, high scores of anxiety have been related to decreased lymphocyte response

to mitogens [130,131]. However, lymphocyte proliferation tests are very unspecific immu-

nological methods and the results vary widely without giving conclusive answers to the

state of the immune system. The definitions of acute or chronic stress often vary widely.

Paradigms of acute stress reach from very short-lasting stress, like bungee-jumping or

parachuting, to stress lasting over hours and days; chronic stress may last for the duration

of exams or over months and years for caregivers of relatives suffering from diseases

such as Alzheimer’s, as stress models from the literature show. Cum grano salis most of

the studies point out that short-term stress is associated with an increase in immune func-

tion while long-term stress is associated with a decrease in immune function.

Anxiety is often associated with sympathetic activation. Acute psychological stress

can induce short-term catecholamine increases that may result in lymphocytosis and leuko-

cytosis [132]. In parallel, the increase of T-lymphocyte function and natural killer cells

during acute stress might be mediated by sympathetic activation [133].

Another example are studies examining IgA concentration in the saliva. During the

short-term stress model of competition between soccer coaches during a play, an increase

of IgA concentration can be found [134] while dental students show a decrease of salivary

IgA concentration during stress periods of the academic year [135]. In addition, air-traffic

controllers had a significant increase in salivary IgA after 4 h of work [136].

Regarding the stress model of public speaking, persons who showed a high sympa-

thetic reaction had increased NK cell number, while persons with a low sympathetic reac-

tion showed no increase of NK cells [137]. Public speaking in particular appears to be a

model for social phobia because a marked and persistent fear of a social performance

situation in which the person is exposed to unfamiliar people is a key fear in social phobia.

It seems that the acute stress paradigm might be a suitable model for the social phobia

type of anxiety disorder.

The results of the stress paradigm studies, however, are not conclusive. This may

be due to several methodological pitfalls. Besides different definitions of acute or chronic

stress, the subjective appraisal of stress, personality traits, coping mechanisms, and cogni-

tive function, as well as the important influence of eustress or distress, plays a role. Regard-

ing the immunological parameters and mechanisms, older stress experiments often mea-

sured simplified immunological in vitro parameters that may not really reflect the influence
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of stress on the complicated in vivo immunological state. On the other hand, those studies

had an avant-garde function during the 1960s to 1980s.

XII. ANXIETY AND IMMUNE FUNCTION IN PATIENTS WITH
GENERALIZED ANXIETY DISORDER

Patients with generalized anxiety disorder (GAD) suffer from a chronic disorder that lasts

over weeks, months, or even years. Immune changes in those patients have only been

studied marginally. Regarding the stress model, GAD might fit with the model of chronic

stress. In patients with GAD, a significant decrease in the density of the peripheral benzodi-

azepine receptors on the circulating lymphocytes has been observed, which was largely

normalized by effective treatment with chronically administered diazepam.

The results of clinical and experimental studies suggest that the peripheral benzodi-

azepine receptors play a prominent role in the cellular and humoral immune response.

Acutely administered diazepam was without effect. These changes in the receptor density

would appear to be specific for the anxiety disorder [121]. In addition to the direct action

of benzodiazepine on peripheral benzodiazepine receptors located on immune cells, it is

also possible that the immune system is indirectly affected by the increased synthesis of

adrenal corticosteroids.

During anxiety and stress, an upregulation of the HPA axis has been widely de-

scribed. On the other hand, cytokines such as IL-1, IL-6, or TNF-α also induce an upregu-

lation of the HPA axis via stimulation of CRH in the hypothalamic region [138] (Fig. 3).

Figure 3 Diagram of changes in the endocrine and immune systems in stress and anxi-

ety. ACh, acetylcholine; 5-HAT, 5-hydroxytryptamine; GABA, gamma-aminobutyric acid;

CRF, corticotropin-releasing factor; IL-1, interleukin-1; �, stimulatory; �, inhibitory.

(Adapted from Ref. 141.)
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The results of clinical and experimental studies suggest that the peripheral benzodi-

azepine receptors play a prominent role in the cellular and humoral immune response.

Anxiolytics that act on central and/or peripheral benzodiazepine receptors can modulate

the immune system either indirectly by reducing the central secretion of CRH, the major

stress hormone, by acting on central gamma-aminobutyric acid (GABA) receptors, or

directly by stimulating the peripheral benzodiazepine receptors on immune cells.

XIII. IMMUNE CHANGES IN PANIC DISORDER

Panic disorder with or without agoraphobia is a syndrome in which severe anxiety, often

somatic symptoms of the autonomous nervous system and a stress reaction, is the core

syndrome of the disease. Panic attacks initiate severe stressful episodes and they are also

often associated with severe depressive episodes. In panic disorder, as well as in GAD,

the results of immunological studies are somewhat controversial. A major problem is

interpreting the results, arising from the fact that several patients studied suffered from

depression in addition to panic attacks. The heterogeneity of the clinical symptomatology

therefore might have profoundly influenced the results.

Brambilla et al. [139] found a normal mitogen stimulation of T lymphocytes but

an elevated adenocorticotrophic hormone (ACTH) concentration and a blunted cortisol

response to dexamethasone. The administration of CRH, which was associated with a

hypersecretion of ACTH and cortisol, did not suppress the proliferative response of the

T lymphocytes. This lack of change in the proliferative response of T lymphocytes sug-

gests that the secretion of IL-2, IL-6, and IFN-γ would be unchanged. However, there is

evidence from other studies that female patients with panic disorders have a slight increase

in the serum concentration of IL-2. A solution to this controversial finding could be the

suggestion of a relative imbalance within the group of CD4� T lymphocytes. Both TH-

1 and TH-2 cells show the CD4� surface marker, but secrete different cytokines (TH-1

cells secrete IL-2). The cytokine production of these cells is associated with immunologi-

cal function.

Some studies described parallels between patients suffering from panic disorder and

severe acute psychological stress. Patients suffering from panic disorder and patients with

social phobia had increased CD16� (natural killer) cell numbers. Panic disorder patients

also had increased numbers of CD19� cells (B lymphocytes), human HLA-DR-presenting

cells, and more cells with the combination of HLA-DR and CD19 surface markers (B

lymphocytes with HLA-DR� on their surface), an activation marker of the immune system.

These data, although preliminary, suggest that subjects with panic disorder may have alter-

ations in circulating lymphocyte profiles and that, especially in panic disorder, the B-cell

system is activated [140]. B lymphocytes produce immunoglobulin including IgA. Similar

to the findings in the acute stress model of soccer coaches, patients with “pure” panic

disorder showed a significant increase in serum IgA concentration relative to a control

population, while concentrations of IgG, IgM, and IgE were unchanged.

Nevertheless, a major problem in interpreting the data relating to the immune

changes associated with panic disorder is the paucity of these studies, the heterogeneity

of the patients studied, and the differences in the methods used to assess the immune

parameters [141].

XIV. CONCLUSION

The current state regarding the immune system, depression, and anxiety disorders reflects

a controversial picture. In depression, many psychoneuroimmunological studies have been
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performed by several groups, especially during the last few years. The findings point to

different immunological/inflammatory functions in different types of depression with re-

spect to nonmelancholic or melancholic symptomatology and suicidality. These more con-

clusive results lead to preliminary therapeutic studies with immunomodulatory or anti-

inflammatory agents that are on the way.

In anxiety disorders, the results are far more inconclusive and the role of immune

changes needs to be further elucidated. Whether immunological changes are the result of

an acute or chronic accompanying stress reaction or reflect specific alterations of anxiety

disorders has to be the objective of further studies.
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the soluble IL-6 receptor are decreased in cerebrospinal fluid of geriatric patients with major

depression: no alteration of soluble gp130. Neurosci Lett 1999; 259: 145–148.

102. Amsterdam JD, Hernz WJ. Serum antibodies to herpes simplex virus types I and II in de-

pressed patients. Biol Psychiatry 1993; 34: 417–420.

103. Haggerty JJ Jr, Simon JS, Evans DL, Nemeroff CB. Relationship of serum TSH concentration

and antithyroid antibodies to diagnosis and DST response in psychiatric inpatients. Am J

Psychiatry 1987; 144(11): 1491–1493.

104. Roy A, Pickar D, Paul S, Doran A, Chrousos GP, Gold PW. CSF corticotropin-releasing

hormone in depressed patients and normal control subjects. Am J Psychiatry 1987; 144: 641–

645.

105. Salas MA, Evans SW, Levell MJ, Whicher JT. Interleukin-6 and ACTH act synergistically

to stimulate the release of corticosterone from adrenal gland cells. Clin Exp Immunol 1990;

79: 470–473.

106. LeMay LG, Vander AJ, Kluger MJ. The effects of psychological stress on plasma interleukin-

6 activity in rats. Physiol Behav 1990; 47: 957–961.

107. Zhou D, Kusnecov AW, Shurin MR, DePaoli M, Rabin BS. Exposure to physical and psycho-

logical stressors elevates plasma interleukin-6: relationship to the activation of hypothalamic-

pituitary-adrenal axis. Endocrinology 1993; 133: 2523–2530.

108. Miyahara S, Komori T, Fujiwara R, Shizuya K, Yamamoto M, Ohmori M, Okazaki Y. Effects

of repeated stress on expression of interleukin-6 (IL-6) and IL-6 receptor mRNAs in rat

hypothalamus and midbrain. Life Sci 2000; 66: L93–L98.

109. Wang J, Dunn AJ. Mouse interleukin-6 stimulates the HPA axis and increases brain trypto-

phan and serotonin metabolism. Neurochem Int 1998; 33: 143–154.

110. Wang J, Dunn AJ. The role of interleukin-6 in the activation of the hypothalamo-pituitary-

adrenocortical axis and brain indoleamines by endotoxin and interleukin-1 beta. Brain Res

1999; 815: 337–348.

110a. Fernstrom JD, Faller DV. Neutral amino acids in the brain: changes in response to food

ingestion. J Neurochem 1977; 30: 1511–1538.

111. Bunney WE, Davis JM. Norepinephrine in depressive reactions. A review. Arch Gen Psychia-

try 1965; 13: 483–494.
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124. Sommer N, Löschmann P-A, Northoff GH, Weller M, Steinbrecher A, Steinbach JP, Lichten-

fels R, Meyermann R, Riethmüller A, Fontana A, Dichgans J, Martin R. The antidepressant

rolipram suppresses cytokine production and prevents autoimmune encephalomyelitis. Nat

Med 1995; 1: 244–248.

125. Raine CS. Multiple sclerosis: TNF revisited, with promise. Nat Med 1995; 1: 211–214.

126. Wachtel H, Schneider HH. Rolipram, a novel antidepressant drug, reverses the hypothermia

and hypokinesia of monoamine-depleted mice by a action beyond postsynaptic monoamine

receptors. Neuropharmacology 1986; 25: 1119–1126.

127. Scott AIF, Perini AF, Shering PA, Whalley LJ. Inpatient major depression: is rolipram as

effective as amitryptylin? Eur J Clin Pharmacol 1991; 40: 127–129.

128. Zorilla EP, Redei E, DeRubeis RJ. Reduced cytokine levels and T-cell functions in healthy

males, relation to individual differences in subclinical anxiety. Brain Behav Immunity 1994;

8: 293–312.

129. Marchesi GF, Contani P, Santone G, DiGuiseppe S, Bartocci C, Montroni M. Psychological

and immunological relationship during acute academic stress. N Trends Exp Clin Psychiatry

1989; 5: 5–22.

130. Boyce WT, Adams S, Tschann JM, Cohen F, Wara D, Gunnar MR. Adrenocortical and

behavioral predictors of immune responses to starting school. Pediatric Res 1995; 38: 1009–

1017.

131. Gonzales-Quijano MI, Martin M, Milan S, Lopez-Calderon A. Lymphocyte response to mito-

gens, influence of life events and personality. Neuropsychobiology 1998; 38: 90–96.
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I. INTRODUCTION

Neuroimaging research in affective and anxiety disorders has progressed considerably over

the last decade. Researchers have used findings in related fields such as neuropathology,

endocrinology, and preclinical animal work to develop high-quality hypothesis-driven

neuroimaging studies. Moreover, emphasis is now being put on the importance of such

issues as increasing the size of studies, separation of heterogeneous groups, research in

drug-free patients and the importance of interpreting functional studies in light of corre-

sponding structural and neurochemical alterations. In the field of radiochemistry, new and

highly selective radiotracers have increased the ability to image neurotransmitter function

in the living human brain to the point that alterations of receptor density and synaptic

neurotransmitter release are now routinely measured. In statistics, major advances have

taken place in the voxel-based analysis of images, and increases in computational pro-

cessing power and memory have increased the practical feasibility of many aspects of

image manipulation and data analysis, particularly in functional imaging.

Impressive advances have been made in the development of imaging technology,

particularly in improved scanner resolution and sensitivity. For example, brain structure

can now be imaged with a resolution of less than 1 mm. Alterations in anatomically small

regions on functional scans of relatively low resolution can now be identified with great

accuracy by delineating these regions on high-resolution coregistered structural images.

Moreover, functional neurobiological processes can now be investigated with a high de-

gree of temporal and spatial resolution. A basic understanding of the various commonly

289
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used imaging modalities is advantageous for interpretation of the results of many studies,

and a brief overview is given below.

II. IMAGING MODALITIES: AN OVERVIEW

Brain imaging techniques reviewed here are classically divided into structural (shape and

size of brain regions and lesions), functional (flow and metabolism), and molecular do-

mains. In the current state of the art, structural imaging is performed with magnetic reso-

nance imaging (MRI), functional imaging with functional magnetic resonance imaging

(fMRI), and molecular imaging with magnetic resonance spectroscopy (MRS) or radio-

nuclide-based techniques, including positron emission tomography (PET) and single pho-

ton emission computerized tomography (SPECT).

A. MRI

MRI provides high-resolution images of brain structure and is able to distinguish gray and

white matter with unparalleled specificity. It has superior contrast and soft-tissue imaging

capability, and has replaced x-ray CT in most psychiatric neuroscience research applica-

tions. Newer contrast agents, such as gadolinium, have improved the ability to differentiate

certain pathological processes, such as tumors, from normal tissue.

B. fMRI

Functional MRI produces images related to blood volume or blood flow. Under physiologi-

cal conditions, these measures correlate with regional metabolic activity. Local cerebral

blood flow can be estimated by blood oxygenation level detection (BOLD). Regional brain

metabolic activity results in increased local blood flow and the delivery of more oxygen-

ated blood than is immediately metabolically necessary. This results in a local reduction

of deoxyhemoglobin, which can be measured, because deoxyhemoglobin is paramagnetic

whereas oxygenated hemoglobin is not. Functional MRI is being increasingly used to

characterize the brain regions associated with a wide range of psychiatric symptoms, cog-

nitive functions, and therapeutic interventions. Although the groundwork in this field was

mostly done using SPECT and PET, fMRI has advantages over these radionuclide tech-

niques. The temporal and spatial resolutions are superior and no radiation exposure is

involved, permitting multiple measures per subject and the safe imaging of children.

Furthermore, the last 10 years have seen a tremendous development of MR-based

methods for producing images of brain perfusion akin to those produced by PET and

SPECT, and numerous studies have now shown that MRI measurements of regional cere-

bral blood volume (rCBV) and rCBF are possible (for review, see Ref. 1). However,

perfusion MRI is still in an early stage of its development and further work is necessary

to address numerous quantification problems. At present, PET and SPECT remain superior

for the quantitative measurement of rCBF. Despite this, it can be expected that future

advances in MR technology may reverse this balance and lead to the ability to measure

more accurately rCBF and rCBV without the need for radiation exposure.

C. MRS

MRS is a brain imaging technique that permits the noninvasive measurement of a number

of psychiatrically relevant endogenous and exogenous brain chemicals in a given volume

(voxel) of brain tissue. A standard MRI machine, with some modifications, is used. Its

technical background and use in psychiatric illness have recently been comprehensively
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reviewed [2]. Most studies in psychiatry have used 1H or 31P MRS technology. The most

common is 1H MRS (proton MRS) because of its ability to detect compounds in lower

concentrations within the brain, although MRS can only observe compounds present in

at least micromolar quantities. Commonly measured compounds include those containing

myo-inositol (Ino), N-acetyl-aspartate (NAA), cytosolic choline (Cho), and creatinine

(Cr). Ino is a sugar that is involved in second-messenger systems through the phosphatidyl-

inositol cycle. NAA is a cell marker whose concentration correlates with neuronal density

[3]. It is considered to be a marker of neuronal fitness or viability. Increases have been

interpreted to represent improved neuronal function, hypertrophy, or hyperplasia and de-

creases to represent decreased viability or neuronal loss. Cho is a precursor and metabolite

of membrane phospholipids, second-messenger compounds, and acetylcholine. Abnormal-

ities in the Cho resonance have been linked to abnormalities in myelination, cerebral

oxidative metabolism, and alterations in intraneuronal signaling or in endocrine status. Cr

reflects systemic energy use and storage and is generally held to be an internal standard

in ratio analyses of neurometabolic change. It has been shown to be stable within individu-

als over the course of months. In addition, particular 1H MRS editing techniques permit

measurement of amino acid concentrations, including glutamate, glutamine, and gamma-

amino butyric acid (GABA) [4,5].

Phosphorus (31P) MRS is also frequently used to measure phosphomonoesters

(PMEs) and phosphodiesters (PDEs), including sugars and phospholipid-associated meta-

bolic and catabolic components of cell membranes, as well as energy storage metabolites

such as phosphocreatine (PCr) and nucleotide phosphates. Of further relevance to psychia-

try, MRS technology can also measure brain drug concentrations using, for example, 7Li

for lithium medication and 19F to detect fluorine-containing psychotropic drugs [6].

D. Radionuclide Imaging

PET imaging is based on the administration of radioisotopes that emit positrons when

they decay. When positrons encounter electrons, the two particles annihilate each other,

releasing high-energy gamma rays that radiate in opposite directions. These are detected

by coincidence counters in the PET camera and the three-dimensional pattern of emissions

is reconstructed and sliced (tomographed) by computer into an image. Typically the half-

lives of clinically useful radioisotopes are short (e.g., 15O, 2 min; 13N, 10 min; 11C, 20

min; and 18F, 110 min) and require an on-site cyclotron, or (in the case of 18F) rapid

delivery from a cyclotron elsewhere. The radioisotope-containing compounds typically

used to measure regional brain activity include 11C-glucose and 18F-deoxyglucose (FDG)

for regional glucose metabolism (rCMRglu) and 15O-water (H2
15O) for rCBF. As in BOLD

fMRI, rCBF is used as a proxy of regional metabolic activity because, under physiological

conditions, the two measures are correlated.

SPECT is based on compounds (e.g., 123I, 99mTc) that emit a single gamma ray photon

on disintegration. These have longer half-lives than PET isotopes and do not require an on-

site cyclotron. Moreover, gamma cameras are widely available in departments of nuclear

medicine and, because of its relative simplicity and lower cost, SPECT is widely used in

clinical research for the measurement of rCBF. However, images have poorer spatial reso-

lution than PET and studies are generally limited to two SPECT scans per subject. As

mentioned above, with the advent of fMRI it is foreseeable that the role of PET and

SPECT studies of flow and metabolism in psychiatry research will be greatly reduced in

the future.
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On the other hand, the ability of PET and SPECT to image specific biomolecules

is unmatched by any other method currently available to clinical investigators. Studies of

receptors, transporters, enzymes and other processes, such as transmitter release, clearly

constitute the future of radionuclide technology, particularly PET, in psychiatric research.

Studies of synaptic neurotransmitter release are most advanced in the case of dopamine

(DA). They are usually performed by stimulating DA release with pharmacological chal-

lenge and measuring the reduction in binding of the radioligand that results from competi-

tion at the receptor between the radioligand and the increased local levels of the endoge-

nous ligand (i.e., DA). These techniques have already yielded a number of fundamental

observations.

E. Integration of Structural and Functional Imaging

In recent years the findings from studies using different imaging modalities have started

to become informed by each other in a number of important ways. For instance, until

recently, PET and SPECT studies comparing patient groups with healthy controls have

tended to report regional differences in blood flow or metabolism between groups as repre-

senting enhanced or diminished function in these regions. However, as structural MRI

reveals idiopathic volumetric alterations in many brain regions in affective and anxiety

disorders, it has become evident that metabolic changes will need to be corrected for

tissue volume. In some instances, this has led to important insights. For example, although

baseline CBF and metabolism appear abnormally decreased in subgenual anterior cingu-

late during major depressive episodes (MDEs), computer simulations that correct PET

data for the partial volume effect of reduced gray matter volume conclude that the “actual”

metabolic activity in the remaining tissue is increased in patients with major depressive

disorder (MDD) relative to controls [7].

This will also apply to studies in, for example, late-onset depression in which cere-

brovascular disease is now believed to play an etiological role (see below). Atherosclerotic

changes reduce radiotracer delivery to affected areas and impair the interpretability of

blood flow images by altering the relationship between local perfusion and local metabolic

activity. Moreover, associated tissue atrophy may lead to artifactual reductions in mea-

sured rCBF or metabolism due to the same partial volume effects as described above and

reduce the apparent binding potential (BP) of neuroreceptor radioligands. Thus, images

from such subjects cannot be interpreted in the same way as images from patients with

early-onset depression or healthy controls. In this regard, MRS and PET techniques that

can characterize the metabolic activity of ischemic tissue may prove useful. Moreover,

in imaging studies of mood disorders, only unmedicated patients are likely to provide

reliable data on underlying pathophysiology, and patients with early-onset MDD must

be separated from those with late-onset MDD or MRI evidence of white matter abnormal-

ities [8].

III. AFFECTIVE DISORDERS

A. Major Depressive Disorder

1. MRI

Structural imaging studies have revealed a relative dichotomy between neuroanatomical

abnormalities seen in depression of early or midlife onset and depression of late onset

(usually defined as onset after �55 years of age).
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Late-Onset Depression. The most widely replicated finding in the whole of struc-

tural imaging of affective disorders is an increased incidence of hyperintensities on T2-

weighted MRI in the deep and periventricular white matter of patients with late-onset

depression [8–15]. White matter hyperintensities (WMH) are small areas where the signal

intensity is high relative to the surrounding tissue. They are extremely rare in younger,

healthy individuals and are usually associated with aging, hypertension, diabetes, cerebro-

vascular disorders, and a number of neurological abnormalities. Although their incidence

appears to be modestly increased in early-onset depression [16], the incidence reaches 70

to 90% in late-onset depression. Moreover, in an elderly, nondemented population, the

severity of WMH is positively correlated with both symptoms of depression and a history

of past depression [9,17].

MRI diffusion tensor imaging (DTI) shows that hyperintensities damage the struc-

ture of brain tissue [18], and postmortem neuropathological examination of these areas

reveals atherosclerosis and, when larger, infarction [19]. WMH would therefore appear

to reflect the MRI correlate of cerebrovascular disease. Hyperintensities in subcortical

gray matter have also been noted in the basal ganglia of patients with late-onset depression

[20,21]. Hyperintensities are most common in frontal and striatal areas, and several studies

report that these are the areas in which infarctions are correlated with depression following

ischemic stroke [22,23]. However, the literature in this area is conflicting, and a recent

systematic review offered no support for the hypothesis that the risk of depression after

stroke is affected by the location of the brain lesion [24]. Despite this, the great majority

of evidence would suggest that the cerebrovascular disease may play a role in the patho-

genesis of late-onset MDD in patients with MRI hyperintensities [8]. This has led Steffens

and Krishnan to propose the new mood disorder subtype of “vascular” depression [14].

Hyperintensities are associated with increased risk of psychotic features, cognitive

impairment, and treatment-related adverse reactions such as delirium, which are also more

prevalent in subjects with known cerebrovascular disease [8]. They are also associated

with increased risk of suicide attempt [25], poor long-term outcome [26], as well as poor

response to pharmacotherapy [27,28] and ECT [29]. Moreover, a recent study suggests that

cerebrovascular disease (on the evidence of deep WMH) may also underlie the depressive

symptoms (especially symptoms of impaired motivation, concentration, and decision mak-

ing) often found in older individuals who are not clinically depressed, particularly in those

with the apolipoprotein E-4 (APOE-4) allele [30].

However, in addition to high-intensity lesions, it is likely that atrophy represents a

complementary pathway in late-life depression [17]. Such patients have greater cerebral

sulcal and temporal sulcal atrophy, and larger sylvian fissures, lateral ventricles, third

ventricles, and temporal horns [13]. Volumetric reductions are also found in cerebellum

[31], frontal lobes [17,32], orbitofrontal cortex [33], basal ganglia [34], amygdala [35],

and hippocampus [35,36]. Hippocampal size is significantly negatively correlated with

total lifetime duration of depression, but not age, suggesting that repeated stress during

recurrent depressive episodes may result in cumulative hippocampal injury as reflected

in volume loss [36].

Early-Onset Depression. There is obvious overlap between the imaging finding

in earlier onset (i.e., before �55 years of age) and late-life depression. For example, even

depressed adolescents are found to have smaller frontal lobes and enlarged lateral ventri-

cles [37,38]. Moreover, many imaging studies of depression have included both younger

and elderly patients. However, structural imaging findings are less consistent in younger
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patients with MDD, and MDD in this population is likely to be heterogeneous with respect

to etiology and pathophysiology. Because of this, a number of studies have enhanced

their likelihood of finding neurobiological abnormalities by deliberately including only

unmedicated subjects who also have a history of mood disorder in a first-degree relative

(see Refs. 7, 8). Early-onset, familial mood disorders appear to be associated with a distinct

pattern of gray matter reductions in limbic or paralimbic areas of the orbital and medical

prefrontal cortex and the ventral temporal lobe [7,8,39,40]. At post-mortem examination,

gray matter reduction in “subgenual” anterior cingulate (i.e., ventral to the genu of the

corpus callosum) in familial affective disorder has been found to be associated with a

reduction of glia, without an equivalent loss of neurons [41,42]. These structural findings

compliment an extensive, and complicated, body of literature derived from functional

imaging studies, mainly PET, in these regions. These will be addressed below.

Elevated levels of glucocorticoids in depression have been hypothesized to be asso-

ciated with damage to the hippocampus, a brain area involved in learning and memory. In

this model, chronic repeated episodes of depression may lead to progressive hippocampal

atrophy over time, possibly increasing the risk for subsequent depressive relapse. The

imaging literature would currently seem to support an association between depression and

hippocampal size dependent on the cumulative duration and severity of MDD. Three re-

cent studies report normal hippocampal volume in younger populations not characterized

by severe, recurrent MDD [43–45]. However, reduced hippocampal volume has been

replicated in euthymic patients with a history of severe and repeated depressions

[36,46,47], and in those with severe, treatment-resistant depression [45,48]. This atrophy

is correlated with longer cumulative duration of depression [46,49], does not appear to

resolve over time [47], and a review of the subject tentatively concludes that it appears

to be irreversible [50].

Studies of neurodegenerative diseases, striatal lesions, and functional imaging sug-

gest that the striatum may be implicated in depression. However, the majority of recent

MRI studies have failed to find reduced striatal volume in MDD. Earlier MRI studies

found reduced caudate [51] and putamen [52] volumes, and this has seen more recent

support [53]. However, four studies have failed to find an association [54–57]. This is in

contrast to neurochemical and functional imaging studies that have found evidence for

striatal abnormalities.

2. MRS

Three early 1H and 31P MRS studies measured spectra before and after ECT in depressed

patients. However, the studies were mainly related to exploring the pathophysiology of

lactate production and seizures and the results were equivocal [58–60]. Subsequent 31P

MRS studies have reported increased PDE levels in the basal ganglia and frontal lobes

[61], associated with decreased levels of ATP [62], suggesting alterations of regional tissue

energetics [2].

More recently, 1H MRS has been used to investigate whether there is evidence of

hippocampal damage following ECT on the basis that neuronal damage may show up as

a reduction of NAA signal [63]. No changes were detected after ECT, suggesting that

ECT is unlikely to induce hippocampal atrophy or cell death. The study also measured

Cho levels in the right and left hippocampus of the depressed patients before ECT and

compared them with a group of healthy controls and remitted depressed patients treated

with amitriptyline. Cho levels were found to be lower bilaterally in the depressed patients
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and increased following ECT, which corresponded with clinical response. The authors

suggest that this represents increased membrane turnover as a result of ECT treatment.

These findings are concordant with rat experiments in which repeated seizures of the

hippocampal-parahippocampal circuits can cause mossy fiber sprouting without cell death

[64]. The authors speculate that the Cho signal increase after ECT treatment might simi-

larly reflect mossy fiber sprouting in hippocampal subfields.

These findings raise a number of issues. First, 1H MRS measurements (Cho in partic-

ular) appear to be mood-state dependent. Depressive symptoms were associated with low-

ered Cho in hippocampus, but the diagnosis of depression was not sufficient to explain

this finding, in that remitted depressive patients successfully treated with medication dis-

played Cho values similar to controls. Second, this study suggests that the Cho resonance

might prove to be a more reliable marker of the severity and past number of episodes of

depression, and a more sensitive index of the processes underlying remission and recur-

rence than the NAA signal. However, another study using 1H MRS reports increased Cho

levels in the medial temporal lobe structures of patients with treatment-resistant MDD

[48], underlining the point that the association of clinical improvement with increasing

Cho remains tentative at present and requires replication. Moreover, future studies will

also need to exclude the confounding effects of current or very recent antidepressant medi-

cation.

In other brain regions, 1H MRS has been used to investigate frontal lobes, anterior

cingulate cortex, the orbitofrontal cortex, and the basal ganglia in MDD, and most results

still require replication. In a preliminary study of the frontal lobes, mean Ino/Cr ratios

were lower in patients with MDD than in controls, but the difference was not statistically

significant [65]. Moreover, the depressed and control groups were not age- and sex-

matched, and 15 of the 22 patients were taking a variety of antidepressant medications.

However, a subgroup of 10 patients was age- and sex-matched to controls and the Ino/

Cr was then significantly lower in the patients.

In the anterior cingulate cortex, no significant alterations in NAA, Cr, or Cho were

found in MDD [66], and the authors concluded that the study supported an absence of

neurodegenerative or membrane metabolic changes. However, reduced glutamate and glu-

tamine were found, suggesting a possible role for altered glutamatergic neurotransmission

within the anterior cingulate in the pathogenesis of MDD. In the orbitofrontal cortex of

adolescents with MDD, increased Cho was found when compared to controls in the ab-

sence of structural differences [67]. In the basal ganglia, the Cho signal has been found

to be altered in depressed patients [68–70] but the direction of the changes is controversial.

However “true” response (as opposed to placebo response) to fluoxetine is reported to be

associated with an increase in Cho [71].

A number of authors suggest that Cho has a key role in the integration of affective

processing within prefrontal circuitry. One author has suggested that higher Cho may

reflect greater myelin turnover [72], as the Cho peak includes both precursors and break-

down products of myelin. The issue of whether the Cho signal is a trait or state marker

of depression is as yet unresolved, and whether increase over time in the Cho signal in

cortical regions in healthy subjects is a harbinger of the onset of a depressive episode. In

interpreting the cortical 1H MRS data, regional and tissue differences of brain metabolites

must be considered [73]. The variability of both NAA and Cho has to be shown to be

dependent on region of interest, tissue differences (gray versus white matter), subtype of

affective illness, age, and gender. Thus, in an attempt to reconcile the finding of lowered
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Cho in hippocampus in severely depressed subjects about to embark on ECT [63] with

the findings of elevated Cho/Cr and Cho/NAA in orbitofrontal regions [67], the tissue

composition of voxels examined must be taken into account.

Several lines of evidence suggest that MDD is associated with dysfunction of

gamma-amino butyric acid (GABA) systems. Using 1H MRS, GABA levels were found

to be highly significantly (52%) reduced in the occipital cortex of medication-free patients

with MDD when compared to healthy control subjects with no history of mental illness

[74].

Overall, the current limited evidence suggests altered membrane dynamics and ab-

normal cellular energetics in MDD. However, more studies in tightly defined, drug-free

patient samples are required before this can be firmly concluded [2].

3. Regional Blood Flow and Metabolism

The literature on functional anatomical correlates of MDD is extensive and complex. Nu-

merous alterations of rCBF and rCMRglu have been reported in PET and SPECT studies

in regions known to be implicated in the generation or modulation of affective states.

However, many studies are difficult to interpret as they have mixed patients from different

age groups, studied small numbers of patients or failed to adequately account for the

confounding effects of state-dependent differences, diagnostic heterogeneity, or current

medication. Because of this, a simple catalogue of the findings from various studies can

be unrewarding. Moreover, the interpretation of these findings requires an understanding

of the normal function in these regions in various mood states as well as possible neuro-

pathological and volumetric alterations in these regions between healthy subjects and pa-

tients with affective disorders. For many brain regions, these data are not yet known in

humans and must be inferred from the results of animal studies, or studies in humans with

regional brain lesions. Despite this, the number of high-quality functional imaging studies

has now grown to the point where their findings can be integrated with data from structural,

neuroreceptor, endocrine, lesion, and electrophysiological studies to develop hypotheses

regarding the neural substrates of MDD. A number of such integrative and comprehensive

reviews of this literature (see Refs. 7, 8, 75–78) have concluded that anatomical circuits

involving orbital and medial prefrontal cortex, striatum, pallidum, medial thalamus, amyg-

dala and hippocampus are implicated in the pathophysiology of MDD. These findings are

summarized below, and the reader is referred to these reviews for details of individual

studies.

The finding with the most consistent replication is of decreased rCBF and metabo-

lism in the anterior cingulate cortex ventral to the genu of the corpus callosum (subgenual

AC) in unipolar and bipolar depressed patients. This would appear to be at least partly

accounted for by a corresponding left-lateralized volumetric reduction in this region and,

when correction is made for this, the “actual” metabolism in the remaining tissue is found

to be normal or increased during depression. This pattern also appears true for healthy,

nondepressed subjects, in whom flow increases in the subgenual AC in experimentally

induced sadness. It is also compatible with PET studies showing that effective antidepres-

sant medication results in decreased metabolic activity in this region in MDD. Data for

the rest of the AC are less consistent. In the pregenual AC, most studies find increased

rCBF and rCMRglu in a depressive episode, but relationship with treatment response

differs across studies. In the dorsal AC, rCBF is decreased in depression and its normal

cognitive activation is attenuated during a depressive relapse triggered by acute tryptophan

depletion.
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In orbitofrontal cortex, ventrolateral prefrontal cortex and anterior insula, rCBF and

metabolism are increased during depression and decrease with remission. However, this

increase is mainly seen in less severely ill and treatment-responsive patients. More severe

depression tends to be associated with normal or reduced activity in these regions. As

increased activity in the orbital cortex during a depressive episode may represent an endog-

enous attempt to attenuate the abnormal mood, the lack of this increase in more severe

depression may indicate that the orbital cortex is being prevented from exercising this

effect, possibly by pathologically increased activity in interacting regions such as the

amygdala or by abnormalities in the orbital cortex itself.

There is evidence to support both possibilities. Neuropathological abnormalities

have been found in the posterior orbital cortex, including fewer glia and smaller neurons.

In the amygdala, rCBF and metabolism are increased during depression in familial pure

depressive disorder and bipolar disorder type II. These increases are positively correlated

with the severity of depression and decrease to normal levels with successful antidepres-

sant treatment. However, euthymic, remitted patients who are not on medication also show

increased activity in the left amygdala and this may confer a susceptibility of depressive

relapse. Electrophysiological, endocrine, and animal studies suggest that many of the be-

havioral, endocrine, and mood changes associated with depression could be related to

pathologically increased amygdalar activity through its various reciprocal connections

with other brain regions.

CBF and metabolism are also abnormally raised in the left medial thalamus, and

decreased in the caudate during depression. Reductions in caudate volume may at least

partially explain this reduction. However, following acute tryptophan depletion, those pa-

tients who experienced a depressive relapse had lower CBF in the caudate, suggesting

that alterations of caudate function may be involved in depression.

Conversely, reduced activity during depression found in dorsolateral prefrontal cor-

tex—an area related to executive rather than affective control—may represent the relative

suppression of otherwise normal, nonessential, competing modalities.

4. Neuroreceptor Studies

Abnormalities in several neurotransmitter systems may be relevant to the pathophysiology

of depression. The serotonin [5-hydroxytryptamine (5HT)] system has been the most ex-

tensively studied, in part because of the antidepressant effect of medications that inhibit

the synaptic reuptake of serotonin, as well as a wealth of postmortem, preclinical, and

clinical data suggesting that reduced serotonergic function may be implicated in depres-

sion. Theories involving subpopulations of 5HT receptors are most advanced for 5HT2A

and 5HT1A receptors, and the availability of suitable PET radioligands has allowed the in

vivo investigation of their putative abnormalities in depression.

Serotonin Transmission. The earliest PET study of 5HT2 receptors and depressive

symptoms used [11C]-N-methyl-spiperone to investigate binding in patients with poststroke

depression, and reported increased binding [79]. Yet, it is not clear how this finding can

be generalized to more common clinical presentations of depression. Another early study

using 2-[123I]-ketanserin and SPECT reported increased and asymmetrical cortical uptake

of the tracer in depressed patients when compared to controls [80]. However, 2-[123I]-

ketanserin has significant limitations as a SPECT radiotracer because of high nonspecific

binding.

Since then, five PET studies have used newer 5HT2 PET radiotracers, [18F]-setoper-
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one [81], and [18F]-altanserin [82], to investigate cortical 5HT2A receptor binding in drug-

free depressed patients. Biver et al. [83], using [18F]-altanserin, reported reduced tracer

uptake in a region of the right hemisphere including the orbitofrontal cortex and the ante-

rior insular cortex. However, one limitation of [18F]-altanserin is that it produces radioac-

tive lipophilic metabolites that probably cross the blood-brain barrier and contribute activ-

ity in the nondisplaceable compartment [84]. Two studies investigated midlife depression

using [18F]-setoperone and concluded that there is no major change or asymmetry in 5HT2A

receptors [85,86]. In both studies, the great majority of patients had been free of antidepres-

sant medication for over 6 months. A fourth study supported these negative findings and

reported no significant alteration in 5HT2A receptor binding in an untreated group of pa-

tients with late-life depression without cognitive impairment [87]. Finally, the largest of

the five studies [88] found a widespread reduction in 5HT2A receptor BP and concluded

that brain 5HT2A receptors are decreased in patients with major depression. However, 40%

of the patients in this study had been drug-free for only 2 weeks before scanning. This

factor may be significant as the majority of antidepressants downregulate 5HT2A receptors

[86,89,90].

In summary, three studies reported no significant alteration in 5HT2A receptor bind-

ing in major depression, and two studies found reduced 5HT2A receptors. Differences be-

tween studies might stem from methodological issues, illness heterogeneity, and medica-

tion effects. None of the recent studies confirmed the earlier findings of increased binding

[79,80]. Similarly, the increase in 5HT2A receptors found in some, but not all, post-mortem

studies of depressed suicide victims (for review, see Ref. 91) has not been confirmed by

in vivo investigations. Therefore, there is currently no strong evidence supporting the

hypothesis that depression per se is associated with marked alterations of 5HT2A receptor

density.

Two lines of evidence have implicated the 5HT1A receptors in depression. The first

is the finding that depressed patients have blunted neuroendocrine responses to 5HT1A

receptor agonists in vivo, and the second is the dense distribution of these receptors in the

hippocampus. Recent theories have implicated interactions between stress, corticosteroids,

growth factors, and hippocampal 5HT1A receptors in depression [92–94]. Postmortem stud-

ies of 5HT1A receptors in suicide and depression have been inconsistent, showing in-

creased, decreased, and unchanged 5HT1A-receptor levels in various regions [95–99].

These discrepancies may reflect the possible confounding effects of suicidality, antemor-

tem medications, differences between radioligands, and differences in the regulation of

5HT1A receptors by corticosteroids and local levels of 5HT in different brain regions. The

results of in vivo PET imaging of 5HT1A receptors in depressed patients are therefore of

interest.

Two PET studies have investigated 5HT1A receptors in unmedicated depressed sub-

jects using [carbonyl-11C]WAY-100635 and both have reported reductions in receptor

binding. The first study [100] found modest (approximately 10%), but significant, wide-

spread reductions in BP in cortical regions including medial temporal cortex (hippocampus

and amygdala) in a group of 15 men with major depression. Subsequently, Drevets et al.

[92] reported reductions in the medial temporal cortex (27%) and raphe (41%) in a study

that limited its primary hypothesis to these two regions. This group of subjects included

both unipolar and bipolar depressed patients. All subjects had first-degree relatives with

mood disorders. Interestingly, the differences found were largely accounted for by the

subjects with bipolar disorder and those with uniplar depression who had relatives with

bipolar disorder.
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Additional studies are warranted to confirm these findings of generalized decrease

in 5HT1A receptors in depression. Since a major depressive episode is associated with

hyperactivity of the HPA axis, and increased cortisol levels might be associated with

5HT1A-receptor downregulation [101–104], these findings might be secondary to the neu-

roendocrine dysregulation associated with depression.

Reductions in SERT levels in depressed patients have been reported in numerous

post-mortem studies (for review, see Ref. 91). The first ligand used to image SERT in

vivo was the SPECT radiotracer [123I]β-CIT. β-CIT binds to both DAT and SERT with

comparable affinity (Ki 1.4 and 2.4 nM for DAT and SERT, respectively) [105,106]. The

lack of DAT versus SERT selectivity is not a problem for measuring DAT in the striatum,

as the density of SERT in striatum is much lower than that of DAT [106]. However, in

the midbrain, this proportion is reversed, and the β-CIT midbrain uptake mostly corre-

sponds to SERT binding [107,108]. Studies on nonhuman primates and humans have

shown that, in the midbrain, [123I]β-CIT is selectively displaced by administration of SSRIs

(but not by DAT selective drugs) [107,109]. [123I]β-CIT has been extensively used in

clinical studies both for striatal DAT [110–116] and midbrain SERT evaluation [116–

119].

In depression, findings from two SPECT studies using [123I]β-CIT were in agreement

with postmortem results. A reduction in SERT binding was found in the midbrain in

patients with unipolar depression [120], and in thalamus-hypothalamus in depressed pa-

tients with seasonal affective disorder [121].

A selective SERT radiotracer is required to investigate SERT density in other re-

gions of the brain. The first PET radiotracer available to measure SERT in humans was

[11C]McN 5652 [122]. The usefulness of [11C]McN 5652 as a PET tracer for SERT was

validated in primates [123] and humans [124–126]. However, [11C]McN 5652 has limita-

tions, which include high nonspecific binding, poor signal-to-noise ratio, nonmeasurable

free fraction in the plasma, and slow clearance from the brain [127]. Therefore, studies

using [11C]McN 5652 require long scanning time (up to 120 min), and this ligand can

provide reliable quantification of SERT only in regions of relatively high SERT density

(midbrain, thalamus, and striatum). More recently, compounds from the phenylamine

class have emerged as promising targets for both SPECT and PET tracer development.

[123I]ADAM [128] is a highly selective SPECT imaging agent for SERT. Its 11C-labeled

counterpart, [11C]ADAM, was recently reported [129]. Another compound in this series,

[11C]DASB, was recently introduced and has been evaluated in rats [130] and humans

[131]. Thus, it is anticipated that, in the near future, several studies will be performed to

evaluate SERT density with PET in patients with major depression. If the results obtained

with [123I]β-CIT are confirmed, the reduction in SERT density might provide a useful

biomarker for this disorder.

Dopamine Transmission. The critical role of DA in brain reward systems, the re-

ports of low cerebrospinal fluid homovanillic acid levels in depressed patients, the associa-

tion of major depression with Parkinson’s disease, and the enhancement of dopaminergic

activity by several antidepressant treatments suggest that a deficiency of dopaminergic

function might be associated with major depression (for review, see Refs. 132–135). Five

studies compared striatal D2 receptor availability with [123I]IBZM in patients with major

depression and control subjects. Two of the five studies reported higher [123I]IBZM specific

binding in the striatum of depressed subjects compared to controls [136,137], whereas

three studies reported no change [138–140]. Amphetamine-induced DA release was also
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assessed in patients with major depression and found to be unchanged [140]. Two studies

examined [123I]β-CIT striatal binding in patients with major depression and yielded con-

flicting results: one study reported normal levels of striatal DAT in patients with major

depression [120], while the other one reported increased DAT levels [141]. Finally,

[18F]DOPA uptake in the left caudate was observed to be significantly lower in depressed

patients with psychomotor retardation than in depressed patients with high impulsivity

and in comparison subjects [142]. Thus, major depression per se does not appear to be

consistently associated with alteration of the dopaminergic parameters at the level of the

whole striatum. However, DA might play a role in the neurobiology underlying some

clinical features of depression, such as psychomotor retardation.

B. Bipolar Disorder

Bipolar disorder (BPD) has been extensively investigated by imaging, particularly by

structural MRI and MRS, and this literature has recently been reviewed by a number of

authors [143,144].

1. MRI

The most consistent finding in MRI studies is a higher than expected incidence of white

matter hyperintensities (WMH), particularly in periventricular regions, and there are sev-

eral comprehensive reviews and meta-analyses of these structural studies in BPD [15,145–

147]. The nature of WMH is discussed in the section of MRI findings in late-life MDD.

In BPD, they appear to be present early in the course of the illness [148,149] and are

found more frequently in patients of all ages, even children and adolescents [150,151].

Their exact etiology and relevance in BPD is currently uncertain, most patients do not

have them, and they do not appear to be associated with cognitive deficits [152]. However,

some (but not all) studies have reported that they are associated with a worse clinical

course and outcome [15,146,153]. Moreover, a recent study has reported that birth season,

illness outcome, and deep subcortical white matter lesions appear to be closely linked,

raising the hypothesis that these lesions may be a marker of a toxic or infective insult in

utero [154]. There is no clear association between WMHs and medications, such as lith-

ium, which can alter lipid metabolism and lead to MR signal changes [145,155].

A number of studies have reported increased ventricular volume in BPD, particularly

in lateral ventricles [156] or temporal horn [157]. One study found that the degree of

enlargement was indistinguishable from that in schizophrenia [157]. However, most find

no change [15,145], and there does not appear to be a consistent decrease in volume of

temporal lobes [156] or gray matter in the brain regions surrounding the lateral and third

ventricles [158].

Studies in most other regions have been inconsistent or require replication. Prefron-

tal cortical volumes were found to be smaller, and this reduction was correlated with

attentional dysfunction in a group of patients hospitalized for a manic episode [159]. Hip-

pocampal volume has been found to be both smaller [160,161] and normal [156,162]. The

amygdala has been reported to be both smaller [163] and larger [162], and the thalamus

has been found to be smaller [164]. Perhaps the most consistent volumetric finding is

decreased cerebellar size, particularly in older patients and those who have had multiple

affective episodes [15,165]. However, reduced cerebellar size is also found in other psy-

chotic disorders including schizophrenia, and other factors may also contribute to altered

cerebellar size, such as alcohol and lithium medication.
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Studies have also found that the volume of the subgenual anterior cingulate is de-

creased in patients with familial affective disorder, including MDD and BPD [40,41,166].

Significantly decreased volume was not found in patients without a family history of af-

fective disorder, nor in schizophrenics [40]. This region has been implicated in the control

of affective state. This finding is consistent with abnormalities found in MRS [167,168],

functional imaging [166], and postmortem studies [41] of the anterior cingulate region in

BPD.

Several other recent studies are of interest, although they will require replication.

Brambilla et al. report findings consistent with an exaggerated age-related gray matter

decline in bipolar patients [169], and Sassi et al. find smaller pituitary volumes in BPD

[170]. The authors suggest that this latter finding may reflect a dysfunctional HPA axis.

2. MRS

A recent meta-analysis of the 31P MRS literature [171] concluded that phosphomonoester

(PME) values are lower in euthymic bipolar patients than in healthy controls, and that

bipolar patients have significantly higher PME values when depressed compared to when

euthymic. The PME resonance by 31P MRS is often taken to be a measure of precursors

for membrane lipids, and this would support the idea of abnormalities of membrane phos-

pholipid metabolism in BPD, which may reflect a dysregulation in brain-signal transduc-

tion systems.

Studies using 1H MRS report various patterns of altered chemicals in the basal gan-

glia [172–175], thalamus [176], frontal lobes [177], dorsolateral prefrontal cortex

(DLPFC) [178], and anterior cingulate [167,168]. Increased thalamic NAA was interpreted

possibly to represent neuronal hypertrophy or hyperplasia, reduced glial cell density, or

abnormal synaptic and dendritic pruning. Increased thalamic creatine may represent al-

tered cellular energy metabolism [176]. Increased choline in the anterior cingulate was

interpreted as consistent with impaired intraneuronal signaling mechanisms [167].

Moreover, acute lithium treatment is associated with a significant reduction of myo-

inositol levels, and this action may underlie (or perhaps only trigger) its therapeutic effect

[168,179]. Decreased NAA in the DLPFC may represent decreased neuronal density or

neuronal dysfunction. Interestingly, lithium therapy recently has also been shown to in-

crease brain NAA levels [180]. As NAA is considered to be a marker of neuronal viability

or function, the authors suggest that some of lithium’s long-term beneficial effects may

be mediated by neurotrophic or neuroprotective processes. This hypothesis is supported

by the finding that chronic lithium significantly increases total gray matter volume [181].

Also of interest is the recent finding that in a drug-free group of children with BPD, all

subjects had elevated levels of glutamate/glutamine in both frontal lobes and basal ganglia

relative to a control group [182]. This is in line with increasing evidence for an association

between alterations of brain glutamatergic neurotransmission and the pathophysiology of

affective disorders. It may also be consistent with a recent 1H MRS study that reports

significantly higher CSF glutamine concentrations in depressed patients [183]. The authors

suggest that this may reflect an abnormality of the brain glial-neuronal glutamine/gluta-

mate cycle associated with NMDA receptor systems in patients with depression.

3. fMRI

In line with the structural data related to the cerebellum (above), and current theories that

support a role for the cerebellum in both cognitive and affective processes, Loeber et al.

used dynamic susceptibility contrast MRI (DSC MRI) to measure cerebellar rCBV in three



302 Talbot et al.

study groups: schizophrenic patients, bipolar patients, and psychiatrically healthy controls

[184]. In this technique, which uses MRI technology coupled with a contrast agent, blood

volume is taken as a measure of the amount of active tissue in a region [1]. Bipolar patients

were found to have mean values that were lower than controls and schizophrenic patients

had mean values that were higher than controls. This difference was most significant in the

tonsillar region and, importantly, this finding did not appear to be because of differences in

tissue volume.

In another study, adults with BPD showed a reduction in DLPFC activation and an

increase in amygdalar activation in response to viewing a fearful facial affect. No changes

were found in these regions in a group of healthy controls. In addition, bipolar patients

had an impaired ability to correctly identify fearful facial affect but not happy facial affect.

The authors concluded that, in some patients with BPD, there may be a reduction of frontal

cortical function that may be associated with affective, as well as attentional, processing

deficits [185].

4. Blood Flow and Glucose Metabolism Studies

Most rCBF and CMRglu studies including bipolar depressed patients have also included

subjects with unipolar depression. As mentioned in the section on MDD above, there is

strong evidence for altered rCBF and CMRglu in patients with MDD. At present, results

of studies comparing bipolar and unipolar patients show no clear consensus and are rela-

tively few in number. Moreover, confounding effects of methodological differences, ill-

ness heterogeneity, state-trait differences, and treatment effects remain to be fully eluci-

dated. During a depressive episode, unipolar depressed patients had relatively increased

rCBF in the left frontal lobes, but no differences were found between controls and bipolar

depressives [186]. Conversely, significant decreases in rCBF have been reported in pre-

frontal cortices, limbic system, and paralimbic areas in both depression groups [187].

Another study has reported increased metabolism in basal ganglia and thalamus during

bipolar depression [188].

In mania, there are reports of increased CMRglu in the left amygdala [189], in-

creased rCBF in superior anterior cingulate [190], increased rCBF in subgenual prefrontal

cortex [166], and decreased rCBF in the orbitofrontal cortex during rest along with im-

paired activation in rostral and orbital prefrontal cortex during word generation [191]. A

recent study has also reported posterior hypermetabolism in a group of rapid cycling,

treatment-resistant patients [192].

5. Radioligand Studies

In comparison with major depressive disorder, only limited radioligand PET studies have

been reported in patients with bipolar disorders. As discussed above, it may be significant

that the findings of reduced 5HT1A receptor binding in the medial temporal cortex and

raphe of depressed patients [92] were largely accounted for by the subjects with bipolar

disorder and those with unipolar depression who had relatives with bipolar disorder.

Because of the relationship between mania and psychosis, a number of PET studies

have investigated the DA system in bipolar disorders. D1 receptor binding in the frontal

cortex was reported to be decreased in a study of 10 symptomatically heterogeneous, drug-

free bipolar patients [193]. Increases in D2-like (i.e., D2, D3, and D4) receptor density in

the striatum were found in seven psychotic patients with bipolar disorder when compared

to 7 nonpsychotic patients with bipolar disorder and 24 control subjects. The authors

concluded that an increase in D2-like receptors is associated with the state of psychosis
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rather than with a diagnosis of bipolar disorder [194]. As part of the same studies, Gjedde

and Wong also reported findings consistent with an elevated concentration of synaptic

DA in bipolar patients with psychosis, but not in nonpsychotic bipolar patients [195]. On

the other hand, amphetamine-induced DA release was reported to be normal in euthymic

patients with bipolar disorders [196].

In conclusion, few investigations have been reported using PET molecular imaging

techniques in patients with bipolar disorders, and the findings reported so far might be

related to clinical states (depression, mania with psychosis) rather than to the bipolar

condition per se.

IV. ANXIETY DISORDERS

A. Imaging Studies of Anxiety in Healthy Human Subjects

A number of studies have investigated putative neurobiological differences between

healthy subjects with differing levels of trait anxiety. A significant negative correlation

was found betwen trait anxiety and cortical 5HT1A receptor binding [197]. The authors

report that this is consistent both with animal models that have shown higher anxiety in

mice lacking 5HT1A receptors and with clinical trials demonstrating anxiolytic properties of

partial 5HT1A agonists [198]. MRS studies have shown a high positive correlation between

anxiety and chemical concentrations, particularly NAA levels, in orbitofrontal cortex

[199,200].

Functional studies using H2
15O PET have also investigated rCBF changes associated

with induced anxiety in healthy volunteers. However, there is no current uniformity of

protocol and methods used to provoke anxiety have included intravenous cholecystokinin

[201,202], anticipation of electric shock [203,204] and memory induction [205,206].

While there is considerable variability in the findings, a number of paralimbic-cortical

regions are consistently identified, including medial prefrontal cortex, anterior cingulate

cortex, orbitofrontal cortex, anterior temporal cortex, parahippocampal gyrus, and the

claustrum-insular-amygdala region. On the basis of these regions it has been suggested that

sadness and anxiety are represented by segregated, but partially overlapping, corticolimbic

pathways [206,207]. A major role has been proposed for selective dorsal cortical deactiva-

tions during sadness, and ventral cortical deactivations in anxiety [206].

This partial overlap of the pathways may have relevance to the clinical observation

of high comorbidity of sadness and anxiety symptoms in depressive disorder and some

anxiety disorders. Neuroimaging studies of patients with anxiety disorders will therefore

be important to determine the relevance of the normal volunteer studies to the pathophysi-

ology of clinical conditions. Initial studies suggest that thalamic and medial prefrontal

regions may participate in aspects of normal emotion unrelated to its type, and that dif-

fering clinical anxiety disorders may share underlying neural mechanisms involving ante-

rior cingulate, inferior and orbital prefrontal cortex, insular cortex, and midbrain [208,209].

B. Generalized Anxiety Disorder

In comparison with other anxiety disorders, relatively few imaging studies have been

reported in generalized anxiety disorder (GAD). A preliminary MRI study in child and

adolescent subjects with GAD found that right and total amygdala volumes were signifi-

cantly larger. Other measures did not differ, including intracranial, cerebral gray and white
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matter, temporal lobe, hippocampal, and basal ganglia volumes and measures of the mid-

sagittal area of the corpus callosum [210].

One PET study reported lower absolute metabolic rates in basal ganglia and white

matter in patients with GAD [211]. Relative metabolism was increased in the occipital

lobe, right posterior temporal lobe, and the right precentral gyrus. Benzodiazepine (BZD)

therapy resulted in decreased absolute metabolic rates for cortical surface, limbic system,

and basal ganglia but was not associated with normalization of patterns of glucose metabo-

lism.

Because of the anxiolytic and anxiogenic effects of agonists and inverse agonists

at the central BZD receptor on the GABAA complex, abnormalities of BZD receptor func-

tion have been hypothesized in anxiety disorders. An initial SPECT study of GAD in

drug-free female patients using [123I]NNC13-8241 reported reduced binding in the left

temporal lobe, and decreased heterogeneity of distribution [212]. However, this was not

confirmed in a PET study using [11C]-flumazenil, which found no differences in drug-free

patients [213].

C. Panic Disorder

By comparison, patients with panic disorder have been more extensively studied. Struc-

tural MRI studies have found an increased incidence of focal atrophy or abnormal signal

intensity in temporal lobes [214,215], particularly in the septo-hippocampal region [216].

A recent volumetric study found smaller temporal lobes bilaterally despite normal-sized

hippocampi [217].

Early PET studies showed abnormal hemispheric asymmetries of parahippocampal

rCBF, blood volume, oxygen metabolism, and abnormally high whole-brain metabolism in

lactate-sensitive patients with panic disorder, but not in those who were lactate-insensitive

[218,219]. Since then, a fairly consistent pattern has been reported in unmedicated patients

of asymmetrically reduced rCBF or rCMRglu in hippocampal, parahippocampal and infe-

rior frontal regions [220–223] that do not normalize with imipramine treatment [221].

Abnormalities in these regions in panic disorder are broadly supported by the results

of receptor imaging studies of the BZD receptor. Three studies using [123I]iomazenil

SPECT have reported that binding is decreased in the lateral temporal region [224], de-

creased in the right prefrontal cortex [225], and increased in the right orbitofrontal cortex

in BZD-naı̈ve patients [226]. However, there were differences in methodology and control

groups in these studies. A fourth [123I]iomazenil SPECT, using a quantitative measurement

of regional binding potential (BP), reported decreased binding in the left hippocampus

and precuneus in panic disorder patients relative to controls. Interestingly, patients who

had a panic attack at the time of the scan had a relative decrease in binding in the prefrontal

cortex, suggesting that BZD receptor function in the prefrontal cortex may be involved

in changes in state-related panic [227]. In support of these SPECT studies, a fully quantita-

tive PET study using [11C]flumazenil in medication-free patients found a global reduction

in benzodiazepine receptor binding throughout the brain in patients with panic disorder

compared with controls. The largest regional decreases were in the right orbitofrontal

cortex and right insula [228].

These findings have been complimented by the results of 1H MRS studies that show

reduced total occipital cortex GABA concentration [229], as well as an exaggerated rise

in brain lactate levels in response to lactate infusion [230–232] and hyperventilation [233]

in patients compared to controls.
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D. Phobias

1. Specific Phobias

Functional imaging studies in phobic anxiety have investigated alterations in rCBF or

rCMRglu associated with the anxiety of being exposed to phobia-relevant material in

subjects with specific phobias. However, there is great variability in the results of studies

using PET, and no clear consensus can be derived. Several report increased rCBF in the

secondary visual cortex and reduced rCBF in the hippocampus, orbitofrontal cortex, pre-

frontal cortex, posterior cingulate cortex, and temporal lobe [234,235]. Others report in-

creases in rCBF in the anterior cingulate cortex, the insular cortex, the anterior temporal

cortex, the somatosensory cortex, the posterior medial orbitofrontal cortex, and the thala-

mus [236]. Still others implicate the thalamus [237,238] or distinct neuronal pathways

that also involve the amygdala and striatum [238]. However, the involvement of these

areas does not appear to be exclusive to phobic anxiety and they may be involved in

uncontrolled emotions in other conditions like post-traumatic stress disorder, panic disor-

der, and schizophrenia [238]. One study found reduced rCBF only in the primary visual

cortex [239] and another study found no clear association between phobic anxiety and

rCBF using SPECT [240].

2. Social Phobia (Social Anxiety Disorder)

Neurobiological mechanisms underlying social phobia, including neuroimaging findings,

have recently been critically reviewed [241,242]. A consensus is that the field of social

phobia research has until recently had a number of weaknesses, including lack of guiding

theories, static comparisons between subject groups, analysis oblivious to individual varia-

tions [241], and neglect of neurodevelopmental processes and the functional interactions

between neurotransmitters [242]. Both reviews provide theoretical frameworks and recom-

mendations to guide future research in the field, including neuroimaging studies. There

are few replicated neuroimaging studies to date in social phobia, but the data so far impli-

cate basal ganglia structures, the amygdala, and a number of cortical regions.

A volumetric MRI study has found no statistically signifiant differences in total

cerebral, caudate, putamen, and thalamic volumes between social phobia patients and nor-

mal control subjects. However, it did reveal an age-related reduction in putamen volumes

in the social phobics that was greater than seen in controls [243].

The results of MRS studies have so far been inconsistent. A preliminary study re-

ported decreased levels of Cho, Cr, and NAA in a number of cortical and subcortical

regions including thalamus and caudate [244]. These changes were attributed to an alter-

ation in the activty of the 5HT and/or DA systems in these brain areas. However, the use

of signal-to-noise ratios and relatively poor resolution are limitations in this study. A

repeat MRS study reported significantly lower NAA and higher Cho and Ino in cortical

gray matter. Higher Ino levels were also observed in subcortical gray matter. These differ-

ences were not observed following clonazepam treatment [245]. These findings were inter-

preted as showing an alteration in phospholipase C activity. Phospholipase C is a second-

messenger pathway associated with a number of different neurotransmitters, including

noradrenaline, dopamine, and serotonin. While these data might point to altered neuro-

transmitter function in social phobia, there are other possible explanations [241].

A preliminary blood flow SPECT study found normal rCBF in subjects with social

phobia who were not experiencing social anxiety at the time of tracer injection [246]. In

another SPECT study, treatment with the SSRI citalopram led to significantly reduced
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activity in the left temporal and frontal cortices and the left cingulate cortex [247]. How-

ever, changes in these regions are not exclusive to socially induced anxiety.

Two H2
15O PET studies of symptom provocation have been reported. In one, the

changes specific to social phobia included increased rCBF in the right DLPFC and left

parietal cortex [248]. In the other, rCBF was found to decrease in the social phobics and

increase in the comparison subjects in the orbitofrontal and insular cortices and in the

temporal lobe during public speaking [249]. The study concluded that the functional neuro-

anatomy of social phobia involves the activation of a phylogenetically older danger recog-

nition system. Moreover, increased anxiety was accompanied by enhanced rCBF in the

amygdaloid complex in social phobics relative to control subjects [249]. Functional abnor-

malities in the amygdala and hippocampus have also been found in two fMRI studies. In

the first, the amygdala was selectively activated in social phobics during presentation of

potentially fear-relevant stimuli, which in this case were neutral face stimuli [250]. Second,

in a study of conditioned aversive stimuli, signal decreases were found in the amygdala

and hippocampus in normal subjects, but an opposite increased activation was found in

both regions in social phobics [251].

Radioligand studies give some support to the hypothesis that dopaminergic neuro-

transmission may be altered in social phobia, although they are not currently conclusive.

Tiihonen et al., using SPECT and [123I]β-CIT to label DAT in the striatum, reported that

densities were markedly lower in patients with social phobia than in age- and gender-

matched controls [252]. The authors suggested that the lowered DAT density might reflect

an overall smaller number of dopaminergic synapses and neurons in the striatum. Another

study using [123I]IBZM reported a significant decrease in D2 receptor BP in patients with

social phobia compared to controls [253]. However, the interpretation of this report is

difficult to reconcile with the report by Tiihonen et al. of decreased DAT binding, as

decreased [123I]IBZM binding potentials could also reflect increased levels of synaptic DA

in the vicinity of D2 receptors, altered affinity of D2 receptors for DA, or some combination

of these factors.

Of possible relevance to social phobia is the association between dopaminergic ab-

normalities and the personality trait of personal detachment. Studies using [11C]raclopride

report that personal detachment is related to low D2 receptor density in the striatum [254].

However, the relationship is not evident on all measures of detachment [254,255]. Detach-

ment was also found to be associated with low DAT binding in the putamen [256]. In

view of the association between social phobia and low DAT and D2 receptors [252,253], it

has been argued that these neurobiological findings might underlie a commonality between

detachment and social phobia [257].

Imaging findings in other neurotransmitter systems are relatively less advanced at

present. In the 5HT system, a recent study using [11C]McN 5652 failed to find marked

alterations in SERT in patients with social phobia, despite an excellent response to SSRI

treatment [258].

E. Obsessive-Compulsive Disorder

Imaging studies have been important in the development of current hypotheses regarding

the pathophysiology of obsessive-compulsive disorder (OCD). These studies have recently

been comprehensively reviewed and integrated with the basic science literature on the

functional neuroanatomy of cortico-basal ganglia-thalamo-cortical circuits to present a

theoretical model of brain mediation of OCD symptoms and response to treatment
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[259,260]. This model suggests that OCD symptoms are mediated by hyperactivity in

orbitofrontal-subcortical circuits, which may be due to an imbalance of tone between direct

and indirect striato-pallidal pathways. Serotonergic drugs may improve OCD symptoms

by changing the relative balance of tone through the indirect versus direct orbitofrontal-

subcortical pathways, thereby decreasing activity in the overall circuit that exists in the

symptomatic state.

Functional imaging studies show a highly consistent pattern in these circuits, particu-

larly those involving the orbitofrontal and anterior cingulate cortices. Hyperactivity is

found during neutral states [261–265], becomes accentuated during symptom provocation

[266–269] or cognitive challenge [270], and attenuates with successful treatment

[261,271–274]. Moreover, lower pretreatment metabolism in the orbitofrontal cortex has

been found to predict greater improvement on SSRI medication [275]. However, different

treatment modalities may have different predictive levels of pretreatment metabolism

[276]. Functional abnormalities have also been replicated in lateral frontal cortex

[266,268,277], medial temporal lobe structures including amygdala [268,278] and hippo-

campus [267,279], and in lateral temporal cortex [266].

OCD has been widely studied by volumetric MRI in an attempt to find structural

correlations with the above functional abnormalities. Studies have shown significantly less

total white matter and greater total neocortical volume [280–282] or increased gray matter

density [283]. Reduced orbitofrontal and amygdala volumes have been found in some

studies [284] but not in others [280]. A recent study in drug-naive children with OCD

found increased thalamic volume, which declined significantly after paroxetine treatment

to levels comparable with those of controls. Moreover, the decrease in thalamic volume

was associated with reduction in OCD symptom severity [285]. The corpus striatum has

been the most extensively studied region but, despite the large number of studies, the

findings remain inconsistent. Some studies have found reduced caudate size [281,286,287],

another found increased caudate size [288], and most found no difference [281,289–292].

This variability may possibly be explained by clinical heterogeneity (e.g., pediatric or

adult subjects, the presence or absence of tics in the populations studied, age at onset,

illness duration, gender, treatment status, and issues related to data analysis).

In contrast to the structural data, the results of MRS studies of NAA currently appear

to be more consistent. As mentioned earlier in this chapter, NAA is considered to be a

putative marker of neuronal viability and decreased levels suggest decreased neuronal

density or viability. In studies of drug-free and drug-naive patients with OCD, decreased

levels of NAA have been reported in corpus striatum [290,293], anterior cingulate [293],

and thalamus [294], even in the absence of measurable volumetric reduction [290]. Inter-

estingly, one study failed to find a difference in NAA in the caudate-putamen in a group

of 12 patients, 10 of whom were taking clomipramine or haloperidol treatment [295]. The

suggestion has therefore been made that MRS may provide a more sensitive measure of

neuronal loss than volumetric MRI [290]. Moreover, MRS studies have demonstrated

increased glutamate concentration in the caudate of treatment-naive children with OCD

[296,297]. This declined significantly after paroxetine treatment to levels comparable with

those of controls, and the decrease was associated with a decrease in OCD symptom

severity [296]. Excessive glutamate levels are known to be neurotoxic, and the authors

suggest that paroxetine treatment may be mediated by a serotonergically modulated reduc-

tion in caudate glutamate concentration.

Abnormalities of serotonergic neurotransmission have long been hypothesized in

the pathophysiology of OCD on the basis of the therapeutic efficacy of medications that
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selectively increase synaptic 5HT levels (including SSRIs and clomipramine) in nonde-

pressed OCD patients, and the high level of comorbid depression in OCD. No neurorecep-

tor PET studies have so far been reported in OCD, but studies of the regional binding of

5HT1A and 5HT2A receptors and the SERT will be of great interest.

F. Post-Traumatic Stress Disorder

Imaging studies in post-traumatic stress disorder (PTSD) have recently been comprehen-

sively reviewed by a number of authors [50,298–300]. Such studies are leading to rapid

advances in our understanding of the pathogenesis and pathophysiology of this disorder.

Reduced hippocampal volume has been consistently demonstrated in adults with

chronic PTSD, although the time course of this volume reduction and its relation to trauma

remain to be elucidated. Radionuclide and fMRI studies have implicated functional abnor-

malities in a number of regions, including the anterior cingulate and amygdala. As a result

of such studies, it has been hypothesized that symptoms of PTSD are mediated by a dys-

function of the anterior cingulate, along with a failure to inhibit amygdala activation and/

or an intrinsic lower threshold of amygdala response to fearful stimuli. The model further

proposes that hippocampal atrophy found in volumetric MRI studies may be a result of

chronic hyperarousal symptoms mediated by amygdala activation [299]. There is a large

body of literature on the damaging effects of chronically or repeatedly raised levels of

glucocorticoids on the hippocampus. However, the role of glucocorticoids in PTSD—

which often follows a single overwhelmingly stressful event—remains controversial [50].

Indeed there are no imaging data published at present to support the idea that hippocampal

atrophy occurs in PTSD arising from a single trauma. These findings, and their relevance

to the pathophysiology of PTSD, are discussed below.

Using MRI, children and adolescents with PTSD have been reported to have smaller

intracranial and cerebral volumes [301,302], attenuation of frontal lobe asymmetry [302],

and larger lateral ventricles [301] than matched controls. Brain volume was positively

correlated with age of onset of trauma and negatively correlated with duration of abuse

[301]. In this population, hippocampal volume appears to be normal [301,302]. However,

well-controlled studies have consistently reported smaller hippocampal volumes in adult

subjects with chronic PTSD following Vietnam combat experiences as adults [303,304]

or following sexual or physical abuse in childhood [305,306]. It has been suggested [307]

that left atrophy predominates in PTSD arising from childhood [305,306] and that right

hippocampal atrophy predominates in PTSD arising from adulthood [303]. However, such

a lateralized effect in adulthood is not consistent [304].

These findings have given rise to a number of important questions, particularly as

to whether atrophy occurs prior to trauma, as a result of trauma, or as a result of the PTSD

following trauma. The idea that small hippocampi may be present prior to PTSD has been

significantly weakened by the results of two more recent longitudinal MRI studies, which

show that hippocampal atrophy is not demonstrable in the first 6 months after trauma in

adult subjects with PTSD following a single traumatic event [308] or in peripubertal chil-

dren with maltreatment-related PTSD followed up for at least 2 years [309]. This leaves

the question of whether atrophy is related to the trauma itself, or to the subsequent PTSD.

However, the answer to this remains unclear. On the one hand, the recent longitudinal

MRI findings would tend to argue against the idea that hippocampal atrophy arises from

the trauma itself, leaving the suggestion that atrophy may arise as a consequence of the

PTSD. On the other hand, however, the data of these studies will only become pertinent
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if those with PTSD ultimately do demonstrate atrophy. Moreover, it has been pointed out

[50] that in two of the studies cited above [304,305], atrophy may be related more to

trauma itself than to a diagnosis of PTSD. Furthermore, in adults with PTSD related to

abuse in childhood, hippocampal atrophy does not appear to correlate with time since

trauma [306,310]. Distinguishing among those possibilities will require more data indicat-

ing when atrophy is first demonstrable (with respect to the trauma), whether it worsens

with time after trauma, and the extent to which atrophy is a correlate of trauma itself, as

opposed to PTSD [50].

Neurochemical studies using MRS have shown that hippocampal volume reduction

is associated with reduced levels of NAA in PTSD [311]. However, a more recent study

suggests that reduced NAA can be independent of hippocampal volume [312]. In this

study, 18 male subjects with combat-related PTSD showed bilateral reductions of 23%

in NAA in the hippocampus. Importantly, comorbid alcohol-related disorders were ex-

cluded if they occurred within the previous 5 years, as these have been associated with

decrements in hippocampal volume on MRI. However, 10 of the 18 subjects had a lifetime

history of major depression, and this may be of relevance as depression is itself known

to be associated with hippocampal volume and chemistry, as discussed in the MDD section

of this chapter. Unfortunately, no post hoc analyses of these subjects were reported. The

authors interpret the finding of decreased NAA in the absence of volume loss to reflect

their neuronal loss in the presence of gliosis and/or neuronal metabolic impairments. There

were no alterations reported in the Cho resonance in this study. An earlier 1H MRS study

in PTSD examining hippocampal regions specifically reported that patients with PTSD

had lower NAA in the right medial temporal lobe and lower Cho in the left medial temporal

lobe compared to controls [313]. Because NAA is regarded as an indicator of neuronal

density, this finding was interpreted (in line with structural MRI findings) to suggest that

neuronal density of right-sided medial temporal structures in patients with combat-related

PTSD may be decreased. Abnormalities in the region of the anterior cingulate have been

consistently found in PTSD using radionuclide imaging (see below). This region was

investigated by 1H MRS [314] in 11 children and adolescents with PTSD secondary to

maltreatment. NAA was significantly reduced suggesting (in line with the radionuclide

studies) that anterior cingulate neuronal metabolism may be altered in childhood PTSD.

Functional imaging studies have implicated a number of regions in the symptomatol-

ogy of PTSD. In a controlled study using fMRI, Rauch et al. studied combat veterans

with PTSD and demonstrated exaggerated amygdala responses to masked-fearful versus

masked-happy faces in these patients. The authors conclude that this represents evidence

for exaggerated amygdala responses to general negative stimuli in PTSD [315]. A number

of controlled SPECT and PET studies have investigated the alterations in rCBF or

rCMRglu associated with experimentally provoked intrusive imagery and enhanced anxi-

ety. The main groups studied have been Vietnam combat veterans [316–319], adults with

a history of childhood sexual abuse [320,321], and victims of torture [322]. A particularly

consistent finding in the PET studies is a relative failure to activate the anterior cingulate

[317,320,321] during provoked PTSD symptoms. This is supported by the results of a

recent fMRI study showing diminished response in rostral anterior cingulate cortex in the

presence of emotionally relevant stimuli in Vietnam combat veterans with PTSD [323].

Other areas associated with symptom exposure include medial prefrontal cortex,

posterior cingulate, visual association cortex and hippocampus, as well as middle and

superior temporal, middle frontal, right orbitofrontal, occipital, parahippocampal, anterior

temporal, and inferior frontal cortices. These have shown either increases or decreases in
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perfusion depending on the study conditions and sample population. The severity of pro-

voked imagery in chronic PTSD was recently found to be correlated with rCBF in a widely

distributed group of regions including brainstem and areas associated with motor control,

complex visual/spatial cues, and memory [324].

Any alterations of regional receptor populations in PTSD are currently unknown.

However, PET quantification of 5HT and benzodiazepine receptor binding potential in

anterior cingulate and medial temporal areas will be of particular interest.

V. CONCLUSION

Neuroimaging research has provided a number of insights into underlying pathophysiolog-

ical processes in affective and anxiety disorders. However, only in late-onset MDD can

it so far be said to have provided convincing evidence of etiological factors. It would

appear that cerebrovascular disease may play a role in the pathogenesis of late-onset MDD

in patients with MRI evidence of hyperintensities, and the new mood disorder subtype of

vascular depression has been proposed. In depression of earlier onset, amygdalar activity

appears to be pathologically increased, and abnormalities have been replicated in cortico-

striatal-pallidal-thalamic circuits particularly implicating the orbital and medial prefrontal

cortex. There also seems to be an association between depression and hippocampal size

dependent on the cumulative duration and severity of MDD. In the 5HT system, reduced

densities of 5HT1A receptors and SERT have been replicated.

In other disorders, the integration of structural, neurochemical, and functional im-

aging findings is not so far advanced. However, this should not obscure the number of

well-replicated and highly consistent patterns found in these disorders that are providing

clues to underlying pathophysiological processes. In BPD, the most consistent findings

are of a higher than expected incidence of white matter hyperintensities and abnormalities

of membrane phospholipid metabolism. Dopaminergic neurotransmission is also dysregu-

lated during psychosis, but this finding does not appear to be specific to BPD. In panic

disorder, a fairly consistent pattern has been reported of reduced activity in hippocampal,

parahippocampal and inferior frontal regions, along with reductions of BZD receptor bind-

ing. In OCD, there is a highly consistent pattern of increased activity in cortico-striatal-

thalamic-cortical circuits involving the orbitofrontal and anterior cingulate cortices, which

attenuates with successful treatment. Moreover, replicated MRS findings suggest reduced

neuronal density in the striatum in OCD. Finally, in PTSD, reduced hippocampal volume

has been consistently demonstrated in adults with chronic PTSD, along with relative fail-

ure to activate the anterior cingulate gyrus and relatively increased amygdalar activity.

Beyond these relatively well-replicated findings, it is interesting to note that a num-

ber of forebrain regions (orbitoprefrontal cortex, anterior cingulate, amygdala, hippocam-

pus, and striatum) have been frequently implicated by imaging studies in the pathophys-

iology of anxiety and mood disorders. This anatomical overlap mirrors the frequent

comorbidity of anxiety and mood disorders, but also illustrates the limitations of brain-

imaging techniques. While these techniques might point toward regional alterations in

shape, volume, metabolism, or concentration of specific biomolecules, the precise neuronal

basis of these abnormalities remains to be described. So far, brain imaging has not contrib-

uted significantly to the elucidation of the etiology of these afflictions nor to the develop-

ment of new medications.

To move beyond phenomenological descriptions is the challenge facing the study

of these disorders by brain imaging. In the next decade, development of more specific
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and dynamic biomolecular imaging probes, realistic and testable models for imaging re-

gional and neuronal connectivity, and close collaboration with other fields of neuropsychi-

atric research (molecular biology, genetics and epidemiology, animal models, post-mortem

studies, neurocognitive sciences) will be important factors contributing to the growth of

brain-imaging techniques.
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I. INTRODUCTION

The current diagnostic nomenclature in psychiatry is based on phenomenology. Signs and

symptoms, with defined time periods, are the predominant criteria for diagnoses, with the

additional requirement of a threshold of distress/dysfunction. Anxiety and mood disorders

are carved into several categories with precise criteria. This allows for diagnostic reliabil-

ity. However, reliability does not necessarily equate with validity. Core components of

an illness may not get the appropriate emphasis if they cannot be reliably measured. In

addition, diagnostic labels are categorical, to the uninitiated, implying clear boundaries

without overlap and coincidental comorbidity. Brain function and pathology do not fall

into such simple categories. The reality is that clinical diagnoses have overlapping presen-

tations and are heterogeneous with multiple etiopathological pathways. This heterogeneity

may also be the basis of significant variance in treatment response as well as overlap in

results from studies in neurobiology. Failure to recognize such limitations are potential

impediments to the development of novel pharmacological as well as psychotherapeutic

treatments. Starting from an understanding of brain functions may allow a new view of the

neurobiology underlying anxiety and depressive disorders and, in a “reverse engineering”

approach may guide us in improving the classification of anxiety and depressive disorders.

II. THE DIAGNOSTIC CONUNDRUM

There are several dimensions of symptoms subsumed under anxiety and depressive disor-

ders. The disorders are largely a collection of symptoms that clinical medicine would
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consider as syndromes. In major depressive disorder (MDD), these dimensions are emo-

tional (sadness, anhedonia, anxiety), cognitive (impaired concentration and memory, spe-

cific cognitions such as guilt, worthlessness, and suicidal thoughts), endocrine manifesta-

tions (change in sleep and appetite, diurnal variation), somatic expressions (preoccupation

with physical symptoms and health), as well as behavioral manifestations (motor retarda-

tion, inertia). Similarly, generalized anxiety disorder (GAD) has domains that are emo-

tional (anxiety), cognitive (uncontrollable worry, poor concentration), somatic (muscle

tension, autonomic symptoms, somatic preoccupation), and behavioral (irritability, rest-

lessness).

Symptomatic overlap is present to a prominent degree among diagnostic categories

in the anxiety and depressive syndromes. Thus anxiety as symptoms are the norm rather

than the exception in mood disorders like MDD. Thus, the majority of patients with MDD

experience anxiety at an emotional, cognitive, and somatic level, including paroxysmal

anxiety as in panic attacks [1]. Similarly, anxiety disorders have dysphoria as a common

symptom. It is hard for individuals preoccupied with intense anxiety to focus much on

the experience of pleasure.

Part of the confusion might be that several overlapping terms are used to denote

the key states of anxiety and dysphoria. Thus words like nervousness, fear, worry, appre-

hension, tension, irritability, agitation, and restlessness all capture some component of

the rubric of anxiety. Similarly, dysphoria also includes sadness, anguish, dissatisfaction,

rumination, and somatic preoccupation. As is evident, many of these terms can be used

interchangeably in anxiety and depressive disorders. The difficulty is partly the result of

the subjective component of these experiences, which do not have a linear relationship

with the underlying biological processes that mediate their entry into conscious awareness.

An example of the diagnostic confusion is the criteria for GAD and dysthymia. Both

require long-term symptoms (6 months for GAD and 2 years for dysthymia). GAD requires

anxiety and cognitive worry as its core symptoms, associated with restlessness, fatigue,

poor concentration, irritability, muscle tension, and sleep disturbance. These associated

symptoms are also part of the criteria for dysthymia, which requires sadness and anhedonia

as its core symptoms. However, many patients are unable to report whether anxiety or

sadness at an emotional level are their core experiences and clinicians may have difficulty

distinguishing the worry of GAD from depressive ruminations; this raises questions about

the reliability of such distinctions. Such conceptual confusion has implications. Thus, re-

cent genetic studies suggest that the genetic vulnerability for GAD and MDD is the same

[2]. That may be so, or the unity of genetic factors may be the result of an inability to

clinically separate the two conditions with validity.

Comorbidity of disorders may occur historically or concurrently. Anxiety disorders

have high comorbidity with depressive disorders [3]. In a study of 109 patients with a

primary diagnosis of GAD, 42% met current or past criteria for MDD [4]. In the Epidemio-

logical Catchment Area study, 16.6% of subjects with social anxiety disorder had a history

of MDD and 12.5% had dysthymia. Rasmussen and Eisen [5] reported that among 100

subjects with primary obsessive-compulsive disorder (OCD), 67% met lifetime and 31%

met current criteria for MDD.

Among patients with MDD, there is a similar high representation of comorbidity

with anxiety disorders. Schatzberg et al. [6] reported that 58% of their patients with a

current diagnosis of MDD had a history of an anxiety disorder and 49% met current

criteria for anxiety disorder. Similarly, the National Co-Morbidity Survey reported 58%

of individuals with a lifetime episode of major depression also met criteria for an anxiety
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disorder [7]. The anxiety disorder developed first in 68% of individuals, with major depres-

sion developing, on average, 11 years later. This period was shorter for GAD and panic

disorder (average 1.5 years) and over a decade each for post-traumatic stress disorder

(PTSD), simple, social, and agoraphobia [7]. This is consistent with data from the Epide-

miological Catchment Area study, which found 47.2% of patients with lifetime MDD also

had an anxiety disorder [8]. The anxiety disorder came first in 55% of individuals, and

MDD in 18%. The average number of years between the phobic disorders and the onset

of MDD was around a decade, but around a year for panic disorder and OCD. Thus,

anxiety and depressive disorders are highly comorbid syndromes.

The distinction between those patients who have full syndromal comorbid anxiety

disorder and MDD from those with only a single disorder has not been adequately ad-

dressed in the literature. A large proportion of studies performed by the pharmaceutical

industry for regulatory purposes did not use structured interviews to examine comorbidity

even though they were diagnostic categories in the exclusion criteria. Thus many of the

pivotal and other studies performed without a stringent diagnostic emphasis are of little

value in examining these issues.

III. NEUROCHEMISTRY OF ANXIETY AND DEPRESSION

A brief review of the studies that examined neurochemical aspects of individual anxiety

and depressive disorders is provided below.

A. Generalized Anxiety Disorder

The diagnostic criteria for GAD have evolved with iterations of the DSM over the past

two decades. Thus, the current knowledge of the neurobiology of GAD rests largely on

studies that have used previous definitions. In addition, the overall number of studies is

limited.

The study of noradrenergic receptor function has been implicated in GAD although

not universally [9]. The blunting of the growth hormone response to clonidine challenge

and yohimbine has been noted to evoke an attenuated MHPG response in GAD patients

as compared to controls [10]. Peripheral platelet α2 binding sites have also been reported

to be reduced [11,12].

The function of the serotonin system has also been studied to a limited extent in

GAD. In one study, the 5HT agonist meta-chlorophenylpiperazine (mCPP) has been

shown to produce increased anxiety and hostility in GAD [13]. Reduced cerebrospinal

fluid levels of 5HT [14] and reduced platelet paroxetine binding [15] have also been ob-

served in GAD. Limited studies have also been done on the GABA/benzodiazepine recep-

tor system. A lower number of peripheral benzodiazepine binding sites have been noted on

platelets [16] and lymphocytes[17]. In two studies, treatment with benzodiazepine drugs

produced an increase in the number of peripheral binding sites [16,18]. Reduced sensitivity

of central benzodiazepine receptors has also been found in one study [19].

Lactate and CO2 challenge studies have also been performed in GAD. Both lactate

and CO2 challenge produced higher rates of anxiety in GAD patients as compared to

nonanxious controls, but rates of panic attacks were lower than those found in panic pa-

tients [20–23]. The function of the hypothalamic-pituitary-adrenal (HPA) axis was also

assessed utilizing the dexamethasone suppression test in two studies. Both studies reported
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elevated rates of dexamethasone nonsuppression [24,25]. A third study, however, did not

reveal any evidence for increased baseline urinary cortisol in GAD [26].

B. Panic Disorder

There is evidence suggesting noradrenergic, serotonergic, respiratory, and peptidergic ab-

normalities in panic disorder. Panic patients have an increased sensitivity to β-adrenergic

stimulation. Isoproterenol, a β-adrenergic receptor agonist, induces panic attacks in pa-

tients with panic disorder compared to nonanxious controls [27,28]. Central α2-adrenergic

receptor function is altered in panic disorder as growth hormone release by clonidine, an

α2-adrenergic receptor antagonist, is blunted in panic patients in the majority of studies

[29–34]. Clonidine also disproportionately reduces serum levels of the noradrenergic me-

tabolite 3-methoxy-4-hydroxyphenylglycol (MHPG) in patients with panic disorder [29–

31]. In addition, the α2-adrenergic receptor antagonist yohimbine has produced signifi-

cantly greater rises in plasma MHPG, elevations in systolic blood pressure, and elevated

ratings of anxiety symptoms in patients with panic disorder as compared to controls [35–

37].

Evidence suggests the involvement of the serotonin system in panic disorder. The

serotonin reuptake inhibitors are effective in the treatment of panic disorder. Meta-chloro-

phenylpiperazine, a 5HT2C agonist, produced significantly greater rates of panic and anxi-

ety symptoms in patients with panic disorder compared to controls [38], although this was

not replicated [39]. Different doses and routes of administration used in these two studies

may explain the discrepancy. Studies using other direct serotonin agonists including

ipsapirone, fenfluramine, and clomipramine have generally found evidence of abnormal

serotonin receptor responses [40–43] although not universally [44]. Serotonergic stimula-

tion may induce a state of high anticipatory anxiety that predisposes to a panic attack

rather than directly triggering one [45,46]. Differences in the outcome of studies may also

result from the impact of other variables like sex, seasonal factors, and age, all of which

impact upon serotonergic function [47,48].

The prominence of respiratory symptoms like dyspnea in panic attacks has led to

examination of the chemoreceptor function in panic disorder. Two techniques have been

used—lactate infusion and carbon dioxide inhalation. Lactate infusion has triggered panic

symptoms in a significantly greater number of patients with panic disorder than controls

in several studies [21,49,50]. The lactate-infusion-induced panic attacks are similar to

those experienced during naturally occurring panic [51] and are blocked by pharmacologi-

cal agents effective in the treatment of panic disorder [19,52–55]. Inhalation of various

concentrations (5–35%) of a carbon dioxide mixture have also induced panic attacks in

a large proportion of patients with panic disorder compared to controls [22,56–63]. Carbon

dioxide–induced panic is also subjectively similar to naturally occurring panic attacks

[64] and is blocked by pharmacological agents effective in the treatment of panic disorder

[65,66]. The precise mechanism by which these challenges induce panic attacks remains

to be elucidated.

Neuropeptides also appear to play a role in the biology of anxiety, particularly panic

attacks. The neuropeptides cholecystokinin (CCK) and neuropeptide Y have been demon-

strated to modulate anxiety in animal models of anxiety [67,68]. CCK-related peptides

have consistently elicited panic-like symptoms under a challenge paradigm in panic disor-

der patients and have done so in a dose-dependent fashion [69,70].
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C. Obsessive-Compulsive Disorder

The efficacy of serotonergic drugs in OCD and the failure of noradrenergic medications

have resulted in a focus on serotonin in neurochemical studies. The direct serotonin recep-

tor agonist mCPP has been used in challenge studies to assess the function of serotonin

systems in OCD. The results of these studies have been mixed, as some studies have

shown mCPP to increase anxiety and obsessions in OCD patients as compared to normal

controls [71,72], whereas other studies have failed to replicate these findings [73]. The

discrepancy may be related to the differing doses and routes of administration used in the

various studies.

Noradrenergic function has also been studied. Clonidine challenge has been shown

to result in blunted GH release in some studies of OCD patients [74,75] but not in others

[76].

D. Social Anxiety Disorder (Social Phobia)

Social anxiety disorder (SAD) is relatively poorly understood from a neurochemical per-

spective. This limited understanding may be further complicated by the fact that the gener-

alized and discrete subtypes of this disorder may be significantly distinct and may require

separate study [77].

Studies of SAD involve challenge studies designed to study the functioning of spe-

cific neurotransmitter systems. In studies of noradrenergic function, an abnormal blunting

of growth hormone response to intravenous clonidine challenge was found in one study

of SAD patients as compared to controls. The degree of blunting was found to be less

than that seen in panic patients in the same study [78]. A follow-up study using oral

clonidine challenge, however, failed to demonstrate any abnormality in growth hormone

response [78]. A role for serotonin in the pathophysiology of SAD has been supported

by the clinical effectiveness of SRI medications in the treatment of SAD. In studies investi-

gating serotonergic function, SAD patients have shown increased anxiety relative to con-

trols upon exposure to mCPP [79] and fenfluramine, with augmented cortisol responses

also noted upon exposure to fenfluramine [78,80,81]. Dopamine receptor functioning has

also recently been studied using SPECT functional neuroimaging scans. One study re-

vealed a 20% reduction in striatal dopamine transporter sites. A study by Tiihonen et al.

[82] as well as a second study revealed a similar magnitude of reduction in dopamine-2

receptor binding [4].

Challenge studies assessing chemoreceptor function have also been used to study

the neurobiology of SAD. Three studies using 35% CO2 have shown increased rates of

CO2-induced panic in SAD patients as compared to controls. Two studies showed panic

induction rates lower than those seen in panic disorder patients [59,83], but the third

study revealed similar rates to panic patients [84]. A single lactate challenge test has been

performed and revealed similar responses in SAD patients and controls [85].

E. Post-Traumatic Stress Disorder

There have been significant recent advances in the study of the neurochemistry post-

traumatic stress disorder in adults. Alterations in catecholamine function have been noted

in adult PTSD patients. Peripheral catecholamine levels are increased in PTSD patients

under basal [86] and stimulated conditions [87]. Administration of yohimbine produces
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both an increase in PTSD symptoms and serum levels of MHPG in trauma survivors with

PTSD [88].

The function of the HPA axis in PTSD has also been the subject of a number of

studies. Lower plasma cortisol levels and/or 24-h urinary cortisol levels have been found

in combat veterans with PTSD [89], Holocaust survivors with PTSD [90], and in the high-

risk group of adult children of Holocaust survivors [91] (rather than the intuitively ex-

pected elevation of cortisol levels in the face of stress). Another study did, however, find

elevated 24-h urinary cortisol levels in female survivors of childhood sexual abuse with

PTSD [92]. Initially, these findings of low cortisol levels were explained as reflecting a

chronic adaptation to stress [93]. More recent findings, however, have called that explana-

tion into question. One study has shown cerebrospinal fluid levels of corticotropin-releas-

ing factor (CRF) to be elevated in PTSD patients as compared to controls [94]. This raises

the possibility of a disconnection between CRF and cortisol release in PTSD. A recent

longitudinal study has shown that motor vehicle accident victims who went on to develop

PTSD had a significantly lower cortisol response immediately following the trauma than

did patients who went on to develop major depression. The response of those who did

not develop a psychiatric disorder was found to be between the other two groups [86]. A

second study demonstrated that women with a prior history of rape or assault had relatively

lower cortisol levels immediately after rape than did women without such a history [95].

Combat veterans with PTSD also have greater cortisol suppression following dexa-

methasone administration than do controls [90,96,97]. This finding has more recently been

demonstrated in adult women survivors of childhood sexual abuse [98] and in adolescents

who developed PTSD following an earthquake [99]. This finding appears to be related to

enhanced sensitivity of glucocorticoid receptor [100].

F. Major Depressive Disorder

The neurochemical explorations in clinical depression have focused largely on major de-

pressive disorder. The studies were initially based on the fortuitous findings of therapeutic

benefits of pharmacological agents subsequently labeled as antidepressants. These were

initially monoamine oxidase inhibitors and tricyclic antidepressants and subsequently the

new generation of serotonergic medications, particularly the inhibitors of the serotonin

transporter. Using a reverse engineering method, the mechanism of action of antidepres-

sants was thought to be related to the pathophysiology of the disorder.

Functional measures of presynaptic activity were performed by measuring neuro-

transmitters and their metabolites in the CSF and other body fluids. Peripheral measures

included platelet studies. Reactivity of these systems was also measured by pharmacologi-

cal challenge paradigms. Neurotransmitter depletion methods that reversed the antidepres-

sant effects of antidepressants using dietary or pharmacological manipulations were also

performed.

The antihypertensive medication reserpine was observed clinically to induce a state

of depression indistinguishable from idiopathic MDD. Reserpine depleted monoamines

and so the catcholamine hypothesis of MDD postulated that a reduction in activity of

the norepinephrine system was the basis of depression and the therapeutic efficacy of

antidepressants was based on its reversal. MHPG is a metabolite of NE and a measure

of NE levels. Roughly 20% is derived from the CNS pool [101], but no consistent pattern

is recognized in studies of unipolar patients. Clonidine challenges measure α2-adrenergic

stimulation, resulting in secretion of growth hormone (GH) from the pituitary through
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postsynaptic effects. Studies have generally reported blunting of this response in MDD,

both during the depressive episode as well as following successful treatment, suggesting

it is a trait marker for MDD. Alpha-methyl-para-tyrosine (AMPT) inhibits tyrosine hy-

droxylase, the rate-limiting enzyme for the production of norepinephrine. AMPT-induced

depletion of NE in MDD resulted in a relapse of depressive symptoms in those on a

noradrenergic antidepressant but not a serotonergic one.

The serotonergic hypothesis was based initially on the benefit of trazadone and sub-

sequently the serotonin reuptake inhibitors (SSRIs). Several studies, though not all, have

reported CSF levels of 5HIAA decreased in MDD, particularly in those who were signifi-

cantly suicidal and impulsive. Intravenous tryptophan increases serotonin and serum pro-

lactin and this has been reported to be blunted in MDD. Fenfluramine also increases prolac-

tin through its presynaptic effects, with blunting reported in MDD. Depleting tryptophan,

the amino acid precursor of serotonin, induces relapse of depressive symptoms in those

on a serotonergic antidepressant, but not untreated MDD patients.

IV. FUNCTIONAL ANATOMY OF ANXIETY AND DEPRESSION

Preclinical studies in the neurosciences provide insights into neural circuits that underlie

motivational systems from which emotional and behavioral responses are derived

[102,103]. The neural circuitry associated with emotional processing is complex but over-

laps significantly with the classical limbic system as described by Papez. Thus, there is

a significant overlap between the anatomical structures that are correlated with the de-

pressive and anxiety disorders, and the symptomatic overlap may be a function of the

overlap of neurocircuits.

Structures in the basal forebrain are critical hubs for the emotional experiences at

the core of anxiety and pleasure. Neuroanatomical models of fear and anxiety have focused

on the central role played by the extended amygdala. Pleasurable or hedonic responses

have been associated with the so-called reward pathways in the brain, including structures

like the ventral tegmental area (VTA) and the nucleus accumbens. These motivational

systems are closely and reciprocally connected to the executive systems mediated by the

prefrontal cortex. Under typical conditions, there is a flexible shift in the activity of these

systems with the potential for willful choice of affective or cognitive responses driving

behavioral output. In pathological states such as anxiety and depressive disorders, the

interrelationships between these systems are altered such that there is diminished executive

control, which is easily overridden by more automatic, noncognitively driven responses

programmed through the more phylogenetically primitive structures.

Systems mediating positive emotions like pleasure may be awry in depressive disor-

ders. These have been best mapped primarily in studies examining substance use disorders,

but their relevance in depression is increasingly being recognized. The clinical diagnosis

of major depression requires sadness and the reduced ability to experience pleasure, also

termed anhedonia. Pleasurable or hedonic responses have been associated with structures

like the VTA, nucleus accumbens, and medial prefrontal cortex [104,105]. The rewarding

(hedonic) system is a preservative one and responds to appetitive stimulation. In particular,

the VTA/nucleus accumbens circuit is implicated in reward-driven behavior (e.g., operant

conditioning). Neurochemical studies most strongly link dopamine to this circuit, but other

neurotransmitters are associated with reward, with mounting evidence for both serotonin

and norepinephrine. Evidence for state-dependent dysregulation of these circuits in MDD

has been reported and may predict treatment responsiveness [106].
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Fear and anxiety are often used interchangeably, although fear focuses on physical

threat while anxiety response may be seen as predicting the threat. The amygdala is an

almond-shaped structure consisting of several cell groups, part of the limbic system, criti-

cal for processing emotional experiences. Highly processed sensory information from vari-

ous areas of the cortex reaches the amygdala through its lateral and basolateral nuclei.

These nuclei then project to the central nucleus of the amygdala, which then projects to

hypothalamic and brainstem target areas, which mediate the specific signs and symptoms

of fear and anxiety.

Considerable evidence supports the hypothesis that the amygdala and its efferent

projections represent a central fear/anxiety system involved in both the expression and

the acquisition of conditioned fear. Different parts of the amygdala and closely related

structures may be involved in different types of fear and anxiety. Three such forms of

anxiety can be distinguished. An unconditioned threat results in the fear response. If this

is paired with a neutral stimulus, that becomes a cued trigger for the fear response, called

conditioned fear. Such unconditioned and conditioned fear elicited by explicit cues appears

to be processed through the central nucleus of the amygdala.

Contextual fear refers to the fear noted when there is exposure to the environment

(or context) where the fear conditioning occurred. Contextual fear may be closer to the

concept of anxiety because the context is associated with the threat, although this associa-

tion may or may not be consciously connected. Such anxiety appears to be processed via

circuitry that involves not only the amygdala but also the hippocampus and the bed nucleus

of the stria terminalis. The role of the hippocampus in processing spatial information and

declarative (conscious) memory may aid in its role in contextual fear/anxiety.

Avoidance of aversive experiences like the triggering of the fear response is an

additional component of the anxiety response. Such avoidant conditioning may be influ-

enced by the medial prefrontal cortex, which is reciprocally connected to the amygdala.

The extinction of conditioned avoidance is prolonged by damage to the medial prefrontal

cortex. The prefrontal cortex may in fact allow for “cognitive” control of conditioned fear

and provide the circuitry critical for the benefit in cognitive-behavioral therapies.

V. NEUROIMAGING STUDIES

The different anxiety disorders may share a common functional anatomy, but may also

have additional and unique circuits involved in their expression.

The functional anatomy of panic disorder has been explored using neuroimaging

techniques. PET studies have revealed that panic patients susceptible to lactate-induced

panic have increased right parahippocampal blood flow and oxygen metabolism and abnor-

mally high whole-brain oxygen metabolism in the nonpanic state [107,108]. A SPECT

imaging study utilizing a substantially different methodology revealed decreased hippo-

campal blood flow in lactate-sensitive panic patients [109]. Another SPECT study revealed

reduced regional cerebral blood flow in the frontal lobes of panic patients after yohimbine

administration as compared to controls [110].

Neuroimaging and EEG studies have also been conducted in SAD. A PET study

revealed changes in regional cerebral blood flow, including increased blood flow in the

right dorsolateral prefrontal cortex and the left parietal cortex when SAD subjects were

provoked with a script of fear-evoking autobiographical material [111] when compared

to findings in controls under the same conditions noted in an earlier study [112]. Two

studies using magnetic resonance spectroscopy (MRS) have found abnormal choline me-
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tabolite levels in SAD patients [113,114]. An additional SPECT study in generalized SAD

failed to reveal evidence of a focal abnormality in cerebral blood flow [115]. A recent

EEG study comparing SAD patients and controls showed SAD patients to have marked

selective activation of right frontal alpha power in anticipation of and immediately after

a public speaking task [116].

Neuroimaging studies have also demonstrated significant changes in brain morphol-

ogy in PTSD patients as compared to controls. The primary finding based on MRI studies

has been reduced hippocampal volume in combat veterans and adult sexual abuse survivors

with PTSD [94,98,117,118]. The laterality of findings has varied between studies. A recent

functional neuroimaging study using PET demonstrated that recollection and imagery of

traumatic events was accompanied by increased regional cerebral blood flow in anterior

paralimbic regions. These changes were demonstrated in trauma-exposed individuals both

with and without PTSD, but the patterns of changes were significantly different between

the two groups [119]. One MRI study comparing maltreated but medically healthy children

and adolescents with PTSD and matched controls has been reported. This study demon-

strated significantly smaller intracranial and cerebral volumes in the PTSD group as com-

pared to controls. However, contrary to adult studies, hippocampal volumes were not

decreased in the PTSD group [120].

Obsessive compulsive disorder, appears to involve basal ganglia structures based

on imaging studies. Abnormalities in basal ganglia–frontal cortex circuits, specifically the

ventral prefrontal cortex–striatal circuits, have been implicated in the pathophysiology of

OCD. Neuroimaging studies have demonstrated changes in adult OCD patients compared

to controls. Functional neuroimaging studies have demonstrated increased metabolic rates

in the ventral prefrontal cortex [121–125]. Functional imaging studies of adults with child-

hood-onset OCD have also shown that metabolic activity in the ventral prefrontal cortex

and striatum correlate with OCD symptom severity and response to treatment [125,126].

Structural neuroimaging studies have in general yielded mixed results [127]. One recent

study, however, showed several significant differences between OCD patients and controls

including significantly smaller orbital frontal and amygdala volumes, as well as a lack of

the normal hemispheric asymmetry of the hippocampus–amygdala complex in OCD pa-

tients [128].

Other studies have sought to identify specific brain circuits involved in OCD. These

studies have focused on the prefrontal cortex which, based on animal models and clinical

neuropsychological studies, appears to be primarily responsible for the inhibition of the

repetitive, ritualistic thoughts and behaviors that characterize OCD [129–135]. A recent

study utilized oculomotor tests to assess prefrontal cortex functioning in 18 children and

adolescents with OCD and 18 matched controls. The OCD patients were not depressed

and were medication naive. The OCD patients showed a significantly higher number of

failures in the prefrontal cortex function of response suppression. The difference between

the patient and control groups was particularly high among the younger patients and con-

trols [136]. This finding replicated a similar study of medicated adult OCD patients [137].

An earlier study showed an increase in a number of neurological soft-sign abnormalities

in pediatric OCD patients as compared to controls [138].

Neuroimaging technologies have also been used in the study of childhood OCD.

An MRI study of treatment naive 7 to 17-year-old OCD patients did not reveal any differ-

ences in total prefrontal cortical gray or white matter volumes as compared to controls.

This study also studied the morphology of the striatum specifically. The examination of

the striatum was motivated by previous adult functional brain-imaging studies showing
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differences in OCD patients in this brain region. Pediatric OCD patients had significantly

smaller striatal volumes than controls and these findings correlated inversely with obses-

sive, but not compulsive, symptom severity. The putamen and caudate subcomponents of

the striatum were also specifically measured and the putamen, but not the caudate, volumes

were significantly smaller [139]. A follow-up study of 21 pediatric OCD patients and

matched controls showed significantly larger ventral prefrontal cortical (VPFC) anterior

cingulate volumes in OCD patients as compared to controls, but no significant differences

in the posterior cingulate cortex or the dorsolateral prefrontal cortex [127]. It is noteworthy

that a previous PET study demonstrated that the VPFC and its target fields in the striatum

play key roles in inhibiting context-inappropriate responses to sensory stimuli in healthy

human subjects [140]. An additional recent study examined the effect of SRI treatment

on a specific brain region implicated in the pathophysiology of OCD. Magnetic resonance

spectroscopy examinations of the left caudate in 11 psychotropic-naive children and 11

controls showed significantly greater caudate glutamatergic concentrations in the OCD

patients, which declined to levels comparable to controls after 12 weeks of treatment with

paroxetine [141].

VI. ETIOPATHOGENIC STUDIES IN OCD

Recent findings in the neurobiology of pediatric OCD may usher in a major paradigm

shift in the study of the etiopathogenesis of a number of psychiatric diseases. A series of

studies have explored the apparent link between the immune reaction to certain infectious

agents and the development of OCD and tic disorders in children. Pediatric autoimmune

neuropsychiatric disorders associated with streptococcal infections (PANDAS) is a rela-

tively new diagnostic construct that refers to children and adolescents who develop and

have repeated exacerbations of obsessive-compulsive disorder and/or tic disorders follow-

ing group A beta hemolytic streptococcal infections. The proposed pathophysiology in-

volves group A beta-hemolytic streptococcal bacteria triggering the production of antibod-

ies that cross-react with the basal ganglia of genetically susceptible hosts, leading to the

development of OCD and/or tics [142].

Several recent studies have supported this proposed link. Two MRI studies found

significantly larger basal ganglia volumes in subjects meeting working diagnostic criteria

for PANDAS as compared to matched controls [143,144]. IgG antibodies have also been

noted in blood samples of a subgroup of children with PANDAS similar to the antibodies

found in patients with Sydenham’s chorea [145]. Also, the nonhuman lymphocyte antigen

DR-positive cell surface marker D8/17, found in over 90% of patients with Sydenham’s

chorea [146] has also been detected in 85% of a group of patients with PANDAS [147].

Evidence hinting at the possibility that immunological mechanisms may be involved

in other pediatric anxiety disorders has been noted in other studies. A retrospective review

of childhood risk factors for psychiatric disorders in adolescence and early adulthood

found a specific link between illness in the first year of life, particularly with high fever,

and adolescent anxiety disorders [148]. An earlier study also noted an association between

allergic symptoms, particularly hay fever, and inhibited temperament in young children

[149].

VII. MOLECULAR STUDIES

The serotonin transporter in humans is coded in a single gene on the 17th human chromo-

some. A promoter region is genetically polymorphic with a long allele and a short allele
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version. The majority of individuals appear to have the short allele version, which results

in the reduced expression and function of the serotonin transporter. These individuals have

a slightly greater propensity toward anxiety measured on personality tests [150]. An fMRI

study reported that individuals with one or two copies of the short allele also demonstrated

an increase in the amygdala response to fearful faces compared to individuals with the

long allele [151]. The majority of studies in MDD report a decrease in serotonin transporter

binding compared to normal controls and this normalizes with successful antidepressant

treatment [152]. Pharmacogenomic studies will allow the classification of individuals with

anxiety and depressive disorders into biologically homogeneous groups, which may pro-

duce greater precision in predicting side effects and response to treatment.

VIII. CONCLUSION

Given the high prevalence of anxiety and depressive disorders, their chronicity and societal

burden, it is critical to elucidate the multiple neurobiological underpinnings of pathological

anxiety and depression. Such knowledge will provide the foundation for the next genera-

tion of advances in pharmacological as well as other treatments.
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I. THE MONOAMINE HYPOTHESIS OF DEPRESSION

The monoamine hypothesis of depression was coined over 30 years ago [1,2]. This hypoth-

esis proposes that there is an underlying biological basis for depression, namely a defi-

ciency of the monoamine neurotransmitters norepinephrine, serotonin, and/or dopamine

in the central nervous system [3]. With this theory in mind, various classes of antidepres-

sants have been developed that act to increase levels of monoamines within the synaptic

cleft, either by inhibition of their degradation or by blockade of their reuptake. Newer

antidepressants that elevate serotonin, norepinephrine, and/or dopamine levels in the brain

have been shown to effectively alleviate the symptoms of depression. Although substantial

evidence exists to support a role of monoamine systems in the mechanism of action of

antidepressants, intensive investigation has failed to find conclusive affirmation of a pri-

mary dysfunction of a specific monoamine system in patients with major depressive disor-

ders [4–6].
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A. Problems with the Monoamine Hypothesis and with
Antidepressant Action on the Monoaminergic System

There are several major issues that have not been addressed by the monoamine hypothesis.

These problems mainly concern the action of medication acting on serotonergic and nor-

adrenergic systems.

1. Efficacy

Antidepressive medication, especially the newest generations of drugs including selective

serotonin reuptake inhibitors (SSRIs), norepinephrine reuptake inhibitors (NRIs) and se-

lective serotonin/norepinephrine reuptake inhibitors (sSNRIs), appear to be effective in

approximately 60% of the patients suffering from major depression [7]. However, even

though the first tricyclic agent (TCA) was introduced more than 30 years ago, the newest

selective SRIs or NRIs fail to demonstrate an enhanced efficacy compared to the older

TCAs [8,9], despite the fact that they are better tolerated and do not show the serious

cognitive, cardiac, and other somatic side effects commonly observed after long-term treat-

ment with TCAs [10–17].

2. Selectivity

Although it is clear that SSRIs, NRIs, or NaSRIs act through the stimulation of serotoner-

gic and noradrenergic systems, there is still confusion regarding the specific cellular or

molecular targets responsible for their therapeutic action, which appears to include neuro-

transmitter transporters, specific receptors, intracellular proteins, several enzymes, and

transcription factors [18–22]. Moreover, various lines of evidence indicate that during

chronic administration of these agents, the selectivity of the therapy dissipates. In fact,

after several weeks of continuous administration, highly selective drugs such as SSRIs or

NRIs, which stimulate specific neurotransmitter systems, may even influence the activity

of other neural systems not directly associated with the initial therapeutic target [23–27].

An intriguing possibility is that it might be their aspecificity (modulation of the activity

of a broader range of brain areas), rather than their selectivity, which is mainly responsible

for their antidepressant effects.

3. Mode of Action

Another important question to be addressed concerns the mechanisms by which antide-

pressants cause therapeutic effects. In contrast to antidepressants acting through the poten-

tiation of monoaminergic transmission (TCAs, SSRIs, NRIs, and NaSRIs), other effective

antidepressants act by enhancing serotonin reuptake (an opposite mechanism compared

to SSRIs, e.g., tianeptine) [28,29] or by the inhibition and/or stimulation of selective

enzymes and transcription factors that are not directly linked to serotonin or norepineph-

rine metabolism or signaling transduction pathways (such as lithium and valproate)

[30,31].

4. Delayed Onset of the Therapeutic Effect

While the adverse effects of antidepressants are manifested within hours or days following

the beginning of the administration, the therapeutic action is delayed and can take several

weeks or even months to appear, causing considerable problems with the compliance of

the patients [32–34].
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5. Monoamine Depletion

Experimental monoamine depletion exacerbates depressive symptoms only in depressed

patients that have previously responded successfully to treatment while monoamine deple-

tion fails to induce the same effects in medication-free symptomatic patients or in healthy

subjects. The failure to precipitate depressive symptoms implies that a serotonergic and/

or noradrenergic dysfunction is unlikely to be the cause of depression, although it can be

used to explain the mechanism by which antidepressants act [5,6,35,36].

While the monoaminergic systems appear to be crucial in the therapeutic effects of

antidepressants, only fragmentary evidence seems to support a primary role of monoamine

deficiencies in the etiology of depression. Several factors might be involved in the develop-

ment of depression, but the dysfunction of the monoaminergic system may represent only

one of the possible consequences of this disease. The biogenic amine neurotransmitter

systems are extensively distributed within the limbic–cortical system, the neural network

involved in the modulation of cognition and emotions but also implicated in the regulation

of other functions as sleep, appetite, arousal, cardiovascular regulation, sexual, and endo-

crine activity [37–40]. It is not surprising that clinical research strategies over the years

have identified dysregulation of noradrenergic, dopaminergic, serotonergic, and choliner-

gic systems as well as the hypothalamic–pituitary–adrenal axis (HPA) in depressed pa-

tients [41–46]. The behavioral and physiological manifestations of the illness are complex

and undoubtedly mediated by a network of interconnected neurotransmitter pathways.

Possibly the abnormal activity of one or more key components of this complex neural

network may disrupt its ability to respond to incoming sensory stimuli with appropriate

emotional responses. Depression appears to be a syndrome that originates from a heteroge-

neous pathology with several different etiological causes and, possibly, one consequence,

that is an abnormal modulation of the limbic–cortical function leading to mood and cogni-

tive impairments [46,47]. A breakthrough in the understanding of this heterogeneous dis-

ease and its treatment calls for a clear comprehension of the factors and mechanisms that

could lead to limbic–cortical functional dysregulation. The discovery of novel antidepres-

sants does not represent an easy task, however, primarily because of our poor understand-

ing of the pathophysiology of this illness. Nevertheless, alternative but more speculative

mechanisms may prove to be more successful in the long run.

II. STRESS AND BRAIN (DYS)FUNCTIONS

Depression is a complex disease in which several different etiological causes, including

environmental risk factors such as stressful life events (SLEs), and genetic risk factors

(vulnerability or predisposition), interact in various, complex manners [48]. Clinical stud-

ies have confirmed the importance of SLEs in the development of mood disorders: a

strong and significant correlation has repeatedly been demonstrated between SLEs and

the precipitation of depression, especially in women [49–51]. In addition, Kendler and

colleagues have calculated that the association between SLEs and major depression that

is causal is approximately 75% [51]. Although it is difficult to attribute a numerical value

to the effect that SLEs play in the occurrence of depression, it appears that environmental

factors may override genetic influences and induce the onset of depression in subjects

independent of their genetic background, that is, with low or without vulnerability and

predisposition [49,51].

The brain appears to respond to stress in a complex but orchestrated manner. Most
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likely, it is the loss of the organized response that plays a crucial role in the development

of psychiatric disorders. Preclinical studies suggest that stress can promote long-term

changes in multiple neurotransmitter systems and brain structures implicated in the etiol-

ogy of depression [52–54]. It has also been hypothesized that neurobiological changes

associated with SLEs may confer vulnerability for the development of affective and other

psychiatric disorders. A leading hypothesis to explain the influence of SLEs in the develop-

ment of depression is that psychological stressors play a greater role in the initial stage

than in the subsequent episode of depressive disorders: the strength of the relationship

between SLEs and major depression progressively declines with an increasing number of

previous depressive episodes (this hypothesis is also known as kindling hypothesis) [55–

57]. SLEs have been found to be strongly associated with subsequent episodes of depres-

sion and their effect appears to be greater than other etiological factors including genetic

vulnerabilities. Furthermore, the depressogenic effects of SLEs seem to be concentrated

in the period immediately after event occurrence. However, although environmental risk

factors play a major role in the occurrence of major depression, several other investigations

have found that genetic influences cannot be forgotten. Two possible models might explain

the relationship between these two main risk factors: the additive and the genetic control

of sensitivity to the environment model. In the additive model, the increase in risk associ-

ated with the exposure to SLEs is similar for individuals with low-risk and high-risk

genotypes; this model predicts that the impact of SLEs and genetic factors on liability to

major depression are independent. In the genetic control of sensitivity to the environment

model, the increase in risk of depression associated with the exposure to SLEs is greater

for those with a high genetic risk than for those with a low genetic risk; genes have an

impact on the risk of depression in part by altering the individual’s sensitivity to the

depression-inducing effect of SLEs [49]. Clinical data appear to be consistent with the

genetic control of sensitivity to the environment model [50].

Another important question related to the relationship between SLEs and depression

is the impact of multiple SLEs [58]. Also in this case, three plausible hypotheses can be

articulated to explain that relationship. The simplest or additive model proposes that the

impact of SLEs is independent of the occurrence of other events. Multiple SLEs might

be positively interactive if the depressogenic effect of a SLE increases when it co-occurs

with other SLEs. A positively interactive model suggests a reservoir of “coping ability”

that might withstand the impact of one event but could be overwhelmed by multiple events.

A negatively interactive model suggests a threshold for stress that, if exceeded, has no

additional impact on depressive risk. Harris and Brown concluded that their work, which

focuses on severe SLEs, tends to best support the negatively interactive model. Given one

severe SLE, they found little or no increased risk for depression given additional severe

SLEs [59]. Kendler and associates, who examined multiple SLEs occurring together in

the same month, support the positively interactive model: the impact of increasing numbers

of SLEs on risk for a depressive onset is significantly more than predicted under an additive

model [58].

Although the association between stressful events, brain abnormalities, and the oc-

currence of depression appears to be consistent, much less is known about the mechanisms

by which stress can induce changes in the CNS and lead to limbic–cortical defects. Stress,

especially when prolonged, appears to affect brain activity and structure, and induce alter-

ations at cellular and molecular levels. Changes at the molecular level include stress-

induced modifications of protein expression and activity leading to alteration of the expres-
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sion of specific genes, while changes at the cellular level include stress-induced dendritic

remodeling and/or atrophy, reduction of neurogenesis, and neuronal death.

A. Stress-Induced Modification of Protein Expression

Advances in molecular biology have enhanced our insights in the mechanisms that are

responsible for the deleterious effects of stress on cellular activity and the relationships

between intracellular defects and the development of depression. In the last few years,

several studies have begun to characterize the effect of stress and antidepressant treatments

beyond the neurotransmitter and receptor level. This work has demonstrated that there

are many intracellular pathways that could mediate the action of antidepressant treatments

[18,60]. One such pathway, which appears to be a common target for medication that

stimulates serotonergic and noradrenergic systems, is the cAMP signal transduction cas-

cade [61,62]. Long-term use of antidepressants results in a sustained activation of the

cAMP system in specific brain regions, including increased function and expression of

the transcription factor cAMP/calcium response element-binding protein (CREB) in the

hippocampus and neocortex [63,64]. Moreover, the time course for CREB induction is

consistent with that for the therapeutic actions of antidepressant treatments (10–21 days)

[63,65]. Importantly, the cAMP system and CREB are involved in the modulation of the

expression of selective genes that play an important role in neural plasticity and emotional

modulation, including tyrosine hydroxylase (the rate-limiting enzyme in biosynthesis of

catecholamine neurotransmitters), brain-derived neurotrophic factor (BDNF), and TrkB

receptor genes [66–68]. An intriguing possibility is that stress could possibly precipitate

depression mainly through dysregulation of BDNF synthesis and release. Several preclini-

cal studies have reported that chronic stress can induce a strong decrease of BDNF expres-

sion in several brain regions including the hippocampus [69,70]. Stress-induced glucocor-

ticoid expression may augment this effect [71]. In our laboratory, we have investigated

the effect of prolonged stress on phospho-CREB activity. Interestingly, 3 weeks of unpre-

dictable and uncontrollable stress significantly downregulated phospho-CREB in several

limbic and cortical regions of the rat brain. This effect was particularly significant in the

frontal cortex (prefrontal cortex and anterior cingulate) and in the thalamus (paraventricu-

lar thalamic nucleus), two regions characterized by a dense serotonergic innervation (Fig.

1a,b). Thus, our data appear to substantiate previous observations about the effect of sus-

tained stress on BDNF expression and may provide information about the way in which

chronic stress may influence the activity of the serotonergic system and induce selective

dysfunctions in limbic–cortical regions involved in the modulation of emotional responses

and in the pathogenesis of depression, through its effects on phospho-CREB and/or BDNF

expression.

B. Stress-Induced Modification of Brain Structure and Function

The adult brain appears to possess a high degree of plasticity and flexibility. Remodeling

of synaptic contacts, growth, and branching of dendrites are only a few examples of such

plasticity necessary for adaptation to the continuously changing environment. The dy-

namic process is based on the capability of neuronal systems, brain nuclei, single neurons,

synapses, and receptors to adapt to alterations in the internal and/or external environment

by modifying specific structure and functions [72]. In the past few years, neurogenesis

has been reported in the adult brain of rats, tree shrews, macaques, and humans demonstrat-
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Figure 1 Phospho-CREB expression in cortical (a) and subcortical regions (b) following

chronic stressful stimulation in male rats. Phospho-CREB expression was quantified in sev-

eral cortical (PFC, cingulate, somatosensory and perirhinal cortex) and subcortical regions

(dentate gyrus, paraventricular thalamus and paraventricular hypothalamus) in rats killed 2

h following the last stimulation. The greater decrease of phospho-CREB expression was

detected in the PFC and in the thalamus (p � 1e-7 and p � 1e-5).

ing that adult-generated neurons are a feature common to the mammalian brain [73,74].

The newly generated neurons protrude axons and appear to establish functional connec-

tions with surrounding neurons, indicating that they are capable of integration into existing

neuronal circuitry in the hippocampus and cerebral cortex. These brain regions have been

extensively studied for several reasons, including involvement in stress-induced neural

defects and the etiology of depression. The hippocampus is an especially plastic and vul-

nerable area that controls the HPA activity and, in turn, is affected by stress hormones

[52]. It also responds to gonadal, thyroid, and adrenal hormones, which modulate changes

in synapse formation and dendritic structure and regulate dentate gyrus volume during

development and in adult life [75,76].
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The structural plasticity of the brain is affected by stress [77,78]. Repeated stress

causes atrophy and, in severe cases, death of hippocampal neurons. Moreover, chronic

stress strongly reduces dendrite growth and branching [53]. Both acute and chronic stress

has been shown to suppress neurogenesis, especially in the adult brain [73]. These forms

of hippocampal structural plasticity are relevant for normal functioning of the hippocam-

pus and subsequent mental health as a number of psychiatric disorders are characterized

by selective hippocampal defects. Atrophy of the hippocampus has also been observed in

patients suffering from recurrent major depression [79–81]. Thus, although mood disor-

ders have traditionally been conceptualized as neurochemical disorders, there is now con-

siderable literature demonstrating that these psychiatric disorders are also associated with

significant reductions in regional central nervous system (CNS) volume and cell numbers.

The structural changes observed in depression, however, do not appear to be limited to

the hippocampus. Several recent postmortem studies of the prefrontal cortex have also

demonstrated a reduction in volume and cell number in depressed patients [82–84]. In

addition, unexpected reductions in the glial cell number and density were also observed

[84–86]. Furthermore, in the prefrontal cortex (PFC), a histological study of area sg24

located in the subgenual PFC found striking reductions in glial cell number in patients

with familial major depression (24% reduction) and manic depressive illness (41% reduc-

tion), as compared with control subjects [46]. Together, these findings provide convincing

evidence that decreased regional CNS volume, caused by reduction in cell numbers and

neurogenesis, and structural changes may be involved in the development of depression,

at least in a subset of depressed patients.

Depression, therefore, seems to be a multifactorial disorder, for which the risk of

development is influenced by several factors, including genetic as well as environmental

elements. In the absence of assessed SLEs, the risk of the onset of depression is influenced

by genetic factors, but even in the absence of high genetic risk, SLEs continue to be

significant predictors of the onset of major depression. Clinical evidence suggests that the

role of environmental factors may even overcome the effects of genetic factors in the

onset of depression. Nevertheless, even though it is clear that several factors are involved

in the precipitation of depression, less is known about the manner and mechanisms in

which these factors, individually or combined, interact to induce changes in brain structure

and function that eventually contribute to increased vulnerability for the development of

affective disorders. Defining the pathway by which stressful stimuli interact with genetic

predisposition in order to induce brain defects appears to be fundamental for both the

prevention and the treatment of depression.

C. Regulation of Gene Expression: Coupling Extracellular Signals
with Selective Gene Expression

Alterations of the internal or external environments cause rapid changes in gene expression

in the brain. Extracellular stimuli that trigger long-term phenotypic changes in neurons,

such as differentiation of a precursor cell or synaptic strengthening, elicit changes in gene

expression. These stimuli cause changes in gene expression by activating intracellular

pathways that propagate the initial signal from the plasma membrane to the nucleus. These

pathways are composed of protein kinase cascades that culminate in the phosphorylation

and activation of critical transcription factors, including CREB and FOS [87,88] (Fig. 2).

FOS was one of the first transcriptional factors to be identified. It is codified by the

proto-oncogene c-fos and belongs to the family of immediate early genes (IEGs). IEGs
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Figure 2 Transcription factor regulation (CREB and c-Fos). The transcription factor

CREB binds to the cAMP response element (CRE) and activates gene transcription in re-

sponse to a wide variety of extracellular signals (including growth factors, hormones, and

neurotransmitters). Transcriptional activation of CREB is controlled through phosphorylation

at Ser133 by ERK1 and ERK2. The transcriptional activity of the proto-oncogene c-Fos has

been implicated in cell growth, differentiation, and development. Fos is induced by many

stimuli, ranging from mitogens to pharmacological agents. c-Fos has been shown to be

associated with another proto-oncogene, c-Jun, and together they bind to the AP-1 binding

site to regulate gene transcription. (Reprinted with permission from Sigma-Aldrich Chimie

B.V., The Netherlands.)

are transcribed in a very rapid phase immediately after individual cells perceive extracellu-

lar stimuli and play important roles in signal transduction and transcriptional regulation in

normal cells [89]. Importantly, FOS has long been used as a marker of neuronal activation

following various stimuli in living animals. In fact, when animals are subjected to stres-

sors, the c-fos gene is immediately expressed in discrete brain areas, especially in the

limbic and HPA axis systems. Although FOS is constitutively expressed in many brain

areas, its levels rapidly and transiently rise in those regions activated by new stimuli,
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peaking after 2 h before returning to the normal expression levels. This provides detailed

maps of the activation patterns of selective neural circuits in response to specific extracel-

lular stimuli [90,91]. IEGs code for transcription factors that bind to regulatory regions

of target genes to regulate their transcription. FOS, in particular, forms heterodimers with

members of the Jun family of IEGs and its activity is dependent on new protein synthesis.

This FOS-Jun complex is referred to as AP-1 and binds to AP-1 binding sites of target

genes modulating their expression [92].

CREB is perhaps the best characterized, stimulus-induced transcription factor. It

was originally identified as a target of the cAMP signaling pathway, but recent studies

have revealed that this transcription factor is also a target of other signaling cascades

activated by a diverse array of stimuli. Contrary to FOS, CREB-mediated gene expression

is not directly dependent on new protein synthesis but on its phosphorylation instead. In

fact, only the phosphorylated CREB (phospho-CREB) is able to induce gene expression.

Thus, all signaling pathways that activate CREB lead to the phosphorylation of a particular

residue, the serine 133 (Ser133). CREB phosphorylation at residue 133 appears to have

multiple roles. Since non-phosphorylated-CREB has also been found in the cytoplasm,

phosphorylation at Ser133 might induce translocation of the cytoplasmatic CREB to the

nucleus. In the nucleus, phosphorylation at Ser133 might affect the ability of CREB to

dimerize and might promote its binding to the cAMP-responsive element (CRE). Finally,

phosphorylation at Ser133 might lead to transcriptional activation by promoting interaction

with components of the transcription machinery [93]. Phospho-CREB is involved in the

regulation of the expression of several genes including somatostatin, tyrosine hydroxylase,

and BDNF. Interestingly, CREB phosphorylation also appears to trigger the transcription

of c-fos [94].

III. A MOLECULAR AND CELLULAR THEORY OF DEPRESSION:
THE STRESS-BDNF HYPOTHESIS

A. The Neurotrophin Transduction Pathways

Neurotrophins mediate a broad range of neuronal functions, including synaptic plasticity,

survival, differentiation, growth, and apoptosis. The biological activities of neurotrophins

are mediated by two structurally distinct classes of cell surface receptors, the Trk tyrosine

kinase receptors (TrkA, TrkB, and TrkC receptor types), and the p75 neurotrophin receptor

(p75NTR) [95,96]. In particular, nerve growth factor (NGF) binds TrkA; BDNF and

neurotrophin-4/5 bind to TrkB; neurotrophin-3 binds primarily TrkC: the p75NTR binds

all neurotrophins at least with low affinity. While Trk receptors transmit positive signals

such as enhanced survival, p75NTR transmits both positive and negative signals. The

signals generated by these two neurotrophin receptors can either augment or oppose each

other. Trk and p75NTR receptors thus exist in a paradoxical relationship, each acting to

suppress or enhance the other’s actions [97].

The activation of neurotrophin receptors by their extracellular ligands triggers a

complex sequence of intracellular events that begin with receptor autophosphorylation,

followed by the activation of several downstream phosphorylation cascades that finally

lead to the stimulation and/or inhibition of the expression of selective genes (Fig. 3). The

first intracellular neurotrophin-activated signaling protein shown to mediate survival in

neurons was the small GTP-binding protein Ras. This protein is responsible for the 40 to

60% of neurotrophin-mediated neuronal/cellular survival even though it does not act di-
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Figure 3 Trk signaling pathways regulating survival and neurite growth in neuronal cells.

Neurotrophin binding to Trks stimulates receptor transphosphorylation, resulting in the re-

cruitment of a series of signaling proteins to docking sites on the receptor. These proteins

include Ras and Raf, which participate in activating MAPK. Trks also activate PI-3K through

Ras. PI-3K activity stimulates the activities of Akt. The targets of PI-3K/Akt antiapoptotic

activity, including BAD, GSK-3, Bcl-2, and the p53 cell death pathway. (Reprinted from

Ref. xx.)

rectly to promote this. Rather, Ras functions by translating and directing neurotrophin-

initiated signals into multiple signal transduction pathways. Recent data indicate that two

of these signaling cascades, phosphatidylinositol-3-kinase/protein kinase B (PI-3K/Akt)

and mitogen-activated extracellular kinase/mitogen-activated protein kinase (MEK1/

ERKs), are the major effectors of neurotrophin-activated survival [97].

The PI-3 kinase enzymes are present in all cell types, and their activities have been

shown to be necessary for many different regulatory cell pathways. The array of different

functional roles attributed to these enzymes includes a role in mitogenesis as well as in

terminally differentiated cells, suggesting that there are many complexities both in the

regulation of the enzymes and in their downstream targets. In neurons, the Ras/PI-3K/

Akt route is recognized as the main mediator of the neurotrophin-mediated protective

effect. A pivotal role in this survival pathway is played by the protein kinase B (or Akt-

1) [98,99]. Several studies have reported the involvement of this enzyme in neurotrophin-

related protective activity. Its effects may involve a direct inhibition of the activity of

p53, Bad (an inhibitor of the Bcl-2 anti-apoptotic protein), an indirect suppression of GSK-
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3 apoptotic activity, or the blockade of the function of the primary neuronal apoptotic

pathway [99–101]. Most likely, Akt-1 mediates cell survival at a number of levels, de-

pending upon the cell type, target availability, and requirements for transcriptional or post-

transcriptional events to suppress apoptosis.

The second main intracellular cascade involved in the transduction of neurotrophin

signals is the MEK1/ERKs pathway [102,103]. Recent data suggest that this cascade might

play a critical role in suppressing neuronal apoptosis triggered by cellular damage and its

main function may be to protect neurons from death due to injury or toxicity [104]. MEK1/

ERKs induce survival by stimulating the activity or expression of antiapoptotic proteins,

including Bcl-2 and CREB. Nerve growth factor (NGF), through this cascade, potently

increases Bcl-2 levels in sympathetic neurons, which in turn protect these and other neu-

rons from apoptotic cell death [105]. CREB activity is also required for Bcl-2 expression

and survival by NGF, suggesting a MEK1/ERKs-CREB-Bcl-2 survival pathway [106].

The activation of CREB by survival factors is likely to be due to phosphorylation at Ser133

by multiple kinases, including MAP kinases and Akt-1 [107] (Table 1).

Thus, neurotrophins regulate neuronal survival and apoptosis at several levels, which

requires the orchestrated activity of different receptors, enzymes, and transcription factors.

The functional cross-talk between all of these effectors appears to be crucial in determining

the final result of their activity.

B. The Neurotrophin Hypothesis of Synaptic Plasticity

The neurotrophin (NT) family of molecules is a set of gene products that have multiple

functions at different stages of development and at different locations in the CNS. They

play a fundamental role in neuronal differentiation and survival, axon pathfinding, and

synaptic plasticity [108,109]. Repetitive neuronal activity enhances the expression, secre-

tion, and/or actions of the synapse to modify synaptic transmission and connectivity,

thereby providing a connection between neuronal activity and synaptic plasticity. The

expression of these proteins is linked to activity-dependent plasticity: neurotrophin genes

are regulated by neuronal activity. BDNF is one of the members of the NT family. Its

expression and secretion is upregulated by electrical activity, but other NTs may remain

in the cytoplasm under resting conditions to be released in response to depolarization

[110]. BDNF has been shown to increase the length and complexity of the dendritic trees

in cortical neurons, morphological changes requiring neuronal activity. Neuronal activity

appears to enhance BDNF-induced potentiation of synaptic activity. It seems that presyn-

aptic depolarization elevates the activity of the cAMP system, which in turn facilitates the

transduction of BDNF signaling. Both BDNF and synaptic plasticity have been reported to

activate the calcium-calmodulin-dependent pathway that leads to CREB phosphorylation

[111].

C. Neurotrophin Signaling Pathway Members, Survival,
and Antidepressants

Additional evidence about the role of the neurotrophin signaling pathway in the etiology

and treatment of depression is provided by the large number of studies reporting alterations

in the expression of one or more of the members of this cascade as a consequence of

antidepressant therapies. The neurotrophin intracellular cascade appears, in fact, to be a

common target of antidepressants independent of their pharmacological profile.
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Table 1 Enzymes and Protein Involved in the Transduction of Neurotrophic Signals

and in Their Cellular Actions

Protein/enzyme Function Refs.

Ras MAPK kinase kinase kinase 221

MEK1 MAPK kinase 1: it is responsible for the dual phosphorylation 221

that activates ERK1 and 2

ERK1 and 2 MAP kinases: they are involved in the transduction of neuro- 221

trophin signals and play important roles in the adult brain

modulating synaptic plasticity and neuronal survival. They

are activated by MEK1: phospho-ERKs can phosphorylate a

broad variety of proteins and transcription factors including

microtubule-associated proteins, CREB and FOS.

PI-3-Ks The PI 3-kinase activities have been shown to be necessary for 98,222

many different cell regulatory pathways. Their functions are

crucial during mitogenesis but also in terminally differen-

tiated cells. In neurons, they have a fundamental role in the

neurotrophin-mediated survival.

protein kinase B Serine/threonine kinase downstream from PI-3K. This enzyme 98,99,222

(Akt-1) plays a pivotal role in the modulation of survival in neurons

regulating the activity and expression of several pro- and

anti-apoptotic proteins, including bcl-2, p-53 and GSK-3-β.

P53 p53-protein functions include maintenance of DNA stability, 223

control of mitochondria integrity and regulation of apoptosis.

p53-mediated apoptosis may involve multiple mechanisms,

including the interference with the growth factor–mediated

survival signals. The inhibition of p53 functions and expres-

sion appears to prevent apoptosis.

Bcl-2 bcl-2 proteins are involved in the regulation of cell death. 113

Many of these proteins show widespread expression and are

also expressed in the nervous system in developing and adult

organisms. A physiological role for bcl-2 in neuron survival

has been shown: these proteins have been shown to protect

neurons from a wide array of toxic insults.

GSK-3 Glycogen synthase kinase-3-β (GSK-3-β) is a serine/threonine 224,225

protein kinase ubiquitously expressed and involved in several

neuronal functions including cytoskeleton stability and

apoptosis. GSK-3-β has been shown to be the target of sev-

eral intracellular cascades. PKA and Akt have been reported

to phosphorylate GSK-3-β inhibiting its proapoptotic activ-

ity.

1. Mood-Stabilizing Drug: Lithium

For almost half a century, lithium has been the most widely used treatment for bipolar

depressive disorder, but the mechanisms by which this cation exerts its long-term ben-

eficial effects are not yet clear. Lithium has a variety of benefits in the treatment of

mood disorders, including acute antimanic and antidepressant effects, antidepressant-

potentiating effects, and long-term prophylactic effects. It is unlikely that any single bio-

chemical action can mediate all of lithium’s clinical effects [31]. It has recently been
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demonstrated that lithium-mediated stabilizing effects on bipolar depression might be me-

diated by key enzymes and transcription factors of the neurotrophin intracellular signaling

cascade, including GSK-3-β, ERKs and bcl-2 [112]. The latter is an inhibitor of both

apoptotic and necrotic cell death and an enhancer of neurite outgrowth, axonal growth

rate, and regeneration in the mammalian CNS [113]. Several cellular mechanisms are

involved in the protective effects of bcl-2, including inhibition of caspase activation and

enhancement of antioxidant effects, mitochondrial calcium reuptake, and release of cal-

cium and cytochrome C from mitochondria [114–116]. Lithium appears to robustly in-

crease the level of bcl-2 both in vitro and in vivo and recent studies have shown that both

phosphatidylinositol-3-kinase and MAPK pathways are involved in this action. MAPK

cascade activation, in particular, does so through CREB involvement. In this manner,

lithium might enhance hippocampal neurogenesis and exert the neuroprotective effects

reported to be fundamental for antidepressant activity [117]. Other targets of lithium are

GSK-3-β and p53/capsase cascades. Lithium, at therapeutic concentrations, is a potent

inhibitor of the GSK-3-β [118] enzyme involved in the maintenance of cytoskeletal integ-

rity via tau and synapsin I, as well as phosphorylation of c-jun and β-catenin that mediate

long-term effects via alteration of gene transcription [119,120]. In addition, lithium has

been shown to increase basal transcription factor binding to AP-1 and CRE sites [121].

These lithium-induced changes in transcription factor binding activity may be an effect

of the inhibition of GSK-3-β, which, in turn, phosphorylates transcription factors such as

c-Jun, inhibiting its DNA binding capacity [122]. Moreover, lithium affects the expression

of p53, another protein involved in the regulation of apoptosis [123]. It is well established

that p53 positively regulates Bax but negatively regulates bcl-2 expression [124,125].

Since accumulation of p53 in the nucleus is a critical intermediate step for many signaling

processes that culminate in cell death, attenuation of p53 activation by lithium may be a

mechanism by which this cation supports neuronal survival. To date, lithium is the only

medication that produces robust increases in the level of bcl-2 in the frontal cortex and

hippocampus in vivo. Evidence of lithium’s neuroprotective effects, as well as the growing

appreciation that mood disorders are associated with cell loss and/or atrophy, suggests

that these effects on neuroplasticity may be critical aspects for long-term treatment of

mood disorders [126].

2. Serotonin and/or Norepinephrine Reuptake Inhibitors

cAMP-mediated regulation of gene transcription has been implicated in the activity of

antidepressant drugs acting on serotonin and/or norepinephrine neurotransmitter systems

in which CREB appears to be the main effector in the cascade. Chronic antidepressant

administration increases CRE-mediated gene expression and CREB phosphorylation in a

region- and drug-specific manner [63,65]. The most consistent effects were observed in

the amygdala, hippocampus, and cerebral cortex [64]. More importantly, induction of

CRE-mediated gene expression and CREB phosphorylation were not observed in response

to acute antidepressant treatment, which is consistent with the time course of the therapeu-

tic action of these drugs [63]. Thus, antidepressant induction of CREB phosphorylation

has been found in brain regions that are thought to play a role in the regulation of emotion

and responses to stress. Previous studies have demonstrated that the amygdala mediates

some of the behavioral actions of antidepressants and that neurochemical adaptations to

antidepressants are observed in this limbic area [64]. The amygdala plays a significant

role in fear conditioning and conditioned avoidance behavior [127,128]. The possibility

that CREB influences the function of this limbic area is supported by recent observations
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that illustrate that overexpression of CREB in the amygdala alters long-term memory of

fearful conditions [129,130]. It is also possible that neurochemical alterations in the amyg-

dala could contribute to the displaced emotion often observed in depressed patients.

Chronic antidepressant treatment also results in neurochemical and cellular adaptations

in the cerebral cortex and hippocampus [63,131]. Importantly, CREB’s involvement in the

mode of action of antidepressant drugs is supported by the fact that chronic antidepressant

treatment increases the expression and function of CREB in these aforementioned brain

regions. In addition, it has been found that SSRIs and NRIs increase the expression of

BDNF in the hippocampus [131]. The possibility that BDNF induction involves CREB

is supported by recent reports that show that the promoter of the BDNF gene contains a

CRE. Thus, upregulation of CREB and BDNF, induced by antidepressant treatment, could

act to oppose the damaging effects of stress on hippocampal neurons or facilitate the

recovery from previous insults. A role for CREB in the pathophysiology of depression

and in the antidepressants’ mechanism of action is supported by a recent study demonstrat-

ing that CREB levels are decreased in the cerebral cortex of depressed patients and in-

creased in patients receiving antidepressant medication prior to death [18].

3. Serotonin Reuptake Enhancer: Tianeptine

Tianeptine is a novel antidepressant agent, both structurally (modified tricyclic) and in

terms of its pharmacodynamic profile. Unlike other antidepressant agents, tianeptine stim-

ulates the uptake of serotonin [132]. In patients with major depression without melancholia

or psychotic features or with depressed bipolar disorder or dysthymic disorder, the anti-

depressant efficacy of short-term (4 weeks to 3 months) tianeptine therapy appears to be

similar to that of amitriptyline, imipramine, and fluoxetine [28,133]. The hippocampus,

most likely, is an important target for tianeptine’s therapeutic action. The human hippo-

campus undergoes atrophy in the aftermath of traumatic stress, recurrent depression, and

Cushing’s syndrome [79,134–136]. Prolonged psychological stress in monkeys is associ-

ated with loss of hippocampal neurons [137], whereas repeated psychological stress in

primitive primates and in rats causes hippocampal CA3 pyramidal neurons to undergo

dendritic atrophy [138,139]. The atrophy is only seen in the apical dendritic tree and

comprises a reduction in length and branching and must involve alterations in the apical

dendritic cytoskeleton [140]. Three factors play a role in hippocampal damage. These

include glucocorticoid hormones, which potentiate damage produced by other insults,

endogenous excitatory amino acids, and serotonin [141,142]. Serotonin is released by

stressors and plays a role in the actions of stress on nerve cells. It appears that stressors

activate the release of excitatory amino acids from mossy fiber synapses and promote

serotonin release and adrenal steroid secretion that concur to enhance the effect of stress-

ful events in the hippocampus. Interestingly, tianeptine treatment prevents stress-induced

atrophy of CA3 pyramidal neurons, whereas neither fluoxetine nor desipramine has such

effects. Tianeptine treatment also prevents the stress-induced learning impairment. The

molecular mechanisms by which tianeptine prevents stress-mediated dendritic atrophy is

not yet fully understood, however [29].

4. Electroconvulsive Therapy

Although electroconvulsive therapy (ECT) has been used for the treatment of depression

for several decades, the neurobiological effect of this antidepressant treatment has not

been determined. The majority of studies investigating the effects of ECT have focused

on the monoamine neurotransmitter systems. However, alterations of the synaptic levels
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of serotonin and norepinephrine, or adaptations of the receptors for these neurotransmit-

ters, cannot account for the delayed action of antidepressants [66]. These results have

generated a novel hypothesis stating that the pathophysiology and treatment of depression

and the mechanisms of ECT action may result from alterations in the expression and

function of neurotrophin factors [19]. The expression of BDNF and TrkB are affected by

short- and long-term electroconvulsive shock (ECS) treatment as ECS treatment results

in a rapid and dramatic induction of BDNF mRNA expression in cortical and limbic brain

regions. This increase in BDNF mRNA is most pronounced in the hippocampal dentate

gyrus and cerebral cortex, areas frequently implicated in the etiology of depression. The

expression of TrkB mRNA is also increased in the same brain regions in response to a

single ECS treatment [131,143]. Long-term ECS treatment results in a larger and longer-

lasting (�18 h) induction of BDNF mRNA [131]. The induction of BDNF in response

to ECS treatment most likely involves the activation of multiple neurotransmitter systems

and intracellular signal transduction pathways. A prominent role appears to be played by

the cAMP/calcium system and by the transcription factor CREB [19]. CREB-mediated

induction of BDNF expression is supported by the finding that ECS, as well as antidepres-

sant drugs, increase CREB function and expression. Moreover, the time course of expres-

sion and cellular distribution of CREB is similar for antidepressant and ECS-induced

expression of BDNF and TrkB. Furthermore, upregulation of BDNF expression suggests

an involvement of synaptic plasticity and alterations of neuronal structure in the mode of

action of long-term ECS treatment [131]. These structural alterations could occur at several

levels, including changes in length and complexity of the presynaptic processes and subtle

alterations of the synapse architecture. Repeated, in contrast to single, ECS treatment

significantly increases hippocampal granule cell sprouting. This effect is long lasting and

can be observed up to 6 months following the last ECS treatment. Sprouting of granule

cells could result in an altered functioning of these neurons leading to an enhanced respon-

siveness to stimuli. It is also possible that the neuronal sprouting and enhanced respon-

siveness represent adaptations to reverse the atrophy of hippocampal neurons or to protect

these neurons from further stress-induced damage [19].

IV. STRESS-INDUCED BRAIN OVERLOAD

Preclinical studies suggest that stress can promote long-term changes in multiple neuro-

transmitter systems and brain structures implicated in the etiology of depression. It has

also been well established that both anxiety disorders and depression are diseases that are

characterized by a higher prevalence in women than in men. In our laboratory, we have

investigated the response of several limbic regions to chronic stress in male and female

rats using the IEG c-fos protein as a marker of neuronal activation (Fig. 4). Prolonged,

but not acute, stress induced pronounced sex-related differences in the pattern of activation

in several “higher” limbic regions, including the frontal cortex (Fig. 4a), the amygdala

(Fig. 4b), the hippocampus (Fig. 4c), and the thalamus. In particular, chronically stressed

females showed a decreased limbic activation while an increased regional activity was

found in male rats. The pattern of limbic activity found in chronically conditioned females

may demonstrate a different female susceptibility to the effects of stress as well as a

transition from a physiological adaptation to an emotional circuitry malfunction. Important

indications for understanding the differential response to prolonged stress came from the

observation of a significant difference in limbic activity in basal conditions. Nonstressed

females showed an overall higher limbic FOS expression and, consequently, a higher
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Figure 4 Effect of a chronic stressful challenge on FOS density in the (a) frontal cortex,

(b) amygdala, (c) hippocampus and hypothalamus. The symbol * expresses the comparison

of FOS density between control and stressed rats (* � p � 0.05; ** � p � 0.01; *** �

p � 0.001), killed 2 h following the last stimulation. The symbol # expresses the comparison

of the basal c-fos expression between control male and control female rats, both cyclic and

ovariectomized (# � p � 0.05; ## � p � 0.01; ### � p � 0.001). The symbol @ expresses

the comparison of the basal FOS expression between control cyclic and ovariectomized

female rat (@ � p � 0.05; @@ � p � 0.01).

limbic activity than males (5–7 times higher), especially in the frontal regions. Interest-

ingly, these differences are not limited to experimental animals, since several clinical

studies also reported gender-related diversities in brain activity, with women exhibiting

higher values than men [144–146]. Functional brain imaging techniques have illustrated

sex-related differences in global as well as in the regional brain activity and reports of

differential activation in the frontal lobes have been particularly prevalent [147]. Esposito

and coworkers [148] reported substantial gender-related differences in the frontal lobe

rCBF during performance of a variety of cognitive tasks as women demonstrated a signifi-

cantly higher activation [148]. This higher level of neural activity in female rats may

reflect larger cognitive abilities in basal conditions but reduced abilities following a

chronic stressful challenge, as demonstrated by the decreased limbic activation and behav-

ioral changes. No gender-related differences were found after acute conditioning, however.

Of interest is the fact that these sex-related differences were particularly evident in the
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frontal cortex (PFC and AC). Therefore, our results appear to be in line with those of

Esposito, who reported a higher level of regional activity especially in frontal areas and

during activation paradigms in women [148]. It has been well established that gender

determines cognitive and learning abilities [149–151]. Therefore, these results appear to

be in accordance with our data, as nonstressed male rats showed a lower FOS density

than females but an increased FOS expression after chronic stress. Conversely, the basal

neural activity in female rats was higher in nonstressed animals and decreased after chronic

stress conditioning. This differential FOS response together with the abnormal behavioral

response could be an illustration of distinctive susceptibilities between sexes for enduring

effects of stress on brain activity [152]. Male rats appear better able to cope with stressful

situations, whereas females suffer more from the effects of stress especially when it be-

comes prolonged. Thus, the decreased FOS expression after chronic stress training in

female rats could represent the histological evidence of selective impairment of cognitive

functions caused by reduction of limbic regional activity, particularly evident in the frontal

cortical regions. Hypothetically, the brain may support only a limited level of activity.

Women do show a higher vulnerability to mood disorders and this could be related to

their higher basal limbic activity. This “overload threshold” hypothesis is supported by

George and coworkers [146], who investigated neural activation during the induction of

sadness. They found that men and women deemed themselves equally sad during the

experiment, while the left prefrontal cortex of both sexes was equally activated. Neverthe-

less, women showed an eight times greater blood flow in the anterior limbic regions than

men. George speculated that hyperactivity of the anterior limbic system in women experi-

encing sadness could, in time, exhaust that particular region and lead to the hypoactivity

seen there during clinical depression [146]. Stress-induced limbic hyperactivity, subse-

quent overload, and a prolonged hypoactivity may not be enough to induce brain dysfunc-

tions. As stated before, the brain responds to stress in a complex yet orchestrated manner

that requires a high grade of plasticity and consequently a large availability of BDNF.

BDNF release, however, is activity-dependent. Stress initially induces an increase in lim-

bic activity: during this phase there is a massive release of BDNF that allows the brain

to respond to stress with dynamic structural changes.

At this point there are two possibilities.

1. Prolonged and persistent stress is a cause of neuronal hyperactivity associated

with massive release, and eventually exhaustion of BDNF supplies. This leads

to a stress-induced deficiency of BDNF and reduction of neuronal plasticity.

2. Sustained stress gradually increases the activity of specific limbic areas and

leads to their hyperactivity (earlier in females because of the higher basal activ-

ity closer to the overload threshold). Prolonged neuronal hyperactivity causes

the exhaustion of the brain region and, consequently, hypoactivity (overload).

At this point, the brain region, because of the reduction of BDNF synthesis and

release (BDNF release is reported to be activity-dependent), is unable to face

the effects of stress with the plastic changes that it needs. Thus, reduction of

BDNF availability might increase the vulnerability of the brain to subsequent

insults and may be the prelude to selective limbic defects because of the brain’s

inability to deal with the effects of stress with an adequate structural plasticity.

This second possibility is supported by our results regarding the effects of chronic

stress on phospho-ERK1/2 (Fig. 5a,b) and phospho-CREB expression in male rats (Fig.

1a,b). After 3 weeks of exposure to a chronic unpredictable and uncontrollable stressor,
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Figure 5 Phospho-ERK1/2-positive cortical dendrites after chronic stress in male rats

(a). Phospho-ERK1/2-positive dendrites were counted in four cortical regions including

PFC, cingulate, somatosensory, and perirhinal cortex. The number of p-ERK1/2-stained

dendrites was quantified as the number of horizontal and vertical intersections between

positive dendrites and the imaginary detection grid present in the quantification field, using

a computerized image analysis system (Leica). The resulting data were reported as the

number of positive H � V intersections/0.1mm2. Phospho-ERK1/2 accumulation was selec-

tively restricted to the PFC (p � 0.005). No other cortical regions showed an increase of

activated MAPKs. Phospho-ERK1/2-positive prefrontocortical dendrites of male rats ex-

posed to acute (3 days), subchronic (10 days), and chronic stressful conditioning (21 days)

and killed 2 h following the last stimulation (b). A significant “accumulation” of phospho-

ERK1/2 in the PFC was found only after chronic (p � 0.005) but not after acute or sub-

chronic stress.
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rats showed an accumulation of phospho-ERK1/2 in the dendrites of the higher layers (II

and III) of the PFC (prelimbic and infralimbic regions) (Fig. 5a,b). This accumulation

was significant only after chronic (p � 0.005) not acute (3 days) or subchronic (10 days)

conditioning (Fig. 5b). Chronically stressed rats also demonstrated a global reduction of

cortical phospho-CREB expression that was particularly significant in the PFC (p ��

0.001) (Fig. 1a). CREB is an important nuclear transcription factor of the BDNF/MAPK

signaling cascade and ERKs play a fundamental role in its phosphorylation. In turn,

phospho-CREB is involved in the regulation of the BDNF gene expression. Thus, this

uncoordinated response (increased presence of phospho-ERKs and decreased phospho-

CREB expression) might be interpreted as a paradox.

The BDNF/MAPK cascade, in order to operate properly, requires a balanced activity

between the members of the kinase and phosphatase systems and that, most likely, is

assured by the availability of BDNF. MAPK phosphorylation states must be carefully

regulated, as a perturbed ERK signaling has been related to neuronal dysfunctions and

death [153]. ERK cascade, as seen above, plays a pivotal role in the transduction of neuro-

trophin signals but recent studies have also identified it as an important pathway involved

in the regulation of cytoskeletal organization in neurons [154,155]. ERKs, through the

phosphorylation of several key components of the cytoskeletal apparatus including neuro-

filaments and microtubule-associated proteins, control several important neuronal func-

tions such as axonal transport, microtubule stability, complexity of the dendritic tree, num-

ber of synaptic contacts, and neurotransmitter release [156]. A balanced activity of this

intracellular pathway appears to be crucial for proper neuronal activity and maintenance

of cell structure. Stress influences neuronal activity; acute stress increases neuronal activa-

tion and enhances learning and memory, possibly to the stimulation of BDNF release and

synaptic plasticity. Indirect evidence of this action is represented by the improvement of

learning shown by animals facing acute stress situations [157]. The increased release of

BDNF in response to acute stress might be related to the enhancement of neuronal activity.

The synthesis and release of these proteins is activity-dependent and acute stress appears

to enhance neural activity [111]. On the other hand, persistent stress shows deleterious

effects on learning and memory, probably because of its negative effects on brain plasticity

[53,138,158,159]. BDNF mediates synaptic plasticity and chronic stress has been reported

to reduce its expression and, consequently, neural plasticity [69,160]. Therefore, it is possi-

ble that during acute and subchronic stress conditioning the brain is still able to cope with

stress because of the availability of neurotrophins that assure sufficient plasticity. How-

ever, when stress becomes chronic, the reduction of BDNF availability and the consequent

loss of neural plasticity reduce the ability of the brain to face the deleterious effects of

stress.

During the acute stress phase, increased neuronal activity and BDNF release lead

to the persistent activation of the MAPK/ERK cascade. BDNF not only increases the

activity of the kinase system, but also modulates the phosphatase system since only a

balanced activity of both systems guarantees the proper transduction of neurotrophin sig-

nals. As a consequence of persistent stress conditions and exhaustion of BDNF supplies,

the release of neurotrophin ceases. The subsequent BDNF deficiency might particularly

influence the activity and synthesis of new phosphatases and this defect in the phosphatase

system leads to a permanent activation of ERKs [154,161]. ERK hyperactivity and accu-

mulation may involve selective and vulnerable neuronal subpopulations. In turn, this situa-

tion might have nuclear and cytoplasmic consequences including defects in the phosphory-

lation of transcription factors and alteration of cytoskeletal stability (dendritic atrophy and



368 Trentani et al.

altered neurotransmitter release). Chronically stressed rats showed an abnormal reduction

of cortical phospho-CREB expression indicating that, even if overexpressed, ERKs are not

able to phosphorylate CREB. This consequence is particularly important because CREB is

involved in the regulation of the expression of several genes, including the one coding

for BDNF. Thus, the defect in CREB phosphorylation might lead to the reduced synthesis

of this neurotrophin. In addition, several studies have reported that the reduction of phos-

phatase activity due to an unbalanced kinase/phosphatase system leads to dysregulation

of the pattern of synapsin and synaptophysin expression [155,162]. A consequence of

such dysregulation is a decrease in the complexity and extent of neurite arborization, loss

of synapses, and neurotransmitter release [162]. Both nuclear and cytoplasmic abnormali-

ties could act together and lead to a reduction in BDNF release (because of decreased

synthesis, through a CREB-mediated mechanism, and decreased release, through a synap-

sin-mediated mechanism). It is less important which mechanism plays the main role in

the chronic stress-mediated dysfunction: the final consequence remains the same, that is

a reduction of synaptic and brain plasticity that reduces the ability of the brain to deal

with the effects of stress with plastic changes as it requires. In turn, this inability could

represent the prelude to the development of limbic defects.

V. FUTURE OPPORTUNITIES IN THE TREATMENT OF DEPRESSION

Whether or not chronic stress, through its action on neurotrophin expression, is one of

the main pathological factors involved in the etiology of depression, this hypothesis pro-

vides new targets to improve the efficacy and/or reduce the delay and side effects typical

of antidepressants today. These alternative approaches are summarized below, followed

by an in-depth discussion of each perspective.

1. Removal or reduction of stress. Reduction of stress refers not only to the reduc-

tion of external stressors (psychological or physical stressors), but also to the

physiological and/or pathological changes induced by their acute or prolonged

exposition (such as increased blood pressure and cortisol levels, changes in

releasing factors and/or releasing hormones). The normalization of the physio-

logical parameters and restoration of body homeostasis might enhance the effi-

cacy of antidepressant treatments.

2. BDNF replacement therapy.

3. Direct stimulation or inhibition of selective kinases or phosphatases involved

in the neurotrophin transduction system (fluoxetine stimulates the expression

of a gene that codifies for a MAPK-phosphatase).

4. Estrogen replacement therapy. Prevention of stress-induced limbic overload.

A. Removal or Reduction of the Stressor or Its Effects
on Body Homeostasis

Stress plays a crucial role in the precipitation of depression but it might also be involved

in determining the therapeutic effects of antidepressants by reducing or delaying their

activity. The persistence of stressors may thwart, reduce, or slow down the onset of the

antidepressant action. Therefore, an important measure to enhance the efficacy of anti-

depressant therapies may consist of removing the psychological or physical stressors and

restoring the internal homeostasis. The alteration of several physiological parameters is

reported in response to persistent stress and depression, as follows.
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1. Cardiovascular Abnormalities

Stress and depression have been reported to induce important cardiovascular events that

may reduce the therapeutic effects of antidepressant therapies. Several studies have investi-

gated the effects of acute and chronic stress on cardiovascular function, finding a strong

causal relation between stress and atherosclerosis, elevation of arterial blood pressure and

heart rate, neurohormonal arousal, coagulation abnormalities, and impairment of coronary

endothelial integrity. Interestingly, mental stress induces coronary vasoconstriction that

leads to a reduction of blood flow and, consequently, oxygen supply [163]. Thus, a normal-

ization of cardiovascular parameters might be necessary before beginning antidepressant

therapy in order to assure improved therapeutic efficacy.

2. Neuroendocrine Abnormalities

Hypothalamic–Pituitary–Thyroid (HPT) Axis. Several abnormalities in the HPT

axis have been reported in depressed patients [164]. Changes in thyroid status are involved

in many cases of clinical depression. Virtually 100% of patients with severe hypothyroid-

ism also suffer from depression [165]. A hallmark of depression is the finding of elevated

serum T4 or free T4 without changes in T3. Reductions in T4 levels accompany a beneficial

response to antidepressant medication. Moreover, thyroid status strongly influences both

noradrenergic and serotonergic neurotransmission [166]. The changes seen in the HPT

axis might explain or might be explained by a central monoamine deficiency. The normal-

ization of the HPT axis in conjunction with the antidepressant therapy may improve its

efficacy and/or reduce the subsequent relapse of depression.

Hypothalamic–Pituitary–Adrenal Axis. Hypercortisolemia, resulting from an in-

creased release of glucocorticoid, is perhaps the main and most investigated effect of

stress, represented by the increased release of glucocorticoids. The secretion of corticoste-

roid hormones (predominantly cortisol in humans) is the most important component of

the response to stress. A common feature observed in depression is the increased secretion

of this hormone throughout the day. This change is seen in approximately 50% of patients

with major depression [167–169]. Glucocorticoids can have a broad range of effects in

the brain, particularly in the hippocampus [78]. A permanent hypercortisolemia is thought

to trigger neuronal and dendritic atrophy, neuronal death, and increase the vulnerability

of this limbic region to subsequent insults [170]. High glucocorticoid levels might also

reduce the effects of antidepressant treatment. In fact, it appears that glucocorticoids sup-

press BDNF expression at the mRNA and protein level. Activated mineralocorticoid and

glucocorticoid receptors seem, in fact, to repress transcriptional activity of the BDNF

promoter site specifically via interaction with other transcription factors [171]. As men-

tioned earlier, neurogenesis continues postnatally and into adulthood in the brains of many

animals, including humans. This is particularly prominent in the dentate gyrus of the hip-

pocampal formation. One factor that potently suppresses adult neurogenesis is stress, prob-

ably through the increased glucocorticoid levels [74]. Thus, high plasma levels of gluco-

corticoids through their effect on neurogenesis and/or BDNF synthesis may not only be

an important factor in precipitating episodes of depression but also may be a crucial factor

involved in determining the success of antidepressant treatment. Hypercortisolemia may

thwart, reduce, or slow down the onset of the antidepressant action. Several options to

reduce stress-induced hypercortisolemia are now available, including selective corticoco-

tropin-releasing hormone (CRH) receptor 1 antagonists (R121919) [172], cortisol biosyn-

thesis inhibitors (ketoconazole) [173,174], and selective glucocorticoid receptor antago-
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nists (spironolactone) [175,176]. Clinical studies have demonstrated that these treatments

effectively reduce plasma cortisol levels and improve several signs of anxiety and depres-

sion.

Restoration of internal body homeostasis by suppressing the physiological/patholog-

ical alterations induced by stress may denote the first fundamental step toward a more

effective treatment of depression and a reduction in the number of treatment-resistant

patients. In fact, disrupted body homeostasis may constitute the major destabilizing factor

leading to an alteration of brain homeostasis and subsequently to a limbic defect.

B. BDNF Therapy

Neurotrophins play a crucial role in the maintenance, survival, and selective vulnerability

of various neuronal populations within the normal and diseased brain. Recent evidence

suggests that neurotrophic factors may protect mature neurons from neuronal atrophy in

the degenerating human brain. Furthermore, it has been proposed that the pathogenesis

of several human disorders, including Alzheimer’s and Huntington’s disease, as well as

depression, may be due to an alteration in neurotrophic factors and/or Trk receptor levels.

Thus, the use of neurotrophic factors as therapeutic agents designates a novel approach

aimed at restoring and maintaining neuronal function in the central nervous system.

A promising treatment to remedy these psychiatric and neurological diseases is of-

fered by BDNF replacement therapy. The potential of BDNF replacement therapy, how-

ever, is limited by the fact that it is impossible to administer the BDNF protein peripher-

ally, because of the very high rate of removal of this neurotrophic factor from the

circulation and the absence of transport through the brain capillary wall, which makes up

the blood-brain barrier (BBB). These limitations have made invasive application strategies

necessary. Several options to administer BDNF directly to the brain are now available,

including intracerebroventricular administration [177], adenovirus-mediated transfer of

the BDNF gene [178], and BDNF-secreting neural stem cell lines [179]. A promising and

noninvasive alternative that allows the administration of BDNF peripherally consists of a

molecular reformulation of BDNF that incorporates polyethylene glycol (PEG) to optimize

plasma pharmacokinetics and links pegylated BDNF to the OX26 mAb, which undergoes

receptor-mediated transport through the BBB in vivo [180]. In the absence of pegylation

modification, BDNF is rapidly removed from the blood stream with a half-life of approxi-

mately 5 min. This chimeric peptide shows two very important advantages compared to

native BDNF: a higher stability in the blood stream and the ability to cross the BBB and

reach the brain compartment in a therapeutic concentration. Thus, this might provide a

useful alternative for noninvasive neurotrophin delivery to the brain. Since more than 90%

of the total body TrkB receptor is located in the central nervous system and less than 10%

in peripheral tissue, peripheral administration of BDNF may be accompanied by a minimal

number of side effects [180].

C. Direct Kinase Activity Targeting

BDNF therapy may represent a promising and efficient way to modulate brain activity,

improve neuronal functions, and enhance plasticity and survival of neural cells through

stimulation and/or inhibition of several enzymes of the neurotrophin signal transduction

pathways. A possible alternative approach would be the selective modulation of the activ-

ity of individual proteins involved in the transduction of neurotrophin signals including

ERK1 and 2, Akt-1, GSK-3-β, p53, and bcl-2.
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Although numerous studies have associated ERK activation with neuronal plasticity

and survival [102], ERK members do not appear to act universally to promote these funda-

mental functions. Recently, several reports have shown that prolonged ERK activation

can contribute to neuronal death [153]. It is possible that the precise kinetics of ERK

activation will ultimately dictate whether the activated kinases participate in a cell-death-

promoting or cell-survival pathway. The selective “accumulation” of phospho-ERK1/2

that we found in prefrontocortical dendrites might illustrate a stress-induced defect in ERK

signaling regulation in specific neuronal subpopulations. This increased number of cortical

ERK-positive dendrites was not accompanied by a corresponding increase of ERK-posi-

tive cell nuclei (data not shown), however, supporting a persistent, and possibly uncon-

trolled, ERK phosphorylation. Several studies have reported a prolonged ERK cascade

activation in cortical neurons after glutamate exposure that appeared to lead to excitotoxic

degeneration or apoptosis [153]. A defect in the system involved in the modulation of

ERK activity might lead to their excessive and persistent activation, which, in turn, leads

to the hyperphosphorylation of cytoskeletal proteins, including microtubule-associated

proteins and neurofilaments [156] and, consequently, to the weakening of the dendritic

structure, especially in the synaptic terminals where these proteins are particularly abun-

dant. If dysregulation of ERK activity represents a possible mechanism by which chronic

stress induces prefrontal dysfunctions, the reduction of ERK hyperphosphorylation,

through the activity of specific protein phosphatases involved in their dephosphorylation

or through the administration of inhibitors of selective downstream kinases responsible

for both phosphorylation and activation, might prevent the development of stress-related

neuronal defects and/or facilitate the recovery. The inhibition of ERK phosphorylation,

by using selective MEK1 and 2 (the kinases responsible for the activation of ERK1 and

2) inhibitors PD98059 and U0126, has been reported to reduce microtubule-associated

protein hyperphosphorylation (and consequently disorganization of the cytoskeleton), neu-

ronal degeneration, and apoptosis in neurons [153,181].

A second important neurotrophin signal transduction pathway that appears to play

a crucial role in the modulation of neuronal function while providing important targets

for an antidepressant therapy is the PI-3-K/Akt cascade. This cascade actually includes

several members that play a crucial role in modulating neuronal functions involved in the

therapeutic action of antidepressants, including Akt-1, GSK-3-β, and bcl-2. The impor-

tance of this cascade in neuronal survival has been confirmed by recent data regarding

the effects of lithium on the brain. Chronic treatment with this bivalent cation has been

reported to enhance neurogenesis and survival mainly through the activation of the serine/

threonine Akt-1 [99,182], increased expression of the cytoprotective bcl-2 [112,117,123],

and inhibition of the GSK-3-β [183]. Activation of Akt-1 seems to protect neurons against

a wide range of insults including glutamate excitotoxicity, and its activity appears to be

performed through different mechanisms. In fact, it has been reported that enhanced Akt-

1 activation leads to the inactivation of several key proteins including BAD (a proapoptotic

member of the bcl-2 family), p53, or GSK-3-β [99–101]. Akt-1, in fact, has been shown

to phosphorylate and inactivate GSK-3-β and the inhibition of this serine/threonine kinase

has been proposed as a mechanism by which neurons become resistant to apoptotic stimuli

[98,184]. However, in spite of the large number of studies concerning the crucial role

played by members of neurotrophin signaling transduction pathways in neuronal survival

and their importance in the therapeutic effects of antidepressants, no drugs that selectively

stimulate it have yet been developed. These drugs might offer a valid alternative to tradi-

tional antidepressants because of their selective intracellular targets, which allow therapeu-
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tic action focused on specific brain regions, to reduce the latency period preceding the

onset of therapeutic effects, and to limit the side effects associated with traditional antide-

pressant treatments. In addition, targeting selective intracellular proteins may also offer

an effective prophylactic tool to prevent stress-induced brain overload or neuronal defects.

In fact, whether prolonged stress can lead to neuronal dysfunction through the alteration

of the activity of vulnerable enzymes, the administration of selective drugs able to modu-

late their activity and restore their original functions may reduce the depressogenic effect

of SLEs and prevent the development of depression. These “second-messenger con-

trollers” might be administered for a short interval immediately after serious SLEs and

this may help subjects to overcome the series of events responsible for the deleterious

consequences of chronic stress on brain function and prevent the precipitation of depres-

sion.

D. Estrogen and Neural Plasticity

For decades estrogen has been referred to only as a “sex” or “female” hormone. In recent

years, however, estrogen has been shown to exert effects on the structure and function of

the brain during development as well as in adulthood. Numerous studies from human and

animal models suggest that estrogen has many positive effects on neural tissue, including

stimulation of dendritogenesis, axon growth, and neurotransmitter synthesis [185–189].

It may also be beneficial in preserving cognitive function, preventing or retarding post-

menopausal depression, and Alzheimer’s disease and in facilitating recovery from brain

injuries [190–192].

The classic estrogen receptors were considered ligand-induced transcription en-

hancers. This means that the regulation of gene expression by steroid hormones is medi-

ated through receptor proteins that bind DNA sequence and then interact with the transcrip-

tional machinery to initiate transcription [193]. To date, two estrogen receptor (ER) types

have been characterized: ER-α and ER-β [194,195]. However, the classic mechanism of

estrogen action, which is mediated by intracellular ER-α and ER-β, inadequately explains

the extensive range of estrogen’s actions. Recent studies suggest the presence of a new

type of estrogen receptor that appears to be associated with the cell membrane [196,197].

Increasing evidence documents that this putative membrane-associated estrogen receptor

can mediate extracellular signals in both an estrogen-dependent and -independent manner,

through growth factor signaling pathways [198]. Neurons in the forebrain regions of both

sexes coexpress estrogen and neurotrophin receptors and are also the sites of estrogen and

neurotrophin synthesis [199,200]. Thus, estrogen and neurotrophins may influence each

other’s action by regulating receptor and/or ligand availability through reciprocal regula-

tion at gene transcription level. Another possible consequence of this coexpression is the

sharing of similar, if not overlapping, sequences of intracellular biochemical events

through convergence or cross-coupling of their signaling pathways [201]. Cross-coupling

of converging estrogen and neurotrophin signaling pathways may lead to similar nuclear

endpoints, which result in the regulation of the same broad array of genes involved

in dendritogenesis and neurite growth, including β-tubulin, MAP-2, tau-microtubule-

associated protein, and GAP-43 [202–205]. A strong candidate for the transduction of

estrogen signals is the MEK-ERK pathway, also involved in the transduction of neuro-

trophin signals. Estrogen has been shown to induce ERK activation in various cell models.

In explants of the cerebral cortex, estrogen elicited a rapid and sustained activation of

ERK1 and ERK2, an effect that requires MEK activation [206]. However, whether the
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ERK pathway is the major intracellular cascade involved in the transduction of estrogen

signals remains unclear. Other signaling substrates that could act either in parallel or by

converging with the MAPK cascade might be activated by estrogen as well, including the

cAMP, Ca2� channels, and protein kinase A and C in neuronal cells [207–209]. In addition,

immunohistochemical studies have shown that estrogen treatment in ovariectomized rats

can induce a long-lasting increase of phospho-CREB; more importantly, this effect was

post-transcriptional and did not arise from de novo RNA protein synthesis [210].

Thus, the effects of estrogen can no longer be restricted to those related to reproduc-

tive function. Cross-coupling of estrogen and neutrophin signaling pathways may be re-

quired for estrogen and the neurotrophins to elicit their neuroprotective effects, especially

during development. Mediation of estrogen’s actions through interaction with locally syn-

thesized growth factors, their receptors, and their signaling cascades in the brain may

represent the mechanism by which estrogen exerts its effects. Estrogen and neurotrophins,

acting in concert, may not only have important developmental roles but may also decrease

the vulnerability of target neurons to the consequences of neurodegenerative disease pro-

cesses and enhance the compensatory response [211].

E. Estrogen-Replacement Therapy

Although depression is classified as an affective disorder, modulation of mood and emo-

tion is one of the higher functions that is affected during the course of the disease. Another

common alteration that can be observed in depressed patients is the impairment of cogni-

tive functions, such as decreased concentration and memory loss. In addition, recent stud-

ies suggest that mild cognitive impairment might serve as an early marker of Alzheimer

disease. Thus, the abnormalities observed in depression may predict the subsequent devel-

opment of other serious illnesses.

The central nervous system is an important target for the steroid hormones. During

the climacteric period the rapid decline of gonadal steroids causes neuroendocrine changes

in different areas of the brain. The failure of gonadal hormone production causes specific

symptoms due to the central nervous system derangement. Physical and psychological

changes occur, the latter of which include anxiety, irritability, and depression [212]. Re-

gional cerebral blood flow (rCBF) is diminished in hypoestrogen, with a pattern resem-

bling that of depression and Alzheimer patients. Interestingly, menopausal women are

often subjected to progressive cognitive decline while depression has been described as

high as 35% during perimenopause [213]. In addition, some investigators have postulated

that if decreasing estrogen levels have short-term effects on cognition during the perimeno-

pausal period, then long-term estrogen deficiency may play a role in more significant

cognitive impairments such as the development of dementia in some women. Therefore,

it has been proposed that exogenous replacement of estrogen may prevent the cognitive

decline in postmenopausal women [214–216], as well as the development of postmeno-

pausal depression, while the onset of Alzheimer’s disease may also be delayed [217,218].

Considerable evidence has been accumulated that suggests that estrogen modulates

CNS function. These include increases in dendritic spine density and synaptic excitability,

enhancement of cholinergic neurotransmission, and effects on other neurotransmitter sys-

tems including serotonin, norepinephrine, and dopamine [75,185–189]. In addition, estro-

gen also affects cerebrovasculature by increasing cardiac and cerebral blow flow

[214,219]. Importantly, a decreased cerebral blood flow in specific limbic-cortical regions

has been reported in depression and its normalization after antidepressant therapy is con-
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sidered an important predictor for clinical recovery. Interestingly, brain perfusion abnor-

malities might not be responsible only for the emotional dysfunctions associated with

depression but also for the cognitive impairment frequently observed to accompany de-

pression. Estrogen-replacement therapy has been shown to reverse the detrimental blood

flow changes following menopause and increase the relative rCBF in several limbic-corti-

cal regions including hippocampus, parahippocampal gyrus, and middle temporal lobe

[220]. There are also several reports of improved attention, reaction time, enhanced mem-

ory, and overall cognitive abilities associated with ERT in postmenopausal women [214–

216]. The neurobiological mechanism through which ERT improves cognitive abilities

is not completely understood. It may indirectly affect rCBF through its effects on the

cerebrovasculature enhancing the perfusion of selective regions involved in attention and

memory processes or directly by affecting intracellular pathways that modulate hippocam-

pal function and in turn memory performance [220].

Although ERT alone cannot be considered as an antidepressant therapy, it might

represent a useful augmentation treatment in combination with traditional antidepressant

therapy. Estrogen is a potent trophic factor for the CNS and it may help the brain to oppose

age-related plasticity reduction. Furthermore, ERT may help to prevent postmenopausal

depression and age-related cognitive impairments, while also constituting an effective

measure in the prevention of Alzheimer’s disease in women.

VI. CONCLUSION

Depression appears to be a heterogeneous disorder in which several different etiological

causes interact leading to an abnormal modulation of the limbic-cortical activity. A break-

through in the understanding of this disease and its treatment calls for clear comprehension

of the factors and mechanisms that could induce the functional dysregulation that charac-

terizes it. Although the monoamine hypothesis of depression was introduced and accepted

for more than 30 years as a valid explanation for the etiology of depression, intensive

investigation has failed to find conclusive affirmation of a primary dysfunction of a specific

monoamine system in depressed patients. A crucial role in the development of depression

appears to be played by chronic stressful events. The brain responds to stress in a complex

but orchestrated manner and it is most likely the loss of this organized response that plays

a crucial role in the development of psychiatric disorders. Thus, the prevention of the

deleterious effects of stress might represent a valid instrument to avoid the onset of the

disease. Stress can promote long-term changes in the body and brain homeostasis that

might constitute the major destabilizing factor that leads to an alteration of brain function

and subsequently creates the basis for limbic-cortical defects and development of depres-

sion. The treatment of depression is mainly based on the use of serotonin and/or noradrena-

line reuptake inhibitors. However, they offer a limited efficacy, delayed therapeutic action,

and several side effects. New options in the treatment of depression are beginning to be

available that may prove to be more successful in the long run, including BDNF replace-

ment therapy to enhance brain plasticity and second-messenger controllers to prevent the

detrimental effects of stress. Intracellular signal transduction cascades appear to offer a

broad variety of interesting targets for future antidepressant therapy. The only doubts

concern the selectivity of this intracellular approach. However, several clinical investiga-

tions have shown that intracellular alterations responsible for abnormal neural activity are

limited to specific regions and not to the total brain. Thus, even the systemic administration

of second-messenger controllers may modulate and target only the activity of those areas
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showing a specific defect, making intracellular targeting a very effective and selective

therapy. Another important advantage of intracellular targeting is the possibility of using

second-messenger controllers as a prophylactic measure, which would not only help treat

the disease but also prevent that sequence of intracellular events that leads to the develop-

ment of depression. Finally, additional help for women comes from the neuroprotective

effects of estrogen replacement therapy that may enhance the therapeutic action of antide-

pressants.
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I. INTRODUCTION

Interest in the role of noradrenaline (NA) function in affective and anxiety disorders began

a short time after it was discovered that antidepressant drugs potently interacted with

NA neurons and receptors. In the shadow of the momentous discovery that basal ganglia

dopamine (DA) dysfunction was associated with Parkinson’s disease [1,2], early theorists

hypothesized that similar relationships would be found for NA in depression and/or anxi-

ety states [3,4]. It was proposed that diminished NA content [3,4] or function [5,6] caused

depression and that increased NA content or function caused either mania [3] or severe

anxiety or panic attacks [7].

In the 30 years that followed the development of these early hypotheses, researchers

enthusiastically and systematically searched for the hypothesized deficiency or excess of

NA or NA function in a variety of psychiatric patients. Initial studies of NA and its metabo-

lites in blood, cerebrospinal fluid (CSF), and urine were followed by neuroendocrine chal-

lenge studies, autopsy studies, and studies of NA receptors on platelets and leukocytes

[8]. However, in spite of the accumulation of a massive database on NA measures in

humans, evidence of global NA dysfunction in patients with major depression, anxiety

disorders, or mania has not been consistently identified.

The work of the past 30 years was not without benefit. Much has been learned about

the NA system. Our understanding of the neuroanatomy, neurophysiology, neuropharma-

cology, and molecular biology of the NA system has grown tremendously. This knowledge
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suggests a complex role for NA in a variety of cognitive and behavioral functions involved

in mood and anxiety disorders, as well as several other major mental disorders, degenera-

tive disorders, and normal states.

Much of the confusion about the role of NA function in mental disorders arises

because of our relatively limited understanding of brain function and the relative ease

with which large modulatory neurotransmitter systems like NA could be altered with rela-

tively safe drugs. This led investigators to focus on these systems rather than attempting

to understand the regulation and function of NA’s target brain structures. For example,

we have numerous drugs capable of increasing or decreasing brain NA, but few, if any,

capable of selectively activating or deactivating specific target brain areas such as the

prefrontal cortex, amygdala, or hippocampus. This has sometimes led to the erroneous

conclusion that behaviors mediated by these terminal brain structures and nuclei are “NA

behaviors.”

This chapter will review the current state of knowledge about the function of the

NA system and its possible role in mood and anxiety disorders and the therapeutic effects

of certain medications.

II. THE NA SYSTEM

A. Anatomy

NA neurons are defined by the intracellular presence of NA and NA synthetic enzymes.

They are localized in both the peripheral nervous system (PNS) as well as the central

nervous system (CNS). In the PNS, NA is the major neurotransmitter in postganglionic

neurons. Peripheral sympathetic neurons innervate the adrenal medulla, regulating the

release of NA and epinephrine directly into the bloodstream as part of the “fight-or-flight”

response to severe stress. NA neurons in the CNS form several distinct nuclei located

primarily in the brainstem that project rostrally to almost all areas of the mid and forebrain,

dorsoventrally to the cerebellum, and caudally to the lumbar segments of the spinal cord

in a monosynaptic fashion (9). About half of all CNS NA cell bodies originate from the

locus coeruleus (LC) in the dorsal pons [10,11]. It was first thought that LC axons branched

to innervate all areas of cortex. Recent data suggest that LC neurons are not uniform and

demonstrate a laminar distribution and at least four distinct cell types [12]. Additionally,

there is evidence suggesting topographic innervation of target brain areas. The significance

of this is not fully understood. The vast majority of rostrally projecting NA fibers do not

cross over to the other hemisphere.

The axons of the LC form five major bundles. The dorsal bundle contains the major-

ity of fibers projecting to the cortex [13]. Within the cortex, NA neurons primarily inner-

vate layers I, IV, and V. While there is considerable heterogeneity, layer I tends to contain

a dense plexus of fibers while layers IV and V have moderately dense, short oblique fibers,

and layer VI tends to exhibit long fibers that are oriented anterior to posterior. Few NA

fibers are found in white matter.

Not all NA-containing nerve terminals in the cortex make synaptic contact with the

local cortical neurons; rather some of these neurons release NA in a manner similar to

that through which hormones are secreted and thus have generalized effects on other CNS

regions [14]. There is a natural loss of LC neurons with aging [15]; recent studies sug-

gesting that this loss can range from 30 to 40% of cell bodies [12].
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B. Biochemistry

NA was one of the first neurotransmitters to be discovered. A brief review of this history

is of interest because it highlights how relatively young the field of neuroscience actually

is. Prior to 1900, neurons were thought to communicate exclusively by passive current

flow. In 1901, Langley noted that extracts from the adrenal gland had similar effects as

stimulation of sympathetic nerves [16]. Elliot subsequently hypothesized that an adrenalin-

like substance might be secreted by sympathetic nerve terminals and this substance chemi-

cally stimulated the effector organ [17]. The theory of chemical neurotransmission gained

significant ground when Otto Loewi (1921) [18] showed that when the superfusion of one

heart whose rate had been decreased by electrical stimulation was transferred to a second,

unstimulated heart, its rate also decreased. Subsequently, Cannon and coworkers estab-

lished the existence of an epinephrine-like substance (“sympathin”) that they claimed was

the chemical transmitter released by sympathetic nerves [19]. Nine years later, von Euler

(1946) [20] established that the sympathetic neurotransmitter was demethylated epineph-

rine (norepinephrine).

The synthesis of NA and DA are dependent on availability of the precursor amino

acid tyrosine. Tyrosine, one of eight large neutral amino acids (LNAA), is competitively

transported across the blood-brain barrier from the serum to the cerebrospinal fluid by a

LNAA carrier. In NA neurons, tyrosine is converted to L-dihydroxy-phenylalanine (L-

DOPA) by the rate-limiting enzyme tyrosine hydroxylase. L-DOPA is then rapidly decar-

boxylated to DA and DA is metabolized to NA by the enzyme dopamine beta-hydroxylase.

Vesicular NA is transported to nerve terminals, where release into the synaptic cleft

occurs during neuronal firing in a calcium-dependent process. Synaptic NA is rapidly taken

back up into presynaptic terminals by the NA transporter (NAT) or into DA terminals by

the DA transporter (DAT). Vesicular NA is then either transported back into vesicles or

metabolized intraneuronally by monoamine oxidase A, producing 3,4-dihydroxyphenyl-

glycol (DHPG) or 3,4-dihydroxymandelic acid (DHMA). These compounds are then

metabolized further into the primary NA metabolites 3-methoxy-4-hydroxyphenylglycol

(MHPG) or 3-methoxy-4-hydroxy-mandelic acid (VMA).

C. Physiology and Pharmacology

NA neurons, particularly those making up the LC, are activated in a variety of stressful

and aversive conditions and novel environments [21–23]. The activity of LC neurons is

modulated by several different neurotransmitter systems. The LC receives inhibitory input

from the serotonin (5HT), endogenous opioid, gama-amino-butyric-acid (GABA), DA,

and glycine systems and excitatory input from the corticotropin releasing factor (CRF),

methylxanthine, glutamate, substance P, and muscarinic cholinergic systems [11,24]. LC

neurons may utilize electrotonic coupling, a process that could explain the coordinated

firing characteristic of these cells. Another well-characterized regulatory mechanism is

through an autoinhibitory presynaptic α2-adrenoreceptor that decreases the firing rate of

LC neurons.

NA mediates its effects on target neurons via receptors traditionally classified as

being either of the α- or β-adrenergic subtype. Recent pharmacological, radioligand bind-

ing, and molecular biology data have led to a classification of adrenergic receptors into

three groups based on the G-protein coupling. The three groups are the β-adrenergic sub-
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type (Gs coupled; β1, β2), the α2-adrenergic subtype (Gi coupled; α2a, α2b, α2c), and the

α1-adrenergic subtype (Gx coupled; α1a, α1b) [25].

Studies of the NA system have implicated alterations in β-, α1-, and α2-adrenorecep-

tor binding after long-term antidepressant treatment. Long-term treatment with tricyclic

antidepressants, monoamine oxidase inhibitors (MAOIs), trazodone, iprindole, and ECT

(but not with some selective 5HT reuptake inhibitors, or bupropion, mianserin, and nomi-

fensine) decrease β-adrenoreceptor binding in laboratory animals [26]. Increases in α1-

adrenoreceptor binding have also been reported for many antidepressants, and decreases

in α2-adrenoreceptor binding have been reported for some antidepressants. These findings

have been much less consistent than for β-adrenoreceptors [5,27].

Electrophysiological studies in laboratory animals find that MAOIs produce an im-

mediate decrease in the firing rate of the LC and this decrease persists with long-term

treatment [28]. This suggests that the changes in LC firing rate are not sufficient for an

antidepressant response to MAOIs. Sustained administration of citalopram or paroxetine

gradually decreased (14–21 days) while sustained administration of desipramine rapidly

(2 days) decreased LC firing [29]. Unlike the gradual return of firing rate of 5HT neurons

during long-term antidepressant treatment, both 5HT and NA drugs caused a sustained

reduction of LC firing, highlighting an important temporal and qualitative difference in

how 5HT and NA neurons differ in their long-term response to antidepressant drugs [29].

D. NA and Neuroplasticity

NA and other monoamine neurotransmitters have both short- and long-term effects on

postsynaptic neurons. The long-term effects have increasingly become the focus of atten-

tion. It is now well established that NA causes changes in the long-term expression of a

variety of gene products [30]. Changes in synaptic levels of NA or 5HT have been hypoth-

esized to result in adaptive changes in neurons that may underlie the behavioral effects

of stress and the therapeutic effects of antidepressant drugs [31,32].

Studies have shown that a variety of antidepressants increase signal transduction

through second-messenger systems. Long-term antidepressant treatment increased the cou-

pling of the second-messenger adenylyl cyclase to the stimulatory G-protein Gs [33],

increased levels of cAMP-dependent protein kinase in limbic brain regions [34,35], and

increased the expression of the cAMP response element binding protein (CREB) [36].

While the precise mechanism by which NA increases signal transduction is not fully under-

stood, one important result is to increase intracellular pathways leading to modification

of the rate of gene expression, including the production of brain-derived neurotrophic

factor (BDNF) [32]. Increased BDNF has been hypothesized to be a possible final common

pathway for how NA- and 5HT-enhancing drugs mediate their therapeutic effects in de-

pression [31]. The increase in BDNF and signal transduction mediated by NA could be

explained by effects of NA on either β1- or α1-adrenergic receptors [32].

E. Function of LC

NA plays a critical role in modulation of the function of the prefrontal cortex (PFC). Both

NA and DA systems densely innervate the PFC and these neurotransmitters have the

capacity to modulate PFC function. The PFC is thought to be involved in the process

of using working memory to regulate behavior and attention, allowing for inhibition of

inappropriate responses [37]. For example, depletion of NA and DA markedly impair
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working memory [38,39]. Lesions of the NA system also impair several other functions

of the PFC, including maintenance of sustained [40] and shifting attention [41]. Deficits

induced by depletion or lesions of the PFC can be reversed by administration of drugs

that stimulate NA receptors, especially the α2-adrenergic receptors on PFC neurons [42].

Physiologically the locus coeruleus is exquisitely sensitive to novel stimuli. It ap-

pears to modulate levels of arousal and has been postulated to be involved in opiate and

alcohol withdrawal states, as well as anxiety disorders and depression [7,11]. Recent work

suggests that the LC is primarily involved in the process of selective attention, especially

in regard to novel stimuli [43,11]. NA decreases spontaneous neuronal activity while aug-

menting activity evoked by afferent stimulation, increasing the signal-to-noise ratio in

target areas [43].

The NA system also has an effect on the acquisition of new memories [44]. Recall

for details of a vignette that includes emotionally arousing material is significantly greater

than for an emotionally neutral vignette [44]. This effect can be blocked by propranolol

[45], a β-adrenergic antagonist that crosses the blood-brain barrier, but not by nadolol

[46], a β-adrenergic antagonist that does not enter the CNS. These and other data have

led to the hypothesis that NA modulates the amygdala in such a way as to strengthen

memory consolidation and fear conditioning, playing an essential role in conveying emo-

tional significance to prior experience [44,47].

III. ASSESSMENT OF THE NA SYSTEM IN HUMANS: ROLE IN
DEPRESSION AND ANXIETY

Direct assessment of the role of NA in emotion, behavior, and mental illness has suffered

because methods do not exist that allow direct measurement of CNS NA function in living

humans. Many strategies have been used over the past 40 years to try to determine CNS

NA function. These include measurement of NA and/or NA metabolites in urine, blood,

and CSF, challenge studies, and neuroimaging studies. Several of these strategies have

been suggested to be a reliable measure of central NA function; however, none has proven

to be adequate.

While research into the role of NA in depression and anxiety dates back to the

1960s, several factors led to a relative reduction in interest in NA during the late 1980s

and 1990s. These included the introduction of selective 5HT reuptake inhibitors (SSRIs);

the failure to find evidence of a NA deficiency in depressed or anxious patients; and the

disappointing results of studies of NA receptor agonists and antagonists as treatment for

anxiety disorders and major depression.

The reawakening of interest in the role of NA in depression and antidepressant

effects and the clinical development of selective NA reuptake inhibitors (NRI)s was fueled

in part by results from neurotransmitter depletion studies [24,48–52]. These studies

showed that the therapeutic effects of SSRls could be transiently reversed by rapid deple-

tion of 5HT but not by depletion of NA [24,50,53]. Conversely, the therapeutic effects

of the NRI (desipramine) could be transiently reversed by depletion of NA but not by

depletion of 5HT [50,53].

In spite of the growing confidence in the therapeutic effects of selective NRIs for

treatment of depression and some anxiety disorders, the precise role of NA in the patho-

physiology of depression and anxiety remains unclear. The following sections will review

data from human studies aimed at addressing these questions.



392 Delgado

A. Urine, Plasma, and CSF NA and NA Metabolites

As the metabolic pathways for NA were delineated, it was logical to measure urine, plasma

or CSF levels of NA or its primary metabolite, MHPG [54]. Studies did show that there

were moderate correlations between CSF, plasma, and urine measures of NA [55]. Addi-

tionally, manic patients and depressed patients with “high” anxiety had elevated CSF NA

compared with “low” anxiety depressed patients and neurological controls [56]. However,

there is more variability in NA than in MHPG in the CSF and the origin of NA is more

likely to derive from spinal neurons than from cells originating in the locus coeruleus and

other rostral projecting NA neurons [54,56]. Movement or exercise also affects NA and

MHPG, making potentially small methodological differences very important when assess-

ing these markers [57].

Concentrations of MHPG have been measured in the urine, plasma, and CSF of

patients with depression, but no consensus has been reached as to whether there is a

correlation between levels and depressive symptoms. For example, increased, decreased,

and unchanged urinary concentrations of MHPG have been reported in patients with de-

pression [58–62].

While it is clear that NA and MHPG in CSF, blood, and urine derive from NA

neurons, it remains unclear to what extent and under which circumstances they may pro-

vide useful information about the status of brain NA systems of interest in regard to mood

and anxiety disorders.

B. Platelets and Lymphocytes

Many studies have investigated NA receptors on platelets and lymphocytes, hoping that

abnormalities inherent to the NA system might be similarly expressed in these peripheral

systems. As in the CNS, presynaptic α2-adrenoceptors on peripheral NA neurons also play

an important physiological role in the regulation of NA release [63]. Some differences in

NA measures between depressed patients and controls have been described. In addition,

an increase in the affinity and density of α2-adrenoceptors on isolated human platelets

from depressed patients has also been reported [64].

Peripheral α2-adrenergic receptors located on blood platelets have been extensively

investigated with a variety of radiolabeled α2-adrenergic receptor agonist and antagonist

probes. Platelet α2-adrenergic receptor number as measured by 3H-clonidine [65], 3H-

dihydroergocryptine [66], 3H-epinephrine, and 3H-para-aminoclonidine [64] have been

reported to be increased compared to healthy subjects. However, other studies utilizing
3H-clonidine [67], 3H-dihydroergocryptine [68], 3H-yohimbine, and 3H-rauwolscine [69]

have revealed no significant difference between healthy subjects and depressed patients.

Studies of peripheral α2-adrenergic receptor responsiveness have been used to assess

the above conflicting results in receptor number. However, these studies have also been

contradictory, with some studies noting no difference between patients and controls and

other studies noting a blunted cyclic adenosine monophosphate (cAMP) response [69,70].

Antidepressant drug treatment and electroconvulsive therapy are associated with a de-

crease in the density of α2-adrenoceptors and in the affinity of ligands at these receptors

in platelets from depressed patients [71].

β-Adrenergic receptors are present on blood lymphocytes. Measurement of these

receptors has also yielded mixed results with some authors reporting decreased numbers

[72] and others reporting no difference [73,74] between depressed patients and healthy

subjects. On the other hand, the cyclic adenosine monophosphate (cAMP) response to
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stimulation of β-adrenergic receptors by β-adrenergic agonists has led to consistent reports

of a blunted response in depressed patients when compared to healthy subjects [72,74,

75–77].

C. Postmortem Studies

A variety of studies have assessed the LC and markers for NA function in the postmortem

brains of patients with depression or those having committed suicide. These studies have

measured neuron density, NA receptor binding, as well as levels of NA synthetic enzymes.

While allowing for direct measurement, autopsy studies are inherently limited because of

the difficulty in obtaining reliable information relevant to diagnosis (including comorbid

diagnoses), use of medications, levels of stress or distress prior to or during death, and

use of alcohol or illicit drugs. In particular, many studies of suicide victims have included

patients with a wide variety of known axis I diagnoses (including schizophrenia) as well

as individuals with no known psychiatric diagnosis [78].

Some studies using postmortem tissue indicate that the density and affinity of the

α2-adrenoceptors (autoreceptors) are increased in the frontal cortex [79–81], and LC [82]

of suicide victims. However, this finding has not been replicated in other studies [83]. A

recent study assessing cerebral blood flow during performance of cognitive testing with

[15O]H2O positron emission tomography (PET) before and after intravenous clonidine infu-

sion in six depressed women compared with six matched controls [84]. While the study

failed to identify differences in plasma growth hormone response to clonidine, the de-

pressed patients showed an increase in blood flow in the right superior prefrontal cortex

during clonidine, while the controls showed a decrease [84]. The authors interpreted this

finding as consistent with the prior studies showing greater density and affinity of α2-

receptors in this region.

A variety of other measures also suggest differences in the LC of patients with

depression or suicide. Direct assessment of the LC shows that some individuals with de-

pression or suicide have decreased neuronal density compared with controls [12,85,86].

Tyrosine hydroxylase activity has been reported as increased [78], although another study

reported a decrease in activity [87]. Reduced binding of radiolabeled nisoxetine, a ligand

for the NA reuptake transporter, has been reported in the postmortem locus coeruleus

tissue from suicide victims and patients with depression, compared with control subjects

[88].

D. Challenge Studies

1. Neuroendocrine Challenges

As detailed knowledge of the regulation pituitary hormones by CNS monoamine neuro-

transmitter systems emerged, it was logical to attempt to gain an understanding of the

function of CNS monoamine systems by measuring changes in plasma levels of pituitary

hormones. Because measurement of static levels of most compounds is inherently associ-

ated with greater variability within as well as between subjects, neuroendocrine challenge

strategies evolved as a method by which dynamic changes could be assessed.

While there was considerable optimism in the 1980s that the neuroendocrine chal-

lenge strategy might uncover the biological origin of mood and anxiety disorders, as the

decade wore on, the optimism faded. In part, this was because of the lack of specificity

that emerged as neuroendocrine tests were studied in increasingly broad patient groups.
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Additionally, as the multitude of environmental, clinical, and demographic variables that

could affect the results of these tests became known, the complexity of controlling for so

many variables increased, requiring either prohibitively large samples or patient samples

that had been so highly selected that the findings were of questionable generalizability.

Rather than attempt an exhaustive review of this literature, this chapter will highlight

the strengths and weaknesses of this approach by focusing on one of the most rigorously

studied neuroendocrine challenges in psychiatry: the growth hormone response to cloni-

dine. Clonidine is an α2-adrenergic receptor agonist that causes an increase in the secretion

of growth hormone by the anterior pituitary as well as a decrease in the plasma MHPG,

blood pressure, and sedation [89]. The release of growth hormone by α2-adrenergic recep-

tor agonists is mediated by the activation of postsynaptic α2-adrenergic receptors within

the hypothalamus exerting a stimulatory effect on the secretion of growth hormone releas-

ing hormone (GHRH) [90]. However, regulation of growth hormone secretion includes

many other neurotransmitters, including 5HT and DA. For example, depletion of both

5HT and NA in rats leads to a weaker growth hormone response to clonidine than does

depletion of NA alone [91].

One of the most consistent findings from research investigating the growth hormone

response to clonidine in humans is that this response is blunted in drug-free depressed

patients [92–94]. Acute administration of desipramine also causes an increase in the re-

lease of growth hormone. Depressed patients also show a blunted growth hormone re-

sponse to desipramine, supporting the hypothesis that aspects of NA function may be

different in depressed individuals [95–97].

Importantly, a blunted growth hormone response to clonidine is not specific to de-

pression, as it is also reported in patients with panic disorder [98], generalized anxiety

disorder [99], social phobia [100], obsessive-compulsive disorder [101], alcohol depen-

dence [102], Gilles de la Tourette syndrome [103], and schizoaffective disorder [104]. In

alcoholic subjects with concurrent major depression, the blunted growth hormone response

to clonidine was present during retesting, even though depression and anxiety symptoms

had remitted [105]. By contrast, one study in 24 children (aged 7–14) with anxiety

disorders and 15 age-matched control children did not find evidence of blunting, rather

clonidine-stimulated growth hormone secretion was increased in the anxious children

relative to the controls [106].

In a study of patients with OCD, the growth hormone response to GHRH was nor-

mal, while the response to clonidine was blunted compared with healthy controls [101].

This suggests that the blunted response is not simply because of a deficit at the pituitary

level. There is a high correlation between the release of growth hormone by GHRH and

that caused by clonidine [107].

A variety of factors have been shown to affect the growth hormone response to

clonidine. Some antidepressants appear to cause a diminution of the response [108,109].

These effects have been observed to last as long as 6 months after the exposure to desipra-

mine in healthy subjects [110]. Weight loss increases [111] the GH response to clonidine

and menstruation and recent alcohol use reduce the response [112,109].

2. Neurotransmitter Depletion Challenges

As the synthetic pathways for monoamines were discovered, it became possible to specifi-

cally enhance or block a particular step. Experimentation with various substrates for the

newly discovered synthetic enzymes revealed that chemical modification of some precur-
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Figure 1 Neurotransmitter depletion.

sors caused them to act as reversible inhibitors of key rate-limiting enzymes. One example

of this was alpha methyl para tyrosine (AMPT). AMPT reversibly inhibits tyrosine hy-

droxylase, the rate-limiting enzyme in the synthesis of NA and DA synthesis (Fig. 1).

AMPT treatment in humans (600–4000 mg/day) decreases urinary excretion of cate-

cholamine metabolites by up to 75% [113]. A 3g/day dose of AMPT reliably reduces

urinary MHPG by 70% and reduces CSF levels of the DA metabolite, homovanillic acid

(HVA), by 61% with no change in the 5HT metabolite, 5HIAA (114). Maximum reduction

of catecholamine metabolites during AMPT treatment occurs within 2 to 3 days of initia-

tion of treatment and returns to normal within 3 to 4 days after withdrawal of the drug

[113,114].

Initial studies with AMPT were poorly controlled and difficult to interpret. Even

after administration over several months to patients with general medical illnesses, AMPT

did not seem to cause significant changes in mood [113]. Most nonpsychiatric patients and

healthy subjects demonstrate little behavioral change other than sedation during AMPT

treatment, with rebound insomnia frequently seen for 1 to 2 days after AMPT discontinua-

tion [113–115]. AMPT was reported to decrease craving for opiates and amphetamines

in a small case series [116], decrease tic movements in Tourette’s syndrome [117], reduce

oral tardive dyskinesia [118], and potentiate antipsychotic efficacy in schizophrenia [119].

In an open-treatment trial of AMPT in patients with essential hypertension, 6 of 20 hyper-

tensive patients had a history of a previous depressive episode. Three of these six became

agitated on AMPT, requiring drug discontinuation [113]. In a double-blind trial, AMPT

reduced manic symptoms in five of seven bipolar patients in the manic phase, but two

had an increase in manic symptoms [114,120]. In the same study, three of four psychotic

depressed patients became more depressed during AMPT treatment [114,120]. In three

depressed patients having had a therapeutic response to imipramine, AMPT had no sig-

nificant effect on the antidepressant response [121]. In one of these patients, AMPT was

started prior to initiation of antidepressant treatment and that patient went on to have a

therapeutic response to imipramine [121].

The first carefully controlled behavioral studies with AMPT suggest that the most

prominent effects are in NRI-treated depressed patients [49–51]. Patients who achieved

and maintained a treatment response to desipramine were more likely to have a temporary

return of depressive symptoms during exposure to AMPT 3 g/day than those successfully

treated with fluoxetine or sertraline [49,50]. These findings are the mirror image of the

results with the use of rapid plasma tryptophan (TRP) depletion, a method for reducing
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brain 5HT synthesis [24]. In those studies, TRP depletion was more likely to cause a

temporary return of depressive symptoms in depressed patients successfully treated with

and taking fluoxetine than those treated with and taking desipramine [53].

Unexpectedly, unmedicated, currently depressed patients did not worsen during ex-

posure to either AMPT 3 g/day [51] or TRP depletion [122]. Severity of depression did

not alter the behavioral response to either type of depletion: patients did not become more

depressed, whether mildly ill or severely ill. These results suggest that the pathophysiology

of depression is unlikely to be understood by focusing on monoamine neurotransmission

alone [123].

A recent meta-analysis of previously published data with TRP and catecholamine

depletion revealed differences in the symptoms that emerge during each type of depletion

[124]. Data from 123 depressed patients on and off antidepressants (44 catecholamine

depletion and 79 TRP depletion) who participated in one of several prior studies [50–

53,125] including a subset of 11 patients who had both TPR and catecholamine depletion

[126], were pooled for analysis. Change from baseline during depletion was calculated

for Hamilton Depression (Ham-D) scale scores. Both TRP and catecholamine depletion

led to statistically significant increases in total HAM-D score, significantly increasing

scores on the following items: depressed mood, loss of interest, retardation, agitation,

psychic and somatic anxiety, loss of energy, loss of sexual interest, decreased appetite,

decreased concentration, and helplessness, hopelessness, and worthlessness. The magni-

tude of increase in item score for “impaired concentration,” “loss of interest,” and “retarda-

tion” was significantly greater for catecholamine than TRP depletion. The magnitude of

increase in somatic anxiety was greater for TRP than catecholamine depletion. Figure 2

graphically shows these changes. One can infer that the symptoms evoked by NA depletion

were more similar than different to those evoked by 5HT depletion. As might have been

expected, NA depletion impaired cognitive symptoms more than 5HT depletion, while

5HT depletion led to more somatic anxiety. The similarities and differences in symptoms

suggest that NA and 5HT share considerable overlap in modulating brain areas mediating

the symptoms of depression but have less of an overlap with some symptoms of anxiety

Figure 2 AMPT versus tryptophan depletion.
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and cognition. This may have relevance to putative differences between 5HT-selective,

NA-selective, and dual-action antidepressants.

Studies in healthy volunteers with no personal or family history of depression

showed that depletion alone could not bring about depressive syndrome [127–129], al-

though healthy women report more negative mood states and irritability during NA deple-

tion [130]. However, in patients who had recovered from recurrent episodes of major

depression and who were medication-free, it was observed that the majority of the patients

experienced a transient return of depressive symptoms in response to TRP depletion

[131,127]. Similar findings have recently been reported with catecholamine depletion [52].

E. Treatment Studies

Theories about the neurobiology of mood and anxiety disorders have been important to

the field, but unless the predictions from these theories are borne out in treatment research,

the theories must be questioned. Therefore, clinical efficacy trials serve both to advance

treatment and to test biological theories. However, it is important also to keep in mind that

evidence for efficacy does not necessarily inform about pathophysiology. For example, the

fact that topical corticosteroids alleviate rashes does not show that rashes are due to a

corticosteroid deficiency.

Since the early 1950s, when MAOIs and imipramine were coincidently discovered

to have therapeutic effects in the treatment of depression [132], and imipramine was found

to be effective for panic attacks in patients with agoraphobia [133], a steady stream of

new medications for depression and anxiety became available for clinical use. The first

of these drugs were simple modifications of the original tricyclic or MAOI compounds.

However, as our understanding of the pharmacology of these compounds evolved, newer

drugs were tailored to have specific neurochemical effects. The vast majority of newer

compounds have been designed to potently enhance NA and/or 5HT neurotransmission

without anticholinergic, antihistaminergic, or antiadrenergic properties. It was hoped that

this would lead to drugs with fewer side effects and/or greater efficacy and faster onset

of action.

The drugs we call antidepressants appear to have a broad efficacy profile, treating

most mood and anxiety disorders. However, as NA and 5HT selective reuptake inhibitors

have emerged, there is a growing body of literature suggesting that differences in the

therapeutic profile exist. NA- and 5HT-selective drugs appear to have comparable efficacy

for treatment of major depression, but 5HT-selective drugs and dual-action drugs may be

more effective in a broader range of anxiety disorders than selective NA reuptake inhibi-

tors. The full implications of this for the underlying biological differences between mood

and anxiety disorders remain to be elucidated.

The following sections provide a selected review of data from clinical studies in-

vestigating the efficacy of several drugs with potent effects of NA and/or 5HT for treat-

ment of major depression and several anxiety disorders. Figure 3 shows the relative po-

tency at inhibition of NA and 5HT reuptake for common antidepressants.

1. NA Reuptake Inhibitors (NRIs)

Desipramine is one of the classical NRIs and there are extensive data available regarding

its clinical efficacy profile. It is well established as effective in the acute treatment of

major depressive episodes in 45 to 63% of outpatients and 48 to 63% in inpatients [134].
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Figure 3 Comparative inhibition of reuptake.

Like other tricyclic antidepressants, it has a host of pharmacological properties that con-

tribute to its side-effect burden. These include anticholinergic, antihistaminergic, and anti-

adrenergic effects [134]. Desipramine has been reported to be effective in the treatment of

panic disorder [l35–138], although clomipramine was even more effective [138]. Desip-

ramine is not efficacious in treatment of OCD [139–141], or post-traumatic stress disorder

(PTSD) [142,143]. Bupropion is a very weak DA reuptake blockade inhibitor; its behav-

ioral profile in laboratory animals and humans is that of a central nervous system (CNS)

stimulant and indirect DA agonist [144]. It increases locomotor activity and causes stereo-

typed behaviors in laboratory animals. In humans, it can cause restlessness, insomnia,

anorexia, and psychosis. Bupropion is structurally related to phenylethylamines and unre-

lated to the TCAs, SSRIs, or MAOIs. It has no significant potency at binding to any known

neurotransmitter receptors. It has no significant effects at blocking reuptake of 5HT or

NA, although its primary metabolite (hydroxybupropion) is a potent NA reuptake inhibitor

[145]. Hydroxybupropion is produced rapidly in humans, with peak plasma levels of up

to 3 times those of bupropion and a half-life of 24. Clinical studies have demonstrated

that bupropion is effective in the treatment of major depressive episodes [134]. While

early studies suggested that bupropion might be less likely to cause hypomania or mania

in bipolar patients, subsequent studies suggested that it can cause mania and psychosis in

bipolar patients, especially those with high pretreatment levels of the DA metabolite HVA

[146,147]. In a recent open-label study, bupropion was not effective for treatment of PTSD

[148]. However, contrary to commonly held clinical impressions, bupropion was reported

to have therapeutic effects in a patient with social phobia [149]. Additionally, a recent

review contrasting the relative efficacy of bupropion and sertraline in treatment of anxiety

symptoms in patients with major depression showed that baseline Hamilton Anxiety Scale

(Ham-A) scores did not predict response to either drug [150] and both drugs equally

reduced Ham-A total score [151].

Reboxetine was approved for use as an antidepressant in much of western Europe,

South America, and Mexico in 1998. Reboxetine is the only truly selective NRI. It potently

inhibits the reuptake of NA without having significant effects on the reuptake of 5HT or

DA. It does not inhibit MAO, nor does it bind to 5HT1A or 5HT2A, DA1 or DA2, α- or β-

adrenergic, muscarinic cholinergic, gamma aminobutyric acid (GABA), benzodiazepine,

or histamine H1-receptors. Reboxetine has primarily been studied in European studies
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involving about 665 nonelderly and 56 elderly (age � 65 years) depressed patients [152].

It is administered twice per day at doses ranging from 4 to 12 mg/day. The European

data show that reboxetine is more effective than placebo and comparable to imipramine,

desipramine, and fluoxetine for the treatment of major depression. Reboxetine has also

been found to be equally effective as imipramine in severely ill depressed patients and

melancholic depressed patients (see Ref. 48 for review). One study found that while rebox-

etine restored normal function as measured on a social adjustment scale, fluoxetine did

not [153]. The finding of improved social adjustment was interpreted to support the specific

involvement of the NA system in “sustaining drive” [153]. A recent study showed reboxe-

tine to be highly effective in the treatment of panic disorder [154].

2. SSRIs

The five drugs in this class are fluoxetine, sertraline, paroxetine, fluvoxamine, and citalo-

pram. All are relatively new and were developed because they are potent and selective

5HT reuptake inhibitors [155]. They share similar side effects and therapeutic spectrum

of action, being effective in the treatment of MDE, OCD, and panic disorder. Early clinical

experience suggests that while these drugs are more similar than different, there are differ-

ences in side-effect profiles between the five that are unexplained by current knowledge.

These include sedation/asthenia versus activation and propensity to cause nausea. In gen-

eral, fluvoxamine and paroxetine are more frequently associated with a sedation-like

“blah” feeling referred to as “asthenia” and nausea, whereas fluoxetine and sertraline are

more “activating.” Citalopram is intermediate in most side effects compared to other

SSRIs, probably accounting for its popularity in Europe and the U.S. Another interesting

difference is the potency of sertraline in blocking DA reuptake [144] and in binding to

sigma receptors [156] and of paroxetine for inhibition of NA reuptake [157]. These data

suggest that sertraline may be problematic in psychotic depression and that in high doses

paroxetine may be a dual NA/5HT reuptake inhibitor. Paroxetine is also an inhibitor of

the enzyme nitric oxide synthetase [158], possibly contributing to a slightly higher rate

of sexual dysfunction compared with other SSRIs [159].

3. Clinical Differences Between SSRIs and NRIs in Depression Studies

Nelson [160] recently published a comprehensive review of prior studies comparing an

NRI to an SSRI in patients with major depression. Sixteen studies were reviewed [160].

The NA selective agents included desipramine, nortriptyline, reboxetine, lofepramine, and

maprotiline and SSRIs included fluoxetine, paroxetine, sertraline, fluvoxamine, zimeli-

dine, and citalopram. A total of 1563 patients were included in these studies. Response

rates were similar, 65% and 60%, for the SSRIs and NRIs. When baseline symptoms that

predict response were examined, there were no consistent findings across studies, although

some studies have found baseline anxiety to predict preferential response to SSRIs versus

NRIs [161,162]. The topic of whether NRIs are as effective for anxiety symptoms/disor-

ders as SSRIs continues to be an important focus of debate. In part, this debate is fueled

by the lack of efficacy of NRIs for OCD [139–141] and PTSD [142,143,148], as well as

a generally held perception that SSRIs are more effective in depressed patients with moder-

ate-to-severe anxiety symptoms [163]. Arguing against a significant class difference in

efficacy in patients with comorbid major depression and anxiety symptoms are the studies

showing NRIs to be effective in panic disorder [135–137,154] as well as a recent study

showing that baseline Ham-A score did not predict response to either sertraline or bupro-

pion during treatment of depression [150].
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4. Dual NA/5HT Reuptake Inhibitors

Approved by the FDA for the treatment of major depression in 1994, venlafaxine is the

oldest of the newer antidepressants and stands out from most of the others in having

minimal effects on blocking neurotransmitter receptors. It is as potent at blocking 5HT

reuptake as imipramine, but is weaker at blocking NA reuptake, making it slightly more

selective for 5HT than NA, especially at lower doses. It does not inhibit MAO and does

not significantly bind to 5HT, NA, DA, muscarinic cholinergic, α1-, α2-adrenergic, or

histamine H1-receptors [164].

Venlafaxine has fared well in placebo-controlled studies and has shown efficacy in

inpatients and outpatients with major depression and in patients with major depression

with melancholia [165,166]. In contrast to SSRIs, there is evidence for a dose-response

relationship, with higher doses being more likely to lead to successful antidepressant re-

sponses than lower doses. This has been hypothesized to be due to the likelihood that at

lower doses (less than 150 mg/day) venlafaxine is predominantly an SSRI and at higher

doses the NA reuptake inhibition begins to contribute to its action [167,168].

Several studies suggest that venlafaxine may lead to higher rates of response and

a more “robust” profile of response (when more stringent response criteria are used) when

compared to fluoxetine, imipramine, or paroxetine. This is especially true in severely ill

or melancholic depressed patients [169–172].

Venlafaxine has been suggested to have a faster onset than imipramine [168] and

fluoxetine [169]. Early onset has also been reported in placebo-controlled trials [173].

While early onset is more likely to be seen with aggressive dose escalation, it is thought

to result from the dual action of venlafaxine on 5HT and NA systems [174].

Venlafaxine may have as broad an efficacy profile as SSRIs. Small open-label stud-

ies have suggested efficacy in OCD [175–178]. Venlafaxine has also been found effective

for the treatment of panic disorder [179,180], attention deficit hyperactivity disorder

[181,182], and social phobia [183].

5. NA Receptor Agonists and Antagonists

Mirtazapine. FDA-approved for the treatment of depression in the summer of

1998, mirtazapine is unique among antidepressants by virtue of the fact that it does not

inhibit the reuptake 5HT, NA, or DA. Its primary mechanism of action relates to its potent

antagonism of α2-adrenergic receptors and 5HT2 receptors. It is also a potent antagonist

of 5HT3 and histamine H1-receptors, effects that influence its side-effect profile. Mirtaza-

pine has no effects on DA, cholinergic, or α1-adrenergic receptors [184]. By blocking α2-

but not the α1-adrenergic receptors, mirtazapine leads to an increase in firing rate and

release of both NA and 5HT. This is because α2-adrenergic receptors are localized on both

NA and 5HT neurons. On NA neurons, presynaptic α2-receptors function as autoreceptors,

inhibiting the release of NA. Blocking these receptors leads to an increased firing rate

and release of NA in most brain regions. NA released near the cell bodies of 5HT neurons

activate α1-adrenergic receptors located on 5HT cell bodies, and since these receptors act

in an excitatory fashion, the firing rate of 5HT neurons is increased. 5HT neurons also

have α2-adrenergic receptors but, in this case, the receptors are localized on 5HT terminals

and function to inhibit the release of 5HT. Blocking these α2-adrenergic receptors enhances

the amount of 5HT released each time the neurons fire [184].

Mirtazapine has been shown to be more effective than placebo in both hospitalized

patients and outpatients, and patients with “severe” depression (17-item Hamilton Depres-
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sion Scale score � 25). It has comparable efficacy with amitriptyline [185], doxepin [186],

and clorimipramine [187], and has been shown to be more efficacious than trazodone

[188] and fluoxetine [189] in severely ill depressed patients.

Most studies have documented improvement in both depression and anxiety and

many studies have shown efficacy in anxious depressed patients [190]. However, there

are no published reports of mirtazapine treatment for anxiety disorders, although several

studies are currently in progress.

Other Adrenergic Antagonists and Agonists. Comprehensive review of the litera-

ture on the use of NA receptor antagonists and agonists is beyond the scope of this chapter,

but given the theoretical importance, a brief overview is called for. In general, the studies

conducted support the interpretation that drugs that reduce NA activity decrease anxiety

and cause fatigue and sedation and drugs that increase NA release (yohimbine) increase

anxiety, especially (but not exclusively) in individuals with anxiety disorders. There are

many published studies on the use of β-adrenergic receptor antagonists (most often pro-

pranolol, atenolol, or metropolol), α2-adrenergic agonists (mostly clonidine), and α2-adren-

ergic antagonists (mostly yohimbine) in a variety of anxiety disorders, mixed depression

and anxiety states, and anxiety-inducing situations. Many open-label and controlled trials

have been conducted and, in general, the results for all anxiety disorders have been mixed

with comparable numbers of positive and negative studies (for reviews of these data, see

Refs. 191–194). While sometimes effective, treatment with these drugs is most often lim-

ited by cardiovascular side effects, sedation, fatigue, and asthma [191–193]. Recent work

with the α1-adrenergic antagonist prazosin in patients with PTSD found it to have evidence

of efficacy, improving sleep and decreasing nightmares [195] (Table 1).

IV. OVERVIEW OF NA IN MOOD AND ANXIETY DISORDERS

There has been substantial progress in elucidating many of the normal functions of NA

in the brain. The LC appears to be a critical component in the brain’s attention system

[43]. NA modulation of the PFC explains one aspect of how we modulate our focus on

rapidly changing external events [40–42]. In the periphery, NA serves to ready the body

for a potential challenge in the classic flight-or-fight paradigm. CNS NA also serves to

modify the storage of emotion-laden memory, perhaps conveying aspects of emotional

significance to memory of events [44,45]. Chronic activation of NA causes adaptive

changes in NA neurons and postsynaptic brain areas, possibly contributing to the symp-

toms of stress [30–32]. Increasing NA release in healthy people results in mild anxiety

[7] and decreasing it results in mild decreases in attention, fatigue, and irritability (49–

52, 115–118, 121, 130, 196). More marked differences have been observed in various

patient groups, but the fact that such differences exist suggests that NA dysfunction may

not be the central pathophysiological component in most patients with affective and/or

anxiety disorders.

The assumptions underlying early models for the neurobiology of depression were

greatly influenced by the discovery of the CNS DA deficiency in patients suffering from

Parkinson’s disease [1] and by the remarkable therapeutic effects of the DA precursor,

L-DOPA [197]. It was in this historical context that the therapeutic and pharmacological

effects of antidepressant drugs were discovered and the first neurobiological theories of

depression and anxiety disorders were proposed. The research of the past 30 years suggests

that new, more complex models are in order.
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Table 1 Clinical Profile of Action of Selected Drugs with Potent NA and/or 5HT Effects

Social

Major anxiety Panic

Drug depression disorder GAD disorder PTSD OCD

SSRIa
���� ���� ���� ���� ���� ����

Venlafaxine ���� ���� ��� ���� ��� ����

Reboxetine ���� NA NA ��� NA NA

Desipramine ���� NA NA �� �/(�)(�) (�)(�)(�)

Bupropion ���� � NA �� (�)(�) NA

Mirtazapine ���� NA NA � �� �

��/ ���/ ���/

β-Antagonistsb NA (�)(�)(�) (�)(�)(�) (�)(�)(�) �
c (�)(�)

Clonidine NA NA �/(�)(�) �/(�)(�) �� (�)

����, Randomized placebo-controlled trials with comparison drug showing greater efficacy than both placebo and comparator; ���, at least one placebo-

controlled trial or more than one open-label trial in a total of 50 or more patients showing efficacy; ��, two or more case reports with a total of 10 or

more patients reporting efficacy in over half of the patients; �, at least one case suggesting efficacy; NA, no data available; (�), at least one case suggesting

lack of efficacy; (�)(�), two or more case reports with a total of 10 or more patients failing to show evidence of efficacy in over half of the patients;

(�)(�)(�), at least one placebo-controlled trial or more than one open-label trial in a total of 50 or more patients failing to show efficacy.
a SSRI (selective serotonin reuptake inhibitors) includes citalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline.
b Includes propranolol and atenolol.
c Propranolol blocked some of the symptoms of acute stress in persons recently traumatized (Ref. 42).
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Many studies have identified differences in measures of NA between patients with

major depression or anxiety disorders and healthy controls. Of the prior research, one of

the most consistent findings has been the blunted growth hormone response to clonidine in

drug-free depressed patients. The major problem with prior interpretations of this finding is

that it is highly nonspecific, being present in a wide variety of psychiatric conditions. Few

of the other markers have been comparably researched in multiple patient populations,

but the ones that have suggest considerable overlap between diagnostic groups exists.

It is likely that many of the differences identified in prior studies of NA function

in clinical samples are a consequence of the differences in levels of stress between the

groups. One of the most serious limitations of prior work investigating NA function in

patients with affective and anxiety disorders is the fact that healthy controls were usually

used as a comparison. It is well established that the NA system is highly stress responsive

and that adaptive changes to chronic stress include many of the same abnormalities identi-

fied in patient populations [14,23,30–32]. Therefore, rather than using healthy controls,

studies investigating the NA system in clinical samples should ideally be using “stressed”

healthy controls. This would help to disentangle whether differences in NA measures

reflect a nonspecific effect of stress or the pathophysiological underpinnings of a psychiat-

ric disorder.

Some of the most important studies addressing the role of NA in clinical syndromes

are those that have utilized NA depletion. The fact that NA depletion does not lead to

depressive symptoms in healthy controls, nonantidepressant-treated clinical samples, or

in depressed patients taking SSRIs (49–52, 115–118, 121, 130, 197) suggests that NA

dysfunction may contribute to the symptoms of affective and anxiety disorders, but is

highly unlikely to be causal. On the other hand, the results of NA depletion studies confirm

the importance of NA to the antidepressant response of NRIs relative to SSRIs [49–52].

Similar studies in patients suffering from anxiety disorders have not been conducted to

date.

It is likely that biological vulnerability to affective and anxiety disorders is heteroge-

neous, with many factors converging to cause a common brain dysregulation. While the

etiology of these conditions may be heterogeneous, the brain systems involved in de-

termining specific emotions, cognitions, and somatic processes are likely to be similar

across patients. In spite of the sometimes dramatic differences in individual symptoms

between patients with major depression, most antidepressant drugs are comparably effec-

tive across patients. This suggests that the drugs are causing widespread effects in many

brain regions rather than simply reversing a common neurochemical abnormality. Consid-

erable evidence supports the idea that specific brain networks and the neuroanatomical

circuits that join them underlie emotional experience, cognition, and somatic function

[198]. While our current understanding of the role and function of these circuits and net-

works remains primitive, a rough outline is beginning to emerge [199].

If this view is correct, then patients suffering with similar symptoms most likely

have similar dysfunction of the same networks and circuits. Recent data support this and

suggest that depression may be associated with localized reductions in brain morphology

in the frontal cortex [200]. The etiology of the dysfunction may differ between patients,

but the net functional impact may be similar. An analogous situation would be a cardiac

arrhythmia leading to an increase in heart rate. In some situations, this could be caused

by an electrolyte imbalance, but in many others it will arise from dysfunction of specific

conduction pathways in the heart. The same symptom arises from different pathological

processes, but the symptom arises from dysfunction of a specific circuit. These types of
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integrative models begin to account for the diversity of clinical presentations and offer

explanations of how neurotransmitter systems, brain circuits, and life experiences that

affect the development of these systems could interact to produce vulnerabilities to depres-

sion and anxiety disorders.

None of the data reviewed provide insights into the how the biology of affective

and anxiety disorders might differ. It is unlikely that any differences that exist reside in

differences in NA function. Until we fully understand the brain networks involved in

modulating discrete emotions, it is unlikely that we will have sufficient understanding of

the brain to distinguish between these conditions or to even know if anxiety and affective

disorders are part of a related spectrum. The treatment data (Table 1) suggest that there

will be significant overlap between most anxiety and affective disorders. OCD and PTSD

may turn out to be important exceptions to this.

In particular, with the clinical conditions in which most antidepressants seem to

work equally, currently available drugs may be acting to cause an alteration in the function

of postsynaptic neurons residing in critical brain circuits, an effect that would account for

the delay [31,201]. Only after this had occurred would behavioral improvement follow.

Abnormalities in the functioning of the postsynaptic receptors may be subcellular, for

example, in the G-protein coupling, second- or third-messenger systems, or at the level

of gene transcription. Some evidence already exists to suggest that the monoamines share

common pathways at this level (31,202,203).

While it is well established that there are considerable interactions between NA and

5HT neurons in the brain, it is also clear that there can be independent effects of changing

neurotransmission in either system [31,48–53]. This would explain why the pharmacologi-

cal profile of the antidepressant drug that the patient is taking is so important to the effects

of monoamine depletion. While both neurotransmitter systems generally innervate most

brain regions, the pattern of innervation sometimes involves different layers of the cortex;

there can be selective innervation of some brain regions; and both common and dissimilar

effects can be observed in intracellular responses in postsynaptic neurons (31,204,205).

In considering the possible role of NA in mood and anxiety disorders, it is clear

that much more work is needed to further elucidate the role of NA in normal brain function

and mental disorders. Future work will benefit from a broader perspective, incorporating

research from the cognitive neurosciences, systems neuroscience, molecular and cellular

research, as well as neuropsychopharmacology.
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I. PHARMACOLOGICAL AND CLINICAL ACTIONS
OF BENZODIAZEPINES

The term “benzodiazepines,” as used in this chapter, includes two properties, namely a

chemical structure and a certain mechanism of action leading to a characteristic pharmaco-

logical profile. Thus it also includes structurally unrelated compounds that have a mecha-

nism of action similar to that of the classic benzodiazepines.

Structurally, benzodiazepines are best considered as derivatives of the prototype

diazepam (Fig. 1A, B). Over the years, more than 3000 benzodiazepine derivatives have

been synthesized and pharmacologically investigated [1,2]. Approximately 50 benzodiaze-

pines and compounds with a similar mechanism of action have been, or still are, available

as therapeutics worldwide.

The classic benzodiazepines have a characteristic profile of activity by which they

can easily be distinguished from other neuropsychotropic drugs, such as antipsychotics

or antidepressants. They differ in their relative potencies and by the relative prominence

of single components of the profile. Typically, benzodiazepines generally have a low toxic-

ity and there is a wide separation between the lowest pharmacologically active doses and

those producing marked undesired or even fatal effects [3]; they are virtually devoid of

direct actions on cells outside the central nervous system and produce a wide variety of

centrally mediated effects that can be grouped conveniently into anticonvulsant activity,

behavioral effects related to their clinical antianxiety effect, sedative effects (reduction of

arousal state and attention level, facilitation of sleep, potentiation of effects of other cen-

trally depressant agents, depression of consciousness and production of anterograde amne-
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(A)

Figure 1A Commercially available benzodiazepines. (From Ref. 1.)
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(B)

Figure 1B Commercially available benzodiazepines (continued).
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sia), modulation of the central control of vegetative functions (autonomic nervous and

endocrine systems), reduction of skeletal muscle tone, and impairment of motor coordina-

tion [3].

Because of these pharmacological actions, beneficial as well as adverse effects are

associated with the use of benzodiazepines, especially at higher doses. Adverse effects

include amnesia, ataxia, sedation, increase of the effects of ethanol, development of toler-

ance and physiological dependence, and occurrence of withdrawal symptoms on discontin-

uation of the drugs. Furthermore, it is precisely because of their positive attributes—

safety, tolerability, and rapid onset of action—that the benzodiazepines may be misused

or abused. While the vast majority of patients are treated correctly, benzodiazepines may

be prescribed inappropriately, for the wrong patients, and/or for the wrong time period.

There is also a small, but definite, problem of the illegal abuse of benzodiazepines by

those for whom they were not prescribed. Such abuse, however, is usually by those who

already abuse other drugs [4,5].

The reactions to these problems by regulatory authorities in different countries has

led to major variations in the use of benzodiazepines. According to their particular con-

cerns, countries will impose strict or less strict controls on who should receive benzodiaze-

pines and when. The actions they take are related to their culture, their attitudes to psycho-

logical problems, their methods of drug prescription and distribution, and so on [5].

Furthermore, in the absence of hard evidence on the benefits and the risks of benzodi-

azepines in the clinical setting, decisions are often based on the opinions of experts, the

media, and politicians who are either strongly in favor or strongly against their use. What

is required is firm evidence of the real scenario regarding benzodiazepines in society,

examining both the data on the benefits to the millions of anxiety sufferers and the true

extent of misuse and abuse—and the costs of that to society [5].

A. Anticonvulsive Actions

Benzodiazepines are the most potent known anticonvulsants. They are effective in virtually

all forms of spontaneous (genetic), chemically, or electrically induced forms of epilepti-

form activity [6]. It is assumed that benzodiazepines predominantly act by inhibiting the

spread of paroxysmal activities, but stabilization of overexcited neurons in the epileptic

focus might also be of importance. Benzodiazepines are especially potent in model systems

where seizures, are elicited by a suppression of GABAergic inhibition, such as the pentyl-

enetetrazole-induced seizures or seizures elicited by inhibitors of GABA synthesis (thio-

semicarbazide). In these models, the activity of benzodiazepines correlates very well with

their affinity for the benzodiazepine receptor (see below) and their potency in human

patients.

They are much less potent in inhibiting strychnine-induced seizures or seizures elic-

ited by supramaximal electroshock. The potency of benzodiazepines in the latter model

does not correlate at all with their affinity for the benzodiazepine receptors and the anticon-

vulsive effects in this model might thus not be produced by these receptors [7]. Benzodiaz-

epines are also potent anticonvulsants in a variety of human epilepsies. They are the drugs

of first choice for status epilepticus and convulsions due to drug poisoning, and are effec-

tive in 80% of cases [8]. Unfortunately, however, the anticonvulsant action of the benzodi-

azepines in humans as well as in animal experiments is reduced over time because of

tolerance development, and thus their long-term therapeutic application against epilepsy

is limited.
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B. Anxiolytic Actions

The anxiolytic action of benzodiazepines usually is investigated in anticonflict tests in

animal experiments. There are a variety of different anticonflict tests and these tests are

usually based on measuring reactions to punished spontaneous or learned behavior. Benzo-

diazepines over a wide dose range enhance the number of punished responses of the ani-

mals without influencing unpunished behavior [3,7]. This specific action of benzodiaze-

pines can also be observed with barbiturates in a small-dose range and with the

tranquilizers meprobamate and metaqualone, but not with neuroleptics and antidepres-

sants. Benzodiazepines are also active in other test procedures such as the “social interac-

tion test” and positively enhance exploratory behavior in an unfamiliar surrounding (test

for neophobia, see Ref. 3).

The relatively selective effect on anxiety is probably related to the fact that benzodi-

azepines suppress activity in many limbic and other brain areas involved in anxiogenesis,

including the septal area, amygdala, hippocampus, hypothalamus, locus coeruleus, and

raphé nuclei. They also decrease the turnover of acetylcholine, noradrenaline, serotonin,

and dopamine in these areas. Suppression of noradrenergic and/or serotonergic pathways

appears to be of particular importance in relation to anxiolytic effects [8].

In addition to the anxiolytic action of benzodiazepines these drugs might also be

involved in the reduction of the hyperactivity of the vegetative nervous system [9]. Benzo-

diazepines reduce the secretion of peripheral stress parameters such as catecholamines or

cortison and reduce stress-induced stomach ulcera. Thus, these drugs might also be bene-

ficial in the treatment of cardiovascular and gastrointestinal disturbances caused by psy-

chosomatic disorders. It is not clear, however, whether these drugs modulate stress and

anxiety only, or in addition have beneficial effects on the accompanying somatic diseases.

The anxiolytic and stress-reducing action of the benzodiazepines is the pharmacolog-

ical basis for the widespread therapeutic use of these drugs in treatment of anxiety, stress,

tension, and excitation. Anxiolytic effects are exerted in doses that cause minimal sedation,

although the hypnotic, muscle relaxant, and perhaps amnesic actions may all contribute

to relief of associated tension and insomnia [8]. The major clinical advantage of benzodiaz-

epines as anxiolytics is the rapid onset of action, usually apparent after a single dose. This

immediate effect contrasts with the delayed anxiolytic effects of antidepressants, buspi-

rone, and psychological treatments. In addition, benzodiazepines are relatively nontoxic

and safer than most of the alternative drugs [8]. Unpleasant side effects such as indiffer-

ence, distance from reality, or reduced effects, which are sometimes observed, might be

explained by an overreduction of anxiety, but the sedative component of the benzodiaze-

pine action might also be involved [7].

The anxiolytic action of benzodiazepines might also be responsible for the antiag-

gressive activity of these drugs in various animal models. It is assumed that benzodiaze-

pines do not reduce aggression per se but are only active when aggression is caused by

anxiety [7]. Under certain conditions, however, when aggression is suppressed by anxiety

or social subordination, benzodiazepines can also induce aggression. Such mechanisms

might explain the relatively rarely observed paradoxical induction of aggressive behavior

in humans by benzodiazepines [7,8].

C. Sedative-Hypnotic Actions

The sedative-hypnotic activities of the benzodiazepines can be studied in animal experi-

ments by investigating the exploratory behavior or the prolongation of sleep time caused
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by these drugs. In addition, benzodiazepines improve the quality of disturbed sleep in

animals and humans. Benzodiazepines, in general, hasten sleep onset, decrease nocturnal

awakenings, increase total sleeping time, and often impart a sense of deep, refreshing sleep

[8]. They do, however, alter the normal sleep pattern: stage 2 (light sleep) is prolonged and

mainly accounts for the increased sleeping time, while the duration of slow-wave sleep

and rapid eye movement (REM) sleep may be considerably reduced. The onset of the first

REM sleep episode is delayed and dreaming is diminished [8]. The suppression of the

REM sleep may initially be helpful in decreasing nightmares, but may also be an important

factor in determining rebound insomnia in drug withdrawal.

The typical changes in sleep stages occur with most benzodiazepines in most pa-

tients, but individual variations in response are considerable and are influenced by dosage,

duration of treatment, type of benzodiazepine, age and clinical state. The increase in total

sleeping time appears to be greatest in patients who complain of insomnia and in those

with short baseline sleep duration [8].

The sedative-hypnotic activities of the benzodiazepines are also responsible for the

unwanted side effects of these drugs, such as sedation during the day, somnolence, and

reduced attention and reactivity. In contrast, even high doses of benzodiazepines do not

produce narcosis. Thus, benzodiazepines alone in contrast to barbiturates, cannot be used

as narcotics.

D. Amnesic Actions

Although benzodiazepines cannot directly cause narcosis, they are frequently used as a

premedication for anesthesia to sedate the patients. Especially with intravenous application

anterograde amnesia often can be observed [7,8]. This effect might be beneficial, for in-

stance, when applied as premedication for endoscopy, where the patients, although having

been awake, cannot remember the unpleasant procedure. Amnestic effects can also be

observed in animal experiments. However, in these animal experiments as well as in pa-

tients, a reduction in cognitive abilities rather than true amnesia is probably produced.

These effects can be used to test for compounds that might possibly improve cognitive

abilities.

E. Central Muscle Relaxation

It is not easy to verify the central muscle relaxant activities of the benzodiazepines because

the simultaneous reduction in vigilance caused by these drugs also can elicit changes in

muscle tonus. Nevertheless, a variety of experimental tests have confirmed the central

muscle relaxant activities of benzodiazepines [6]. These effects seem to be produced by

dampening of supraspinal activatory influences on motor neurons and by inhibition of

polysynaptic reflexes or enhancement of presynaptic inhibition at the spinal level. Ataxia

caused by high doses of benzodiazepines might also be caused by a direct influence of

these drugs on cerebellar circuits.

The muscle relaxant activity of the benzodiazepines can sometimes be used in a

variety of motor disorders. These include a range of dystonias and involuntary movements,

myoclonus, akithesia, restless legs syndrome, and muscle spasm associated with pain.

However, tolerance develops with long-term use and the drugs are not always effective

and may give rise to withdrawal problems [8].

But the muscle relaxant activity of the benzodiazepines is also the cause of severe

side effects, such as muscle weakness and disturbed walking, and therefore should not be
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used in patients with myasthenia or ataxia. Disturbance of walking and subsequent falls

with risk of bone fractures can be caused by overdosage of benzodiazepines and are espe-

cially dangerous in old patients [7]. Muscle relaxation by benzodiazepines might also

cause a disturbance of breathing [8]. A direct influence of benzodiazepines on breathing

is usually only observed with very high, nontherapeutic doses of these drugs. Like other

drugs that depress respiration, they should be avoided in patients with severe chronic

obstructive airways disease [8].

F. Toxic Actions

Benzodiazepines exhibit an extremely low toxicity. Lethal doses of benzodiazepines for

laboratory animals are extremely high with ED50 values in the range of many 100 mg/kg

[6]. Clinical experiences over the last 30 years also indicate that lethal benzodiazepine

intoxication is extremely rare and in most cases occurs because of secondary factors, such

as undercooling, or because of a combined treatment with other centrally active drugs or

ethanol [4]. Some toxicological effects of benzodiazepines in laboratory animals, such as

their lethal actions, are not correlated with their affinity for the benzodiazepine receptors

and might thus be due to toxic effects at very high doses caused by mechanisms presently

not known [6].

G. Plasma Levels and the Pharmacokinetic–Pharmacodynamic
Relationship

The relationship between plasma levels of benzodiazepines, free benzodiazepine concen-

tration, and receptor occupation in the brain has been extensively investigated [10–12].

These investigations clearly demonstrated that the free plasma concentration, which is in

equilibrium with the benzodiazepine concentration in the brain, determines the extent of

benzodiazepine receptor occupation. And the extent of receptor occupation determines

the pharmacodynamic action of the benzodiazepines. Although different doses are needed

for different benzodiazepines to elicit specific actions, these doses are in a clear relation-

ship to the doses necessary for half-maximal occupation of the receptors. In case of the

pentylenetetrazole test, for instance, it was demonstrated that for all compounds investi-

gated in the range of their pharmacological ED50 values, receptor occupation is about

25%. In addition, it was also demonstrated that a different extent of occupation of the

benzodiazepine receptors is required for different pharmacological actions. These data

indicate that there is a clear correlation between the receptor occupation and the pharmaco-

logical effect and that the classic benzodiazepines exhibit quite similar pharmacological

interactions with their receptors [7].

Although in certain tests there is a good correlation between the pharmacokinetic

elimination velocity and the length of the pharmacodynamic action of the benzodiazepines,

this does not hold true for all benzodiazepine effects observed. In many cases, distribution

of the drug between brain and peripheral tissues is an important factor that determines

the length of action of benzodiazepines. Thus, it has been demonstrated that the length

of the hypnotic effect of benzodiazepines does not depend on the pharmacokinetic elimina-

tion velocity but is strongly determined by the distribution of the drugs from the brain

into peripheral tissues [11]. These considerations are valid, however, only for the hypnotic

action of benzodiazepines that requires a high concentration of these drugs in the brain.

Hangover effects of benzodiazepines, such as difficulties in concentration and fatigue in
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the morning after the use of the drugs, for instance, are influenced by the elimination half-

life of the drug.

H. Tolerance Development

A variety of studies has demonstrated the development of functional tolerance in animals

[13] and humans [4,8] after chronic treatment with benzodiazepines. Development of toler-

ance is more prominent for the sedative-hypnotic and anticonvulsant properties of the

benzodiazepines than for their anxiolytic actions. Tolerance to the hypnotic effects devel-

ops rapidly, sometimes after only a few days of regular use [8]. Although development

of tolerance against the sedative-hypnotic properties is desirable when benzodiazepines

are used as anxiolytics, the development of tolerance against the anticonvulsive properties

significantly limits the use of benzodiazepines in the treatment of epilepsy. The mechanism

of tolerance development is not yet well understood, partially because the effects observed

in animals not only depend on the drugs used but also on the intensity and duration of

chronic treatment, the time of analysis post-treatment, and the brain area evaluated [14].

But it is generally assumed that tolerance is caused by a downregulation of receptor density

or function.

I. Addiction, Dependence, Withdrawal

Animal experiments have indicated a weak tendency for self-application of benzodiaze-

pines when these drugs were added to the drinking water. Although self-administration

of these drugs was increased on parenteral injections of the benzodiazepines, it was still

much less frequent than self-administration of cocaine, codeine, or barbiturates [15]. Simi-

lar results were obtained in double-blind placebo-controlled experiments with probands

for a variety of classic benzodiazepines. Although there was a slight preference for benzo-

diazepines over placebo, this preference was much less than that of barbiturates [4,15].

Since there were only small differences in preference between different benzodiazepines,

it can be concluded that all benzodiazepines have a low potential for inducing addiction.

Clinical experiences indicate that patients taking benzodiazepines stay with the same dose

over years and there is no tendency to increase the dosage.

But, of course, a certain form of physical dependence develops on long-term use

of benzodiazepines that is indicated by withdrawal symptoms on abrupt discontinuation

of the drug. In animals, this can lead to increased motor activity, tremor, increased muscle

tonus, and seizure susceptibility [4,15]. In humans, rebound anxiety and insomnia, some

perceptual and motor disturbances, and sometimes even seizures can occur [4,8]. Chronic

benzodiazepine doses needed to elicit such effects, however, are higher than the relevant

pharmacological ED50 values in the animal species investigated. Potent benzodiazepines

with relatively short elimination half-lives (triazolam, alprazolam, lorazepam) appear to

carry the highest risk of causing problems with dependence [8]. In contrast to classical

benzodiazepines that presumably exhibit similar potential to cause addiction and depen-

dence, partial benzodiazepine receptor agonists (see below) seem to be less prone to elic-

iting these effects. It is not yet clear, however, whether this also holds true for patients.

II. BENZODIAZEPINE RECEPTORS

After the discovery of specific high affinity binding sites for benzodiazepines on brain

membranes [6,17], a wealth of experimental data have accumulated indicating that these

binding sites are heterogeneous. Most of the benzodiazepine binding sites have been iden-

tified to represent allosteric modulatory sites on γ-aminobutyric acidA (GABAA) receptors.
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Figure 2 Model of the GABAA receptor.

Since there is an excellent correlation between the clinical potency of benzodiazepines

and related compounds and their ability to displace radiolabeled diazepam or flunitrazepam

from these GABAA-receptor-associated binding sites, it is now clear that most, if not all,

of the clinically relevant effects of benzodiazepines are mediated by modulating the func-

tion of GABAA receptors [1,3,7,14].

In addition to these “central” benzodiazepine receptors (that actually are no recep-

tors, but modulatory binding sites, see Ref. 18), other benzodiazepine binding sites have

been identified in several peripheral tissues as well as in the central nervous system

[17,19]. These “peripheral” benzodiazepine receptors, although exhibiting high affinity

for some benzodiazepines, are not associated with GABAA receptors. They appear to repre-

sent a heteromeric complex of at least three different proteins [20] and there is no signifi-

cant correlation between the clinical potency of benzodiazepines and their affinity for the

“peripheral” binding sites. The physiological functions of these sites are not known, but

they might be involved in steroidogenesis, in the regulation of cell proliferation, and in

the adaptation of the organism to stress and brain damage (for review, see Ref. 20).

Finally, “micromolar” benzodiazepine binding sites have been identified [21] that

differ from the central and peripheral benzodiazepine binding sites not only in their much

lower affinity for benzodiazepines but also in their binding properties and kinetic and

pharmacological characteristics. Evidence has accumulated that these binding sites are

able to modulate Ca2� channel processes [22,23], but probably are not involved in most

of the clinical actions of benzodiazepines.

III. BENZODIAZEPINE MODULATION OF GABAA RECEPTORS

GABA is the major inhibitory transmitter in the central nervous system. It is estimated

that about 30% of all synapses of the brain use GABA as a transmitter [14]. Most of the

physiological actions of GABA are mediated by GABAA receptors. These receptors are

composed of five protein subunits forming a central chloride ion channel that can be

opened by GABA (Fig. 2). So far, at least 6α, 3β, 3γ, 1δ, 1ε, 1π, 1θ, and 3ρ subunits have

been identified in the mammalian nervous system [18] and, depending on their subunit

composition, receptors exhibit distinct pharmacological and electrophysiological proper-

ties [14]. Recent immunocytochemical studies have indicated that individual subunits ex-

hibit a distinct and often widespread distribution throughout the nervous system [24,25].

The resulting expression of multiple subunits in the same neurons suggest the existence

of a large variety of GABAA-receptor subtypes in the brain.

Evidence has accumulated that the majority of the GABAA receptors are composed
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Figure 3 Stoichiometry and subunit arrangement of GABAA receptors. A mirror arrange-

ment is equally possible. BZ or GABA � site of interaction of benzodiazepines or GABA

with GABAA receptors, respectively.

of 2α, 2β, and 1γ subunit [26]. Minor receptors appear to be pentamers composed of αβδ,

αβε, αβπ, αβ, or homo- and hetero-oligomeric ρ subunits. Because two different α and/

or two different β subunits can be present in the same receptor, probably more than 500

distinct GABAA-receptor subtypes do exist in the brain. Their subunit composition and

regional and cellular distribution, however, presently are not known. Only recently, meth-

ods have been developed that allow the identification of the composition and quantitative

importance of receptor subtypes in different brain regions [27]. Because of the widespread

distribution and quantitative importance of the GABA system, even minor GABAA-recep-

tor subtypes probably exhibit an abundance that is comparable to that of some monoamine,

serotonin, or peptide receptors.

A. Action of GABA on GABAA Receptors

Evidence has accumulated that the GABA binding site of GABAA receptors is located at

the interface between α and β subunits (Fig. 3) [28]. Since there are two α/β interfaces

on GABAA receptors, these receptors contain two more or less equivalent GABA binding

sites. Binding of GABA to both of these sites seems to be necessary to induce the confor-

mational change that leads to the opening of the chloride ion channel integrated into the

GABAA receptor [29]. The direction and strength of the chloride flux depends on the

membrane potential and the chloride concentrations on both sides of the membrane. In

most cases, GABA induces an influx of chloride ions and thus a hyperpolarization and

an inhibition of the electrical activity of the cell. So far, no GABA binding site ligands

are available that could significantly differentiate between different GABAA-receptor sub-

types.

B. Action of Benzodiazepines and Related Ligands on GABAA

Receptors

Benzodiazepines do not bind to the GABA binding site. They bind to a separate site on

GABAA receptors that is present only on receptors containing a γ subunit (Fig. 3). This

benzodiazepine binding site is located at the interface between the α and γ subunit of

GABAA receptors [30] and the exact type of the α and γ subunit forming this site strongly

influences its pharmacological properties [14]. Since there are six different α and three

different γ subunits, up to 18 different GABAA-receptor-associated benzodiazepine bind-

ing sites do exist in the brain. By binding to these sites, benzodiazepines cause a conforma-
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Figure 4 Partially selective benzodiazepine site ligands. β-CCM: β-carboline-3-carboxy-

late methylester.

tional change in the receptor that usually enhances GABA-induced chloride flux. These

drugs, however, cannot directly activate the chloride ion flux of GABAA receptors in the

absence of GABA. They are just only modulating ongoing GABAergic activity. This

explains the extremely low toxicity [1,4] of benzodiazepines.

The classic benzodiazepines all have a similar action. This is not surprising because

all these compounds exhibit comparable affinities for the benzodiazepine binding sites of

most of the benzodiazepine-sensitive GABAA-receptor subtypes in the brain [14]. They

enhance GABA-induced chloride flux and at relatively low concentrations exhibit anticon-

vulsant and anxiolytic actions. At higher concentrations they exhibit sedative-hypnotic

and muscle-relaxing effects.

In a search for compounds with a more selective action, many ligands with a benzo-

diazepine or nonbenzodiazepine structure were identified that exhibited a high affinity

for the GABAA-receptor-associated benzodiazepine binding site [1,2,18]. Some of these

compounds exhibited a certain selectivity for GABAA-receptor subtypes (Fig. 4). Thus,

the benzodiazepines quazepam and oxoquazepam, several β-carboline-3-carboxylates, im-

idazopyridines such as zolpidem or alpidem, or the triazolopyridazine Cl-218872 exhibited

a high affinity for the benzodiazepine binding site of GABAA receptors composed of α1,

β, and γ2 subunits (old nomenclature: type I receptors, BZ1 receptors, ω1 receptors), and

a 10 to 15 times lower affinity for the benzodiazepine binding sites of other GABAA

receptors (old nomenclature: type II receptors, BZ2 receptors, ω2 receptors) (see Ref. 18).

It is now clear that the latter type of receptors represents a mixture of many different

receptors. This small selectivity in the binding properties of these compounds, of course,

is not sufficient to avoid coactivation of all the other receptors, and it thus was no surprise

that most of these compounds exhibited properties that were only marginally different

from those of classic benzodiazepines [31,32].
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Figure 5 Schematic presentation of the various classes of ligands for the benzodiazepine

binding site of GABAA receptors. (Modified from Ref. 128.)

Interestingly, the β-carboline-3-carboxylates exhibited actions opposite to that of

benzodiazepines although interacting with the benzodiazepine binding site of GABAA re-

ceptors. This discrepancy was solved when the efficacy of various benzodiazepine binding

site ligands for modulating GABAA receptors was systematically investigated. It was dem-

onstrated that some of these ligands, the “benzodiazepine binding site agonists” like the

classic benzodiazepines, cause a conformational change in GABAA receptors that enhances

GABA-induced chloride ion flux (positive intrinsic efficacy). These compounds exhibit

anxiolytic, anticonvulsant, muscle relaxant, and sedative hypnotic properties. Other li-

gands, the “benzodiazepine binding site inverse agonists” cause a conformational change

that reduces GABA-induced chloride ion flux (negative intrinsic efficacy). These com-

pounds have an action opposite to that of agonists: they produce convulsant, stimulant,

and anxiogenic effects [33,34]. The agonist as well as the inverse agonist actions are

produced via the same (benzodiazepine) binding site, because there is also a third group

of ligands, the benzodiazepine binding site antagonists, that bind with high affinity to the

benzodiazepine binding site of GABAA receptors but have either no or only weak intrinsic

efficacy for changing GABAergic transmission. These compounds, therefore, have no or

only weak intrinsic effects when given to animals or humans, but are able to inhibit the

effects of both benzodiazepine site agonists or benzodiazepine site inverse agonists. Be-

tween these extreme actions, compounds were identified (partial agonists or partial inverse

agonists) with intermediate actions (Fig. 5). Such compounds have less positive or negative

intrinsic efficacy than full agonists or inverse agonists [1,34].
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Figure 6 Partial agonists at the benzodiazepine site.

Partial agonists recently have become quite interesting clinically, because it was

demonstrated that a different extent of receptor occupation is necessary to elicit the anxio-

lytic, anticonvulsant, muscle relaxant, and sedative-hypnotic effects of benzodiazepines

[35,36]. Thus, full agonists are able to elicit their anxiolytic and anticonvulsant effects at a

relatively low receptor occupancy. Since partial agonists only weakly enhance GABAergic

transmission, they need a higher receptor occupancy to elicit comparable effects. To elicit

muscle relaxant and sedative effects, however, full agonists require a higher receptor occu-

pancy. Because of their weaker enhancement of GABAergic transmission, partial agonists

no longer can elicit muscle relaxant and sedative effects with comparable strength and

thus exhibit less side effects than full agonists [35,36].

Some partial agonists, such as bretazenil (Fig. 5) or abecarnil (Fig. 6), raised high

hopes because in animal experiments they acted as potent anxiolytics and anticonvulsants

without tolerance development and sedation and little potentiation of alcohol intoxication.

In clinical experiments, however, these compounds were disappointing because of side

effects, particularly sedation [32]. Imidazenil (Fig. 6), a compound related to bretazenil

but not yet clinically tested, produced a preclinical profile similar to bretazenil but unlike

diazepam, did not produce amnesia at dosage levels with maximal anticonvulsant efficacy

[31]. It is unclear at present why the pharmacological profile of these compounds should

be unfavorable in humans.

Some newer benzodiazepine site ligands, L-838.417 [37] or SL-651.498 (Fig. 6)

[38], exhibit an even more restricted action on various GABAA-receptor subtypes and in

animal experiments again exhibit predominantly anxiolytic, but no sedative actions. The

investigation of their clinical effects is eagerly awaited.

Benzodiazepine binding-site agonists, inverse agonist, or antagonists were identified
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in each class of compounds interacting with the benzodiazepine binding site of GABAA

receptors. In addition, it was demonstrated that the efficacy of compounds for activating or

inhibiting the function of GABAA receptors differs for different GABAA-receptor subtypes.

Thus, a compound can be a full agonist for a certain receptor and a partial agonist or even

antagonist for other receptor subtypes. The degree of partial agonism also can vary be-

tween different receptor subtypes [31,39], although the compound might exhibit a similar

affinity for all of them! The often observed slightly different spectrum of action of different

benzodiazepines can thus be explained by a difference in their ability to activate various

GABAA-receptor subtypes.

C. Action of Other Compounds on GABAA Receptors

In addition to benzodiazepines, a variety of pharmacologically and clinically important

drugs such as barbiturates (phenobarbital, pentobarbital), neuroactive steroids (progeste-

rone and deoxycorticosterone metabolites), anesthetics (propofol, halothane, isoflurane,

chloralhydrate), and convulsants have been demonstrated to produce at least part of their

clinically relevant effects by interacting with allosteric binding sites on GABAA receptors

[14]. In addition, other compounds such as avermectin, γ-butyrolactones, etazolate, etomi-

date, chlormethiazole, Zn2�, La3�, antidepressant drugs such as amoxapine and mianserine

[40,41], or antipsychotic drugs such as clozapine and olanzapine [42] are acting on these

receptors [14,43]. The exact number of different allosteric modulatory sites present on

GABAA receptors and their location currently is not known. Binding of any of these drugs

again causes a conformational change in the structure of GABAA receptors and, by this,

enhances or reduces GABA-induced chloride ion flux. This comparable mode of action

explains the synergistic effects of all these centrally depressant drugs with benzodiazepines

as observed in clinical studies.

In addition to their GABAA-receptor modulatory activity and in contrast to benzo-

diazepines, barbiturates, neuroactive steroids, anesthetics, etazolate, etomidate, or chlor-

methiazole at higher concentrations are also able to directly activate the chloride ion chan-

nel of GABAA receptors in the absence of GABA. These drugs, therefore, exhibit a much

higher toxicity than benzodiazepines [14].

Ethanol shares some properties with barbiturates and benzodiazepines, because it

exhibits anxiolytic, anticonvulsant, and sedative-hypnotic activity. A development of

cross-tolerance among these compounds has also been observed [44]. Other evidence indi-

cates that ethanol is able to potentiate GABAergic transmission in at least some neuronal

systems (for review, see Refs. 14, 45) and might thus mediate part of its pharmacological

and toxicological effects via GABAA receptors. The exact mode of action of ethanol on

GABAA receptors, however, so far could not be determined.

IV. ENDOGENOUS LIGANDS

A. Endogenous Ligands Acting via the Benzodiazepine Binding Site

A variety of evidence indicates that benzodiazepine binding site antagonists, previously

described as intrinsically inactive, are able to induce effects in animals and humans under

particular circumstances [46]. Although these effects, for instance, also could be explained

by a possible dependence of the antagonist efficacy on the previous activity of GABAA

receptors or its state of phosphorylation [47], alternatively, endogenous agonists or inverse
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agonists might exist and modulate the function of these receptors. A variety of brain

disorders, such as anxiety, insomnia, epilepsy, spasticity, alcoholism, coma, or dementia

may then be associated with a disequilibrium of opposing endogenous benzodiazepine

site ligands changing the excitability of neurons implicated in these diseases [46].

Over the years, several endogenous ligands [48] acting at the benzodiazepine bind-

ing site of GABAA receptors (endozepines) have been discovered, although a possible

physiological function of none of these compounds so far has been definitely established.

Thus, the purines inosine and hypoxanthine inhibit diazepam binding with IC50 values 400

to 1300 µM and 700 to 3700 µM, respectively [49]. Similarly, adenosine [50] and S-

adenosylhomocysteine [51] can inhibit benzodiazepine binding. Concentrations needed

for these effects, however, seem to be high compared to the endogenous concentrations

of these compounds [52].

The following three groups of substances are currently thought to be the most likely

endozepine candiates: diazepam binding inhibitor (DBI) and/or its processing products

being the only peptides among them [53]; n-butyl-β-carboline-carboxylic acid ester [54];

and benzodiazepine-like compounds [55,56]. Experimental evidence suggests that DBI

and n-butyl-β-carboline esters are inverse agonists, whereas benzodiazepine-like sub-

stances are agonists at the benzodiazepine binding site of GABAA receptors. All these

agents were isolated from the brain of various mammals including humans, but they have

been shown to fulfill the criteria for modulators of GABAergic inhibition to various de-

grees [46].

To date, only DBI and its smaller fragment, octadecaneuropeptide, were found colo-

calized and coreleased with GABA from neurons [57]. Both DBI and n-butyl-β-carboline-

carboxylic acid ester induced anxiogenic and proconvulsant effects that were antagonized

by the benzodiazepine binding-site antagonist flumazenil (Fig. 5) [53,54]. Whereas n-

butyl-β-carboline-carboxylic acid ester binds to the benzodiazepine binding site of GABAA

receptors with high affinity, DBI is a ligand with intermediate affinity. DBI is, however,

sufficiently concentrated in the brain to activate GABAA receptors. Interestingly, DBI and

some of its processing products bind also to the “peripheral” benzodiazepine binding sites

in the brain and in endocrine tissues, where they promote the synthesis of neurosteroids

and thereby indirectly affect GABAA receptors [46].

In the case of benzodiazepine-like substances, some of which are indeed benzodiaze-

pines (diazepam, desmethyldiazepam), their endogenous source has still not been proven

since both plants and gut microorganisms synthesize them [56], perhaps contributing to

an environmental-based relaxed behavior. Some experimental data nevertheless suggest

that mammalian cells may synthesize similar, not yet identified substances, which are

released from neurons, block convulsions elicited by the GABA antagonist bicuculline,

and enhance GABA-mediated currents in neurons [46].

B. Increase of Endogenous Ligands in Neuropsychiatric Diseases

Several lines of evidence indicate that endogenous benzodiazepine binding site ligands

can be found enriched in neuropsychiatric diseases. For instance, hepatic encephalopathy

is clearly associated with increased levels of endogenous benzodiazepines such as diaze-

pam, desmethyldiazepam, and other benzodiazepine-like substances in plasma, urine, CSF,

and brain of patients [58], and these compounds play a role in the pathophysiology of

this syndrome by potentiating the GABA-induced CNS depression. Flumazenil, the only
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benzodiazepine site antagonist studied in detail, rapidly alleviates the symptomatology of

hepatic encephalopathy, induces arousal from coma, responding to stimuli, and awareness

of the environment without leading to noticeable adverse effects [58].

Coma from other origin was also reported to respond favorably to flumazenil. For

example, flumazenil transiently reversed comatose states due to alcohol, carbamazepine,

baclofen, halothane, chloralhydrate, and cannabis intoxication [59–62]. Since flumazenil

is a selective benzodiazepine site antagonist, the most parsimonious explanation of these

unexpected therapeutic effects would be antagonism of a coma-related activation of endog-

enous benzodiazepine agonists.

In addition, it has been demonstrated that another brain disorder, the idiopathic recur-

rent stupor, is associated with a large increase of endogenous benzodiazepine binding-

site agonists [63]. In a case of idiopathic recurrent stupor, both the prompt abolition by

flumazenil of the stupor episodes and a dramatic increase of endogenous benzodiazepine

agonists during these attacks in CSF and plasma of the patient indicated an involvement

of endogenous benzodiazepine agonists in the pathogenesis of this rare disorder [64].

In some other neuropsychiatric diseases apparently inverse agonists predominate.

For instance, DBI was elevated in the CSF of depressed patients with pronounced anxiety

[65]. This anxiety might have been directly induced by DBI because it is known that

inverse agonists can induce anxiety [66]. Similarly, late-onset alcoholic patients with anx-

ious personality had increased CSF levels of DBI when compared to early-onset alcoholics

demonstrating antisocial personality and a genetic predisposition [67]. Release of an en-

dogenous benzodiazepine inverse agonist during withdrawal from ethanol was also sug-

gested by the finding that flumazenil was able to diminish alcohol withdrawal symptoms,

such as tremor, sweating, nausea, anxiety, depression, and restlessness [68].

A recent demonstration of increased levels of a less well-characterized endogenous

benzodiazepine site ligand in the plasma of anxious and depressed patients, as well as in

stressed healthy volunteers, suggests its involvement in processes related to stress and/or

anxiety [59,69,70]. If elevated, DBI in CSF produces a reduced GABAergic function, then

depression as well as alcoholism coupled to anxiety might possibly be associated with a

downregulated GABAA-receptor function, in certain brain areas.

All these results would be consistent with the proposal [46] that endogenous benzo-

diazepine binding-site ligands are at least partially colocalized with GABA in neurons

and coreleased with it in response to defined stimuli according to the spatiotemporal orga-

nization of particular neuronal circuits. Endogenous benzodiazepine agonists would then

increase and inverse agonists decrease the effect of GABA upon GABAA receptors, leading

to enhanced or reduced inhibition of postsynaptic neurons, respectively. Depending on

arrangements of GABAergic neurons in various CNS regions and their roles in integrating

behavioral patterns, a disequilibrium of endogenous benzodiazepine ligands with a prepon-

derance of either agonists or inverse agonists would ultimately contribute to different

levels of excitability of GABA-receptive neurons that may be critically implicated in the

expression of CNS disorders [46].

Since it was shown that the release of a peptidergic cotransmitter is increased upon

higher frequency stimulation of presynaptic neurons while that of the principal transmitter

remains the same through a range of stimulation frequencies [71], at least in the case of

DBI and its metabolites it may be assumed that enhanced neuronal firing of GABAergic

neurons would release higher amounts of the peptides, thus reducing the inhibitory effect

of coreleased GABA and further increasing neuronal excitability. Such a mechanism might

also contribute to the genesis of epilepsy. Flumazenil exhibits a moderate antiepileptic
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activity [72–74], which may have been underestimated because of short half-life and low

bioavailability of this drug.

C. Endogenous Ligands Acting via Other Sites of GABAA Receptors

As mentioned above, a variety of endogenous neuroactive steroids (progesterone and

desoxycorticosterone metabolites) can allosterically modulate the function of GABA on

GABAA receptors [14,75]. There are regional differences in the sensitivity of GABAA

receptors to modulation by neuroactive steroids [76], and the effects of neuroactive ste-

roids are dependent on the subunit composition of the GABAA receptor [77]. The location

of these sites on GABAA receptors currently is not known. Since steroids at higher concen-

trations can directly activate the GABAA-receptor-associated chloride channel, presumably

more than one specific steroid binding site is present on these receptors. In addition to

steroids that can enhance the actions of GABA on GABAA receptors, other steroids, such

as pregnenolone sulfate, allosterically reduce the actions of GABA on these receptors

[14,75].

Some steroids, such as the progesterone metabolites pregnanolone (3α-hydroxy-5β-

pregnan-20-one) and allopregnanolone (3α-hydroxy-5α-pregnan-20-one), are synthesized

in the brain and their concentration varies depending on the hormonal situation (estrous

cycle) of the individual [78]. From animal studies, it is known that these metabolites

exhibit anxiolytic, hypnotic, and anticonvulsant effects. Their withdrawal during the es-

trous cycle might contribute to the symptoms of premenstrual syndrome, such as anxiety

and seizure susceptibility [79]. Reduced concentrations of these steroids might also con-

tribute to postpartum or postmenopausal dysphoria [80].

In addition to these direct effects of steroids on GABAA receptors, indirect effects

via genomic receptors also seem to occur. Thus, estrogens regulate GABAA-receptor sub-

unit mRNA expression in regions of the female rat brain known to contain estrogen recep-

tors [81].

Since allopregnanolone has a poor oral availability, a new synthetic neuroactive

steroid ganaxolone (3α-hydroxy-3β-methyl-5α-pregnan-20-one) has been developed and

is currently under clinical trials. It is a potent and efficacious anticonvulsant agent for the

management of generalized absence and partial seizures [82] as well as for convulsions

due to cocaine poisoning [83]. Recently, it was reported that ganaxolone is superior to

valproate, ethosuximide, clonazepam, diazepam, and phenobarbital in preventing the pen-

tylenetetrazole-induced convulsions and the behavioral effects of pentylenetetrazole in-

cluding its depressant effects on locomotor activity and rearing in mice, thereby suggesting

that ganaxolone may provide additional benefits in the treatment of epilepsy by controlling

anxiety, mood changes, and other behavioral alterations associated with preseizure activity

[84].

Other steroids such as allotetrahydrodeoxycorticosterone (5α-THDOC) are synthe-

sized in the adrenal gland, although this compound is found in the brain where its concen-

tration is increased during stress [85]. 5α-THDOC is one of the most potent known steroid

modulators of GABAA receptors and, thus, can directly modulate the function of these

receptors via the steroid binding site. In addition, steroids produced in the adrenals directly

or indirectly influence the expression of GABAA-receptor subunits in the brain, as shown

by adrenalectomy [86]. This indicates that GABAA-receptor function is under constant

regulation by such steroids.

Other hormones, such as the thyroid hormones, also directly [87–89] or indirectly
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[90,91] modulate the function of GABAA receptors. Although somatostatin-14, a biologi-

cally active tetradecapeptide, is known to mediate its biological actions through the G-

protein-coupled membrane receptors [92]; its direct interaction with the GABAA-receptor

complex has also been reported [93,94]. Similarly, melatonin has been reported to interact

directly with GABAA receptors [95,96]. Because this effect was observed already at nano-

molar concentrations of melatonin, an interaction of melatonin with GABAA receptors

might have some physiological significance.

In addition, neuronal growth factors such as neurotrophin-3 [97] or platelet-derived

growth factor [98] seem to be able to directly or indirectly inhibit the function of GABAA

receptors. A low-molecular-weigth factor released from astrocytes is also able to nega-

tively modulate the function of GABAA receptors [99]. This factor seems not to act via

the benzodiazepine binding site because its effect could not be blocked by flumazenil.

In addition, polyamines, such as spermine, spermidine, and putrescine, or arachi-

donic acid and fatty acids are able to modulate the function of GABAA receptors [14].

Cis-9,10-octadecenoamide, a fatty acid primary amide that accumulates in the CSF of

sleep-deprived cats and may represent a novel signaling molecule, has also been demon-

strated to modulate the function of GABAA receptors. This compound might be involved

in the regulation of arousal and has been implicated in the circadian control of physiologi-

cal sleep [100].

Imidazoleacetic acid is normally present in the brains of rats and humans as well

as in human CSF. This compound is a full agonist at the GABA binding site of GABAA

receptors and can be synthesized from minute quantities of histamine in the brain. Its

central administration induces a host of centrally mediated effects, including sedation and

hypnosis (for review, see Ref. 101). This compound might be involved in a novel mecha-

nism for interactions between histamine and the GABAergic system.

Normal human urine contains inhibitory activity for the enzyme monoamine oxidase

(MAO). It has been tentatively termed tribulin and it has been speculated that tribulin

might be related to an endogenous anxiety factor acting via the benzodiazepine receptor

and bearing structural similarities to β-carbolines [102]. Subsequently, it has been estab-

lished that tribulin consists of several low-molecular-mass fractions that exhibit four

known bioactivities: monoamine oxidase A and B inhibitory activities and peripheral and

central benzodiazepine receptor-binding-inhibitory activities [103]. The compounds in-

volved in these activities seem to be differentially distributed in the brain of rats and their

level is increased in both human urine and rat tissues by stress or anxiety, and by anxio-

genic drugs [104]. Further studies have to be performed to clarify the function of the

compounds contributing to tribulin.

The intracellular loops of several subunits of the GABAA receptor contain consensus

sequences for phosphorylation by various protein kinases [14]. Such phosphorylation di-

rectly modulates the function of GABAA receptors and the detailed effects probably de-

pend on the subunit composition of the individual receptor subtypes. Several different

kinases have been identified to modulate the function of GABAA receptors and the effects

of phosphorylation are the subject of intensive investigation [14,105–107]. The identity

of the corresponding phosphatases so far has been much less investigated. Because the

various enzymes involved in phosphorylation and dephosphorylation of GABAA receptors

could be activated by many different transmitter and second-messenger systems, this offers

the possibility of short- and long-term modulation of GABAA-receptor function by other

transmitter systems, hormones, or growth factors. Furthermore, it should be stressed that
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Table 1 Endogenous Ligands Acting on GABAA Receptors

Refs.

Ligands acting at the benzodiazepine site:

DBI 53

β-carbolines 54

benzodiazepines 55, 56

Ligands acting at other sites:

neuroactive steroids 14, 75

thyroid hormones 87–89

somatostatin 93, 94

melatonin 95, 96

neurotrophin-3 97

platelet-derived growth factor 98

polyamines, arachidonic acid, fatty acids 14, 100

imidazoleacetic acid 101

tribulin 102–104

Ligands indirectly modulating GABAA receptors via

protein phosphorylation

various transmitters and modulators 105–107

drugs interfering with these regulatory mechanisms could influence the GABAergic sys-

tem and could lead to specific GABAergic effects.

Endogenous ligands modulating GABAA receptors are summarized in Table 1. The

accumulated data indicate that the function of GABAA receptors is highly regulated by a

variety of ligands and signals and can thus be immediately adjusted to the physiological

requirements of the individual.

V. FUNCTION OF GABAA-RECEPTOR SUBTYPES

Although a large variety of allosteric binding sites have been identified on GABAA recep-

tors, only a few compounds have been discovered so far that exhibit a certain receptor

subtype selectivity (see Sec. III). Their selectivity, however, is not sufficient to allow a

selective modulation of a single receptor subtype and, thus, to determine its function in

the brain.

Several attempts have been made to identify the function of receptor subtypes by

generating mouse lines in which the gene encoding for a certain GABAA-receptor subunit

was inactivated. A knockout of γ2-subunits was lethal [108], possibly at least in part be-

cause the γ2-subunit is required for synaptic clustering of GABAA receptors [109]. By

contrast, mice heterozygous for the γ2-subunit knockout developed and behaved normally.

The synaptic clustering of GABAA receptors was only partly reduced (about 15–30%,

depending on the brain region); the unclustered receptors consisted of α- and β-subunits.

When exposed to certain fear-inducing stimuli, these animals showed a striking disease

phenotype with a high anxiety response to natural and learned aversive stimuli, as well

as cognitive bias for threat cues [110]. This indicates that a reduction in the number of

GABAA receptors containing γ2-subunits might cause a predisposition for anxiety and is
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consistent with the fact that benzodiazepines produce their anxiolytic action by interacting

with GABAA receptors containing a γ-subunit [14].

A knockout of the α6-subunit, which is expressed more or less exclusively in the

cerebellar granule cells, did not result in an overt phenotype [111]. However, the α6 knock-

out mice were more sensitive to the motor-impairing action of diazepam in an accelerating

rotarod test than their wild-type counterparts [112]. Although disruption of the gene encod-

ing the β3 or δ-subunit produced mice with an epileptic phenotype [113] or an attenuated

sensitivity to neuroactive steroids [114], respectively, a possible change in the develop-

ment and function of the brain, as well as changes in the expression of other receptors

or ion channels caused by the lack of these receptors could not be excluded.

In a more subtle attempt to identify the function of receptors that contain specific

α-subunits, a new genetic approach was recently developed [115]. This approach was

based on introducing a point mutation (His101Arg) into the α1-subunit of GABAA recep-

tors, rendering α1-containing receptors insensitive to allosteric modulation by diazepam

without altering their GABA sensitivity. In the absence of any change in signal intensity

produced by the mutated receptors, animals possessing this mutation developed normally

and the cellular and subcellular location of receptors was unchanged. In these animals,

therefore, diazepam mediated its effects through only the α2-, α3-, and α5-subunit-con-

taining receptors, because receptors containing α4- or α6-subunits are insensitive to diaze-

pam [14]. A comparison of drug-induced behavioral responses in α1(His101Arg) mutant

and wild-type mice then allowed the identification of diazepam effects that are missing

in mutant mice and, thus, to determine the contribution of α1-containing receptors to the

effects of diazepam. It was demonstrated that α1(His101Arg) mutant mice failed to show

the sedative, amnesic, and, in part, anticonvulsant actions of diazepam. By contrast, the

anxiolytic-like, myorelaxant, and ethanol-potentiating effects were fully retained, which

indicates that these effects are produced via the nonmutated GABAA receptors that contain

α2-, α3-, or α5-subunits [115]. Using a similar approach, most of these findings were

confirmed by a different group [37]. The small discrepancies between these studies could

be explained by differences in the test procedures applied [38].

In subsequent studies, the function of α2- or α3-subunit containing receptors in

the brain was investigated. For this, point mutations were introduced into α2- or α3-

subunits at positions homologous to that of α1His101 [116]. However, in α3(His126Arg)

mice the anxiolytic activity of diazepam, as tested by the light-dark choice test and the

elevated plusmaze test, was not impaired compared with wild-type mice. By contrast, in

α2(His101Arg) mice, the anxiolytic activity of diazepam was absent [116]. Thus, the anxi-

olytic activity of diazepam seems to be mediated by neurons expressing α2-containing

receptors. This finding is consistent with the expression of α2-subunits in brain areas that

are associated with emotional stimulus processing [24,25]. Thus, α2-containing receptors

are abundant in the central nucleus of the amygdala. In addition, these receptors are

densely packed on the axon initial segment of principal cells of the cerebral cortex and

the hippocampus bringing their output activity under GABA-mediated control [117,118].

Given that α2-containing receptors constitute only about 15% of diazepam-sensitive

GABAA receptors, ligands selective for α2-containing GABAA receptors would be ex-

pected to show a much reduced side-effect profile. Such agents would be highly selective

drugs compared with the nonselective benzodiazepines in clinical use.

To identify the GABAA-receptor subtypes mediating the action of diazepam on mus-

cle tone, in a subsequent study, the myorelaxant properties of diazepam were investigated

in these α2 or α3-point mutated mice [119]. Whereas in α2(His101Arg) mice the myorelax-
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ant action of diazepam was almost completely abolished at doses up to 10 mg/kg, the

same dose induced myorelaxation in both wild-type and α3(His126Arg) mice. It was only

at a very high dose (30 mg/kg diazepam) that α2(His101Arg) mice showed partial myore-

laxation and α3(His 126Arg) mice were partially protected from myorelaxation compared

with wild-type mice. From this it was concluded that the myorelaxant activity of diazepam

seems to be mediated primarily by α2-subunit-containing GABAA receptors and at high

concentrations also by α3-containing receptors [119].

Thus, α2-containing receptors apparently mediate the anxiolytic as well as muscle

relaxant action of diazepam. But these actions presumably are elicited by receptors in

different brain regions and there seems to be a difference in the dose necessary to exhibit

these effects. From this it can be predicted that a partial agonist selective at α2-containing

GABAA receptors will exhibit anxiolytic but no sedative and muscle relaxant properties. A

compound coming close to these properties might be L-838.417 (Fig. 6). This compound,

although binding with high affinity to α1-, α2-, α3-, and α5-subunit-containing receptors,

does not enhance GABA-response on α1-receptors but acts as a partial agonist on α2,

α3-, and α5-containing receptors [37]. Studies on the clinical effects of this compound

are eagerly awaited.

Interestingly, a recent report has indicated that α5-subunit deficient mice seem to

exhibit increased abilities in learning and memory tasks [120], possibly indicating that

α5-subunit-containing GABAA receptors mediate the memory-impairing effect of diaze-

pam. This conclusion is supported by the abundant location of α5-subunits in the hippo-

campus [24,25], a brain region in which GABAA receptors are involved in memory encod-

ing and retrieval [121]. Selective partial inverse agonists of GABAA receptors containing

α5-subunits might thus represent excellent candidates for the generation of memory-

enhancing drugs.

In conclusion, recent studies have indicated that the different effects of benzodiaze-

pines not only are produced in different brain regions but are also mediated by partially

different GABAA-receptor subtypes. These results should cause a revival of GABAA-re-

ceptor research and strongly stimulate the development of drugs with a higher α2-, α3-,

or α5-receptor subtype selectivity. Since GABAA receptors not only are involved in con-

trolling the excitability of the brain [122] and the modulation of anxiety [123,124], but

also in the modulation of feeding and drinking behavior [125], circadian rhythms [126],

cognition, vigilance, memory, and learning [121,127], a selective modulation of individual

receptor subtypes will generate quite selective clinical effects.
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myorelaxant action of diazepam. Mol Pharmacol 2001; 59:442–445.

120. Collinson N, Cothliff R, Rosahl TW, Sur C, Kuenzi F, Howell O, Seabrook GR, Atack JR,

McKernan RM, Dawson GR, Whiting PJ. Role of the α5 subunit of the GABAA receptor in

learning and memory. Eur J Neurosci 2000; 12 (suppl 11):171.

121. Paulsen O, Moser EI. A model of hippocampal memory encoding and retrieval: GABAergic

control of synaptic plasticity. Trends Neurosci 1998; 21:273–278.

122. Olsen RW, Avoli M. GABA and epileptogenesis. Epilepsia 1997; 38:399–407.

123. Nutt DJ, Glue P, Lawson C. The neurochemistry of anxiety: an update. Prog Neuro-Psycho-

pharmacol Biol Psychiat 1990; 14:737–752.

124. Pratt JA. The neuroanatomical basis of anxiety. Pharmacol Ther 1992; 55:149–181.



442 Sieghart

125. Cooper SJ. Benzodiazepines and appetite: recent preclinical advances and their clinical impli-

cations. Human Psychopharmacol 1989; 4:81–89.

126. Turek FW, Van Reeth O. Altering the mammalian circadian clock with the short-acting ben-

zodiazepine triazolam. Trends Neurosci 1988; 11:535–541.

127. Sarter M, Schneider HH, Stephens DN. Treatment strategies for senile dementia: antagonist

β-carbolines. Trends Neurosci 1988; 1:13–16.

128. Haefely WE. Structure and function of the benzodiazepine receptor. Chimia 1987; 41:389–

396.



18

Antidepressants for the Treatment
of Depression and Anxiety Disorders:
Same Mechanism of Action?

R. HAMISH McALLISTER-WILLIAMS and STEPHEN P. TYRER

University of Newcastle upon Tyne

Newcastle upon Tyne, England

I. INTRODUCTION

Comorbidity of depression and anxiety is common. Approximately 45% of patients with

a current anxiety disorder also have a depressive disorder, and about 40% of patients with

depression have been found to have an anxiety disorder [1]. Antidepressants are effective

for the treatment of depressive illnesses in the majority of patients, regardless of the degree

of anxiety symptoms present. They are also an effective treatment for several primary

anxiety disorders, which has led to the hypothesis of “affective spectrum disorders,” de-

fined by their response to antidepressants and speculation that similar pathophysiological

processes underlie these conditions [2]. However, this is predicated on the assumption

that antidepressants have the same or similar mechanisms of action in anxiety disorders

as in depression. This chapter will briefly review the evidence for the effectiveness of

antidepressants in depression and a number of anxiety disorders. Several issues will be

explored including: (1) how far are the effects of antidepressants in anxiety disorders due

to a nonspecific effect on mood and (2) to what extent do these agents have specific effects

on the core psychopathology of anxiety disorders?

If antidepressants work through the same mechanism to alleviate depression and

anxiety, then it would be expected that the clinical response to antidepressants would be

similar in time course, that similar classes of antidepressants would have similar efficacy,

and that similar doses of drug would be required. The clinical response to antidepressants
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will be examined in depression and three anxiety disorders—obsessive-compulsive disor-

der (OCD), panic disorder, and post-traumatic stress disorder (PTSD). Clinical observa-

tions suggest that antidepressants work by different mechanisms in at least some anxiety

disorders when compared with depression; various possible explanations of these observa-

tions will be explored.

II. CLINICAL RESPONSE TO ANTIDEPRESSANTS

A. Depression

The discovery of tricyclic antidepressants (TCAs) and monoamine oxidase inhibitors

(MAOIs) in the 1950s and 1960s led to the monoamine hypothesis of the pathophysiology

of depressive illnesses, implicating both norepinephrine (NE) and serotonin (5HT). The

first randomized controlled trial of the effectiveness of these drugs in depression was

conducted by the Medical Research Council of the United Kingdom in 1965 [3]. This

demonstrated the superiority of imipramine over placebo and, incidentally, the ineffec-

tiveness of phenelzine in the severely depressed group of patients in this study. The advent

of the selective serotonin reuptake inhibitors (SSRIs) in the 1980s led to much debate as

to whether drugs that acted solely on the 5HT system could be as effective as those that

acted on NE system as well. Accordingly, large numbers of comparative studies comparing

TCAs and SSRIs have been conducted in patients with varying degrees of severity of

depression. Several meta-analyses of these studies have demonstrated that both classes of

drugs are equally effective in general [4–6]. Of interest is the conclusion that drugs that

are relatively selective at blocking NE reuptake, such as desipramine, produce similar

response rates as SSRIs. However, analysis of those studies investigating the treatment

of hospitalized patients with severe depressive illnesses suggests that the older TCAs may

be superior to SSRIs in this population, with this superiority residing almost entirely with

amitriptyline [6,7]. More recently, meta-analysis of studies comparing the NE and 5HT

reuptake inhibitor venlafaxine with SSRIs has also demonstrated a superiority of venlafax-

ine at doses of 150 mg/day and above in moderate to severely ill patients with major

depression [8,9]. The reason for the superior clinical potency of amitriptyline and venlafax-

ine in major depression is unknown, although both drugs are potent in the blockade of

both the NE and 5HT uptake mechanism. Further support for the notion that dual action

leads to improved clinical outcome comes from studies examining the effect of combining

an SSRI with a relatively NE-selective TCA [10], which show increased efficacy in this

combination over an SSRI alone. Although the interpretation of these studies is compli-

cated by the potential pharmacokinetic interaction that can occur between SSRIs and TCAs

due to the metabolism of the latter by the cytochrome P450 isoenzyme 2D6 being inhibited

by the former [11], these results support the notion that blockade of the reuptake of both

these amines is more effective than that of 5HT alone. Thus, it can be concluded that in

the management of major depression, SSRIs are as effective as selective NE reuptake

inhibitors and that drugs that potently block both uptake mechanisms are probably superior

in the treatment of the severely ill.

Clinical observations of depressed patients treated with antidepressants demonstrate

that response is not immediate. Improvements in mood, cognitive functioning, and somatic

symptoms are first observable in patients who eventually respond to tricyclic antidepres-

sants after 1 to 2 weeks [12], with a similar temporal profile seen also in the elderly treated

with fluoxetine [13]. However, there is little information in the literature regarding the
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total length of time patients take to recover when treated with antidepressants. The Food

and Drug Administration (FDA) in the United States recommends that acute treatment

studies in depressed patients should be conducted for a period of 6 weeks (http:/ /www.

fda.gov/cder/guidance/old050fn.pdf ), although there appears to be little basis for this

opinion. Analysis of a large number of patients treated in placebo-controlled studies sug-

gests that only a few patients who have not shown any signs of improvement after 4 weeks

of treatment show some response at 6 weeks [14]. This finding is independent of the nature

of the depressive illness or antidepressant used [14], although the elderly may take longer

to respond [15]. This has led to clinical guidelines for the management of depression in

adults, recommending changes in antidepressant treatment in patients who have either

failed to show any response at 4 weeks, or only minimal response at 6 weeks, once the

diagnosis has been reviewed and compliance checked [16].

B. Obsessive-Compulsive Disorder

The Epidemiological Catchment Area survey in the United States reported a lifetime prev-

alence of OCD of 2.5% [17]. Two-thirds of OCD patients have a lifetime history of major

depression and one-third satisfy criteria for major depression at the time of first evaluation

[18]. Conversely, over 20% of bipolar and 10% of unipolar affective disorder patients,

respectively, have comorbid OCD [19]. Despite the high rates of co-occurrence of both

depressive and obsessive-compulsive symptomatology in patients, it is possible to selec-

tively investigate effects of treatment on core OCD symptoms using well-validated scales

such as the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) [20,21]. This is an im-

portant issue because it allows the possibility of examining the specific effects of anti-

depressants in OCD.

A meta-analysis of randomized controlled trials demonstrates a superiority of clo-

mipramine and SSRIs over placebo in OCD patients as assessed using specific scales

such as the Y-BOCS [22]. However, neither nortriptyline [23] nor imipramine [24] show

evidence of superiority over placebo. The difference between clomipramine and other

TCAs that are less 5HT selective is supported by a meta-analysis of eight direct compari-

son studies, which reveal clomipramine to demonstrate superior efficacy in alleviating the

core symptoms of OCD [22]. Similarly, fluvoxamine has been shown to be superior to

desipramine [25]. While it appears that the effect size seen with clomipramine compared

to placebo is bigger than that with SSRIs [22], in direct head-to-head comparisons, SSRIs

appear to be equally effective as clomipramine in OCD [26]. In addition, the hypothesis

that the efficacy of clomipramine in OCD resides entirely in its ability to block 5HT uptake

is supported by the finding that the addition of an NE uptake inhibitor (desipramine) to

an SSRI in treatment-resistant OCD patients has no effect [27]. Although clomipramine

is metabolized to desmethylclomipramine, which is largely an NE uptake blocker, the

assumption is that clomipramine acts independently in this condition.

Given the high rates of comorbid depressive symptomatology, an important question

is whether antidepressants are effective in OCD simply by ameliorating these symptoms,

rather than the core psychopathology of the disorder. As described above, both clomipra-

mine and SSRIs appear to have significant effects compared to placebo on OCD symptoms

as assessed using specific rating scales. However, this question has been further investi-

gated by comparing the relative efficacy of clomipramine versus placebo according to the

levels of depression of patients at the outset of the trial. Piccinelli and colleagues [22]

compared trials in which patients were excluded if they had a primary affective disorder
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and/or patients had a baseline Hamilton Depression Rating Scale score lower than 17 with

trials in which OCD patients had concomitant depression. Interestingly, clomipramine was

superior to placebo in both sets of trials, but the effect was greatest in those trials where

patients had little or no concomitant depression.

Not only is there a difference in the range of antidepressants that is effective in the

treatment of OCD compared to depression, but the doses needed and the time to response

also appear to be different. Many of the randomized controlled studies conducted to date

have compared treatments over periods of 8 to 12 weeks. These have often revealed a

delayed response to treatment, leading expert consensus to suggest therapeutic trials for

a minimum of 8 weeks [28,29], twice the duration recommended for depression [16]. In

addition, the dose of antidepressant needed to treat OCD tends to be higher than that

needed to treat depression. In a fixed-dose comparison of placebo, 20 mg, 40 mg, and 60

mg of fluoxetine in OCD, a dose-response relationship is apparent with 20 mg being no

better than placebo [30]. This is somewhat different from the situation in depression, where

20 mg of fluoxetine is clearly effective and there is little evidence of a dose-response

relationship for higher doses [31,32]. These differences may simply be due to OCD being

a more severe form of illness than depression. However, such a situation cannot explain

the different range of effective treatments in the two conditions.

C. Panic Disorder

Around two-thirds of patients with panic disorder have experienced a major depressive

episode at some time [33]. Such comorbidity is associated with a more severe illness and

is reflected by a suicide rate twice that seen in depressed patients without comorbid panic

disorder [1]. While some studies have suggested that such comorbidity has no effect on

response to treatment [34,35], the majority of studies show that comorbid depression leads

to a poorer treatment response in panic disorder patients [36]. This suggests a complex

interaction between the expression of depressive and panic symptoms in patients and is

to a certain extent consistent with the notion that there may be a shared pathophysiology

between these conditions. This matter is further confounded as there are differences in

the response to treatment between the conditions.

The assessment of the effect of treatments in panic disorder is complicated by the

high frequency of occurrence of comorbid conditions. Many studies comparing different

treatments have assessed global anxiety, depression ratings, or overall clinical improve-

ment [37]. This makes it difficult to be certain that the treatments are having an effect on

core panic disorder symptoms rather than associated or comorbid symptomatology. The

clearest, but far from perfect, way of assessing the effect of treatments in panic disorder

is simply to measure panic attack frequency. Using such measures, it can be seen that in

some patients panic disorder responds to treatment with TCAs such as imipramine [34].

The response to imipramine appears to correlate with the plasma concentration of imipra-

mine itself rather than its active metabolite desmethyl-imipramine [38]. Since imipramine

is predominantly a 5HT uptake inhibitor, while its metabolite is an NE uptake inhibitor,

this finding suggests that blockade of 5HT uptake is the mechanism by which imipramine

acts in panic disorder. This supposition is supported by findings that the tetracyclic antide-

pressant maprotiline [39], which selectively inhibits NE uptake, and the TCA lofepramine

[40], which is relatively NE selective, are ineffective in panic disorder. Conversely, SSRIs

appear to be highly effective in the treatment of panic disorder [37,41]. Despite the 5HT

uptake blockade potency of the parent compound, imipramine does not appear to be as
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effective as clomipramine [42], which is more potent at blocking 5HT uptake. In addition,

in a meta-analysis SSRIs have been shown to be more clinically effective in panic disorder

than imipramine [41]. These data suggest that 5HT uptake blockade is more important in

treating panic disorder than NE uptake blockade, and are reflected in expert consensus

statements on the management of panic disorder [43]. However, the picture is not as clear

as in OCD [28], because TCAs (i.e., imipramine) other than clomipramine appear to be

effective. This may relate to the complex presentation of panic disorder and the problems

of assessment of response to treatment.

D. Post-Traumatic Stress Disorder

Post-traumatic stress disorder is characterized by a triad of psychopathology, including

reexperiencing a traumatic event, such as recurrent and intrusive flashbacks; avoidance

of any situation or activity that directly or indirectly reminds the patient of the trauma;

and increased arousal. However, in addition, a high proportion (up to 80%) of patients

also suffer from comorbid anxiety disorders and depression [44]. Therefore, it is not sur-

prising that there has been interest for some years in the use of antidepressants for the

treatment of PTSD. A recent systematic review of methodologically sound, randomized

controlled trials suggests that antidepressants are effective in the treatment of PTSD [45].

Of particular interest is that improvement in the core symptoms of PTSD is seen, rather

than just comorbid depression. This would tend to suggest that antidepressants are effec-

tive in treating, or at least ameliorating the effect of, the underlying pathophysiology of

PTSD.

Most recent interest in the treatment of PTSD has centered on the use of SSRIs.

These have been shown clearly to be effective [46]. It has been suggested that the effect

size seen with antidepressants in PTSD correlates with their serotonergic specificity [47].

This is supported by a small and short duration study that found desipramine, a relatively

NE-selective TCA, to be ineffective [48]. The evidence for the specificity of the SSRIs

in this condition is not clear-cut and it is not surprising that expert consensus guidelines

recommend the use of SSRIs, nefazodone, or venlafaxine as first-line treatments of PTSD

[49], although the inclusion of the latter two drugs does not have great evidence-based

support [50].

In addition to possible differences in the range of antidepressants that have efficacy

in PTSD compared to depression, there is also a suggestion of a difference in the time

course of response. No FDA recommendations exist regarding the duration of controlled

studies of medication in PTSD patients, although generally studies range in duration from

4 to 12 weeks. Expert consensus suggests that the time to response is longer than in

depressive illness and a duration of 8 weeks is recommended in therapeutic trials [49,50].

However, even this length of treatment may not be sufficient as inspection of several of

the longer controlled trials suggests that a significant proportion of nonresponders at 8

weeks may well become responders by week 12 [46,51,52]. This is clearly well beyond

the normal response time seen in depressive illness.

III. MECHANISM OF ACTION OF ANTIDEPRESSANTS

A. Depression

Little is known about the mechanism of action of antidepressants in ameliorating the symp-

toms of depressive illness in humans. Not surprisingly, most hypotheses regarding poten-
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tial mechanisms center on effects on monoaminergic systems. Because the clinical re-

sponse to antidepressants is delayed, any hypothesis needs to explain why this occurs

despite inhibition of monoamine uptake or metabolism, or receptor blockade occurring

as soon as a single oral dose of an antidepressant is absorbed. Such explanations usually

postulate neuroadaptive changes occurring in response to raised monoamine concentra-

tions, based on experimental work in animals.

Postmortem binding studies in suicide victims have led to hypotheses that depression

is associated with a supersensitivity of beta-adrenoceptors [53]. Data from animal studies

demonstrate that repeated administration of TCAs, MAOIs, and electroconvulsive shocks

decrease beta-adrenoceptor numbers in rats [54,55]. This has led to the suggestion that

this is the potential mechanism of action of antidepressants [56]. Of note is that changes

in the number of beta-adrenoceptors are seen after 7 to 21 days of treatment, but not after

a single dose of an antidepressant [55], in line with the time course of response of de-

pressed patients to pharmacological treatment. However, the effect of SSRIs on beta-

adrenoceptors appears to be inconsistent, with sertraline [57] reported to cause a similar

reduction as TCAs, but no effect of the most selective of the SSRIs, citalopram [58,59].

Other monoamine hypotheses of the mechanism of action of antidepressants have

included those connected with 5HT receptors. Rapidly lowering brain tryptophan levels

(and hence 5HT) can lead to significant lowering of mood in subjects with a vulnerability

to depression, such as patients with a strong family history of depression [60,61] and

euthymic subjects with a history of recurrent depression [62,63]. The consequences of

rapid lowering of 5HT on the functional activity of the serotonergic system remain to be

determined. Deakin and Graeff [64] have suggested that 5HT neurons in the median raphé

that project onto postsynaptic 5HT1A receptors in the hippocampus maintain adaptive be-

haviors in the face of aversive stimuli. They further hyphothesize that a failure of this

system leads to helplessness in animals and depression in humans [64]. This model would

predict a mood-lowering effect of tryptophan depletion in humans as a result of reduced

transmission through postsynaptic 5HT1A receptors. Several studies have reported a

blunted growth hormone response to L-tryptophan in depressed patients compared to con-

trols [65], a neuroendocrine test believed to be an indicator of 5HT1A function [66].

There is further evidence that 5HT1A receptors are involved in the mechanism of

antidepressant action. Antidepressant treatments may lead to a neuroadaptive change that

counteracts an impairment of postsynaptic 5HT1A receptors. In vivo studies in rodents

have demonstrated that a range of antidepressants and electroconvulsive shocks, when

given chronically over 14 days, but not single doses, attenuate the function of somatoden-

dritic 5HT1A receptors located on raphé neurons [67,68]. Single doses have no effect.

Attenuation of these autoreceptors enhances serotonergic transmission generally, includ-

ing transmission mediated through postsynaptic 5HT1A receptors. An overall effect of anti-

depressants enhancing 5HT transmission through postsynaptic hippocampal 5HT1A recep-

tors has also been argued by Blier and de Montigny [69] using in vivo electrophysiological

techniques in rats, although they argue for differing mechanisms between antidepressants.

For example, repeated TCAs are claimed to lead to a supersensitivity of postsynaptic

5HT1A receptors, while SSRIs are said to cause a downregulation of somatodendritic 5HT1A

receptors [69]. In either case, these effects are seen after 14 days of treatment with anti-

depressants, but not after single doses.

More recently, there have been hypotheses explaining that antidepressants are effec-

tive in depression through mechanisms independent of monoaminergic systems, such as

alterations in the expression of glucocorticoid receptors [70] and pathways involved in



Antidepressant Treatment 449

neuronal plasticity and cell survival [71]. These hypotheses, particularly the former, relate

to the hypercortisolemia seen in depression [72,73] that may be of pathophysiological

importance [74]. In common with proposed monoaminergic mechanisms of action, these

effects of antidepressants are likely only to become apparent after at least several days

of treatment. As such, they are also able to explain the clinical delay in response seen in

depressed patients.

B. Obsessive-Compulsive Disorder

The pathophysiology of OCD is far from clear. However, PET imaging studies have sug-

gested that the disorder is associated with increased activity in orbitofrontal-subcortical

circuitry [75,76], which appears to normalize upon successful treatment of the disorder

[77]. How this might relate to possible 5HT abnormalities is unclear, but given the weight

of clinical data regarding the efficacy of serotonergic antidepressants described above,

5HT systems seem to be closely involved at least in the successful pharmacological treat-

ment of the condition.

One of the cornerstones of the proposed mechanism of action of antidepressants in

depression is that animal investigations demonstrate adaptive changes to occur over 1 or

2 weeks; this is similar to the time course seen in the clinical response in depression.

However, as discussed above, the clinical response in OCD tends to take a much longer

period of time, and this is at odds with the earlier animal data published in investigations

concerned with depression. However, recent investigations have shown that administration

of an SSRI desensitizes 5HT autoreceptors and increases 5HT release in the orbitofrontal

cortex after 8 weeks of treatment, but this effect is not seen after 3 weeks [2]. This is of

particular interest given the findings suggesting the importance of this region in OCD

[75]. In addition, this effect also appears to require larger doses of SSRIs that are effective

in the treatment of depression [78]. Therefore, it may well be the case that some antidepres-

sants are clinically effective in OCD at high doses because of their ability to desensitize

5HT autoreceptors in the orbitofrontal cortex, as opposed to effects seen at lower doses

on other 5HT pathways that are important in the relief of depression.

C. Panic Disorder

Many systems have been hypothesized as involved in the pathophysiology of panic disor-

der [79]. However, given the evidence illustrating a preferential effect of serotonergic

versus norepinephrinergic antidepressants, the 5HT system is likely to play a major role.

Two possibly conflicting hypotheses have been proposed.

The first posits that panic disorder results from an excess of 5HT and/or a supersensi-

tivity of postsynaptic 5HT receptors. This is supported by findings that fenfluramine,

which induces neuronal release of 5HT, increases the level of anxiety in panic disorder

patients [80]. In addition, the nonselective 5HT2 agonist mCPP increases anxiety in healthy

subjects as well as in patients with panic disorder [81]. The second 5HT hypothesis of

panic disorder is the complete reverse, postulating that the disorder arises because of a

5HT deficit. Deakin and Graeff [64] have proposed that the serotonergic input to the

periaqueductal gray matter (PAG) is particularly involved in the mediation of panic. The

PAG receives its 5HT input from the dorsal raphé and it is hypothesized that increased

5HT activity to the PAG reduces panic-like response. It is important to note that this

proposed pathway (dorsal raphé to PAG) is different from that hypothesized by the same

authors as being involved in depression (median raphé to hippocampus) [64]. This 5HT



450 McAllister-Williams and Tyrer

deficit hypothesis is supported by findings that an infusion of tryptophan appears to de-

crease anxiety in panic disorder patients [82]. Further, while tryptophan depletion does

not lead to panic attacks directly, it does make patients more sensitive to panicogenic

challenges [83].

On theoretical grounds, the action of SSRIs in alleviating panic disorder is explicable

on the basis of either a 5HT excess or a deficit hypothesis. In the former case, SSRIs may

initially increase anxiety [84] because of increased postsynaptic availability. However,

the delayed therapeutic response may result from a downregulation of postsynaptic 5HT

receptors, compensating for their pathological supersensitivity and/or an excess of 5HT.

Conversely, if panic disorder results from a 5HT deficit, then SSRIs may act by repeated

administration, leading to a downregulation of somatodendritic 5HT1A autoreceptors in the

raphé, reducing feedback inhibition of the 5HT system and so increased 5HT availability in

PAG. This is a similar explanation as that for the action of antidepressants on the 5HT

system in depression, except that it is an action on somatodendritic 5HT1A autoreceptors

in dorsal, rather than median, raphé nuclei that is important for the treatment in panic

disorder.

D. Post-Traumatic Stress Disorder

One of the most prominent areas of research into the pathophysiology of PTSD is in

relation to abnormalities in the hypothalamic–pituitary–adrenal (HPA) axis. These studies

have revealed striking differences compared with depression. Severe depressive illness is

associated with hypercortisolemia [72,73] and cortisol nonsuppression in the dexametha-

sone suppression test (DST) [85]. The hypercortisolemia may arise because of a hypotha-

lamic overdrive because raised corticotrophin-releasing hormone (CRH) is also found in

the CSF of depressed patients [86]. Alternatively (or additionally), raised cortisol and an

abnormal DST may arise because of abnormal or reduced glucocorticoid receptors, which

are involved in the feedback control of the HPA axis, because these are found to be reduced

in lymphocytes [87] and in the brains of suicide victims [88]. The situation in PTSD is

rather different. Patients with this condition have been found to have increased CRH in

CSF, as in depression, but this is associated with normal or even low cortisol levels [89].

In addition, the DST in PTSD patients is either normal [90] or even enhanced [91], regard-

less of comorbid depression. These findings have been suggested to result from an increase

in glucocorticoid receptors, which has been demonstrated in lymphocytes [92].

Given these differences in pathophysiology between depression and PTSD, it seems

unlikely that antidepressants act in identical ways in the two conditions. Specifically, the

hypothesis that antidepressants act in depression by increasing the expression of glucocor-

ticoid receptors [70] seems to be an unlikely mechanism of action in PTSD, where these

receptors may already be overexpressed.

With regard to 5HT systems in PTSD, it has been demonstrated that there is a

reduction in 5HT uptake sites on platelets in patients, regardless of comorbid depression

[93]. Investigations in depressed patients show a similar change [94,95]. In both cases,

there appears to be a normalization of 5HT uptake sites upon successful treatment with

an SSRI. This argues for a possible similar mechanism of action of antidepressants in

PTSD and depression. However, there is also evidence of an abnormal sensitivity of post-

synaptic 5HT2 receptors in PTSD similar to that seen in panic disorder, in that mCPP

provokes symptoms of PTSD in patients [96]. Therefore, it may be the case that the thera-

peutic effect of antidepressants in PTSD may involve similar 5HT pathways as are relevant
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in panic disorder—that is, an effect on dorsal raphé projections to PAG rather than median

raphé projections to the temporal lobe.

IV. SUMMARY

Because antidepressants are effective in the treatment of depression and a number of anxi-

ety disorders, it has been postulated that similar pathophysiological mechanisms may un-

derlie both conditions [97]. This seems unlikely to be the case. As described here, there

are differences in the spectrum of drugs that are effective in treating depression and a

number of anxiety disorders. Furthermore, the clinical response varies according to the

diagnosis of the patient, with differing time courses and core symptoms of the anxiety

disorders being differentially affected relative to comorbid depressive symptoms. In addi-

tion, there is evidence for several anxiety disorders of a distinct psychopathology that is

separate from that found in depression. Most of the systems postulated to be involved in

the pathophysiology of these conditions, for example, the 5HT system, are extremely

complex with multiple pathways. It seems likely that the differences in clinical response

may reflect differential effects of antidepressants on different systems and/or pathways.

Given the frequent comorbidity of depression and many of the anxiety disorders, together

with the nosological difficulty in defining such disorders as generalized anxiety, panic,

and social phobia, it is sometimes hard to draw definitive conclusions. Nonetheless, there

is no reason to suppose that, because a particular patient responds to an antidepressant,

this agent is acting in one specific way in every case. Benefits may result from the action

of the drug on several distinct neurochemical pathways.

It is unfortunate that the group of drugs that we know as antidepressants was termed

in this way. Their efficacy in several conditions other than depression, probably by acting

in a way that is distinct from the way they act in this disorder, clamor for a change in

name. It is difficult to characterize these agents simply from the description of a simple

pharmacological action (e.g., specific serotonin reuptake inhibition) because their efficacy

in some/all conditions may or may not reside in this action. All involved in this rapidly

developing field should be aware of the many-faceted actions of the antidepressant drugs

and beware of attributing their actions to alleviation of depression alone.
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obsessive-compulsive disorder. I. A controlled clinical trial. Arch Gen Psychiatry 1980; 37:

1281–1285.

24. Foa EB, Steketee G, Kozak MJ, Dugger D. Imipramine and placebo in the treatment of obses-

sive-compulsives: their effect on depression and on obsessional symptoms. Psychopharmacol

Bull 1987; 23:8–11.

25. Goodman WK, Price LH, Delgado PL, Palumbo J, Krystal JH, Nagy LM, Rasmussen SA,

Heninger GR, Charney DS. Specificity of serotonin reuptake inhibitors in the treatment of



Antidepressant Treatment 453

obsessive-compulsive disorder. Comparison of fluvoxamine and desipramine. Arch Gen Psy-

chiatry 1990; 47:577–585.

26. Zohar J, Judge R. Paroxetine versus clomipramine in the treatment of obsessive-compulsive

disorder. OCD Paroxetine Study Investigators. Br J Psychiatry 1996; 169:468–474.

27. Barr LC, Goodman WK, Anand A, McDougle CJ, Price LH. Addition of desipramine to seroto-

nin reuptake inhibitors in treatment-resistant obsessive-compulsive disorder. Am J Psychiatry

1997; 154:1293–1295.

28. Anonymous. Treatment of obsessive-compulsive disorder. The Expert Consensus Panel for

obsessive-compulsive disorder. J Clin Psychiatry 1997; 58(suppl 4):2–72.

29. Greist JH, Jefferson JW. Pharmacotherapy for obsessive-compulsive disorder. Br J Psychiatry

1998; 175(suppl 35):64–70.

30. Tollefson GD, Rampey AH Jr, Potvin JH, Jenike MA, Rush AJ, Kominguez RA, Koran LM,

Shear MK, Goodman W, Genduso LA. A multicenter investigation of fixed-dose fluoxetine

in the treatment of obsessive-compulsive disorder. Arch Gen Psychiatry 1994; 51:559–567.

31. Beasley CM Jr, Bosomworth JC, Wernicke JF. Fluoxetine: relationships among dose, response,

adverse events, and plasma concentrations in the treatment of depression. Psychopharmacol

Bull 1990; 26:18–24.

32. Tyrer SP, Marshall EF, Griffiths HW. The relationship between response to fluoxetine, plasma

drug levels, imipramine binding to platelet membranes and whole-blood 5-HT. Prog Neuropsy-

chopharmacol Biol Psychiatry 1990; 14:797–805.

33. Cowley DS, Flick SN, Roy-Byrne PP. Long-term course and outcome in panic disorder: a

naturalistic follow-up study. Anxiety 1996; 2:13–21.

34. Keller MB, Lavori PW, Goldenberg IM, Baker LA, Pollack MH, Sachs GS, Rosenbaum JF,

Deltito JA, Leon A, Shear K. Influence of depression on the treatment of panic disorder with

imipramine, alprazolam and placebo. J Affect Disord 1993; 28:27–38.

35. Black DW, Wesner R, Bowers W, Monahan P, Gabel J. Acute treatment response in outpa-

tients with panic disorder: high versus low depressive symptoms. Ann Clin Psychiatry 1995;

7:181–188.

36. Lecrubier Y. The impact of comorbidity on the treatment of panic disorder. J Clin Psychiatry

1998; 59(suppl 8):11–14.

37. den Boer JA. Pharmacotherapy of panic disorder: differential efficacy from a clinical view-

point. J Clin Psychiatry 1998; 59(suppl 8):30–36.

38. Mavissakalian MR, Perel JM. Imipramine dose-response relationship in panic disorder with

agoraphobia. Preliminary findings. Arch Gen Psychiatry 1989; 46:127–131.

39. den Boer JA, Westenberg HG. Effect of a serotonin and noradrenaline uptake inhibitor in

panic disorder; a double-blind comparative study with fluvoxamine and maprotiline. Int Clin

Psychopharmacol 1988; 3:59–74.

40. Fahy TJ, O’Rourke D, Brophy J, Schazmann W, Sciascia S. The Galway Study of Panic

Disorder. I: Clomipramine and lofepramine in DSM III-R panic disorder: a placebo controlled

trial. J Affect Disord 1992; 25:63–75.

41. Boyer W. Serotonin uptake inhibitors are superior to imipramine and alprazolam in alleviating

panic attacks: a meta-analysis. Int Clin Psychopharmacol 1995; 10:45–49.

42. Modigh K, Westberg P, Eriksson E. Superiority of clomipramine over imipramine in the treat-

ment of panic disorder: a placebo-controlled trial. J Clin Psychopharmacol 1992; 12:251–261.

43. Ballenger JC, Davidson JR, Lecrubier Y, Nutt DJ, Baldwin DS, den Boer JA, Kasper S, Shear

MK. Consensus statement on panic disorder from the International Consensus Group on De-

pression and Anxiety. J Clin Psychiatry 1998; 59(suppl 8):47–54.

44. Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB. Posttraumatic stress disorder in

the National Comorbidity Survey. Arch Gen Psychiatry 1995; 52:1048–1060.

45. Stein DJ, Zungu-Dirwayi N, Der Linden GJ, Seedat S. Pharmacotherapy for Posttraumatic

Stress Disorder. Cochrane Database Syst Rev CD002795, 2000.

46. Stein DJ, Seedat S, van der Linden GJ, Zungu-Dirwayi N. Selective serotonin reuptake inhibi-



454 McAllister-Williams and Tyrer

tors in the treatment of post-traumatic stress disorder: a meta-analysis of randomized controlled

trials. Int Clin Psychopharmacol 2000; 15(suppl 2):S31–S39.

47. Penava SJ, Otto MW, Pollack MH, Rosenbaum JF. Current status of pharmacotherapy for

PTSD: an effect size analysis of controlled studies. Depress Anxiety 1996; 4:240–242.

48. Reist C, Kauffmann CD, Haier RJ, Sangdahl C, DeMet EM, Chicz-DeMet A, Nelson JN. A

controlled trial of desipramine in 18 men with posttraumatic stress disorder. Am J Psychiatry

1989; 146:513–516.

49. Foa EB, Davidson JRT, Frances A. The expert consensus guideline series. Treatment of Post-

traumatic Stress Disorder. The Expert Consensus Panels for PTSD. J Clin Psychiatry 1999;

60(suppl 16):3–76.

50. Ballenger JC, Davidson JR, Lecrubier Y, Nutt DJ, Foa EB, Kessler RC, McFarlane AC, Shalev

AY. Consensus statement on posttraumatic stress disorder from the International Consensus

Group on Depression and Anxiety. J Clin Psychiatry 2000; 61(suppl 5):60–66.

51. Connor KM, Sutherland SM, Tupler LA, Malik ML, Davidson JR. Fluoxetine in post-traumatic

stress disorder. Randomised, double-blind study. Br J Psychiatry 1999; 175:17–22.

52. Brady K, Pearlstein T, Asnis GM, Baker D, Rothbaum B, Sikes CR, Farfel GM. Efficacy and

safety of sertraline treatment of posttraumatic stress disorder: a randomized controlled trial.

JAMA 2000; 283:1837–1844.

53. Mann JJ, Stanley M, McBride PA, McEwen BS. Increased serotonin-2 and beta-adrenergic

receptor binding in the frontal cortices of suicide victims. Arch Gen Psychiatry 1986; 43:954–

959.

54. Vetulani J, Stawarz RJ, Dingell JV, Sulser F. A possible common mechanism of action of

antidepressant treatments: reduction in the sensitivity of the noradrenergic cyclic AMP gener-

ating system in the rat limbic forebrain. Naunyn Schmiedebergs Arch Pharmacol 1976; 293:

109–114.

55. Wolfe BB, Harden TK, Sporn JR, Molinoff PB. Presynaptic modulation of beta adrenergic

receptors in rat cerebral cortex after treatment with antidepressants. J Pharmacol Exp Ther

1978; 207:446–457.

56. Ventulani J, Stawarz RJ, Sulser F. Adaptive mechanisms of the noradrenergic cyclic AMP

generating system in the limbic forebrain of the rat: adaptation to persistent changes in the

availability of norepinephrine (NE). J Neurochem 1976; 27:661–666.

57. Byerley WF, McCornell EJ, McCabe RT, Dawson TM, Grosser BI, Wamsley JK. Chronic

administration of sertraline, a selective serotonin uptake inhibitor, decreased the density of

beta-adrenergic receptors in rat frontoparietal cortex. Brain Res 1987; 421:377–381.

58. Hyttel J, Overo KF, Arnt J. Biochemical effects and drug levels in rats after long-term treat-

ment with the specific 5-HT-uptake inhibitor, citalopram. Psychopharmacology (Berl) 1984;

83:20–27.

59. Garcha G, Smokcum RW, Stephenson JD, Weeramanthri TB. Effects of some atypical anti-

depressants on beta-adrenoceptor binding and adenylate cyclase activity in the rat forebrain.

Eur J Pharmacol 1985; 108:1–7.

60. Benkelfat C, Ellenbogen MA, Dean P, Palmour RM, Young SN. Mood lowering effect of

tryptophan depletion. Enhanced susceptibility in young men at genetic risk for major affective

disorders. Arch Gen Psychiatry 1994; 51:687–697.

61. Klaassen T, Riedel WJ, van Someren A, Deutz NE, Honig A, van Praag HM. Mood effects

of 24-hour tryptophan depletion in healthy first-degree relatives of patients with affective disor-

ders. Biol Psychiatry 1999; 46:489–497.

62. Smith KA, Fairburn CG, Cowen PJ. Relapse of depression after rapid depletion of tryptophan.

Lancet 1997; 349:915–919.

63. Moreno FA, Gelenberg AJ, Heninger GR, Potter RL, McKnight KM, Allen J, Phillips AP,

Delgado PL. Tryptophan depletion and depressive vulnerability. Biol Psychiatry 1999; 46:

498–505.

64. Deakin JFW, Graeff FG. 5-HT and mechanisms of defence. J Psychopharm 1991; 5:305–315.



Antidepressant Treatment 455

65. Power AC, Cowen PJ. Neuroendocrine challenge tests: assessment of 5-HT function in anxiety

and depression. Molec Aspects Med 1992; 13:205–220.

66. Smith CE, Ware CJ, Cowen PJ. Pindolol decreases prolactin and growth hormone responses

to intravenous L-tryptophan. Psychopharm 1991; 103:140–142.

67. Goodwin GM, de Souza RJ, Green AR. Presynaptic serotonin receptor-mediated response in

mice attenuated by antidepressant drugs and electroconvulsive shock. Nature 1985; 317:531–

533.

68. Maj J, Moryl E. Effects of sertraline and citalopram given repeatedly on the responsiveness

of 5-HT receptor subpopulations. J Neural Trans Gen Sect 1992; 88:143–156.

69. Blier P, de Montigny C. Current advances in the treatment of depression. Trends Pharmacol

1994; 15:220–226.

70. Barden N, Reul JMHM, Holsboer F. Do antidepressants stabilize mood through actions on

the hypothalamic-pituitary-adrenocortical system? Trends Neurosci 1995; 18:6–11.

71. Manji HK, Drevets WC, Charney DS. The cellular neurobiology of depression. Nat Med 2001;

7:541–547.

72. Sachar EJ, Hellman L, Roffwarg HP, Halpern FS, Fukushima DK, Gallagher TF. Disrupted

24-hour patterns of cortisol secretion in psychotic depression. Arch Gen Psychiatry 1973; 28:

19–24.

73. Murphy BPE. General review: steroids and depression. J Steroid Biochem Mol Biol 1991;

38:537–559.

74. McAllister-Williams RH, Ferrier IN, Young AH. Mood and neuropsychological function in

depression: the role of corticosteroids and serotonin. Psychol Med 1998; 28:573–584.

75. Baxter LR Jr, Phelps ME, Mazziotta JC, Guze BH, Schwartz JM, Selin CE. Local cerebral

glucose metabolic rates in obsessive-compulsive disorder. A comparison with rates in unipolar

depression and in normal controls. Arch Gen Psychiatry 1987; 44:211–218.

76. Saxena S, Rauch SL. Functional neuroimaging and the neuroanatomy of obsessive-compulsive

disorder. Psychiatr Clin North Am 2000; 23:563–586.

77. Baxter LR Jr, Schwartz JM, Bergman KS, Szuba MP, Guze BH, Mazziotta JC, Alazraki A,

Selin CE, Ferng HK, Munford P. Caudate glucose metabolic rate changes with both drug and

behavior therapy for obsessive-compulsive disorder. Arch Gen Psychiatry 1992; 49:681–689.

78. el Mansari M, Bouchard C, Blier P. Alteration of serotonin release in the guinea pig orbito-

frontal cortex by selective serotonin reuptake inhibitors. Relevance to treatment of obsessive-

compulsive disorder. Neuropsychopharm 1995; 13:117–127.

79. Nutt DJ. Antidepressants in panic disorder: clinical and preclinical mechanisms. J Clin Psychi-

atry 1998; 59(suppl 8):24–28.

80. Targum SD. Differential responses to anxiogenic challenge studies in patients with major

depressive disorder and panic disorder. Biol Psychiatry 1990; 28:21–34.

81. Charney DS, Woods SW, Goodman WK, Heninger GR. Serotonin function in anxiety. II.

Effects of the serotonin agonist MCPP in panic disorder patients and healthy subjects. Psycho-

pharmacology (Berl) 1987; 92:14–24.

82. Charney DS, Heninger GR. Serotonin function in panic disorders. The effect of intravenous

tryptophan in healthy subjects and patients with panic disorder before and during alprazolam

treatment. Arch Gen Psychiatry 1986; 43:1059–1065.

83. Miller HE, Deakin JF, Anderson IM. Effect of acute tryptophan depletion on CO2-induced

anxiety in patients with panic disorder and normal volunteers. Br J Psychiatry 2000; 176:182–

188.

84. Boyer WF, Feighner JP. Side effects of the selective serotonin re-uptake inhibitors. In: Feigh-

ner JP, Boyer WF, eds. Selective Serotonin Re-uptake Inhibitors. Chichester: John Wiley &
Sons Ltd, 1991:133–152.

85. Carroll BJ, Feinberg M, Greden JF, Tarika J, Albala AA, Haskett RF, James NM, Kronfol

Z, Lohr N, Steiner M, de Vigne JP, Young E. A specific laboratory test for the diagnosis of

melancholia. Arch Gen Psychiatry 1981; 38:15–22.



456 McAllister-Williams and Tyrer

86. Nemeroff CB, Widerlov E, Bissette G, Walleus H, Karlsson I, Eklund K, Kilts CD, Loosen

PT, Vale W. Elevated concentrations of CSF corticotropin-releasing factor-like immunoreac-

tivity in depressed patients. Science 1984; 226:1342–1344.

87. Gormley GJ, Lowy MT, Reder AT, Hospelhorn VD, Antel JP, Meltzer HY. Glucocorticoid

receptors in depression: relationship to the dexamethasone suppression test. Am J Psychiatry

1985; 142:1278–1284.

88. Lopez JF, Chalmers DT, Little KY, Watson SJ. A.E. Bennett Research Award. Regulation of

serotonin1A, glucocorticoid, and mineralocorticoid receptor in rat and human hippocampus:

implications for the neurobiology of depression. Biol Psychiatry 1998; 43:547–573.

89. Baker DG, West SA, Nicholson WE, Ekhator NN, Kasckow JW, Hill KK, Bruce AB, Orth

DN, Geracioti TD Jr. Serial CSF corticotropin-releasing hormone levels and adrenocortical

activity in combat veterans with posttraumatic stress disorder. Am J Psychiatry 1999; 156:

585–588.

90. Kosten TR, Wahby V, Giller E Jr, Mason J. The dexamethasone suppression test and thyrotro-

pin-releasing hormone stimulation test in posttraumatic stress disorder. Biol Psychiatry 1990;

28:657–664.

91. Stein MB, Yehuda R, Koverola C, Hanna C. Enhanced dexamethasone suppression of plasma

cortisol in adult women traumatized by childhood sexual abuse. Biol Psychiatry 1997; 42:

680–686.

92. Yehuda R, Boisoneau D, Lowy MT, Giller EL Jr. Dose-response changes in plasma cortisol

and lymphocyte glucocorticoid receptors following dexamethasone administration in combat

veterans with and without posttraumatic stress disorder. Arch Gen Psychiatry 1995; 52:583–

593.

93. Arora RC, Fichtner CG, O’Connor F, Crayton JW. Paroxetine binding in the blood platelets

of post-traumatic stress disorder patients. Life Sci 1993; 53:919–928.

94. Aberg-Wistedt A, Jostell KG, Ross SB, Westerlund D. Effects of zimelidine and desipramine

on serotonin and noradrenaline uptake mechanisms in relation to plasma concentrations and

to therapeutic effects during treatment of depression. Psychopharmacology (Berl) 1981; 74:

297–305.

95. Stain-Malmgren R, Khoury AE, Aberg-Wistedt A, Tham A. Serotonergic function in major

depression and effect of sertraline and paroxetine treatment. Int Clin Psychopharmacol 2001;

16:93–101.

96. Southwick SM, Paige S, Morgan CA III, Bremner JD, Krystal JH, Charney DS. Neurotransmit-

ter alterations in PTSD: catecholamines and serotonin. Semin Clin Neuropsychiatry 1999; 4:

242–248.

97. Hudson JI, Pope HG Jr. Affective spectrum disorder: does antidepressant response identify a

family of disorders with a common pathophysiology? Am J Psychiatry 1990; 147:552–564.



19

Studies on the Neurobiology
of Depression

CARLOS A. ZARATE, Jr. and DENNIS S. CHARNEY

National Institute of Mental Health

National Institutes of Health

Bethesda, Maryland, U.S.A.

I. INTRODUCTION

Major depressive disorders are common, severe, chronic and often life-threatening ill-

nesses. It is estimated that more than 15% of all adults will experience a major depressive

episode at some point in their lives [155,280]. Suicide is estimated to be the cause of

death in up to �15% of individuals with major depressive disorders and, in addition to

suicide, many other deleterious health-related effects are increasingly being recognized

[231,309]. Indeed, there is a growing appreciation that, far from being diseases with purely

psychological manifestations, major depressive disorders are systemic diseases with dele-

terious effects on multiple organ systems [231,309]. For example, major depressive disor-

ders represent a major risk factor for both the development of cardiovascular disease, as

well as for death after an index myocardial infarction [231,309]. Furthermore, a recent

study, which controlled for physical illness, smoking, and alcohol consumption found that

the magnitude of the increased mortality risk conferred by the presence of high depressive

symptoms was similar to that of stroke and congestive heart failure [309]. The cumulative

effects of recurring bouts of affective episodes lead to an increased rate of marital and

family breakdown, unemployment, impaired career progress, and consequent financial

difficulties. The costs associated with disability and premature death from major mood

disorders represent an economic burden of tens of billions of dollars annually in the United

States alone [126,378].

Despite the availability of a wide range of antidepressant drugs, clinical trials indi-

cate that 30 to 40% of depressed patients fail to respond to first-line antidepressant treat-
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ment despite adequate dosage, duration, and compliance [344]. There is mounting evi-

dence that recurrent mood disorders—once considered “good prognosis diseases”—are,

in fact, often very severe and life-threatening illnesses. For many patients, the long-term

outcome is often much less favorable than previously thought, with incomplete interepi-

sode recovery, and a progressive decline in overall functioning observed [347]. While

there is often a complete remission of symptoms, and general functioning returns to pre-

morbid level in some patients, in a large proportion of cases, some symptoms of the

episode persist for long periods of time and functioning may be severely impaired. Indeed,

according to the Global Burden of Disease Study, mood disorders are among the leading

causes of disability worldwide and are likely to represent an increasingly greater health,

societal, and economic problem in the coming years [230]. Despite the devastating impact

that these diseases have on the lives of millions worldwide, there is still a dearth of knowl-

edge concerning their underlying etiology and pathophysiology. This dearth of knowledge

regarding the cellular underpinnings of depression has undoubtedly contributed to the lack

of development of new treatments for depression. Studies on pathophysiology of mood

disorders involve genetics, neurotransmitter systems, intracellular signal transduction

pathways, neurotrophic factors, neuroimaging, endocrine abnormalities, neurodegenera-

tion, vascular disease and increased platelet aggregability, pineal function and circadian

rhythm, and immunological function. This chapter will review studies on the pathophysiol-

ogy of major depression.

II. GENETICS OF MOOD DISORDERS

Genetics undoubtedly plays a major role in the etiology of mood disorders. By determining

the rates of illness in different types of relatives, genetic epidemiological studies can pro-

vide information about the familial and genetic nature of a disorder (e.g., depression).

The probability that a person will develop a mood disorder is influenced by a number of

factors, including premature death of a parent, a history of traumatic event, inadequate

rearing by parents, poverty, malnutrition, medical illness (e.g., diabetes), personal or fam-

ily history of affective episodes, extent of psychosocial support, and recent stressful life

events [152]. In terms of the genetic component of major depression, such studies have

been conducted and provide much information about the genetic transmission of mood

disorders. Three types of studies have been used to determine the role of genetic factors

in mood disorders: (1) family studies; (2) twin studies; (3) adoption studies.

A. Family Studies

Family studies address the question of whether a disorder is familial. These types of studies

determine whether the rate of depression in the family members of the probands with the

disorder is greater than that of the general population. The studies conducted on the fami-

lies of probands with unipolar depression reveal morbid risks for depressive disorders

among first-degree relatives, which are two to three times those of the general population.

These data argue strongly for a genetic component of mood disorders. Depressive disor-

ders have also been reported to occur at a higher rate in the families of probands with

bipolar disorders, and the rate of bipolar disorder is also elevated in the families of pro-

bands with depressive disorders. The morbid risk of bipolar disorder in first-degree rela-

tives of bipolar disorder probands is reported to range between 3 and 8%. This rate con-

trasts markedly with the 1% rate in the general population. Weissman and colleagues
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[364] reported that the first-degree relatives of patients with bipolar disorder were at least

24 times more likely to develop bipolar disorder than relatives of control subjects. A recent

meta-analysis found that, across five family studies, there was strong evidence for an

association between major depression in the probands and major depression in first-degree

relatives [336]. However, family studies cannot establish that a disorder is hereditary, as

familial aggregation of a disorder (e.g., major depression) may reflect a shared environ-

ment [255]. Other types of genetic studies address some of the limitations of family

studies.

B. Twin Studies

The family study data clearly indicate that affective disorders are familial. However, such

studies cannot distinguish whether genetic or environmental factors are responsible for

familial transmission. Families might share a variety of different environmental factors

that could transmit the illness. Such factors might be common exposure to a particular

culture, diet, behavior, virus, toxin, or other brain insult. Twin studies provide a powerful

approach to teasing out genetic from environmental factors. Twin studies compare the

concordance rate for illness in pairs of monozygotic (identical) twins with the rate of

dizygotic (nonidentical) twins. The rationale is that monozygotic twins share identical

genes, whereas dizygotic twins share only half their genes. Typically, twin pairs are se-

lected who have been raised together, so that environmental factors are shared equally.

Thus, if monozygotic twins show a greater concordance rate for a particular psychiatric

disorder than do dizygotic twins, this is believed to be evidence for a genetic contribution

to development of the disorder. The marked difference in concordance rates between mon-

ozygotic and dizygotic twins strongly supports the hypothesis of a major genetic contribu-

tion to the development of unipolar depression [151,152,213,214]. These studies find that

the concordance rate for mood disorder in monozygotic twins is two to four times that

in dizygotic twins. Since the concordance rate for monozygotic twins is not 100%, other

nonheritable environmental factors are at work and also play a significant role in mood

disorders.

C. Adoption Studies

Adoption studies provide an attempt to tease out the genetic and environmental factors

in familial transmission. Mendlewicz and Rainer [220] found a threefold increase in the

rate of bipolar disorders in biological relatives of probands with bipolar disorders. They

also found a twofold increase in the rate of depressive disorders in biological relatives

[220]. Similarly, Wender and colleagues [362] found evidence for a genetic effect on the

transmission of major depression. The authors reported a threefold increase in the rate of

unipolar disorder and a sixfold increase in the rate of completed suicide in the biological

relatives of mood disorder probands. Using offspring of psychiatrically disturbed and nor-

mal biological parents, adopted at birth, Cadoret found that the incidence of depression

was significantly higher in the affective-parented adoptees (3 depressed of 8 adoptees)

than in the remaining adoptees whose biological parents had other psychiatric conditions

or were apparently psychiatrically well (8 depressed of 118). The results suggest a genetic

factor in affective disorders. In contrast, the study by von Knorring et al. [358] did not find

an increase in mood disorders in the biological parents of adoptees with mood disorders.

Unfortunately, this method of study has not been pursued much in the last two decades,

thus limiting the amount of data with which to make any firm conclusions.
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III. MODE OF TRANSMISSION

Although the genetic basis for affective disorders has been recognized, the exact mode

of transmission remains unknown. An initial report in the Amish community found that

the gene responsible for manic-depressive illness was found to be positioned on chromo-

some 11 and was inherited by autosomal dominant transmission [107]. Unfortunately,

subsequent analysis on an expanded data set of the same population was unable to confirm

the investigators’ original findings [149]. Other investigators have reported linkage be-

tween bipolar disorder and the X chromosome [45], chromosome 4 [44], chromosome 5

[71], chromosome 6 [348], chromosome 11 [107], chromosome 12 [80], chromosome 16

[112], chromosome 18 [36], chromosome 18q for bipolar II [217], and chromosome 21

[335]. Recently, Souery and colleagues [328] failed to detect an association between the

A2186C polymorphism of the trytophan hydroxylase gene and bipolar and unipolar af-

fective disorders.

While the study of the mode of transmission in mood disorders has certainly ad-

vanced in the past decade, the exact mode of transmission still remains unknown.

A. Neurotransmitter Hypothesis

1. Norepinephrine and Adrenergic Receptors

The noradrenergic system was one of the first neurotransmitter systems studied in the

pathophysiology of depression. Early theories of depression postulated that an imbalance

in the metabolism of norepinephrine was responsible for affective disorders [56,305]. The

hypothesis that the noradrenergic system was responsible for the pathophysiology of af-

fective disorders was referred to as the “catecholamine hypothesis” of affective disorders.

The noradrenergic dysfunction in the pathophysiology of depression has been reported to

occur at many different levels, including problems with precursor availability, neurotrans-

mitter synthesis, storage, release, presynaptic autoreceptor function, neurotransmitter reup-

take, metabolism, and postsynaptic neurotransmitter receptors.

Norepinephrine, epinephrine, and dopamine are all catecholamines, and the principal

metabolite of norepinephrine, 3-methoxy-4-hydroxyphenylglycol (MHPG), is generally

considered to reflect presynaptic activity of noradrenergic neurons. This metabolite can

be measured in cerebrospinal fluid (CSF), plasma, and urine. In these earlier studies,

MHPG was found to be elevated in CSF in patients with depression, mania, and schizo-

affective disorder [305]. The predictive value of CSF levels of the norepinephrine me-

tabolites and response to antidepressant treatment has received much attention. The CSF

level of norepinephrine metabolites has been studied in patients receiving treatment with

tricyclic antidepressants (desipramine, nortriptyline, amitriptyline), maprotiline, bupro-

pion, flouxetine, and fluvoxamine. Asberg and colleagues [13] reported that treatment with

clomipramine in 14 depressed patients resulted in significant decreases in the levels of 4-

hydroxy-3-methoxyphenyl glycol MHPG. Aberg-Wistedt and colleagues [1] reported that

high levels of MHPG in CSF in depressed patients at baseline predicted a better response

to desipramine than those with low levels of this norepinephrine metabolite. Dahl and

colleagues [81] reported that in spite of a significant improvement in depressive symptoms

in depressed outpatients treated with desipramine 150 mg/day for 6 weeks, there were no

consistent changes in MHPG in CSF. In addition, the pretreatment level of CSF MHPG

had no predictive value for the outcome of desipramine treatment. Mendlewicz and col-
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leagues [221] reported that treatment with 150 mg/day amitriptyline for 14 days in de-

pressed inpatients with moderate-to-severe illness resulted in a significant decrease in CSF

levels of MHPG. However, they did not find a relationship between therapeutic response,

plasma antidepressant levels, or pretreatment CSF MHPG levels in this small group of

patients. Nordin et al. [246] reported that treatment with nortriptyline in depressed patients

for 3 weeks was associated with a 31% mean decrease in the MHPG in CSF. The same

group [247] later reported an 18% mean decrease in MHPG in CSF in five depressed

patients treated with E-10-hydroxynortriptyline (the major metabolite of nortriptyline).

Timmerman and colleagues [346] found no correlation in clinical response and CSF

MHPG in depressed patients treated with maprotiline for 3 weeks. Golden and colleagues

[123] reported that there was a trend toward a reduction in CSF MHPG following success-

ful bupropion treatment in depressed patients, although this change did not achieve statisti-

cal significance. Recent studies have documented that fluvoxamine or fluoxetine treatment

of depression is associated with significant reductions of CSF MHPG concentrations, con-

firming the notion that even selective serotonergic antidepressants may ultimately affect

the noradrenergic system [317]. Martensson et al. [200] reported that CSF MHPG concen-

trations decreased significantly in depressed patients treated with the serotonergic antide-

pressant fluoxetine. Similarly, DeBellis et al. [86] reported that CSF MHPG levels for

nine depressed patients, although no different from those of control subjects, decreased

significantly after treatment with fluoxetine.

Some authors [315] have suggested that caution should be exercised when interpret-

ing CSF MHPG levels in depressed patients without correction for the diffusion of MHPG

across the blood–brain barrier. Kopin and colleagues [162] reported that concentrations

of free MHPG in the plasma and CSF are highly correlated, but that concentrations in

the CSF are always higher than those in plasma, even when large amounts of the catechol-

amine metabolite are derived from a tumor of the adrenal medulla. MHPG that is synthe-

sized, but not catabolized, in the CNS maintains CSF fluid levels at an increment over

those in plasma.

Elevated plasma norepinephrine and norepinephrine metabolite concentrations

[180,289,354], and elevated urinary concentrations of norepinephrine and its metabolites,

have been reported in patients with unipolar depression. Rudorfer and colleagues [292]

reported that supine plasma norepinephrine levels were significantly lower in bipolar pa-

tients than in either unipolar depressives or normal volunteers. Following the orthostatic

challenge, the fractional norepinephrine increase in both patient groups exceeded that in

the controls. Siever and colleagues [321] reported that plasma MHPG responses to cloni-

dine were reduced in depressed patients compared to controls, suggesting a reduced re-

sponsiveness of α2-adrenergic receptors in depression. While depressed patients have high

basal plasma concentrations of norepinephrine, those with melancholia are reported to

have even greater elevations in plasma norepinephrine levels when subjected to orthostatic

challenge than do either nondepressed control subjects or depressed patients without mel-

ancholia [288]. Furthermore, depressed patients who are dexamethasone (DST) nonsup-

pressors have significantly higher basal and cold-stimulated levels of norepinephrine than

do depressed patients who are DST suppressors [288]. Following treatment with tricyclic

antidepressants (TCA), urinary excretion of norepinephrine and its metabolites diminishes

with plasma norepinephrine concentrations [65,123].

The association between CSF and plasma norepinephrine metabolites and suicide

has not been thoroughly examined. Secunda and colleagues [302] reported that in de-
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pressed inpatients who participated in the NIMH Collaborative Study on the Psychobiol-

ogy of Depression that the CSF and plasma MHPG did differentiate between suicide attem-

pters and nonattempters.

Initial research examining urinary MHPG levels attempted to stratify patients with

unipolar depression based on MHPG values. Patients with unipolar depression have been

classified as having low, intermediate, or high urinary MHPG values [307]. Those patients

in the low category are considered to have diminished activity of the noradrenergic system

and are reported to respond to treatment with tricyclic and tetracyclic antidepressants and

fluoxetine [137,185]. Patients with unipolar depression and high MHPG values are be-

lieved to have increased activity of presynaptic noradrenergic neurons. These groups of

patients are also reported to have high plasma cortisol levels, to be nonsuppressors on the

DST tests, and to be resistant to treatment with conventional antidepressants. The utility

of intermediate MHPG values in unipolar patients remains unknown.

Aberg-Wistedt et al. [1] reported that in depressed patients urinary excretion of

MHPG decreased significantly during desipramine treatment. Bipolar patients are reported

to have significantly elevated plasma norepinephrine and epinephrine concentrations dur-

ing manic episodes than during depression or euthymia [191]. Manic patients also exhibit

significantly increased urinary concentrations of norepinephrine in comparison to de-

pressed patients or control subjects [338]. In a later study, Swann and colleagues [339]

noted that an individual’s “environmental sensitivity” had a significant effect on urinary

norepinephrine excretion. Manic patients whose episodes were environmentally sensitive

demonstrated elevated norepinephrine excretion, compared with patients with manic epi-

sodes that were unrelated to external stressors.

Much research has emphasized the quantitation of catecholamine metabolites to ob-

tain more homogeneous subtypes of depressed patients. With regard to urinary excretion

of MHPG, unipolar depressed patients are more heterogeneous than are bipolar I patients

[184]. Plasma and urinary concentrations of MHPG were significantly elevated in bipolar

patients when they were manic compared with MHPG concentrations when these patients

were depressed [130]. Furthermore, depressed bipolar patients were found to have signifi-

cantly diminished urinary MHPG concentrations than unipolar depressed patients or

healthy control subjects [306].

More recent studies suggest that reduced urinary MHPG concentrations are charac-

teristic of bipolar I depressed patients but not bipolar II depressed patients, with MHPG

levels similar to those of patients with unipolar depression [303]. Patients with unipolar

depression generally have greater urinary MHPG concentrations than bipolar I patients.

Kopin and colleagues [163] argue that the measurement of urinary MHPG may have little

value in assessing the noradrenergic system because less than 20% of MHPG is derived

from brain norepinephrine metabolism. Furthermore, because unconjugated MHPG is

readily diffusible, there is a free exchange of this metabolite among plasma, CSF, and

nerve tissues (including brain and spinal cord). The CSF MHPG levels, after correction

for the plasma contribution of the metabolite, more accurately reflect its rate of formation

in the CNS. Hollister and colleagues [137] have also emphasized early on that collecting

urine for MHPG determination in depressed patients is not easy, that the variability of

excretion within patients is considerable, and the range of MHPG excretion closely paral-

lels that in normal persons. Tsuji et al. [349] found correlations among the CSF concentra-

tions of MHPG and 3,4-dihydroxyphenylglycol (DHPG) in CSF and plasma, but no sig-

nificant correlations were found between the urinary levels and either plasma or CSF levels

of these metabolites. Furthermore, neither the MHPG nor DHPG levels in the urine of
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depressed patients revealed any significant correlation with their clinical assessments using

the Hamilton rating scale score.

The relationship between sympathoadrenal and hypothalamic–pituitary–adrenal

(HPA) axis activity has also been an active area of investigation in patients with major

depression. Several [303], but not all [186], investigators have reported significant positive

correlations between urinary cortisol and urinary MHPG concentrations in depressed pa-

tients. A similar positive correlation has been reported for plasma cortisol and epinephrine

concentrations [334]. Previous studies regarding the levels of CSF norepinephrine and

CSF corticotropin-releasing hormone (CRH) receptor have reported normal, reduced, and

increased levels [118,234,270,288]. Recently, Wong and colleagues [376] reported that,

around the clock, patients with melancholic depression have elevated levels of CSF norepi-

nephrine and plasma cortisol, but not CSF CRH or plasma adrenocorticotropic hormone

(ACTH).

In summary, the data suggest that plasma or CSF noradrenergic metabolites (MHPG

and DHPG) provide more important information than those in the urine. However, these

types of studies have fallen into disuse over recent years and have not been replicated.

Over the last several years, there has been a steady shift in utilizing less invasive, in

vivo, high-resolution methods (functional magnetic resonance imaging, positron emission

tomography, and single-photon-emission computed tomography) to study the catechol-

amine function in the CNS of depressed patients instead of peripheral measures of cate-

cholamine function.

Additional evidence of noradrenergic dysfunction in the pathophysiology of depres-

sion comes from studies that use α-methylparatyrosine (AMPT) to deplete central norepi-

nephrine stores [225]. In these studies, administration of AMPT to depressed patients who

had been successfully treated with desipramine or mazindol (both are NE uptake inhibi-

tors) resulted in a rapid return of depressive symptoms. Interestingly, administration of

AMPT to depressed patients did not worsen the core symptoms of depression but did

cause worsening of some neurovegetative symptoms, in particular, anergy and tiredness

[225].

Neurotransmission in the noradrenergic system is mediated by a number of different

neurotransmitter receptors whose function has been implicated in either the pathophysiol-

ogy of depression or in the mechanism of action of antidepressants. The α2-adrenergic

receptors and β-adrenergic receptors have been the focus of considerable research on their

role in the pathophysiology of depression. Increased α2-receptor density is seen in the

brains of suicide victims [218]. Treatment with antidepressants has been associated with

decreases in the density and sensitivity of these receptors on platelets. Several methods

have been used to investigate the role of the α2-receptor in depression. An indirect method

for studying α2-receptors is to challenge subjects with the α2-receptor agonist clonidine.

Administration of clonidine induces growth hormone secretion, primarily through post-

synaptic α2-receptors. Several abnormalities in growth hormone release in patients with

major depression have been reported. Growth hormone response to clonidine is blunted

in unipolar depressed patients [202,321,322], supporting the concept of decreased respon-

siveness of postsynaptic α2-adrenergic receptors in depressed patients.

Charney and colleagues [66] reported that long-term desipramine treatment signifi-

cantly attenuated the effects of clonidine on plasma MHPG level and blood pressure,

indicating that during desipramine treatment α2-adrenergic receptors had become subsensi-

tive. In addition, they reported that plasma MHPG levels were significantly reduced during

long-term desipramine treatment. Neuroendocrine tests have also been used in an attempt
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to better subtype depression. Price et al. [273] reported that the cortisol response to yohim-

bine (an α2-adrenergic antagonist) was significantly greater in depressed patients than in

controls, despite similar MHPG responses between groups.

Maes and colleagues [189] reported that major depression is accompanied by de-

creased platelet α2-adrenoreceptor density, and that subchronic treatment with TCAs, but

not fluoxetine, resulted in a decreased affinity of rauwolscine (a selective α2-adrenergic

antagonist) for platelet α2-adrenoceptor. Another method of examining the function of α2-

receptors is to measure intracellular response following α2-receptor activation. Garcia-

Sevilla and colleagues [116] measured the functional status of α2-receptors in depressed

patients by assessing both inhibition of adenylate cyclase activity and induction of platelet

aggregation. They concluded that the latter measure was a better marker to assess changes

in the α2-receptor in depressed patients.

The β1- and β2-adrenergic receptor subtypes are found postsynaptically and also

stimulate the intracellular adenylate cyclase system. Preclinical studies have shown that

chronic antidepressant administration produces desensitization of the β-adrenergic recep-

tor. The β-adrenergic receptor downregulation hypothesis posits that the mode of action

of clinically effective antidepressants is by decreasing the number of β-adrenergic receptor

sites. Initial measurements of these β-adrenergic receptors in depressed patients have

yielded mixed results. Biegon et al. [37] reported a significant, 50% increase in β-adrener-

gic receptor density found in prefrontal cortical homogenates in the postmortem brain

tissue of suicide victims. They reported that the increased binding is selective, appearing

in some cortical regions but not in basal ganglia or white matter areas. Mann and col-

leagues [197] also reported increased β-adrenergic receptor density in post-mortem brain

tissue of suicide victims. However, Crow and colleagues [79] demonstrated decreased

density of hippocampal β-adrenergic receptors in the postmortem brain tissue of depressed

patients who had been hospitalized. In this latter group, previous antidepressant treatment

may have induced β-adrenergic receptor downregulation. Similarly, contradictory results

have been reported from studies determining the Bmax (number of binding sites) for β-

receptors on leukocytes. Some investigators have reported reduced Bmax for peripheral β-

receptors in depressed patients, but others have documented no difference between de-

pressed patients and healthy control subjects [132]. Monoamine oxidase (MAO)-A is an

important target of a number of antidepressant drugs that inhibit its activity. Based on

this pharmacological action and other evidence, a number of researchers reasoned that

depression may have its biological basis in disruption of central monoamine systems. A

number of investigators have measured MAO activity in brains from suicide victims and

nonsuicide control subjects. Mann and Stanley [197], Sherif et al. [319], and Galva et al.

[115] demonstrated no change in MAO-A activity in the frontal cortex of suicide victims

compared to that of control subjects. Ordway and colleagues [253] also failed to find any

differences in MAO-A distribution at any level of the locus ceruleus or raphe nuclei be-

tween subjects with major depression or psychiatrically normal controls.

Lecrubier et al. [172] supported the noradrenergic hypothesis of depressive states,

especially the involvement of β-adrenergic receptors in depression. They reported that the

use of salbutamol, a β-adrenergic stimulant, depressed patients had in some cases led to

a clear and rapid antidepressant effect.

2. Serotonin

The serotonergic system has also received much study in the pathophysiology of depres-

sion. The hypothesis that the serotonin is responsible for the pathophysiology for affective
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disorders has been referred to as the “serotonin hypothesis” of affective disorders [219].

There is considerable evidence of abnormalities in the serotonergic neurotransmitter sys-

tem in patients suffering from depression [219]. The serotonergic dysfunction in the patho-

physiology of depression has been reported to occur at many different levels, including

problems with precursor availability, neurotransmitter synthesis, storage, release, pre-

synaptic autoreceptor function, neurotransmitter reuptake, metabolism, and postsynaptic

neurotransmitters receptors.

Serotonin is synthesized from the amino acid tryptophan, which is derived from the

diet. The rating-limiting step in serotonin synthesis is the hydroxylation of tryptophan by

the enzyme tryptophan hydroxylase to form 5-hydroxytryptophan. Under normal circum-

stances, this rating-limiting enzyme is not saturated by substrate, so tryptophan concentra-

tion can impact the rate of synthesis. Tryptophan is then taken up into brain via a saturable

carrier mechanism. Tryptophan actively competes with other large neutral amino acids

for transport; brain uptake of tryptophan is determined both by the amount of circulating

tryptophan and by the ratio of tryptophan to the other large neutral amino acids. This ratio

may be affected (elevated) by carbohydrate intake, which induces the release of insulin

and the uptake of many large neutral amino acids into peripheral tissues. High-protein

foods tend to be relatively low in tryptophan, thus lowering this ratio. The administration

of specialized low-tryptophan diets has been found to produce significant declines in the

brain serotonin levels.

Pretreatment plasma tryptophan has been reported to be lower in depressed patients

than in healthy controls and to differentiate certain subgroups of depression [187,219].

Depressed patients exhibit reduced plasma concentrations of 5-hydroxytryptophan after

ingestion of test doses of oral L-tryptophan [82]. Other studies report that, in normal

control subjects, lowering of plasma tryptophan via dietary manipulation produces a de-

pressed mood [89]. The occurrence of depression following acute tryptophan depletion

has been reported to occur more commonly in healthy subjects with first-degree relatives

with affective disorders than in healthy subjects with no family history of a mood disorder

[33,109]. Lower pretreatment plasma tryptophan has been reported to predict antidepres-

sant treatment [181,227]. The depletion of dietary L-tryptophan has also been reported to

induce relapse in recently remitted depressed patients [89,239]. In contrast to these find-

ings, several studies have recently found that the effect may be less consistent than previ-

ously reported. Moore and colleagues [228] observed no effect on mood in fully remitted

patients medicated with selective serotonin reuptake inhibitors (SSRIs). Leyton and col-

leagues [177] also reported that acute tryptophan depletion did not induce relapse or

change in mood in fully remitted, medication-free, former patients with major depression.

In another study [1] of patients who had responded to treatment with citalopram, only 5

of 12 patients relapsed, and the effect seemed to be clinically significant in only 1 patient.

While depletion of dietary L-tryptophan has been reported to induce relapse in recently

remitted depressed patients, Cassidy and colleagues [63] did not find that depletion of L-

tryptophan results in relapse in patients who had successful treatment with ECT. These

previous studies suggest that acute tryptophan depletion reflects a reversal of mechanisms

involved in the therapeutic effects of antidepressants but not of ECT. Depletion of plasma

tryptophan has been reported to cause dysphoria in the first-degree relatives of patients

with depression.

A series of neuroendocrine challenge paradigms have been conducted to more

closely examine the presynaptic serotonergic neurons in patients with depression. In nor-

mal subjects, the intravenous infusion of tryptophan increases prolactin plasma levels
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[274]. However, in depressed patients, this release of prolactin to intravenous tryptophan

is blunted compared to healthy controls [62,274]. The neuroendocrine challenge with the

appetite suppressant fenfluramine also produces similar results to the intravenous infusion

of tryptophan. The administration of fenfluramine causes a rapid increase in the plasma

levels of prolactin in normal healthy subjects. However, when fenfluramine is administered

in depressed patients, the prolactin release is blunted [226,314]. The blunted prolactin

response has been reported to normalize with successful treatment and has been proposed

as a test for predicting response to antidepressant treatment [195,314].

Recent neuroendocrine challenge studies have incorporated the use of PET technol-

ogy. Instead of measuring prolactin, PET scans measure the blood flows in response to

fenfluramine challenge [198]. In this study, similar to the results obtained with serum

prolactin levels, depressed subjects who were challenged with fenfluramine had a signifi-

cant decrease in cerebral glucose utilization compared to normal controls. Another neuro-

endocrine challenge test that has been used is m-chlorophenylpiperazine (m-CPP) [8].

m-CPP has mixed pharmacological actions at the postsynaptic serotonin receptors. Two

studies did not find differences in neuroendocrine measures between depressed and healthy

controls following a challenge with m-CPP [8,274].

The utility of directly measuring 5-hydroxyindolacetic acid (5-HIAA), the principal

metabolite of serotonin, in CSF in patients with depression remains unclear. Several stud-

ies have detected reduced CSF concentrations of 5HIAA in some depressed patients, in

patients who committed suicide, particularly by violent means, independent of their psy-

chiatric diagnosis, and in patients who had poor impulse control [353,356].

Another method for evaluating presynaptic serotoninergic function is by the mea-

surement of serotonin transporter (SERT) binding. SERT’s role is to pump serotonin from

the synaptic space back to the presynaptic neuron. Since SERT is transcribed from a single

copy gene, both the platelet and CNS SERT are identical. Thus, abnormalities in platelet

SERT most likely reflect problems with CNS SERT. The SERT has been studied both in

platelets and in post-mortem tissue of patients who were depressed at the time of death.

A number of studies on the concentration of the SERT on platelets have been mea-

sured with [3H]-imipramine binding and [3H]-paroxetine binding. The results of these stud-

ies have been mixed, with some studies reporting no differences in the Bmax for the platelet

SERT between depressed and healthy control subjects [50,51]. However, a large meta-

analysis reported that the Bmax value for platelets was significantly lower in depressed

compared to healthy control subjects [110].

A number of studies investigating SERT in projection regions of serotonergic cell

bodies in suicide victims with depressive disorder have been conducted on post-mortem

brain tissue. The results of these studies are mixed. Early studies primarily focused on

suicide victims and used [3H] imipramine, a less than optimum radioligand, for measuring

serotonin transporter. The earlier studies reported increases, decreases, or no change in

[3H] imipramine binding to frontal cortex in suicide victims [12,79,330]. More recently,

other radioligands including [3H] paroxetine, [3H] citalopram, and [125I] cyanoimipramine

have been identified as superior ligands for measuring serotonin transporters [129]. Unfor-

tunately, the results with these newer ligands in subjects with depression are also mixed.

Some studies reveal either significant decreases [10,145] or no changes [40,197].

Several different serotonin receptor subtypes have been identified in recent years.

Subtyping is based in part on the characteristics of binding to serotonin, other agonists,

or antagonists. Three main classes—5HT1, 5HT2, and 5HT3 receptors—are further subdi-

vided into subtypes 5HT1A, 5HT1B, 5HT1D, 5HT1E, 5HT1F. The 5HT2 receptor appears to
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be virtually identical to the 5HT1C receptor; this class may be divided into 5HT2A and 5HT2B

subtypes. The 5HT1A receptor, in particular, has been implicated in the pathophysiology

of mood disorders through evidence that major depressives have blunted physiological

responses to 5HT1A-receptor agonists in vivo and abnormal 5HT1A-receptor binding post-

mortem [46,178,333]. During 5HT1A-receptor agonists challenge, the physiological in-

creases of plasma concentrations of ACTH and cortisol are attenuated in unmedicated

subjects with major depressive disorder [77]. Postmortem studies of cerebral 5HT1A-

receptor binding and mRNA expression in major depressive disorders and bipolar dis-

order suggest 5HT1A-receptor dysfunction in mood disorders, but these data are limited

to two studies involving small sample sizes [46,178]. Lopez and colleagues [178] showed

5HT1A-receptor mRNA levels were abnormally reduced in the hippocampus in six subjects

with major depressive disorder who died by suicide, and Bowden et al. [46] found reduced

5HT1A-receptor binding to [3H]8-OH-DPAT in the temporal polar and posterior ventrolat-

eral prefrontal cortex in seven medication depressives with major depressive disorder or

bipolar disorder dying of natural causes. Supporting the postmortem findings, Drevets and

colleagues [98] reported that the regional 5HT1A-receptor binding of depressed subjects

with primary, recurrent, familial mood disorders determined by using positron emission

tomography was significantly reduced compared to healthy controls. The investigators

found that the mean 5HT1A-receptor binding potential was reduced by 42% in the midbrain

raphe and 25 to 33% in limbic and neocortical areas in the mesiotemporal, occipital, and

parietal cortex.

Cowen and colleagues [76] have suggested that major depression may be associated

with impaired sensitivity of 5HT1A autoreceptors and that the decrement in serotonin neu-

rotransmission at postsynaptic 5HT1A receptors in depression is due to decreased serotonin

release rather than impaired responsivity of postsynaptic 5HT1A receptors.

Mann and colleagues [197] reported an increased number of postsynaptic 5HT2 re-

ceptors in the brains of depressed patients. Mattsubara and colleagues [203] documented

an increase in the number of 5HT1 and 5HT2 receptors in the prefrontal cortex of suicide

victims, although other investigators have not replicated this finding [332].

ECT has been reported to enhance central serotonergic responsivity [313]. Chronic

administration of effective antidepressant therapy, including ECT, induces an upregulation

in the number of 5HT1A postsynaptic receptors [131]. Even antidepressants such as desipra-

mine, which act primarily on norepinephrine neurons, appear to exert potent effects on

5HT1A receptors [182]. Conversely, most antidepressants—including MAOIs, TCAs,

SSRIs, nefazodone, and trazodone—induce downregulation of postsynaptic 5HT2 recep-

tors [75,124]. One notable exception is ECT, which results in upregulation of 5HT2 recep-

tors [174].

5HT2-receptor binding to platelet membranes and serotonin-induced shape change

and aggregation have been used to study 5HT2 receptors in patients with mood disorders.

Biegon and colleagues [38] suggested that the increase in number of 5HT2 receptors on

platelets may be viewed as a state-dependent marker in major depression. In their study

of 15 depressed patients, 3 weeks of treatment with maprotiline were associated with

significant decreases in 5HT2-receptor binding in responders; in contrast, receptor binding

increased or remained the same in the nonresponders.

The human platelet concentrates serotonin from plasma via the serotonin transporter

in a fashion similar to that seen in the brain, and therefore it has been posited as a model

of central serotonin neurons. [3H] Imipramine binds to the serotonin transporter on the

presynaptic nerve terminal and on the platelet. A reduction in the number of the platelet
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[3H] imipramine binding sites in depressed patients has been reported by several groups

[50,235]. Perry et al. [260] reported decreased density of [3H] imipramine binding sites

in the hippocampus and occipital cortex of depressed patients, confirming the original

studies by Stanley and colleagues [330].

Recently, Malison and colleagues [194], observed decreased serotonin transporter

binding in the midbrain of depressed patients compared to control subjects using [123I] β-

carbomethoxy-3 β-(4-iodo-phenyl) tropane [123I] β-CIT) and SPECT imaging.

In recent years, [3H] imipramine has been found to have less specificity than [3H]

paroxetine [236]. Nemeroff and colleagues [237] reported that [3H] paroxetine-binding

sites are reduced in the platelets of drug-free depressed patients. This may ultimately prove

a more useful tool than [3H] imipramine.

Brain 5HT2 receptors have also been examined in living depressed patients that used

either single-photon-emission computed tomography or PET. Agren and colleagues [2]

reported that a significantly lower uptake of [11C] 5HTP across the blood–brain barrier

in depressed patients, regardless of phase of illness compared to healthy volunteers. The

authors suggest that the transport of 5HTP across the blood–brain barrier is compromised

in major depression. In the only study that used single-photon-emission computed tomog-

raphy, D’Haenen and colleagues [90] reported an increase in uptake of 2-ketanserin la-

beled with iodine 123 [123I] in parietal cortex bilaterally and right greater than left asymme-

try in the inferofrontal region of depressed patients compared with control subjects. A

PET study [43] reported a decrease in uptake of altanserin labeled with fluorine [18F] in

the right anterior part of insular cortex and right posterolateral orbitofrontal cortex of

depressed patients compared with controls. PET studies suggest mixed results, two

[16,379] reported a decrease in [18F] setoperone binding in the frontal cortex of depressed

patients compared with control subjects, while the other [224] found no difference between

the two groups.

The cortisol response to 5-hydroxytryptophan administration has been found to be

enhanced in unmedicated depressed patients and to decrease following treatment with

antidepressants [164]. Noting a significant negative correlation between baseline plasma

cortisol levels and the cortisol response to 5-hydroxytryptophan in nondepressed control

subjects, Koyama and Meltzer [164] postulated that serotonin may play an important role

in the simulation of basal plasma cortisol secretion.

Because serotonin activates the HPA axis, increased serotonin activity could play

a role in the increased HPA axis activity and pathogenesis of psychotic depression. In a

review of the literature, Schatzberg and Rothschild [304] noted that increased serotonin

uptake into platelets and increased CSF levels of 5HIAA have both been reported in pa-

tients with psychotic depression.

3. Dopamine

A relevant preclinical model derives from the crucial role of mesoaccumbens dopamine

(DA) in the neural circuitry of reward and/or incentive motivational behavior [371]. Loss

of motivation is one of the central features of depression, and indeed anhedonia is one

of the defining characteristics of melancholia. Thus, a deficiency of DA systems stands

out as a prime candidate for involvement in the pathophysiology of depression [368]. The

strongest finding from clinical studies implicating DA in depression is reduced homovanil-

lic acid (HVA), the major DA metabolite in the CSF of depressed patients. Indeed, this

is one of the most consistent biochemical findings in depression [269]. There is also evi-

dence of a decreased rate of CSF HVA accumulation in subgroups of depressed patients,
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including those with marked psychomotor retardation versus agitation [366]. Furthermore,

low levels of HVA may be associated with cognitive impairment, both in depressed pa-

tients and patients suffering from Parkinson’s disease [372].

Preclinical studies show that chronic administration of antidepressants and electro-

convulsive shock (ECS) enhances mesolimbic DA functioning [367]. Thus, in some

animal models of depression, the efficacy of antidepressants involves increased trans-

mission through DA synapses, particularly in the mesolimbic system [367]. Similarly, d-

amphetamine-induced locomotor activity, a behavior dependent on the integrity of the

mesoaccumbens DA neurons, is enhanced following chronic use of antidepressants.

Since the responses to either DA or apomorphine (direct acting agonists) are also en-

hanced following chronic antidepressants use, they appear to be due, at least in part, to

increased postsynaptic DA receptor sensitivity [192].

The mechanisms by which antidepressants enhance postsynaptic DA function in the

accumbens remain unknown, and binding studies have failed to reveal consistent alter-

ations in the density of either D1 or D2 receptors. However, recent studies on chronically

stressed animals suggest that the effect may involve both D1 and D2 receptors or an interac-

tion between them. Despite the opposite effects of D1 and D2 receptors on adenylyl cyclase

activity, these receptors also couple to multiple G proteins and effectors such that D1

stimulation can facilitate a variety of D2 responses [196]. Furthermore, D1- and D2-receptor

stimulation may be required for maximal production of vigilance, alertness, and more

sensitive control of reactivity [251].

The preclinical study of ECS on dopaminergic function is especially relevant be-

cause ECT is especially effective in those psychiatric syndromes which likely involve

impaired dopaminergic transmission: depression with psychotic features or marked psy-

chomotor retardation, mania, and catatonia. Indeed, ECT is remarkably efficacious in the

prototypic “dopamine deficiency” condition, Parkinson’s disease [15]. A dramatic im-

provement in motor symptoms occurs with maintenance of a therapeutic regime of direct

and indirect DA agonists, suggesting that ECT exerts some effects via postsynaptic mecha-

nisms. Although many behavioral studies suggest enhancement of postsynaptic DA recep-

tor sensitivity after ECS, there are conflicting reports about changes in presynaptic DA

receptor sensitivity. Studies of D2-receptor density have consistently failed to reveal any

alterations following chronic ECS. Newman and Lerer [240] showed enhancement of D1

stimulated adenylyl cyclase activity in the caudate following chronic ECS. In humans,

ECT appears to increase DA receptor responsiveness, as indexed by apomorphine’s effect

on plasma prolactin [23]. Moreover, chronic ECT increases both CSF HVA and 5-

hydroxy-indoleacetic acid (5HIAA), suggesting increased DA and serotonin (5HT) turn-

over [293].

Interestingly, monoamine oxidase inhibitors (MAOIs) constitute the only pharmaco-

logical monotherapy, which is reported to be effective in 50% or more of patients who

fail to respond to the full range of tricyclic antidepressants. Nolen et al. [245] reported

a controlled trial pointing to the superior efficacy of tranylcypromine (average dose of

approximately 80 mg/day) in those patients. Tranylcypromine is superior to imipramine

in chronic, mild unipolar patients [212] and in “anergic” bipolar depression [135,343],

and phenelzine is superior in unipolar patients refractory to imipramine [210]. An open-

label study of high-dose tranylcypromine (average 120 mg/day) in 14 unipolar patients

who “had a clear history of nonresponse to at least two prior medication treatments”

yielded an impressive 50% “complete” (21-item Hamilton depression rating scale score

� 10) response rate [6]. It was speculated that “at higher plasma concentrations of tranyl-
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cypromine, the inherent sympathomimetic (amphetamine-like) activity of the drug

emerges.” Studies with dopamine reuptake inhibitors such as nomifensine have shown

clear antidepressant effects in major depression. Similarly, bromocriptine, a postsynaptic

dopamine receptor agonist, has been reported to have efficacy comparable with standard

tricyclic antidepressants [323] and to be useful in antidepressant-resistant depression

[142], and in relapses that occur with SSRI treatment [211]. Other dopaminergic treat-

ments, such as stimulants [243] and ECT [93], have also been reported to be useful for

the treatment of depression in patients with Parkinson’s disease.

Neuroimaging studies have been conducted to directly assess the in vivo availability

of dopamine D2 receptors in patients with major depression. Four studies compared the

binding of the SPECT radiotracer [123I]IBZM, a selective D2/D3 antagonist [169] in patients

with major depression and control subjects. The results of these studies are mixed. Two

of the four studies reported higher [123I]IBZM specific binding in the striatum of depressed

subjects compared to control subjects [91,311], whereas two studies reported no changes

[106,161].

The in vivo binding of [123I]IBZM is affected by competition with endogenous dopa-

mine [170], and it has been proposed that increased [123I]IBZM binding in depression

might be due to decreased synaptic dopamine concentration and subsequent upregulation

of D2 receptors [91]. Thus, in vivo neuroreceptor binding techniques can be used to mea-

sure acute changes in the concentration of endogenous transmitters in the vicinity of recep-

tors [171]. Psychostimulant-induced dopamine release was recently examined in patients

with unipolar depression [256]. The authors did not find alterations in striatal D2-receptor

density in depressed patients and concluded that stimulant-induced dopamine release is

not altered in major depression.

4. Acetylcholine

Janowsky and colleagues [146] postulated than an increased ratio of cholinergic to adrener-

gic activity may underlie the pathophysiology of depression, whereas the reverse occurs

in mania. Although the adrenergic–cholinergic balance hypothesis appears incomplete

in the face of increasing data on the preeminent role of alterations in serotonergic and

noradrenergic neurotransmission in major depression, the importance of cholinergic mech-

anisms in some forms of depression is supported by both preclinical and clinical data.

Animal models of depression (e.g., the forced swim test) are exacerbated by the

administration of cholinesterase inhibitors such as physostigmine [216], whereas musca-

rinic receptor antagonists reverse the effects of these agents. Additional evidence concern-

ing the importance of acetylcholine in the maintenance of mood is the induction of de-

pressed mood following administration of physostigmine or cholinergic agonists (e.g.,

arecoline) in euthymic control subjects [111], unipolar depressed patients [147], and bipo-

lar manic patients [147]. Another neuroendocrine test that has been conducted to examine

the acetylcholine system in depression is the enhanced growth hormone release in response

to pyridostigmine challenge in depressed subjects relative to healthy comparison subjects.

The investigators found that the mean delta growth hormone (the difference between basal

and maximal growth hormone following pyridostigmine) was significantly greater than

comparison subjects in patients with major depression. The responses observed in patients

with schizophrenia and alcohol dependence syndrome did not differ from the comparison

group. The sensitivity of the pyridostigmine/growth hormone test was 63% for major

depression. These authors suggest that the pyridostigmine/growth hormone test may help
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distinguish depression from schizophrenia, alcohol-dependence syndrome, or panic disor-

der [72].

Depressive symptoms, including psychomotor retardation and depressed mood, are

often a complication of acetylcholinesterase inhibitor treatment of Alzheimer’s disease.

Such sensitivity to the mood-lowering effects of cholinergic drugs appears dependent on

the presence of an underlying psychiatric disorder. If cholinergic mechanisms contribute

in some manner to the pathophysiology of major depression, then anticholinergic drugs

should be effective antidepressants. Although physostigmine-induced dysphoria may be

reversed with atropine [111], little evidence indicates that anticholinergic medications

have significant antidepressant properties [147]. Moreover, the newer antidepressants, in-

cluding the SSRIs, have little affinity for muscarinic cholinergic receptors, yet remain

effective antidepressants. Sitaram and colleagues [324] proposed that primary affective

illness (specifically bipolar disorder) may be characterized by a state-independent choliner-

gic hypersensitivity in conjunction with a state-dependent noradrenergic supersensitivity

(during late depression and early mania), which return to normal during remission.

5. γ-Aminobutyric Acid

γ-Aminobutyric acid (GABA) is the principal mediator of inhibitory synaptic transmission

in the mammalian brain and, therefore, is likely to participate in wide-ranging aspects of

both normal and abnormal CNS function. GABA regulates many CNS functions, such as

seizure threshold, and it also has inhibitory input into other neurotransmitter systems such

as norepinephrine and dopamine. Clinical and pharmacological data suggest that GABA

metabolism may be altered in affective disorders.

Several lines of clinical investigation suggest that the GABA system may contribute

to the pathophysiology of depression. Several clinical trials have demonstrated potent

antidepressant and mood-stabilizing properties of several compounds with GABA-

mimetic activity [46,259,264]. The anticonvulsants valproic acid and carbamazepine were

serendipitously noted to have a mood-stabilizing effect, decreasing the intensity and fre-

quency of manic and perhaps depressive phases of bipolar disorder. All antimanic agents

(including lithium) have been suggested to stabilize mood in part by increasing GABA-

ergic transmission, leading to the hypothesis that a relative GABA deficiency plays a role

in mania.

Several investigators have reported that CSF and plasma GABA concentrations in

depressed patients are significantly lower than in nondepressed control subjects; this find-

ing has been replicated in several studies [261,262]. Low levels of GABA are not specific

to cases of depression or mania but are also seen in alcoholism [263].

Recently, Sanacora and colleagues [297] measured in vivo brain GABA levels with

proton magnetic resonance spectroscopy and found that the depressed patients demon-

strated a highly significant (52%) reduction in occipital cortex GABA levels compared

with the group of healthy subjects.

6. Glutamate

Excitatory amino acid receptors are the principal mediators of excitatory synaptic trans-

mission in the mammalian brain and, therefore, are likely to participate in wide-ranging

aspects of both normal and abnormal CNS function. Glutamate-mediated excitotoxicity

has been implicated in certain neurodegenerative diseases, including amyotrophic lateral

sclerosis, Alzheimer’s disease, and Huntington’s disease [67]. Glutamatergic neurotrans-
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mission dysfunction has also been implicated in the pathogenesis of schizophrenia and

obsessive-compulsive disorder, and is now being explored as a potentially novel mecha-

nism of action for antipsychotic drugs [254,284]. Given the potential role of glutamate

in CNS injury and neurodegenerative diseases, several treatment strategies have been im-

plemented to reduce glutamate-mediated excitotoxicity. There is evidence suggesting that

there may also be glutamatergic neurotransmission dysfunction in depressed patients. Glu-

tamine plasma levels were found to be high in depressed patients compared with a popula-

tion control group [156,201]. Altamura et al. [5], studying platelets and plasma in 15

patients with unipolar and bipolar depression and comparison subjects, found lower plasma

glutamine levels in the depressed patient group compared with a neurological control

group (10 subjects). Mauri et al. [204] found elevated plasma and platelet levels of gluta-

mate in depressed patients compared to controls. Recently, Berk and colleagues [34] re-

ported that the platelet glutamate receptors may be supersensitive in schizophrenia and

depression with psychotic features, but not in mania with psychotic features compared to

normal controls.

Functional imaging also suggests that the glutamatergic system may be involved in

the pathophysiology of depression. Ongur et al. [252] reported a reduction of glial-cell

mass in the subgenual frontal cortex of mood-disorder patients. This, and the absence of

reports indicating an increase of glial cell mass in brain areas of affective patients, suggests

that neuronal metabolic rather than glial processes are responsible for the high glutamine

levels. A temporary reduction in a number of neurobiochemicals including myo-inositol

(mI) and glutamate was noted in two patients with secondary depression during tamoxifen/

Neupogen chemotherapy for breast cancer [74]. Auer et al. [17] found a significant de-

crease of glutamate in severely depressed patients in the anterior cingulate cortex. Levine

et al. [176], using a proton magnetic resonance spectroscopy (MRS) technique found that,

compared with the control group, the depressed patient group had significantly higher

CSF glutamine concentrations. Disturbances in glutamatergic neurotransmission appear

to be present early in life in patients with mood disorder. In one study, 10 children with

bipolar affective disorder, aged 6 to 12 years, compared to a control group using proton

MRS were found to have elevated levels of glutamate/glutamine in both frontal lobes and

basal ganglia [64].

In postmortem studies, Nowak et al. [249] reported that the proportion of high-

affinity, glycine-displaceable [3H] CGP-39653 binding to glutamate receptors was reduced

in suicide patients compared with control subjects.

In the 1950s, D-cycloserine (a partial agonist at the N-methyl-D-aspartate (NMDA)-

receptor glycine site used as a part of multidrug antituberculosis treatment) was reported

to have a mood-elevating effect [133]. Since then, there is increasing evidence for an

association between alterations of brain glutamatergic neurotransmission and the patho-

physiology of mood disorders. A growing body of preclinical research suggests that the

NMDA class of glutamate receptors may be involved in the pathophysiology of major

depression and the mechanism of action of antidepressants [325]. NMDA-receptor antago-

nists such as MK-801 and AP-7 have demonstrated antidepressant effects in animal models

of depression, including the application of inescapable stressors, forced-swim, and tail-

suspension-induced immobility tests in learned helplessness models of depression and

in animals exposed to a chronic mild stress procedure [258]. Conversely, antidepressant

administration has been shown to affect NMDA-receptor function [248,249] and receptor-

binding profiles [257]. Furthermore, the role of glutamatergic dysfunction in depression
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is further supported by the fact that repeated antidepressant administration regionally alters

expression of mRNA that encodes multiple NMDA-receptor subunits [325] and radioli-

gand binding to these receptors within circumscribed areas of the CNS [325].

Recently, Berman et al. [35] reported the first placebo-controlled, double-blind trial

assessing the treatment effects of a single dose of an NMDA-receptor antagonist, ketamine,

in seven patients with depression. The authors reported that subjects with depression evi-

denced significant improvement in depressive symptoms within a short period of time

(72) after taking ketamine but not placebo. In this study, treatment with ketamine was

associated with transient cognitive deficits, euphoria, and greater scores on the Brief Psy-

chiatric Rating Scale, especially the positive symptoms. Similarly, another antigluta-

matergic agent, lamotrigine, was found to be effective in acute bipolar depression [61].

B. Intracellular Signal Transduction Pathways and Depression

1. Stress and Depression

Preclinical and clinical studies demonstrate that neuronal atrophy and cell death occur in

response to stress and in the brains of depressed patients. Although major depressive

disorders undoubtedly have a strong genetic basis, recent evidence has shown that severe

stressors are associated with a substantial increase in risk for the onset of major depressive

disorder in susceptible individuals. In rodents, certain stressors are capable of producing

dendritic atrophy, death, or endangerment of hippocampal CA3 pyramidal neurons [209].

Activation of the HPA axis appears to play a critical role in mediating these effects, since

stress-induced neuronal atrophy is prevented by adrenalectomy, and increased by exposure

to high concentrations of glucocorticoids [209]. These observations are noteworthy with

respect to the pathophysiology of major depressive disorders, because a significant propor-

tion of patients with major depressive disorder display an excessive activation of the HPA

axis, and the subtypes of depression most frequently associated with HPA activation are

those most likely to be associated with hippocampal volume reductions. The mechanisms

by which glucocorticoids exert these deleterious effects on the hippocampus need to be

fully elucidated, but likely involve the facilitation of glutamatergic signaling and inhibition

of glucose transport [209]. The reduction in the resilience of hippocampal neurons may

also reflect the propensity for various stressors to decrease the expression of brain-derived

neurotrophic factor (BDNF) in this region [209].

In addition to the accumulating neuroimaging evidence, several postmortem brain

studies are now providing direct evidence for reductions in regional CNS volume, cell

number, and cell body size. Baumann and associates [27] reported reduced volumes of

the left nucleus accumbens, the right putamen, and bilateral pallidum externum in post-

mortem brain samples obtained from patients with unipolar depression or bipolar disorder.

Several recent postmortem stereological studies of the prefrontal cortex also have

demonstrated reduced regional volume, cell numbers, and/or sizes. Morphometric analysis

of the density and size of cortical neurons in the dorsolateral prefrontal cortex and orbito-

frontal cortices has revealed significant reductions in mood-disorder patients as compared

to control subjects [276,277]. Marked reductions in the density of large neurons (corre-

sponding to pyramidal glutamatergic excitatory neurons) were found in layers III and V

of the dorsolateral prefrontal cortex in bipolar disorder and major depressive disorder. In

other prefrontal regions such as rostral orbitofrontal cortex, the most prominent neuronal

reductions in major derpressive disorder are confined to layer II cells. Reductions in the
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density of specific populations of layer II nonpyramidal neurons containing the calcium

binding protein, calretinin, also have been reported in the anterior cingulate cortex in

subjects with a history of mood disorders.

Additional morphometric studies also have reported layer-specific reductions in

interneurons in the anterior cingulate cortex, and reductions in nonpyramidal neurons

(�40% lower) in CA2 of the hippocampal formation in bipolar disorder subjects compared

to controls [32]. Overall, the layer-specific cellular changes observed in several distinct

brain regions, including the prefrontal cortex, anterior cingulate cortex, and hippocampus

suggest that multiple neuronal circuits underlie the neuropathology of mood disorders.

This is not altogether surprising since the behavioral and physiological manifestations of

the illnesses are complex and include cognitive, affective, motor, and neurovegetative

symptomatology, as well as alterations of circadian rhythms and neuroendocrine systems,

and are thus undoubtedly mediated by networks of interconnected neurotransmitter sys-

tems and neural circuits [276].

In addition to neuronal pathology, unexpected reductions in glial cell number and

density also have recently been found in postmortem brains of both major depressive

disorder and bipolar disorder patients. Thus, a histological study of area sg24 located in

the subgenual prefrontal cortex found striking reductions in glial cell numbers in patients

with familial major depressive disorder (24% reduction) and bipolar disorder (41% reduc-

tion) as compared to controls [252]. This observation is consistent with this group’s neuro-

imaging report on reductions in cortical gray matter volume found in the same brain region

in a similar diagnostic group. Marked decreases in overall and laminar (layers III-IV) glial

cell packing densities also were found in subjects with major depressive disorder compared

to nonpsychiatric control subjects [277]. Comparable reductions in glial densities were

also detected in the dorsolateral prefrontal cortex from subjects with bipolar disorder

across all cortical layers (except layer IV) [276]. In view of the growing appreciation of

the critical roles of glia in regulating synaptic glutamate levels, CNS energy homeostasis,

liberation of trophic factors, and, indeed, the very existence of synaptic networks of neu-

rons and glia [78,179] all suggest that the prominent glial loss observed in major depressive

disorder and bipolar disorder may be integral to the pathophysiology of the disorders and

worthy of further study.

Recent morphometric neuroimaging studies have demonstrated that patients with

both bipolar disorder and major depressive disorder display morphometric changes that

suggest cell loss and/or atrophy [316,318]. The preponderance of evidence from recent

volumetric neuroimaging studies suggests an enlargement of third and lateral ventricles,

as well as reduced gray matter volumes in the orbital and medial prefrontal cortex, the

ventral striatum, and the mesiotemporal cortex in patients with mood disorders

[316,318,331]. Reductions in frontal lobe volumes, and striking �40% reductions in the

mean gray matter volume in the region located ventral to the genu of the corpus callosum

have recently been demonstrated in bipolar disorder depressives and familial unipolar

depressives [95]. Additional studies suggest that these subgenual prefrontal cortex gray

matter volume reductions may be particularly evident in “enriched” patient populations,

namely those with positive family histories of mood disorders [136]. Reductions in the

volume of the hippocampus have also been observed in subjects with a history of major

depressive disorder, findings that may persist for decades after the depressive episodes

have resolved [316,318]. Interestingly, the loss of hippocampal volume appears to be

correlated with the total lifetime duration of major depressive disorder but not with the
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age of the patients [318], leading to the suggestion that these changes may represent the

sequelae of repeated and/or prolonged episodes of depression [53,300].

2. Neurotrophic Factors and Depression

In recent years, the cellular and molecular model basis for the effects of antidepressants

and stress on the survival of hippocampal neurons in the pathophysiology of depression

has received much attention [100]. They proposed that a decrease in serotonin and norepi-

nephrine transmission may lead to decreased levels of brain-derived neurotrophic factor

(BDNF), which may be decreased even further by glucocorticoids, eventually leading to

neuronal cell death. Their model suggests that antidepressants may prevent the downregu-

lation of BDNF in response to stress. In addition, the genetic expression of some factors

involved in neuronal atrophy and survival is influenced by antidepressant drug treatments

[102]. Further evidence supporting their model is that chronic, but not acute, administra-

tion of various classes of antidepressants upregulates the cAMP-CREB cascade and the

expression of BDNF in the rodent hippocampus and the number of new cells apparent in

the dentate gyrus granule cell layer [66,101]. Recently, Chen and colleagues [66] reported

that in the learned helplessness model rats that received bilateral microinjection of herpes

simplex virus-CREB into the dentate gyrus showed significantly fewer escape failures in

the subsequent conditioned avoidance test than those injected with control vector, sug-

gesting that overexpression of CREB in the hippocampus results in an antidepressant

effect. Further research is underway to determine whether hippocampal neurogenesis plays

any direct role in the therapeutic actions of antidepressants and whether antidepressants

exert major effects on neurotrophic factors and the signaling cascades.

C. Neuroimaging Studies

Neuroimaging studies have also been used to better understand the pathophysiology of

mood disorders. In this section, we review the controlled structural (CT and MRI) and

functional (PET [positron emission tomography] and SPECT [single photon emission

computed tomography]) imaging studies of patients with affective disorder.

1. CT and MRI Studies

Many CT and MRI studies have demonstrated increased ventricle size in patients with

unipolar and bipolar disorders. However, these studies are confounded by numerous meth-

odological problems. For example, most of these studies estimate lateral ventricle size by

using a ventricular brain ratio. Unfortunately, few conclusions can be drawn from the CT

literature on ventricular enlargement in affective disorder. More consistent, however, are

the CT and MRI studies of increased ventricular size in depression in geriatric patients

(individuals ages 65 and older). Some investigators believe that ventricular enlargement

is a nonspecific structural brain alteration [108].

The hippocampus, a structure of paramount importance to learning and memory,

and which has high concentrations of glucocorticoid receptors, appears particularly vulner-

able to the effects of stress on the brain [299]. Several groups have examined volumetric

changes in the hippocampus of those with major depression. Some have found no differ-

ence between the hippocampal volume of nonpsychiatric control subjects and that of pa-

tients with major depression [22]. In contrast, Sheline and colleagues [316] reported

smaller left and right hippocampal volumes in patients with major depression. In addition,
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the authors reported that the extent of hippocampal atrophy was significantly correlated

to the duration of depression; there was no difference in whole-brain volume between

these groups [316]. In one study, the depressed group was divided into two subtypes based

on the individual’s response to treatment. They analyzed volumetric changes in cerebral

and cerebellar regions. Although they did not find significant differences when comparing

depressed patients as a whole with control subjects, they did find significant results when

depressed subjects were divided into groups of responders and nonresponders. Recently,

Vakili and colleagues [350] reported that there were no significant differences observed

between the hippocampal volumes of patients with major depression and control subjects;

however, the authors found a significant correlation between the left hippocampal volume

of men and their depression scores at baseline.

The abnormal presence of hyperintensities of gray and white matter has been re-

ported in multiple MRI studies of geriatric patients with affective disorder, particularly

those with late-onset depression (i.e., elderly depressed patients who experience their first

depression after age 60). Subcortical hyperintensities in the elderly are age-dependent and

may reflect a variety of life-long insults and/or from pathophysiological processes related

to cerebrovascular disease, including arteriosclerosis of the small lacunar arterioles that

supply the basal ganglia and subcortical white matter [127,175]. Hypertension is associ-

ated with white matter hyperintensity in both depressed and nondepressed control individ-

uals [175]. Study of nondepressed control subjects has also revealed that increasing age

is associated with reduction of the size of the putamen [141] and caudate nuclei [166],

as well as of the size of the midbrain [310] and pituitary gland [167]. A recent study

reported that elderly adults (�60 years old) with severe white matter lesions are 3 to 5

times more likely to have depressive symptoms as compared to persons with only mild

or no white matter lesions [84]. Elderly adults with severe subcortical but not periventricu-

lar white matter lesions were more likely to have a history of depression with an onset

after 60 years compared with persons with only mild or no white matter lesions. Severity

of white matter hyperintensity predicts poorer response to antidepressant therapy [134].

Ahearn and colleagues [3] in a post hoc analysis reported that unipolar patients with

a history of attempted suicide demonstrated significantly more subcortical gray matter

hyperintensities compared with patients without such history.

To assess whether abnormal brain structure is associated with abnormal brain func-

tion, investigators used CT and MRI studies in association with depression rating scores,

neuroendocrine stimulation tests, neuropsychological testing, monitoring of patients’ clini-

cal course, and response to treatment. For example, postdexamethasone cortisol levels

are significantly correlated with ventricular brain ratio [278] and pituitary volume [21].

Furthermore, in depressed elderly patients, caudate hyperintensities are associated with

an increased risk for the development of TCA- and ECT-induced delirium [113,114], as

well as neuroleptic-induced Parkinsonism [114].

2. PET and SPECT

Compared with nondepressed individuals, patients with unipolar depression have had a

lateralized decrease in activity in the left lateral prefrontal cortex repeatedly documented

by PET investigations [28,140]. Similar reduction in activity of the left frontal cortex has

been observed in depression secondary to other CNS disorders, including epilepsy, human

immunodeficiency virus, Huntington’s chorea, and Parkinson’s disease [359].

Of particular interest is the decreased neuronal activity of the caudate and putamen,

and globus pallidus. The basal ganglia can be visualized as the motor behavioral effector
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mechanism that underlies the cognitive expression of emotion. Vulnerability to affective

dysfunction might derive from disruption of connections between the basal ganglia or

from interruption of pathways connecting the basal ganglia to other parts of the brain,

specifically the limbic system and prefrontal cortex [167]. Recent PET neuroimaging stud-

ies support a distinction between the neural substrates of normal sad mood states and major

depression (e.g., left amygdala); such physiological states do not mimic the influence of

major depression on frontal cortical function. Using PET images, Drevets and colleagues

[95] localized abnormally decreased activity in the left prefrontal cortex ventral to the

corpus callosum genu in both familial bipolar and unipolar depressed patients (patients

with a family history of bipolar and unipolar depression, respectively). This diminished

activity was explained in part by a corresponding reduction in volume in this same area

as demonstrated by MRI. Resting neuroimaging studies of adult depressed patients have

shown left-sided or bilateral hypoactivity in the dorsolateral, inferior, and medial frontal

regions as well as the temporal limbic regions, particularly the amygdala [94,95,205].

Functional neuroimaging studies during resting and activation have also been con-

ducted. Resting-state hypoactivity in the medial prefrontal cortex has been correlated with

cognitive impairment [31]. Blunted left cingulate activation has been observed in younger

depressed patients performing a response interference task [117]. de Asis and colleagues

[83] reported bilateral activation deficits in the dorsal anterior cingulate gyrus and hippo-

campus of depressed geriatric patients. The depressed patients also had memory deficits

that correlated with lower hippocampal activity during both rest and activation.

Furthermore, PET studies of depressed patients often reveal significant correlation

between the severity of depressive symptoms and the reduction in left frontal cortical

function. Clinical response of depressed patients to antidepressant treatment may be asso-

ciated with increased blood flow or metabolism within the basal ganglia, cingulate, or

prefrontal cortex [94,140]. However, one group has documented reductions in cerebral

blood flow, both global and in anterior cortical regions, in manic patients and depressed

individuals who have shown clinical remission of their symptoms following ECT [244] or

treatment with oral antidepressants [244]. Mayberg et al. [206] reported that the metabolic

response of depressed patients’ rostral anterior cingulate metabolism differentiated anti-

depressant treatment responders from nonresponders.

Functional neuroimaging studies may have future potential in identifying effective

treatment strategies tailored to the individual depressed patient or to those with certain

symptom complexes [31]. Recent PET and SPECT studies of depressed patients have

found differences in regional brain activity evident in pre- and post-treatment scans that

distinguish treatment responders from nonresponders. Hyperactivity in the cingulate re-

gion of the frontal cortex prior to overnight sleep deprivation was associated with a posi-

tive clinical response of depressive symptoms to sleep deprivation. Nonresponders exhib-

ited normal cingulate gyrus activity before and after sleep deprivation [377]. Mayberg and

colleagues [207] found that patients with unipolar depression who responded to fluoxetine

treatment after 6 weeks showed higher pretreatment glucose metabolism in a rostral region

of the anterior cingulate cortex (Brodmann’s area 24a/b) than nonresponders and nonpsy-

chiatric comparison subjects. Pizzagalli and colleagues [266] reported that, in a group of

individuals treated for major depression, baseline theta activity within a rostral region of

the anterior cingulate cortex involving areas 24 and 32 predicted degree of response 4 to

6 months later. Depressed patients showing a better response had higher theta activity

than those responding less well, and they also tended to have higher activity than compari-

son subjects. This study replicates the findings by Mayberg and colleagues [206].



478 Zarate and Charney

Brody and colleagues [52] reported that at baseline subjects with major depressive

disorder had higher normalized metabolism than controls in the prefrontal cortex and lower

metabolism in the temporal lobe. With treatment, subjects with major depressive dis-

order had metabolic changes in the direction of normalization in these regions and that

paroxetine-treated patients had a greater mean decrease in Hamilton Depression Rating

Scale score than did subjects treated with interpersonal psychotherapy. Kennedy and col-

leagues [153] reported that successful paroxetine therapy was associated with significant

increases in metabolic activity in dorsolateral, ventrolateral, and medial aspects of the

prefrontal cortex (left greater than right), parietal cortex, and dorsal anterior cingulate.

Sackeim [296] points out that in contrast to the general agreement about baseline

imaging deficits in major depressive episode, changes following treatment are uncertain,

with reports of normalization of baseline deficits, increased abnormal activities, and no

change [296]. He identifies many factors as possibly responsible for the inconsistency in

findings including small sample sizes in the initial and retest studies, technical difficulties

in obtaining images across two time points, and studies that are semiquantitative.

3. Anatomical Circuits Implicated in Major Depressive Disorder

and Bipolar Disorder

These data implicate two interconnected circuits in familial major depressive disorder and

bipolar disorder: a limbic-thalamo-cortical circuit involving the amygdala, the mediodorsal

nucleus of the thalamus (in the medial thalamus), and the ventrolateral and medial prefron-

tal cortex; and a limbic-striatal-pallidal-thalamic circuit involving related parts of the stria-

tum and ventral pallidum as well as the components of the other circuit [94]. The limbic-

striatal-pallidal-thalamic circuit constitutes a disinhibitory side loop between the amygdala

or prefrontal cortex and mediodorsal nucleus. The amygdala and the prefrontal cortex

send excitatory projections to overlapping parts of the ventromedial striatum [94]. Because

the major depressive disorder criteria likely encompass a group of conditions that are

heterogeneous with respect to etiology, neuroimaging measures may differ across patho-

physiologically distinct depressive subtypes. For example, lesions involving the parts of

the prefrontal cortex that participate in the limbic-thalamo-cortical circuit and diseases of

the basal ganglia (e.g., Parkinson’s disease and Huntington’s disease) are associated with

higher rates of major depression than other similarly debilitating conditions [97], sug-

gesting that dysfunction at multiple points within this system may give rise to the de-

pressive syndrome. Because these conditions affect this system in different ways, imbal-

ances within these circuits rather than overall increased or decreased synaptic activity

within a particular structure may be associated with the depressive syndrome [94].

4. Specificity of Elevated Limbic-Thalamo-Cortical (LTC) Activity

Other studies identified clinical distinctions that may also identify elevated limbic thalamic

cortical activity in major depressive disorder. Wu et al. [377] and Ebert et al. [105] found

metabolism in the amygdala and anterior cingulate abnormally elevated in major de-

pressive disorder subgroups who were responsive to sleep deprivation, and Bremner et

al. [48] reported that medicated, remitted major depressive disorder subjects who relapsed

during serotonin depletion had higher baseline amygdala and orbital cortex metabolism

than those who did not. Other studies of unmedicated depressives with major depressive

disorder have also reported increased cerebral blood flow and metabolism in the orbital

cortex relative to healthy controls, and longitudinal studies in which depressives are im-

aged before and during treatment consistently show that orbital cortex cerebral blood flow
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and metabolism decrease following effective antidepressant drug therapy, ECT, photother-

apy, repeated transcranial magnetic stimulation, and sleep deprivation (reviewed in Ref.

96). In contrast, studies reporting data acquired from subjects receiving psychotropic drugs

at the time of scanning or which included subjects with depression secondary to neurologi-

cal disorders have not found elevated activity in these structures (reviewed in Ref. 96).

D. Endocrine Studies

1. HPA Axis in Affective Disorder

Numerous studies suggest hypercortisolemia in depression [24,26]. The HPA axis has

been well established in the physiological response to stress and the hippocampus has

been suggested as a regulator involved in the negative-feedback control of cortisol [144].

Hypercortisolemia may induce neuronal damage in the hippocampus [298] because of the

high levels of glucocorticoid receptors in the hippocampus [281]. Hippocampal atrophy

may then result from a long-term exposure to higher levels of glucocorticoids.

HPA axis hyperactivity occurs in depression [267] and its magnitude can be similar

to that seen in mild Cushing’s disease, and is linked to suicidal ideation [57] and risk of

suicide [73]. It is also associated with severity of depressive illness [58,69], endogeneity

[69], psychotic symptoms [286], and inpatient status [188] or symptoms associated with

the need for hospitalization [268]. Adrenal gland hypertrophy, an index of centrally medi-

ated hyperstimulation of the adrenal cortex, occurs in up to 70% of depressed subjects

and resolves upon treatment [290]. HPA dysfunction precedes the resolution of affective

illness, whereas unresolved or recurrence of HPA dysregulation may be prognostically

ominous in both unipolar and bipolar disorders [139,282,308]. Even modest chronic expo-

sure to excess glucocorticoids can also have medical consequences such as accelerated

bone loss [143].

The rates of DST nonsuppression in depression vary widely according to study.

Nelson and Davis performed a meta-analysis of studies comparing DST suppression test

results and found an overall nonsuppression rate of 36% among inpatient melancholic

patients but only 22% among outpatients and, when inpatient status was controlled for,

melancholia did not predict nonsuppression [232]. However, Rush et al. reported nonsup-

pression rates of 62% among Research Diagnostic Criteria (RDC) endogenous inpatients,

with similar rates for unipolar and bipolar patients subgroups [295]. Inpatient status and

severity of illness may predict HPA axis abnormality. Patients with high spontaneous

cortisol levels or cognitive impairment have a poorer response to treatment with anti-

depressants [68,70] and some, but not other, studies suggest that DST nonsuppression is

associated with poor response to TCAs [7]. Frequent recurrent episodes of mood disorder

[340,341] or long duration of episodes may increase treatment resistance [30,327] and

limbic neuroendangerment; all of which could be hypothesized as related to elevated HPA

activity. It should be noted that given the likely day-to-day oscillations in HPA axis activity

in patients with major depression some patients may be hypercortisolemic overall even

though they may suppress in response to DST on a given day.

Corticotropin-releasing factor (CRF) is both a direct regulator of secretion of ACTH

from the corticotrophs in the anterior pituitary and is a neurotransmitter that is abundantly

located in extrahypothalamic brain areas. It has been hypothesized that a major role of

CRH is to regulate stress responses throughout the CNS, coordinating the endocrine, im-

mune, autonomic, and behavioral responses to stress. In this capacity and as the principal

regulator of ACTH secretion, the CRF system is believed to be involved in the pathophysi-
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ology of depression [238]. Hypercortisolinemia, DST nonsuppression, and the stress intol-

erance displayed by depressed patients all suggest dysregulation of the CRF system in

these patients.

The CSF CRF concentration in untreated depressed patients is increased compared

to healthy controls [234]. Other research groups have also replicated this finding. An

increased CSF CRH concentration is also elevated in suicide victims [11].

Among the biological abnormalities tentatively associated with risk for suicide,

those involving the HPA axis have shown particular promise. In postmortem studies, per-

sons who died by suicide, in comparison to matched subjects who died by other violent

means, had greater adrenal weights [92,342], fewer binding sites for CRF in the frontal

cortex, and higher levels of CRF in CSF. Each of these findings associates suicide with

HPA axis hyperactivity. Studies examining whether abnormal DST results are associated

with suicide have been mixed, some studies finding an association between abnormal DST

results and suicide and other studies not finding this association. More recently, Coryell

and Schlesser [73] reported on the predictive validity of abnormal DST and suicide in

78 inpatients with major depressive disorder or schizoaffective disorder, depressed type,

followed for up to 15 years. Survival analyses showed that the estimated risk for eventual

suicide in patients with abnormal DST was 27% compared to only 3% among patients

who had normal DST results.

More than a dozen studies have examined patients’ ACTH responses to administra-

tion of exogenous CRH in mood disorder and the majority of studies included both unipo-

lar and bipolar subjects [121,122,283,357]. Subjects were generally inpatients with melan-

cholic features. Gold et al. found that bipolar depressed subjects had only half the peak

and net integrated ACTH response to CRH, whereas there was no significant difference

from placebo in mania or recovered patients [120]. Despite methodological differences,

11 of 13 studies found that, compared to normal controls, the depressed subjects had

blunted plasma ACTH and normal cortisol responses that were disproportional to the

ACTH responses, occurring in the context of CRH stimulation, indicative of adrenal hyper-

responsiveness [42]. A blunted plasma ACTH response in association with nonblunted

cortisol responses is indicative of centrally mediated hypercortisolism. In euthymic bipolar

patients maintained on lithium, a blunted ACTH response to CRH predicted subsequent

relapse into depression [355]. Drug effects of lithium and tricyclics do not significantly

interfere with detecting group differences if they fail to treat the depression [42,355].

Depression-related disruptions of cognitive function have been observed in multiple

domains [125]. Depression-related deficits in cognitive function include alterations in

memory, attention, and executive functioning in areas including working memory and set

shifting that may correlate with psychosis [18,233], endogenous features [294], or nar-

rowly defined melancholia using the CORE and Newcastle scales [19,20,222].

Moreover, hypercortisolemia found in severe depression in association with neuro-

toxicity and atrophy of the hippocampus and other limbic-related structures and selective

atrophy of the hippocampus occurs in Cushing’s disease [300]. Hippocampal dysfunction

may be in part the etiological mechanism in cognitive disturbances involving memory in

severe depression [29]. Cumulative cognitive effects of recurrent [154] or lengthy de-

pressive episodes may result in dysfunction of frontostriatal and mesiotemporal/hippocam-

pal circuits [125]. Animal stress model implicate the hippocampus in glucocorticoid-

induced abnormalities. Rubinow et al. [291] observed a significant positive relationship

between mean urinary free cortisol levels of depressed patients and errors on the Halstead

Category Test. Other studies have reported DST nonsuppressors have greater cognitive
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deficits than those with normal receptor sensitivity [55,369]. Newcomer et al. [241] found

exogenous glucocorticoids impair declarative memory and Wolkowitz et al. [373] found

that DST nonsuppression or exogenous glucocorticoids predicted errors of commission

on the Wallach Memory Recognition Test. Hippocampal volume loss in depression corre-

lates with declarative memory impairment and the duration of past depression, and plausi-

bly is glucocorticoid-mediated [49]. As well, impairment of working memory after gluco-

corticoids suggests prefrontal cortex involvement [183]. Prefrontal cortex dysfuntion is

reflected in executive dysfunction in severe depression and may predict nonresponse to

SSRIs or other standard treatments [103,206]. Thus treatment of hypercortisolism or other

factors resulting in cognitive dysfunction in depression may facilitate treatment response.

In 11 studies of antiglucocorticoid agents reviewed by Wolkowitz and Reus, 67%

of the treated patients had a clinically meaningful antidepressant response. Earlier studies

used ketoconazole, metyrapone, or aminoglutethimide [374]. Interestingly, an early indica-

tor of response may be improved cognitive function [374]. Subjects tended to have sus-

tained improvement even after drug discontinuation [374] and it is suggested that antiglu-

cocorticoid treatment may be “resetting” the HPA axis. Some studies have suggested no

relationship to baseline cortisol and response to antiglucocorticoid treatment [119],

whereas others have noted considerable relationship. In a double-blind case study, Anand

et al. [9] noted a close relationship between decrease in cortisol and Hamilton depression

rating scale scores. Wolkowitz also reported significantly reduced 4 PM cortisol in an

open study of ketoconazole and a correlation between treatment response and baseline

cortisol in a double-blind controlled trial [374,375]. Ravaris et al. treated a bipolar type

II patient with ketoconazole that was added to lithium and phenelzine. Improvement corre-

lated in this case with a decrease in urinary free cortisol levels [279]. Brown et al. report

improvement in 3 of 6 treatment-resistant bipolar depressed patients. Response occurred

in inpatients receiving ketoconazole 400 to 800 mg, although they did not detect a change

in serum cortisol levels [54]. Recently, DeBattista and colleagues [85] reported that intra-

venous administration of a moderate dose of hydrocortisone produced a robust and rapid

improvement in Hamilton depression scale scores in depressed patients. Mifepristone

(MifeprexTM) is FDA indicated for the medical termination of intrauterine pregnancy and

has potential antineoplastic properties [160]. Soon after its synthesis in 1980, the steroid

compound mifepristone or RU38486 (17-hydroxy-11b (4-dimethylaminophenyl)-17(1-

propynyl) oestra-4,9-dien-3-one) was found to act as a competitive, specific, high-affinity

antagonist of progesterone and glucocorticoid receptor-2 and has weak antiandrogenic

activity (product labeling). The antiglucocorticoid effect of RU486 is dose dependent and

becomes apparent for single doses of 4 mg/kg [59]. It has been demonstrated that after

8 days of treatment with 200 mg of mif per day, the adrenocortical and pituitary reserves

are preserved. Mifepristone also attenuates retention of immobility response in the forced

swim test, a paradigm sometimes associated with antidepressant activity [88]. Murphy et

al. reported that four treatment-refractory patients with chronic severe depression were

given RU486 (200 mg/day) for periods up to 8 weeks. One of the patients was diagnosed

as bipolar and she improved significantly after 9 days of therapy with mifepristone (3.9

mg/kg): her Hamilton depression rating scale score fell from pretreatment average of 31

to 6 [229]. A number of studies indicate that mifepristone acts quickly on psychotic de-

pressive symptoms and can be effective in treatment periods of 7 days or less. In an early

report, the psychiatric symptoms of a patient with co-morbid Cushing’s syndrome and

psychotic depression were resolved within 2 weeks of treatment with doses as high as

140 mg per day [242]. Lower doses of 400 to 800 mg per day rapidly reversed psychotic
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depression in two patients with Cushing’s syndrome resulting from metastatic adrenal

cancer within 48 h [352].

2. Hypothalamic-Pituitary-Thyroid Axis

Patients with hypothyroidism can appear indistinguishable from those patients suffering

from major depression. There is a substantial overlap of symptoms in both conditions,

including depressed mood, cognitive impairment, and neurovegetative symptoms. For this

reason, the hypothalamic-pituitary-thyroid (HPT) axis has received intense study. It is

estimated that only 20 to 30% of patients with depression have discernible thyroid dysfunc-

tion. In two studies, the CFS concentration of thyrotropin-releasing hormone (TRH) was

reported to be increased in depressed patients compared to neurological and nondepressed

controls [25,158]. In contrast, the study by Roy and colleagues [288] did not support

this finding. This finding appears to be specific to patients with depression as increased

concentrations of CSF TRH were not observed in patients with Alzheimer’s disease, alco-

holism, or anxiety disorders. The HPT function in depression has also been examined by

way of the TRH stimulation test. In this test, plasma TRH concentrations are measured

at baseline and at 30-min intervals after a challenge dose of TRH. A series of studies

have found that between 25 and 30% of depressed patients have a blunted TSH response

to TRH challenge [148,272]. This finding is not due to a primary thyroid disorder because

these depressed patients are reported to be euthyroid at the time of the assessment. A

modified version of the TRH test has been developed to specifically assess the night-time

TSH response to TRH challenge [104]. In this test, the subject receives a TRH challenge

at 8:00 AM, with subsequent blood sampling for TSH measure and a second TRH chal-

lenge at 11:00 PM, with subsequent TSH determination. It has been reported that this test

displays a 95% specificity and 89% sensitivity for the diagnosis of major depression.

3. Hypothalamic-Pituitary-Ovarian Axis

Changes in the hypothalamic-pituitary-ovarian (HPO) axis have been reported to be asso-

ciated with depression. A recent study found that the mean plasma estradiol level was

30% lower in the follicular phase in women with depression than in their matched controls.

In addition, the half-life of luteinizing hormone was found to be significantly shorter in

women with depression than in their matched controls in both the follicular and luteal

phases [380]. Estradiol has effects on multiple brain systems including memory, synaptic

density, and the neurotransmitter systems of serotonin and norepinephrine [208,320]. In

addition, some open-label studies have reported beneficial effects with estrogen as an

adjunct to treatment of major depression [183,273], although the results of placebo-

controlled trials are mixed.

E. Neurodegeneration in Mood Disorders?

Recent evidence suggests that neurodegeneration may be involved in the pathophysiology

of major depression. The astroglial peptide S-100B plays a role in axonal growth and

synaptogenesis during development and synaptic remodeling. Increased CSF and plasma

levels of S-100B were detected after traumatic brain injury, toxic or ischemic brain damage

in multiple sclerosis, Alzheimer’s disease, and schizophrenia [128,365]. Rothermundt and

colleagues [285] reported that patients suffering from melancholic depression showed sig-

nificantly increased S-100B levels compared to healthy controls while nonmelancholic

patients demonstrated normal levels.
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F. Vascular Disease and Increased Platelet Aggregability
in Major Depression

Increasing evidence suggests that depression constitutes an independent risk factor for

cardiovascular morbidity and mortality. The vascular depression hypothesis proposes that

late-life depression is associated with vascular disease [4,165]. Many of these findings

are summarized in the neuroimaging section of this chapter. Briefly, this hypothesis is

based on the strong associations between depression and vascular disease and MRI find-

ings in depressed subjects of elevated rates of deep white matter hyperintensities, which

may be vascular in origin [250]. Intercellular adhesion molecule-1 (ICAM-1) is a vascular

marker of inflammation, and its expression is increased by ischemia. Recently, Thomas

and colleagues [345] reported that ICAM-1 was significantly higher in the postmortem

tissue of the depressed subjects’ dorsolateral prefrontal cortex compared to comparison

subjects.

Markowitz and colleagues [199] reported increased platelet secretion after in vitro

stimulation with collagen along with decreased platelet serotonin receptor density in de-

pressed patients. Lederbogen and colleagues [173] reported that major depression is asso-

ciated with increased platelet aggregability, which seems to persist even under a marked

improvement in depressive symptomatology. This effect has been reported to contribute

to the increased cardiovascular morbidity in depressed patients.

G. Pineal Function Circadian Rhythm

Several studies have suggested the possible role of the circadian pacemaker in depression

[329,351,370]. Partly supporting this theory is the fact that, in the melancholic type of

depression, patients typically feel worse in the morning and have early morning awaken-

ings [329,351,370]. The suprachiasmatic nucleus is the circadian pacemaker of the mam-

malian brain, responsible for maintaining and coordinating different bodily functions in-

cluding sleep-wake cycles, body temperature, and hormonal rhythms [337], and has been

reported to be functionally impaired in depression [381]. Zhou and colleagues [381] sug-

gested that, in depressed patients, both the synthesis and release of arginine vasopressin

in the suprachiasmatic nucleus is reduced, resulting in an impaired functional ability.

H. Immunological Function

Recent studies have suggested that major depression is accompanied by significant activa-

tion in immune-inflammatory markers. Several studies of depressed patients have shown

an increased number of peripheral blood mononuclear cells such as leukocytes, monocytes,

CD4�, T helper cells, an increased serum concentration of soluble interleukin-2 receptor,

and an increased polymorphonuclear elastase in serum [87,190,326]. There is evidence

that the activation of immune cells is related to overproduction of reaction oxygen species

(ROS) [363]. ROS are highly reactive chemical species with an unpaired electron, and

their formation is catalyzed by transition metals like iron, manganese, and copper. It has

been suggested that the activation of immune-inflammatory processes, increase in mono-

amine catabolism, and abnormalities in lipid compound may cause overproduction of ROS

and, in turn, antioxidative enzyme activities and lipid peroxidation. Bilici and colleagues

[41] reported that major depressed patients, especially melancholic patients, had higher

antioxidative enzyme activities and lipid peroxidation levels than those of healthy controls.

In addition, the authors reported that after 3 months of treatment with SSRIs, antioxidative
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enzyme activities and lipid peroxidation levels of patients were significantly decreased to

normal levels.

IV. CONCLUSIONS

Preclinical and clinical studies over the past 40 years have attempted to uncover patho-

physiology of major depressive disorder first by uncovering the specific defects in these

neurotransmitter systems by using a variety of biochemical and neuroendocrine strategies.

Although such investigations have provided useful information, they have been of limited

value in elucidating the pathogenesis of these disorders. It is clear from these studies that

depression is much more than increasing intrasynaptic levels of biogenic amines. More

recently, research into the pathophysiology and treatment of major depressive disorders

has focused on intracellular signaling pathways. The pathophysiology of major depressive

disorders remains unknown but probably involves a complex interaction and overlap of

multiple systems including neurotransmitter, endocrine, and immune systems and cellular

signaling pathways.

REFERENCES

1. Aberg-Wistedt A, Ross SB, Jostell KG, Sjoquist B. A double-blind study of zimelidine, a

serotonin uptake inhibitor, and desipramine, a noradrenaline uptake inhibitor, in endogenous

depression. II. Biochemical findings. Acta Psychiatr Scand 1982; 66:66–82.

2. Agren H, Reibring L, Hartvig P, Tedroff J, Bjurling P, Hornfeldt K, Andersson Y, Lundqvist

H, Langstrom B. Low brain uptake of L-[11C]5-hydroxytryptophan in major depression: a

positron emission tomography study on patients and healthy volunteers. Acta Psychiatr Scand

1991; 83:449–455.

3. Ahearn EP, Jamison KR, Steffens DC, Cassidy F, Provenzale JM, Lehman A, Weisler RH,

Carroll BJ, Krishnan KR. MRI correlates of suicide attempt history in unipolar depression.

Biol Psychiatry 2001; 50:266–270.

4. Alexopoulos GS, Meyers BS, Young RC, Kakuma T, Silbersweig D, Charlson M. Clinically

defined vascular depression. Am J Psychiatry 1997; 154:562–565.

5. Altamura CA, Mauri MC, Ferrara A, Moro AR, D’Andrea G, Zamberlan F. Plasma and

platelet excitatory amino acids in psychiatric disorders. Am J Psychiatry 1993; 150:1731–

1733.

6. Amsterdam JD, Berwish NJ. High dose tranylcypromine therapy for refractory depression.

Pharmacopsychiatry 1989; 22(1):21–25.

7. Amsterdam JD, Winokur A, Bryant S, Larkin J, Rickels K. The dexamethasone suppression

test as a predictor of antidepressant response. Psychopharmacology (Berl) 1983; 80:43–

45.

8. Anand A, Charney DS, Delgado PL, McDougle CJ, Heninger GR, Price LH. Neuroendocrine

and behavioral responses to intravenous m-chlorophenylpiperazine (mCPP) in depressed pa-

tients and healthy comparison subjects. Am J Psychiatry 1994; 151:1626–1630.

9. Anand A, Malison R, McDougle CJ, Price LH. Antiglucocorticoid treatment of refractory

depression with ketoconazole: a case report. Biol Psychiatry 1995; 37:338–340.

10. Arango V, Underwood MD, Gubbi AV, Mann JJ. Localized alterations in pre- and postsynap-

tic serotonin bindings sites in the ventrolateral prefrontal cortex of suicide victims. Brain

Res 1995; 7;688:121–133.

11. Arato M, Banki CM, Bissette G, Nemeroff CB. Elevated CSF CRF in suicide victims. Biol

Psychiatry 1989; 25:355–359.



Neurobiology of Depression 485

12. Arora RC, Meltzer HY. 3H-imipramine binding in the frontal cortex of suicides. Psychiatry

Res 1989; 30:125–135.

13. Asberg M, Ringberger VA, Sjoqvist F, Thoren P, Traskman L, Tuck JR. Monoamine metabo-

lites in cerebrospinal fluid and serotonin uptake inhibition during treatment with chlorimipra-

mine. Clin Pharmacol Ther 1977; 21:201–207.

14. Asnis GM, Wetzler S, Sanderson WC, Kahn RS, van Praag HM. Functional interrelationship

of serotonin and norepinephrine: cortisol response to MCPP and DMI in patients with panic

disorder, patients with depression, and normal control subjects. Psychiatry Res 1992; 43:65–

76.

15. Atre-Vaidya N, Jampala VC. Electroconvulsive therapy in parkinsonism with affective disor-

der. Br J Psychiatry 1988; 152:55–58.

16. Attar-Levy D, Martinot JL, Blin J, Dao-Castellana MH, Crouzel C, Mazoyer B, Poirier MF,

Bourdel MC, Aymard N, Syrota A, Feline A. The cortical serotonin-2 receptors studied with

positron-emission tomography and [18F]-setoperone during depressive illness and antide-

pressant treatment with clomipramine. Biol Psychiatry 1999; 45:180–186.

17. Auer DP, Putz B, Kraft E, Lipinski B, Schill J, Holsboer F. Reduced glutamate in the anterior

cingulate cortex in depression: an in vivo proton magnetic resonance spectroscopy study.

Biol Psychiatry 2000; 47:305–313.

18. Austin MP, Ross M, Murray C, O’Carroll RE, Ebmeier KP, Goodwin GM. Cognitive func-

tion in major depression. J Affect Disord 1992; 25:21–29.

19. Austin MP, Mitchell P, Goodwin GM. Cognitive deficits in depression: possible implications

for functional neuropathology. Br J Psychiatry 2001; 178:200–206.

20. Austin MP, Mitchell P, Wilhelm K, et al. Cognitive function in depression: a distinct pattern

of frontal impairment in melancholia? Psychol Med 1999; 29:73–85.

21. Axelson DA, Doraiswamy PM, Boyko OB, Rodrigo Escalona P, McDonald WM, Ritchie

JC, Patterson LJ, Ellinwood EH Jr, Nemeroff CB, Krishnan KR. In vivo assessment of pitu-

itary volume with magnetic resonance imaging and systematic stereology: relationship to

dexamethasone suppression test results in patients. Psychiatry Res 1992; 44:63–70.

22. Axelson DA, Doraiswamy PM, McDonald WM, Boyko OB, Tupler LA, Patterson LJ, Nem-

eroff CB, Ellinwood EH Jr, Krishnan KR. Hypercortisolemia and hippocampal changes in

depression. Psychiatry Res 1993; 47:163–173.

23. Balldin J. Factors influencing prolactin release induced by electroconvulsive therapy. Acta

Psychiatr Scand 1982; 65:365-369.

24. Banki CM, Bissette G, Arato M, O’Connor L, Nemeroff CB. CSF corticotropin-releasing

factor-like immunoreactivity in depression and schizophrenia. Am J Psychiatry 1987; 144:

873–877.

25. Banki CM, Bissette G, Arato M, Nemeroff CB. Elevation of immunoreactive CSF TRH in

depressed patients. Am J Psychiatry 1988; 145:1526–1531.

26. Banki CM, Karmacsi L, Bissette G, Nemeroff CB. CSF corticotropin-releasing hormone

and somatostatin in major depression: response to antidepressant treatment and relapse. Eur

Neuropsychopharmacol 1992; 2:107–113.

27. Baumann B, Danos P, Krell D, Diekmann S, Leschinger A, Stauch R, Wurthmann C, Bern-

stein HG, Bogerts B. Reduced volume of limbic system-affiliated basal ganglia in mood

disorders: preliminary data from a post mortem study. J Neuropsych Clin Neurosci 1999;

11:71–78.

28. Baxter LR Jr, Schwartz JM, Phelps ME, Mazziotta JC, Guze BH, Selin CE, Gerner RH,

Sumida RM. Reduction of prefrontal cortex glucose metabolism common to three types of

depression. Arch Gen Psychiatry 1989; 46:243–250.

29. Bemelmans KJ, Goekoop JG, van Kempen GM. Recall performance in acutely depressed

patients and cortisol. Biol Psychiatry 1996; 39:750–752.

30. Benazzi F. Course and outcome of bipolar II disorder: a retrospective study. Psychiatry Clin

Neurosci 2001; 55:67–70.



486 Zarate and Charney

31. Bench CJ, Friston KJ, Brown RG, Frackowiak RS, Dolan RJ. Regional cerebral blood flow

in depression measured by positron emission tomography: the relationship with clinical di-

mensions. Psychol Med 1993; 23:579–590.

32. Benes FM, Kwok EW, Vincent SL, Todtenkopf MS. A reduction of nonpyramidal cells in

sector CA2 of schizophrenics and manic depressives. Biol Psychiatry 1998; 44:88–97.

33. Benkelfat C, Ellenbogen MA, Dean P, Palmour RM, Young SN. Mood-lowering effect of

tryptophan depletion. Enhanced susceptibility in young men at genetic risk for major affective

disorders. Arch Gen Psychiatry 1994; 51:687–697.

34. Berk M, Plein H, Belsham B. The specificity of platelet glutamate receptor supersensitivity

in psychotic disorders. Life Sci 2000; 66:2427–2432.

35. Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS, Krystal JH.

Antidepressant effects of ketamine in depressed patients. Biol Psychiatry 2000; 47:351–354.

36. Berrettini WH, Ferraro TN, Goldin LR, Weeks DE, Detera-Wadleigh S, Nurnberger JI Jr,

Gershon ES. Chromosome 18 DNA markers and manic-depressive illness: evidence for a

susceptibility gene. Proc Natl Acad Sci USA 1994; 91:5918–5921.

37. Biegon A, Israeli M. Regionally selective increases in beta-adrenergic receptor density in

the brains of suicide victims. Brain Res 1988; 23;442:199–203.

38. Biegon A, Essar N, Israeli M, Elizur A, Bruch S, Bar-Nathan AA. Serotonin 5-HT2 receptor

binding on blood platelets as a state dependent marker in major affective disorder. Psycho-

pharmacology (Berl) 1990; 102:73–75.

39. Biver F, Wikler D, Lotstra F, Damhaut P, Goldman S, Mendlewicz J. Serotinin 5-HT2 recep-

tor imaging in major depression: focal changes in orbito-insular cortex. Br J Psychiatry 1997;

171:444–448.

40. Bligh-Glover W, Kolli TN, Shapiro-Kulnane L, Dilley GE, Friedman L, Balraj E, Rajkowska

G, Stockmeier CA. The serotonin transporter in the midbrain of suicide victims with major

depression. Biol Psychiatry 2000; 47:1015–1024.

41. Bilici M, Efe H, Koroglu MA, Uydu HA, Bekaroglu M, Deger O. Antioxidative enzyme

activities and lipid peroxidation in major depression: alterations by antidepressant treatments.

J Affect Disord 2001; 64:43–51.

42. Birmaher B, Dahl RE, Perel J, Williamson DE, Nelson B, Stull S, Kaufman J, Waterman

GS, Rao U, Nguyen N, Puig-Antich J, Ryan ND. Corticotropin-releasing hormone challenge

in prepubertal major depression. Biol Psychiatry 1996; 39:267–277.

43. Biver F, Wikler D, Lotstra F, Damhaut P, Goldman S, Mendlewicz J. Serotonin 5-HT2 recep-

tor imaging in major depression: focal changes in orbitio-insular cortex. Br J Psychiatry

1997; 171:444–448.

44. Blackwood DH, He L, Morris SW, McLean A, Whitton C, Thomson M, Walker MT, Wood-

burn K, Sharp CM, Wright AF, Shibasaki Y, St Clair DM, Porteous DJ, Muir WJ. A locus

for bipolar affective disorder on chromosome 4p. Nat Genet 1996; 12:427–430.

45. Bocchetta A, Piccardi MP, Del Zompo M. Is bipolar disorder linked to Xp28? (letter). Nat

Genet 1994; 6:224.

46. Bowden CL, Brugger AM, Swann AC, Calabrese JR, Janicak PG, Petty F, Dilsaver SC,

Davis JM, Rush AJ, Small JG, Garza-Threvino ES, Risch SC, Goodnick PJ, Morris DD, or

the Depakote Mania Study Group. Efficacy of divalproex vs lithium and placebo in the treat-

ment of mania. JAMA 1994; 271:918–924.

47. Bowen DM, Najlerahim A, Procter AW, Francis PT, Murphy E. Circumscribed changes of

the cerebral cortex in neuropsychiatric disorders of later life. Proc Natl Acad Sci USA 1989;

86:9504–9508.

48. Bremner JD, Innis RB, Salomon RM, Staib LH, Ng CK, Miller HL, Bronen RA, Krystal

JH, Duncan J, Rich D, Price LH, Malison R, Dey H, Soufer R, Charney DS. Positron emission

tomography measurement of cerebral metabolic correlates of tryptophan depletion-

induced depressive relapse. Arch Gen Psych 1997; 54:346–374.



Neurobiology of Depression 487

49. Bremner JD, Narayan M, Anderson ER, Staib LH, Miller HL, Charney DS. Hippocampal

volume reduction in major depression. Am J Psychiatry 2000; 157:115–118.

50. Briley MS, Raisman R, Langer SZ. Human platelets possess high-affinity binding sites for

3H-imipramine. Eur J Pharmacol 1979; 58:347–348.

51. Briley MS, Langer SZ, Raisman R, Sechter D, Zarifian E. Tritiated imipramine binding sites

are decreased in platelets of untreated depressed patients. Science 1980; 209:303–305.

52. Brody AL, Saxena S, Stoessel P, Gillies LA, Fairbanks LA, Alborzian S, Phelps ME, Huang

S-C, Wu H-M, Ho ML, Ho MK, Au SC, Maidment K, Baxter LR. Regional brain metabolic

changes in patients with major depression treated with either paroxetine or interpersonal

therapy. Arch Gen Psychiatry 2001; 58:631–640.

53. Brown ES, Rush AJ, McEwen BS. Hippocampal remodeling and damage by corticosteroids:

implications for mood disorders. Neuropsychopharmacology 1999; 21:474–484.

54. Brown ES, Bobadilla L, Rush AJ. Ketoconazole in bipolar patients with depressive symp-

toms: a case series and literature review. Bipolar Disord 2001; 3:23–29.

55. Brown WA, Qualls CB. Pituitary-adrenal disinhibition in depression: marker of a subtype

with characteristic clinical features and response to treatment? Psychiatry Res 1981; 4:115–

128.

56. Bunney WE Jr, Davis JM. Norepinephrine in depressive reactions. A review. Arch Gen Psy-

chiatry 1965; 13:483–494.

57. Bunney WE Jr, Fawcett JA, Davis JM, Gifford S. Further evaluation of urinary 17-hydroxy-

corticosteroids in suicidal patients. Arch Gen Psychiatry 1969; 21:138–150.

58. Butler PW, Besser GM. Pituitary-adrenal function in severe depressive illness. Lancet 1968;

1:1234–1236.

59. Cadepond F, Ulmann A, Baulieu EE. RU486 (mifepristone): mechanisms of action and clini-

cal uses. Annu Rev Med 1997; 48:129–156.

60. Cadoret RJ. Evidence for genetic inheritance of primary affective disorder in adoptees. Am

J Psychiatry 1978; 135:463–466.

61. Calabrese JR, Suppes T, Bowden CL, Sachs GS, Swann AC, McElroy SL, Kusumakar V,

Ascher JA, Earl NL, Greene PL, Monaghan ET. A double-blind placebo-controlled study of

lamotrigine monotherapy in outpatients with bipolar I depression. Lamictal 602 Study Group.

J Clin Psychiatry 1999; 60:79–88.

62. Cappiello A, Malison RT, McDougle CJ, Vegso SJ, Charney DS, Heninger GR, Price LH.

Seasonal variation in neuroendocrine and mood responses to i.v. L-tryptophan in depressed

patients and healthy subjects. Neuropsychopharmacology 1996; 15:475–483.

63. Cassidy F, Murry E, Weiner RD, Carroll BJ. Lack of relapse with tryptophan depletion fol-

lowing successful treatment with ECT. Am J Psychiatry 1997; 154:1151–1152.

64. Castillo M, Kwock L, Courvoisie H, Hooper SR. Proton MR spectroscopy in children

with bipolar affective disorder: preliminary observations. Am J Neuroradiol 2000; 21:832–

838.

65. Charney DS, Heninger GR, Sternberg DE, Redmond DE, Leckman JF, Maas JW, Roth RH.

Presynaptic adrenergic receptor sensitivity in depression. The effect of long-term desipramine

treatment. Arch Gen Psychiatry 1981; 38:1334–1340.

66. Chen AC, Shirayama Y, Shin KH, Neve RL, Duman RS. Expression of the cAMP response

element binding protein (CREB) in hippocampus produces an antidepressant effect. Biol

Psychiatry 2001; 49:753–762.

67. Choi D. Glutamate neurotoxicity and diseases of the nervous system. Neuron 1988; 1:623–

634.

68. Christensen P, Gram LF, Kragh-Soensen P, Christensen L, Kristensen CB, Pedersen OL,

Thomsen HY. Spontaneous afternoon plasma cortisol in depression. J Affect Disord 1985;

8:271–278.

69. Christensen P, Gram LF, Kragh-Sorensen P, Nielsen S. Afternoon cortisol levels before



488 Zarate and Charney

(spontaneous) and after suppression with dexamethasone or oxazepam in depressed patients.

J Affect Disord 1986; 10:171–176.

70. Christensen P, Lolk A, Gram LF, Kragh-Sorensen P, Pedersen OL, Nielsen S. Cortisol and

treatment of depression: predictive value of spontaneous and suppressed cortisol levels and

course of spontaneous plasma cortisol. Psychopharmacology (Berl) 1989; 97:471–475.

71. Coon H, Jensen S, Hoff M, et al. A genome-wide search for genes predisposing to manic-

depression, assuming autosomal dominant inheritance. Am J Hum Genet 1993; 52:1234–

1249.

72. Cooney JM, Lucey JV, O’Keane V, Dinan TG. Specificity of the pyridostigmine/growth

hormone challenge in the diagnosis of depression. Biol Psychiatry 1997; 42:827–833.

73. Coryell W, Schlesser M. The dexamethasone suppression test and suicide prediction. Am J

Psychiatry 2001; 158:748–753.

74. Cousins JP, Harper G. Neurobiochemical changes from Taxol/Neupogen chemotherapy for

metastatic breast carcinoma corresponds with suicidal depression. Cancer Lett 1996; 110:

163–167.

75. Cowen PJ. A role for 5-HT in the action of antidepressant drugs. Pharmacol Ther 1990; 46:

43–51.

76. Cowen PJ, Power AC, Ware CJ, Anderson IM. 5-HT1A receptor sensitivity in major depres-

sion. A neuroendocrine study with buspirone. Br J Psychiatry 1994; 164:372–379.

77. Cowen PJ. Psychopharmacology of 5-HT(1A) receptors. Nucl Med Biol 2000; 27:437–439.

78. Coyle JT, Schwarcz R. Mind glue: implications of glial cell biology for psychiatry. Arch

Gen Psychiatry 2000; 57:90–93.

79. Crow TJ, Cross AJ, Cooper SJ, Deakin JF, Ferrier IN, Johnson JA, Joseph MH, Owen F,

Poulter M, Lofthouse R. Neurotransmitter receptors and monoamine metabolites in the brains

of patients with Alzheimer-type dementia and depression, and suicides. Neuropharmacology

1984; 23:1561–1569.

80. Craddock N, McGuffin P, Owen M. Darier’s disease cosegregating with affective disorder

(letter). Br J Psychiatry 1994; 165:272.

81. Dahl LE, Lundin L, Le Fevre Honore P, Dencker SJ. Antidepressant effect of femoxetine

and desipramine and relationship to the concentration of amine metabolites in cerebrospinal

fluid. A double-blind evaluation. Acta Psychiatr Scand 1982; 66:9–17.

82. Deakin JFW, Pennell I, Upadhyaya AJ, et al. A neuroendocrine study of 5-HT function in

depression: evidence for biological mechanisms of endogenous and psychosocial causation.

Psychopharmacology (Berl) 1990; 101:85–92.

83. de Asis JM, Stern E, Alexopoulos GS, Pan H, Van Gorp W, Blumberg H, Kalayam B, Eidel-

berg D, Kiosses D, Silbersweig DA. Hippocampal and anterior cingulate activation deficits

in patients with geriatric depression. Am J Psychiatry 2001; 158:1321–1323.

84. de Groot JC, de Leeuw FE, Oudkerk M, Hofman A, Jolles J, Breteler MM. Cerebral white

matter lesions and depressive symptoms in elderly adults. Arch Gen Psychiatry 2000; 57:

1071-1076.

85. DeBattista C, Posener JA, Kalehzan BM, Schatzberg AF. Acute antidepressant effects

of intravenous hydrocortisone and CRH in depressed patients: a double-blind, placebo-

controlled study. Am J Psychiatry 2000; 157:1334–1337.

86. DeBellis MD, Gold PW, Geracioti TD, et al. Fluoxetine significantly reduces CSF CRH and

AVP concentrations in patients with major depression. Am J Psychiatry 1993; 150:656–657.

87. Deger O, Bekaroglu M, Orem A, Orem S, Uluutku N, Soylu C. Polymorphonuclear (PMN)

elastase levels in depressive disorder. Biol Psychiatry 1996; 39:357–363.

88. De Kloet ER, De Kock S, Schild V, Veldhuis HD. Antiglucocorticoid RU 38486 attenuates

retention of a behaviour and disinhibits the hypothalamic-pituitary adrenal axis at different

brain sites. Neuroendocrinology 1988; 47:109–115.

89. Delgado PL, Charney DS, Price LH, Landis H, Heninger GR. Neuroendocrine and behavioral

effects of dietary tryptophan restriction in healthy subjects. Life Sci 1990; 45:2323–2332.



Neurobiology of Depression 489

90. D’Haenen H, Bossuyt A, Mertens J, Bossuyt-Piron C, Gijsemans M, Kaufman L. SPECT

imaging of serotonin-2 receptors in depression. Psychiatry Res 1992; 45:227–237.

91. D’Haenen HA, Bossuyt A. Dopamine D2 receptors in depression measured with single pho-

ton emission computed tomography. Biol Psychiatry 1994; 35:128–132.

92. Dorovini-Zis K, Zis AP. Increased adrenal weight in victims of violent suicide. Am J Psychia-

try 1987; 144:1214–1215.

93. Douyon R, Serby M, Klutchko B, Rotrosen J. ECT and Parkinson’s disease revisited: a “natu-

ralistic” study. Am J Psychiatry 1989; 146:1451–1455.

94. Drevets WC, Videen TO, Price JL, Preskorn SH, Carmichael ST, Raichle ME. A functional

anatomical study of unipolar depression. J Neurosci 1992; 12:3628–3641.

95. Drevets WC, Price JL, Simpson JR Jr, Todd RD, Reich T, Vannier M, Raichle ME. Subgen-

ual prefrontal cortex abnormalities in mood disorders. Nature 1997; 386:824–827.

96. Drevets WC, Gadde K, Krishnan R. Neuroimaging studies of depression. In: Charney DS,

Nestler EJ, Bunney BJ, eds. The Neurobiological Foundation of Mental Illness. New York:

Oxford University Press, 1999:394–418.

97. Drevets WC. Functional anatomical abnormalities in limbic and prefrontal cortical structures

in major depression. Prog Brain Res 2000; 126:413–431.

98. Drevets WC, Frank E, Price JC, Kupfer DJ, Greer PJ, Mathis C. Serotonin type-1A receptor

imaging in depression. Nucl Med Biol 2000; 27:499–507.

99. Dube S, Kumar N, Ettedgui E, Pohl R, Jones D, Sitaram N. Cholinergic REM induction

response: separation of anxiety and depression. Biol Psychiatry 1985; 20:408–418.

100. Duman RS, Heninger GR, Nestler EJ. A molecular and cellular theory of depression. Arch

Gen Psychiatry 1997; 54:597–606.

101. Duman RS, Malberg J, Thome J. Neural plasticity to stress and antidepressant treatment.

Biol Psychiatry 1999; 46:1181–1191.

102. Duman RS, Malberg J, Nakagawa S, D’Sa C. Neuronal plasticity and survival in mood disor-

ders. Biol Psychiatry 2000; 48:732–739.

103. Dunkin JJ, Leuchter AF, Cook IA, Kasl-Godley JE, Abrams M, Rosenberg-Thompson S.

Executive dysfunction predicts nonresponse to fluoxetine in major depression. J Affect Dis-

ord 2000; 60:13–21.

104. Duval F, Macher JP, Mokrani MC. Difference between evening and morning thyrotropin

responses to protirelin in major depressive episode. Arch Gen Psychiatry 1990; 47:443–448.

105. Ebert D, Feistel H, Barocka A. Effects of sleep deprivation on the limbic system and the

frontal lobes in affective disorders: A study with Tc-99m-HMPAO SPECT. Psychiatry Res

Neuroimag 1991; 40:247–251.

106. Ebert D, Feistel H, Loew T, Pirner A. Dopamine and depression—striatal dopamine D2

receptor SPECT before and after antidepressant therapy. Psychopharmacology (Berl) 1996;

126:91–94.

107. Egeland JA, Gerhard DS, Pauls DL, Sussex JN, Kidd KK, Allen CR, Hostetter AM, Housman

DE. Bipolar affective disorders linked to DNA markers on chromosome 11. Nature 1987;

325:783–787.

108. Elkis H, Friedman L, Wise A, Meltzer HY. Meta-analyses of studies of ventricular enlarge-

ment and cortical sulcal prominence in mood disorders. Comparisons with controls or patients

with schizophrenia. Arch Gen Psychiatry 1995; 52:735–746.

109. Ellenbogen MA, Young SN, Dean P, Palmour RM, Benkelfat C. Mood response to acute

tryptophan depletion in healthy volunteers: sex differences and temporal stability. Neuropsy-

chopharmacology 1996; 15:465–474.

110. Ellis PM, Salmond C. Is platelet imipramine binding reduced in depression? A meta-analysis.

Biol Psychiatry 1994; 36:292–299.

111. El-Yousef MK, Janowsky DS, Davis JM, Rosenblatt JE. Induction of severe depression by

physostigmine in marihuana intoxicated individuals. Br J Addict Alcohol Other Drugs 1973;

68:321–325.



490 Zarate and Charney

112. Ewald H, Mors O, Flint T, et al. A possible locus for manic depressive illness on chomosome

16p13. Psychiatric Genet 1995; 5:71–81.

113. Figiel GS, Krishnan KR, Doraiswamy PM. Subcortical structural changes in ECT-induced

delirium. J Geriatr Psychiatry Neurol 1990; 3:172–176.

114. Figiel GS, Hassen MA, Zorumski C, Krishnan KR, Doraiswamy PM, Jarvis MR, Smith DS.

ECT-induced delirium in depressed patients with Parkinson’s disease. J Neuropsychiatry Clin

Neurosci 1991; 3:405–411.

115. Galva MD, Bondiolotti GP, Olasmaa M, Picotti GB. Effect of aging on lazabemide binding,

monoamine oxidase activity and monoamine metabolites in human frontal cortex. J Neural

Transm Gen Sect 1995; 101:83–94.

116. Garcia-Sevilla JA, Padro D, Giralt MT, Guimon J, Areso P. Alpha-2 adrenoreceptor-mediated

inhibition of platelet adenyl cyclase and induction of aggregation in major depression. Arch

Gen Psychiatry 1990; 47:125–132.

117. George MS, Ketter TA, Parekh PI, Rosinsky N, Ring HA, Pazzaglia PJ, Marangell LB,

Callahan AM, Post RM. Blunted left cingulate activation in mood disorder subjects during

a response interference task (the Stroop). J Neuropsychiatry Clin Neurosci 1997; 9:55–63.

118. Geracioti TD Jr, Loosen PT, Orth DN. Low cerebrospinal fluid corticotropin-releasing hor-

mone concentrations in eucortisolemic depression. Biol Psychiatry 1997; 42:165–174.

119. Ghadirian AM, Engelsmann F, Dhar V, Filipini D, Keller R, Chouinard G, Murphy BE. The

psychotropic effects of inhibitors of steroid biosynthesis in depressed patients refractory to

treatment. Biol Psychiatry 1995; 37:369–375.

120. Gold PW, Chrousos G, Kellner C, Post R, Roy A, Augerinos P, Schulte H, Oldfield E,

Loriaux DL. Psychiatric implications of basic and clinical studies with corticotropin-releasing

factor. Am J Psychiatry 1984; 141:619–627.

121. Gold PW, Chrousos GP. Clinical studies with corticotropin releasing factor: implications for

the diagnosis and pathophysiology of depression, Cushing’s disease, and adrenal insuffi-

ciency. Psychoneuroendocrinology 1985; 10:401–419.

122. Gold PW, Calabrese JR, Kling MA, Avgerinos P, Khan I, Gallucci WT, Tomai TP, Chrousos

GP. Abnormal ACTH and cortisol responses to ovine corticotropin releasing factor in patients

with primary affective disorder. Prog Neuropsychopharmacol Biol Psychiatry 1986; 10:57–

65.

123. Golden RN, Rudorfer MV, Sherer MA, Linnoila M, Potter WZ. Bupropion in depression.

I. Biochemical effects and clinical response. Arch Gen Psychiatry 1988; 45:139–143.

124. Gonzales-Heydrich J, Peroutka SJ. Serotonin receptor and reuptake sites: pharmacologic sig-

nificance. J Clin Psychiatry 1990; 51(suppl):5–12.

125. Grant MM, Thase ME, Sweeney JA. Cognitive disturbance in outpatient depressed younger

adults: evidence of modest impairment. Biol Psychiatry 2001; 50:35–43.

126. Greenberg PE, Sisitsky T, Kessler RC, Finkelstein SN, Berndt ER, Davidson JR, Ballenger

JC, Fyer AJ. The economic burden of anxiety disorders in the 1990s. J Clin Psychiatry 1999;

60:427–435.

127. Greenwald BS, Kramer-Ginsberg E, Krishnan RR, Ashtari M, Aupperle PM, Patel M. MRI

signal hyperintensities in geriatric depression. Am J Psychiatry 1996; 153:1212–1215.

128. Griffin WST, Stanley LC, Ling C, White L, MacLeod V, Perrot LJ, White III CL, Araoz

C. Brain interleukin 1 and S-100 immunoreactivity are elevated in Down syndrome and

Alzheimer disease. Proc Natl Acad Sci USA 1998; 86:7611–7615.

129. Gurevich EV, Joyce JN. Comparison of [3H]paroxetine and [3H]cyanoimipramine for quanti-

tative measurement of serotonin transporter sites in human brain. Neuropsychopharmacology

1996; 14:309–323.

130. Halaris AE. Plasma 3-methoxy-4-hydroxyphenylglycol in manic psychosis. Am J Psychiatry

1978; 135:493–494.

131. Hayakawa H, Yokota N, Kawai K, Okamoto Y, Osada M, Kikumoto O, Motohashi N,

Yamawaki S, Nishida A, Shimizu M. Effects of electroconvulsive shock on the serotonin



Neurobiology of Depression 491

metabolism and serotonin1A receptors in the rat brain. Jpn J Psychiatry Neurol 1993; 47:

418–419.

132. Healy D, Carney PA, O’Halloran A, Leonard BE. Peripheral adrenoreceptors and serotonin

receptors in depression: changes associated with response to treatment with trazodone or

amitriptyline. J Affect Disord 1985; 9:285–296.

133. Heresco-Levy U, Javitt DC. The role of N-methyl-D-aspartate (NMDA) receptor-mediated

neurotransmission in the pathophysiology and therapeutics of psychiatric syndromes. Eur

Neuropsychopharmacol 1998; 8:141–152.

134. Hickie I, Scott E, Mitchell P, Wilhelm K, Austin MP, Bennett B. Subcortical hyperintensities

on magnetic resonance imaging: clinical correlates and prognostic significance in patients

with severe depression. Biol Psychiatry 1995; 37:151–160.

135. Himmelhoch JM, Thase ME, Mallinger AG, Houck P. Tranylcypromine versus imipramine

in anergic bipolar depression. Am J Psychiatry 1991; 148:910–916.

136. Hirayasu Y, Shenton ME, Salisbury DF, Kwon JS, Wible CG, Fischer IA, Yurgelun-Todd

D, Zarate C, Kikinis R, Jolesz FA, McCarley RW. Subgenual cingulate cortex volume in

first-episode psychosis. Am J Psychiatry 1999; 156:1091–1093.

137. Hollister LE, Davis KL, Berger PA. Subtypes of depression based on excretion of MHPG

and response to nortriptyline. Arch Gen Psychiatry 1980; 37:1107–1110.

138. Holsboer F, Benkert O, Demisch L. Changes in MAO activity during estrogen treatment of

females with endogenous depression. Mod Probl Pharmacopsychiatry 1983; 19:321–326.

139. Holsboer F. The rationale for corticotropin-releasing hormone receptor (CRH-R) antagonists

to treat depression and anxiety. J Psychiatr Res 1999; 33:181–214.

140. Hurwitz TA, Clark C, Murphy E, Klonoff H, Martin WR, Pate BD. Regional cerebral glucose

metabolism in major depressive disorder. Can J Psychiatry 1990; 35:684–688.

141. Husain MM, McDonald WM, Doraiswamy PM, Figiel GS, Na C, Escalona PR, Boyko OB,

Nemeroff CB, Krishnan KR. A magnetic resonance imaging study of putamen nuclei in

major depression. Psychiatry Res 1991; 40:95–99.

142. Inoue T, Tsuchiya K, Miura J, Sakakibara S, Denda K, Kasahara T, Koyama T. Bromocrip-

tine treatment of tricyclic and heterocyclic antidepressant-resistant depression. Biol Psychia-

try 1996; 40:151–153.

143. Israel E, Baerjee RR, Garrett MF, Kotlov TV, LaHive K, LeBoff MS. Effects of inhaled

glucocorticoids on bone density in premenopausal women. N Engl J Med 2001; 345:941–

947.

144. Jacobson L, Sapolsky R. The role of the hippocampus in feedback regulation of the hypo-

thalamic-pituitary-adrenal axis. Endocr Rev 1991; 12:118–134.

145. Joyce JN, Shane A, Lexow N, Winokur A, Casanova MF, Kleinman JE. Serotonin uptake

sites and serotonin receptors are altered in the limbic system of schizophrenics. Neuropsycho-

pharmacology 1993; 8:315–336.

146. Janowsky DS, el-Yousef MK, Davis JM, Sekerke HJ. A cholinergic-adrenergic hypothesis

of mania and depression. Lancet 1972; 2:632–635.

147. Janowsky DS, Risch SC, Gillin JC. Adrenergic-cholinergic balance and the treatment of

affective disorders. Prog Neuropsychopharmacol Biol Psychiatry 1983; 7:297–307.

148. Kastin AJ, Ehrensing RH, Schalch DS, Anderson MS. Improvement in mental depression

with decreased thyrotropin response after administration of thyrotropin-releasing hormone.

Lancet 1972; 2:740–742.

149. Kelsoe JR, Ginns EI, Egeland JA, et al. Re-evaluation of the linkage relationship between

chromosome 11 p loci and the gene for bipolar affective disorder in the Old Order Amish.

Nature 1989; 342:238–243.

150. Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves LJ. A population-based twin study

of major depression in women: the impact of varying definitions of illness. Arch Gen Psychia-

try 1992; 49:257–266.

151. Kendler KS, Pedersen N, Johnson L, Neale MC, Mathe AA. A pilot Swedish twin study



492 Zarate and Charney

of affective illness, including hospital- and population-ascertained subsamples. Arch Gen

Psychiatry 1993; 50:699–706.

152. Kendler KS, Kessler RC, Neale MC, Heath AC, Eaves LJ. The prediction of major depression

in women: toward an integrated etiologic model. Am J Psychiatry 1993; 150:1139–1148.

153. Kennedy SH, Evans KR, Kruger S, Mayberg HS, Meyer JH, McCann S, Arifuzzman AI,

Houle S, Vaccarino FJ. Changes in regional brain glucose metabolism measured with positron

emission tomography after paroxetine treatment of major depression. Am J Psychiatry 2001;

158:899–905.

154. Kessing LV. Cognitive impairment in the euthymic phase of affective disorder. Psychol Med

1998; 28:1027–1038.

155. Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M, Eshleman S, Wittchen HU,

Kendler KS. Lifetime and 12-month prevalence of DSM-III-R psychiatric disorders in the

United States. Arch Gen Psychiatry 1994; 51:8–19.

156. Kim JS, Schmid-Burgk W, Claus D, Kornhuber HH. Increased serum glutamate in depressed

patients. Arch Psychiatrie Nervenkrankheiten 1982; 232:299–304.

157. Kim JS. Cytokines and adhesion molecules in stroke and related diseases. J Neurol Sci 1996;

137:69–78.

158. Kirkegaard C, Olgaard K, Faber J, Siersbaek-Nielsen K, Friis T. Thyrotropin-releasing-

hormone tests. Lancet 1979; 1:556.

159. Klaiber EL, Broverman DM, Vogel W, Kobayashi Y. Estrogen therapy for severe persistent

depressions in women. Arch Gen Psychiatry 1979; 163:1721–1727.

160. Klijn JG, Setyono-Han B, Foekens JA. Progesterone antagonists and progesterone receptor

modulators in the treatment of breast cancer. Steroids 2000; 65:825–830.

161. Klimke A, Larisch R, Janz A, Vosberg H, Muller-Gartner HW, Gaebel W. Dopamine D2

receptor binding before and after treatment of major depression measured by [12I]IBZM

SPECT. Psychiatry Res 1999; 90:91–101.

162. Kopin IJ, Gordon EK, Jimerson DC, Polinsky RJ. Relation between plasma and cerebrospinal

fluid levels of 3-methoxy-4-hydroxyphenylglycol. Science 1983; 219:73–75.

163. Kopin IJ, Jimerson DC, Markey SP, Ebert MH, Polinsky RJ. Disposition and metabo-

lism of MHPG in humans: application to studies in depression. Pharmacopsychiatry 1984;

17:3–8.

164. Koyama T, Meltzer HY: A biochemical and neuroendocrine study of the serotonergic system

in depression. In: Hippius H, Klerman GL, Matussek N, eds. New Results in Depression

Research. New York: Springer-Verlag, 1986:169–188.

165. Krishnan KR, Hays JC, Blazer DG. MRI-defined vascular depression. Am J Psychiatry 1997;

154:497–501.

166. Krishnan KR, Husain MM, McDonald WM, Doraiswamy PM, Figiel GS, Boyko OB, Ellin-

wood EH, Nemeroff CB. In vivo stereological assessment of caudate volume in man: effect

of normal aging. Life Sci 1990; 47:1325–1329.

167. Krishnan KR, Doraiswamy PM, Lurie SN, Figiel GS, Husain MM, Boyko OB, Ellinwood

EH Jr, Nemeroff CB. Pituitary size in depression. J Clin Endocrinol Metab 1991; 72:256–

259.

168. Krishnan KR. Organic bases of depression in the elderly. Annu Rev Med 1991; 42:261–

266.

169. Kung HF, Kasliwal R, Pan SG, Kung MP, Mach RH, Guo YZ. Dopamine D-2 receptor

imaging radiopharmaceuticals: synthesis, radiolabeling, and in vitro binding of (R)-(�)- and

(S)-(�)-3-iodo-2-hydroxy-6-methoxy-N-[(1-ethyl-2-pyrrolidinyl)methyl]benzamide. J Med

Chem 1988; 31:1039–1043.

170. Laruelle M, D’Souza CD, Baldwin RM, Abi-Dargham A, Kanes SJ, Fingado CL, Seibyl JP,

Zoghbi SS, Bowers MB, Jatlow P, Charney DS, Innis RB. Imaging D2 receptor occupancy

by endogenous dopamine in humans. Neuropsychopharmacology 1997; 17:162–174.



Neurobiology of Depression 493

171. Laruelle M. Imaging synaptic neurotransmission with in vivo binding competition tech-

niques: a critical review. J Cereb Blood Flow Metab 2000; 20:423–451.

172. Lecrubier Y, Puech AJ, Frances H, Jouvent R, Widlocher D, Simon P. Beta-adrenergic stimu-

lation and antidepressant activity. Acta Psychiatr Scand 1981; 290(suppl):173–178.

173. Lederbogen F, Gilles M, Maras A, Hamann B, Colla M, Heuser I, Deuschle M. Increased

platelet aggregability in major depression? Psychiatry Res 2001; 102:255–261.

174. Lerer B. Neurochemical and other neurobiological consequences of ECT: implications for

the pathogenesis and treatment of affective disorders. In: Meltzer HY, eds. Psychopharmacol-

ogy: The Third Generation of Progress. New York: Raven, 1987:577–588.

175. Lesser IM, Boone KB, Mehringer CM, Wohl MA, Miller BL, Berman NG. Cognition and

white matter hyperintensities in older depressed patients. Am J Psychiatry 1996; 153:1280–

1287.

176. Levine J, Panchalingam K, Rapoport A, Gershon S, McClure RJ, Pettegrew JW. Increased

cerebrospinal fluid glutamine levels in depressed patients. Biol Psychiatry 2000; 47:586–

593.

177. Leyton M, Young SN, Blier P, Ellenbogen MA, Palmour RM, Ghadirian AM, Benkelfat C.

The effect of tryptophan depletion on mood in medication-free, former patients with major

affective disorder. Neuropsychopharmacology 1997; 16:294–297.

178. Lopez JF, Chalmers DT, Little KY, Watson SJ. Regulation of serotonin 1A, glucocorticoid,

and mineralocorticoid receptor in rat and human hippocampus: implications for the neurobi-

ology of depression. Biol Psychiatry 1998; 43:547–573.

179. LoTurco JJ. Neural circuits in the 21st century: synaptic networks of neurons and glia. Proc

Natl Acad Sci USA 2000; 97:8196–8197.

180. Louis WJ, Doyle AE, Anavekar SN. Plasma noradrenaline concentration and blood pressure

in essential hypertension, phaeochromocytoma and depression. Clin Sci Molec Med 1975;

48:239s–242s.

181. Lucca A, Lucini V, Piatti E, Ronchi P, Smeraldi E. Plasma tryptophan levels and plasma

tryptophan/neutral amino acids ratio in patients with mood disorder, patients with obsessive-

compulsive disorder, and normal subjects. Psychiatry Res 1992; 44:85–91.

182. Lund A, Mjellem-Jolly N, Hole K. Desipramine, administered chronically, influences 5-

hydroxytryptamine 1A-receptors, as measured by behavioral tests and receptor binding in

rats. Neuropharmacol 1992; 31:25–32.

183. Lupien SJ, Gillin CJ, Hauger RL. Working memory is more sensitive than declarative mem-

ory to the acute effects of corticosteroids: a dose-response study in humans. Behav Neurosci

1999; 113:420–430.

184. Maas JW, Fawcett JA, Dekirmenjian H. Catecholamine metabolism, depressive illness and

drug response. Arch Gen Psychiatry 1972; 26:252–262.

185. Maas JW, Koslow SH, Katz MM, et al. Pretreatment neurotransmitter metabolite levels and

response to tricyclic antidepressant drugs. Am J Psychiatry 1984; 141:1159–1171.

186. Maes M, de Ruyter M, Suy E. Cortisol response to dexamethasone and noradrenergic func-

tion in depression. Acta Psychiatr Scand 1987; 75:171–175.

187. Maes M, Jacobs MP, Suy E, Minner B, Leclercq C, Christiaens F, Raus J. Supressant effects

of dexamethasone on the availability of plasma L-tryptophan and tyrosine in healthy controls

and in depressed patients. Acta Psychiatr Scand 1990; 81:19–23.

188. Maes M, Calabrese J, Meltzer HY. The relevance of the in- versus outpatient status for studies

on HPA-axis in depression: spontaneous hypercortisolism is a feature of major depressed

inpatients and not of major depression per se. Prog Neuropsychopharmacol Biol Psychiatry

1994; 18:503–517.

189. Maes M, Van Gastel A, Delmeire L, Meltzer HY. Decreased platelet alpha-2 adrenoceptor

density in major depression: effects of tricyclic antidepressants and fluoxetine. Biol Psychia-

try 1999; 45:278–284.



494 Zarate and Charney

190. Maes M, Lambrechts J, Bosmans E, Jacobs J, Suy E, Vandervorst C, de Jonckheere C, Minner

B, Raus J. Evidence for a systemic immune activation during depression: results of leukocyte

enumeration by flow cytometry in conjunction with monoclonal antibody staining. Psychol

Med 1992; 22:45–53.

191. Maj M, Ariano MG, Arena F, et al. Plasma cortisol, catecholamine and cyclic AMP levels,

response to dexamethasone suppression test and platelet MAO activity in manic-depressive

patients: a longitudinal study. Neuropsychobiology 1984; 11:168–173.

192. Maj J, Wedzony K. Repeated treatment with imipramine or amitriptyline increases the loco-

motor response of rats to (�)-amphetamine given into the nucleus accumbens. J Pharm Phar-

macol 1985; 37:362–364.

193. Paul IA. NMDA receptors and affective disorders. In: Skolnick P, ed. Antidepressants: New

Pharmacological Strategies. Totowa, NJ: Humana, 1997:145–158.

194. Malison RT, Pelton G, Carpenter L, et al. Reduced midbrain serotonin transporter binding

in depressed vs. healthy subjects as measured by [123I]b-CIT SPECT. Soc Neurosci Abstr

1997; 23:1220.

195. Malone KM, Thase ME, Mieczkowski T, Myers JE, Stull SD, Cooper TB, Mann JJ. Fenflur-

amine challenge test as a predictor of outcome in major depression. Psychopharmacol Bull

1993; 29:155-161.

196. Manji HK. G proteins: implications for psychiatry. Am J Psychiatry 1992; 149:746–760.

197. Mann JJ, Stanley M, McBride PA, et al. Increased serotonin 2 and β-adrenergic receptor

binding in the frontal cortices of suicide victims. Arch Gen Psychiatry 1986; 43:954–

959.

198. Mann JJ, Malone KM, Diehl DJ, Perel J, Cooper TB, Mintun MA. Demonstration in vivo

of reduced serotonin responsivity in the brain of untreated depressed patients. Am J Psychia-

try 1996; 153:174–182.

199. Markowitz JH, Shuster JL, Chitwood WS, May RS, Tolbert LC. Platelet activation in depres-

sion and effects of sertraline treatment: an open-label study. Am J Psychiatry 2000; 157:

1006–1008.

200. Martensson B, Nyberg S, Toresson G, Brodin E, Bertilsson L. Fluoxetine treatment of depres-

sion. Clinical effects, drug concentrations and monoamine metabolites and N-terminally ex-

tended substance P in cerebrospinal fluid. Acta Psychiatr Scand 1989; 79:586–596.

201. Mathis P, Schmitt L, Benatia M, Granier F, Ghisolfi J, Moron P. Plasma amino acid distur-

bances and depression. Encephale 1988; 14:77–82.

202. Matussek N, Ackenheil M, Hippius H, et al. Effects of clonidine on growth hormone release

in psychiatric patients and controls. Psychiatry Res 1980; 2:25–36.

203. Mattsubara S, Arora RC, Meltzer HY. Serotonergic measures in suicide brain: 5-HT1A bind-

ing sites in frontal cortex of suicide victims. J Neural Transm 1991; 85:181–194.

204. Mauri MC, Ferrara A, Boscati L, Bravin S, Zamberlan F, Alecci M, Invernizzi G. Plasma

and platelet amino acid concentrations in patients affected by major depression and under

fluvoxamine treatment. Neuropsychobiology 1998; 37:124–129.

205. Mayberg HS, Lewis PJ, Regenold W, Wagner HN Jr. Paralimbic hypoperfusion in unipolar

depression. J Nucl Med 1994; 35:929–934.

206. Mayberg HS, Brannan SK, Mahurin RK, Jerabek PA, Brickman JS, Tekell JL, Silva JA,

McGinnis S, Glass TG, Martin CC, Fox PT. Cingulate function in depression: a potential

predictor of treatment response. Neuroreport 1997; 8:1057–1061.

207. Mayberg HS, Brannan SK, Tekell JL, Silva JA, Mahurin RK, McGinnis S, Jerabek PA.

Regional metabolic effects of fluoxetine in major depression: serial changes and relationship

to clinical response. Biol Psychiatry 2000; 48:830–843.

208. McEwen BS, Gould E, Orchinik M, Weiland NG, Wooley CS. Oestrogens and the structural

and functional plasticity of neurons: implications for memory, ageing and neurodegenerative

processes. Ciba Found Symp 1995; 191:52–66.



Neurobiology of Depression 495

209. McEwen BS, Sapolsky RM. Stress and cognitive function. Curr Opin Neurobiol 1995; 5:

205–216.

210. McGrath PJ, Stewart JW, Nunes EV, Ocepek-Welikson K, Rabkin JG, Quitkin FM, Klein

DF. A double-blind crossover trial of imipramine and phenelzine for outpatients with treat-

ment-refractory depression. Am J Psychiatry 1993; 150:118–123.

211. McGrath PJ, Quitkin FM, Klein DF. Bromocriptine treatment of relapses seen during selec-

tive serotonin re-uptake inhibitor treatment of depression. J Clin Psychopharmacol 1995; 15:

289–291.

212. McGrath PJ, Stewart JW, Harrison W, Quitkin FM. Treatment of tricyclic refractory depres-

sion with a monoamine oxidase inhibitor antidepressant. Psychopharmacol Bull 1987; 23:

169–172.

213. McGuffin P, Katz R, Rutherford J. Nature, nurture and depression: a twin study. Psychol

Med 1991; 21:329–335.

214. McGuffin P, Katz R, Watkins S, Rutherford J. A hospital-based twin register of the heritabil-

ity of DSM-IV unipolar depression. Arch Gen Psychiatry 1996; 53:129–136.

215. McIntosh LJ, Hong KE, Sapolsky RM. Glucocorticoids may alter antioxidant enzyme capac-

ity in the brain: baseline studies. Brain Res 1998; 791:209–214.

216. McKinney WT. Animal models of depression: an overview. Psychiatr Dev 1984; 2:77–

96.

217. McMahon F, Simpson SG, McInnis MG, Badner JA, MacKinnon DF, DePaulo R. Linkage

of bipolar disorder to chromosome 18q and the validity of bipolar II disorder. Arch Gen

Psychiatry 2001; 58:1025–1031.

218. Meana JJ, Barturen F, Garcia-Sevilla JA: Alpha2-adrenoreceptors in the brain of suicide

victims: increased receptor density associated with major depression. Biol Psychiatry 1992;

31:471–490.

219. Meltzer HY, Lowy MT. The serotonin hypothesis of depression. In: Meltzer HY, ed. Psycho-

pharmacology: The Third Generation of Progress. New York: Raven, 1987:513–526.

220. Mendlewicz J, Rainer J. Adoption study supporting genetic transmission in manic-depressive

illness. Nature 1977; 268:326–329.

221. Mendlewicz J, Pinder RM, Stulemeijer SM, Van Dorth R. Monoamine metabolites in cere-

brospinal fluid of depressed patients during treatment with mianserin or amitriptyline. J Af-

fect Disord 1982; 4:219–226.

222. Merriam EP, Thase ME, Haas GL, Keshavan MS, Sweeney JA. Prefrontal cortical dysfunc-

tion in depression determined by Wisconsin Card Sorting Test performance. Am J Psychiatry

1999; 156:780–782.

223. Mervaala E, Fohr J, Kononen M, Valkonen-Korhonen M, Vainio P, Partanen K, Partanen

J, Tiihonen J, Viinamaki H, Karjalainen AK, Lehtonen J. Quantitative MRI of the hippocam-

pus and amygdala in severe depression. Psychol Med 2000; 30:117–125.

224. Meyer JH, Kapur S, Houle S, DaSilva J, Owczarek B, Brown GM, Wilson AA, Kennedy

SH. Prefrontal cortex 5-HT2 receptors in depression: an [18F]setoperone PET imaging study.

Am J Psychiatry 1999; 156:1029–1034.

225. Miller HL, Delgado PL, Salomon RM, Heninger GR, Charney DS. Effects of alpha-methyl-

para-tyrosine (AMPT) in drug-free depressed patients. Neuropsychopharmacology 1996; 14:

151–157.

226. Mitchell P, Smythe G. Hormonal responses to fenfluramine in depressed and control subjects.

J Affect Disord 1990; 19:43–51.

227. Moller SE, de Beurs P, Timmerman L, Tan BK, Leijnse-Ybema HJ, Stuart MH, Petersen HE.

Plasma tryptophan and tyrosine ratios to competing amino acids in relation to antidepressant

response to citalopram and maprotiline. A preliminary study. Psychopharmacology (Berl)

1986; 88:96–100.

228. Moore P, Gillin C, Bhatti T, DeModena A, Seifritz E, Clark C, Stahl S, Rapaport M, Kelsoe



496 Zarate and Charney

J. Rapid tryptophan depletion, sleep electroencephalogram, and mood in men with remitted

depression on serotonin inhibitors. Arch Gen Psychiatry 1998; 55:534–539.

229. Murphy BE, Filipini D, Ghadirian AM. Possible use of glucocorticoid receptor antagonists

in the treatment of major depression: preliminary results using RU 486. J Psychiatry Neurosci

1993; 18:209–213.

230. Murray CJ, Lopez AD. Global mortality, disability, and the contribution of risk factors:

Global Burden of Disease Study. Lancet 1997; 349:1436–1442.

231. Musselman DL, Evans DL, Nemeroff CB. The relationship of depression to cardiovascular

disease: epidemiology, biology, and treatment. Arch Gen Psychiatry 1998; 55:580–592.

232. Nelson JC, Davis JM. DST studies in psychotic depression: a meta-analysis. Am J Psychiatry

1997; 154:1497–1503.

233. Nelson EB, Sax KW, Strakowski SM. Attentional performance in patients with psychotic

and nonpsychotic major depression and schizophrenia. Am J Psychiatry 1998; 155:137–139.

234. Nemeroff CB, Widerlov E, Bissette G, Walleus H, Karlsson I, Eklund K, Kilts CD, Loosen

PT, Vale W. Elevated concentrations of CSF corticotropin-releasing factor-like immunoreac-

tivity in depressed patients. Science 1984; 226:1342–1344.

235. Nemeroff CB, Knight DL, Krishnan KRR, et al. Marked reduction in the number of platelet

[3H] imipramine binding sites in geriatric depression. Arch Gen Psychiatry 1988; 45:577–

579.

236. Nemeroff CB, Knight DL, Krishnan KRR. Reduced platelet [3H]-paroxetine and [3H]-imipra-

mine binding in major depression. Soc Neurosci Abstr 1991; 17:1472.

237. Nemeroff CB, Knight DL, Franks J, Craighead WE, Krishnan KR. Further studies on platelet

serotonin transporter binding in depression. Am J Psychiatry 1994; 151:1623–1625.

238. Nemeroff CB. The corticotropin-releasing factor (CRF) hypothesis of depression: new find-

ings and new directions. Mol Psychiatry 1996; 1:336–342.

239. Neumeister A, Praschak-Rieder N, Hesselmann B, Vitouch O, Rauh M, Barocka A, Kasper

S. Rapid tryptophan depletion in drug-free depressed patients with seasonal affective disor-

der. Am J Psychiatry 1997; 154:1153–1155.

240. Newman ME, Lerer B. Effects of chronic electroconvulsive shock on D1 and D2 dopamine

receptor-mediated activity of adenylate cyclase in homogenates of striatum and limbic fore-

brain of rat. Neuropharmacology 1989; 28:787–790.

241. Newcomer JW, Selke G, Melson AK, Hershey T, Craft S, Richards K, Alderson AL. De-

creased memory performance in healthy humans induced by stress-level cortisol treatment.

Arch Gen Psychiatry 1999; 56:527–533.

242. Nieman LK, Chrousos GP, Kellner C, Spitz IM, Nisula BC, Cutler GB, Merriam GR, Bardin

CW, Loriaux DL. Successful treatment of Cushing’s syndrome with the glucocorticoid antag-

onist RU 486. J Clin Endocrinol Metab 1985; 61:536–540.

243. Nierenberg AA, Dougherty D, Rosenbaum JF. Dopaminergic agents and stimulants as antide-

pressant augmentation strategies. J Clin Psychiatry 1998; 59(suppl 5):60–63.

244. Nobler MS, Sackeim HA, Prohovnik I, Moeller JR, Mukherjee S, Schnur DB, Prudic J,

Devanand DP. Regional cerebral blood flow in mood disorders, III. Treatment and clinical

response. Arch Gen Psychiatry 1994; 51:884–897.

245. Nolen WA, van de Putte JJ, Dijken WA, Kamp JS, Blansjaar BA, Kramer HJ, Haffmans J.

Treatment strategy in depression. II. MAO inhibitors in depression resistant to cyclic antide-

pressants: two controlled crossover studies with tranylcypromine versus L-5-hydroxytrypto-

phan and nomifensine. Acta Psychiatr Scand 1988; 78:676–683.

246. Nordin C, Bertilsson L, Siwers B. Clinical and biochemical effects during treatment of de-

pression with nortriptyline: the role of 10-hydroxynortriptyline. Clin Pharmacol Ther 1987;

42:10–19.

247. Nordin C, Bertilsson L, Dahl ML, Resul B, Toresson G, Sjoqvist F. Treatment of depression

with E-10-hydroxynortriptyline—a pilot study on biochemical effects and pharmacokinetics.

Psychopharmacology (Berl) 1991; 103:287–290.



Neurobiology of Depression 497

248. Nowak G, Trullas R, Layer RT, Skolnick P, Paul IA. Adaptive changes in the N-methyl-D-

aspartate receptor complex after chronic treatment with imipramine and 1-aminocyclopro-

panecarboxylic acid. J Pharmacol Exp Ther 1993; 265:1380–1386.

249. Nowak G, Ordway GA, Paul IA. Alteration in the N-methyl-D-aspartate (NMDA) receptor

complex in the frontal cortex of suicide victims. Brain Res 1995; 675:157–164.

250. O’Brien J, Desmond P, Ames D, Schweitzer I, Harrigan S, Tress B. A magnetic resonance

imaging study of white matter lesions in depression and Alzheimer’s disease. Br J Psychiatry

1996; 168:477–485.

251. Ongini E, Longo VG. Dopamine receptor subtypes and arousal. Int Rev Neurobiol 1989;

31:239–255.

252. Ongur D, Drevets WC, Price JL. Glial reduction in the subgenual prefrontal cortex in mood

disorders. Proc Natl Acad Sci USA 1998; 95:13290–13295.

253. Ordway GA, Farley JT, Dilley GE, Overholser JC, Meltzer HY, Balraj EK, Stockmeier CA,

Klimek V. Quantitative distribution of monoamine oxidase A in brainstem monoamine nuclei

is normal in major depression. Brain Res 1999; 847:71–79.

254. Ossowska K, Pietraszek M, Wardas J, Nowak G, Zajaczkowski W, Wolfarth S, Pilc A. The

role of glutamate receptors in antipsychotic drug action. Amino Acids 2000; 19:87–94.

255. Pardes H, Kaufmann CA, Pincus HA, West A. Genetics and psychiatry: past discoveries,

current dilemmas, and future directions. Am J Psychiatry 1989; 146:435–443.

256. Parsey RV, Oquendo MA, Zea-Ponce Y, Rodenhiser J, Kegeles LS, Pratap M, Cooper TB,

Van Heertum R, Mann JJ, Laruelle M. Dopamine D(2) receptor availability and amphet-

amine-induced dopamine release in unipolar depression. Biol Psychiatry 2001; 50:313–

322.

257. Paul IA, Nowak G, Layer RT, Popik P, Skolnick P. Adaptation of the N-methyl-D-aspartate

receptor complex following chronic antidepressant treatments. J Pharmacol Exp Ther 1994;

269:95–102.

258. Paul IA. NMDA receptors and affective disorders. In: Skolnick P, ed. Antidepressants: New

Pharmacological Strategies. Totowa NJ: Humana, 1997:145–158.

259. Perris C, Tjallden G, Bossi L, Perris H. Progabide versus nortriptyline in depression: a con-

trolled trial. In: Bartholini G, Lloyd KG, Morselli PL, eds. LERS Monograph Series. New

York: Raven Press, 1986:135–138.

260. Perry EK, Marshall EF, Blessed G, Tomlinson BE, Perry RH. Decreased imipramine binding

in the brains of patients with depressive illness. Br J Psychiatry 1983; 142:188–192.

261. Petty F, Kramer GL, Dunnam D, Rush AJ. Plasma GABA in mood disorders. Psychopharma-

col Bull 1990; 26:157–161.

262. Petty F, Schlesser MA. Plasma GABA in affective illness. A preliminary investigation. J

Affect Disord 1981; 3:339–343.

263. Petty F, Fulton M, Moeller FG, Kramer G, Wilson L, Fraser K, Isbell P. Plasma gamma-

aminobutyric acid (GABA) is low in alcoholics. Psychopharmacol Bull 1993; 29:277–281.

264. Petty F, Trivedi MH, Fulton M, Rush AJ. Benzodiazepines as antidepressants: does GABA

play a role in depression? Biol Psychiatry 1995; 38:578–591.

265. Pfohl B, Sherman B, Schlechte J, Stone R. Pituitary-adrenal axis rhythm disturbances in

psychiatric depression. Arch Gen Psychiatry 1985; 42:897–903.

266. Pizzagalli D, Pascual-Marqui RD, Nitschke JB, Oakes TR, Larson CL, Abercrombie HC,

Schaefer SM, Koger JV, Benca RM, Davidson RJ. Anterior cingulate activity as a predictor of

degree of treatment response in major depression: evidence from brain electrical tomography

analysis. Am J Psychiatry 2001; 158:405-415.

267. Plotsky PM, Owens MJ, Nemeroff CB. Psychoneuroendocrinology of depression. Hypo-

thalamic-pituitary-adrenal axis. Psychiatr Clin North Am 1998; 21:293–307.

268. Posener JA, DeBattista C, Williams GH, Chmura Kraemer H, Kalehzan BM, Schatzberg AF.

24-Hour monitoring of cortisol and corticotropin secretion in psychotic and nonpsychotic

major depression. Arch Gen Psychiatry 2000; 57:755–760.



498 Zarate and Charney

269. Potter WZ, Rudorfer MV, Pickar D, Linnoila M. Effects of psychotropic drugs on neurotrans-

mitters in man. Life Sci 1987; 41:817–820.

270. Potter WZ, Manji HK. Catecholamines in depression: an update. Clin Chem 1994; 40:279–

287.

271. Prange AJ. Estrogen may well affect response to antidepressant. JAMA 1972; 219:143–144.

272. Prange AJ Jr, Lara PP, Wilson IC, Alltop LB, Breese GR. Effects of thyrotropin-releasing

hormone in depression. Lancet 1972; 2:999–1002.

273. Price LH, Charney DS, Rubin AL, Heninger GR. Alpha 2-adrenergic receptor function in

depression. The cortisol response to yohimbine. Arch Gen Psychiatry 1986; 43:849–858.

274. Price LH, Charney DS, Delgado PL, Heninger GR. Serotonin function and depression: neuro-

endocrine and mood responses to intravenous L-tryptophan in depressed patients and healthy

comparison subjects. Am J Psychiatry 1991; 148:1518–1525.

275. Price LH, Malison RT, McDougle CJ, McCance-Katz EF, Owen KR, Heninger GR. Neurobi-

ology of tryptophan depletion in depression: effects of m-chlorophenylpiperazine (mCPP).

Neuropsychopharmacology 1997; 17:342–350.

276. Rajkowska G. Postmortem studies in mood disorders indicate altered numbers of neurons

and glial cells. Biol Psychiatry 2000; 48:766–777.

277. Rajkowska G, Miguel-Hidalgo JJ, Wei J, Dilley G, Pittman SD, Meltzer HY, Overholser

JC, Roth BL, Stockmeier CA. Morphometric evidence for neuronal and glial prefrontal cell

pathology in major depression. Biol Psychiatry 1999; 45:1085–1098.

278. Rao VP, Krishnan KR, Goli V, Saunders WB, Ellinwood EH Jr, Blazer DG, Nemeroff CB.

Neuroanatomical changes and hypothalamo-pituitary-adrenal axis abnormalities. Biol Psy-

chiatry 1989; 26:729–732.

279. Ravaris CL, Sateia MJ, Beroza KW, Noordsy DL, Brinck-Johnsen T. Effect of ketoconazole

on a hypophysectomized, hypercortisolemic, psychotically depressed woman. Arch Gen Psy-

chiatry 1988; 45:966–967.

280. Regier DA, Narrow WE, Rae DS, Manderscheid RW, Locke BZ, Goodwin FK. The de facto

US mental and addictive disorders service system: epidemiological catchment area prospec-

tive 1 year prevalence rates of disorders and services. Arch Gen Psychiatry 1993; 50:85–

94.

281. Reul JMHM, De Kloet ER. Anatomical resolution of two types of corticosterone receptor

sites in rat brain with in vitro autoradiography and computerized image analysis. J Steroid

Biochem 1986; 24:269–272.

282. Ribeiro SC, Tandon R, Grunhaus L, Greden JF. The DST as a predictor of outcome in depres-

sion: a meta-analysis. Am J Psychiatry 1993; 150:1618–1629.

283. Risch SC, Golshan S, Rapaport MH, Dupont R, Outenreath R, Gillin JC, Janowsky DS.

Neuroendocrine effects of intravenous ovine corticotropin-releasing factor in affective disor-

der patients and normal controls. Biol Psychiatry 1988; 23:755–758.

284. Rosenberg DR, MacMaster FP, Keshavan MS, Fitzgerald KD, Stewart CM, Moore GJ. De-

crease in caudate glutamatergic concentrations in pediatric obsessive-compulsive disorder

patients taking paroxetine. J Am Acad Child Adolesc Psychiatry 2000; 39:1096–1103.

285. Rothermundt M, Arolt V, Wiesmann M, Missler U, Peters M, Rudolf S, Kirchner H. S-100B

is increased in melancholic but not in non-melancholic major depression. J Affect Disord

2001; 66:89–93.

286. Rothschild AJ, Schatzberg AF, Langlais PJ, Lerbinger JE, Miller MM, Cole JO. Psychotic

and nonpsychotic depressions: I. Comparison of plasma catecholamines and cortisol mea-

sures. Psychiatry Res 1987; 20:143–153.

287. Roy A, Guthrie S, Pickar D, Linnoila M. Plasma NE responses to cold challenge in depressed

patients and normal controls. Psychiatry Res 1987; 21:161–168.

288. Roy A, Pickar D, De Jong J, Karoum F, Linnoila M. Norepinephrine and its metabolites

in cerebrospinal fluid, plasma and urine: relationship to hypothalamic-pituitary-adrenal axis

function in depression. Arch Gen Psychiatry 1988; 45:849–857.



Neurobiology of Depression 499

289. Roy A, Pickar D. TRH-induced prolactin release in unipolar depressed patients and controls.

J Psychiatr Res 1988; 22:221–225.

290. Rubin RT, Phillips JJ, Sadow TF, McCracken JT. Adrenal gland volume in major depression.

Increase during the depressive episode and decrease with successful treatment. Arch Gen

Psychiatry 1995; 52:213–218.

291. Rubinow DR, Post RM, Savard R, Gold PW. Cortisol hypersecretion and cognitive impair-

ment in depression. Arch Gen Psychiatry 1984; 41:279–283.

292. Rudorfer MV, Ross RJ, Linnoila M, Sherer MA, Potter WZ. Exaggerated orthostatic respon-

sivity of plasma norepinephrine in depression. Arch Gen Psychiatry 1985; 42:1186–1192.

293. Rudorfer MV, Risby ED, Hsiao JK, Linnoila M, Potter WZ. ECT alters human monoamines

in a different manner from that of antidepressant drugs. Psychopharmacol Bull 1988; 24:

396–399.

294. Rush AJ, Weissenburger J, Vinson DB, Giles DE. Neuropsychological dysfunctions in unipo-

lar nonpsychotic major depressions. J Affect Disord 1983; 5:281–287.

295. Rush AJ, Giles DE, Schlesser MA, Orsulak PJ, Parker CR Jr, Weissenburger JE, Crowley

GT, Khatami M, Vasavada N. The dexamethasone suppression test in patients with mood

disorders. J Clin Psychiatry 1996; 57:470–484.

296. Sackeim HA. Functional brain circuits in major depression and remission. Arch Gen Psychia-

try 2001; 58:649–650.

297. Sanacora G, Mason GF, Rothman DL, Behar KL, Hyder F, Petroff OA, Berman RM, Charney

DS, Krystal JH. Reduced cortical gamma-aminobutyric acid levels in depressed patients de-

termined by proton magnetic resonance spectroscopy. Arch Gen Psychiatry 1999; 56:1043–

1047.

298. Sapolosky R. A mechanism for glucocorticoid toxicity in the hippocampus: increased neu-

ronal vulnerability to metabolic insults. J Neurosci 1985; 5:1228–1232.

299. Sapolsky RM. Stress, glucocorticoids, and damage to the nervous system: the current state

of confusion. Stress 1996; 1:1–19.

300. Sapolsky RM. The possibility of neurotoxicity in the hippocampus in major depression: a

primer on neuron death. Biol Psychiatry 2000; 48:755–765.

301. Schmider J, Lammers CH, Gotthardt U, Dettling M, Holsboer F, Heuser IJ. Combined

dexamethasone/corticotropin-releasing hormone test in acute and remitted manic patients,

in acute depression, and in normal controls: I. Biol Psychiatry 1995; 38:797–802.

302. Secunda SK, Cross CK, Koslow S, Katz MM, Kocsis J, Maas JW, Landis H. Biochemistry

and suicidal behavior in depressed patients. Biol Psychiatry 1986; 21:756–767.

303. Schatzberg AF, Samson JA, Bloomingdale KL, Orsulak PJ, Gerson B, Kizuka PP, Cole

JO, Schildkraut JJ. Toward a biochemical classification of depressive disorders, X: urinary

catecholamines, their metabolites, and D-type scores in subgroups of depressive disorders.

Arch Gen Psychiatry 1989; 46:260–268.

304. Schatzberg AF, Rothschild AJ. Serotonin activity in psychotic (delusional) major depression.

J Clin Psychiatry 1992; 53 (10 suppl):52–55.

305. Schildkraut JJ. The catecholamine hypothesis of affective disorders: a review of supporting

evidence. Am J Psychiatry 1965; 122:509–522.

306. Schildkraut JJ, Orsulak PJ, Schatzberg AF, et al. Toward a biochemical classification of

depressive disorders, I: differences in urinary excretion of MHPG and other catecholamine

metabolites in clinically defined subtypes of depression. Arch Gen Psychiatry 1978; 35:

1427–1433.

307. Schildkraut JJ, Orsulak PJ, Schatzberg AF, et al. Possible pathophysiological mechanisms

in subtypes of unipolar depressive disorders based on differences in urinary MHPG levels.

Psychopharmacol Bull 1981; 17:90–91.

308. Schmider J, Lammers CH, Gotthardt U, Dettling M, Holsboer F, Heuser IJ. Combined

dexamethasone/corticotropin-releasing hormone test in acute and remitted manic patients,

in acute depression, and in normal controls: I. Biol Psychiatry 1995; 38:797–802.



500 Zarate and Charney

309. Schulz R, Beach SR, Ives DG, Martire LM, Ariyo AA, Kop WJ. Association between depres-

sion and mortality in older adults: the Cardiovascular Health Study. Arch Intern Med 2000;

160:1761–1768.

310. Shah SA, Doraiswamy PM, Husain MM, Escalona PR, Na C, Figiel GS, Patterson LJ, Ellin-

wood EH Jr, McDonald WM, Boyko OB. Posterior fossa abnormalities in major depression:

a controlled magnetic resonance imaging study. Acta Psychiatr Scand 1992; 85:474–479.

311. Shah PJ, Ogilvie AD, Goodwin GM, Ebmeier KP. Clinical and psychometric correlates of

dopamine D2 binding in depression. Psychol Med 1997; 27:1247–1256.

312. Shapira B, Oppenheim G, Zohar J, Segal M, Malach D, Belmaker RH. Lack of efficacy of

estrogen supplementation to imipramine in resistant female depressives. Biol Psychiatry

1985; 20:570–583.

313. Shapira B, Lerer B, Kindler S, Lichtenberg P, Gropp C, Cooper T, Calev A. Serotonin func-

tion and depression: neuroendocrine and mood responses to intravenous L-tryptophan in de-

pressed patients and healthy comparison subjects. Am J Psychiatry 1991; 148:1518–1525.

314. Shapira B, Cohen J, Newman ME, Lerer B. Prolactin response to fenfluramine and placebo

challenge following maintenance pharmacotherapy withdrawal in remitted depressed pa-

tients. Biol Psychiatry 1993; 33:531–535.

315. Sharma RP, Javaid JI, Faull K, Davis JM, Janicak PG. CSF and plasma MHPG, and CSF

MHPG index: pretreatment levels in diagnostic groups and response to somatic treatments.

Psychiatry Res 1994; 51:51–60.

316. Sheline YI, Wang PW, Gado MH, Csernansky JG, Vannier MW. Hippocampal atrophy in

recurrent major depression. Proc Natl Acad Sci USA 1996; 93:3908–3913.

317. Sheline Y, Bardgett ME, Csernansky JG. Correlated reductions in cerebrospinal fluid 5-HIAA

and MHPG concentrations after treatment with selective serotonin reuptake inhibitors. J Clin

Psychopharmacol 1997; 17:11–14.

318. Sheline YI, Sanghavi M, Mintun MA, Gado MH. Depression duration but not age predicts

hippocampal volume loss in medically health women with recurrent major depression. J

Neurosci 1999; 19:5034–5043.

319. Sherif F, Marcusson J, Oreland L. Brain gamma-aminobutyrate transaminase and monoamine

oxidase activities in suicide victims. Eur Arch Psychiatry Clin Neurosci 1991; 241:139–144.

320. Sherwin BB. Estrogen and cognitive functioning in women. Proc Soc Exp Biol Med 1998;

217:17–22.

321. Siever LJ, Uhde TW. New studies and perspectives on the noradrenergic receptor system in

depression: effects of the alpha 2-adrenergic agonist clonidine. Biol Psychiatry 1984; 19:

131–156.

322. Siever LJ, Trestman RL, Coccaro EF, Bernstein D, Gabriel SM, Owen K, Moran M, Law-

rence T, Rosenthal J, Horvath TB. The growth hormone response to clonidine in acute and

remitted depressed male patients. Neuropsychopharmacology 1992; 6:165–177.

323. Silverstone T. Response to bromocriptine distinguishes bipolar from unipolar depression.

Lancet 1984; 1:903–904.

324. Sitaram N, Nurnberger JI Jr, Gershon ES, Gillin JC. Cholinergic regulation of mood and

REM sleep: potential model and marker of vulnerability to affective disorder. Am J Psychia-

try 1982; 139:571–576.

325. Skolnick P. Antidepressants for the new millennium. Eur J Pharmacol 1999; 375:31–40.

326. Sluzewska A, Rybakowski J, Bosmans E, Sobieska M, Berghmans R, Maes M, Wiktorowicz

K. Indicators of immune activation in major depression. Psychiatry Res 1996; 64:161–167.

327. Solomon DA, Keller MB, Leon AC, Mueller TI, Lavori PW, Shea MT, Coryell W, Warshaw

M, Turvey C, Maser JD, Endicott J. Multiple recurrences of major depressive disorder. Am

J Psychiatry 2000; 157:229–233.

328. Souery D, Van Gestel S, Massat I, Blairy S, Adolfsson R, Blackwood D, Del-Favero J,

Dikeos D, Jakovljevic M, Kaneva R, Lattuada E, Lerer B, Lilli R, Milanova V, Muir W,

Nothen M, Oruc L, Papadimitriou G, Propping P, Schulze T, Serretti A, Shapira B, Smeraldi



Neurobiology of Depression 501

E, Stefanis C, Thomson M, Van Broeckhoven C, Mendlewicz J. Tryptophan hydroxylase

polymorphism and suicidality in unipolar and bipolar affective disorders: a multicenter asso-

ciation study. Biol Psychiatry 2001; 49:405–409.

329. Souetre E, Salvati E, Belugou JL, Pringuey D, Candito M, Krebs B, Ardisson JL, Darcourt

G. Circadian rhythms in depression and recovery: evidence for blunted amplitude as the main

chronobiological abnormality. Psychiatry Res 1989; 28:263–278.

330. Stanley M, Virgilio J, Gershon S. Tritiated imipramine binding sites are decreased in the

frontal cortex of suicides. Science 1982; 18;216:1337–1339.

331. Steffens DC, Krishnan KR. Structural neuroimaging and mood disorders: recent findings,

implications for classification, and future directions. Biol Psychiatry 1998; 43:705–712.

332. Stockmeier CA, Dilley GE, Shapiro LA, et al. Serotonin receptors in suicide victims with

major depression. Neuropsychopharmacol 1997; 16:162–173.

333. Stockmeier CA, Shapiro LA, Dilley GE, Kolli TN, Friedman L, Rajkowska G. Increase

in serotonin-1A autoreceptors in the midbrain of suicide victims with major depression-

postmortem evidence for decreased serotonin activity. J Neurosci 1998; 18:7394–7401.

334. Stokes PE, Frazer A, Casper R. Unexpected neuroendocrine transmitter relationships. Psy-

chopharmacol Bull 1981; 17:72–75.

335. Straub RE, Lehner T, Luo Y, Loth JE, Shao W, Sharpe L, Alexander JR, Das K, Simon R,

Fieve RR. A possible vulnerability locus for bipolar disorder on chromosome 21q22.3. Nat

Genet 1994; 8:292–296.

336. Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major depression: review and

meta-analysis. Am J Psychiatry 2000; 157:1552–1562.

337. Swaab DF, Van Someren EJ, Zhou JN, Hofman MA. Biological rhythms in the human life

cycle and their relationship to functional changes in the suprachiasmatic nucleus. Prog Brain

Res 1996; 111:349–368.

338. Swann AC, Koslow SH, Katz MM, et al. Lithium carbonate treatment of mania. Arch Gen

Psychiatry 1987; 44:345–354.

339. Swann AC, Secunda SK, Strokes PE, et al. Stress, depression, and mania; relationship be-

tween perceived role of stressful events and clinical and biochemical characteristics. Acta

Psychiatr Scand 1990; 81:389–397.

340. Swann AC, Bowden CL, Calabrese JR, Dilsaver SC, Morris DD. Mania: differential effects

of previous depressive and manic episodes on response to treatment. Acta Psychiatr Scand

2000; 101:444–451.

341. Swann AC, Bowden CL, Calabrese JR, Dilsaver SC, Morris DD. Differential effect of num-

ber of previous episodes of affective disorder on response to lithium or divalproex in acute

mania. Am J Psychiatry 1999; 156:1264–1266.

342. Szigethy E, Conwell Y, Forbes NT, Cox C, Caine ED. Adrenal weight and morphology in

victims of completed suicide. Biol Psychiatry 1994; 36:374–380.

343. Thase ME, Mallinger AG, McKnight D, Himmelhoch JM. Treatment of imipramine-resistant

recurrent depression, IV: A double-blind crossover study of tranylcypromine for anergic bi-

polar depression. Am J Psychiatry 1992; 149:195–198.

344. Thase ME, Rush AJ. Treatment-resistant depression. In: Bloom FE, Kupfer DJ, eds. Psy-

chopharmacology: The Fourth Generation Progress. New York: Raven Press, 1995:1081–

1098.

345. Thomas AJ, Ferrier IN, Kalaria RN, Woodward SA, Ballard C, Oakley A, Perry RH, O’Brien

JT. Elevation in late-life depression of intercellular adhesion molecule-1 expression in the

dorsolateral prefrontal cortex. J Psychiatry 2000; 157:1682–1684.

346. Timmerman L, de Beurs P, Tan BK, Leijnse-Ybema H, Sanchez C, Hopfner Petersen HE,

Cohen Stuart MH. A double-blind comparative clinical trial of citalopram vs maprotiline in

hospitalized depressed patients. Int Clin Psychopharmacol 1987; 2:239–253.

347. Tohen M, Hennen J, Zarate CM Jr, Baldessarini RJ, Strakowski SM, Stoll AL, Faedda GL,

Suppes T, Gebre-Medhin P, Cohen BM. Two-year syndromal and functional recovery in 219



502 Zarate and Charney

cases of first-episode major affective disorder with psychotic features. Am J Psychiatry 2000;

157:220–228.

348. Turner WJ, King S. BPD2: an autosomal dominant form of bipolar affective disorder. Biol

Psychiatry 1983; 18:63–87.

349. Tsuji M, Yamane H, Yamada N, Iida H, Taga C, Myojin T. Studies on 3-methoxy-4-hydroxy-

phenylglycol (MHPG) and 3,4-dihydroxyphenylglycol (DHPG) levels in human urine,

plasma and cerebrospinal fluids, and their significance in studies of depression. Jpn J Psychia-

try Neurol 1986; 40:47–56.

350. Vakili K, Pillay SS, Lafer B, Fava M, Renshaw PF, Bonello-Cintron CM, Yurgelun-Todd

DA. Hippocampal volume in primary unipolar major depression: a magnetic resonance im-

aging study. Biol Psychiatry 2000; 47:1087–1090.

351. Van den Hoofdakker RH. Chronobiological theories of nonseasonal affective disorders and

their implications for treatment. J Biol Rhythms 1994; 9:157–183.

352. van der Lely AJ, Foeken K, van der Mast RC, Lamberts SW. Rapid reversal of acute psycho-

sis in the Cushing syndrome with the cortisol-receptor antagonist mifepristone (RU 486).

Ann Intern Med 1991; 114:143–144.

353. Van Praag HM. Depression, suicide, and the metabolites of serotonin in the brain. J Affect

Disord 1982; 4:21–29.

354. Veith RC, Lewis N, Linares OA, Barnes RF, Raskind MA, Villacres EC, Murburg MM,

Ashleigh EA, Castillo S, Peskind ER. Sympathetic nervous system activity in major depres-

sion: basal and desipramine-induced alterations in plasma NE kinetics. Arch Gen Psychiatry

1994; 51:411–422.

355. Vieta E, Gasto C, Martinez de Osaba MJ, Nieto E, Canto TJ, Otero A, Vallejo J. Prediction

of depressive relapse in remitted bipolar patients using corticotrophin-releasing hormone

challenge test. Acta Psychiatr Scand 1997; 95:205–211.

356. Virkkunen M, De Jong J, Bartko J, Linnoila M. Psychobiological concomitants of history

of suicide attempts among violent offenders and impulsive fire setters. Arch Gen Psychiatry

1989; 46:604–606.

357. von Bardeleben U, Stalla GK, Muller OA, Holsboer F. Blunting of ACTH response to human

CRH in depressed patients is avoided by metyrapone pretreatment. Biol Psychiatry 1988;

24:782–786.

358. von Knorring AL, Cloninger CR, Bohman M, Sigvardsson S. An adoption study of depressive

disorders and substance abuse. Arch Gen Psychiatry 1983; 40:943–950.

359. Weinberger DR, Berman KF, Iadarola M, Driesen N, Zec RF. Prefrontal cortical blood flow

and cognitive function in Huntington’s disease. J Neurol Neurosurg Psychiatry 1988; 51:

94–104.

360. Weissman MM, Gershon ES, Kidd KK, et al. Psychiatric disorders in the relatives of pro-

bands with affective disorders: the Yale University–National Institute of Mental Health Col-

laborative Study. Arch Gen Psychiatry 1984; 41:13–21.

361. Wiesmann M, Wandinger KP, Missler U, Eckhoff D, Rothermundt M, Arolt V, Kirchner H.

Elevated plasma levels of S-100b protein in schizophrenic patients. Biol Psychiatry 1999;

45:1508–1511.

362. Wender PH, Kety SS, Rosenthal D, Schulsinger F, Ortmann J, Lunde I. Psychiatric disorders

in the biological and adoptive families of adopted individuals with affective disorders. Arch

Gen Psychiatry 1986; 43:923–929.

363. Whittemore ER, Loo DT, Watt JA, Cotman CW. A detailed analysis of hydrogen peroxide-

induced cell death in primary neuronal culture. Neuroscience 1995; 67:921–932.

364. Weissman MM, Gershon ES, Kidd KK, Prusoff BA, Leckman JF, Dibble E, Hamovit J,

Thompson WD, Pauls DL, Guroff JJ. Psychiatric disorders in the relatives of probands with

affective disorders. The Yale University–National Institute of Mental Health Collaborative

Study. Arch Gen Psychiatry 1984; 41:13–21.

365. Wiesmann M, Wandinger KP, Missler U, Eckhoff D, Rothermundt M, Arolt V, Kirchner H.



Neurobiology of Depression 503

Elevated plasma levels of S-100b protein in schizophrenic patients. Biol Psychiatry 1999;

45:1508–1511.

366. Willner P. Dopamine and depression: a review of recent evidence. II. Theoretical approaches.

Brain Res 1983; 287:225–236.

367. Willner P. Dopamine and depression: a review of recent evidence. III. The effects of antide-

pressant treatments. Brain Res 1983; 287:237–246.

368. Willner P, Lappas S, Cheeta S, Muscat R. Reversal of stress-induced anhedonia by the dopa-

mine receptor agonist, pramipexole. Psychopharmacology (Berl) 1994; 115:454–462.

369. Winokur G, Black DW, Nasrallah A. DST nonsuppressor status: relationship to specific as-

pects of the depressive syndrome. Biol Psychiatry 1987; 22:360–368.

370. Wirz-Justice A. Biological rhythms in mood disorders. In: Bloom FE, Kupfer DJ, eds. Psy-

chopharmacology: The Fourth Generation of Progress, 4th ed. New York: Raven Press, 1995:

999–1017.

371. Wise RA, Rompre PP. Brain dopamine and reward. Annu Rev Psychol 1989; 40:191–225.

372. Wolfe N, Katz DI, Albert ML, Almozlino A, Durso R, Smith MC, Volicer L. Neuropsycho-

logical profile linked to low dopamine: in Alzheimer’s disease, major depression, and Parkin-

son’s disease. J Neurol Neurosurg Psychiatry 1990; 53:915–917.

373. Wolkowitz OM, Reus VI, Weingartner H, Thompson K, Breier A, Doran A, Rubinow D,

Pickar D. Cognitive effects of corticosteroids. Am J Psychiatry 1990; 147:1297–1303.

374. Wolkowitz OM, Reus VI. Treatment of depression with antiglucocorticoid drugs. Psychosom

Med 1999; 61:698–711.

375. Wolkowitz OM, Reus VI, Chan T, Manfredi F, Raum W, Johnson R, Canick J. Antiglucocor-

ticoid treatment of depression: double-blind ketoconazole. Biol Psychiatry 1999; 45:1070–

1074.

376. Wong ML, Kling MA, Munson PJ, Listwak S, Licinio J, Prolo P, Karp B, McCutcheon IE,

Geracioti TD Jr, DeBellis MD, Rice KC, Goldstein DS, Veldhuis JD, Chrousos GP, Oldfield

EH, McCann SM, Gold PW. Pronounced and sustained central hypernoradrenergic function

in major depression with melancholic features: relation to hypercortisolism and corticotropin-

releasing hormone. Proc Natl Acad Sci USA 2000; 97:325–330.

377. Wu JC, Gillin JC, Buchsbaum MS, Hershey T, Johnson JC, Bunney WE Jr. Effect of sleep

deprivation on brain metabolism of depressed patients. Am J Psychiatry 1992; 149:538–543.

378. Wyatt RJ, Henter I. An economic evaluation of manic-depressive illness—1991. Soc Psychi-

atry Psychiatr Epidemiol 1995; 30:213–219.

379. Yatham LN, Liddle PF, Shiah IS, Scarrow G, Lam RW, Adam MJ, Zis AP, Ruth TJ. Brain

serotonin2 receptors in major depression: a positron emission tomography study. Arch Gen

Psychiatry 2000; 57:850–858.

380. Young EA, Midgley R, Carlson NE, Brown MB. Alteration in the hypothalamic-pituitary-

ovarian axis in depressed women. Arch Gen Psychiatry 2000; 57:1157–1162.

381. Zhou J-N, Riemersma RF, Unmehopa UA, Hoogendijk WJG, van Heerikhuize JJ, Hofman

MA, Swaab DF. Alterations in arginine vasopressin neurons in the suprachiasmatic nucleus

in depression. Arch Gen Psychiatry 2001; 58:655–662.





20

Animal Models of Subtypes
of Depression

PAUL WILLNER

University of Wales Swansea

Swansea, Wales

PAUL J. MITCHELL

University of Bath

Bath, England

I. INTRODUCTION

Animal models of depression are used both as screening tests to discover and develop

novel antidepressant drug therapies, and as simulations for investigating various aspects

of the neurobiology of depressive illness, including the neuropharmacological mechanisms

mediating the effects of antidepressant treatments. These different functions of animal

models have different and, to some extent, conflicting requirements.

A simulation of depression aims to mimic aspects of the clinical situation and should

embody a degree of complexity to permit investigation of the validity of the model. In

addition, if a model is to be used to investigate antidepressant actions, a slow onset compa-

rable to the clinical time course is highly desirable, and the model should therefore exhibit

differences (either in direction of response, or in response magnitude) between single

(acute) and repeated (chronic or continuous) treatment regimes. By contrast, the only

essential requirement for antidepressant screening tests is that they make accurate predic-

tions of antidepressant activity. For practical reasons, they should also be cheap, robust,

reliable, and easy to use [63,292], and for all of these subsidiary reasons, a screening test

should in principle be as simple as possible. However, the view that such screening tests

should also respond acutely has changed during the last decade, in line with the drive

from the clinic to identify rapid-onset antidepressant treatments. By necessity, this ap-
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proach involves the assessment of drug action associated with chronic/continuous drug

treatment regimes and an acute response is thus of little value. Appropriate screening tests

to be used relatively early during drug development should therefore have the ability to

identify the time course of drug action associated with repeated treatment schedules.

The present chapter is concerned primarily with evaluating the suitability of the

available animal models as research tools, and we therefore focus initially on issues re-

lating to the validity of the available models as simulations of depression. In line with

current thinking, our assessment of the validity of animal models of depression addresses

the three dimensions of predictive, face, and construct validity [286,292]. The concept of

predictive validity implies that manipulations known to influence the pathological state

should have similar effects in the model. Face validity refers to a phenomenological simi-

larity between the model and the disorder being modeled. Construct validity implies that

the model has a sound theoretical rationale. While some reviewers have advocated the

primacy of one or the other of these approaches, we favor a balanced approach in which

a view of the validity of a model is formed only after considering all three sources of

evidence. We therefore begin by reviewing briefly the three sets of validation criteria as

they apply to animal models of depression.

II. PREDICTIVE VALIDITY

In practice, the predictive validity of animal models of depression is determined solely

by their response to antidepressant drugs. A valid test should be sensitive and specific:

it should respond to effective antidepressant treatments (true positive effects), including

electroconvulsive shock (ECS), and should fail to respond to ineffective agents (true nega-

tive effects). A model with high predictive validity should therefore maximize identifica-

tion of both true positives and true negatives, but should minimize identification of false

positives and false negatives. Furthermore, positive responses should occur at behaviorally

selective doses (i.e., those which do not generally disrupt behavior nor induce motor im-

pairment) that are within or close to the clinical range, and should be demonstrable with

a range of structurally diverse compounds. It should be recognized that no animal model

has a 100% prediction rate, although some complex experimental paradigms have ap-

proached this level of predictive ability. Part of the problem lies not so much with the

preclinical model but with several gray areas in the clinical literature where it is not known

whether certain drugs (e.g., anticholinergics) possess antidepressant activity or not. It is

generally agreed that the most effective treatment for depressive illness is electroconvul-

sive therapy (ECT). A suitable starting point to test the validity of an animal model should

therefore be to demonstrate a positive response to repeated ECS. Failure to respond appro-

priately to ECS would severely question the predictive validity of the model.

About 30% of depressed patients fail to respond to antidepressant drug treatment

while the response rate for ECT is slightly higher. The occurrence of refractory patients

probably reflects the heterogeneity of depressive illness. Nevertheless, a model that did not

respond to the benchmark tricyclic antidepressants (TCAs), selective serotonin reuptake

inhibitors (SSRIs), or the recently developed serotonin-noradrenaline reuptake inhibitors

(SNRIs), would not be taken seriously. This situation is unlikely to change in the absence

of well-established therapies for TCA-resistant depression.

Beyond the clinically established antidepressant treatments—TCAs, monoamine

oxidase inhibitors (MAOIs), SSRIs, SNRIs, and some atypical antidepressants (e.g., mian-

serin)—are a wide range of newer compounds for which antidepressant activity has been
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claimed, ranging from pharmacologically selective compounds that are probably effective

(such as α2-adrenoceptor antagonists; ligands for serotonin (5-hydroxytryptamine; 5HT)

receptor subtypes including 5HT1A-receptor ligands that possess agonist activity [and par-

tial agonists), ligands for 5HT2A and 5HT2C-receptor subtypes, and n-methyl-d-aspartate

(NMDA) receptor ligands], through preparations of mixed pharmacological activity (SSRI

with selective 5HT1A-receptor antagonist activity) to compounds of uncertain status (e.g.,

phosphodiesterase inhibitors; calcium antagonists; anticonvulsants). Even in the case of

the SSRIs, whose antidepressant efficacy is beyond doubt, it is still uncertain whether

their spectrum of activity is identical to that of the TCAs. Therefore, while a well-rounded

description of an animal model of depression should include an account of its pharmaco-

logical profile broader than that provided by its response to traditional antidepressants,

the contribution of these newer compounds to validation is limited.

To some extent, similar uncertainties exist in relation to drugs that are ineffective

as antidepressants. The false positives most commonly encountered in animal models of

depression are psychomotor stimulants, anticholinergics, and opiates. However, prior to

the development of antidepressants, drugs from all three of these classes were regularly

prescribed for the relief of depression [287]. Indeed, certain opiates (e.g., buprenorphine)

have antidepressant activity [75], but anticholinergics and stimulants have never been

properly assessed, as their use was discontinued prior to the introduction of blind clinical

trials. Again, the uncertain status of these compounds to some extent undermines their

value as definitive standards of negative control.

Finally, the response to antidepressant drugs is insufficient to define an animal model

of depression. Some antidepressants are active in some animal models of anxiety and

panic following chronic treatment [31,86] and, indeed, are increasingly seen as the drugs

of choice in many forms of anxiety. It is therefore crucial for establishing the predictive

validity of an animal model of depression to demonstrate that the model does not respond

to benzodiazepines.

III. FACE VALIDITY

To assess face validity, the extent of similarity between the model and the disorder is

examined, on as wide as possible a range of symptoms and signs. However, not all symp-

toms of a psychiatric condition carry equal weight and for an animal model to be valid,

a resemblance to the clinically defined core symptoms of the disorder carries more weight

than a resemblance to any subsidiary symptoms [1]. The latest edition of the Diagnostics

and Statistics Manual (DSM-IV) provides a framework within which to assess these simi-

larities. However, not all of the clinical symptoms of depression can be modeled in ani-

mals; symptoms conveyed by subjective verbal report (e.g., excessive guilt, feelings of

worthlessness, suicide ideation) are in principle excluded [286,291].

A DSM-IV diagnosis of major depression requires the presence of a least one of

two core symptoms: loss of interest or pleasure (anhedonia) and depressed mood. Of these

two core symptoms, anhedonia can be modeled in animals, but depressed mood cannot.

In assessing the face validity of animal models of depression, anhedonia therefore assumes

a central position. The problem here, however, is that anhedonia is also a core symptom

of psychosis. Drug-induced reversal of anhedonia in animal models, while highly encour-

aging, should thus be considered in relation to DSM-IV criteria for both depressive illness

and schizophrenia.

The subsidiary symptoms of depression in DSM-IV that are amenable to modeling
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in animals include psychomotor changes, fatigue or loss of energy (which might be mod-

eled as decreased persistence), and disturbances of sleep or food intake. Interestingly,

psychomotor activity, sleep, and appetite may be increased or decreased, and diametrically

opposite changes in locomotion have both been cited in support of the validity of a model.

This lack of precision, together with the fact that the clinical phenomena of psychomotor

retardation and agitation (which are considerably more complex than gross changes in

locomotor activity) may even coexist [203], suggests that simulations in which a change

in locomotor activity is the major, or only, behavioral feature should not be taken too

seriously. Unfortunately, it is precisely these behaviors that feature most prominently in

many animal models of depression [293].

Because the pharmacotherapy of depression typically requires chronic drug treat-

ment, the validity of an animal model is called into question by an acute response to

conventional (e.g., tricyclic) antidepressant treatment. There is some evidence of very

early antidepressant responses in clinical studies designed explicitly to detect them [88,

289], but, even so, repeated treatment is required for a full response. Acute treatment re-

fers to a single bolus dose of drug and any acute treatment effects are usually observed

within minutes or hours following the bolus dose. Multiple acute doses may be adminis-

tered, over a short period, simply to increase levels of drug in the biophase without evoking

secondary adaptive changes in neurotransmitter mechanisms. In contrast, chronic treat-

ment refers to repeated bolus doses administered for extended periods (days, weeks,

months). Chronic treatment effects may be associated with drug-induced adaptive changes

in neurotransmitter receptor-mediated systems, rather than increased drug levels in the

plasma. Thus, in comparison to chronic treatment effects, an acute response in an animal

model may be opposite, orthogonal (due to side effects, like sedation), or absent. Regard-

less of how it responds to acute antidepressant treatment, to be valid, an animal model

of depression must respond to chronic treatment. Furthermore, since tolerance does not

occur to the clinical effects of antidepressants, the response in the model must be main-

tained until the cessation of antidepressant treatment. This test has not been universally

applied to animal models of depression but, in general, those models to which the test has

been applied have passed it, though tolerance to antidepressant effects has been reported in

some behavioral paradigms [62,204].

IV. CONSTRUCT VALIDITY

An evaluation of the theoretical rationale of an animal model requires a means of bringing

the theoretical accounts of both the disorder itself and the disordered behavior exhibited

by the model into alignment. However, any evaluation of animal models of depression is

intrinsically limited by the rudimentary state of the various pathological theories of depres-

sion. Indeed, there is little in the extensive literature describing neurochemical abnormali-

ties or biochemical markers reportedly associated with depression that can be usefully

employed to provide a theoretical standard against which to validate animal models. Even

the most basic questions of whether the level of activity in monoaminergic systems is

elevated or decreased in depression were and remain controversial [287].

Similar problems arise in relation to modeling the etiology of depression. It is now

clear that a variety of different factors are implicated in the etiology of depression: psycho-

logical factors include undesirable life events, chronic mild stress, adverse childhood expe-

riences, and personality traits such as introversion and impulsiveness; biological factors

include genetic influences and a variety of physical illnesses and medications [4,5,287].
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However, for most of these factors, there is little theoretical understanding of the processes

by which they influence the physiological processes underlying mood. In certain cases,

the immediate precipitant of a depression may be clearly identified: for example, seasonal

affective disorder (SAD) and postpartum depression. More usually, the pathogenesis of

depression is better understood as the result of an accumulation of a number of different

risk factors [4,9,38]. This point has been largely overlooked in the construction of animal

models of depression, which in general have assumed a single causal factor. This may be

counterproductive, since few of the identified etiological factors appear sufficiently potent

to precipitate depression in an otherwise risk-free individual.

Although attempts to assess the theoretical rationale of animal models are limited

by this lack of theoretical structure at the clinical level, a number of generalizations are

possible. The major group of animal models of depression is based on responses to

stressors of various kinds, and are usually justified by reference to the role of stressful

life events in the etiology of depression [38,39,156]. However, if very severe acute stress

is used [284], the relevance of these procedures to depression, rather than, for example,

post-traumatic stress disorder, is questionable. Furthermore, the adverse consequences of

life events endure for a prolonged period of 6 to 12 months, in part by exacerbating

ongoing life difficulties [37,39]. Thus, life events should not be viewed as acute stressors

(indeed, in the case of bereavement, a diagnosis of depression is explicitly excluded during

the period of acute loss); from this perspective, it may be more appropriate to use chronic

stress regimes, rather than acute stressors, to model the etiological role of life events.

Other factors have been identified that confer a long-lasting vulnerability to depression,

in particular, an inadequate level of social support, which to a large extent arises from

inadequate socialization [9,37–39,290]. From these starting points, a number of animal

models of depression have been developed that are based on the adverse effects of social

isolation. However, with the exception of some of the primate studies (see below), these

models have largely ignored both the complexity of childhood social deprivation phenom-

ena and the mediation of their effects through later social relationships.

Although assessment of the theoretical rationale of animal models of depression is

limited by the paucity of theory, construct validity can also be evaluated at the level of

constructs—that is, whether the behavioral phenomena are correctly described. This ap-

proach is best exemplified by the extensive experimental analysis of whether learned help-

lessness is an appropriate term to describe the impairments of escape learning that follow

exposure to inescapable electric shock [247]. The term learned helplessness implies that

the animals perform poorly because they have learned that their responses are ineffective

in controlling their environment [247]. However, inescapable shock has a variety of other,

simpler effects, which could also explain many of the behavioral impairments, such as

decreased locomotor activity [11,101] and analgesia [151]. In addition, while inescapable

shock results in cognitive impairment [115], such behavioral effects arise from impairment

at the level of attentional processing rather than helplessness [181]. Thus, there are many

reasons to question whether the learned helplessness procedure does in fact produce help-

lessness.

Anhedonia is another construct that has been subjected to this kind of experimental

attention. In this case, the question is whether the animals fail to perform rewarded behav-

ior because they are insensitive to rewards or for some other reason. This question has

been most extensively investigated in relation to the effects of chronic sequential exposure

to a variety of mild stressors—chronic mild stress (CMS). CMS has been shown to cause

an antidepressant-reversible decrease in the consumption of dilute sucrose solutions, which
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is hypothesized to reflect a decrease in the reward value of the sucrose [294,297]. Initial

studies showed that, in contrast to the effect on dilute solutions of sucrose or saccharin,

CMS did not decrease the intake of plain water, food pellets, or concentrated sucrose

solutions; thus the effects are not simply nonspecific changes in consummatory behavior

[198]. Some studies have suggested that decreases in sucrose intake reflect loss of body

weight [172], but there is ample evidence [294] to reject this suggestion, including the

fact that the effects are seen in the absence of body weight changes. Furthermore, the

effects of CMS are not confined to consummatory behaviors. CMS also attenuated or

abolished place preferences established using a variety of natural or drug rewards. How-

ever, drug-induced place aversions were unaffected by CMS. Thus, the effect of CMS on

place conditioning cannot be explained by nonspecific motivational impairments or a fail-

ure of associative learning [294]. Finally, CMS has also been shown to cause an increase

in the threshold for brain stimulation reward [196]. Together, these results support the

position that CMS causes a generalized decrease in sensitivity to rewards and that, under

appropriate experimental conditions, decreases in sucrose intake provide a simple means

of detecting this anhedonia.

These examples of successful experimental analyses of construct validity contrast

sharply with a third example, the behavioral despair test [226]. These term was introduced

to describe the immobility seen in rats or mice forced to swim in a confined space, based

on the assumption that when the animals adopted an immobile posture, they had despaired

of escaping. Unfortunately, this interpretation is not susceptible to experimental analysis.

Consequently, although the test continues to be very widely used, the name behavioral

despair has been largely abandoned and replaced by the theoretically neutral term the

forced swim test.

V. MODELS OF DSM-IV MELANCHOLIA

It has frequently been remarked [84] that the approach adopted in successive editions of

the Diagnostic and Statistical Manual (DSM), which identifies psychiatric disorders by

the presence of a sufficient number of symptoms from a longer list, results in very different

clinical presentations receiving the same diagnosis. However, discussion of the heteroge-

neity of depression is several decades older than the DSM system. It has been recognized

since the 1920s that there are at least two forms of depression, but only one of them has

enjoyed general agreement as to its nature [287]. This is the syndrome that has been

known, variously, as autonomous depression, endogenous depression, endogenomorphic

depression, and, more recently, melancholia. Because a consensus exist as to its existence

and symptom profile, melancholia has emerged as the major subtype of depression, and

its definition in DSM-IV (major depressive episode with melancholic features) is some-

what more restrictive than that of the parent syndrome, major depressive disorder.

In previous reviews, animal models of depression have been classified according to

their level of validity [286] or their inducing conditions [291]. An attractive alternative

classification could be based upon the subtype of depression modeled. The art of modeling

has not yet progressed to the point where this is entirely feasible. However, a number of

models include anhedonia as one of their features. In DSM-IV, anhedonia is the defining

feature of melancholia as well as the only core symptom of major depression that is amena-

ble to modeling in animals. Anhedonia may be readily modeled as decreased sensitivity

to rewards, though, as noted above, this construct is considerably more complex than a

simple decrease in the performance of a rewarded behavior. In relation to the other symp-
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toms that can be modeled, the diagnosis of melancholia specifies the direction of changes

in appetite and sleep (decreased), although, as in the diagnosis of major depressive disor-

der, psychomotor changes could be in either direction (retardation or agitation). In many

empirical studies, psychomotor retardation has emerged as the symptom most characteris-

tic of melancholia, while psychomotor agitation tends to be more closely associated with

psychotic features such as delusions of guilt [203]. Nevertheless, there is considerable

overlap between these two groups of symptoms, and agitated melancholias are not uncom-

mon. Unlike nonmelancholic depressions, melancholia is characterized by a decrease in

the latency to enter the first period of rapid eye movement (REM) sleep [141] and an

increased activity of the hypothalamic-pituitary-adrenal (HPA) system usually detected

by the dexamethasone suppression test (DST) [45]. In a valid simulation of melancholia,

these biological markers would be expected to coexist alongside decreased sensitivity to

rewards. However, the specificity of both of these markers for melancholia is less than

originally claimed.

The first section of this review considers those models in which anhedonia has been

demonstrated. Also included are the forced-swim and tail-suspension tests, in which anhe-

donia has not been demonstrated, but which appear to be conceptually related to the

learned helplessness model.

A. Acute Stress: The Learned Helplessness Model

As noted earlier, the learned helplessness paradigm is based on the observation that ani-

mals exposed to uncontrollable stress (usually electric shocks) are subsequently impaired

in learning to escape shock, an effect that is not seen in animals exposed to comparable,

or indeed identical, patterns of controllable shock. The protective effect of control appears

to result from lower levels of fear [114], which raises important questions about the rela-

tionship between depression and anxiety. Seligman [247] proposed that exposure to uncon-

trollable stress provides the basis, in animals as in people, for learning that stress is uncon-

trollable (helplessness), and that this learning has a number of debilitating consequences,

including depression. However, this interpretation has been the subject of considerable

controversy, in both the human [2,3] and animal literature [181,182,284], and is probably

incorrect as previously stated [288,296]. Nevertheless, the learning difficulties that follow

exposure to uncontrollable shock are reversed with reasonable selectivity by multiple

acute, subchronic (3–5 days) treatment with TCAs or atypical antidepressants [249].

SSRIs also appear to be effective, but only within a limited dose range [171], as well as

a number of other potential antidepressants such as 5HT1A-receptor agonists [100] and β-

adrenoceptor agonists [169], although some of these effects have been disputed [49], as

well as extracts of St. John’s wort (hypericum perforatum) [93,140]. Interestingly, chronic,

but not acute, treatment with lithium prevents the development of learned helplessness in

rodents [263]. There are a few false positives, including the 5HT2-receptor antagonist,

methysergide [41], p-chlorophenylalanine (pCPA) [74], and piracetam [47], while neuro-

leptics, stimulants, sedatives, and anxiolytics are generally ineffective [228,249].

The learned helplessness paradigm shows many symptomatic parallels to major de-

pression—so much so that it has been suggested that rodents subjected to uncontrollable

shock could meet DSM diagnostic criteria [284]. However, the learned helplessness para-

digm is implemented in a variety of different ways in different laboratories, and the version

of the paradigm giving rise to the broadest range of symptoms [284] uses extremely high

shock levels (4–6 mA), which are of doubtful relevance to depression. Furthermore, the
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effects of this regime largely dissipate within 2 to 3 days, and the effects of antidepressant

pretreatment have not been studied using this procedure. The effects of antidepressants

have typically been studied using shocks of a considerably lower intensity (1.0–1.5 mA),

which cause a far less pervasive pattern of behavioral impairment.

Paradoxically, the effects of milder shock intensities are of longer duration, making

it possible to interpose multiple acute (subchronic) drug treatment (typically for 3–5 days)

between the initial uncontrollable shock session and the learning test. Furthermore, the

duration of learned helplessness may be prolonged indefinitely by repeatedly exposing

the subjects to the environment in which inescapable shock had occurred [162], which

strengthens the face validity of this model of depression. However, a further problem is

that different components of the learned helplessness syndrome may be related to different

aspects of the induction procedure. For example, a long-term (7 weeks) suppression of

home-cage locomotor activity has been reported following a single shock session [68],

but this effect is unrelated to shock controllability and so is clearly distinct from other

learned helplessness phenomena [303]. It is clear that the learned helplessness paradigm

should more correctly be considered as a mixture of paradigms, and care should be taken

in generalizing conclusions between them.

Among the consequences of low-intensity, uncontrollable (but not controllable)

shock is a poor performance of rewarded behavior, which, as noted above, may be of

particular relevance to melancholia. One manifestation of this effect is a long-lasting de-

crease in responding for brain stimulation reward (intracranial self-stimulation; ICSS), in

mice, which is specific to certain electrode placement and therefore suggests a subsensitiv-

ity within part of the brain mechanism of reward, rather than, for example, a motor impair-

ment [305,306]. Normal sensitivity to ICSS reward was restored by chronic, but not acute,

treatment with TCAs [304,305]. Interestingly, a long-lasting anhedonia is seen only if the

animals are tested in the immediate aftermath of stress; otherwise the effect dissipates

rapidly [305]. A related observation is that mild stressors, which are without effect in

normal animals, may reinstate behavioral deficits resulting from an initial exposure to

severe stress [10]. These studies suggest that it may be possible to develop conditioning

models to explain how the risk of depression is elevated for several months in the aftermath

of a stressful life event.

Another important observation is that uncontrollable electric shock has variable be-

havioral effects (most of which are antidepressant-reversible) in different inbred mouse

strains. To take an extreme example, in the C57BL/67 strain, uncontrollable shock se-

verely impaired subsequent learning to escape shock, but had no effect on responding

ICSS, while the DBA/2J strain showed exactly the opposite pattern of deficits [248,306].

These studies may provide a starting point from which to investigate the physiological

mechanisms underlying individual differences in responses to stress.

Vollmayr and Henn [280] have recently described a procedure in which mild shocks

induce learned helplessness in only some of the subjects, which may mimic the variable

human predisposition for depressive illness. This procedure has been used as the basis

for a selective breeding program, which has produced a congenital learned helplessness

(cLH) and a congenital non-learned helplessness strain. An impressive recent neuroimag-

ing study of cLH rats reported that metabolism was decreased in dorsal frontal, medial

orbital, and anterior cingulated cortex, but increased in the subgenual region of the cingu-

lated cortex [250]; these exact changes have been described in depressed patients [72,173].

However, there are also anomalies: in particular, cLH rats show a decreased andrenocorti-

cal response to stress [127]. There is also uncertainty as to just what is being selected in
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the cLH breeding program. cLH animals have been shown to exhibit stress-induced anal-

gesia [127], raising the possibility that an increase in pain threshold might provide a very

simple explanation of their escape-learning impairments. And given the separation of

shock-induced escape deficits and anhedonia in inbred mouse strains [248,306], there is

no reason to assume that the cLH strain, which was bred by selecting on the basis of

shock-induced escape deficits, would also exhibit shock-induced anhedonia.

There is a relatively extensive literature dealing with the neurochemical bases of

stress-induced motor inactivation [161,287]. Briefly, the debilitating effect of uncontrolla-

ble stress on later performance may be reversed by agonists at µ-opioid, dopamine (DA),

α1- and β-adrenergic receptors, or by anticholinergic drugs; conversely, helplessness may

be simulated pharmacologically by drugs that reduce DA and/or noradrenaline (NA) func-

tion, or by drugs that increase cholinergic function [10,25–27]. Any influence of dopamine

neurotransmission on learned helplessness appears to be mediated by the D1 dopamine

receptor [91,92]. Furthermore, reduced catecholamine neurotransmission, either by inhibi-

tion of catecholamine synthesis with α-methyl-ρ-tyrosine [66] or by treatment with α1-

and β-adrenoceptor antagonists (as well as the opiate receptor antagonist naloxone) has

been shown to block the therapeutic effect of TCAs [170]. Similarly, blockade of NMDA

receptor-mediated neurotransmission also blocks TCA-induced reversal of learned help-

lessness [179]. Gamma-aminobutyric acid (GABA) neurotransmission also seems to be

involved in learned helplessness behavior. Thus a long-term increase in GABAB neuro-

transmission is associated with exacerbation of learned helplessness, while the action of

antidepressant drugs in this model is associated with a long-term reduction in GABAB

neurotransmission [200,201]. In contrast, studies of the role of 5HT in learned helplessness

are inconsistent [291]. Some 5HT-receptor agonists may reverse learned helplessness,

while 5HT lesions did not prevent the action of TCAs in this model [258]. The induction

of behavioral depression/learned helplessness may be regulated, at least in part, by sero-

tonergic input into the hippocampal CA3 subfield. Papolos et al. [214] have shown that

intracerebroventricular administration of an antisense oligonucleotide to the 5HT2A-recep-

tor reduced receptor density in the CA3 area and induced learned helplessness behavior.

B. The Forced-Swim Test

In the forced-swim test, rats or mice are forced to swim in a confined space. While mice

are subjected to a single swim test following a single drug administration, rats are generally

subjected to two tests, usually spaced 24 h apart, to generate increased immobility scores.

The onset of immobility exhibited by rats in the second test is delayed by pretreatment

with a wide variety of antidepressants, usually administered in a multiple acute (subacute)

treatment schedule consisting of three injections over the time period between the two

swim sessions. The fact that the forced-swim test responds to acute drug treatment has

been a frequent source of criticism. Small antidepressant effects may be present after a

single high dose. Larger effects are observed after multiple acute treatments at lower doses,

but these changes may simply reflect an elevation of brain drug concentrations.

Effective treatments include TCAs, MAOIs, most atypical antidepressants, the selec-

tive NA reuptake inhibitor, reboxetine [54], 5HT1A, 5HT1B, and 5HT2C-receptor agonists

[207,59], extracts of St. John’s wort (hypericum perforatum) [43], ECS, and REM sleep

deprivation [224,228,33]. The test is not usually sensitive to SSRIs [32,33,55], although

activity of these compounds has sometimes been reported, and this appears to reflect a

subtle technical change, an increase in the water depth [59,272]. There have also been a
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variety of other negative reports; nevertheless, some 90% of clinically active antidepres-

sants are active in the forced-swim test, with the proportion rising in studies using chronic

drug treatment [33,228]. It has been suggested that both serotonergic and noradrenergic

systems may be involved in mediating antidepressant-induced reductions in immobility;

serotonergic-mediated effects result from increased swimming time while noradrenergic-

mediated effects reflect increased climbing behavior [69].

Reduced immobility scores have also been observed following treatment with neu-

rosteroids [234], neuropeptide-Y [260], and NMDA-receptor antagonists [213,271]. The

effect of NMDA-receptor antagonists is to reduce calmodulin-mediated activation of nitric

oxide (NO) synthase. Likewise, NO synthase inhibitors have been reported to be as effec-

tive in reducing immobility as imipramine [103]. In rat studies, selective antagonists for

subtypes of the cholecystokinin (CCK) receptor have been shown to reduce immobility

scores. However, these positive effects are dependent on time of drug administration.

Thus, the CCKA antagonist, devazepide, is only effective when given before the condition-

ing pretest [108], while the CCKB antagonist, L-365,260, is effective when given immedi-

ately prior to the retest [107]. These observations suggest a role for CCK in behavioral

adaptations to acute stress.

On the negative side, while the test successfully discriminates antidepressants from

neuroleptics and anxiolytics [225], false positives have been reported for stimulants, con-

vulsants, anticholinergics, antihistamines, pentobarbital, opiates, a variety of brain pep-

tides (see above), and a number of other drugs [33,228]. Some false-positive responses

have been reported to disappear if chronic drug treatment is used or the duration of the

test is prolonged [123,128], but the generality of these effects has not been established.

While the predictive validity of the forced-swim test may be better than has some-

times been assumed, its face and construct validity are minimal. The only symptomatic

resemblance to depression is an inability or reluctance to maintain effort. Interestingly,

positive responses to antidepressant drug treatment (i.e., reduced immobility) are only

observed if subjects are forced to swim in water at least 10 °C below core body temperature

(P.J. Mitchell, personal observations) and consequently develop severe hypothermia. If

mice are forced to swim in water maintained at body temperature, then immobility still

occurs, but the response to antidepressant treatment is abolished. These observations

clearly implicate the importance of severe cold stress and the consequent induction of

hypothermia in this model, which further weakens the parallel with depression.

The theoretical rationale of this test derives entirely from its supposed relationship

to learned helplessness. However, the relationship between the two models is unclear.

Prior inescapable, but not escapable, shock has been found to increase immobility in the

forced-swim test [205,283], but in view of the consistent findings of depressed motor

activity following inescapable shock [10], it would be surprising if this were not the case.

The reciprocal finding has not been demonstrated: forced swimming did not impair subse-

quent escape performance in a shock-avoidance task in which performance deficits are

typically seen following inescapable shock [206].

Nevertheless, the two tests do seem to share similar physiological substrates. Immo-

bility in the swim test is also reversed by stimulating 5HT1A, 5HT1B, and 5HT2C receptors

[59,207,272], DA or α1-adrenergic receptors, or by anticholinergics, and potentiated by

treatments that decrease the activation of DA (e.g., amisulpride) [216], or NA systems or

increase cholinergic transmission. Similarly, the therapeutic actions of antidepressants in

this model are blocked by DA-receptor antagonists and by treatments that reduce NA

function, including neurotoxic destruction of the ascending NA pathways and α1-adreno-
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ceptor antagonists. As in the learned helplessness test, impairment of 5HT transmission

neither increases immobility nor blocks its reversal by antidepressants [33,291].

C. The Tail-Suspension Test

A number of variants of the forced-swim test have been proposed. One of these, the tail-

suspension test, has been claimed to be ethically superior to the forced-swim test, as stress

levels appear to be reduced [227,259]. In this model, mice suspended by the tail show a

temporal pattern of struggling followed by immobility, similar to that seen in the forced-

swim test. Antidepressants, at strikingly low doses, have been shown to increase the dura-

tion of mobility and also, in an automated version of the test, to increase the power of

the movements (although the latter effect is rather less convincing). Effective agents in-

clude TCAs, MAOIs, and atypical antidepressants; the latter include mianserin, the selec-

tive NA reuptake inhibitor, reboxetine [302], extracts of St. John’s wort (Hypericum per-

foratum) [43], the NMDA-receptor antagonist, MK-801 [213], and, significantly, some

(but by no means all) 5HT uptake inhibitors [65,90,222,264], which are usually ineffective

in the forced-swim test (see above). Immobility was also reduced by stimulant drugs, but

was potentiated by neuroleptics or anxiolytics [227,259].

While it is tempting to see the tail-suspension test as a more sensitive version of

the forced-swim test, there are subtle differences between them that are not at present

understood but involve significant mediation by a noradrenergic receptor-mediated mecha-

nism(s) [83]. In particular, 5HT1A-receptor agonists are active in the forced-swim test, but

are ineffective in the tail-suspension test [228], whereas the mixed 5HT1A/1B-receptor ago-

nist, RU 24969, was active in the latter. Like the forced-swim test, the face and construct

validity of the tail-suspension test are minimal.

D. Chronic Stress Models

Repeated presentation of the same stressor usually leads to adaptation. However, adapta-

tion can be prevented by presenting a variety of stressors in an unpredictable sequence.

Katz and colleagues showed that 3 weeks of exposure to electric shocks, immersion in

cold water, immobilization, reversal of the light/dark cycle, and a variety of other stressors

caused a decrease in the activating effect of acute stress in an open field test. However, the

activating effect of acute stress was maintained in animals receiving daily antidepressant

treatment during the chronic stress period; the effects of administering antidepressants

after exposure to stress have not been studied in this model. A variety of antidepressant

drugs, as well as ECS, were found to prevent the effect of chronic stress, but the MAOI

tranylcypromine was ineffective. Various nonantidepressants failed to prevent the effect

of stress. In addition to causing changes in open field activity, chronic stress also increased

plasma corticosteroid levels. This effect showed the same spectrum of pharmacological

sensitivity, with the exception that an anticholinergic was also effective [122,291]. Similar

effects have also been reported in mice; corticosteroid levels and the response to an acute

stress were normalized by TCAs, but not by the SSRI, fluoxetine [255].

A further effect observed in rats after chronic stress was a failure to increase fluid

consumption when saccharine was added to the drinking water, suggesting that chronic

stress might cause anhedonia; this deficit was partially restored by imipramine [121]. The

chronic stress model has been used very little since the original series of publications, in

part because the levels of severity employed raise serious ethical problems. However, a
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variant of the model has been devised in an attempt to achieve the same endpoints as the

chronic stress model, but in a more ethically acceptable manner.

1. Chronic Mild Stress

The CMS procedure involves relatively continuous exposure of rats or mice to a variety

of mild stressors, such as periods of food and water deprivation, small temperature reduc-

tions, changes of cagemates, and other similarly innocuous manipulations. Over a period

of weeks of chronic exposure to the mild stress regime, rats gradually reduced their con-

sumption of a preferred dilute sucrose solution and, in untreated animals, this deficit per-

sisted for several weeks following the cessation of stress [297,299]. As discussed in Sec-

tion IV, a variety of studies have been performed to confirm that these effects reflect a

generalized insensitivity to reward; in particular, chronic mild stress also impairs respon-

siveness to reward as assessed by different methods, including suppression of place prefer-

ence conditioning [217–219] and increased threshold for ICSS [196]. Studies of the effects

of the individual elements of the chronic mild stress regime revealed that one element,

social housing (in animals usually housed individually), was particularly potent, but no

individual element (including social housing) was neither necessary to induce anhedonia

nor sufficient to maintain anhedonia for a prolonged period [198].

Antidepressant treatment has no effect on sucrose consumption or ICSS threshold

in nonstressed animals, but following the reduction of sucrose intake by stress, normal

behavior was gradually restored by chronic treatment (2–5 weeks) with a wide variety of

antidepressants, including TCAs, SSRIs, a specific NA reuptake inhibitor, MAO-A inhibi-

tors, atypical antidepressants such as mianserin, buspirone, and amisulpride, and ECS.

Also effective were some agents of uncertain antidepressant status, such as antihistaminic

and anticholinergic drugs. Ineffective drugs include the anxiolytic chlordiazepoxide, vari-

ous neuroleptics, amphetamine, and morphine [294,295]. Fluoxetine, maprotiline, and mi-

anserin (but not chlordiazepoxide) were also found to restore the rewarding properties of

food, as assessed in the place-conditioning paradigm [48,199]. In contrast to the extensive

array of drugs correctly classified in CMS experiments, very few false positives or false

negatives have been reported.

The reversal of an established behavioral deficit during the continued presence of

the stressor is an important feature of this model: if, as seems likely, chronic stress does

play a role in the etiology of melancholia [9,194,239], its continued presence during anti-

depressant therapy would usually be the norm. Also important is the extended time course

of antidepressant action, which makes it feasible to detect rapid onset of action. Many

novel agents have been identified as potential antidepressants using the CMS procedure,

and these include some that appear to act more rapidly than TCAs or SSRIs, including

the D2/D3 antagonist amisulpride [216], the glycine antagonist 1-aminocyclopropane-

carboxylic acid (ACPC) [215], the 5HT1A-receptor agonist BIMT-17 [64], and the SNRI

venlafaxine (M. Papp, personal communication). Potentiation of antidepressant action by

lithium and pindolol has also been reported [252,253]. In at least three instances (the

D2/D3 agonist pramipexole, the corticosterone synthesis inhibitor ketoconazole, and the

catechol-O-methyl transferase (COMT) inhibitor tolcapone), the antidepressant effect of

these compounds was demonstrated in the clinic only after these actions had been pre-

dicted in the CMS model [294].

In addition to decreasing responsiveness to rewards, CMS also causes the appearance

of many other symptoms of major depressive disorder. Behavioral changes in animals

exposed to CMS include decreases in sexual, aggressive, and investigative behaviors, and
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decreases in locomotor activity. These are seen during the dark phase of the light–dark

cycle, which is the rat’s active period; electroencephalogram (EEG) measures of active

waking are also decreased during the dark phase. In contrast, CMS did not cause the

appearance of an anxious profile in two animal models of anxiety, the elevated plus-

maze and the social interaction test, suggesting that the behavioral changes are specific

for depression. Animals exposed to CMS show an advanced phase shift of diurnal rhythms,

diurnal variation, with symptoms worse at the start of the dark (active) phase, and a variety

of sleep disorders characteristic of depression, including decreased REM sleep latency,

an increased number of REM sleep episodes, and more fragmented sleep patterns. They

also gain weight more slowly, leading to a relative loss of body weight, and show signs

of increased activity in the HPA axis, including adrenal hypertrophy and corticosterone

hypersecretion. Abnormalities have also been detected in the immune system, including

an increase in serum, decreases in thymus weight, natural killer-cell activity and reactivity

to T-cell mitogens, and an increase in acute-phase proteins that was reversed by chronic

antidepressant treatment. Taken together with the generalized decrease in responsiveness

to rewards, these parallels to the symptoms of depression and, in particular, to melancholia,

are both extensive and comprehensive [294]. Indeed, it is arguable that the only symptoms

of depression that have not been demonstrated in animals exposed to CMS are those

uniquely human symptoms that are only accessible to verbal enquiry. Even without these

symptoms, a rat exposed to CMS could, in principle, legitimately attract a DSM-IV diag-

nosis of either major depressive disorder or major depressive disorder with melancholic

features.

Studies of the neural basis of the CMS-induced anhedonia have focused primarily

on the mesolimbic DA system. The behavioral changes in animals subjected to CMS are

accompanied by a decrease in D2/D3-receptor binding and D2-mRNA expression in the

nucleus accumbens, and a pronounced functional subsensitivity to the rewarding and loco-

motor stimulant effects of the D2/D3 agonist quinpirole administered systemically or

within the nucleus accumbens. All of these effects are also reversed by chronic antidepres-

sant treatment [73,295]. In other studies, animals successfully treated with antidepressants

were treated acutely with D2/D3 receptor antagonists, at low doses that were without

effect in nonstressed animals or in untreated stressed animals. This treatment reversed the

effects of a wide variety of antidepressants on rewarded behavior [295]. These data argue

strongly that an increase in D2/D3-receptor responsiveness may be responsible for the

therapeutic action of antidepressants in this model [295]. A similar reversal of SSRI action

by the D2 antagonist sulpiride has been observed in a clinical study, as predicted from

the CSM data [294].

A recent CMS study suggests that a neural mechanism could mediate the negative

information-processing bias characteristic of depression [22]. In this study [70], DA re-

lease in nucleus accumbens and prefrontal cortex was monitored by microdialysis fol-

lowing exposure to a palatable reward and a stressor (tail pinch). CMS markedly inhib-

ited DA release in response to rewards, but potentiated responses to the stressor; both

of these effects of CMS were reversed by chronic treatment with the TCA desipramine

(DMI).

While the CMS model has a great many positive features, and is probably the most

valid animal model of depression currently available, a major drawback is that the model

has proven extremely difficult to implement reliably, and while many laboratories have

succeeded in doing so, many others have not. The reasons for this lack of reliability have

been extensively debated [294], but are as yet unresolved.
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2. Stress Induction and Mild Stress Maintenance

Tagliamonte and colleagues have described a model that represents a cross between

learned helplessness and CMS. In this procedure, an altered state is first induced by acute

exposure to a session of moderately intense inescapable tail shock, and then maintained,

apparently indefinitely, by exposure to milder stressors (brief restraint, a small number of

shocks, or exposure to the inescapable shock apparatus), presented at 2-day intervals. This

treatment resulted in an impairment of shock escape learning, as in learned helplessness,

and a failure to learn a simple maze task reinforced by a highly palatable food (vanilla

sugar), as in CMS. Both of these deficits were prevented by chronic pretreatment with

TCAs or fluoxetine [67,97]. The stress procedure also decreased basal levels of extracellu-

lar DA in the nucleus accumbens shell, and this change also was prevented by chronic

TCA treatment [94].

We noted earlier (Sec. IV) that the effect of severe life events on precipitating de-

pression was best characterized as an acute severe stress followed by a chronic increase

in mild stress. Stress induction followed by mild stress maintenance exactly parallels these

processes and is the only animal model of depression to do so. This procedure could

potentially provide a more reliable and robust alternative to the CMS procedure, but few

data are currently available. In particular, while antidepressants have been shown to pre-

vent the development of behavioral abnormalities, they have not been shown to reverse

an established deficit. Also, the portability of the procedure to other laboratories has not

been demonstrated.

E. Withdrawal from Chronic Psychomotor Stimulants

A number of studies have reported that responding for ICSS was reduced in the days

following withdrawal from chronic amphetamine treatment. In these studies, amphetamine

was administered to rats for between 4 and 10 days, typically using several administrations

each day, at increasing doses [19,129,145,251]. The threshold for ICSS was elevated fol-

lowing amphetamine withdrawal, confirming that the rate reduction reflects a subsensitiv-

ity to brain stimulation reward rather than a depression of motor activity [46,146]. After

14 days of amphetamine treatment, the decreased sensitivity to ICSS did not recover dur-

ing 18 days of further testing [146], reflecting subsensitivity of reward systems rather than

simple depression of motor activity. In a single pharmacological study, this effect was

alleviated by 2 days of imipramine or amitriptyline treatment, and with continued treat-

ment, normal responding was restored [130].

In a variant of this procedure, animals self-administer cocaine, rather than being

administered amphetamine [131]. In these experiments, the threshold for brain stimulation

reward, administered through electrodes in the posterior lateral hypothalamus, was ob-

tained using a discrete trial procedure [133], which is sensitive to changes in reward value,

but not to changes in motor performance [167]. Following 24 h of cocaine self-administra-

tion, ICSS thresholds were elevated for several hours [131], indicating that cocaine with-

drawal induced a state of anhedonia. Acute administration of the DA receptor agonist,

bromocriptine, restored ICSS thresholds to normal [166]. Only one conventional anti-

depressant has been tested in this procedure: repeated administration of the TCA, DMI,

was reported to shorten the duration of post-cocaine anhedonia [168].

It has frequently been assumed that stimulant drug treatment is a form of stress,

since in many respects stimulant treatment and stress appear to be interchangeable [12,

229]. Indeed, withdrawal from chronic cocaine treatment in rats is associated with intense
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anxiety-related behavior and extrahypothalamic-limbic corticotropin-releasing hormone

(CRH) hypersecretion [242]. The similarities between stress and stimulant withdrawal are

thought to arise from the fact that, like stimulant drugs, stressors activate the mesolimbic

and mesocortical DA projections [30]. Independent of a relationship to stress, there is

an obvious parallel between the effects of stimulant withdrawal and the depressions that

frequently follow the cessation of chronic stimulant use [282], although in the animal

model the time course is rather more compressed.

As the stimulant withdrawal models are based exclusively upon changes in ICSS

behavior, their construct validity depends largely on the assumption that brain stimulation

reward activates natural reward pathways [111]. Although early studies suggested that

ICSS had unusual properties compared to natural rewards (e.g., rapid extinction), it was

later recognized that these properties derive from differences in the experimental pro-

cedures typically employed (such as the delay of reinforcement); when such extraneous

factors are equated, ICSS appears very comparable to a high-incentive natural reward

presented under conditions of low drive [98]. These parallels, together with the observation

that responding for ICSS performance is influenced by many of the factors that control

responding for natural rewards, have justified the assumption that the ICSS electrode stim-

ulates directly the neural substrates that are activated indirectly by natural rewards [111].

A degree of caution is required, because although people implanted with ICSS electrodes

report a variety of pleasurable sensations, they also report other reasons for stimulating,

such as curiosity [14,270]. Nevertheless, the commonality of anatomical substrate between

ICSS and other types of reward supports the use of this procedure as an animal model of

hedonic behavior [131,301]. However, the relationship of drug-induced depression to ma-

jor depressive disorder is uncertain, and validity of this model is therefore questionable.

F. Social Dominance Models

Parallels have often been noted between depressive and submissive behaviors [95,230],

and a number of laboratories have attempted to model depression by using animals of

low social rank. Subordinates, and those who have lost status as a result of defeat in social

conflict situations, are at greater risk for psychopathology. Biological similarities between

defeated animals and human depression have frequently been noted [99,106,268], and

there is considerable evidence that depressed individuals see themselves as inferior and

behave submissively [99]. Indeed, social skills training, of which assertiveness training

represents a major component, is used clinically as a psychotherapy for depression, which

has been found to be equally effective as TCA treatment [109]. Like the chronic mild

stress procedure, animal models based on social dominance employ realistic inducing

conditions that are of particular ecological relevance.

1. Social Defeat

Social defeat is a potent stressor, and repeated defeat is a form of chronic stress, which

is associated with a decrease in aggressive behavior [6]. A single social defeat has been

reported to produce a gradual, but long-lasting, increase in immobility in the forced-swim

test, which was prevented by chronic treatment with clomipramine [132]. A similar model

has been developed in submissive C57BL/6J mice: a single defeat by a dominant male

mouse of the same strain was reported to cause a gradual increase over weeks in passive

behavior in response to a mild stressor, which could be antagonized by clomipramine;

defeated animals also had higher immobility times in the forced-swim test [134]. In a
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chronic version of a similar procedure, mice were housed in social contact, but were

physically separated except for one daily 3-min encounter. Again, increased immobility

in the forced-swim test was observed in repeatedly defeated animals, and this effect was

prevented by chronic treatment with imipramine, although in this study imipramine did

not normalize social behavior in the defeated animals [139].

In a modified rat model, defeat of dominant pair-housed rats by rats of a different,

more aggressive, strain resulted in the loss of dominant status relative to their previously

submissive partners, which was restored by chronic imipramine treatment [300]. This loss

of status was accompanied by the abolition of morphine-induced place conditioning, most

likely reflecting a decrease in hedonic tone [58]. This suggests that it may be appropriate

to view submission models potentially as models of melancholia. However, more evidence

is needed for any firm conclusion.

In a modified mouse social defeat paradigm, subordinate mice subjected to repeated

social defeat showed reduced growth compared to dominant subjects, together with citalo-

pram-sensitive anxiogenic-like behavior [124,125]. The defeated mice exhibited a main-

tained increase in both core temperature and circulating corticosterone levels indicative

of chronic stress, although social defeat had no effect on either ethanol consumption or

immobility time measured in the forced-swim test. Similarly, a single social defeat of

Lewis rats resulted in hypophagia and weight loss, together with increased measures of

anxiety, and these effects were reduced following acute fluoxetine treatment [24].

Overall, these various studies suggest that social defeat may in principle provide a

valid and ecologically sound model of depression. However, a variety of procedures have

been used and, at present, the data are not entirely consistent.

2. Social Hierarchy

A related procedure is based on the observation that rats housed in closed groups develop

a social hierarchy and the relative social position of each group member may be identified

by assessing each individual’s level of success during agonistic encounters with other

group members. If rats are housed in triads, then a social hierarchy consisting of a domi-

nant, subdominant, and subordinate develops. Two-week chronic administration of either

clomipramine or mianserin to the subdominant animal results in an increase in that sub-

ject’s rank position at the expense of the level of dominance enjoyed by the dominant

group member [188]. The increase in the social position of the antidepressant-treated sub-

dominant rat is likely to be related to increased assertiveness expressed during social

encounters. An attractive feature of this model is that daily assessment of social structure

allows the time course of antidepressant-induced elevation of social position to be deter-

mined. However, not all features of subordinate animals are necessarily of relevance to

depression, and the relationship between social dominance and social competition is poten-

tially problematic. In group-housed rats competing for limited access to a high-incentive

reward, the performance of subordinate animals was improved by acute or chronic anxio-

lytic treatment [96,118], suggesting that the social competition test is relevant to anxiety

rather than depression. Consistent with this view is the observation that chronic treatment

with m-chlorophenylpiperazine (mCPP), a major metabolite of the antidepressant trazo-

done which also possesses antidepressant activity, failed to increase the performance of

subdominant rats in a social competition test [193] at a dose previously shown to increase

the aggressive behavior of resident rats in a resident-intruder test (see below) [192]. How-

ever, the benzodiazepine anxiolytic diazepam, which improves performance in a social

competition test, did not increase aggressive behavior in dyadic encounters, after either
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acute or chronic administration [189]. Further studies will be necessary to confirm this

ineffectiveness of anxiolytics in social dominance tests.

3. The Resident-Intruder Test

Antidepressant treatment has consistently been shown to have profound effects on rat, but

not necessarily mouse, social and agonistic behavior. While acute treatment with pharma-

cologically disparate antidepressant drugs (including TCAs, MAOIs, SSRIs, SNRIs, 5-

HT1A-receptor agonists and partial agonists, 5HT2C-receptor agonists) commonly reduces

the aggressive behavior of resident rats when confronted with an unknown conspecific

intruder, chronic antidepressant treatment (including repeated ECS) increases such aggres-

sive behavior [51,52,183–187,189–192]. These observations are consistent with the view

that aggression is the only type of rodent social behavior consistently increased following

chronic treatment with antidepressants [85].

The fact that chronic antidepressant treatment increases aggressive behavior appears

at first sight to be incompatible with the use of SSRIs in the clinical treatment of impulsive

aggression [53,76,82]. However, this is a clinical, rather than an experimental, paradox,

since clinically, antidepressants both increase aggression in submissive depressed individ-

uals (manifest as a reversal of intropunitive aggression and/or impaired sociability:

[71,119,231] and decrease pathological aggression [112,275]). A resolution of this paradox

may be that antidepressant treatment increases assertiveness, since this would increase

low levels of social dominance while at the same time decreasing high levels of physical

aggression. Hence, the ability of chronic antidepressant treatment to increase aggression

in rats may reflect the increased assertiveness and associated externalization of emotions

expressed during recovery from depressive illness. Such increased assertive/aggressive

behavior is consistent with the effects of such treatment in the social hierarchy model (see

above). However, face validity of the resident-intruder model is reduced by the fact that

the test involves normal unmanipulated animals; nondepressed people do not respond to

antidepressant treatment. Interestingly, and in contrast to the rat studies, the aggressive

behavior of male mice in murine resident-intruder studies is particularly sensitive to anxio-

lytic, rather than antidepressant, drug activity [159].

By programming daily dyadic encounters, the resident-intruder paradigm can be

used to compare the rate of onset of antidepressant-induced elevation in aggression be-

tween antidepressant treatments, and to assess the utility of potential adjuvant treatment

to accelerate antidepressant-related changes in rodent behavior. Indeed, the first published

studies to demonstrate the ability of a selective 5HT1A-receptor antagonist (WAY-100635)

to accelerate time-dependent antidepressant-induced behavioral changes used the resident-

intruder test [191].

G. Neonatal Antidepressant Treatment

Neonatal treatment of rat pups with the TCA clomipramine has been reported to cause a

spectrum of symptoms reminiscent of depression, including decreases in sexual and ag-

gressive behavior, a shortening of REM sleep latency, and subsensitivity to ICSS. Treated

animals were also hyperactive in some tests [278,279]. Animals were typically tested when

mature, at ages that varied between tests. Most of the behavioral and sleep abnormalities

were present on first testing at approximately 3 months; however, the ICSS abnormalities

were absent at 4 to 5 months, but present at 6 to 8 months. ICSS was not tested in older

animals, but some other abnormalities appeared to normalize at around 11 months [278].
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These effects are probably not specific to clomipramine, since neonatal treatment with

DMI, zimeldine, or the SSRI, Lu 10-134-C, also increases immobility in the forced-swim

test in adult rats [102,110,276], while neonatal treatment with the SSRI citalopram simi-

larly reduces adult aggressive behavior [163]. Zimeldine, like clomipramine but not DMI,

also reduces or disrupts adult rat sleep patterns by shortening the duration of REM sleep

bouts [87]. In contrast, neonatal treatment with scopolamine, a cholinergic receptor antago-

nist, suppressed REM sleep, as observed with neonatal clomipramine treatment but, unlike

clomipramine, facilitated adult male sexual behavior. These results suggest that the neo-

natal clomipramine-induced reduction in male sexual behavior is not due to early REM

sleep deprivation [277].

As yet, information concerning the pharmacological responsiveness of this model

is minimal: some effects of imipramine and REM sleep deprivation have been reported,

but the numbers of subjects tested were too low to allow reliable conclusions to be drawn

[278]. While this model appears to have good face validity in terms of the range of symp-

toms displayed and the insidous onset of anhedonia, the mechanisms by which neonatal

antidepressant treatment has adverse effects in mature animals are unknown. In particular,

it is unclear what, if any, is the relationship between neonatal antidepressant treatment

and the etiology of depression in humans. The extent to which the symptoms can be

reversed by antidepressants is uncertain. Nevertheless, these studies raise the disconcerting

possibility that a breast-fed infant could develop a susceptibility to melancholia by ingest-

ing TCAs prescribed to the nursing mother for the relief of postpartum depression.

1. Perinatal Stress

Possibly related to the neonatal antidepressant treatment model are models based on pre-

natal and neonatal stress. Anhedonia has not been demonstrated in these models, and

indeed their relevance to depression, as opposed to other forms of psychopathology, is

far from established, but some endocrinological data suggest a possible relevance to mel-

ancholia.

Prenatally stressed (PS) rats (where the dam is subjected to repeated foot shock

during the early stages of pregnancy) exhibit elevated activity of the HPA axis and defen-

sive behavior before weaning, and the heightened defensive behavior, as well as exagger-

ated behavioral, physiological, and neuroendocrine responses to stressful stimuli, persist

into adulthood [262,281,285]. Current behavioral data suggest similarities between the

behavioral profiles of PS rats and the anxiogenic changes in behavior induced by yohim-

bine and idazoxan [285]; these data indicate high levels of anxiety in PS rats. However,

female, but not male, PS mice exhibit an antidepressant-reversible increase in immobility

time in the forced-swim test, indicating that PS might induced a gender-dependent increase

in the risk of depression-like behavior [7,8].

Neonatal stress in nonhuman primates has been shown to induce hypersecretion of

CRH [57] and abnormal social behavior in adulthood, indicative of enhanced response to

stressors [50]. Similarly, neonatal stress in rat pups, achieved by maternal separation, also

increases CRH levels in adulthood [142].

H. Selective Breeding for Muscarinic Hypersensitivity

The Flinders Sensitive Line (FSL) rat is the result of selective breeding for sensitivity to

the hypothermic effect of cholinergic agonists and is based on the hypothesis that central

cholinergic systems are important in depression since increased cholinergic sensitivity has
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been reported in depressed patients. Although bred for cholinergic hypersensitivity, FSL

animals also show a number of other pharmacological abnormalities, including serotoner-

gic hypersensitivity and dopaminergic hyposensitivity [210]. Relative to the control Flin-

ders Resistant Line, FSL animals have a number of characteristics reminiscent of depres-

sion, including cholinergic supersensitivity, increased REM sleep, and reduced locomotor

activity, which is further pronounced following electric footshock [209]. FSL animals also

show greater immobility in the forced-swim test [210]. This behavior was normalized by

chronic treatment with a high dose of imipramine, and partly reversed by DMI or sertra-

line, but was not restored by chronic amphetamine or scopolamine [208,211,244]. FSL

rats also exhibit a greater vulnerability to the suppressive effect of chronic mild stress on

responsiveness to sweet reward [232,233], but behave normally in the elevated plus maze,

a putative animal model of anxiety [208].

While these observations are consistent with a depressive diathesis and greater be-

havioral responsiveness to stress, other data are not. FSL rats have markedly elevated

levels of 5HT, NA, and DA in specific brain areas that are normalized during chronic

treatment with DMI [307,308], and hypothalamic levels of CRH and circulating levels of

adrenocorticotrophic hormone (ACTH) are lower in FSL rats [212], indicating reduced

HPA axis activity, in contrast to the increased HPA axis activity observed in depression.

Similarly, acute and chronic treatments with nicotine, a nonantidepressant, both exhibit

an antidepressant-like effect on the behavior of FSL rats in the forced-swim test [266],

which was blocked by prior treatment with the nicotinic receptor antagonist, mecamyl-

amine [267]. It should be noted that the major pharmacological evidence supporting the

FSL strain as a model of depression derives from studies using the forced-swim test, which

is itself of questionable validity.

VI. MODELS OF OTHER SUBTYPES OF DEPRESSION

Little attention has been paid to the question of subtypes of depression in the development

of animal models, which have tended to focus either on an undifferentiated depressive

state or on melancholia.

Unlike melancholia, no consensus exists that nonmelancholic depression is a homo-

geneous entity, and this issue has been extensively debated. Within the nonmelancholic

spectrum, two syndromes have been described that are of interest in the present context.

One of these is not recognized in DSM-IV, but has features that suggest it might represent

a coherent biological entity. This is a form of depression in which central 5HT activity

is decreased, as indicated by low concentrations of the 5HT metabolite 5-hydroxyindole

acetic acid (5HIAA) in cerebrospinal fluid. These depressions are characterized by high

levels of anxiety and agitation, and Van Praag [273] has suggested that these symptoms

are primary, with depressed mood as a secondary response to a failure to cope with the

consequences. It has been suggested that some animal models of depression which are

characterized by high levels of locomotor activity and/or aggression, may represent mod-

els of this subtype, and these are described below.

A second nonmelancholic subtype of depression is delusional depression (previously

known as psychotic depression). Delusional depression (DSM-IV major depressive epi-

sode with psychotic features) is difficult to translate into behavioral terms, being differenti-

ated from nondelusional depression only by a greater association with psychomotor agita-

tion [203]. Delusional depressions are pharmacologically distinct in that they respond

to ECT or combinations of TCAs with neuroleptics, but not to TCAs alone [202]. The
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development of an animal model that responds to ECS but not to TCAs has not yet been

achieved.

Bipolar disorder is another well-defined diagnostic category for which there are no

animal models. There are a number of animal models of mania [160], but the alteration

of depressive-like and manic-like behavior in an animal model has not yet been systemati-

cally addressed. Indeed, the episodic nature of unipolar depression (e.g., brief recurrent

depression) also remains to be explored in animal models.

A. Social Separation

The presumed etiological role in depression of loss events, and particularly, loss of a loved

one, has led to the development of a number of animal models of depression based on

separation phenomena.

Although the evolutionary proximity of primates has led some authors to consider

primate separation models to be of particular importance [78], they have produced remark-

ably little of value. Precisely because of their evolutionary proximity, the use of primates

sacrifices many of the advantages of animal models, such as the easing of ethical con-

straints, and the possibility of testing adequately sized groups of subjects.

1. Neonatal Isolation

The most familiar of these models involve nonhuman primates, either infants isolated

from their parents, or juveniles isolated from their peer group. The separation response

consists of an initial stage of protest, characterized by agitation, sleeplessness, and distress

calls, followed by despair, characterized by a decrease in activity, appetite, play and social

interaction, and the assumption of a hunched posture and sad facial expression [105,261].

These symptoms are strikingly similar to those of anaclitic depression in institutionalized

children [238]. However, while parental loss in childhood, and bereavement in adults, are

implicated in the etiology of depression, they also increase the risk of a variety of other

psychiatric and nonpsychiatric disorders [40,245]. The nature of the separation response

is sensitive to the environment in which the experiments are carried out [235,261], and

the incidence of depressive behaviors may in some experiments be as low as 15% [150].

The few pharmacological studies using these models have not been impressive. Very

few published studies have attempted to use antidepressant treatments to modify primate

separation behavior, and because of the expense of using primates, the size of experimental

groups in most studies has usually been too small to provide reliable data. Chronic treat-

ment with DMI [113], imipramine [261], oxaprotiline [177], and ECS [149] have been

reported to reverse some, but not all, of the effects of separation in monkeys. Trifluopera-

zine, amphetamine, and diazepam did not affect responses to social isolation in chimpan-

zees [180,269], but some therapeutic effects of chlorpromazine were seen in rhesus mon-

keys [178]. Depressive-like behaviors in singly housed rhesus monkeys are associated

with decreased concentrations of NA in the cerebrospinal fluid, with relatively little effect

on DA or 5HT [138]. Following a return to social housing, NA levels normalize, but the

animals remain hypersensitive to pharmacological challenges of the NA system [136,137].

In fact, separation phenomena of protest followed by despair are present to some

extent in many other species, including cats, dogs, rodents, and precocial birds [120,176],

and several of these phenomena have also been used as the basis of the development of

animal models of depression. One of these, the reactivation of distress calling in 1-week-
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old chicks, appears to perform relatively well as an antidepressant screening test [144].

The vocalizations of guinea pig pups separated from their mothers also respond to anti-

depressants, and this test was used successfully to detect antidepressant-like activity of

the substance P neurokinin-1 (NK1) receptor antagonists [240].

2. Adult Isolation

Chronic (4–6 weeks) isolation of adult rats has been found to cause a disruption of cooper-

ative social behavior [23] reminiscent of the poor social performance of depressed people

[148]. In a single study of the effects of antidepressant treatment, the impairment of social

cooperation in isolated rats was reversed by chronic treatment with either imipramine or

fluoxetine, and the effect of imipramine in this model was abolished by the 5HT antagonist

metergoline [298].

B. Olfactory Bulbectomy

The other major animal model of depression is based on the destruction of the olfactory

bulb in rats, which disrupts the limbic-hypothalamic axis. Bulbectomized (OB) animals

display a variety of behavioral changes, including irritability, hyperactivity, and impair-

ment of passive avoidance learning [44]. Recent observations suggest that OB rats exhibit

increased reactivity together with a reduced rate of habituation to novel stimuli [164] and

changes in the immune system and NA, DA, 5HT, GABA, cholinergic, and glutaminergic

neurotransmitter systems [126]. They also show an elevation of circulating corticosteriod

levels (as do stressed animals), which appears to be an increased corticosteroid response

to stress rather than an increase in basal levels [36]. These changes are reversed by anti-

depressants, including compounds with 5HT1A-receptor agonist activity [34,175], SNRIs

[174], and selective NA reuptake inhibitors [104] in addition to the TCAs. The most

specific antidepressant effect is the reversal of the passive avoidance learning deficit

[44,274], although attenuation of hyperactivity in the open field is nowadays the most

commonly used behavioral predictor of antidepressant activity [126]. However, while all

TCA and atypical antidepressants appear to be effective in this test, MAOIs are not [116].

While repeated administration of TCAs is necessary to normalize behavior in this model,

a limited number of studies suggest that some SSRIs act after acute treatment [117,157].

Recent studies suggest that the OB rat model of depression is insensitive to the potential

rapid-onset antidepressant action induced by concomitant treatment with 5HT1A-receptor

antagonists [60,61]. The implication that the model involves primarily serotonergic mecha-

nisms is supported by the observation that the effects of subchronic treatment with imipra-

mine and mianserin were reverse by acute adminstration of the 5HT2-receptor antagonist

metergoline [35].

Although pharmacologically specific for antidepressants, the face validity of the

olfactory bulbectomy model appears slight. Unlike the stress models, the bulbectomized

rat resembles an agitated hyposerotonergic, rather than a retarded, depression [158], but

beyond hyperactivity, it is difficult to discern any further points of behavioral resemblance.

Indeed, increased irritability and aggression, together with exaggerated reactivity to audi-

tory and tactile stimulation, may reflect additional septal damage. Nevertheless, bulbec-

tomized rats do resemble depressed humans on a surprisingly wide range of peripheral

neurochemical and immunological markers, such as abnormalities of platelet 5HT trans-

port and neutrophil phagocytosis [147].
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C. Waiting Behavior

To the extent that they appear to involve serotonergic mechanisms, two final models may

be related to olfactory bulbectomy. These are two paradigms in which antidepressants

increase the ability of rats to withhold responses.

In one paradigm (differential reinforcement of low rate–72 s; DRL–72 s), pre-

mature responding delays the delivery of reward; the ability of drugs to improve perfor-

mance in this model has been claimed to be an efficient antidepressant screening test

[246], although this has been disputed [223]. In the second paradigm, a larger reward

may be earned by waiting; again, the improvement of performance in this model appears

to be a specific property of a wide range of antidepressants [28]. Drugs that possess

5HT1A-receptor agonist activity are antidepressant-like in both of these waiting paradigms

[13,29,135,236], and in the DRL-72 test, antidepressant effects were blocked by 5HT-

receptor antagonist [165]. The relevance of these behaviors to depression is unclear. In a

different schedule designed to examine accurate estimation of time intervals, acute treat-

ment with antidepressant drugs (imipramine, clomipramine, and zimeldine) failed to mod-

ify timing accuracy [20], suggesting that improvement in performance on DRL schedules,

including SSRIs [256], is most likey due to a reduced rate of lever pressing rather than

improved timing. It has been reported that antidepressant effects in the DRL vary consider-

ably between rats of different strains, or rats of the same strain obtained from different

suppliers [15], and this may account for the discrepancies between different laboratories

[223,246].

Clinical evidence strongly suggests that similar disorders of 5HT function cut across

diagnostic boundaries and are expressed as pathologically impulsive behavior rather than

as any particular disorder [257,290]. Indeed, mice lacking the 5HT1B receptor (5HT1B

knock-out mice) exhibit more impulsive aggressive behavior, drink more ethanol, and

acquire cocaine self-administration faster than wild-type mice [42,243], which reflects (in

part at least) reduced 5HT function [77], and may provide an animal with addiction and

motor impulsivity. In vervet monkeys (Cercopithecus aethiops sabaeus), there appears to

be a clear inverse relationship between serotonin turnover and social impulsivity [80].

The inability to withhold responses in the two rodent waiting models may constitute in-

stances of impulsive behavior and, as such, the effect of antidepressants in these paradigms

may not relate specifically to depression.

VII. GENOMIC MODELS

In this review, we have focused on behaviorally defined animal models of depression,

and exclude from consideration a number of older tests, now little used, based on interac-

tion between antidepressants and a range of other pharmacological agents, such as reser-

pine, tetrabenazine, amphetamine, yohombine, apomorphine, and clonidine. Generally

speaking, the predictive validity of these tests is poor, and their face and construct validity

as simulations of depression is minimal or zero. Although still in use, this is largely con-

fined to mechanistic studies.

Of greater current interest, a number of genomic models have recently been exam-

ined for their possible relevance to depression. Although their success is as yet limited,

we review them here as potentially the shape of things to come.
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A. HPA Transgenic

In depressive illness, the secretion of CRH from the paraventricular nucleus of the hypo-

thalamus is under the control of a glucocorticoid receptor-mediated inhibitory feedback

system. Conditions of extreme, prolonged stress cause reduced sensitivity of the glucocor-

ticoid receptor, thereby reducing the effectiveness of the feedback loop, resulting in hyper-

cortisolemia. A transgenic mouse strain expressing glucocorticoid receptor antisense has

been described which exhibits dysfunction of the HPA axis in a manner similar to that

seen in depressive illness [195,220]. Chronic treatment with antidepressants reduces

plasma cortisol and ACTH levels [195,221] by increasing glucocorticoid-receptor mRNA

expression [17], with a subsequent elevation of glucocorticoid-receptor activity resulting

in increased sensitivity of the HPA axis to glucocorticoid negative feedback [18]. How-

ever, while behavioral and neuroendocrine responses to stress are modified in transgenic

mice [81,155], the direction of these changes is inconsistent with a model of depressive

illness: relative to wild-type controls, transgenic mice exhibit reduced immobility in the

forced-swim test and less anxiety-related behavior on the elevated plus maze but increased

aggressive behavior [21,195]. All of these changes are in the direction opposite to those

expected.

B. 5HT Transporter Knockout

The serotonin reuptake transporter (5HTT) is pivotal in the inactivation and control of

serotonergic neurotransmission, and blockade of the serotonin transporter is the principal

target of the TCA, SSRI, and SNRI drugs. Investigations of subjects that lack the sero-

tonergic transporter, while not a model of depression, may provide insight into the adaptive

mechanisms associated with a permanent lack of serotonin reuptake. Recent studies sug-

gest that 5HTT knock-out mice show regional differences from wild-type mice in terms

of 5HT1A-receptor protein and mRNA expression (reduced in dorsal raphe, hypothalamus,

amygdala, and septum, but increased in hippocampus [79,143,153], that are associated

with reduced functional sensitivity to the hypothermic effects of the 5HT1A-receptor ago-

nist 8-hydroxy-2-(di-n-propylamino)tetraline (8-OH-DPAT) [152]. Similarly, 5HT2A-re-

ceptor density is also reduced in 5HTT knock-out mice [237]. Interestingly, the desensiti-

zation of 5HT1A autoreceptors in 5HTT knock-out mice is further enhanced by exposure

to stressful conditions [143].

C. CRH Receptor Subtype Knockouts

CRH is a critical coordinator of the HPA axis and subtypes of CRH receptors, CRH-R1

and CRH-R2, are found throughout the central nervous system and peripheral tissue. CRH

has higher affinity for the CRH-R1 receptor, while urocortin (a CRH-related peptide)

exhibits 40-fold selectivity for the CRH-R2 receptor. CRH-R1 knockout mice exhibit anxi-

olytic-like behavior, which may be due to impaired spatial recognition memory [56], to-

gether with characteristic responses to stress [265] indicative of disrupted HPA axis [254].

In contrast, CRH-R2 knockout mice exhibit increased anxiety-like behavior and are hyper-

sensitive to stress [16].

D. Tachykinin Receptor Knockout

The NK1 receptor is expressed in brain areas associated with the control and management

of depressive illness, anxiety, stress, and sensitivity to the rewarding properties of food and
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drugs of abuse. Indeed, antagonists at the NK1 receptor have been suggested as potential

antidepressant drugs with a novel mode of action [89,240,241]. The NK1-receptor knock-

out mouse is not an animal model of depression. Rather, these mice show behavioral

changes similar to those elicited by antidepressants in normal mice, including a decrease

in neonatal vocalization following maternal separation, decreased aggressive behavior in

the resident-intruder test, and decreased immobility in the forced-swim and tail-suspension

tests [241]. NK1-receptor knock-out mice also exhibit a loss of the rewarding properties

of morphine, together with reduced physical response to opiate withdrawal, but their re-

sponse to cocaine is unchanged [197], suggesting that this may reflect a specific interaction

with opioid systems, rather than a general effect on brain reward mechanisms.

VIII. OBSERVATIONS

Animal models of depression have traditionally been defined primarily by their respon-

siveness to antidepressant drugs, and, consequently, this term encompasses a range of

different procedures that are difficult to subsume within a simple conceptual structure.

Previous reviews [291] have suggested that a broad distinction can be made between two

groups of models, which is preserved in the present review. There are various, partially

overlapping, ways of defining the two groups: by etiology, symptomatology, and physio-

logical basis. Thus, one group of models, here defined as models of anhedonia (although

this is not demonstrated for the forced-swim test or submissive behavior models) are

brought about largely by stress (although this is difficult to argue in the case of the neonatal

antidepressant model), and reflect primarily impairments of catecholaminergic transmis-

sion (to the extent that the physiological substrates are known). The second group (other

models) may involve aspects of impulsive behavior, may be related to social isolation,

and may reflect impairment primarily of 5HT. The tentative nature of the generalizations

is all too obvious. However, they do provide hypotheses that bring animal models into

contact in traditional monoamine theories of depression, and suggest ways in which those

theories might be tested and amplified [287,291]. It does seem important that the diversity

of depressive symptomatology is matched by a similar diversity in the phenomenology

expressed in animal models, and this consideration may justify the continued use of models

that have little face or construct validity.

It was noted earlier that while the etiology of depression probably involves multiple

factors, animal models have tended to be unifactorial. An interesting trend is that symp-

toms characteristic, or at least reminiscent, of depression may be generated in animal

models in various ways. Thus, anhedonia is subject to genetic influences (strain differences

in the anhedonic effects of uncontrollable shock or chronic mild stress) [232,304]; epi-

genetic influences (neonatal antidepressant treatment) [278]; acute severe stress (uncon-

trollable shock) [304]; chronic mild stress [299]; and psychomotor stimulant withdrawal

[131]. Similarly, immobility time in the forced-swim test is increased by genetic influences

(strain differences) [210]; epigenetic influences (neonatal antidepressant treatment) [110];

acute stress (defeat or uncontrollable shock) [134,284]; and chronic stress (defeat) [139].

Studies of combinations of etiological factors are clearly warranted: an understanding of

the manner in which different factors (in particular, predisposing and precipitating factors)

interact to generate depression-like symptoms in animals models would be of considerable

interest to both basic researchers and clinicians.

It remains the case that the greatest immediate contribution of animal models of

depression is likely to be in relation to the elucidation of the mechanisms of action of
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antidepressant drugs. Thirty years of clinical experience have given rise to two widely

accepted axioms: that only rarely do antidepressants cause discernible clinical improve-

ment within the first 2 weeks of treatment and that they are devoid of mood-elevating

effects in normal human subjects. The clinical requirement for chronic treatment regimes

has led to a considerable literature describing the effects of chronic antidepressant adminis-

tration in normal animals, and numerous changes in pre- and/or postsynaptic receptor

function have been reported in a variety of systems. These descriptive studies are an essen-

tial first step toward establishing mechanisms of antidepressant action. However, the in-

ability to determine which of the many effects of antidepressants are responsible for their

therapeutic actions constitutes a fundamental limitation of this approach, which has not

been widely recognized. The development of chronic animal models, in which an abnormal

state is induced and maintained for a prolonged period during which therapy can be admin-

istered, provides a powerful methodology for investigating these problems.

Although they have as yet made little impact, it is to be expected that genomic

models will play a significant role in these developments. However, it will be important

not to lose sight of the fact that genetic and genomic models are mostly of relevance to

the predisposition to depression rather than to precipitation of depressive episode. Studies

in which valid and realistic models of predisposition to depression are combined with

valid and realistic precipitation models are awaited with interest.

Finally, although this review has not been concerned with the problem of screening

for antidepressant activity, it is clear that some of the models discussed could profitably

be incorporated into antidepressant screening programs. It has traditionally been a major

consideration in the design of antidepressant screening tests that they respond to acute or

subacute drug administration. As a direct consequence, they are incapable, by virtue of

their design, of responding to the major current challenge of discovering new antidepres-

sants that have a shorter onset of action. By contrast, it is implicit in their protracted time

course that chronic realistic animal models do have the capacity to detect a rapidly acting

novel antidepressant. In fact, most pharmaceutical companies have now abandoned the

high volume, random screening approach in favor of the development of a small number

of compounds specifically designed to meet predetermined pharmacological criteria. In

such a program, the place of behavioral screening methods shifts from the discovery phase

to the development phase, and the logistical disadvantages of using complex, chronic

models are small relative to the costs of testing an ineffective drug in the clinic.
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I. INTRODUCTION

Considerable evidence is available in the literature that supports the idea that brain mono-

amine systems play a key role in the pathogenesis of affective disorders, in particular

depression. These hypotheses have primarily taken the form of proposing abnormal regula-

tion in serotonin (5HT) [1], and the catecholamines norepinephrine [2,3], and dopamine

[4] in the disorder. 5HT is known to be involved in the regulation of a wide variety of

functions, including mood, anxiety, aggression, sleep, appetite, and sexual function, al-

though it has to be acknowledged that the precise details of the mechanisms involved are

not fully understood. There are many data available showing that, besides 5HT, both

dopamine and norepinephrine also are involved in the pathogenesis of depression and its

treatment. Brain catecholamines are thought to be involved in the regulation of mood,

anxiety, appetite motivation, rewards, and attention to novel environmental stimuli and

most patients with depression show disturbances in these functions.

The situation regarding how to evaluate the potential role of monoamines in depres-

sion has been hampered by the fact that, until recently, it has not been possible to measure
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brain 5HT and catecholamines directly, which means that researchers had to rely on indi-

rect evidence for the involvement of these transmitter systems in the pathogenesis of de-

pression and their role in antidepressant treatment modalities. Over the past years, neuro-

transmitter depletion paradigms have provided another means of examining the systems

involved and have become important tools in investigating the role of monoamines in

depression and its pharmacological and nonpharmacological treatments. The purpose of

this chapter is to present biochemical and behavioral data concerning the role of mono-

amine systems in the pathogenesis of depression and antidepressant treatment modalities.

II. BASIC CONCEPTS

A. Catecholamine Depletion

Of various methods employed for modifying the functions of sympathetic nervous sys-

tems, a unique and successful one has been the inhibition of catecholamine biosynthesis

by α-methyl-para-tyrosine (AMPT) [5,6]. AMPT decreases norepinephrine and dopamine

levels via inhibition of tyrosine hydroxylase, a rate-limiting enzyme in the synthesis of

both transmitters [7]. AMPT is adequately absorbed from the gastrointestinal tract and

the degree of inhibition achieved in humans approximates the values, which could be

predicted from the plasma levels of the drug [8]. Originally, the drug was used to success-

fully treat pheochromocytoma, whereas in cases with essential hypertension the drug was

not successful. In clinical investigations, AMPT (in dosages ranging from 1 to 4 g/day)

leads to profound decreases in urinary excretion of catecholamine metabolites and cerebro-

spinal fluid levels of the dopamine metabolite homovanillic acid (HVA), with no change

in the 5HT metabolite 5-hydroxyindoleacetic acid (5HIAA) [5,6,9]. A maximal reduction

of catecholamine metabolites during AMPT treatment occurs after 2 to 3 days of treatment

[8,10].

In the initial studies unrelated to depression, researchers noted the central nervous

system effects of AMPT, and reported sedation (generally mild, but to varying degrees),

anxiety, agitated depression, and changes in sleep pattern after withdrawal of the medica-

tion. In addition to these changes in mood and mental activity, adverse effects related to

neuromuscular activity appeared in some patients. The symptoms included mild tremor

of the hands and, in the most severe form, gross tremor of the hands and legs unaffected

by rest or movement. Other side effects are diarrhea, galactorrhea, crystalluria and urolithi-

asis, and decreased salivation. As with mood changes, all these effects disappeared rapidly

with cessation or reduction of drug dose. Altogether, balancing the risks of toxicity versus

therapeutic benefit, it seemed reasonable to continue to utilize AMPT for therapeutic pur-

poses only in specific cases of patients with malignant pheochromocytoma. In contrast,

in carefully conducted clinical trials including medically healthy subjects, manipulations

of central catecholamines with AMPT offer a unique opportunity to identify transmitter

systems that are believed to play a role in depression, and to further understand brain

structures and transmitter systems being involved in the effects of antidepressants.

B. Tryptophan Depletion

The aim of tryptophan depletion is to lower brain 5HT by depleting its precursor trypto-

phan. Most of the tryptophan in plasma is protein bound, with only about 5% being left

free and available for transport across the blood–brain barrier by an active protein shuttle

for which five other large amino acids (valine, leucine, isoleucine, phenylalanine, and
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tyrosine) also compete. Once in the brain, the initial step in the biosynthesis of 5HT is

the conversion of L-tryptophan to 5-hydroxytryptophan, a reaction catalyzed by the rate-

limiting enzyme tryptophan hydroxylase [11]. The Michaelis constant for tryptophan hy-

droxylase is higher than tryptophan concentration in the brain, suggesting that under physi-

ological conditions the activity of this enzyme is limited by the availability of the substrate

[12]. Animal studies have shown that the synthesis and content of 5HT in rat brain vary

in parallel with brain tryptophan concentrations [13]. Moreover, it has been shown that

increase in brain tryptophan concentration raises 5HT release in vitro [14,15] and in vivo

[16,17], although some studies disagree with these findings [18,19]. In summary, the con-

centration of brain 5HT depends upon the availability of its precursor tryptophan.

Preclinical data show that the acute administration of a tryptophan-free amino acid

mixture of essential amino acids produces a rapid and substantial decrease in plasma tryp-

tophan levels, associated with a decrease in brain tryptophan, brain 5HT, and 5HIAA

levels in rats [20]. Studies in humans show profound decreases of plasma tryptophan levels

[21,22], and cerebrospinal fluid levels of 5HIAA [23,24] after oral administration of an

amino acid mixture without tryptophan. A positron emission tomography study of humans

showing a marked lowering of brain 5HT synthesis induced by tryptophan depletion con-

firms the assumption that brain serotonergic activity is transiently reduced during trypto-

phan depletion [25]. However, it has to be acknowledged that uptake of alpha-methyl L-

tryptophan is not clearly established as a reliable indicator of 5HT synthesis.

Two mechanisms are responsible for the transient decrease in brain 5HT activity

during tryptophan depletion: (1) the amino acid mixture (Table 1) given to the subjects

during tryptophan depletion stimulates protein synthesis in the liver, which uses up plasma

tryptophan, and (2) the amino acid mixture contains large amounts of other neutral amino

Table 1 Amino Acids Used for Tryptophan Depletion

Versus Sham Depletion

Makes one beverage

L-Alanine 5.5 g

Glycine 3.2 g

L-Histidine 3.2 g

L-Isoleucine 8.0 g

L-Leucine 13.5 g

L-Lysine 11.0 g

L-Phenylalanine 5.7g

L-Proline 12.2 g

L-Serine 6.9 g

L-Threonine 6.9 g

L-Tyrosine 6.9 g

L-Valine 8.9 g

L-Methionine 12.0 g

L-Arginine 19.6 g

L-Cysteine 10.8 g

During sham depletion the beverage

contains additional amino acid

L-Tryptophan 2.3 g
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acids, which compete with tryptophan for transport across the blood–brain barrier and

thus restrict uptake of tryptophan into the brain. Both mechanisms lead to the rapid and

substantial, albeit transient, reduced synaptic availability of 5HT in the brain. The value

of a depletion paradigm depends on whether the method is reliable, reversible, and specific.

All three issues have been addressed in several studies and have shown that the tryptophan

depletion method fulfills all three requirements for a meaningful research tool [26–29].

In particular, studies in monkeys [30] and humans [31] showed that tryptophan depletion

did not change the metabolism of other neurotransmitters, whereas levels of tryptophan

and 5HIAA in plasma and cerebrospinal fluid, respectively, were lowered. Thus, if the

effects of tryptophan depletion can be attributed to changes in a transmitter system in the

brain, it is probably 5HT systems that are affected.

III. CATECHOLAMINE DEPLETION STUDIES

A. Healthy Subjects

In order to evaluate the role of catecholamines in regulation of mood, anxiety, alertness,

and its potential role in the pathogenesis of psychiatric disorders, it is important to study

the effects of catecholamine depletion in healthy volunteers. Treatment with AMPT has

been shown to induce pronounced increases in sleepiness and mild increases in negative

mood and anxiety when administered to healthy male controls [32]. Noteworthy is the fact

that replacement of catecholamine stores with L-dopa reverses the effects of catecholamine

depletion, and is associated with a more rapid recovery from AMPT effects than when

subjects are treated with AMPT alone. Another study of the same group comparing the

psychological effects of AMPT alone versus AMPT plus 40.5 h of total sleep deprivation

[33] suggests that catecholamines may be involved in mood changes during sleep depriva-

tion. Combined treatment with AMPT and sleep deprivation led to significant increases

in negative mood, whereas no treatment alone produced consistent mood changes. With

the use of a different methodology to deplete catecholamines, by administering an amino

acid mixture deficient of phenylalanine and tyrosine, Leyton and colleagues [34] induced

lowered mood and energy and increased irritability scores in a group of healthy women.

Interestingly, the behavioral changes induced by catecholamine depletion were similar to

those found during tryptophan depletion in the same group of subjects. In both conditions,

the behavioral effects were more pronounced following exposure to aversive psychological

events. Another study suggests that acutely decreased catecholamine transmission may

disrupt mechanisms mediating alcohol self-administration [35]. Together, these studies

support the role of catecholamines in a variety of human behaviors and also suggest that

disturbed catecholamine transmission may predispose humans to various psychiatric disor-

ders, including depression and anxiety.

B. Depression

The role of norepinephrine and dopamine in the pathogenesis of depression and in the

mechanisms of action of antidepressant drugs has been the subject of intensive research

during the past decades. A comprehensive overview of catecholaminergic function in de-

pression is beyond the scope of this chapter, which is to show the biochemical and behav-

ioral effects of catecholamine depletion in depressed patients in different states of their

illness, and the implications for our understanding of the pathogenesis of depression and

its treatment. In the initial studies performed by Bunney and colleagues at the National

Institute of Health [10] demonstrated the antimanic effects of AMPT in a small group of
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manic patients, whereas three of four unipolar psychotic depressed patients showed an

increase in depression on AMPT. However, small sample sizes and the lack of a control

or placebo group limit the interpretation of these initial findings. More recent studies

addressing these methodological shortcomings showed that drug-free, untreated, symp-

tomatic depressed patients had significant increased visual analogue ratings of “tired,” and

decreased ratings of “energetic.” However, there was no alteration in mood reported by the

authors [36]. This finding suggests that a simple norepinephrine or dopamine deficiency

hypothesis is insufficient to explain the neurobiological basis of depression. Rather, the

role of noradrenergic systems needs to be considered in relation to many other neurobio-

logical factors that may be involved in the pathogenesis of depression. An alternative

explanation could be that, during a depressive state, the catecholamine systems are already

maximally dysfunctional and thus further manipulations do not worsen the condition of

the patient.

Studies of the effects of AMPT on patients remitted on antidepressants or remitted

off medications provided further insight into the pathogenesis of depression and mecha-

nisms of action of different antidepressants (Table 2). Depressed patients in remission and

on noradrenergic antidepressants (desipramine and mazindol) experienced a depressive

relapse during catecholamine depletion, whereas those patients whose remissions were

maintained with the selective 5HT reuptake inhibitors (SSRIs) fluoxetine and sertraline

remained well during catecholamine depletion [37]. The administration of AMPT induced

core symptoms of depression, such as depressed mood, loss of interest, anhedonia, cogni-

tive disturbances, and sense of worthlessness and failure. Another study reported the recur-

rence of depressive symptoms induced by catecholamine depletion in a group of patients

with seasonal affective disorder remitted on light therapy [31]. These findings disagree

with a small study of three depressed patients with a favorable treatment response to

imipramine [38]. However, besides the fact that the sample size of that study was small

and there was no control situation, it has to be considered that imipramine is a potent

5HT reuptake inhibitor as well as a norepinephrine reuptake inhibitor. Findings that cate-

cholamine depletion disrupts the antidepressant effects of catecholaminergic, but not sero-

tonergic, antidepressants, whereas tryptophan depletion reverses the antidepressant effects

of serotonergic antidepressants, but not catecholaminergic antidepressants [39], argue

against a single monoamine-related mechanism of action of antidepressants. However,

such studies suggest that enhanced catecholamine function is important to maintain re-

sponse to noradrenergic antidepressants, and enhanced serotonergic function is important

to maintain response to serotonergic antidepressants.

State-related changes in catecholamine function have been described in depressed

subjects, whereas enduring abnormalities have been less reliably identified. A recent cate-

cholamine depletion study in fully remitted, medication-free, formerly depressed subjects

showed a depressive relapse in these subjects during catecholamine depletion, but not

during sham depletion [40]. The authors argue that this depressive relapse may represent

a reliable marker for a history of depression. Further studies are needed to clarify the

importance of this finding.

IV. TRYPTOPHAN DEPLETION

A. Healthy Subjects

Studies of tryptophan depletion in healthy subjects have shown inconsistent results.

Healthy male subjects with their baseline ratings of depression in the upper normal range
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Table 2 Monoamine Depletion Studies in Patients with Depression

Structure Study design Ref. Subjects (n) Intervention Outcome

A. Untreated depressed patients

Untreated, symptomatic Double-blind, placebo- 57 43 TD vs. SD Bimodal mood response one

depressed patients controlled, balanced cross- day after TD: 37% of pa-

over study tients show decrease of

HDRS total score, 23% in-

crease of HDRS score

Untreated symptomatic Double-blind, placebo- 36 17 AMPT vs. diphen- No exacerbation of depressive

depressed patients controlled, balanced cross- hydramine syndrome

over study

Untreated, symptomatic de- Double-blind, placebo-con- 56 11 TD vs. SD No exacerbation of depressive

pressed patients trolled, balanced cross-over syndrome

study

Untreated, symptomatic Double-blind, placebo- 55 22 TD vs. SD Cortisol response to i.v.

depressed patients, mCPP controlled, balanced cross- mCPP greater during TD

Infusion during depletion over study than SD

Untreated, symptomatic Double-blind, placebo- 54 38 TD vs. SD Depressive symptoms de-

depressed patients, TRP- controlled, balanced cross- creased after i.v. TRP fol-

Infusion at maximum point over study lowing TD, not SD

of depletion
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B. Remitted depressed patients on treatment

Responders to imipramine Open label 38 8 AMPT vs. PCPA Transient depressive relapse

after PCPA

Remitted depressed patients Double-blind, placebo- 58 20 TD vs. SD Transient depressive relapse in

on SSRI citalopram controlled, parallel-group 5/12 patients after TD, not

design SD

Remitted depressed patients Double-blind, placebo- 59 21 TD vs. SD Transient depressive relapse in

on SSRIs controlled, balanced cross- 7 patients after TD, not SD

over study

Remitted depressed patients Double-blind, placebo- 27 21 TD vs. SD Transient depressive relapse in

in antidepressant-induced controlled, balanced cross- 14 of 21 after TD

remission over study

Fluoxetin- or desipramin- Double-blind, placebo- 39 30 TD vs. SD 8/15 FLU responders re-

responders controlled, balanced cross- lapsed, 1/15 DMI respond-

over study ers relapsed after TD, not

SD

Sleep deprivation responders Double-blind, placebo- 31 30 TD vs. SD TD did not induce depressive

controlled, balanced paral- relapse, but prevented re-

lel-group design lapse after recovery night

Light therapy-induced remis- Double-blind, placebo- 21, 67 10 TD vs. SD Transient depressive relapse

sion �14 days controlled, balanced cross-

over study

12
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Table 2 Continued

Structure Study design Ref. Subjects (n) Intervention Outcome

C. Remitted depressed patients off treatment

Fully remitted drug-free Double-blind, placebo- 40 14 TD vs. SD Transient depressive relapse

patients controlled, balanced cross-

over study

Patients fully remitted, off Double-blind, placebo- 63 12 TD vs. SD Transient depressive relapse

therapy during summer controlled, balanced cross-

over study

Remitted drug-free patients Double-blind, controlled, 64 24 (including TD vs. SD Transient depressive relapse

balanced cross-over study 12 healthy HC�P

controls)

Remitted drug-free patients Double-blind, placebo- 65 15 Women TD vs. SD Transient depressive relapse

controlled, balanced cross- after TD, not SD

over study

Patients fully remitted, off Double-blind, placebo- 67 22 (including TD vs. SD No deterioration of condition

therapy during summer controlled, balanced cross- 10 healthy in patients and controls

(SAD) over study, including controls)

healthy controls

Patients fully remitted, off Double-blind, placebo- 66 14 TD No exacerbation of depressive

therapy controlled, balanced cross- syndrome

over study

TD, tryptophan depletion; SD, sham depletion; CD, catecholamine depletion; AMPT, α-methyl-para-tyrosine.
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exhibit a transient worsening of their mood during tryptophan depletion, although never

amounting to clinical depression [22,28]. In contrast, healthy male subjects who were

euthymic at baseline and who were rigorously screened for any psychiatric or somatic

illness remained unaffected by tryptophan depletion [41]. Healthy male controls with a

multigenerational family history for major affective disorders reported a greater reduction

in mood induced by tryptophan depletion than healthy controls without a positive family

history [42]. Tryptophan depletion studies in female subjects with no personal history of

depression showed an increased risk of developing depressive symptoms during trypto-

phan depletion. In some tryptophan depletion studies in healthy female controls, family

histories of affective disorders were assessed and were positive [43], negative [26,43],

and in one study unknown [44]. These studies consistently showed an increased risk for an

exacerbation of depressive symptoms during tryptophan depletion with more pronounced

effects when the family history is positive. However, another study reported no mood-

lowering effects of tryptophan depletion in healthy females with a negative family history

of depression [45], and several studies report no mood-lowering effects of tryptophan

depletion in healthy female subjects [46,47].

Other studies have focused on the memory and cognitive effects of tryptophan deple-

tion and showed that tryptophan depletion impairs long-term memory formation and inter-

feres with the process of memory consolidation [48,49]. Tryptophan depletion did not

affect other measures of frontal functioning. Sleep disturbances represent another key

symptom of depressive disorders and thus it has also been of interest whether tryptophan

depletion induces sleep abnormalities including changes in sleep continuity or architecture.

Studies reported reduced REM latency after tryptophan depletion [50,51], but one study

disagrees with this finding [46]. Another field of interest is whether reduced 5HT activity

during tryptophan depletion induces changes in aggressive behavior since reduced brain

serotonergic activity is believed to play a role in aggression or suicidal behavior. A recent

study in humans shows that tryptophan depletion indeed induces a rise in ratings of aggres-

sion in subjects with high-trait aggression but has little effect on those with low-trait

aggression [52]. Acute ethanol consumption may be associated with a decrease in trypto-

phan availability, and may induce aggressive behavior in susceptible individuals [53].

Behavioral responses to tryptophan depletion in healthy subjects show a high vari-

ability. There are subgroups of subjects who appear to be at a greater risk of developing

depressive symptoms during tryptophan depletion. Possible explanations include a positive

family history of depression, gender, and possibly high, albeit not reaching the levels of

clinical depression, baseline ratings of depression. An intriguing finding is the association

between the serotonin transporter gene promoter polymorphism (5HTTLPR) and the be-

havioral responses to tryptophan depletion in a group of healthy female subjects with and

without family history of depression [53a]. The study showed subjects with the short

allele of the promoter region at increased risk of developing depressive symptoms during

tryptophan depletion relative to subjects with the long allele. Future studies must confirm

the relevance of this initial finding and will answer the clinically and scientifically relevant

question of whether the short allele of the 5HTTLPR polymorphism is associated with

an increased risk of developing depression, as was hypothesized by the authors.

B. Depression

To test the hypothesis that decreased 5HT function is associated with depression, several

studies were performed, including untreated, symptomatic depressed patients prior to initi-
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ation of antidepressant treatment [54–57]. It was hypothesized that tryptophan depletion

would lead to an exacerbation of the depressive syndrome.

However, the results of these studies were somewhat unexpected. It was consistently

shown that tryptophan depletion did not exacerbate depressive symptoms in these subjects.

In two studies [54,57], some patients showed an improvement in their condition on the

day after tryptophan depletion. The failure to aggravate depression by depleting brain 5HT

can be explained by the fact that brain 5HT function is already maximally dysfunctional

in depressed patients and thus further lowering of 5HT activity has no greater effects on

depressive symptoms. Alternatively, it can be hypothesized that disturbed 5HT function

does not explain the biological basis of depression, and that there is no direct relationship

between severity of depressive symptoms and brain 5HT function. A possible explanation

for the improvement in symptoms the day after tryptophan depletion is an upregulation

of postsynaptic 5HT receptors because of the decreased release of 5HT at the synapse

during tryptophan depletion. Typically, 5HT levels are restored the day after tryptophan

depletion and the net effect is an enhancement of brain 5HT function, resulting in an

improvement of the patient’s condition.

Intensive research using tryptophan depletion has been done during the past years

to study the role of 5HT in the mechanism of action of antidepressant drugs, and nonphar-

macological treatments for depression, such as light therapy and sleep deprivation. The

hypothesis of these studies was that antidepressant treatments lead to an enhancement of

brain 5HT function and that tryptophan depletion will disrupt the antidepressant effects.

This has now been tested in multiple studies and researchers found that tryptophan deple-

tion indeed reverses the antidepressant effect of antidepressant treatments, in particular

that of SSRIs [27,39,58,59]. The depressive symptoms evoked by tryptophan depletion

were often similar to those experienced by the patient during a depressive episode. The

behavioral responses to tryptophan depletion were substantially more pronounced in sub-

jects who had been successfully treated with SSRIs relative to responses in subjects who

were treated with noradrenergic antidepressants [37,39]. This finding, and the finding that

catecholamine depletion predominantly induces a depressive relapse in subjects treated

with noradrenergic antidepressants, suggests that enhanced serotonergic or noradrenergic

transmission is necessary to maintain the antidepressant responses to SSRIs or noradrener-

gic agents, respectively. Another issue that affected the depressive relapse after tryptophan

depletion was the length of the remitted state of the patient. Patients who were recently

remitted were at higher risk of developing depressive symptoms during tryptophan deple-

tion than those being remitted for a longer period. This suggests that antidepressants induce

biological changes in the neuron that make the subjects less vulnerable to acute changes

in brain 5HT function.

Nonpharmacological, albeit biologically based, treatments for depression include

light therapy and sleep deprivation. Light therapy is the treatment of first choice for pa-

tients suffering from seasonal depression during fall and winter and has been shown to be

effective in nonseasonal depression when given in conjunction with other antidepressant

treatment modalities [60]. Tryptophan depletion [31,61] and catecholamine depletion [31]

reversed the antidepressant effects of light therapy, suggesting that both transmitter sys-

tems are involved in the mechanism of action of light therapy. Several lines of evidence

suggest that sleep deprivation exerts its antidepressant effects by enhancing serotonergic

transmission. To test this hypothesis, patients who responded to a single night of total

sleep deprivation underwent tryptophan depletion or sham depletion [62]. It was expected

that tryptophan depletion would reverse the antidepressant effects of sleep deprivation.
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Unexpectedly, tryptophan depletion did not reverse the antidepressant effects of sleep

deprivation, but rather prevented the otherwise naturally occurring depressive relapse after

the recovery night. The authors concluded that it seems to be unlikely that serotonin alone

mediates the antidepressant effects of sleep deprivation; however, serotonergic mecha-

nisms may play an important role.

The effects of tryptophan depletion in formerly depressed, fully remitted patients off

medication is of particular interest for understanding the role of 5HT in the pathogenesis of

the disorder. It might be expected that these subjects are specifically vulnerable to the

depressogenic effects of tryptophan depletion. The majority of the studies [63–65] re-

ported a depressive relapse induced by tryptophan depletion whereas subjects remained

well during sham depletion. However, two studies found no exacerbation of depression

during tryptophan depletion [66,67]. These discrepancies may be explained by the dif-

fering length of remission among the different studies as well as by differing study popula-

tions. The depressive relapse induced by tryptophan depletion in remitted patients off

therapy suggests that these subjects remain vulnerable to changes in 5HT function. Inter-

estingly, one study showed that the majority of subjects who relapsed during tryptophan

depletion experienced further depressive episodes in the near future [68]. Thus, tryptophan

depletion may be capable of predicting the future course of depression.

V. SUMMARY

The data obtained from monoamine depletion studies provided us with further insight into

the neurobiological systems involved in the pathogenesis of depression and also into the

mechanisms of action of pharmacological and some nonpharmacological treatment modal-

ities, such as light therapy and sleep deprivation. It became obvious that monoamines do

not have a direct effect on regulating mood, but rather have a modulator role on other

neurobiological systems that have to be identified. However, adequate function of mono-

amines is necessary to achieve and maintain an antidepressant response in depressed pa-

tients on and off medications. Thus far, tryptophan depletion has been a research tool,

and most probably this will not change in the near future. Future reasearch should further

increase our knowledge about the changes in transmitter function and its implications on

other neurobiological systems induced by tryptophan depletion. This may become of clini-

cal relevance since preliminary evidence suggests that, at least in a subgroup of depressed

patients, tryptophan depletion is capable of inducing a transient, albeit clinically signifi-

cant, improvement in depressive symptoms.
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I. INTRODUCTION

Depression is a growing burden, both in terms of quality of life of the patient and his or

her family and economic burden to society. Current projections indicate that the global

burden of depression will rank second only to ischemic heart disease by 2020 [69a], while

the current costs of depression are comparable to those of other major illnesses such as

cancer, AIDS, and coronary heart disease [42]. An additional factor that adds to the long-

term clinical and economic impact of depression is its recurrence and chronicity. Yet

despite the adverse effects of depression on the patient and on society, for over 40 years

effective antidepressants have been available that can reduce the burden of the condition.

Indeed it has been calculated that of those depressed patients who seek treatment, less

than half are prescribed antidepressants and, of these, only about 25% are adequately

treated [50]. This situation has led to the concept of the iceburg of depression, which

implies that only a minority of patients in the community suffering from the condition

are properly diagnosed and even fewer treated with an appropriate antidepressant in an

adequate dose for an adequate length of time. Consensus guidelines are available that

recommend the appropriate dose and length of treatment necessary [11].

The advent of better tolerated antidepressants, such as the selective serotonin reup-

take inhibitors (SSRIs) and a host of second-generation antidepressants, combined with

numerous educational programs to increase the awareness of clinicians and the general

public of the burden of depression, has had only very limited impact on the diagnosis and
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treatment of the condition [27]. The reasons for this unfortunate state of affairs are numer-

ous and complex [66], but the perception that the efficacy of antidepressants is limited and

that their side effects are frequent and unacceptable to the patient undoubtedly contribute to

poor compliance and treatment failure.

The purpose of this chapter is to consider some of the pharmacological factors that

may contribute to the limitations in the efficacy of antidepressants and how these issues

are being addressed by the application of new research arising from studies of the etiology

of depression and how antidepressants may act on subcellular mechanisms within the

neuron.

II. BIOLOGICAL MARKERS OF DEPRESSION

Over the past 10 years, a number of biological changes have been reported to occur fairly

consistently in untreated patients with major depression. These are summarized in Table

1. Such markers may have not only a diagnostic value but also a means to monitor treat-

ment response. These markers may be divided into five main areas, namely those involving

changes in the neuroendocrine axis, in serotonin neurotransmission, in the sleep architec-

ture, in brain structure, and, more recently, in the expression of genes that regulate neuro-

transmitter function. These will be briefly considered.

A. Changes in the Neuroendocrine Axis

It is well established that the hypothalamic–pituitary–adrenal (HPA) axis is hyperactive

in patients suffering from major depression, particularly those with melancholic and/or

psychotic features [18,57,89]. The predominant abnormalities in the dysfunction of the

HPA axis in such patients include hypercortisolemia, increased 24-h urinary excretion of

cortisol, resistance to the suppression of cortisol by dexamethasone, a blunted adrenocorti-

cotropic hormone (ACTH) response to corticotropic releasing factor (CRF), and hyperse-

cretion of CRF. Most of these changes in the HPA axis are normalized following the

effective treatment of the depressed patient and would therefore appear to be state markers

of the condition. Other factors that indicate that the HPA axis is hyperactive in depression

include an enlargement of the adrenal glands [87] and a hypersecretion of arginine vaso-

pressin (AVP) by the pituitary gland [26]. It is also of interest that an increase in the size

of the pituitary gland has been reported in a small group of patients with major depression

[51], which lends support to the view that a hypersecretion of CRF is a major factor in

causing these changes in the HPA axis.

1. Role of CRF in Depression

It is widely accepted that stress acts as a major trigger factor in depression in genetically

vulnerable individuals. CRF, together with AVP, plays a major role in the physiological

and behavioral responses to stress. For example, in experimental studies it has been shown

that the central administration of CRF produces symptoms such as anorexia, loss of libido,

disruption of the sleep profile, and changes in general activity that simulate those seen in

patients with major depression [102]. CRF produces its physiological effects by stimulat-

ing CRF1 and CRF 2 receptors. These receptors are members of the G-protein-coupled

family, which stimulates intracellular adenylate cyclase activity. Both types of CRF recep-

tor occur in the brain, but it would appear that the CRF1 receptors are particularly involved

in mediating the central components of the stress response and also the main symptoms
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Table 1 Some Biological Markers Found in Depressed Patients

Changes in the neuroendocrine axis

A. Evidence of HPA axis hyperactivity

Increased urinary free cortisol

Dexamethasone nonsuppression

Blunted ACTH response to CRF challenge

Elevated concentration of CRF in the CSF

Hypertrophy of the adrenal and pituitary glands

B. Changes in the HPT axis

Blunted TSH response to TRF

Elevated concentration of TRH in the CSF

Autoimmune thyroiditis

C. Changes in somatostatin

Decreased concentration of somatostatin in the CSF

Changes in serotonin neurotransmission

A. Reduced concentration of 5HIAA in the CSF of suicide attempters

B. Reduced brain and platelet affinity of serotonin transporter for 3H-serotonin

C. Increased density of 5HT receptors on platelet membrane

D. Decreased platelet aggregation induced by serotonin

E. Decreased free plasma tryptophan

Changes in other neurotransmitters

A. Increased platelet α2-adrenoceptors and lymphocyte beta-adrenoceptors

B. Increased functional activity of the cholinergic system

C. Reduced concentration of HVA in the CSF

Changes in the sleep architecture

A. Reduced REM latency

B. Decreased delta-wave sleep

C. Redistribution of REM sleep during the night phase

Changes in brain structure

A. Presence of subcortical and periventricular hyperintensities

B. Decreased hippocampal and temporal lobe volumes

C. Reduction in neurogenesis and increased apoptosis (?)

Changes in immune system

A. Evidence of immune activation as shown by increased plasma proinflammatory

cytokines and acute phase proteins

B. Decrease in T-cell replication and natural killer cell activity

of depression that arise as a consequence of an increase in HPA axis activity [1]. In

addition to its role in activating the HPA axis, CRF also activates receptors located on

the raphe and locus coeruleus, the main serotonergic and noradrenergic cell bodies in the

brain, circuits long postulated to be involved in the etiology of anxiety and depression.

While there has been much attention directed toward the role of CRF as the primary

regulator of the HPA axis, more recently attention has been directed toward the role of
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AVP, a peptide that is known to act synergistically with CRF on the adenohypophysis to

elevate the plasma ACTH concentration. Dinan et al. [26] have shown that whereas the

CRF-induced elevation of ACTH was blunted in patients with major depression, the CRF

plus AVP response was unchanged in these patients. They interpret this as evidence in

favor of a decreased sensitivity of the CRF1 receptor, but an increase in the activity of

the vasopressin V1b receptor in depression, which implies that there is a switch in the

regulation of the HPA axis in which the vasopressin pathway become hyperactive while

the CRF pathway is hypoactive. This contributes to the hypercortisolemia that character-

izes depression.

In addition to the changes in CRF and AVP receptor function in depression, there

is also evidence that the glucocorticoid receptor feedback mechanism is dysfunctional.

Two types of glucocorticoid receptor have been identified in the brain, namely, type 1

(mineralocorticoid) and type 2 (glucocorticoid) receptors. These receptors have different

affinities for glucocorticoids, the former having a high affinity for the steroids that is

important in the regulation of the basal secretion of cortisol and the latter having a low

affinity for the steroids, therefore regulating the stress-induced hypersecretion of cortisol.

There is evidence that in depression or following chronic stress, the glucocorticoid type

2 receptors are desensitized and therefore less likely to respond to feedback inhibition

following the elevation in the plasma cortisol concentration. Both types of receptor are

widely distributed in the brain, particularly in those regions assumed to be important in

depression.

Given the close association between major depression and hypercortisolemia, it is

not unreasonable to speculate that the changes in central neurotransmitter function that

are assumed to underlie depression are secondary to those occurring in the HPA axis [25].

This hypothesis is supported by the observation that glucocorticoid synthesis inhibitors,

such as ketoconazole, and receptor antagonists, such as metyrapone, exhibit antidepressant

activity presumably by normalizing the inhibitory feedback mechanism thereby leading

to a reduction in circulating glucocorticoids [108]. Another approach to the treatment of

depression has been to block the hypersecretion of CRF by the administration of CRF1

receptor antagonists. This approach has led to the development of a series of CRF1 recep-

tor antagonists that exhibit anxiolytic activity in rodent models of stress, depressions, and

anxiety [75].

2. Changes in the Hypothalamic–Pituitary–Thyroid–Axis in Depression

Prange et al [85] first reported that approximately 25% of patients with major depression

but with normal plasma concentrations of thyroid stimulating hormone (TSH) and thyroid

hormones showed a blunted TSH response following the administration of thyrotropin

stimulating hormone (TRH). This observation has been widely replicated. While the mech-

anism underlying such changes is uncertain, it has been shown that the cerebrospinal fluid

concentration of TRH is significantly elevated in depressed patients [5], which suggests

that TRH is hypersecreted. This could contribute to the hyperplasia of the pituitary gland,

which has been detected in patients with major depression.

3. Changes in Growth Hormone Secretion in Depression: Involvement

of Somatostatin

Somatostatin (SRIF) inhibits the release of growth hormone (GH) in addition to TSH,

prolactin, cholecystokinin, and vasoactive intestinal peptide (VIP). Several studies have

shown that the CSF concentration of SRIF is reduced in depressed patients, a change that
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has been shown to correlate with the dexamethasone nonsuppressor status of the patients

[29,38]. These changes in SRIF thus correlate with those seen in the HPA axis. Although

the precise role of SRIF in depression is uncertain, it has been hypothesized that the

peptide may play a role in cognitive function in addition to its regulatory effect on the

HPA axis. It is well known that cognitive dysfunction frequently occurs in patients suffer-

ing from chronic depression [21] and other major psychiatric conditions.

4. Changes in Serotonergic Neurotransmission in Depression

Interest in the role of serotonin in mood disorders stems from the early clinical studies

that demonstrated that the concentration of the main serotonin metabolite 5-hydroxyin-

dolecetic acid (5HIAA) was reduced in the CSF of depressed patients who had attempted

violent suicide [2] and similar changes were reported to occur in depressed patients who

had successfully committed suicide [105]. The decrease in the functional availability of

serotonin that such findings suggest may be linked to increased impulsivity, which is a

feature not only of suicidal behavior but also of alcoholism, compulsive gambling, and

aggression.

A number of investigators have confirmed the original observation that the number

of 3H-imipramine binding sites on the platelet membrane is reduced in untreated depressed

patients [10,81,103], while others have reported that a reduction in the number of 3H-

imipramine binding sites occur in the cortex and hypothalamus of suicide victims who

were depressed at the time of their death [83]. As the decrease in the imipramine binding

sites does not apparently change following effective antidepressant treatment, it can be

concluded that such a parameter may be a suitable trait marker for depression. More re-

cently, the specific ligand for the serotonin transporter 3H-paroxetine has been used and,

at least in some studies [63], has also been shown to exhibit reduced binding in depressed

patients.

Platelets are, like neurons, of ectodermal origin and contain enzymes such as enolase

that are otherwise restricted to neurons. In addition, platelets contain storage vesicles for

serotonin from which the amine is released by a calcium-dependent mechanism. An

energy-dependent transport site for the uptake of serotonin also occurs on the platelet

membrane, the structures of which are identical to those that found in the brain. A detailed

discussion of the importance of platelets in psychiatric research has been the subject of

a recent review [56]. The platelet membrane also contains both 5HT2 and α2-adrenoceptors

that are functionally involved in platelet aggregation; there is evidence that the densities

of these receptors are increased in patients with depression and return to control values

following effective treatment [13,14,45,46]. The transport of 3H–5HT into the platelet is

significantly reduced in untreated patients with depression, but largely returns to normal

following effective treatment [54]. Thus it appears that the changes in adrenoceptor and

serotonin receptor densities and serotonin transport are state markers of depression and

occur regardless of the nature of the antidepressant treatment.

The function of the 5HT2 receptor appears to be subnormal in depression, as shown

by a diminished aggregatory response to serotonin in vitro [14]; the function normalizes

following effective antidepressant treatment. Conversely, the density of 5HT2 receptors

on the platelet membrane is increased in the untreated depressed patient which suggests

that the link between the receptor and the second messenger system is malfunctional,

presumably at the level of the G-protein. While it is uncertain how these changes in platelet

serotonin function are reflected in the brain, there is evidence from studies in which the

changes in serotonin transport in platelets and neurons was compared in a bulbectomized
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rat model of depression that the neuronal transporter is also defective [15]. These changes

could be a reflection of the hypercortisolemia that is a feature not only of the depressed

patient but also of the olfactory bulbectomized rat. There is also evidence that the changes

could be due to low-molecular-weight plasma factors that impede the serotonin transporter

prior to effective antidepressant treatment [74a]. There is evidence, however, to support

the view that changes in the mobility of calcium within the platelet are key factors in

determining the abnormal responsiveness of the platelets to agonists such as serotonin

and thrombin [33].

Patients undergoing treatment with SSRI antidepressants have been shown to relapse

rapidly when given an amino acid–containing drink that is deficient in tryptophan [22].

The onset of the symptoms of depression is rapid (within 24 h) and it has been proposed

that the lowering of the mood of the patients is due to a reduction in brain serotonin syn-

thesis. This view is supported by experimental studies in which rats, given a tryptophan-

free fluid, show a reduced release of serotonin from the frontal cortex. Delgado et al. [22]

also showed that those depressed patients who had responded to the noradrenaline reuptake

inhibitor desipramine did not relapse when given the tryptophan-free drink but did relapse

when given the tyrosine hydroxylase inhibitor alpha-methyl-para-tyrosine. These findings

raise the question of whether depressed patients may have a deficit in noradrenaline or

serotonin that may account for the differential response to the serotonin- or noradrenaline-

depleting agents. However, this would conflict with the widely observed situation where

most classes of antidepressants are effective regardless of their presumed specificity for

the noradrenergic or serotonergic systems.

5. Changes in Sleep Architecture in Depression

The development of all-night electroencephalographic (EEG) monitoring has enabled in-

vestigators to objectively and precisely assess the degree of sleep disturbance in depressed

patients. From such studies it has been established that there are four main types of abnor-

mality found in depressed patients. These are a shortened rapid eye movement (REM)

sleep latency, increased REM activity, reduced delta slow-wave sleep, and a disturbance

in the overall continuity of sleep [52]. Sleep EEG studies may become an important area

for understanding the neurobiology of depression in the future. For example, the sleep

EEG at baseline and following the acute administration of a tricyclic antidepressant may

predict the response of the patient to antidepressant therapy. Similarly the change in REM

sleep latency may help to identify those patients who are at risk for early and more frequent

recurrences of depression following effective treatment. These aspects have been reviewed

by Buysse and Kupfer [16]. The detection of REM sleep abnormalities in depressed pa-

tients and in their biological relatives may be a useful means of examining the familial

and genetic aspects of the condition in the future [20].

6. Changes in Brain Structure in Depression

McDaniel and Nemeroff [61] briefly reviewed the literature that indicated that changes

in brain structure frequently occur in patients with major depression. Thus enlarged ventri-

cles, particularly lateral ventricles, have been identified by CAT and MRI imaging tech-

niques and there is some evidence that the cerebellar vermis is smaller in patients with

mood disorders than in healthy controls. In addition, there is evidence that there is a higher

rate of subcortical and periventricular hyperintensities in elderly depressed patients.

However, changes in brain structure also occur in other psychiatric conditions and
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the precise relevance of the structural changes seen in depressed patients to the symptoms

exhibited and to their response to treatment is unknown.

Recently, attention has been directed to changes in hippocampal structure in depres-

sion. Thus several studies have shown that chronic stress or the administration of glucocorti-

coids causes neuronal atrophy, reduced neurogenesis, and cell death in experimental ani-

mals. In brain imaging studies of patients with depression it has been demonstrated that

hippocampal volume is reduced [9,90]. In addition, in patients with Cushing’s disease or

adrenal hypertrophy, a reduction in the hippocampal volume has been reported which is

reversed following the reduction in the circulating glucocorticoid levels. In the elderly

depressive, the changes in hippocampal volume have also been shown to correlate with

deficits in memory [58a]. Such findings lend support to the hypothesis that the changes in

brain structure seen in depression are correlated with hypercortisolemia, although inflam-

matory processes involving such cytokines as interleukin 1, 2 and tumor necrosis factor

(TNF)-alpha may also play an important role. With regard to atrophic changes in the pre-

frontal cortex, brain-imaging studies have demonstrated that both the structure and the

blood flow to the area is reduced in depressed patients [30]. In addition, both the number

of neurons and the glia in the prefrontal cortex and the orbitofrontal cortex have been shown

to be reduced [86]. These structural changes in brain regions concerned with memory and

cognition may be of importance in understanding the cause of such symptoms in depression.

7. Polymorphisms of the Enzymes Involved in Monoamine Synthesis

as Possible Factors in Depression

In humans, it has been estimated that there are approximately 100,000 genes, each of

which has a characteristic pattern of expression in different cells and tissues. The individ-

ual differences, polymorphisms, are useful genetic markers but may also represent patho-

logical mutations at the level of the single gene. These mutations are unique, necessary,

and sufficient to engender a hereditary disease. So far, however, there is no evidence that

such a mutation occurs in any of the affective disorders. In addition to these rare mutations,

most common variations at the genomic level that are responsible for the uniqueness of

each individual are not pathological but they may intervene in the regulation of gene

expression. As a consequence, they may interact with environmental factors, shape quanti-

tative traits, and thereby contribute to a pathological change. Thus, depression, genes may

increase the risk whereby the disorder is expressed.

In depression, the monoamine neurotransmitters are thought to play a crucial role

and twin, adoption, and family segregation analyses have established that there is a strong,

albeit complex, genetic component to the disorder. Thus the enzymes that control the

synthesis of these neurotransmitters may be strong candidate genes. In summary, it has

been shown that the tryptophan hydroxylase gene is associated with impulsivity and vio-

lent suicide and that some investigators have identified an allelic form (the U-allele) that

correlates with aggression and anger-related personality traits in some individuals [10].

In another study of patients in Finland, two polymorphic forms of the tryptophan hydroxy-

lase gene have been correlated to suicidality [72]. In regard to tyrosine hydroxlase, there

is conflicting evidence in the literature regarding the link between different polymorphic

forms of this enzyme and depression in patients with bipolar disorder [65]. No evidence

of a linkage between the DOPA-decarboxylase and the dopamine-beta-hydroxylase genes

and psychiatric disease have so far been found. Clearly this is an important area for future

research into the role that abnormal allelic forms of the enzymes and receptors that are

involved in neurotransmission may play in depression.
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III. EFFICACY OF ANTIDEPRESSANTS AND LIMITATIONS
OF CLINICAL TRIALS IN ASSESSING EFFICACY

The efficacy of antidepressants in the treatment of depression has been well established

in randomized controlled trials [37,99]. Such studies have demonstrated that taking the

antidepressant at an effective dose for an adequate period reduces the number and severity

of the acute symptoms, improves the ability of the patient to function, and minimizes the

risk of relapse and recurrence. In major depression, pooled data from meta-analyses of

clinical trials have demonstrated similar efficacy in all classes of antidepressants and supe-

riority to placebo [3]. However, the conditions under which clinical trials are conducted

differ considerably from clinical practice. Typically such trials take place in highly se-

lected populations treated under controlled and optimal conditions, with treatment deter-

mined by clear study protocol. This type of study reduces the potential for bias and ensures

that any differences detected are attributable to the drugs under investigation. In contrast,

treatment conditions in general practice do not involve patient selection or randomization

in addition to variations in the behavior of prescribers and patients and in the systems of

health care in which the treatment is delivered [95]. Thus the efficacy of randomized

controlled trials, while important in the selection of an antidepressant, is a reflection of

the efficacy of the drug under standardized and optimal conditions. A more useful concept

has been termed “real world efficacy,” and concerns the use of the antidepressant to ensure

that the desired outcome of treatment can be achieved [66]. This approach may lead to

an overestimation of the efficacy of an antidepressant as demonstrated by clinical trials.

Thus the widely quoted efficacy of antidepressants in achieving 60% response after 6 to

8 weeks of treatment, with placebo treatment achieving a 30% response, may be overopti-

mistic in the “real world” situation. A discussion of the importance of efficacy of antide-

pressants versus their effectiveness in clinical practice has been the subject of a recent

review [28].

While a detailed discussion of the differences between the efficacy and effectiveness

of antidepressants is beyond the scope of this chapter, a brief summary will be given since

it impacts upon the differences between various classes of antidepressants in current use.

For example, the tolerability of an antidepressant would be anticipated to influence both

the adherence of the patient to treatment, the duration of treatment, and the consequent

outcome of treatment. Thus the selective serotonin uptake inhibitors (SSRIs) are generally

considered to be better tolerated with an improved adverse effect profile when compared

to the older tricyclic antidepressants [23,68]. This is confirmed in studies where the per-

centage of patients who discontinue treatment has been evaluated [69]. However, it is

now apparent that differences arise between antidepressants of the same class. For exam-

ple, early studies showed that the pharmacological differences between the SSRIs were

small and none has been shown to be consistently better tolerated [36,53]. However, fol-

lowing their extensive use, differences have been shown in their side effect profiles. Thus

paroxetine has the highest incidence of anticholinergic side effects associated with its

antimuscarinic activity at normal therapeutic doses [24], while citalopram has been associ-

ated with some sedation at higher therapeutic doses because of its slight affinity to hista-

mine-1 receptors [36]. Fluoxetine has been reported to produce an increase in the fre-

quency of anxiety-related symptoms including nervousness and agitation [24,60], together

with weight loss and anorexia [85a]. Conversely, weight gain has been associated with

paroxetine and citalopram [8,34]. However, based on data from clinical practice, the inci-

dence of adverse events has been reported to be the highest with fluvoxamine [59], particu-
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larly in terms of gastrointestinal events, although paroxetine and sertraline have also been

reported to cause a higher frequency of such side effects than occurs with citalopram and

fluoxetine. Sexual dysfunction is a common side effect of all the SSRIs but appears to

be more frequent after paroxetine and sertraline [59]. This summary serves to illustrate

the differences between controlled clinical trial data and that obtained in “real world”

settings. Whereas the former show no significant differences between the SSRIs, commu-

nity-based studies demonstrate important differences between them that could have a bear-

ing on compliance and therefore efficacy.

A. Limitation of Clinical Trials of Antidepressants

A typical trial of an antidepressant consists of groups of 50 to 60 patients, including a

placebo-treated arm and a reference drug, usually amitriptyline or imipramine, assigned

to patients in a second arm. Such trials usually last 6 to 8 weeks even though the recom-

mended duration of treatment in clinical practice is at least 6 months. Most clinical proto-

cols do not provide justification for the sample size or even specify the statistical power.

As the proportion of nonresponders to antidepressant treatment ranges from 20 to 30%,

and the low statistical power for showing any differences between treatments together

with the usual exclusion of noncompliant subjects from the final analysis, it is unlikely

that any absolute difference would emerge between a new and a standard antidepressant.

In practice, this means that virtually all clinical trials only show equivalence between a

new and a standard antidepressant and little difference in clinical efficacy. It has been

estimated that the sample size that would be required in order to show a difference of 5%

between two drugs, assuming 20% nonresponders to treatment, would be between 1250

and 2380 patients per arm of the trial [11]. This implies that the widely held view that

all antidepressants, regardless of their presumed mechanism of action, are only effective

in about 70% of depressed patients, is more a reflection of the limited design of clinical

trials than the real potential differences.

IV. HOW DO ANTIDEPRESSANTS WORK? THE LIMITATIONS
OF THE AMINE HYPOTHESIS

It is widely accepted that, despite the success of antidepressants in treating the symptoms

of major depression for the past 40 years, little advance has been made in improving the

efficacy or time of onset of such treatments. Undoubtedly there are many reasons for this

but an important reason may rest with the assumption that as all effective antidepressants

modulate the function of noradrenaline and/or serotonin in the brain, the biogenic amines

probably play a definitive role in their mechanism of action. This is the basis of the mono-

amine hypothesis of depression that has played an important role in the development of

antidepressants and in interpreting the pathological basis of depression over the past 40

years. However, in recent years, evidence has emerged that challenges the amine hypothe-

sis and links the therapeutic effects of antidepressants to the subcellular changes that occur

distal to the neurotransmitter receptor. In addition, other approaches have considered the

role of excitatory neurotransmitters such as glutamate and inflammatory mediators such

as the proinflammatory cytokines in the etiology of depression and in the mechanism of

action of antidepressants. Such approaches may serve not only to enrich our understanding

of depression but also to facilitate in the development of novel approaches to its treatment.

These possibilities will now be discussed.
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A. The Action of Antidepressants on Subcellular Processes

Studies on the action of stress and antidepressants suggest that changes in the basic mecha-

nisms that underlie neural plasticity are involved in the etiology and treatment of depres-

sion. Thus exposure to stress, which is a major trigger factor in precipitating depression,

opposes the mechanisms that underlie neural plasticity involved in learning and memory.

Conversely, antidepressant treatments induce changes in signal transduction and gene ex-

pression that could either block the effect of stress or induce the appropriate response in

neuroplasticity.

In the past, research into the mechanism of action of antidepressants has focused on

the proximal actions of antidepressants (such as effects on amine reuptake and intracellular

metabolism) or on the adaptive changes in noradrenergic or serotonergic receptors. Such

adaptive changes include the “downregulation” of beta-adrenoceptors, 5HT2, and 5HT7

receptors [19,31]. Such discoveries lead to the monoamine hypothesis of depression be-

coming the monoamine receptor adaptation hypothesis. However, this hypothesis has its

limitations. For example, some beta-adrenoceptor agonists have been shown to exhibit

antidepressant properties whereas it would be anticipated that such drugs would precipitate

depression. Furthermore, desensitization of beta receptors by antidepressants occurs within

a few days even though it takes several weeks for the drugs to show a therapeutic response.

With regard to the changes in the density of 5HT2 receptors, not all antidepressants desensi-

tize these receptors. electroconvulsive shock treatment increases the density of 5HT2 recep-

tors in rat brain. Thus it seems reasonable to hypothesize that adaptive changes in postsyn-

aptic intracellular sites, rather than in postsynaptic receptors per se, may be critical to the

action of all antidepressant treatments.

One signal transduction pathway that is regulated by antidepressant treatment is

the cyclic AMP intracellular cascade and recent studies have demonstrated that chronic

antidepressant treatment results in the upregulation of this system. Thus it has been shown

that antidepressant treatment increases the activation of adenylyl cyclase by the stimula-

tory G protein, Gs, in limbic regions of the rat brain [78]. In addition, it has been shown

that chronic, but not acute, antidepressant treatments increase the activity of camp-depen-

dent protein kinase [70,82]. As such, antidepressant treatments also increase the activity

of protein kinase A in nuclear fractions from rat brain, and it appears that gene transcription

factors are regulated by these changes. This is supported by the finding that the response of

the camp response element binding protein (CREB) is increased by antidepressant treatment

[71]. Thus, the expression of CREB mRNA and protein was shown to be upregulated by

chronic, but not acute, antidepressant treatments; both SSRI and SNRI antidepressants were

found to produce similar responses, which suggests that such changes may be a common

action of antidepressants that modulate the noradrenergic and serotonergic systems.

CREB regulates gene transcription by binding to a specific nucleotide sequence, the

camp response element (CRE), in the promotor region of the gene. Although CREB may

remain bound to DNA under basal conditions, activation of this transcription factor occurs

primarily via phosphorylation at Ser 133. Chronic antidepressant treatments have also

been shown to increase the phosphorylation of CREB in rat hippocampus, and in several

other structures including the cerebral cortex [104]. Thus CREB may act as a common

postreceptor target for different classes of antidepressants [31].

In support of the hypothesis that antidepressants activate specific target genes, exper-

imental studies have shown that the regulation of neurotrophic factor gene expression

is of particular interest. The nerve growth factor (NGF) family includes brain-derived

neurotrophic factor (BDNF), neurotrophin-3, and neurotrophin-4. These neurotrophic fac-
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tors have been shown to regulate the guidance and survival of neurons in both the immature

and the mature brain, where they influence both neuronal firing and synaptic plasticity.

These actions are dependent upon the activation of tyrosine kinase receptors (Trk)[88].

Of these Trk receptors, TrkA is selective for nerve growth factor, TrkB for BDNF, and

TrkC for neurotrophin-3. Activation by these receptors results in autophosphorylation of

several intracellular sites.

The link between these intracellular changes and stress is provided by the observa-

tion that immobilization stress in rats causes a decrease in the concentration of BDNF in

the hippocampus. This effect is mediated by high concentrations of glucocorticoids [98].

Chronic antidepressant treatments have been shown to increase the expression of BDNF

in the hippocampus [71]. This increase in the concentration of BDNF was not found to

occur following the chronic administration of psychotropic drugs which lack antidepres-

sant activity. These results suggest that antidepressants block the effect of stress by increas-

ing the synthesis of BDNF. In addition, BDNF has been shown to have antidepressant

effects when administered chronically to rats subjected to the forced-swim and learned

helplessness models of depression [96]. Thus BDNF may provide a final common pathway

for the action of antidepressants.

Chronic stress, glucocorticoid treatment, and prolonged episodes of depression all

result in neuronal atrophy and reduced neurogenesis. Thus it has been shown that the

volume of the hippocampus is reduced in those suffering from depression or post-traumatic

stress disorder [9,90]. In patients with Cushing’s disease, these changes are reversed when

the corticosteroids return to basal concentrations. Such results lend support to the hypothe-

sis that the hypersecretion of cortisol, which is a common feature of major depression,

plays a crucial role in initiating the intracellular changes that result in neuronal atrophy

and cell death and has been the subject of a recent review by McEwen and Magarinos

[62]. This is supported by the findings that the volume of the prefrontal cortex is decreased,

together with a reduction in blood flow, in depressed patients [30]; the number of cells

in the prefrontal cortex is also decreased in the postmortem brain of depressed patients

[77]. Thus, chronic stress and depression appear to be part of a continuum that ultimately

results in premature neuronal death; effective antidepressant treatments appear to block

these adverse effects possibly by enhancing the synthesis of neurotrophic factors such as

BDNF. This forms the basis of the neurotrophic hypothesis of depression first proposed by

Duman and coworkers [31]. The importance of this hypothesis is that it not only proposes a

common site of action of the different classes of antidepressants but also convincingly

accounts for the delay in the onset of action of these drugs. In addition, the neurotrophic

hypothesis suggests novel ways in which antidepressants may be developed by acting on

targets that selectively enhance neurotrophic factors in the brain. Regarding the psychopa-

thology of depression, this hypothesis suggests that it is a subtle neurodegenerative disor-

der and that early diagnosis and vigorous antidepressant treatment is important for pre-

venting the degenerative changes. However, much of the research that has been described

above is based on animal studies and clearly needs to be replicated, if possible, in de-

pressed patients. Extrapolation from the results of animal studies to humans must always

be treated with caution!

B. The Action of Antidepressants on Nonaminergic
Neurotransmitters

Whereas much emphasis has been placed on the monoamine neurotransmitters with re-

spect to the mode of action of antidepressants, little attention has been given to the possible
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role of the glutamatergic system which is the primary excitatory pathway in the brain

[109]. There is experimental evidence to show that tricyclic antidepressants inhibit the

binding of dizolcipine (MK-801) to the ion channel of the main glutamate receptor, the

N-methyl-D-aspartate (NMDA) receptor.

These initial studies have been extended to show that both typical and atypical anti-

depressants have a qualitatively similar effect of inhibiting the binding of dizolcipine to

the ion channel of the NMDA receptor [50a]. Whether this is because of the direct action

of antidepressants on the ion channel or an indirect effect, possibly by enhancing the

action of glycine on the glycine receptor which forms part of the NMDA receptor complex

on the cell surface, is uncertain. However, there is evidence that glycine and drugs that

directly stimulate the glycine site on the NMDA receptor [74] have antidepressant-like

properties in animal models of depression. Thus, the possibility arises that antidepressants

selectively enhance glutamatergic activity in the brain by modulating the glycine site.

Support for the role of the NMDA receptor system in depression and in the mode of action

of antidepressants is provided by studies in suicide victims who suffered from depression.

Thus, Nowak et al. [73] and Paul [80] have shown that the high-affinity binding of a

selective ligand (3H-CGP-39653) to the glycine site for cortical tissue is reduced in suicide

victims; a dysfunctional NMDA receptor complex seems to be involved in the psychopa-

thology of suicide and presumably depression. It is also of interest to note that intrave-

nously administered ketamine, a NMDA receptor antagonist, has been reported to produce

a rapid antidepressant response in patients with major depression [6].

The central cholinergic system has also been neglected as a possible site of action,

of antidepressants. The anticholinergic activity of tricyclic antidepressants is usually asso-

ciated with their unacceptable peripheral side effects, which most second-generation drugs

lack. However, there is experimental evidence to show that different classes of antidepres-

sants increase the density of muscarinic (MI) receptors in rat brain after chronic adminis-

tration. This applies regardless of the actions of the drugs on peripheral cholinergic func-

tion [32]. These findings provide support for the cholinergic hypothesis of depression. It

is of interest that studies in depressed patients have also led to the detection of an abnor-

mality in the central cholinergic system. Thus O’Keane et al. [76] showed that the short-

acting anticholinesterase, pyridostigmine, when administered to drug-free depressed pa-

tients, caused an enhanced release of growth hormone from the pituitary gland. This

suggests that the cholinergic receptors are supersensitive in depressed patients and that

one of the actions of antidepressants is to normalize the functioning of these receptors.

The mechanism whereby antidepressants bring about these changes is presently unknown

but is unlikely to be direct. It is of interest that Janowsky et al. [48] postulated that depres-

sion arises as a result of an imbalance between the central cholinergic and noradrenergic

systems within the brain. Janowsky postulated that depression arises as a consequence of

an overactivity of the cholinergic system, whereas mania is a consequence of an overacti-

vity of the noradrenergic system. Experimental evidence suggests that all antidepressants,

regardless of their presumed mode of action, enhance central noradrenergic function. Thus,

the cholinergic hypothesis proposes that the central cholinergic system is overactive in

depression and that chronic antidepressant treatments reduce this system by enhancing

noradrenergic function and/or by enhancing the activity of the glycine site on the NMDA

receptor.

In addition to changes in the major excitatory neurotransmitter glutamate there is

also evidence that antidepressants modulate the action of the principal inhibitory transmit-

ter, gamma-amino butyric acid (GABA). Over 20 years ago it was shown that the concen-
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tration of GABA in the cerebrospinal fluid and plasma from depressed patients is reduced

[49,83a]. Experimental studies have also shown that different classes of antidepressants,

including ECT, increased the density of GABA-B receptors in the frontal cortex and hippo-

campus of rat brain [58,84]. Other experimental studies in which several GABAmimetic

drugs were tested also showed that they had a similar behavioral profile in the olfactory

bulbectomized rat model of depression to standard antidepressants [106]. The possible

mechanism whereby antidepressants modulate GABA-B receptor activity is uncertain, but

there is evidence that GABA-B receptors may act as heteroceptors on serotonergic termi-

nals in limbic regions of the rat brain [41]. Thus it was shown that the GABamimetic

drug progabide increased the head-twitch response induced by serotonin in rodents; the

density of cortical 5HT2 receptors was also shown to be increased under these conditions.

Thus, it would appear that the functional changes in the GABAergic system are closely

interrelated to those in the serotonergic and noradrenergic systems.

C. The Link Between the Monoaminergic Systems
and the Specificity of Antidepressants

The ability of most classes of antidepressants to modulate beta-adrenoceptors and 5HT2

receptors in the frontal cortex of the rat brain following their chronic administration sug-

gests that an important interaction occurs between these two neurotransmitter systems.

There is abundant evidence from experimental studies to show

1. Lesions of the central serotonergic tracts prevent the reduction in the density

of cortical beta-adrenoceptors that follows the chronic administration of desipra-

mine, a noradrenaline reuptake inhibitor [127].

2. In vitro studies have shown that stimulation of beta-adrenoceptors in cortical

slices of rat brain is associated with an increase in the density of 5HT2 receptors

[92], whereas α2-adrenoceptor antagonists such as yohimbine can enhance the

desensitization (downregulation) of both the beta-adrenoceptors and the 5HT2

receptors.

3. The α2-agonist clonidine causes locomotor hypoactivity in rodents, which is

enhanced following lesions of the central serotonergic system [44a]. These in-

vestigators also showed that such treatment attenuated the reversal of the cloni-

dine hypoactivity caused by the chronic administration of desipramine. These

results suggest that sedrotonin, or a peptide cotransmitter contained within sero-

tonergic neurons [35], modulates noradrenergic function.

4. Gravel and De Montigny [40] showed that lesions of central noradrenergic neu-

rons with 6-hydroxydopamine failed to enhance the responsiveness of hippo-

campal pyramidal neurons to microiontophoretically applied serotonin without

affecting the responsiveness to noradrenaline or acetylcholine. This suggests

that the integrity of the noradrenergic system is essential for antidepressants to

modulate central serotonergic function.

5. Several studies have investigated the role of serotonin in the regulation of

noradrenaline-coupled adenylate cyclase in the rat cortex. Gillespie et al. [39]

showed that although in vitro serotonin did not affect the maximum binding of

the beta-adrenoceptor antagonist 3H-dihydroalprenolol to cortical tissue, it did

abolish the increase in beta-adrenoceptor density, and the increase in isoprena-

line-induced cAMP synthesis in cortical membranes following the selective le-

sions of the serotonergic tracts. These investigators also showed that the changes
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in beta-adrenoceptor density were restricted to the low-affinity conformation

state for the agonist and that the increase in the density of this subpopulation

of receptors occurred approximately 11 days following the lesions of the sero-

tonergic system. From these and other investigations, it appears that the pivotal

role of serotonin in the dual regulation of the linked serotonin–noradrenaline

beta-adrenoceptor-coupled adenylcyclase system acts at a different site to nor-

adrenaline. Thus noradrenaline regulates the population of beta-adrenoceptors

in the antagonist high-affinity state whereas serotonin regulates those in the low-

affinity state.

The results of these studies serve to illustrate the interaction that occurs between

the serotonergic and noradrenergic systems within the brain and helps to explain the results

of behavioral studies in which chronically administered antidepressants, regardless of their

specificity for the noradrenergic or serotonergic systems in in vitro studies, or following

their acute administration to rats, enhances both noradrenergic and serotonergic function

following their chronic administration [43].

In addition to the experimental evidence that the serotonergic and noradrenergic

systems are integrally linked, there is also evidence that serotonin can regulate dopamine

turnover in the brain. Over 20 years ago it was demonstrated that in depressed patients

positive correlation exists between the cerebrospinal fluid concentrations of the major

dopamine metabolite homovanillic acid and the main serotonin metabolite 5-hydroxyin-

dole indole acetic acid (5HIAA) [4]. Experimentally it has been shown that stimulation

of the serotonergic cell bodies in the median raphe nucleus reduces the firing of the sub-

stantia nigra, a main dopaminergic area of the brain. In addition, there is evidence to show

that different classes of antidepressants decrease the functional activity of presynaptic

dopamine receptors as demonstrated in rats by the antagonism of the locomotor effect of

low doses of apomorphine. This effect was only observed following the chronic adminis-

tration of the drugs [44]. Such findings imply that the effects of antidepressants, despite

their apparent selectivity in acute studies and in in vitro preparations, could be equally

ascribed to changes in all the monoaminergic systems that are functionally interrelated.

Presumably the improved sense of pleasure and reward that effective antidepressant treat-

ments induce is partly attributable to the increase in the functioning of the dopaminergic

system in mesocortical regions of the brain.

D. The Modulatory Effects of Antidepressants on Proinflammatory
Cytokines

Stress is frequently a trigger factor for depression in vulnerable patients. There is clinical

evidence, already referred to above, that the concentration of corticotropin-releasing factor

is increased in the CSF of depressed patients which contributes to the hypercortisolemia

that usually occurs in major depression. It would therefore be assumed that a sustained

increase in the cortisol concentration would result in a suppression of humoral and cellular

immunity that could help to explain the susceptibility of depressed patients to an increased

risk of cancers, infections, and autoimmune diseases. However, despite the well-estab-

lished findings that there are profound changes in both humoral and cellular immunity in

depression [55,63], there is clear evidence from both depressed patients and the bulbectom-

ized rat model of depression [101] that activation of some aspects of cellular immunity

also occurs despite the rise in circulating glucocorticoids. One possible explanation of this

paradox is related to the decrease in the sensitivity of the glucocorticoid receptors located
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on the immunocytes, a situation that is analogous to the decrease in the sensitivity of the

central glucocorticoid receptors to feedback inhibition that occurs in the depressed patient.

It is known that chronic antidepressant treatment not only normalizes the functioning of

the HPA axis but also the immune changes that occur in depression [79].

Despite the complexity of the interactions that occur between the proinflammatory

cytokines, central neurotransmitters, and glucocorticoids, there is growing evidence to

support the view that the proinflammatory cytokines play a primary role in the etiology

of depression [7]. This forms the basis of the macrophage hypothesis of depression [98].

This hypothesis postulates that the macrophages in both the periphery and in the brain

where microglia and astrocytes perform the function of macrophages) are overactive in

depression and that many of the key symptoms of the disorder are a consequence of the

release of proinflammatory cytokines such as interleukins (IL)-1 and -6 and tumor necrosis

factor-alpha (TNF-α). Support for this hypothesis comes from studies of the effects of

proinflammatory cytokines and interferon-alpha in nondepressed patients undergoing

treatments for certain types of cancer. Such treatments frequently result in depressed mood,

anxiety, cognitive impairment, loss of libido, anorexia, disturbed sleep profile and general

fatigue, symptoms that are very similar to those occurring in patients with major depression

[67]. Such changes would appear to be a consequence of the neurotransmitter and endo-

crine changes induced by the cytokines rather than a result of the pathological changes

induced by the cancer. Research into the immune changes that occur in depressed patients

has identified changes in the plasma proinflammatory cytokines, soluble cytokine recep-

tors, and acute phase proteins. Thus Song et al. [100] have reported that the plasma concen-

trations of the positive acute phase proteins (alpha-1 acid glycoprotein, haptoglobin, and

alpha-1 antitrypsin, for example) were raised in the depressed patient while negative acute

phase proteins, such as albumin, were decreased. Such changes are a reflection of the

actions of IL-1 and IL-6 on the liver. In addition, it has been shown that the complement

proteins (C3,C4, and immunoglobulin M) are increased in depressed patients [100]. This

evidence implicates an activation of the immune system involving the proinflammatory

cytokines and the B cells that are responsible for antibody synthesis. Further evidence

that immune activation occurs in depression is provided by the studies of Sluzewska et

al. [93], who showed that the plasma concentrations of the proinflammatory cytokines and

the soluble IL-6 and IL-2 receptors and IL-1 receptor antagonist, were raised in depressed

patients. These changes returned to normal following effective antidepressant treatment

[94]. How these alterations in immune function are linked to those in the central neuro-

transmitters is unclear. But there is evidence that the serum antibody titers to serotonin

are increased which, if present in the brain, could impair serotonergic function [91]. In

addition, it has been shown that the serium and CSF concentrations of prostaglandins (PG)

E1 and E2 are increased in depressed patients. These changes are at least partly initiated

by the stimulation of cyclooxygenase activity by the proinflammatory cytokines within

the brain [17].

The rise in the concentrations of the prostaglandins may contribute to the central

deficit in monoamine neurotransmitter function due to a reduction in the release of mono-

amines. This, together with the increased release of CRF caused by the proinflammatory

cytokines, may provide a link between immune activation, central neurotransmitter dys-

function, and the onset of depression. To date, relatively few studies have examined the

effects of antidepressant treatments on these changes. However, there is some evidence

that effective antidepressant treatment is correlated with a reduction in the activated im-

mune system, which suggests that many of these changes are state-, rather than trait-,
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dependent markers of depression. Thus antidepressants act as immunomodulators that

normalize the immune function that characterizes the condition. If the macrophage hypoth-

esis of depression is correct, then it may be argued that antidepressants first reduce the

synthesis and release of the proinflammatory cytokines from activated macrophages and

related immunocytes. The precise mechanism whereby this occurs is unknown but could

involve an antidepressant-induced increase in anti-inflammatory cytokines (such as IL-4-

10, and –13) and soluble antagonists (such as IL-1 receptor antagonist) coupled with a

reduction in the synthesis of PGE-1 and –2. Maes [64] has reviewed the immunomodula-

tory effects of antidepressants.

Despite the substantial body of evidence that implicates a disorder of immune func-

tion with depression, controversy exists regarding the causal connection between the in-

crease in proinflammatory cytokines, PGEs, and the symptoms of the disorder. However,

consideration of these factors is important in stimulating new concepts regarding the etiol-

ogy of depression and how antidepressants bring about their therapeutic effects.

V. CONCLUSIONS

The precise mechanism of action of antidepressants still remains an enigma. Nevertheless,

evidence from both clinical and experimental studies suggests that all effective antidepres-

sants, regardless of their presumed selectivity of action determined by acute experimental

studies, ultimately bring about adaptive changes in both monoaminergic and nonaminergic

systems. This raises some important and fundamental questions. If, for example, the SSRI

antidepressants do not inhibit serotonin reuptake into platelets from depressed patients

(despite their proven effect in healthy volunteers and in rat brain), their classification as

selective serotonin reuptake inhibitors is a misnomer [47]. Similarly, SNRI antidepressants

affect the turnover of serotonin following their chronic administration and also normalize

the defective reuptake of 3H serotonin into platelets from depressed patients, thereby losing

their presumed selectivity. Such findings lend support to the hypothesis that the neural

network of interconnected neurotransmitter systems is malfunctioning in depression and

that all antidepressants, by initially acting at different parts of the network, eventually

bring the system back to homeostasis. Clearly, the monoamine hypothesis of depression,

despite its value in the past, needs to be radically restructured or even replaced to take into

account the latest research emanating from molecular biology. The increasingly important

contribution of molecular biology to our understanding of the mode of action of antidepres-

sants, and indirectly to the biology of depression, has helped to focus attention on the

changes that occur in the secondary and tertiary messenger systems and, ultimately, in gene

expression. These intracellular changes only occur following the chronic administration of

antidepressants and are independent of the type of antidepressant. From experimental stud-

ies, it appears that specific neurotrophic factors provide the final common pathway that

leads to changes in synaptic plasticity and improved neuronal contacts.

In addition to the changes in various neurotransmitter systems that occur in depres-

sion and following chronic antidepressant treatment, attention has recently focused on the

HPA axis and the immune system. The profound changes in these systems that occur in

depression probably contribute to those in neurotransmitter function that are directly linked

to the behavioral state. Such studies have also served to direct the attention of researchers

to a more holistic interpretation of depression rather than restricting studies to the brain

alone. This approach may help to explain the increased morbidity and mortality due to

infectious disease, heart disease, cancer, and autoimmune diseases that frequently occur
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in patients with major depression. The decade of the 1970s was largely devoted to an

explanation of the mode of action of antidepressants in terms of their effects on the concen-

trations of amines and their metabolites. In the 1980s, emphasis switched to the adaptive

changes in postsynaptic monoamine receptors, while in the 1990s attention was directed to

the link between the postsynaptic receptors and the second and tertiary messenger systems.

Perhaps in this present century there will be a shift in emphasis away from the monoamines

to the endocrine and immune systems as causal factors in depression and in the mode of

action of antidepressants.
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I. INTRODUCTION

In the past several decades, we have seen important changes in the way that we view

depression. Previously seen as simply an episodic illness, we now appreciate a more longi-

tudinal perspective. For many, depression is a chronic, lifetime illness. This change in

perspective has also changed the treatment of depression. Although most research contin-

ues to concentrate on the acute treatment of the major depressive episode, a growing body

of investigation is taking a more longitudinal view. We have begun a shift that includes

the investigation of antidepressant treatment at later stages of the disorder. This chapter

will explore part of this shift. This body of research continues to grow, but questions

remain unanswered, and these will be examined as well.

II. BASIC CONCEPT

A. Definition of Terms: The Change Points in Depression

Before discussing research on the treatment of depression, we must first define terms. This

is particularly important because early research on the longitudinal treatment of depression
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was confused by conflicting and contradictory uses of terminology. It was for this reason

that a MacArthur Foundation task force [1] recommended that the change points be de-

scribed with these terms: episode, remission, response, relapse, and recurrence (Fig. 1).

An episode can be thought of both conceptually and categorically. Conceptually, it

is the acute episode of a disorder: if one is in the condition of having a disorder, one is

experiencing an episode. Such a conceptual definition is difficult to demonstrate with

reliability, and a categorical definition is necessary to reliably agree on when an episode

has started and finished. In general, an episode can be practically defined as having a

certain number of symptoms for a certain period of time. It relies more on statistical

definitions than any “absolute” gold standard. In choosing such a definition, a decision

must be made as to where to place the “bar” for a disorder: whether it should be conserva-

tive or liberal, and how much of what type of error to accept. This type of decision making

must be made at each change point of the disorder, both in terms of number of symptoms

and length of time.

Remission, conceptually, is the point at which an episode ends. It is defined by an

accepted period of time in which an individual no longer meets (an agreed upon number

of ) criteria for the disorder. Remissions can be partial or full. In partial remission, an

individual still has more than minimal symptoms. Full remission is defined as the point

at which an individual no longer meets criteria for the disorder and has no more than

minimal symptoms.

The terms discussed thus far relate to the natural history of depression and imply

no specific intervention. Some terms, however, are related to an intervention. A response,

for example, is a remission that is the result of a treatment intervention. All responses are

really “apparent” responses, because one can never fully establish a direct relationship

between treatment and remission. A remission that occurs proximately to an intervention

is, most likely, causally related. Similar to a remission, a response can also be full or

partial. Again, such terms can be defined by setting a required number of symptoms.

Figure 1 The change points in depression. The arrows denote a hypothetical course of

treatment, superimposed on the natural course, beginning during the acute episode (arrow

1) and discontinuing after remission (arrow 2).
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A relapse is defined as the early return of symptoms following an apparent response.

Conventionally, continuation treatment means treatment during the initial 4 to 6 months

after response. Episodes that occur during this period are relapses.

A recovery is defined as a full remission that lasts for a defined period of time.

Conceptually, it implies the end of an episode of a disorder, not the disorder per se. An

episode that occurs after this period of recovery is called a recurrence. Treatment during

this period is referred to as maintenance treatment.

Differentiating between a relapse and a recurrence can be difficult. During continua-

tion treatment, one expects a relapse to occur soon after the discontinuation of treatment.

For a recurrence, a reemergence of symptoms does not necessarily occur soon after stop-

ping treatment; actually, the opposite is often true, and the recurrence of symptoms is not

causally related to treatment discontinuation, but rather reflects a new episode of illness

altogether.

The introduction of clinically useful biological markers for depression would make

it easier to define the beginning and end of an episode of depression. Until such markers

are introduced, these definitions represent reasonable working definitions and are used by

most of the studies that are reviewed here.

B. Longitudinal Course Modifiers for Depression

The concept of longitudinal change points was added to the American Psychiatric Associa-

tion’s Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV) [2]. DSM

depressive diagnoses (major depression and dysthymia), and the variety of longitudinal

presentations were incorporated in the DSM-IV longitudinal course modifiers (Fig. 2).

For these modifiers, major depression was divided based on whether episodes are single

or recurrent, whether there is an interepisode recovery, and whether there is concomitant

dysthymia in addition to the episodes. Combining these variables yields several possible

courses: (1) single episode without antecedent dysthymia; (2) single episode with anteced-

ent dysthymia; (3) recurrent, with full interepisode recovery, with no dysthymic disorder;

(4) recurrent, without full interepisode recovery, with no dysthymic disorder; (5) recurrent,

with full interepisode recovery, superimposed on dysthymic disorder; and (6) recurrent,

without full interepisode recovery, superimposed on dysthymic disorder (i.e., double de-

pression).

The Mood Disorders Field Trial for DSM-IV [3] examined the frequencies of the

different possible courses (Fig. 3). Of these courses, several are important from a treatment

perspective. Course 1 (single episode without antecedent dysthymia) is the “classic” type

of major depression in which there is a single episode with full recovery. As seen in Figure

3, however, this type of depression does not represent the majority of cases of major

depression. Also important is recurrent depression, with and without full interepisode re-

covery (3 and 4); and its treatment will be discussed shortly.

Chronic depression also has various types. There are patients with types of depres-

sion who do not fully recover and may go on to develop a chronic condition, such as

major depression (Fig. 2). However, there are other chronic depressions that may be less

severe than major depression, but still debilitating. The most common is dysthymia, in

which the symptoms may be less severe than those for major depression, but still debilitat-

ing. Besides dysthymia, there may be various “subsyndromal” depressions in which the

level of symptomatology is not sufficient to meet the criteria for major depression or even

dysthymia. Though minor, however, the persistence of even a few depressive symptoms
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Figure 2 Longitudinal course modifiers. (Adapted from DSM-IV.)

can cause disability, and the longitudinal factors may be as important in considering dis-

ability from a mood disorder as cross-sectional factors.

III. THE COURSE AND TREATMENT OF DEPRESSION

A. Acute Depression

1. The Problem of Acute Depression

In the United States, the lifetime prevalence rate of major depression is estimated at 17%

[4], which is consistent with several other epidemiological studies conducted in different

regions of the world [5,6].

The morbidity and mortality from major depression are comparable to that found in

other chronic medical conditions. Wells and colleagues, for the Medical Outcomes Study,

found that the disability from depressive symptoms and disorders was comparable with or

worse than that for eight major chronic medical disorders [7]. Estimates are that the economic

costs associated with major depression in the United States are more than $53 billion per year

[8]. The World Health Organization calculated that, in 1990, depression was the most costly

of all medical illnesses in the developed countries of the world [9].

2. Treatment of an Acute Episode

A great deal of data exist to support the contention that treatment of depression can shorten

the time to recovery. Such data represent the primary justification for the use of antidepres-
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Figure 3 Prevalence of DSM-IV–defined course types. Classic “acute depression” is sep-

arated from the rest. (Data from the Mood Disorders Field Trial).

sant medications and several psychotherapies. Though some individual studies occasion-

ally suggest an increased efficacy of one antidepressant compared with others, the weight

of evidence suggests that the efficacy of all available antidepressants is approximately the

same [10]. Although antidepressants vary greatly in their pharmacokinetic profiles (half-

life, time until steady state, and solubility) and differ widely in their potency for various

receptors and transporters, their pharmacodynamic effects are surprisingly similar. Thus,

all antidepressants show a similar delayed onset of action (approximately 2–6 weeks),

and have about the same efficacy rate (about 60–70%) in treating an acute depressive

episode. (These efficacy studies will not be reviewed in detail here because they are de-

tailed in all standard reference texts on psychiatry.) There has been considerable success

in improving pharmacokinetic profiles, particularly those factors affecting safety and toler-

ability. However, improving such pharmacodynamic factors as efficacy and time to effect

has been more difficult. There is some evidence for newer compounds with unique to

multiple modes of action, with preliminary but hopeful evidence of improved efficacy

[11] and time to effect [12]. Although research in this area shows some promise, it should

be noted that the primary challenge in treating acute episodes of depression is not so much

in finding newer and better treatments, but in ensuring that patients receive such treatment.

The Collaborative Depression Study (CDS) and other naturalistic studies continue to sup-

port the assertion that only a minority of patients with major depression will receive ade-

quate treatment for their disorder [8].

B. Relapse and the Continuation Period

1. The Problem of Relapse

Approximately 20% of patients who recover from major depressive episodes will experi-

ence a relapse of symptoms after initial recovery. For some of these patients (again, about

20%), achieving a subsequent remission will be more difficult. For the 141 patients in the

CDS who recovered from their index episode of major depression, 22% relapsed within

1 year of follow-up [13]. Factors predicting a relapse included multiple episodes of major

depression, older age, and a history of comorbidity with another (non-mood) psychiatric
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Table 1 Relapse Rates Versus Placebo: Continuation Studies

Relapse Relapse

Weeks of (drug) (placebo)

Drug treatment % % p value

Fluoxetine 52 26 57 �0.01

Paroxetine 52 16 43 �0.001

Sertraline 44 13 46 �0.001

Citalopram 24 11 31 �0.05

Mirtazapine 40 19 44 �0.001

Nefazodone 36 17 33 �0.05

Venlafaxine 52 22 55 �0.001

illness. The number of previous episodes of depression was a particularly strong predictor

of a relapse. For this relapsed group, the likelihood of remaining depressed for at least a

year after a relapse was 22%. Predictors of prolonged time to recovery included a longer

length of the index episode, older age, and a lower family income.

2. Treatment of Depression During the Continuation Period

The goal of continuation treatment is to prevent a relapse. Compared with the wealth of

data about the treatment of acute depression, the data to guide us in continuation therapy

are much more limited. However, for most of the commonly used antidepressants there

exists at least one rigorous study to support the use of most of the currently used anti-

depressants, including the selective serotonin reuptake inhibitors (SSRI) fluoxetine [14],

paroxetine [15], sertraline [16], and citalopram [17], as well as venlafaxine [18], nefazo-

done [19], and mirtazapine [20]. Although the specific methodologies used differ, in gen-

eral each study randomized patients to receive either the study drug or a placebo after an

acute treatment phase. In each study, relapses were much higher among the placebo group

(Table 1). Viewed in aggregate, these studies lend reasonable support for the belief that

most antidepressants that are effective in the acute period also lessen the risk for relapse

during the continuation period.

C. Recurrent Major Depression

1. The Problem of Recurrent Depression

The risk of recurrent depression is surprisingly high: the CDS found a 25 to 40% risk of

recurrence after two years [21]. These rates continued to increase over time, which means

that patients had a 60% risk of recurrence after 5 years, 75% after 10 years, and 87%

after 15 years [20]. Thus, the risk of recurrence increased with time, and there was no clear

plateau for this increase. This remained true with subsequent new episodes of depression

observed over the period of the study (Fig. 4).

2. Treatment of Recurrent Depression

Few data exist to guide us in the use of antidepressants during the maintenance period.

Prien and colleagues [22] reported on a 2-year maintenance study of patients with major

depression. In this study, patients successfully treated for acute depression were then ran-

domized into a maintenance treatment phase using imipramine, lithium carbonate, both

drugs, or placebo for 2 years beyond acute treatment. Of 150 patients beginning mainte-
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Figure 4 Probability of recurrence of depression following the index and subsequent epi-

sodes of depression.

nance treatment, 36% did not have a recurrence of depression during the 2-year mainte-

nance period. The lowest rates of recurrence were in the groups receiving imipramine, or

imipramine with lithium. The rate for these groups was 47%, which still seems uncomfort-

ably high (Fig. 5).

A second study of maintenance treatment looked specifically at patients with a his-

tory of recurrence. This study, the Pittsburgh Study of Maintenance Treatment for Recur-

rent Depression [23], involved patients who first were successfully treated for an acute

episode of major depression, and then randomized into one of five treatment conditions:

(1) monthly interpersonal psychotherapy (IPT) alone; (2) medication clinic and imipra-

mine; (3) monthly IPT and placebo; (4) imipramine and placebo; and (5) imipramine and

monthly IPT. Of the 218 patients beginning the 3-year maintenance study, 106 completed

it. Patients receiving imipramine, either alone or in combination with interpersonal ther-

apy, had an 80% chance of remaining well for the 3 years of the study (Fig. 6).

This study was then continued for another 2 years, albeit with a much smaller (n�

20) sample of patients [24]. Those who had remained well for the 3 years of the initial

study were randomized to receive either continued imipramine or placebo. The imipra-

mine-treated group had a much lower rate of recurrence (10%) compared with the placebo

group (approximately 66%).

D. Chronic Major Depression

1. The Problem of Chronic Major Depression

The CDS found that most patients (70%) recovered from an episode of depression by the

first year [25]. However, of those patients who did not recover by 1 year, 66% still had



590 Boland and Keller

Figure 5 Prien and colleagues: maintenance treatment with imipramine, with or without

lithium.

Figure 6 The Pittsburgh Study of Maintenance Treatment for Recurrence.
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not recovered by 2 years, 40% by 5 years, and 23% by 10 years. By 15 years, the rate

leveled off at about 20% [20]. The CDS observed multiple episodes of depression for a

single individual, and these rates were generally true for each individual episode, whether

it was the first or the fifth episode of depression (Fig. 7). Thus, there appears to be a

cumulative risk for developing chronic depression with multiple episodes.

2. Treatment of Chronic Major Depression

Most data on the treatment of chronic major depression focus on the acute phase of treat-

ment (i.e., the treatment of a depressive episode in patients with a history of chronic major

depression). However, these data are still important because most antidepressant studies

(particularly studies designed to assess efficacy) specifically exclude patients with chronic

depression.

Kocsis and colleagues [26] studied the use of desipramine to treat chronic depres-

sion. Their study had three phases: an acute open treatment with desipramine (10 weeks),

an open continuation phase (16 weeks), and a randomized placebo-controlled treatment

with desipramine for up to 2 years. Only patients successfully treated in the first phase

continued on to the open treatment with desipramine. In the acute treatment phase, 41%

of patients were full responders and 22% were partial responders. Sixty patients who were

either full or partial “remitters” continued onto the next phase. In the continuation phase,

the majority of patients (83%) maintained their response status: 7 partial remitters became

full remitters; 3 full remitters became partial remitters; and 1 partial remitter relapsed. In

the maintenance phase, patients receiving a placebo were four times more likely than the

treatment group to have a recurrence of major depression.

A second study by Keller and colleagues used a similar approach of three phases

of treatment, with the benefit of a large sample size and the ability to randomize subjects

at each phase. The treatment consisted of either sertraline or imipramine [27,28]. Similar

to Kocsis’s study, only full or partial responders proceeded to the next phase of the study.

In the acute phase of treatment, 60% of patients responded to treatment. Although the

rates of response were the same for both treatment groups, the sertraline group found the

Figure 7 Proportion of subjects recovering from the index and subsequent episodes of

depression.
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Table 2 Continuation Treatment of Chronic Depression:

Acute-Phase Full Responders

Sertraline Imipramine Combined

n 140 88 228

Continuation status

% discontinued 11 9 11

% nonresponders 12 15 13

% remaining partial responders 17 13 15

% improved to full response 71 73 72

treatment to be more tolerable. Of the patients who had a full response during the acute

phase, 72% continued to be full responders during the continuation phase. An additional

15% were partial responders, and 13% did not respond to treatment. Once again, treatment

response did not differ between the two treatment groups (Tables 2 and 3). In the mainte-

nance phase, patients receiving a placebo were four times more likely to have a recurrence

of depression, a finding similar to that of Kocsis and colleagues.

Another study by Keller [29] has looked at the effect of combined medication and

psychotherapy in the treatment of chronic depression, with some surprisingly positive

findings. In this study, 681 adults received acute-phase treatment with either 12 weeks of

nefazodone treatment, cognitive-behavioral therapy, or both. Approximately 50% of pa-

tients in both the medication-alone and psychotherapy-alone groups had at least satisfac-

tory responses to treatment. Most interesting in this study was the fact that the combined

treatment (nefazodone and cognitive-behavioral therapy) had a much higher rate of re-

sponse (73%) than with either treatment alone. Those patients who responded to the acute

phase of treatment were then continued for a 52-week continuation phase. The great ma-

jority of patients (90%) in the continuation phase maintained their initial response; 90%

of those in remission in the acute phase remained responders in the continuation phase.

Once again, the combined treatment group fared somewhat better than the monotherapy

groups [30].

E. Other Affective Disorders

1. The Problem of Non-Major Depression

In addition to the major forms of depression, there are several minor, but significant, forms

of depression, many of which can cause substantial morbidity. One of the most commonly

Table 3 Continuation Treatment of Chronic Depression:

Acute-Phase Full Responders

Sertraline Imipramine Combined

N 99 59 158

Continuation status

% discontinued 19 17 18

% nonresponders 15 29 20

% remaining partial responders 34 27 31

% improved to full response 51 45 49
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recognized forms of minor depression is dysthymia, which by definition is a chronic disor-

der and may occur in 3% of the population [31]. It has a long duration of illness, ranging

from 2 to 20 years with a mean of 5 years. In children, dysthymia has an average length

of 3 years.

People suffering from dysthymia have an increased risk of major depression. Many

patients have both: the concurrent presence of major depression and dysthymia is double

depression. Double depression affects perhaps 30% of individuals with major depression

[32]. Generally, remissions are not to states of euthymia but rather to dysthymia, and

relapses to major depression are perhaps twice as likely for those with double depression

than for patients with major depression alone [33].

Other forms of depression are less well understood but are beginning to be recog-

nized more in the United States. Among these conditions is recurrent brief depression

(RBD), which describes multiple brief occurrence of depressive symptoms that do not

meet the 2-week time criteria for major depression. The prevalence of this disorder may

be as high as that for major depression [34]. The lengths of episodes are short, around 3

to 5 days; however, the average number of episodes can be as high as 20 per year. During

these brief, but frequent, periods, an individual can meet the full criteria for major depres-

sion (except for the time criteria)—thus, for individuals with RBD, a good proportion of

the year will be spent coping with the disruption of serious depressive symptoms. Cur-

rently, RBD is included in the Appendix of the DSM-IV under Criteria Sets and Axes

Provided for Further Study as research criteria.

Similarly, minor depression is described in the Appendix of DSM-IV. This disorder

appears to be a subthreshold variant of a major depression, in which individuals have fewer

than the required number of depressive symptoms. Otherwise, it appears to be similar in

course and outcome to major depression and is probably at least as common [35]. Although

minor depression is less severe and impairing than major depression, these patients are

often less likely to receive treatment, the assumption being that treatment is either ineffec-

tive or not needed for this “less serious” disorder.

2. Treatment of Other Affective Disorders

The treatment of minor and subthreshold forms of depression remains controversial. Be-

cause of difficulties in recognition and diagnosis, these disorders have been grossly under-

treated. For example, in one study of the least controversial of these diagnoses, dysthymia,

only about half of the patients received psychotherapy and even fewer received pharmaco-

therapy [36].

For many years, pharmacotherapy was not considered a viable treatment for dysthy-

mia and other minor depressions. This was largely due to the conceptualization of dysthy-

mia and other disorders as more akin to personality disorders than to major depression.

Thus, there is a paucity of rigorous studies on the pharmacotherapy of dysthymia and

other affective disorders that do not meet the criteria for major depression. Most pub-

lished studies investigate the treatment of dysthymia and show at least modest responses

to medication [37]. Overall, randomized controlled studies show efficacy for most avail-

able agents, including tricyclic antidepressants [38,39], serotonin reuptake inhibitors [40–

43], and such atypical agents as ritanserin [44], moclobemide [45], and amisulpride [46]

(Table 4). As with major depression, there are no definitive data to suggest that any one

agent is more efficacious that the other. Instead, the bulk of data suggests that any available

agent used for treating major depression is likely to be effective for treating dysthymia

and other forms of minor depression.
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Table 4 Pharmacotherapy of Dysthymia

Duration

of study

Drug Compared to Study (weeks)

Imipramine placebo 38 6

phenelzine, placebo 39 6

Desipramine placebo 39 6

Fluoxetine placebo 40,43 8;12

Sertraline placebo 42 12

imipramine, placebo 41 12

imipramine 28 12

Ritanserin imipramine, placebo 44 7

Moclobemide placebo 45 4

imipramine, placebo 48 8

Amisulpride amineptine, placebo 46 12

fluoxetine 49 12

IV. SUMMARY

A. Unanswered Questions

The past several decades have changed our view of depression from an acute illness to

one with a variety of possible longitudinal courses. This chapter has discussed some of

these longitudinal courses, and their implications for the outcome of depression. With a

better understanding of the course of depression, it becomes critical to examine the ap-

proach to treatment, including the use of pharmacotherapy. The critical issue is the optimal

length of treatment for depression. Clinical data and experience suggest that choices for

duration of treatment tend to be made arbitrarily. Most treatment guidelines recommend

at least 16 to 20 weeks of pharmacotherapy [47]. The rationale for this recommendation

is based on data about relapse—most relapses will occur before this time. However, as

we have shown, a significant number of relapses still occur after this period, and the

question remains whether longer than conventional periods help decrease the rates of

relapses in clinical samples. In addition, it remains unclear whether we can generalize

across different treatments and whether different agents, or different classes of agents, are

more likely to prevent relapses.

Beyond the question of treating an acute episode of depression, one must also con-

sider when to choose longer term maintenance treatment. As we have discussed, as the

length of treatment time increases, the available data decreases, and we have surprisingly

little data to guide us in treatment decisions beyond 2 years. Currently, the standard recom-

mendation is to offer long-term treatment to patients with histories of recurrent depression.

However, this recommendation, as well as suggested lengths of long-term treatment, is

based on a small amount of data. Finally, should antidepressant treatment ever be with-

drawn from patients with recurrent depression and, if so, in what manner?

Dosing strategies during maintenance treatment are also understudied. In the 1970s

and 1980s, it was standard practice to treat at one-half the acute period dose; a decision

based largely on data from the Pittsburgh Maintenance Study [23], which found that pa-

tients kept at half of the acute dose had a higher recurrence rate during the maintenance

period than patients maintained on their original dose. This study used imipramine, and



Pharmacotherapy of Depression 595

there is a paucity of data comparing maintenance dosing strategies for other agents; thus,

the question of maintaining a patient on acute dosing with newer agents is not answered.

Other treatment questions remain unanswered as well. Anecdotally, most patients,

and some clinicians believe that the effects of antidepressants tend to “wear off” over

time. No data exist to support this belief, and limited data are available to refute it. In

terms of nonpharmacological treatments, electroconvulsive therapy has an important role

in treating acute depression and may be useful as a form of maintenance treatment. The

use of psychotherapy, either as an adjunct or an alternative to antidepressants, needs more

research. A recent study [29], for example, showed dramatic improvements in response

when a modified type of cognitive therapy (with elements of interpersonal therapy added)

was compared with pharmacotherapy alone.

B. Recommendations

Allowing for limited data, we can generalize from available data to recommend the fol-

lowing:

1. All patients with acute major depression should be considered reasonable candi-

dates for pharmacotherapy. Currently, there is no strong evidence for choosing

one medication over another, and treatment recommendations should be made

on the basis of tolerability and, when appropriate, cost.

2. All patients with other forms of depression should be treated as suggested in

recommendation No. 1. This is particularly true for dysthymia, and may be true

for other minor forms of depression.

3. Patients with chronic depression and recurrent depression should receive ex-

tended treatment.

4. Maintenance treatment should consist of the same dose of antidepressant as

used to achieve acute-phase remission.

5. Although the optimal length of maintenance treatment is not known, decisions

about indefinite treatment should be based on risk–benefit analyses, made with

the consent of the patient who is entitled to be informed as to the limitations

of our knowledge.
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I. INTRODUCTION

Bipolar disorder has a high risk of recurrence; it is a disorder that accompanies the affected

all their life and therefore necessitates long-term treatment and prophylaxis with mood

stabilizers. Bipolar disorder ranks high on the WHO list of leading causes of disability

among the global population, higher than schizophrenia [1], for instance. In all cases of

prophylactic treatment, “if patients do not take treatment with good medical supervision,

they will not stay well” [2]. What is true for lithium might in the long run also apply to

the other mood stabilizers, as the chasm between the efficacy of lithium as established in

controlled clinical trials and its effectiveness in naturalistic settings could at least in part

be explained by lack of compliance among both patients and health providers [3,4].

II. MOOD-STABILIZING SUBSTANCES

A. Lithium

After 50 years of ongoing research, lithium remains the classic mood stabilizer both for

the acute manic phase as well as for the prophylaxis of recurrent manic and depressive

episodes [5]. Lithium is an element (cation) discovered in the early nineteenth century.

However, it took until 1949 for John Cade to introduce lithium in the therapy of manic

patients, and until the early 1950s for Schou to revolutionize the treatment of manic-

depressive illness [6].

The impact of lithium on the development of psychiatry is unique, reshaping medi-

cal, scientific, and popular concepts of severe mental illness [7]. Lithium remains first-

line therapy, especially in patients with an episodic course of illness. Besides its mood-
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stabilizing effect, lithium seems to exert an antisuicidal and antiaggressive effect [8,9]. It

is the only mood stabilizer with a proven effect on the excessive mortality rate of bipolar

patients.

Because lithium seems to have several different clinical effects, it is unlikely that

any single biochemical aspect is responsible for all of them. One effect of lithium is that

it only acts on overactive systems or overstimulated receptors to bring them back to normal

state, but does not affect the stable system. It might inhibit components of various neuro-

transmitter signaling pathways and inositol monophosphatase activity, resulting in deple-

tion of an endogenous source of inositol. Blocking inositol 1,4,5-triphosphate-dependent

response has a powerful modulatory influence on neuronal excitability and neurotransmit-

ter release. Nevertheless, lithium also has an effect on cells with an exogenous source of

inositol [10]. Taking lithium for a prolonged period may regulate transcriptional factors

and in this way modulate gene expression [11].

B. Anticonvulsants

In the 1970s, preliminary data on the possible mood-stabilizing properties of carbamaz-

epine and valproate started to evolve. One hypothesis underlying the use of anticonvul-

sants in the therapy of bipolar disorder is the concept of “kindling,” which has its origin

in epileptology. There seems to be a local hypersensitivity in the amygdala precipitating

affective episodes. Anticonvulsants like carbamazepine have a membrane-stabilizing ef-

fect on this area and seem to decrease sensitivity in the amygdala. This might also be

their way of action in bipolar disorder. Valproate is thought to involve a GABAergic

mechanism [12] and therefore to have an additional antipanic anxiolytic effect.

Carbamazepine and valproate showed some superiority over lithium in the treatment

of atypical courses. In rapid cycling, a very severe course of illness, valproate seems to

be the best therapy. Newly introduced anticonvulsants are lamotrigine, gabapentin, and

topiramate. Their usefulness in bipolar disorder is still to be proven, although in some

cases promising results exist either as monotherapy or in combination with another mood

stabilizer [13,14].

C. Other Substances with Mood-Stabilizing Capacity

Calcium channel blockers like verapamil and nimodipine are used in the therapy of bipolar

disorder as add-on medication. Nimodipine, in particular, seems to have some merit in

the therapy of ultrarapid or ultradian cycling.

Atypical neuroleptics like clozapine, olanzapine, and risperidone are of growing

interest in the treatment of bipolar disorder. Some authors claim that they have a mood-

stabilizing potency of their own [15,16]. In any case, compared to typical neuroleptics,

they have a much lower risk of side effects such as tardive dyskinesia, for which bipolar

patients seem to be at greater risk. Thyroid hormones have been used to augment the

effect of mood stabilizers, especially in cases of therapy-resistant bipolar depression. In

the last years, supraphysiological doses of thyroid hormone have been used as treatment

in resistant cases of bipolar disorder. There are some hints that cholinesterase inhibitors

carry a mood-stabilizing potency, but more research is still needed.

III. ACUTE TREATMENT OF MANIC, MIXED,
AND HYPOMANIC EPISODES

Although 1 to 3% of the general population suffer from bipolar disorder, the severity

of this condition is often underestimated. Patients suffering from it have a high risk of
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suicide, hospitalizations, rapid cycling, and other complications. Lithium remains the first

choice in cases of classic euphoric mania. Valproate can also be seen as a first-line choice

in classic mania and can be regarded as the treatment of choice in mixed episodes, dys-

phoric episodes, and mania in rapid cycling. An alternative in mixed or dysphoric episodes

can be either lithium or carbamazepine. For mania in rapid cycling, carbamazepine is the

first-line alternative to valproate [17,18].

When rapid stabilization is required in severe mania, valproate is the choice, as

therapeutic blood levels can be achieved quickly by means of oral loading-dose strategy

(20 mg/kg/day) [19,20]. Because the effect of mood stabilizers can be delayed, it is often

necessary to use additional medication in the beginning, especially in patients with psy-

chotic symptoms, insomnia, or agitation. In mania with psychotic symptoms, it may be

necessary to add high- or medium-potency antipsychotics. For further sedation, a benzo-

diazepine or a low-potency antipsychotic may be added. Insomnia can be treated with a

benzodiazepine. In this case, a high- or medium-potency antipsychotic is rarely needed.

When there is no or only partial response to the first mood stabilizer after 1 to 3

weeks, the initial mood stabilizer can be changed or a second mood stabilizer can be

added. Lithium and valproate seem to be the most reliable combination in such cases

[21]. Preferably carbamazepine is combined with lithium [22]. If all above options fail,

combining carbamazepine and valproate might be considered, or even a combination of

all three.

Drug interactions have to be noted carefully. Carbamazepine induces metabolism

of both itself and valproate via the cytochrome P450 3A3/4 system. This may decrease

the serum concentration of both drugs and the risk of relapse may increase. On the other

hand, valproate may displace protein-bound carbamazepine and in this way increase the

level of free carbamazepine, which could result in neurotoxicity.

Comorbidity of bipolar disorder and substance abuse can be found in more than a

third of bipolar patients. It might be linked to a poorer course of illness and states of

mixed mania. There are some hints that patients with a comorbidity of substance abuse

might profit more from a treatment with anticonvulsive mood stabilizers than from lith-

ium [23].

An alternative choice in treatment-resistant severe manic and/or mixed episodes can

be electroconvulsive therapy. The concomitant use of benzodiazepines and lithium is very

safe and effective. There have been some cases reported where benzodiazepines could

replace neuroleptics in the treatment of acute mania. In any case, benzodiazepines decrease

the need for neuroleptics and treat comorbid anxiety. The situation may become critical

when patients with a history of substance abuse develop a problem with long-term benzo-

diazepine treatment.

Research now focuses on atypical neuroleptics and their mood-stabilizing properties.

They have a greatly reduced liability to cause extrapyramidal syndromes and tardive dys-

kinesia. Clozapine seems to exert greater antimanic than antidepressive effects [24,25]

and it could have some effect on treatment-resistant bipolar disorder [26]. Early clinical

experience suggests that risperidone might have a greater antidepressive than antimanic

property [27]. Studies to test the antimanic properties of olanzapine are ongoing [28,29].

However, its mood-stabilizing properties seem to be limited [30]. Anecdotal records show

an antimanic effect of quetiapine [31].

Gabapentin—another anticonvulsive medication just recently introduced into the

treatment of bipolar disorder—has the advantage of no drug interactions in the cytochrome

P450 system. The combination with lithium or other mood stabilizers, therefore, seems

to be safe and has already shown moderate effectiveness [32].
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Lamotrigine appears to be promising both as a mood stabilizer alone and in combina-

tion with lithium or valproate [33,34]. It is important to note that valproate increases the

blood level of lamotrigine because it inhibits glucuronidation. This combination might be

highly effective, but extreme caution is warranted. There is an increased risk of dermato-

logical reactions like severe skin rash—even of Stevens–Johnson syndrome—and enceph-

alopathy [35].

An even newer anticonvulsant drug thought to have antimanic potency is topiramate.

More data on its properties as an add-on to mood stabilizers are still needed. It has a

broad spectrum of activity, including GABAergic and antiglutamatergic mechanisms, as

well as calcium channel antagonism. Topiramate is known to have adverse cognitive ef-

fects, such as decreased attention and word fluency in some patients, which might be a

limiting factor. On the other hand, topiramate offers the potential to induce weight loss

in obese subjects [36–38].

Mexiletine is a drug already well known in the treatment of epileptic patients. It

seems to be somewhat promising in the treatment of manic episodes, but more trials are

warranted [39]. There are some data on the usefulness of cholinesterase inhibitors like

donepezil in the treatment of acute mania [40].

Calcium channel blockers may be hazardous in combination with lithium: multiple

cases of toxicity, particularly neurotoxicity, have been reported. This side effect might be

critical for elderly patients who may also suffer from bradycardia. The risk of neurotoxictiy

seems to be somewhat higher with verapamil and diltiazem than in nifedipine. The stabili-

zation of the sleep–wake cycle can be an important part of therapy. Disrupted sleep cycles,

as in jet lag, can induce manic episodes in psychosocially stressful times or in the postpar-

tum period. All avoidable disturbances should be cut down to a minimum [41,42].

IV. ACUTE TREATMENT OF BIPOLAR DEPRESSION

In any case of bipolar depression, the role of switch from severe depression to acute mania

has to be taken into account. There seems to be a high risk with tricyclic antidepressants

but also with new antidepressants such as mirtazepine. Bupropion seems to be the drug

with the lowest risk of inducing mania.

A. Treatment of Bipolar I Depression

In psychotic depression, the combination of a mood stabilizer, an antidepressant, and an

antipsychotic is the recommended treatment. ECT can be an alternative therapy. For severe

depression without psychotic features, a mood stabilizer and an antidepressant are the

treatment of choice. In milder depressive episodes, a mood stabilizer alone might be effec-

tive. Psychotherapy in addition to medication may also be effective in such patients.

B. Treatment of Bipolar II Depression

The treatment of bipolar II depression is very similar to the treatment of bipolar I depres-

sion. In milder cases, psychotherapy seems to be even more effective than in bipolar I

depression. If there is only a minimal history of hypomania, mood stabilizers might be

cautiously omitted; an antidepressant like an SSRI alone [43] or combined with psycho-

therapy could be considered the treatment of choice.

In depression with psychotic features, an antipsychotic should be added to mood-

stabilizing and antidepressant medication. In some of these cases, electroconvulsive ther-

apy can prove helpful but, on the other hand, it has the disadvantage of sometimes produc-
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ing a relatively high relapse rate and there is little information about which medication

would be most helpful for the maintenance phase in these patients.

C. Therapy-Refractory Depression in Bipolar Disorder

The antidepressant potential of all mood stabilizers is lower than their antimanic potential.

In this context, refractoriness can be a great problem [44]. Lithium responsivity seems to

decrease in certain illness patterns characterized by a depressive episode first, followed

by a swing into a manic episode [45]. This suggests that lithiumin these cases failed to improve

the first depressive episode so that a compensatory overswing results in a second manic epi-

sode. In some cases, lithium discontinuation can lead to a failure to respond to lithium again

as well as to other treatment approaches. One-third of the patients show an initially good

response to lithium followed by a gradual loss of efficacy. Some clinical findings demonstrate

that the addition of a second mood stabilizer leads to better results in these cases, better than

introducing an antidepressant, but treatment is more often discontinued [46].

Lamotrigine has a high response rate in refractory depression, alone or in combina-

tion with previously ineffective mood stabilizers [47].

Antidepressants should be chosen carefully in both bipolar I and II depression, al-

ways keeping in mind their ability to switch depression into full-blown mania. Traditional

unimodal antidepressants can precipitate mania in approximately one-third of bipolar pa-

tients [48] and cause cycle acceleration in one-fifth of this population. There is some

suggestion that administering mood stabilizers as lithium, carbamazepine, or valproic acid

at the same time may reduce the risk of switching into maniform states. (49)

Bupropion or serotonin reuptake inhibitors are the first-line choice for patients

known to switch easily into mania or rapid cycling [50]. Bupropion is assumed to have

mood-stabilizing properties of its own and is believed to be the antidepressant with the

least tendency to induce manic switches. Furthermore, it is less likely than SSRIs to cause

sexual dysfunction and is one of the few antidepressants associated with a weight loss

rather than gain. Monoamine oxidase inhibitors and venlafaxine are supposed to be an

alternative to these choices. Tricyclics should be avoided when clinicians are concerned

about a possible manic switch. Patients who maintain high lithium serum levels may not

need additional antidepressant medication at all [51]. As in mania, insomnia can be treated

with an additional benzodiazepine. In psychotic syndromes or severe agitation, high- or

medium-potency antipsychotics are the appropriate treatment.

If there is no adequate response to the first-line treatment, lithium should be added

when not already part of the treatment. Psychotherapy should be considered in mild or

moderate depression. If the patient develops a lithium-related hypothyroidism or elevated

TSH, thyroid hormone should treat this. The treatment of a euthyroid patient could also be

augmented with thyroid hormone, especially in cases of subtle rapid cycling. Physiological

replacement dose of 75–11 µg/day may be useful especially in women. High-dose treat-

ment of 150–400 µg/day is recommended for rapid cycling patients. Light therapy might

be used in the seasonal pattern of bipolar disorder. Bright light (greater than 7500 lux)

may be worth considering in patients with marked disruption of circadian rhythmicity

and bipolar hypersomnia. Sleep deprivation may bring brief improvement, but could also

precipitate hypomania or mania.

V. RAPID CYCLING

According to DSM-IV, whenever a patient has four or more episodes in 12 months (either

manic, hypomanic, mixed, or major depressive), he is diagnosed as rapid cycling bipolar
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disorder. There has to be a phase of remission between episodes of at least 2 months or

episodes have to switch from one polarity to the opposite. The ultrarapid or even ultradian

cycling is a course of illness neglected in DSM-IV; it means that a mood swing occurs

within the same day or even the same hour. A great deal of research now focuses on these

treatment-challenging courses of bipolar disorder.

Of bipolar patients, 13 to 20% suffer from rapid cycling [52–54]. The majority of

the rapid cycling disorders have a late onset. Factors known to contribute to this course

of illness are female gender, middle age, and hypothyroidism. Rapid cycling is approxi-

mately three times more common in women than in men [55]. The diagnosis of rapid

cycling has implications for therapy. There is wide agreement that tricyclic antidepressants

can induce this course, so they should be avoided in the treatment of depression in bipolar

disorder. All antidepressants should be tapered more quickly than in unipolar depression.

The agent believed to be the safest to treat depression in bipolar disorder is bupropion.

Patients should be advised to record daily mood ratings—cycle acceleration can be hard

to recognize in the beginning because of its subtle onset. Depression in rapid cycling is

an extremely challenging condition for the clinician.

There also seem to be some nonpharmacological factors that can lead to cycle accel-

eration such as pregnancy, Graves’ disease, or electroconvulsive therapy. Lithium in rapid

cycling loses some of its usual power. Anticonvulsants seem to have a more beneficial

effect. The first-line treatment for rapid cycling is valproate. The use of supraphysiological

doses of thyroxine has been helpful in some patients with rapid cycling and lamotrigine

proved to have some power in treating depression in patients with bipolar II disorder and

a rapid cycling course [56].

VI. MEDICATION FOR CONTINUATION TREATMENT

The initial period lasting 4 to 6 months after an acute illness episode is the continuation

period. The acute episode should have ended, but the patient may still have some symp-

toms and experience functional problems. The usual procedure is to continue mood stabi-

lizer(s) while trying to taper other medications (antidepressants, antipsychotics, benzodiaz-

epine). The dose of the mood stabilizer should be adjusted to balance maximum benefit

against side effects.

During the continuation period, medication should be monitored weekly or every

2 weeks to prevent noncompliance. Antidepressants should be tapered sooner than in uni-

polar depression (e.g., sooner than 6–12 months).

VII. STRATEGIES FOR LONG-TERM MAINTENANCE

After the initial period has ended, the stabilized patient can still be vulnerable to new

cycles of illness. To prevent this, a long-term or lifetime plan for prophylaxis must be

considered. In bipolar I disorder, long-term or lifetime prophylaxis is the treatment of

choice after two manic episodes, but should already be considered after one manic episode

if it was severe or if there is a family history of bipolar disorder. Some experts advise

long-time prophylaxis after one manic episode in patients with an onset before the age

of 20.

In bipolar II disorder, prophylaxis can be considered after three hypomanic episodes,

if severe or closely spaced or if there are antidepressant mood elevations, frequent depres-

sion, or a family history of bipolar I disorder. Long-term tolerability is highest in lithium
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and valproate. Compliance with the prescribed medication should be an issue in each of

the patient’s visits. There should be a quick review of life events since the last visit. Topics

that should also be addressed are substance abuse, sleep patterns, management of excessive

stress, and suicidal ideations. Psychotherapeutic approaches like psychoeducation, cogni-

tive-behavioral therapy, family and marital therapy intervention, and adjunctive therapies

can be an integral part of therapy [57]. A visit for medication management is recommended

every 2 to 3 months at minimum in a milder course and if the patient is stable. If some

symptoms still persist or the patient still has some problems functioning, medication man-

agement should take place monthly.

In an especially severe course with ongoing care (e.g., as in rapid cycling),weekly

medication management is recommended. Medication monitoring includes serum levels

of lithium, valproate, carbamazepine, selected tricyclics every 3 to 6 months, thyroid func-

tion at least yearly, a general chemistry screen, and a physical exam if the patient’s medical

history is unknown, urine analysis if starting lithium and renal function tests every 6 to

12 months, and pregnancy test, if applicable.

There is a subgroup of patients who might not profit from prophylactic treatment.

There is no consensus of how to identify this subgroup. When discontinuing a mood

stabilizer this should always be done gradually over several weeks.

VIII. DEALING WITH COMMON SIDE EFFECTS
OF MOOD STABILIZERS

Thirst and polyuria are side effects quite often seen in the beginning of lithium therapy.

They can be very annoying and risk the patient’s compliance. The reason for this effect

is that vasopressin receptors and expression of water channels are diminished by lithium.

Polyuria can be treated with amiloride, thiazides, or indomethacine. It is important to treat

this symptom, since nocturia causes sleep disruption, which in return can result in mood

disruption. Furthermore, the use of high-calorie beverages to treat polydipsia can cause

weight gain. If mild renal insufficiency with elevated levels of creatinine is diagnosed, a

different mood stabilizer should be added and lithium should be gradually tapered.

Cognitive complaints such as feeling dull or flat under lithium medication are not

manageable with any add-ons. They are a reason to gradually switch to valproate or carba-

mazepine. Rigor or nystagmus is another effect on the CNS that can be induced by lithium

medication. EEG can show abnormalities. Risk factors for these adverse effects are preex-

isting CNS structural disease, especially in elderly patients and with the combined therapy

of lithium and neuroleptic drugs.

ECG abnormalities are due to changes in myocardial repolarization induced by lith-

ium salts. Arrhythmia is seen very rarely within therapeutic ranges of lithium plasma

levels. Dysfunction of the sinoatrial node and bradyarrhythmia are relative contraindica-

tions for lithium therapy.

Tremor caused by lithium therapy can be treated with β-blockers. Weight gain is

seen in about one-third of patients treated with lithium. The average weight gain is 4 to

10 kg. Patients should check their weight regularly. Diets should be planned together with

the clinician to avoid intoxication. Weight gain can be very challenging to the patient’s

compliance, especially in women. If the weight gain becomes unacceptable for the patient,

another mood stabilizer should be considered for long-term therapy.

Sedation is another side effect that can occur under lithium therapy. If lithium in-

duces diarrhea and nausea, then patients have to be observed closely. Dehydration can
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lead to toxicity and therefore the clinician must be careful in balancing the fluid volume

of lithium-treated patients. Milder nausea experienced early in treatment improves when

lithium is administered with meals. Changing the time of day when dosing takes place

can also bring some relief [58]. Diarrhea can be persistent, and antidiarrheal agents can

be helpful.

Hypothyroidism is another adverse effect of lithium. Iodine uptake into the thyroid

gland is decreased under lithium therapy. Formation and release of thyroxin are inhibited.

TSH levels should be monitored regularly. If they are elevated, L-thyroxin should be

added to the therapy.

Hyperparathyroidism and consequently hypocalcemia can be seen in nearly one-

third of patients treated with lithium. Most of the patients do not have symptoms. Lithium

has to be tapered if and when hypocalcemia becomes symptomatic.

The most common dermatological complaint of lithium users is about dry skin.

Topical lotions are sufficient to treat this symptom. Psoriasis vulgaris can occur for the

first time under lithium medication but can also be worsened if already preexisting. Acne

is another effect of lithium on the skin. Any dermatosis induced by lithium should be

treated in cooperation with a dermatologist. In most cases, it is sufficient to reduce lithium

dosage; it is seldom the case that lithium has to be tapered due to dermatosis.

Lithium intoxication is seen in patients with decreased renal lithium excretion or

with overdosage either accidentally or in a suicide attempt. Nearly all of these patients

show central nervous system symptoms like tremor, ataxia, nystagmus, and a decrease of

vigilance. Lithium’s renal excretion can be reduced for several reasons. Gastroenteritis,

renal insufficiency, dehydration, narcosis, delivery, and drugs like diuretics, NSAP, or

some antibiotics are factors that can influence lithium excretion. Intoxication caused by

decreased excretion of lithium can be avoided in most cases. The role of patient education

should not be underestimated.

Valproate shares some side effects with lithium. Again, tremor can be treated with

β-blockers. If sedation and weight gain (valproate is the anticonvulsant most often associ-

ated with weight gain) [59] become unbearable to the patient, another mood stabilizer

should be considered for therapy. Diarrhea can be induced by valproate, but is less danger-

ous than under lithium medication. Nausea can be treated with H2-blockers. Hair loss is

preventable by adding on zinc and selenium supplements. Mild elevation of liver function

parameters should be watched closely. Carbamazepine can have some alarming side ef-

fects: headache, nystagmus, ataxia, or sedation can be very disabling for the patient, as

well as rash, which is rather common [60].

Leukopenia is the most dangerous side effect of carbamazepine, and should never be

combined with clozapine, another drug that can induce a drop in leukocytes. Leukopenia is

a reason to taper carbamazepine immediately. As with valproate, liver function parameters

can be elevated.

Carbamazepine induces cytochrome P450 liver enzymes and shows drug–drug inter-

actions very frequently. It can decrease plasma levels of other medications. Oxcarbazepine,

a well-known drug in Europe, has the advantage of not requiring hematological or hepatic

monitoring. It has recently become available in the United States.

Lamotrigine can lead to Stevens–Johnson syndrome. Rashes typically develop

within the first 2 to 8 weeks of treatment. The risk can be minimized if the physician

initiates therapy at the lowest possible dosage.

Psychiatrists prescribing anticonvulsants should be familiar with the skin eruptions

that can be caused by them.
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IX. SELECTING MOOD STABILIZERS FOR PATIENTS
WITH MEDICAL COMPLICATIONS

Reduced liver function is a contraindication to use of anticonvulsants; in such cases, lith-

ium is the preferred treatment option. In patients with CNS structural disease or renal

disease, valproate or carbamazepine are recommended for treatment of bipolar disorder.

Patients who have a comorbidity of alcohol or cocaine abuse should not be treated with

carbamazepine. Valproate would be the best mood stabilizer for patients with heart failure.

X. SELECTING MOOD STABILIZERS FOR PATIENTS
WITH AGE OVER 65

Valproate or lithium is the preferable treatment option for bipolar disorder in the elderly

[61]. Carbamazepine often is not recommended because of its multiple drug interactions

and because it can cause cardiac conduction disease. Some clinical trials suggest that

lithium may be more efficacious than valproate in this special group of patients. For val-

proate, a “therapeutic window” (other than that in younger adults) was found, namely, 65

to 90 µg/mL. Generally, low rather than high doses should be used. Lithium dosage in

the elderly requires adjustment because of changes in renal clearance and reduction of

total body water [61]. If medication is added to the patient’s current regimen, modest

doses should be increased slowly. Drug interactions have to be considered carefully in

the elderly population. Some widely used drugs that increase the blood level of lithium are

thiazide diuretics, nonsteroidal anti-inflammatory drugs, angiotensin-converting enzyme

inhibitors, and β-blockers.

Physically healthy elderly patients generally tolerate lithium well. The very old,

physically ill, frail, or cognitively impaired may experience an increase in the frequency

of side effects. The most prominent side effects in this special population are polyuria,

gastrointestinal abnormalities, trauma, ataxia, and cognitive impairment. Polyuria may

cause problems in patients with a comorbid prostatic hypertrophy. This combination can

lead to urinary retention and promote urinary tract infections. Toxic blood lithium levels

result in seizures and coma. Slow-release lithium tablets reduce the maximum blood level

concentration.

The condition of mania is often misdiagnosed in the elderly. Confusion, irritability,

paranoia, and impaired concentration are seen more commonly than in younger patients.

Before starting treatment with lithium, neurological examinations should be administered.

Patients with an onset of illness later than age 55 are not supposed to differ in their drug

response from patients with an earlier onset.

XI. MANAGEMENT OF BIPOLAR DISORDER DURING PREGNANCY
AND BREAST-FEEDING

Bipolar disorder occurs commonly in women during their childbearing years. The impact

of untreated psychiatric illness on pregnant women and their offspring is often underesti-

mated. Impulsive or self-injurious behavior and suicide, substance abuse, or inattention

to prenatal care are only some of the risks. Discontinuing the mood stabilizer makes the

risk of recurrence during pregnancy similar to the risk of recurrence at other times. The

postpartum risk of recurrence is 3 times as high [63]. The risk of a subsequent relapse is

greater if the number of prior affective episodes was high. Lithium, carbamazepine, and
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Figure 1 Management of patients with bipolar disorder during pregnancy—treatment

options.

valproate all carry fetal teratogenic risk in early pregnancy and adverse effects in late

pregnancy, labor, and delivery. Regardless of which medication is used, the treating clini-

cian should document the contraceptive methods used and discuss the potential risks of

intrauterine exposure to the different drugs in all female patients during their childbearing

years.

Decisions should be made by the patient (and her partner) after being fully informed

about all risks. Discontinuation might be considered in cases with a good previous course

of illness (Fig. 1). Discontinuation of mood stabilizers should occur gradually over 15 to

30 days (i.e., not rapidly, if at all possible). This reduces the number of recurrences during

pregnancy and the same applies to the patient subject to an unplanned pregnancy, as might

often be the case. Medication should not be tapered abruptly but gradually over 2 weeks
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(50% of all conceptions are inadvertent and most women learn that they are pregnant after

a missed period and are already at 3 to 7 weeks gestation).

In the first trimester, neuroleptics, SSRIs, and ECT carry a lower teratogenic risk

than lithium. There are very controversial findings about the teratogenic potency of lithium

in the first trimester. Some studies suggest a connection between a cardiac malformation

known as Ebstein’s anomaly; others cannot confirm these findings (Ebstein’s anomaly is

characterized by right ventricular hypoplasia and congenital downward displacement

of the tricuspid valve into the right ventricle) [64]. Ebstein’s anomaly has a prevalence

of 1:20,000 in the general population. Under lithium therapy, the risk increases 10 to 20

times or approximately 0.1 to 0.05%. A tricky decision is to be made by the clinician and

the situation of each individual patient must be taken into account. If lithium therapy is

also continued through the critical period of organogenesis (4 to 12 weeks after the last

menstruation), the patient should be examined with prenatal high-resolution echocardiog-

raphy around 16 to 18 weeks gestation [65]. The lowest effective dose of medication

should be taken.

Newborn infants of lithium-treated mothers can develop a “floppy infant syndrome,”

as though under treatment with benzodiazepines or neuroleptics. When tapering lithium

postpartum, reintroducing lithium prophylaxis right after delivery or during late pregnancy

can reduce risk of recurrence. The doses have to be drastically reduced during delivery

since the blood and fluid volume decreases immediately after the child is born and the

risk of toxicity rises. When continuing anticonvulsives, folic acid supplements should be

added to the regimen. It should be noted that anticonvulsants are believed to be highly

teratogenic. An increased occurrence of spina bifida has been observed in the offspring of

mothers treated with anticonvulsives. For carbamazepine, a so-called fetal carbamazepine

syndrome, with dysmorphic features and mild mental retardation, is reported. The fetal

valproate syndrome includes craniofacial, abdominal wall, cardiovascular, urogenital, and

digital malformations. Therefore, if possible, usage of these drugs should be avoided dur-

ing pregnancy.

There is no evidence of teratogenic potential of ECT—a therapy alternative to medi-

cation exposure. Risks to the fetus can be minimized by positioning the patient in the left

lateral decubitus position, by monitoring the fetus and uterus, and by limiting the exposure

to anticholinergic medications.

Antidepressants continued throughout delivery can cause symptoms of drug with-

drawal in the newborn. These symptoms can include irritability, eye rolling, temperature

instability, tachycardia, and seizures. All mood stabilizers are secreted through breast milk.

Although there are some data suggesting that these medications do not pose an immediate

risk to the newborn, breast-feeding is not recommended. However, there may be some

women who insist on breast-feeding. Nursing infants’ serum lithium concentrations have

been reported to be 10 to 50% of the mothers’ serum levels. The baby’s hydration status

should be monitored very carefully.

Valproate and carbamazepine are considered compatible with breast-feeding by

some authors and the American Academy of Pediatrics (1994), although possible side

effects include leukopenia and hepatitis. Liver function of the infant must be monitored.

XII. MOOD STABILIZERS AND SUICIDE RISK IN PATIENTS
WITH BIPOLAR DISORDER

Bipolar patients are at great risk of committing suicide [66]. The mortality of bipolar

patients is two to three times higher than that of the general population. (Bipolar disorder
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Figure 2 Bipolar disorder and suicide—treatment options.

is responsible for an estimated 30,000 deaths per year in the United States.) Of patients

with bipolar disorder, 25 to 50% attempt suicide at least once! Only about 5% commit

suicide by overdosing on their antidepressants—more women than men. So it does not

seem to make sense to prescribe less toxic drugs—it might even be harmful if the drugs

are less efficient [67].

Established risk factors for completed suicide in affective disorder are acute depres-

sion, mixed episodes, rapid cycling, substance abuse, aggression, and/or impulsivity.

Young men in the early phase of their illness are the group at highest risk.

Mortality during lithium treatment is not significantly higher or only moderately

higher than in the general population; after discontinuation of lithium, mortality again is

significantly higher. The suicide rate in bipolar patients not treated with lithium is more

than seven times higher than the suicide rate in bipolar patients treated with lithium [68].

This is strong evidence for the antisuicidal action of lithium—also for patients not showing

satisfactory response to its episode-preventing effect! Similar observations have not been

reported for other mood stabilizers, although anticonvulsants may have merit in the treat-

ment of mixed states, rapid cycling, and comorbid substance abuse [69]. There is insuffi-

cient evidence that long-term antidepressant treatment diminishes suicide risk and this

should be considered when choosing a mood stabilizer for long-time prophylaxis (Fig.

2), especially in patients with severe depression, suicidal thoughts, previous suicide at-

tempts, or a combination of these.
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49. Bottlender R, Rudolf D, Strauss A, Möller HJ. Mood stabilisers reduce the risk of developing

antidepressant-induced maniform states in acute treatment of bipolar I depressed patients. J

Affect Disord 2001; 63:79–83.

50. Frances AJ, Kahn DA, Carpenter D, Docherty JP, Donovan SL. The expert consensus guide-

lines for treating depression in bipolar disorder. J Clin Psychiatry 1998; 59(suppl 4):73–79.

51. Nemeroff CB, Evans DL, Gyulai L, Sachs GS, Bowden CL, Gergel IP, Oakes R, Pitts CD.

Double-blind, placebo-controlled comparison of imipramine and paroxetine in the treatment

of bipolar depression. Am J Psychiatry 2001; 158:906–912.

52. Persad E, Oluboka OJ, Sharma V, Mazmanian D, Kueneman K. The phenomenon of rapid

cycling in bipolar mood disorders: a review. Can J Psychiatry 1996; 41:23–27.

53. Tondo L, Baldessarini RJ. Rapid cycling in women and men with bipolar manic-depressive

disorders. Am J Psychiatry 1998; 155:1434–1436.

54. Maj M. Rapid cycling in bipolar disorder. Am J Psychiatry 1999; 156(11):1837–1838.

55. Leibenluft E. Issues in the treatment of women with bipolar illness. J Clin Psychiatry 1997;

58(suppl 15):5–11.

56. Calabrese JR, Shelton MD, Bowden CL, Rapport DJ, Suppes T, Shirley ER, Kimmel SE,

Caban SJ. Bipolar rapid cycling: focus on depression as its hallmark. J Clin Psychiatry 2001;

62(suppl 14):34–41.

57. Rothbaum BO, Astin MC. Integration of pharmacotherapy and psychotherapy for bipolar dis-

order. J Clin Psychiatry 2000; 61(suppl 9):68–75.

58. Dunner DL. Optimizing lithium treatment. J Clin Psychiatry 2000; 61(suppl 9):76–81.

59. Swann AC. Major system toxicities and side effects of anticonvulsants. J Clin Psychiatry 2001;

62(suppl 14):16–21.

60. Hebert AA, Ralston JP. Cutaneous reactions to anticonvulsant medication. J Clin Psychiatry

2001; 62(suppl 14):22–26.

61. Chen ST, Altshuler LL, Melnyk KA, Erhart SM, Miller E, Mintz J. Efficacy of lithium versus

valproate in the treatment of mania in the elderly: a retrospective study. J Clin Psychiatry

1999; 60:181–186.

62. Tueth MJ, Murphy TK, Evans DL. Special considerations: use of lithium in children, adoles-

cents, and elderly populations. J Clin Psychiatry 1998; 59(suppl 6):66–73.

63. Viguera AC, Nonacs R, Cohen LS, Tondo L, Murray A, Baldessarini RJ. Risk of recurrence

of bipolar disorder in pregnant and nonpregnant women after discontinuinig lithium mainte-

nance. Am J Psychiatry 2000; 157:179–184.

64. Llewellyn A, Stowe ZN, Strader JR. The use of lithium and management of women with

bipolar disorder during pregnancy and lactation. J Clin Psychiatry 1998; 59(suppl 6):57–64.

65. Schou M. Treating recurrent affective disorders during and after pregnancy. Drug Safety 1998;

18(2):143–152.

66. Jamison KR. Suicide and bipolar disorder. J Clin Psychiatry 2000; 61(suppl 9):47–51.
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I. INTRODUCTION

Whereas antidepressants of the first generation were developed primarily on the basis of

their chemical structure (e.g., tricyclic antidepressants), the newer generation of antide-

pressants has been developed strictly on the basis of their mechanism of action (e.g.,

selective serotonin or noradrenaline reuptake inhibitors). Although there was no evidence

that the elderly antidepressants like imipramine are psychostimulants or a “happy pill,”

this notion is still often discussed in the media, over 40 years after the introduction of

antidepressants for the treatment of depression. Figure 1 displays the development of anti-

depressive treatment modalities over the past 100 years, and the emerging treatment oppor-

tunities in the last 20 years are apparent.

When Kuhn [49,50] first described the antidepressant effect of imipramine, he based

his assumption only on clinical observation. There were no standardized diagnostic crite-

ria, no psychometric instruments, like the Hamilton Depression Rating Scale (HAM-D),

and no computer to establish statistical significance levels and confidence intervals. Subse-

quent development resulted in a refined methodology, which is now the basis for interna-

tionally accepted drug development programs that make medications available in Europe

and worldwide [24]. Whereas the methodology and the quality of the studies are now

acceptable throughout different health authorities worldwide, pricing of the product is the

limiting factor for the availability of medication in the individual countries.

One of the aims for developing new antidepressants was to have a better tolerability
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Figure 1 Different pharmacological and nonpharmacological, though biologically based,

therapies in depression. ECT: electroconvulsive treatment; SD: sleep deprivation; LT: light

therapy; rTMS: repeated transcranial magnetic stimulation; VNS: vagus nerve stimulation;

MAO-I: inhibitors of monoamine oxidase; TCA: tricyclic antidepressants; SSRI: selective

serotonin reuptake inhibitors; RIMA: reversible inhibitor of monoamine oxidase A; NaSSA:

noradrenaline serotonin-specific antidepressant; SNRI: serotonin noradrenaline reuptake

inhibitor; NRI: noradrenaline reuptake inhibitor; DSA: dual serotonergic antidepressant;

SRA: sigma receptor antagonist; SPA: substance P antagonist; CRH-RBP: corticotropin-

receptor-blocking peptide; GRH-RBP: glucocorticotropin-receptor-blocking peptide; PP:

pentapeptides.

profile than the older antidepressants, especially regarding toxicity in overdose [18,32].

To achieve this goal, a more circumscribed mechanism of action was studied that was

specifically targeted to eliminate anticholinergic (dry mouth, constipation, cognitive dys-

function), antihistaminergic (sedation, weight gain), as well as α1-adrenolytic (orthostatic

hypotension)-mediated side effects [61]. Particularly in the elderly, a beneficial side effect

profile is important when lifelong antidepressant treatment is initiated, as it is for hyperten-

sion [78].

II. ANTIDEPRESSANTS OF THE FIRST GENERATION

Soon after antidepressants have been shown to be effective in open trials, randomized

controlled trials (RCT) with the use of placebo were introduced in depression research.

Morris and Beck [63] published the first comprehensive review of RCT. The authors

noticed that there were many differences (e.g., diagnostic assessment of depression, con-

trol treatment, definition of response, and statistical analysis), which make it difficult to

compare the individual studies. Interestingly, the first trial conducted in a setting of a

general practice (GP) was published in 1970 [73]. This is of importance because more

than 80% of prescriptions come from general practitioners.

Overall, the RCT indicated that tricyclic antidepressants (TCAs) as well as mono-

amine oxidase inhibitors (MAO-I) are significantly superior to placebo, but with a burden-

some side effect profile. The largest long-term study of antidepressants has been performed

with imipramine [30], which indicated that the dose that had been proven to be effective

in the short-term treatment should also be used for continuation and prophylactic treatment
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[31]. Furthermore, this study elegantly demonstrated the superiority of antidepressive med-

ication over placebo and interpersonal psychotherapy.

The necessity of long-term treatment for depression soon underlined the importance

of a low side effect profile for antidepressants, which was the impetus for the development

of newer antidepressants.

III. NEWER ANTIDEPRESSANTS

Compared to the RCTs carried out with TCAs, newer antidepressants have been studied

with a more refined methodology, because DSM-III and later DSM-IV diagnoses of major

depression as well as standardized research instruments were more accepted [6]. These

methodological standardizations facilitated the use of meta-analyses such as those by

Loonen and Zwanikken [57], Bech and Cialdella [7], and Anderson and Tomenson [1].

A. Selective Serotonin Reuptake Inhibitors

To date, there are five selective serotonin reuptake inhibitors (SSRI) available worldwide:

citalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline [42,44]. They all have sero-

tonin reuptake inhibition as the common mechanism of action but differ in pharmaco-

kinetic properties. For instance, fluoxetine and its active metabolite have a half-life of 10

to 14 days, while other SSRIs are in the range of about 1 day. The metabolic pathway of

P450 cytochromes also differentiates the individual SSRIs. The least interaction with other

medications can be expected from citalopram and sertraline [12].

RCT indicated that the SSRIs are superior to placebo in their antidepressant efficacy

and not different from TCAs, except possibly in severe depression, if clomipramine

[20,21] or dual-acting antidepressants [58,60,83] are used for comparison.

Long-term studies with SSRIs support the notion that SSRIs are effective in pre-

venting relapse (e.g., in the first 4–6 months after acute episode) and recurrence (6 months

after remission has been achieved) [37,89].

Compared to TCAs, SSRIs have a more favorable side effect profile and it is of

clinical importance that the side effects of SSRIs mitigate after 2 to 3 weeks, whereas

those of TCAs persist [76].

In addition to the currently available SSRIs another SSRI, escitalopram, the S-en-

antiomer of citalopram, is now under clinical investigation and the first studies show a

good tolerability and efficacy profile [62,68,85], which might exceed that of citalopram.

B. Selective Noradrenaline Reuptake Inhibitor

Recently, the selective noradrenaline reuptake inhibitor (SNRI) reboxetine has been intro-

duced in Europe and will soon be available in the United States, which has a specific

noradrenaline reuptake mechanism [22,46]. Besides antidepressant efficacy, this com-

pound promises to specifically improve on social functioning compared to SSRIs [39,40].

One of the side effects of a specific noradrenaline reuptake inhibitor—urinary hesitancy

in patients with prostate enlargement—has been shown to be treated effectively with tam-

sulosine [47].

C. Dual and Receptor-Specific Antidepressants

After the success of the SSRIs, researchers set out to develop compounds that exert both

serotonin and norepinephrine reuptake blocking properties (� SNRIs). Antidepressants
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with this mechanism of action have been termed dual-acting antidepressants. Venlafaxine

[13,55], milnacipran [11,38], and duloxetine [72] fall into this category and, based on

available data, it seems that low-dose (50 mg) venlafaxine is more a 5HT inhibitor than

a noradrenaline reuptake inhibitor and vice versa for milnacipran. Both compounds (venla-

faxine and milnacipran) have been shown to be significantly superior to placebo and as

effective as TCAs [8,38]. However, compared with SSRIs, a significantly superior efficacy

has been demonstrated in severely depressed patients [83]. The side effect profile of SNRIs

is linked to their pharmacodynamic properties with nausea and agitation being the most

frequent. Recently, another dual-acting antidepressant, duloxetine, was studied in a clinical

development program in Japan and elsewhere [72,80].

Mirtazapine is a specific-acting antidepressant that enhances noradrenaline as well

as serotonin neurotransmission via blockade of the presynaptic autoreceptor sites [45]. In

addition, it exerts its antidepressant properties via blockade of postsynaptic 5HT2 and

5HT3 receptors. RCT demonstrated superior efficacy to placebo and comparable efficacy

to TCAs, including clomipramine. Superior antidepressant properties have been demon-

strated for fluoxetine. The side effect profile is superior compared to TCAs and different

from SSRIs. The postsynaptic blockade of the 5HT2- and 5HT3-receptor site translates in

clinical practice to typical SSRI side effects like nausea, agitation, headache and sexual

dysfunction, which cannot be found with mirtazapine. However, weight gain is a limiting

factor for some patients.

Nefazodone is another newly introduced compound with a combined serotonergic

mechanism of action (5HT reuptake inhibition, 5HT2 blockade), which offers the benefit

of not having sexual side effects [4]. However, the dosing regimen as well as some side

effects (like lightheadedness) does not give this compound an overall advantage over

SSRIs [26].

Whereas buspirone, a 5HT1A agonist, was not used to a large extent in clinical prac-

tice, new compounds under investigation, such as gepirone [25,59], demonstrated clini-

cally relevant efficacy in recent RCT. Flesinoxan and ipsapirone, on the other hand, also

5-HT1A-activating compounds, have not been developed further since RCT did not show

superiority over placebo.

Moclobemide, a reversible inhibitor of MAO-A, is marketed in Europe but not the

United States [2,54]. This compound can be viewed as efficacious in mild-to-moderate,

but not severe, depression. However, specific studies have not been carried out.

The mechanism of action of tianeptin is not as yet fully understood; however, clinical

results reveal good efficacy, specifically if the symptomatology of the patients comprises

both anxiety and depression [35,86]. Bupropion, a selective dopamine reuptake inhibitor,

is marketed in the United States for depression and in Europe for smoking cessation. The

availability for those different indications in different parts of the world stems more from

marketing considerations than from data obtained in RCT.

D. St. John’s Wort as an Antidepressant

Since ancient times, preparations of St. John’s Wort (“Johanniskraut”) have been used

for antidepressant treatment properties [5,9,64]. In Germany, this treatment modality com-

prises up to 40% of the antidepressant market. Recently, it has been demonstrated for a few

standardized formulations (e.g., LI-160, WS 5570) that the pharmacodynamic properties

include serotonin, noradrenaline, and dopamine reuptake modulation together with
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GABAergic effects [65]. Among the various constituents of St. John’s wort extract, hyper-

forin seems to play a major role in exerting the antidepressant efficacy. This has been

demonstrated not only in animal studies but also in placebo-controlled clinical trials

[36,43,51,53]. There are a number of RCT with standardized hypericum extracts, with

more to come. These studies indicate superiority over placebo and no difference to TCA.

However, the quality of these trials is not always comparable to synthetic antidepressants

with regard to sample size, dosage of reference compound, etc. [81]. The ongoing trials,

specifically placebo-controlled continuation and maintenance trials, will answer these

questions in the near future. A recent placebo-controlled study performed by Volz et al.

[84] indicated that it might be worthwhile to further investigate hypericum extracts for

somatoform disorder. Compared to synthetic antidepressants, hypericum extracts exhibit

significantly fewer side effects and most likely this is one of the reasons for its high

prescription rates [41].

Table 1 Available Antidepressants and Their Pharmacodynamic Properties

NA 5-HT DA Ach H

Modern antidepressants

SSRI: selective serotonin reuptake inhibitors

Citalopram, escitalopram, fluoxetine, fluvoxamine, � ��� � � �

paroxetine, sertraline

NaSSA: noradrenaline and serotonin-specific

antidepressant �� �� � � �

Mirtazapine

SNRI: (selective) serotonin and noradrenaline reuptake

inhibitors

Milnacipran, venlafaxine, duloxetine ��� ��� � � �

(Selective) noradrenaline reuptake inhibitors

Reboxetine ��� � � � �

Serotonin-reuptake enhancer

Tianeptin ??

Serotonin 5HT1A-agonists

Buspirone, Gepirone ��

Dopamine reuptake inhibitor

Bupropion ���

DSA: dual serotonin antidepressant

Nefazodone � �� � � �

Older antidepressants

Tricyclics:

e.g., Amitriptyline, clomipramine, desipramine, imipramine ��� ��(�) � ��� �

Tetracyclics

Maprotiline ��� � � ��� ��

Others:

Mianserine �� � � � ��

Trazodone � � � � �

MAO inhibitors ��� ��� ��

MAO-A inhibitors (reversible):

Moclobemide �� �� � � �

DA: dopamine; NA: noradrenaline, Ach: acetylcholine, 5HT: serotonin, H: histamine.
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IV. NOVEL ANTIDEPRESSANTS

Efforts at developing new antidepressants are currently pursuing drugs with novel mecha-

nisms of action. In particular, a number of strategies have focused on agents that block

receptors for brain peptides. These approaches have been built upon theories that alter-

ations in the activity of specific brain peptides could play a major role in stress responses

or in the development of symptoms of anxiety or depression.

The most advanced of these pharmacological approaches is the use of substance P

antagonists. Substance P is a neurokinin peptide with wide distribution in the brain [71].

It was identified in the early 1930s by von Euler and its amino acid sequence was identified

some 40 years later [87]. Its potential role as a neurotransmitter in the brain was demon-

strated in 1975. In the late 1980s, a neurokinin receptor (NK1) that preferred substance P

was cloned and early antagonists, which were large molecules and had less than optimal

availability, were developed. Recently, a number of companies have developed relatively

small molecules with better availability and these are under active clinical investigation

for their potential efficacy in depression. One compound—MK-869—has been tested in

major depression and has been reported to be effective [48].

Initially, substance P antagonists were tested as pain modulators, but studies were

remarkable in their consistent lack of efficacy for this indication. The mapping of substance

P in mammalian brain pointed to high concentrations in areas (e.g., the amygdala) thought

to be involved in stress modulation, anxiety, or depression and this led investigators to

explore the possible use of NK1 antagonists in animal models of stress. Kramer and col-

leagues have described elegantly that MK-869—an NK1 antagonist— can exert significant

suppression effects on separation-induced vocalizations in an animal model of stress. In

addition, NK1 antagonists have been reported to have potent antiemetic effects.

MK-869 has been tested in a multicenter trial in which 300 mg/day of the agent

were compared with paroxetine (20 mg/day) and placebo in 213 patients [48]. Both drugs

separated from placebo in reducing total scores on the Hamilton Depression Rating Scale

(HDRS) and the Hamilton Anxiety Rating Scale (HARS) and there was a suggestion—

although not statistically significant—of possible superiority of MK-869 over paroxetine

on anxiety measures at the conclusion of the study. MK-869 did not appear to produce

more rapid effects.

The drug’s side effect profile appeared relatively benign. Principal side effects ap-

peared to be irritability, nausea, and fatigue. The drug appeared to produce significantly

less sexual dysfunction than did the SSRIs.

Subsequently, the manufacturer of MK-869 has decided to suspend development of

this particular compound in favor of much more potent second-generation antagonists that

can be prescribed at lower doses. In addition, a number of pharmaceutical companies

with small-molecule antagonists in their portfolios have also started investigation of their

compounds in major depression. This approach is innovative and opens new avenues for

treatment.

Recently, netamiftide, a novel pentapeptide, has been studied by Feighner et al.

[27–29] and found to be effective in severe treatment-resistant depression. Interestingly,

efficacy was achieved by five or ten doses which continued for the remaining month of

the initial phase.

Another recent approach has been to develop antagonists for corticotropin-releasing

hormone (CRH). This peptide, found in the hypothalamus and hippocampus, has been

reported to play an initiating role in the hypothalamic–pituitary–adrenal (HPA) axis re-
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sponse to stress. The peptide stimulates the pituitary to release adrenocorticotropin hor-

mone (ACTH) which, in turn, stimulates the adrenal gland to secrete cortisol. Cortisol

feeds back at the levels of the brain and pituitary to inhibit further stimulation of CRH

and ACTH and ultimately to decrease its own release. Potential antagonism of the stress-

induced increases in HPA axis activity underlie early attempts to develop CRH antagonists

as antidepressants. However, more recent studies have concentrated on CRH outside the

HPA axis (e.g., in the amygdala) which is not responsive to negative feedback by cortisol.

CRH outside the HPA axis may play an important role in general stress responsivity and

the pathogenesis of anxiety and depressive disorders. A glucocorticoid receptor antagonist

is currently under investigation [66,75].

Early prototypes (e.g., a helical CRH) were potent antagonists but, again, their large

structures led to poor bioavailability or permeability of the blood–brain barrier. Studies

in rats required intracerebral administration. More recently, a number of antagonists have

been developed and these are generally smaller and enjoy greater permeability into the

brain. Several prototypes have passed phase I screening for safety and are now headed

for early dose finding phase II efficacy studies. The CRH antagonist R121919 had been

studied in an open clinical trial by Zobel et al. [91] and reported to be effective in a lower,

compared to a higher, dosage. The authors compared the results of this open trial with a

historical open trial with paroxetine and concluded similar efficacy. However, due to un-

foreseen side effects on the liver, development had been stopped.

A third approach has been to develop drugs that act as antagonists of the sigma

receptor [79]. The sigma receptor was thought for many years to be linked to opioid

systems, but over time data have emerged that indicate that this receptor has less to do

with opioids than was originally thought. More recently, a number of studies have pointed

to some sigma antagonists as exerting effects on other systems such as glutamate, GABA-

B acetylcholine, and neuropeptides. Sigma antagonists may increase release of nor-

epinephrine from presynaptic terminals and are effective in several animal models used

to determine possible antidepressant properties. Still, the exact mechanisms of action vis-

à-vis relief of depression are unclear.

Sigma antagonists were originally studied in schizophrenia, with relatively limited

efficacy on positive symptoms. Recently, one such compound, igmesine, has begun to be

Table 2 Novel Treatment Approaches

Proposed mechanism Substance Clinical results

Substance P antagonists (NK1 MK-869 Equal efficacy to paroxetine, better side

antagonist) effect profile

Corticotropin-releasing hormone — Open trial exerts antidepressant

(CRH) antagonists efficacy. Development stopped due

to side effects

Glucocorticoid-receptor antagonist — Not yet available

Sigma-receptor antagonist Igmesine Not yet available

Blockage of melatonin receptors Agomelatin Not yet available

Pentapeptide Netamiftide Open trial positive for severe treat-

ment-resistant depression, even after

5–10 doses

5HT2C inverse agonist Deramciclane Positive studies in generalized anxiety

disorders available
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Table 3 Current and Possible Future Mood Stabilizers

Dosage

Substance mg/daya Blood level

Lithium carbonate 400–800 0,6–0,8 mVal/L

Carbamazepine 400–1200 17–42 µmol/L

Oxcarbamazepine 600–1500 10–50 µg/mL

Valproic acid, Na-Valproate 750–1500 50–120 µg/mL

Lamotrigine 200–400 1–10 µg/mL

Topiramate 100–200 3–15 µmol/L

Atypical antipsychotic TBD —

aInitial dosage lower.

TBD: to be determined, likely as an add-on strategy to mood stabilizers.

studied in major depression. Results are not yet available. Still, sigma antagonists represent

a novel approach to antidepressant therapy [79]. Recently, deramciclane, a specific-acting

serotonergic antidepressant, has come under investigation [52,69]. The other novel com-

pound studied in animal experiments is agomelatin [88].

V. EMERGING OPPORTUNITIES WITH MOOD STABILIZERS

Whereas for a long time only lithium was used for long-term treatment of bipolar (BP)

disorder, now there are valproic acid, carbamazepine, and, as an add-on therapy, clo-

nazepam available with mood stabilizing properties [23,33,77]. The side effect profile and

toxicity of lithium are not the only reasons why further developments were necessary

[3,34]. Based on the kindling hypothesis of Post et al. [74], it is thought that BP patients

in a later stage of their illness respond more positively to anticonvulsants than to lithium.

Within the group of mood stabilizers, there is a transatlantic gap (e.g., in the United States

valproic acid and in Europe carbamazepine are predominantly used as monotherapy or as

combination therapy with lithium). The U.S. approach is backed up by RCT [10], whereas

open data obtained in Europe speak for carbamazepine. There is some indication that

carbamazepine has a favorable profile in schizoaffective disorders [82], whereas valproic

acid is beneficial specifically in rapid cycling [17]. Both compounds have limiting side

effects, such as weight gain or changes in plasma levels of concomitant medication (carba-

mazepine lowers and valproic acid increases levels of concomitant medication).

Further candidates for treatment of bipolar disorder under current investigation are

lamotrigine [15,90] and topiramate [56,70]. So far, topiramate is promising because it is

not burdened with the side effect of weight gain. Lamotrigine recently demonstrated effi-

cacy in the treatment of acute depression within BP [14]. The studies for gabapentin,

however, did not show a significant mood-stabilizing property. It emerged that this com-

pound is more helpful for the anxiety component of the BP spectrum. Although ox-

carbamazepin is significantly less burdened with enzyme-inducing properties than car-

bamazepine, there are no studies in BP disorder available in the literature. Our clinical

experience, however, indicates that oxcarbamazepine is as effective as carbamazepine.

The role of atypical antipsychotics for treatment of not only the acute phase of mania

but also mood-stabilizing properties is now under current investigation [15,77].
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VI. CONCLUSION

The introduction of TCAs in the 1950s was the first revolution of antidepressant therapy

followed by the SSRIs in the late 1980s. The relative lack of side effects of the SSRIs

and their efficacy in disorders other than major depression (including anxiety disorders

and eating disorders) made them widely prescribed and accepted medications [42]. The

SSRIs fostered a mechanism-based approach to antidepressant research that will hopefully

lead to antidepressants with more distinct mechanisms of action (e.g., substance P antago-

nists) [48]. More effective and better tolerated antidepressant medications improve pa-

tient’s quality of life, foster greater acceptance of the disease in our society, and ultimately

provide wider benefits for patients [19]. This is important because depression ranks highest

among the identified diseases in the loss of daily adjusted life years (DALYs), a measure

that indicates the loss of an individual’s productivity due to the disease from which they

suffer [67].
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65. Müller WE, Rolli M, Schäfer C, Hafner U. Effects of hypericum extract (LI 160) in biochemi-

cal models of antidepressant activity. Pharmacopsychiatry 1997; 30(suppl):102–107.

66. Murphy BEP, Filipini D, Ghadirian AM. Possible use of glucocorticoid receptor antagonists

in the treatment of major depression: preliminary results using RU 486. J Psychiatry Neurosci

1993; 18:209–213.

67. Murray CJL, Lopez AD. The global burden of disease: a comprehensive assessment of mortal-

ity and disability from diseases, injuries and risk factors in 1990 and projected to 2020. Cam-

bridge, MA: Harvard University Press, 1996.

68. Owens MJ, Knight DL, Nemeroff CB. Second-generation SSRIs: human monoamine trans-

porter binding profile of escitalopram and R-fluoxetine. Biol Psychiatry 2001; 50:345–350.

69. Palvimaki EP, Majasuo H, Kuoppamaki M, Mannisto PT, Syvalahti E, Hietala J. Deram-

ciclane, a putative anxiolytic drug, is a serotonin 5-HT2C receptor inverse agonist but fails

to induce 5-HT2C receptor down-regulation. Psychopharmacology (Berlin) 1998; 136:99–

104.

70. Pecuch PW, Erfurth A. Topiramate in the treatment of acute mania. J Clin Psychopharmacol

2001; 21:243–244.

71. Pernow B. Substance P. Pharmacol Rev 1983; 35:85–141.

72. Pitsikas N. Duloxetine Eli Lilly & Co. Curr Opin Invest Drugs 2000; 1:116–121.

73. Porter AMW. Depressive illness in a general practice. A demographic study and a controlled

trial of imipramine. Br Med J 1970; 1:773–778.

74. Post RM, Leverich GS, Altshuler LL, Mikalauskas K. Lithium-discontinuation-induced refrac-

toriness: preliminary observations. Am J Psychiatry 1992; 149:1727–1729.

75. Price LH, Malison RT, McDougle CJ, Pelton GH. Antiglucocorticoids as treatments for de-

pression. CNS Drugs 1996; 5:311–320.

76. Reimherr FW, Chouinard G, Cohn CK, Cole JO, Itel TM, LaPierre YD, Masco HL, Mendels

J. Antidepressant efficacy of sertraline: A double-blind placebo- and amitriptyline-controlled

multicenter comparison study in outpatients with major depression. J Clin Psychiatry 1990;

51(suppl 12):18–27.



New Treatment Options 627

77. Sachs GS, Thase ME. Bipolar disorder therapeutics: maintenance treatment. Biol Psychiatry

2000; 48:573–581.

78. Salzman C. Pharmacological treatment of depression in the elderly. J Clin Psychiatry 1993;

54(suppl 2):23–28.

79. Sanchez C, Arnt J, Costall B, Kelly ME, Naylor RJ, Perregaard J. The selective sigma 2 ligand

Lu 28-179 has potent anxiolytic-like effects in rodents. J Pharm Exp Ther 1997; 283:1323–

1332.

80. Sharma A, Goldberg MJ, Cerimele BJ. Pharmacokinetics and safety of duloxetine, a dual-

serotonin and norepinephrine reuptake inhibitor. J Clin Pharmacol 2000; 40:161–167.

81. Shelton RC, Keller MB, Gelenberg A, Dunner DL, Hirschfeld R, Thase ME, Russell J, Lydiard

RB, Crits-Cristoph P, Gallop R, Todd L, Hellerstein D, Goodnick P, Keitner G, Stahl SM,

Halbreich U. Effectiveness of St. John’s wort in major depression. A randomized controlled

trial. JAMA 2001; 285:1978–1986.

82. Stuppäck C, Barnas C, Schwitzer J, Fleischhacker WW. Carbamazepine in the prophylaxis

of major depression. A 5-year follow up. J Clin Psychiatry 1994; 55:146–150.

83. Thase ME, Entsuah AR, Rudolph RL. Remission rates during treatment with venlafaxine or

selective serotonin reuptake inhibitors. Br J Psychiat 2001; 178:234–241.
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I. INTRODUCTION

Major depressive disorder is a highly prevalent and disabling psychiatric disorder. Data

from the National Comorbidity Survey showed a 4.9% prevalence of current major depres-

sion and a 17.1% prevalence of lifetime major depression [l]. When compared with chronic

medical illnesses, depression results in equal or exceeding decrements in functioning and

well-being [2]. Major depression not only afflicts the individual but also has an important

societal impact. Due to its direct and indirect costs, major depression places a heavy burden

on the community. Different therapies of major depressive disorder have been developed

in an attempt to reduce this impact on a person’s life and society. The effectiveness of

antidepressant treatment is said to be very high and, according to the Agency for Health

Care Policy and Research guidelines, depression can almost always be treated successfully

with medication, psychotherapy, or a combination of both [3,4]. This therapeutic optimism

is somewhat conflicting with everyday clinical practice where major depression often does

not resolve completely and recurs frequently. One of the main reasons for this discrepancy

may be found in the different definitions of “successful treatment.” Indeed, treatment

outcome is not a uniform concept and different definitions are applied according to the

parties doing the defining (e.g., pharmaceutical industry, society, and health-care provid-

ers, physicians, and patients). This chapter will take a closer look at treatment outcome

in major depression and will attempt to disentangle the many overlapping and often

vaguely defined descriptions of (un)successful treatment for depression.
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II. OUTCOME DEFINITIONS IN MAJOR DEPRESSION

Many definitions exist and are used inconsistently (e.g., nonresponse, partial response,

response, partial remission, remission with residual symptoms, asymptomatic remission,

and recovery). These inconsistencies make research findings difficult to interpret and hin-

der comparisons across studies. Frank et al. [5] proposed an internally consistent, empiri-

cally defined conceptual scheme for the terms episode, response and partial remission,

full remission, recovery, relapse, and recurrence (Table 1). It was stated that such a coher-

ent scheme “would aid in the design, conduct and analysis of investigations aimed at

understanding cause and pathogenesis, as well as those focused on the evaluation of short-

and long-term effects of treatment.” Besides the conceptual scheme, Frank et al. also

put forward some operational criteria based on the Schedule for Affective Disorders and

Schizophrenia [6], the 17-item Hamilton Rating Scale for Depression (HDRS) [7], or the

21-item Beck Depression Inventory (BDI) [8] (Table 2). A remarkable finding in these

definitions is that different duration criteria were suggested for the different measures

(e.g., an episode defined by the 17-item HDRS implies a HDRS score �15 for longer

than 2 weeks, while an episode defined by the 21-item BDI requires a BDI score �15

for longer than 4 weeks). This might also lead to different duration criteria in the definition

of episode, full remission, and recovery.

However, besides the categorical outcome criteria proposed by Frank et al. [5], many

continuous outcome definitions of depressive disorder are currently employed: endpoint

severity (absolute score on a chosen depression rating scale), depression improvement

(absolute change in score from baseline to endpoint), and percent improvement (percent

change from baseline to endpoint). Some discrepancies found in the literature covering

predictors of outcome can be attributed to whether a categorical or continuous outcome

definition was used as illustrated by Tedlow et al. [9]. In the study by Tedlow et al., 248

patients with DSM-IIIR diagnosis of major depression were treated with fluoxetine 20

Table 1 Definitions of Terms Designating Change Points in Major Depressive Disorder

An episode is a period, lasting longer than D days, during which the patient is consistently

within the fully symptomatic range on a sufficient number of symptoms to meet syndromal cri-

teria.

A response is the point at which a partial remission begins.

A partial remission is a period during which an improvement of sufficient magnitude is observed

that the individual is no longer fully symptomatic (i.e., no longer meets syndromal criteria for

the disorder) but continues to evidence more than minimal symptoms. Treatment is not a re-

quirement of the definition; partial remission can be spontaneous.

A full remission is a relatively brief (�E days but �F days) period during which an improve-

ment of sufficient magnitude is observed that the individual is asymptomatic (i.e., no longer

meets syndromal criteria for the disorder and has no more than minimal symptoms). Treat-

ment is not a requirement of the definition; partial remission can be spontaneous.

A remission that lasts for F days or longer is a recovery. Recovery can be spontaneous and can

last for an indefinite period.

A relapse is a return of symptoms satisfying the full syndrome criteria for an episode that occurs

during the period of (partial) remission, but before recovery as defined above.

A recurrence is the appearance of a new episode of major depressive disorder and, thus, can oc-

cur only during a recovery.

Source: Ref. 5.
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Table 2 Operational Criteria for Terms Designating

Change Points in Major Depressive Disorder

Schedule for affective disorders and schizophrenia

Clinical ranges

Asymptomatic 2 symptoms present

Fully symptomatic 5 symptoms present

Durations

Episode 4-week symptomatic

Full remission 2-week to �8-week asymptomatic

Recovery 8-week asymptomatic

17-item Hamilton rating scale for depression

Clinical ranges

Asymptomatic score of 7

Fully symptomatic score of 15

Durations

Episode 2-week fully symptomatic

Full remission 2-week to �6-month

asymptomatic

Recovery 6-month asymptomatic

21-item Beck depression inventory

Clinical ranges

Asymptomatic score of 8

Fully symptomatic score of 15

Durations

Episode 4-week fully symptomatic

Full remission 3-week to �4-month

asymptomatic

Recovery 4-month asymptomatic

Source: Ref. 5.

mg/day for 8 weeks. Patients were evaluated both pre- and post-treatment with the 17-

item HRDS, the Clinical Global Impression Scales for Severity (CGI-S) and Improvement

(CGI-I) [10]. The authors investigated the relationship between baseline severity of depres-

sion and anxiety, and different definitions of treatment outcome. Both continuous and

categorical outcome definitions were used. Continuous outcome definitions were endpoint

severity (endpoint HDRS score), depression improvement (absolute change in HDRS from

baseline to endpoint), global improvement (CGI-I score at endpoint), and percent depres-

sion improvement (percent change in HDRS score from baselin!e to endpoint). Categorical

definitions were HDRS score �10, 50% reduction in HDRS; HDRS score �10 and 50%

reduction in HDRS; HDRS score �7, 75% reduction in HDRS; HDRS score �7, 75%

reduction in HDRS CGI-S � 1. The absolute change in depression score (depression

improvement) showed no relationship with baseline severity of depression or anxiety.

However, when using percent change in the HDRS score as an outcome variable, treatment

proved to be modestly better for subjects with lesser baseline anxiety or depression. This
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relationship became more robust when categorical definitions of outcome were applied,

with lesser baseline symptoms predicting a better response.

III. RESPONSE

In the definition of Frank et al. [5], a response is thought of as the point at which partial

remission begins. Unlike other outcome definitions like remission and recovery, response

requires treatment. It is often applied in clinical trials to evaluate efficacy of an antidepres-

sant in the early phase of treatment. The most commonly used criterion of response is a

50% reduction or more from a baseline score on a depression rating scale like the HDRS,

the BDI, or Montgomery and Åsberg Depression Rating Scale [11]. These different scales

show a different item coverage and a different perspective of observer (self-rating versus

observer-rating) and so may yield different rates of response when used in a common

study sample. Epidemiological data and clinical trials have shown that the standard of a

50% improvement fails to reflect the reality of depression outcome and does not cover

outcomes like partial remission and residual symptoms. Indeed, a 50% reduction in the

HDRS score of a severely depressed patient may classify him as a responder but still

leaves him with prominent depressive symptoms.

Different definitions or subclassifications of response may concern the magnitude

and the pattern of improvement (timing and course), and were recently summarized by

Trivedi and Baker [12]: response, minimal response, nonresponse, early and late response,

sustained response (Table 3). These latter outcome definitions (minimal response, early

and late response, sustained response) are important in determining the onset of action of

antidepressants and may differentiate between true drug response and placebo response.

For many years, investigators have tried to measure the speed of onset of antidepres-

sant drugs. In timing this onset of action, response must be an early, significant reduction

in depressive symptoms and must be linked to a subsequent, clinically significant treatment

outcome (i.e., a sustained response) [13]. Different definitions for early response (e.g., an

absolute change or percent improvement in HDRS score) are used and may affect the

results of studies, with stricter response criteria resulting in a later onset of action [14–

18] (Table 4). In an elegantly designed study by Nierenberg et al. [16], the time until

onset of antidepressant response was assessed in 182 outpatients with DSM-IIIR major

depression who had a sustained response to fluoxetine (8 weeks of treatment with 20 mg/

day of fluoxetine). Onset of action was defined as a 30% decrease in score on the 17-

Table 3 Classification of Response According to Symptom Improvement and Timing

of Improvement

Response: 50% improvement in symptom severity from baseline on the HDRS.

Minimal response: a 25 to 49% improvement in symptom severity from baseline on the HDRS.

Nonresponse: �25% reduction improvement in symptom severity from baseline on the HDRS

Early response: 50% improvement in symptom severity from baseline on the HDRS, before

week 4.

Late response: 50% improvement in symptom severity from baseline on the HDRS, after

week 4.

Sustained response: two consecutive weeks of improvement in symptoms that meet the response

criterion.
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Table 4 Different Criteria for Onset of Action

20% reduction in 17-item HDRS score. Ref. 15

30% reduction in 17-item HDRS score. Ref. 16

Decrease of 4 points in the MADRS score. Ref. 17

CGI score of either 2 (much improved) or 1 (very much improved) Ref. 18

item HDRS, which persisted and led to a 50% decrease by week 8. The authors found

that at weeks 2, 4, and 6, the probabilities of having on onset of action were 56%, 25%,

and 9%, respectively. The mean time to onset of action was 3.8 weeks. When response

was defined as a 50% decrease in HDRS score, the probabilities of having a response at

weeks 2, 4, and 6 became 18%, 37%, and 26%. The mean time to response became 4.9

weeks.

However, besides the magnitude and timing of response, research has also focused

on the temporal pattern of this response. Quitkin et al. [18] developed a method of describ-

ing the longitudinal pattern of response to antidepressants. Patterns of response were based

on weekly ratings of clinical status (CGI-I). Improvement was defined as a CGI score of

either 2 (much improved) or 1 (very much improved). Delayed improvement was judged

as being first observed after 2 weeks of treatment. Improvement was said to be persistent

if it was not followed by a relapse in any succeeding week. In a sample of 150 nonmelan-

cholic depressed patients (treated in a double-blinded study during 6 weeks with phenel-

zine, imipramine, or placebo), true drug effect was characterized by a 2-week delay of

onset and persistence of improvement. These findings were further elaborated by Stewart

et al. [19] using pattern analysis to predict differential relapse of remitted patients with

major depression during 1 year of treatment with fluoxetine or placebo. The efficacy of

fluoxetine during the continuation phase (the period from the end of the short-term treat-

ment until 6 months) and maintenance phase (beyond 6 months) seemed to be limited to

patients with an initial true drug response (delayed and persistent improvement).

IV. PARTIAL REMISSION

Partial remission is defined as a period during which an improvement of sufficient magni-

tude is observed that the individual is no longer fully symptomatic (i.e., no longer meets

syndromal criteria for the disorder), but continues to evidence more than minimal symp-

toms. Operational criteria are a 17-item HDRS score ranging from 8 to 14, or a 21-item

BDI ranging from 9 to 14 [5]. About 50 to 70% of patients in clinical trials will respond

(�50% improvement) to antidepressants and only 25 to 35% will experience full remission

[20]. Thus, many patients will only achieve partial remission (i.e., the patient is no longer

fully symptomatic but continues to evidence residual symptoms).

Studies by Paykel et al. [21] and Van Londen et al. [22] have highlighted some

remarkable findings regarding the prevalence, nature, and consequences of the residual

symptoms in partial remission. First, residual symptoms in partially remitted patients are

highly prevalent. Second, they resemble the typical depressive symptomatology. Third,

residual symptoms in partial remission are associated with a higher risk of relapse.

In a study by Paykel et al. [21], patients with primary unipolar major depression

(Research Diagnostic Criteria) were followed every 3 months to remission and thereafter.

Remission was defined as no longer meeting the inclusion criterion of major depression
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Table 5 HDRS Distribution in

Patients No Longer Reaching

Criteria for Major Depression

17-item HDRS score %

0–4 47

5–7 22

8–10 7

11–12 12

13–15 5

16–18 8

Source: Ref. 21.

during two consecutive months. In the remitted patients, residual symptoms were regarded

as present when the 17-item HDRS score was �8. Residual symptoms were found in 32%

of the remitted sample; the HDRS score ranged from 8 to 18 (Table 5). The symptoms

present were those typical of depression: at least 47% of subjects showed ratings at the

level of moderate or more on the items of depressed mood, work, and interests, psychic

anxiety, and genital symptoms. Mean scores on all individual items of the HDRS could

differentiate significantly between subjects with or without residual symptoms, except for

some items typical of severe depression (late insomnia, retardation, agitation, hypochon-

driasis, weight loss, and loss of insight). Residual symptoms were predictive of relapse.

Overall, 76% of subjects with residual symptoms relapsed over follow-up, as opposed to

25% of those without residual symptoms. Analogous results were obtained by Van Londen

et al. (22) in a follow-up study of patients with DSM-III-R major depression. After 9

months, 49% of patients had reached full remission and 45% were in partial remission.

Full remission was defined as at least two consecutive months with symptoms below the

threshold for depression and without residual symptoms. The absence off residual symp-

toms was conceptualized by a score of �2 per symptom on the MADRS. Partial remission

was defined as at least two consecutive months, with symptoms below the threshold for

depression but with residual symptoms. For subjects with partial remission, the sum score

had to be 10 on the MADRS, and only one symptom was allowed to have a score equal

to 3; any further symptom score had to be �3. Subjects with only partial remission were

found to have a significantly greater risk of relapse in the subsequent 12 months than

patients in full remission. Patients with partial remission relapsed particularly in the first

4 months, while fully remitted patients had recurrence for the most part after 12 months

of remission.

V. FULL REMISSION AND RECOVERY

Full remission is a relatively brief period during which an improvement of sufficient mag-

nitude is observed that the individual is asymptomatic (i.e., no longer meets the syndromal

criteria for the disorder and has no more than minimal symptoms). When this asymptom-

atic state is maintained during a longer period, full remission becomes recovery [5]. The

definition of remission and recovery implies a common criterion of severity (asymptomatic

or no more than minimal symptoms) and a different criterion of duration. Being asymp-
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tomatic is often translated into a 17-item HDRS �7 or a BDI �8. More controversy exists

about the different criteria of duration. In the original proposition by Frank et al. [5], full

remission was defined as a period �2 weeks and �6 months and recovery �6 months.

However, in the subsequently mentioned research articles other duration criteria are used

or are not specified at all.

Full remission is considered to be the gold standard in antidepressant therapy. How-

ever, having a closer look at these fully remitted patients may reveal that they are not as

asymptomatic as they are supposed to be. Residual symptoms seem to persist, not only

in the depressive realm but also in the area of social and cognitive functioning.

In a study by Nierenberg et al. [23] 215 outpatients with DSM-III-R major depres-

sion were treated with a fixed dose of fluoxetine (20 mg/day) for 8 weeks. Of these 215

patients, 108 (50%) reached full response (17-item HDRS score �7). In these full respond-

ers, the authors then assessed the presence of subthreshold or threshold depressive symp-

toms, according to the Structured Clinical Interview for DSM-III-R, Patient Edition

(SCID-P). Only a minority (18%) of those with a final 17-item HDRS score �7 were

found to be totally free of SCID-P major depressive symptoms, while the majority were

not as asympomatic as they were thought to be (Table 6). The three most common symp-

toms were sleep disturbances, fatigue, and diminished interest or pleasure. Fava et al. [24]

looked for residual symptoms in 49 outpatients with primary major depressive disorder

(Research Diagnostic Criteria), who were successfully treated with antidepressant drugs

and had reached full remission [5]. Residual symptoms were assessed with a modified

version of Paykel’s Clinical Interview for Depression [25]. Only 6 (12%) of the 49 patients

screened did not present with residual symptoms. The most frequently reported symptoms

were generalized anxiety, somatic anxiety, and irritability.

The importance of residual depressive symptomatology in fully remitted/recovered

patients is pointed out by a prospective study by Judd et al. [26] in which patients with

unipolar major depressive disorder were followed naturalistically for 10 years or longer.

Recovered patients were divided into two groups: asymptomatic recovery and recovery

with subthreshold depressive symptoms (SSD). Residual SSD compared to asymptomatic

recovery patients relapsed �3 times faster to their next major depressive episode (me-

Table 6 Frequency of

Threshold and Subthreshold

Depressive Symtoms (as

defined in the SCID-P) in Fully

Remitted Patients

Number of symptoms %

1 18

2 26

3 23

4 19

5 10

6 2

7 3

Source: Ref. 23.
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dian � 68 vs. 231 weeks). The risk for early relapse associated with residual SSD recovery

was so strong that it appeared to override the effect of the history of prior major depressive

episodes.

However, residual symptoms in fully remitted patients extend beyond the core de-

pressive symptomatology. Research has gathered substantial evidence for long-lasting

changes in social functioning and cognition, even after succesful treatment (i.e., full remis-

sion) of major depressive disorder. Some of these research findings will be discussed

further.

As early as 1973, Paykel and Weissman [27] demonstrated the persistence of im-

paired social functioning in women after symptomatic improvement. Although improve-

ments in social functioning occurred over an 8-month follow-up period, residual impair-

ment remained. In the study of Mintz et al. [28], analogous conclusions were made. By

means of a comprehensive review of the scientific literature, the authors investigated the

effects of antidepressants and psychotherapy on work impairment in depressed patients.

The trajectory of outcome for work appeared to be slower than that observed for symp-

toms. In fully remitted patients, work outcome became better and better as the duration

of treatment increased, reaching a maximum at about 4 to 6 months. More recently, Furu-

kawa et al. [29] studied the time course of symptomatic change and social functioning in

patients recovering from major depression. The study included 95 patients with DSM-IV

unipolar major depressive disorder, who had received no antidepressant or antipsychotic

medication in the preceding 3 months. Symptomatic change was measured with the 17-

item HDRS, while social functioning was assessed by the Global Assessment Scale (GAS)

[30] and the Social Adjustment Scale-Self Report (SAS-SR) [31]. A patient was consid-

ered as remitted when he/she scored �7 on the 17-item HDRS, and recovered when he/

she scored �7 for two consecutive months or more. Within 2 years of follow-up, 74 (78%)

reached remission and 53 (56%) reached recovery. Twenty (21%) of the recovered patients

demonstrated sustained recovery over 6 months. In remitted patients, GAS ratings, al-

though greatly improved from baseline, still were not in the normal range. GAS ratings

only reached the normal range in recovered patients and still improved if recovery was

sustained. Similar trends were observed for the SAS-SR.

Besides impaired social functioning, other aspects of depression, such as dysfunc-

tional attitudes and depressive cognitions, may persist after the resolution of depressive

symptomatology. An example of these cognitive residual symptoms was given by Power

et al. [32]. Using a subscale version of the Dysfunctional Attitude Scale [33] in fully

remitted depressed patients (BDI �6), the authors found a dependency subscale score that

remained elevated. In a study by Fava et al. [34], the relationship between dysfunctional

attitudes and depression severity was examined during 8 weeks of treatment with fluoxe-

tine in 115 outpatients with DSM-III-R major depressive disorder. Dysfunctional attitudes

were assessed by the Dysfunctional Attitude Scale (DAS) [35] and the Cognitions Ques-

tionnaire (CQ) [36]. Depression severity was measured by the 17-item HDRS and the

21-item BDI. The DAS measures cognitive distortions, fixed negative values, and per-

fectionistic attitudes, while the CQ is directed toward negative attitudes and perceived

uncontrollability as a response to hypothetical situations. Treatment with fluoxetine was

associated with a significant decrease in dysfunctional attitudes as measured by the DAS

and the CQ, linearly associated with the decrease in depression severity. However, the

mean DAS and CQ scores after treatment did not approach normal values. The importance

of residual cognitive components is perhaps best shown indirectly by the positive effect
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of cognitive behavioral therapy in the prevention of recurrent depression as evidenced in

the studies by Fava et al. [37] and Paykel et al. [38].

VI. CATEGORICAL OR CONTINUOUS DEFINITIONS OF OUTCOME
VERSUS THE FLUCTUATING TIME COURSE OF THE
DEPRESSIVE ILLNESS

The aforementioned outcome definitions are subject to temporal changes. During an ex-

tended period of time, a depressed patient will move from one criterion to another, in

both directions. This dynamic course of symptoms was convincingly proved by Judd et

al. [39] in a prospective 12-year study of subsyndromal and syndromal depressive symp-

toms in unipolar major depressive disorder. The authors conducted weekly analyses of

depressive symptom severity in a large cohort of major depressed patients evaluated pro-

spectively for up to 12 years. Depressive symptoms were divided into four levels of sever-

ity: (1) depressive symptoms at the threshold for major depression (MDD); (2) depressive

symptoms at the threshold for minor depression or dysthymic disorder (MinD); (3) subsyn-

dromal or subthreshold depressive symptoms (SSDs); and (4) no depressive symptoms.

During follow-up, patients were symptomatically ill 59% of the time (Table 7). The vast

majority of patients spent their follow-up weeks at 3 or 4 different levels of depressive

symptom severity, and they changed symptom levels almost twice a year. Depressive

symptoms at the level of SSDs, MinD, and MDD were associated with a stepwise incre-

ment in psychosocial disability [40].

VII. SUMMARY

About 50 to 70% of patients in clinical trials will respond (�50% improvement) to anti-

depressants, but only 25 to 35% will experience full remission. About 80 to 90% of fully

remitted patients will experience some further core depressive symptomatology. Residual

symptoms found in fully and partially remitted patients are an important risk factor for

subsequent relapse or recurrence.

Treatment outcome is not a unitary concept and covers different domains of pathol-

ogy (e.g., core depressive symptomatology, social, and cognitive dysfunctioning). Al-

though these different dimensions of pathology are well correlated, all showing a gradual

decrement in the course of recovery from major depression, social and cognitive function-

ing seem to exhibit a more protracted trajectory. A consequence of this may be that differ-

ent definitions of outcome should be applied according to the phase in the process of

Table 7 Percentage of Weeks Spent at 4

Different Levels of Depressive Symptom Severity

in Patient with MDD During a 12-Year Follow-Up

No depressive symptoms 42%

Subsyndromal depressive symptoms 17%

Depressive symptoms at the MinD level 27%

Depressive symptoms at the MDD level 15%

Source: Ref. 39.
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recovery (e.g., outcome criteria based on depressive symptomatology from the early stage

of treatment to full remission, followed by measurements of social and cognitive func-

tioning). This differential assessment of treatment outcome may then be linked to differ-

ential therapeutic interventions—the so-called concept of staging and sequential therapy

[41,42]. A failure to attain fully symptomatic remission in the early phase of treatment

should invite the modification of the antidepressant treatment (augmentation, combination,

change) while the persistence of cognitive/social dysfunctioning after symptomatic resolu-

tion could be targeted by cognitive behavioral psychotherapy or interpersonal psycho-

therapy.

An often neglected part of the outcome definitions in major depressive disorder is

the time criterion. In many research studies, outcome criteria like response, remission,

and residual symptoms are used without specifying the specific time point in the course

of treatment, and are thereby difficult to interpret. However, in clinical practice, outcome

must be measured at specific time points (critical decision points), after which the treat-

ment strategy should be maintained or changed.

Recovery from major depression is a complex phenomenon, as reflected in the many

obscure definitions designed to describe its course. This obscurity involves both the con-

tent and the time point of definitions and may hamper current and future depression re-

search. Although stated by Frank et al. [5] two decades ago, there is still a need for a

coherent scheme, that “would aid in the design, conduct, and analysis of investigations

aimed at understanding cause and pathogenesis, as well as those focused on the evaluation

of short- and long-term effects of treatment.”
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I. INTRODUCTION

Pharmacogenetics is the study of genetically based, inter-individual variability in response

to drugs and susceptibility to drug-induced adverse effects. Almost a century ago, it was

recognized that differences among individuals in their response to ingested substances

might have a genetic basis [1,2]. In the 1950s, the role of genetic susceptibility in adverse

drug reactions was described by Motulsky [3]. Vogel [4] introduced the term pharmacoge-

netics. The major role of genetic polymorphism of the cytochrome P450 system in differ-

ences in drug metabolism was first described in the 1970s [5] and has been extensively

studied since then.

Since pharmacogenetics has been around for some time, why has it only now become

the focus of the great interest that has been expressed in a number of influential papers

in major scientific journals (e.g., Ref. 6)? The answer to this question lies in the recent

delivery of the draft sequence of the human genome, culminating more than a decade of

intensive government-sponsored and privately funded research. In the current, so-called

“post genomic” era, the next major task is to define and catalogue the totality of genetic

variation within the human genome sequence. This variation, it is anticipated, will serve

as the major tool in mapping genes for complex traits [7,8]. Prominent among such traits

are most of the major psychiatric disorders and also pharmacogenetic characteristics that

641



642 Lerer et al.

have a polygenic basis. A number of government-sponsored, private, and academic consor-

tia are devoting enormous resources to identifying the most common of the genetic vari-

ants, single nucleotide polymorphisms (SNPs). These are variations in a single base pair

of DNA sequence and they are estimated to occur every 1000 bases. The information that

is being gathered is deposited in publicly accessible databases. Since pharmacogenetics

seeks to correlate variation in gene structure (genotype) with variations in response to

drugs and susceptibility to adverse effects, this is an invaluable resource. The ultimate,

end product of these efforts are diagnostic tests available to the clinician that will be used

to guide the choice of treatment. Pharmacogenetic information will also be of immense

value in streamlining clinical trials of new drugs by stratifying patients according to ge-

netic predictors of response and adverse effects. This will greatly reduce the sample sizes

needed and thereby the time lag and expense of bringing new therapeutic agents to the

clinic. Although the chip technology needed for tests of this type is well advanced, it is

still prohibitively expensive. However, by the time large-scale pharmacogenetic testing

is practically feasible, this obstacle will be overcome.

An important field allied to pharmacogenetics is pharmacogenomics. While the start-

ing point of pharmacogenetics is patient-oriented research, the human genome sequence

is the starting point of pharmacogenomics. Putative drug targets derived from the human

genome sequence (to a great extent “in silica,” i.e., at the computer level) are screened

for their potential in developing therapeutic agents. This process differs markedly from

conventional approaches in which compounds are screened for their potential to act on

known targets. Targets can also be identified by means of a variety of techniques that are

used to screen relevant tissues for messenger RNAs that are expressed either in relation

to the target disease or as a consequence of drug effects. The emerging field of proteomics

is an important element of these efforts. While pharmacogenetics and pharmacogenomics

are closely related and the terms are often used interchangeably, the different starting

points and agendas of the two fields suggest that it is useful to maintain the distinction.

What promise does pharmacogenetics hold for the treatment of mood disorders and

what are the problems and pitfalls on the way to its realization? These issues will be

considered in this chapter. Initially, we will review basic concepts in the pharmacogenetics

of mood disorders and outline the clinical and genetic rationale. Then, we will review the

role of genetic influences on the pharmacokinetics of antidepressant drugs. We will next

consider pharmacodynamic factors on the background of data on the role of serotonin

transporter gene variation in predicting antidepressant response. The section thereafter

will deal with studies on the pharmacogenetics of mood-stabilizing drugs, particularly

lithium. Finally, we will consider pivotal issues in the design and execution of research

studies in the pharmacogenetics of mood disorders, primarily from the perspective of

clinical research. For a more extensive discussion of the role of pharmacogenetics in

psychopharmacology, the reader is referred to a forthcoming volume devoted to this

topic [9].

II. RATIONALE FOR THE PHARMACOGENETICS
OF MOOD DISORDERS

A. Clinical Rationale

From their experience in the clinic and in the context of clinical trials, psychiatrists are

fully aware of the very substantial variability in the response of patients with the same
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Figure 1 Distribution of 21-item Hamilton Depression Scale (HAM-D) change scores

(percent change from baseline) in patients with unipolar, nonpsychotic major depression

treated with SSRI 20 mg for 4 weeks (Agid and Lerer, unpublished data).

diagnosis to the same drug. Figure 1 shows data from a prospective, algorithm-based study

conducted in our clinic (Agid and Lerer, unpublished data). In this study, 90 patients with

unipolar, nonpsychotic major depression (DSM-IV) who had not received antidepressant

medication in the current episode of illness were treated according to a standard treatment

algorithm. The initial step of the algorithm was treatment with a specific serotonin reuptake

inhibitor (SSRI)—fluoxetine in most cases—at a dose of 20 mg/day for 4 weeks. Subse-

quent steps are not relevant to the present discussion. Among the 74 patients who com-

pleted the full 4 weeks of SSRI, 20 mg/day (last observation carried forward data were

similar but are not presented here), 44 (59.5%) were responders, as defined by a Clinical

Global Impression (CGI) rating of at least “much improved” at week 4. This rate of re-

sponse is similar to that observed in clinical trials of fluoxetine and paroxetine. The striking

point made by Figure 1 is the tremendous variability of response.

We analyzed the demographic and clinical data of the sample in order to identify

possible predictors of response. Nonresponders to fluoxetine had less schooling (p �

0.03), fewer adverse life events (p � 0.01), were more likely to have been previously

hospitalized (p � 0.04), had higher HAM-D scores at baseline (p � 0.0003), and rated

themselves as more depressed on a 10-cm visual analog scale (p � 0.0002). HAM-D

items that significantly differentiated responders from nonresponders were late insomnia

(p � 0.008), psychic anxiety (p � 0.0007), somatic symptoms and appetite (p � 0.04),

and diurnal variation (p � 0.04).

A number of the items that differentiated responders and nonresponders are consis-

tent with previous reports. Overall they seem to point to a more severe clinical picture in

the nonresponders that is less situational. While interesting, these findings as well as others

in the literature cannot serve as a basis for reliable, a priori discrimination of potential
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responders and nonresponders to SSRI treatment. It is this niche that pharmacogenetics

seeks to fill.

B. Genetic Rationale

A putative role for pharmacogenetics in predicting response to antidepressant and other

mood-stabilizing drugs requires consideration of the role of genetic factors in such effects.

Are there sufficient data upon which to base such an assumption? In fact, there are few

clinical studies that explore a role for genetic factors in response to antidepressant drugs.

Pare et al. [10] examined the records of 170 patients who had been treated with antidepres-

sant drugs [imipramine or monoamine oxidase inhibitors (MAOI)], mostly in the context

of controlled trials. Seven cases were identified in which a first-degree relative had also

been treated with a drug from one of these two classes; in some cases there were more

than one first-degree relative, giving 12 pairs in all. Treatment effects were concordant in

all proband-relative pairs (response in 5 and nonresponse in 7). The authors also observed a

tendency for patients to respond (or not to respond) to a drug of the same class on repeated

administrations (13 of 17 patients consistent for MAOI and 7 of 9 consistent for imipra-

mine), although it was not always certain that different episodes of illness were being

considered in each case. Subsequently, Pare [11] reported even higher levels of consistency

of response within the same patient for MAO inhibitors (two different drugs in this class):

9 of 16 concordant for response and 7 of 16 concordant for nonresponse; none discordant

for response. For two different drugs of the tricyclic antidepressant (TCA) group, there

was only one discordant response out of 12 cases. Conversely, of 65 cases in which the

same patient was administered a TCA and MAOI, there were only 35 concordant responses

out of 65 trials in the same patient. Similar findings were reported by Dally and Rhode

[12]. Pare and Mack [11] reanalyzed familial response data from the Pare et al. [10] study

and showed that concordance of response to antidepressants between relative pairs was

in the context of an antidepressant from the same group (MAOI or TCA) and not from

different groups. In a new series of patients, Pare and Mack [11] again observed concor-

dance of response to antidepressants among first-degree relative pairs (10 out of 12 pairs),

which was again most evident for drugs of the same class. Concordance of response to

imipramine among relative pairs was also observed by Angst [13,14] in patients with

“endogenous depression.” Another report of interest is that of O’Reilly et al. [15], who

observed that 4 of 8 members of a single-, two-generation family who met DSM-IIIR

criteria for major depression, did not respond to TCA treatment but did respond to the

MAOI, tranylcypromine. In the absence of family and twin studies, which are the classic

methods for demonstrating the genetic basis of a complex trait (such studies are very

difficult to conduct in a pharmacogenetic context), the above findings are of considerable

interest and suggest that genetic factors may indeed play a role in response to antidepres-

sants. Data on genetic factors in response to lithium are discussed later in this chapter.

Differences between individuals in their response to drugs can be attributed to two

major sets of factors. Pharmacokinetic factors encompass the processes that influence bio-

availability of a drug (i.e., the concentration of the drug that is available at its site of

action). Pharmacodynamic factors are differences in the targets upon which the drug acts.

A simple view is that pharmacokinetics refers to the effect of the individual upon the drug

and pharmacodynamics to the effect of the drug on the individual [16]. Both sets of factors

are under a variable degree of genetic control. Both influence the response of the individual

to a given drug and may interact within the same individual and with the environment
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[17]. The aim of pharmacogenetics is to identify these factors, establish their genetic basis,

and incorporate the information in diagnostic procedures that will enhance clinical practice

by a more effective match between patient and drug.

Classical genetics of human disease deals with monogenic disorders in which a

single mutation in a single gene is causatively related to the phenotype. The genetics of

complex illnesses such as diabetes, hypertension, coronary artery disease, and most of the

major psychiatric disorders do not fit this simple paradigm. The same distinction is applica-

ble to pharmacogenetics. Genetic factors that underlie pharmacokinetic effects and influ-

ence drug bioavailability (such as the effect of CYP2D6 polymorphism on the metabolism

of a variety of psychotropic and other drugs, which is inherited as an autosomal recessive

trait) may be monogenic [17]. For the most part, however, pharmacogenetic traits are

likely to be polygenic and multifactorial. A polygenic trait is one that is influenced by a

number of different genes, each of which contributes a portion of the effect and may do

so additively as well as interactively (epistasis). The term multifactorial indicates that both

genetic and environmental factors contribute substantially and variably to the phenotype.

Traditionally, pharmacogenetic studies seek an association between a specific gene

and the response or adverse effect phenotype under study. This is a classic candidate gene

approach that is based on an a priori hypothesis regarding the role of the protein coded

by the gene in the particular phenotype. The genetic variation that is most frequently

studied in pharmacogenetic studies is the single nucleotide polymorphisms [18]. A poly-

morphism is a genetic variation that occurs with a frequency of 1% or more in the popula-

tion. SNPs are differences between individuals in a single base of the genomic sequence.

SNPs occur throughout the human genome at a density of approximately 1 per 1000 bases

of DNA. SNPs may be classified by their location, occurring in exons (coding regions)

or introns (noncoding regions) of genes and in regulatory regions such as the promoter.

SNPs in coding regions need not necessarily influence the structure of the protein and are

termed synonymous. SNPs that do alter the structure of the proteins need not have func-

tional consequences and are termed conservative or nonfunctional. On the other hand,

SNPs located in intronic regions can have an impact on the coded protein by influencing

splicing [19]. SNPs in regulatory regions can have major effects on the expression of the

gene. Major efforts are now in progress by public and industry-based consortia to generate

SNP databases that will be an invaluable resource for pharmacogenetics in the very near

future. It should be noted that an SNP or other genetic variation might be statistically

associated with a phenotype without having a direct effect. This phenomenon is due to

linkage disequilibrium (LD) and it results from the fact that the variant examined is close

enough to the true predisposing variant that it does not undergo recombination during

meiosis and is inherited with it. The marker may be at a different site in the gene itself

or may be located outside the gene.

III. GENETIC VARIATION IN DRUG-METABOLIZING ENZYMES

The dose of a drug that is ingested by a patient is only indirectly related to its concentration

at the effector site(s) where the drug acts (bioavailability). Numerous other factors deter-

mine this concentration. They include the absorption, transport, metabolism, and elimina-

tion of the drug and its metabolites. Age, gender, and disease may all influence the effi-

ciency of each step of the process and thus the bioavailability of the drug.

Drug metabolism is generally divided into two stages termed phase I and phase II

reactions. Phase I reactions include oxidation, reduction, and hydrolysis, introducing a
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polar group into the molecule. In phase II, an endogenous hydrophilic substance is conju-

gated with a polar group in the molecule generating water-soluble compounds. Oxidation

is an important mechanism in phase I and it is primarily catalyzed by the cytochrome

P450 enzymes that are principally located in the liver endoplasmic reticulum. Cytochrome

P450 (CYP) enzymes are subdivided into families designated by a number (CYP2), sub-

families designated by a letter (CYP2D), and individual enzymes designated by a number

(CYP2D6). CYP enzymes, particularly CYP2C9, CYP2C19, and CYP2D6 are polymor-

phic. CYP2D6 polymorphism results in there being poor (PM), extensive (EM), and ul-

trarapid (UM) metabolism of the test drug, debrisoquine, as well as a number of antidepres-

sant and other psychotropic drugs that are metabolized by CYP2D6. Poor metabolism is

inherited as an autosomal recessive trait and is found in approximately 7% of Caucasians.

Amplification of functional CYP2D6 genes accounts for ultrarapid metabolism. Poor me-

tabolizers will have abnormally high blood levels of the drug, even when administered

at regular doses, and are more susceptible to adverse effects. Ultrarapid metabolizers will

be less likely to benefit from the therapeutic action of the drug. Variability of plasma

levels within the EM group may be accounted for by differences between heterozygotes

for the defective allele and homozygotes for the wild type. Among the psychotropic drugs

that are metabolized by CYP2D6 are the tricyclic antidepressants, nortriptyline, amitrypty-

line, clomipramine, desipramine, and imipramine; the SSRIs, fluoxetine and paroxetine;

and also maprotiline and mianserin [16,17,20].

Pharmacokinetic variability between individuals may be evaluated at 3 levels, each

of which carries advantages and disadvantages [20]. Plasma levels of the drug may be

monitored (therapeutic drug monitoring), the phenotype may be established by administra-

tion of a test drug (debrisoquine, sparteine, or dextromethorphane in the case of CYP2D6),

or the genotype may be examined directly. Genotype is not influenced by extraneous

factors and can serve as an important role in screening for potential nonresponders to

standard drug doses (UM) or susceptibility to adverse effects (PM). Tricyclic antidepres-

sants are good candidates for pretreatment genotyping because of their narrow therapeutic

index and the reasonably well-established correlation between plasma levels and clinical

effects. For SSRIs, the utility is less clear since a clear correlation between plasma levels

and therapeutic effectiveness has not been established. Moreover, standard drug doses are

used and these produce plasma levels within the therapeutic range. These conclusions may

need to be reevaluated in the context of possible interactions between drug bioavailability

and relevant variations in the target proteins of the drug. In such a case, more subtle

differences could be important even though they do not have a major influence in and of

themselves.

Antidepressants are also metabolized by other CYP450 enzymes such as CYP2C19,

CYP3A4, and CYP1A2. A detailed consideration of genetic variability in these enzymes

and its clinical relevance is beyond the scope of this chapter [16,17,20]. Each enzyme has

the potential to impact significantly on individual variability in responsiveness to anti-

depressant drugs and susceptibility to adverse effects. With the advent of DNA chip tech-

nology, it will be possible to implement large-scale studies and to gather the type of data

that are needed to draw conclusions and plan strategy for pharmacogenetic testing at the

clinical level. There may be a higher concentration of patients with genetically based

abnormalities of drug metabolism in hospitals and tertiary care facilities than in the com-

munity. This could be due to the fact that patients in such centers are more likely to be

nonresponders or to have suffered adverse effects.
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IV. PHARMACODYNAMIC FACTORS IN ANTIDEPRESSANT
RESPONSE

The serotonin transporter (5HTT) is located on the presynaptic neuron of serotonergic

nerve terminals and is the site of action of SSRIs and other antidepressants that block the

uptake of serotonin. Therefore, it is an important potential candidate for pharmacogenetic

studies of antidepressants. The 5HTT is encoded by a single gene, SLC6A4 on chromo-

some 17, and includes 14 exons spanning approximately 35 kb. There are two common

polymorphisms in SLC6A4. One is in the promoter region and is termed 5HTTLPR (5HT

transporter-linked polymorphic region). It consists of a 44-base pair insertion or deletion.

The long [l] variant has been reported to generate more gene transcription than the shorter

variant(s) [21]. The other polymorphism in SLC6A4 consists of a variable number of

tandem repeats (VNTR) in the second intron. It has three alleles (STin2*9, Stin2*10,

Stin2*12) represented by different numbers of repeats. 5HTTLPR was reported to be asso-

ciated with personality traits [21] and has been extensively studied as a candidate gene

for mood disorders with variable results [22]. Association of the intron 2 VNTR polymor-

phism with mood disorders is also variable [23].

An association between the serotonin transporter gene and response to antidepres-

sants was first reported by Smeraldi et al. [24] (Table 1). One-hundred-two patients with

DSM-IV major depression and psychotic features received fluvoxamine � pindolol or

fluvoxamine � placebo in a 6-week double-blind controlled study. Response to the study

drugs was compared among the patients grouped according to 5HTTLPR genotype. It was

found that patients carrying either one or two copies of the long (l) allele had a significantly

better response to fluvoxamine (� placebo) than patients homozygous for the short (s)

allele. When the same comparison was conducted for patients receiving fluvoxamine �

pindolol, there was no difference between the genotypes. It was speculated that differences

in gene transcription between the genotypes expressed in the number of transporters might

be associated with different degrees of negative feedback on 5HT release (mediated via

5HT1A somatodendritic receptors in the raphe nuclei). Pindolol blocks 5HT1A receptors

and would thus abolish these differences.

Subsequent studies (Table 1) have provided a fair amount of support for the initial

observation of Smeraldi et al. [24]. In a further report from the same group, Zanardi et

al. [25] studied patients treated with paroxetine for 6 weeks. Genotypes including the I

allele of 5HTTLPR were associated with better and also faster response to paroxetine.

Patients with l-l genotypes had better response than patients with l-s genotypes and patients

with l-s genotypes had better responses than those with s-s genotypes. Pollock et al. [26]

studied patients with late-life depression treated with paroxetine or nortriptyline. Onset

of antidepressant effect was faster in patients homozygous for the l variant of 5HTTLPR

than in l-s heterozygotes or s-s homozygotes. There were no differences among the geno-

types in response to nortriptyline. The difference between paroxetine and nortriptyline is

of great interest because of the noradrenergic mechanism of nortriptyline and tends to

support a pharmacogenetic hypothesis linked to the principal site of action of SSRIs.

Substantial complexity is introduced by the findings of Kim et al. [27] who studied

Korean patients with major depression treated with fluoxetine or paroxetine and genotyped

both 5HTTLPR and the VNTR in intron 2 of the gene. They too found an association of

5HTTLPR with treatment response but with the short variant. 5HTTLPR s-s homozygotes

were more frequently represented among good responders than l-s or l-l genotypes. Kim
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Table 1 Pharmacogenetics of Antidepressant Response: Studies on the Role of the Serotonin Transporter Gene

Ref. Subjects Design Polymorphism Finding

24 102 patients Double-blind, 6 weeks 5HTTLPR ll homozygotes and ls heterozygotes—

(Northern Italian) Fluvoxamine 300 mg/d � pindolol 2.5 (Promoter) better response to fluvoxamine than ss

DSM-IV Major Depression mg/d vs. fluvoxamine 300 mg/d � homozygotes

Psychotic Features placebo With addition of pindolol—no differ-

ence between the genotypes

28 68 patients Total sleep deprivation, one night 5HTTLPR Better response in 5HTTLPR ll homozy-

(Northern Italian) (Promoter) gotes

DSM-IV bipolar I, depressive episode

Nonpsychotic

27 120 patients Prospective, random assignment 6 weeks 5HTTLPR ss 5HTTLPR homozygotes—better re-

(Korean) Fluoxetine 20–50 mg/d or paroxetine (Promoter) sponse than ll or ls genotypes

DSM-IIIR Major Depression 20–60 mg/d VNTR ll intron 2 homozygotes—better re-

(Intron 2) sponse than other genotypes

26 57 patients completing trial Double-blind, 12 weeks 5HTTLPR Faster response to paroxetine in ll homo-

(Ethnicity not specified) Paroxetine 20–30 mg/d vs. nortriptyline (Promoter) zygotes than ls heterozygotes or ss ho-

DSM-IV Major Depression from 25 mg/d (per blood level, 50– mozygotes

Nonpsychotic, nonbipolar 150 ng/mL No difference among genotypes in re-

sponse to nortriptyline

25 60 patients Open with single-blind placebo run-in, 5HTTLPR Presence of l copy of 5HTTLPR associ-

(Northern Italian) 4 weeks (Promoter) ated with better and faster response to

DSM-IV Major Depression Paroxetine 40 mg/d paroxetine ll genotypes, better re-

Nonpsychotic sponse than ls; ls genotypes, better

than ss

29 63 patients Retrospective 5HTTLPR Excess frequency of 5HTTLR s allele

(Ethnicity not specified) Patients with history of antidepressant- (Promoter) and ss homozygotes in IM� group

DSM-IV bipolar I or II induced mania (IM�) compared to VNTR No difference in VNTR allele or geno-

patients with no history (IM�) (Intron 2) type frequency
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et al. [27] also found an association with the intron 2 VNTR. There was a significant excess

of patients homozygous for the 12-repeat variant among the drug-responsive patients. It

should be noted that the allele distribution of the 5HTT polymorphisms studied was very

different among the Korean subjects than among European populations. This was true of

both the intron 2 VNTR and 5HTTLPR. For example, homozygosity for the short variant

of 5HTTLPR was 19% in the patients studied by Benedetti et al. [28], but was 56.7% in

the Korean subjects of Kim et al. [27]. As discussed in an earlier section of this chapter,

frequency of alleles varies greatly among populations. It is possible that association be

demonstrated with a polymorphic locus in two populations but that different alleles be

implicated in the respective populations. This would suggest that the locus itself is not

implicated but is in linkage disequilibrium with another implicated locus close by.

Two other studies of the 5HT transporter gene should be noted (Table 1). Benedetti

et al. [28] studied the relationship of 5HTTLPR to the antidepressant effect of total sleep

deprivation in patients with bipolar depression. Patients homozygous for the l variant were

found to manifest the strongest effect. Recently, Mundo et al. [29] examined the relation-

ship of the 5HT transporter gene to induction of mania by antidepressants in patients with

bipolar disorder. While the intron 2 VNTR did not show an effect, the authors observed

a higher rate of homozygosity for the short variant of 5HTTLPR in patients with a history

of antidepressant-induced mania.

Overall, the findings relating to 5HT transporter gene and antidepressant effects

provide an intriguing insight into the potential and also the complexities that characterize

the pharmacogenetics of mood disorders. A great deal of further work will be needed

involving large patient samples carefully stratified for intervening variables such as eth-

nicity before it will be possible to draw definitive conclusions and to proceed to the stage

of clinical application.

V. PHARMACOGENETICS OF MOOD-STABILIZING DRUGS

Beginning in the 1970s, a series of studies has examined the relationship between response

to prophylactic lithium administration and family history of bipolar disorder [30]. The

overall trend of these studies is to find that a positive family history of bipolar disorder

is associated with lithium response or that rates of bipolar disorder are higher among the

relatives of lithium-responsive patients than among the relatives of lithium nonresponders

[31–33]. There are some notable exceptions, however [34]. An excess of mood disorders

among the relatives of lithium-responsive patients can be interpreted in two ways. Lithium

responsiveness may characterize a subtype of bipolar disorder that has higher familial

loading. The alternative possibility is that lithium responsiveness is a familial, pharmaco-

genetic trait. It is difficult to separate these possibilities. If the first possibility is correct,

then “lithium-responsive” families could be of particular importance in the search for

bipolar disorder genes by linkage analysis. The second possibility can also be the focus

of linkage analysis by setting lithium responsiveness rather than bipolar disorder as the

phenotype for which linkage is sought. Early results from work of this type are discussed

below.

Compared to studies on the prevalence of bipolar disorder in the relatives of lithium

responders and nonresponders, there are far fewer family studies in which the pharmacoge-

netic trait of lithium response has been used as the phenotype. There is a report that

children of bipolar lithium responders have a response concordant with that of their parents



650 Lerer et al.

[35]. Similarly, Grof et al. [36] reported a significantly higher response rate to lithium in

the relatives of bipolar probands who were lithium responders than in a comparison group.

The putative mode of inheritance of lithium-responsive bipolar disorder has been

studied by segregation analysis. Smeraldi et al. [32] found support for a major gene effect

in the families of responders. Alda et al. [37,38] found evidence for an autosomal recessive

mode of inheritance. These analyses could serve as a backdrop for linkage studies, but

there are not enough data to allow the mode of inheritance to be definitively specified.

In spite of the fact that mode of inheritance has not been established, linkage studies

of bipolar disorder, using lithium responsiveness to refine the phenotype, have been per-

formed. In one study that used both association and linkage approaches, a polymorphism

in the phospholipase C gamma-1 genes was examined. In a case control sample, modest

association with lithium-responsive bipolar disorder was observed (OR � 1.88). A linkage

study in a family sample also showed some support (lod � 1.45; p � 0.04) [39]. Turecki

and colleagues [40] have completed a whole genome scan of 21 families (247 subjects,

108 affected) in which regions on chromosome 6, 7, 15, 21, and 22 yielded lod scores

suggestive of linkage. In the chromosome 15q14 region, a lod score of 3.46 (p �

0.000014) was obtained with the marker ACTC and on chromosome 7q11.2 and a lod

score of 2.62 (p � 0.0001) with the marker D7S1816. Using responsiveness to lithium

as the phenotype, the highest lod score was 1.53 (p � 0.003) for the marker D7S1816.

This group has also conducted association studies comparing lithium-responsive patients

and controls. Besides the modestly positive association for phospholipase C gamma-1

noted above, negative results were obtained for several candidate genes including MAO-

A, CRN, proenkephalin, and genes related to GABA function [30].

There are also a number of association studies directly comparing responders and

nonresponders to lithium in a case control design. Negative results were obtained by Ser-

retti et al. for the dopamine D3 receptor gene [41], GABA–21 subunit and dopamine D2

and D4 receptors [42], tryptophan hydroxylase [43], and the serotonin 2A, 2C, and 1A

genes [44]. Steen et al. [45] found association of a polymorphism in the inositol phosphate

1-phosphatase gene with lithium responsiveness in Norwegian but not Israeli patients.

Del Zompo et al. [46] examined the serotonin transporter gene and found a trend toward

association of lithium nonresponsiveness with the 1 allele.

Overall, no clear trend has emerged as yet from association studies of candidate

genes with lithium responsiveness and most results have been negative. However, the

family data that tend to support a genetically distinct lithium-responsive subtype of bipolar

disorder and the genome scan results reported by Turecki et al. [40] are promising. Taken

together, they suggest that pharmacogenetic stratification could be a key to localizing

genes that predispose to a pharmacogenetically distinct variant of bipolar disorder. The

potential implications for understanding the pathogenesis of the illness and for individually

tailoring treatment are substantial.

VI. STUDY DESIGN FOR THE PHARMACOGENETICS
OF MOOD DISORDERS

Most current pharmacogenetic studies in mood and other psychiatric disorders are “oppor-

tunistic” in the sense that they are not designed for the purpose of asking questions specifi-

cally relevant to pharmacogenetics and do not take into account special design consider-

ations. They make use of previously studied clinical samples for which drug response or

adverse effect data are available, taking blood for DNA and genotyping, or blood sampling
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for DNA is added on to a clinical trial without modifying the protocol in any way. Such

approaches have yielded some important findings and can have an important place at the

early stages of research. Eventually, purpose-built pharmacogenetic studies will be needed.

This section considers pivotal issues in their design.

A. Which Design to Use

The most frequently used experimental context for determining pharmacogenetic influ-

ences on drug response is a comparison of responders and nonresponders to the drug or

of individuals who develop adverse effects and those who do not. This appealingly simple

case-control design should be readily applicable in psychopharmacology. Data from such

studies are amenable to analysis by either of two approaches: the first is a categorical

approach in which patients are grouped according to the phenotype (responder or nonre-

sponder, develops adverse effect or does not) and the frequency of the genotype of interest

in these groups is compared. The second approach utilizes the response variable (or ad-

verse effect measure) in a continuous fashion and compares scores at a single time point

or over a period of treatment in patients grouped according to genotype. There are already

numerous examples of the application of these approaches to psychopharmacology.

Case-control designs are very susceptible to the effects of population stratification

(i.e., differences in allele frequencies between populations can lead to spurious results if

patients from different population groups are represented in different proportions in the

case and control groups). Family-based association studies employ a proband and both

parents and use the untransmitted alleles of the parents as a virtual control group. Data

can be analyzed by the haplotype relative risk (HRR) method or by the transmission dis-

equilibrium test (TDT) [47]. While this approach addresses the problem of population

stratification efficiently, since parents and probands are by definition from the same popu-

lation group, recruitment of samples is more difficult and it is not applicable to older

patients whose parents may not be available. Family-based designs are more applicable

in children and adolescents, such as in pharmacogenetic studies of attention deficit hyper-

activity disorder. Other approaches implemented in the search for disease-predisposing

loci, such as affected and discordant sibling pair designs, are unlikely to be of value to

pharmacogenetics because of recruitment difficulties because such designs can only be

implemented retrospectively and because it is highly unlikely that siblings will be matched

for exposure to the drug of interest. Therefore, it is clear that case-control designs will

remain the cornerstone of pharmacogenetic research in mood and other disorders.

B. Is a Placebo Control Group Needed?

Random assignment, placebo-controlled, double-blind designs are the “gold standard” for

clinical trials research in medicine. In studies where a pharmacogenetic component is

“added on,” placebo controls will be available because they are part of the basic design

of the study. Are placebo controls needed for “purpose-built” pharmacogenetic studies?

In clinical trials of drug efficacy, the placebo group controls for nonspecific effects and

allows a superior effect of the active drug to be demonstrated with a satisfactory level of

statistical confidence. In a pharmacogenetic study, control for efficacy is not needed, unless

it is a trial of a new drug. Therefore, the placebo group is controlling for an association

of the gene or genes being tested with response to treatment at a nonspecific level (i.e.,

it allows it to be established whether the gene variation is associated with response to the

active drug or is associated with response regardless of the nature of the treatment). Pla-
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cebo control substantially increases the complexity and expense of a study. Also, placebo

control groups for studies that are pharmacogenetically oriented and not efficacy oriented

raise ethical questions and are likely to encounter significant difficulties with Internal

Review Boards, particularly in countries where approval for efficacy-oriented placebo-

controlled studies is already difficult to obtain. However, it must be acknowledged that

the exclusion of nonspecific effects will reduce false positives and enhance the likelihood

of replication. Ultimately, investigators will need to carefully balance cost-benefit consid-

erations. Placebo run-in phases could be a partial answer since they reduce the placebo

response rate in the trial itself and ethically are less problematic.

C. Sample Size

Large samples are required for pharmacogenetic studies because of the inherent nature of

the research design, which seeks to associate response to a drug with a genetic variant,

such as SNP. In the case of a bi-allelic SNP, the frequency of the rarer allele in the

population dictates the minimum sample size. This can be calculated by power analysis

in which the minimum difference in the frequency of the allele of interest between respond-

ers and nonresponders that the study seeks to detect is entered. The rarer the allele in the

population, the larger the sample that will be needed. Also, the more alleles the variant

has, the larger the sample size that will be required.

Another important aspect must be considered. Consider a hypothetical trial in which

200 patients are randomly assigned to an antidepressant drug or to a placebo. It is widely

accepted that placebo response rates in antidepressant trials are 40% or more. If the rate

of response to the active drug is 60%, it must be assumed that 40% of these responders

are patients who would have responded to placebo. Therefore, only 36 of the 60 responders

to active drug are true drug responders. These patients are the true targets of our pharmaco-

genetic study. The fact that a study is placebo-controlled does not resolve this problem.

It can only be effectively addressed by studying a sufficiently large sample.

D. Further Considerations in the Design of Studies

1. Demographic Variables

Since the basis of interindividual variability in drug response is multifactorial, the impact

of demographic variables such as age and gender cannot be ignored. A particular genetic

variant may not be functionally relevant without the addition of other factors that also

influence the phenotype. An example is the influence of certain 5HT-receptor variants on

predisposition to neuroleptic-induced tardive dyskinesia, which was demonstrated in a

sample of older patients but was not observed in a sample of patients who were two

decades younger [48].

2. Population Effects

It is well known that the frequency of genetic polymorphisms can differ markedly among

ethnic groups. An example is given in Figure 2 from a multicenter European study in

which the frequency of a 5HT2C receptor ser9gly polymorphism was studied in mood

disorders [49]. The difference in frequency of the gly9 allele among the different countries

that participated in the study is striking, from more than double (�20%) in Greek normal

control subjects as compared to Bulgarian and Croatian normal controls. These data clearly

indicate how the unequal inclusion of individuals of different ethnic backgrounds in groups
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Figure 2 Frequency of 5HT2C ser allele in European populations. (GR � Greece;

BEL � Belgium; GER � Germany; ITA � Italy; ISR � Israel; CRO � Croatia; BUL �

Bulgaria.)

of subjects being compared can lead to spurious results that reflect ethnic stratification.

Methods have been proposed to address these issues [49,50]. Nevertheless, it is essential

that studies be designed to take them into account prospectively.

3. Definition and Evaluation of the Phenotype

Drug response to psychotropic drugs is a phenotype that is very difficult to operationalize.

There is an extensive literature that debates how to define a “responder” to an antidepres-

sant drug in the context of a clinical trial. Definitions may be based on percent improve-

ment on a particular rating scale or by using a specific score on that scale as a threshold.

There are conventions that are fairly well accepted for clinical trials of psychopharmaco-

logical agents. It remains to be established whether these conventions can be readily trans-

ferred to pharmacogenetic studies.

4. Interaction Among Multiple Loci

Traditionally, pharmacogenetic studies have focused on single genes and on single poly-

morphisms within these genes. It is becoming clear that this approach is too limited to

adequately address the complexity of the situation. Single SNPs may not show an associa-

tion with treatment effects or with disease susceptibility while combinations do. These

may be within a single gene, as demonstrated for the effect of complex haplotypes of

SNPs in the coding region and the promoter of the β2-adrenergic receptor gene on the

bronchodilator response to asthma therapy [51]. Interactions (epistasis) may be demon-

strated between SNPs in different genes as recently observed in a study of genetic suscepti-

bility to sporadic breast cancer [52]. In the context of pharmacogenetics, Segman et al.

[53] have observed an interaction between a polymorphism in the cytochrome P17 gene

and the dopamine D3 receptor gene that is associated with more neuroleptic-related abnor-

mal involuntary movements in patients who carry both mutant genotypes. These consider-

ations will need to be given particular emphasis in the design of pharmacogenetic studies

in the future because they have a major impact upon the size of the samples that need to

be collected.
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VII. CONCLUSIONS

Pharmacogenetics is the study of genetically determined, interindividual differences in

therapeutic response to drugs and susceptibility to adverse effects. The principal objective

of pharmacogenetics is to identify and categorize the genetic factors that underlie these

differences and to apply these observations in the clinic. Pharmacogenetics addresses a

core issue in pharmacotherapeutics, the individualization of drug treatment to the specific

patient, and promises to provide the tools for making rational clinical decisions that are

based on the patient’s genetic profile. This will be a major advance in therapeutics that will

have enormous impact on patient care and also important pharmacoeconomic implications.

Furthermore, the complex and lengthy process of new drug development could be consid-

erably shortened. While there is certainly a future for the pharmacogenetics of mood disor-

ders, translating the promise into reality is likely to take substantially longer than antici-

pated. It will require considerable investment of resources in the design and execution of

appropriate clinical studies as well as the development of novel and considerably more

efficient approaches to data analysis.
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I. INTRODUCTION

Anxiety is a multidimensional concept that includes cognitive, affective, physical, and

behavioral elements. Cognitions such as intense worry and uncertainty are coupled with

feelings of apprehension and fear. Physiological reactions based on the autonomic nervous

system, including increased heart rate, sweating, tremor, vascular, and gastrointestinal

changes, are frequently accompanied by behavioral changes such as escape, avoidance,

or, in extreme cases, paralysis (freezing). This constellation of reactions is normal and

adaptive, but in some there are exaggerations to the point where the individual’s psycho-

social well being is threatened. In these cases, an anxiety disorder has emerged and these

are among the most common of all psychiatric disturbances [1]. In this chapter, we begin

with a historical account of theories of anxiety formation followed by an examination of

the major contemporary understanding of the etiology of anxiety disorders. As there is a

high degree of clinical overlap and comorbidity among the anxiety disorders as defined

in modern classificatory systems such as DSM-IV [2], we will take a unitary view, men-

tioning specific disorders when indicated.

II. HISTORICAL OVERVIEW

Given the primal nature of anxiety as an emotional phenomenon, identifiable throughout

the animal kingdom, it is surprising that ancient medical texts did not devote more attention

to its description. Hippocrates (460–370 B.C.) appears to have overlooked anxiety when
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he proposed his theory of emotions, giving predominance to the four bodily humors of

black bile (sad, loveless, “melancholic”), yellow bile (angry, irritable, “choleric”), phlegm

(rigid, passive, “phlegmatic”), and blood (lively, optimistic, “sanguine”). One possibility

is that anxious phenomena were considered more the domain of the philosophers. Marcus

Tullius Cicero, the Roman orator, politician, and philosopher (106–43 B.C.), made a clear

distinction between “state” and “trait” anxiety and hinted at a learning theory of anxiety

and conditioned fear in his book Tusculaum Disputationum.

William Cullen (1769), the Edinburgh physician, introduced the term “neurosis,”

which he believed was a disorder of the nervous system in the absence of fever. The term

included disorders such as hysteria, hypochondriasis, melancholia, and asthenia. Despite

this, discussions of anxiety remained predominantly philosophical when Soren Kierke-

gaard (1813–1855) began exploring the problem of “human dread.” This remained so

with the writings of the existential philosophers that followed (see existential theories).

During the 19th century, increased scientific attention was paid to anxiety with detailed

chapters on “angst” in both German and French psychiatric textbooks. A surge of interest

in anxiety followed Charles Darwin’s “The Expression of Emotions in Man and Animals”

[3], in which he presents evidence for an adaptive value of anxiety and its importance in

evolution. Darwin also highlighted the importance of early bonding experiences that were

later developed by Freud and Bowlby. One of the first biological theories of anxiety

emerged from the separate writings of the Danish physician Carl Lange (1834–1900) and

the American psychologist William James (1842–1910). James and Lange proposed that

different emotions arise as a result of peripheral sensory feedback. The James–Lange

theory implied that behavioral components of anxiety were automatic and that emotional

and cognitive responses were secondary to autonomic manifestations of anxiety in the

periphery. Argument about central versus peripheral origins of anxiety began and to some

extent continue today. The most provocative and detailed modern theories of anxiety be-

gan, however, with the work of Sigmund Freud (1856–1939).

III. PSYCHODYNAMIC THEORIES OF ANXIETY

Anxiety lies at the very heart of Freud’s view of neurosis. There is no single psycho-

dynamic theory of anxiety but a series of views held by Freud which, when traced, reflect

the evolution of his thought on the human psychic apparatus. Freud’s interest began fol-

lowing a visit to the Salpetriere in the 1880s that introduced him to the study of hysteria.

Freud was aware of the peripheral model known as the James–Lange theory and the

opposing central theories based on neurocircuits involving the medulla oblongata—and

rejected them [4]. Instead, he embarked on a search for the central psychological mecha-

nisms of anxiety that changed throughout his life, and even at the age of 70 he was produc-

ing revisions to his earlier theories of anxiety [5]. Freud contrasted realistic anxiety with

neurotic anxiety. Realistic anxiety was seen as the rational and understandable reaction to

danger and had adaptive advantage in Darwinian terms [4]. The understanding of neurotic

anxiety, on the other hand, required an exploration of the inner workings of the mind. It

is impossible here to summarize Freud’s prolific writings on the topic of anxiety and

emphasis will be given to some of the major advances made by Freud and developed

subsequently by the neo-Freudians.

In Freud’s first major paper on anxiety, he argued for a separation of anxiety neurosis

from neurasthenia, splitting the neuroses into “actual neurosis” (anxiety neurosis) and the

“psychoneuroses,” which included hysteria and obsessive-compulsive neurosis [6]. In his
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analysis of patients with anxiety neurosis, Freud did not find the psychological conflicts

that characterized the psychoneuroses. Instead, he found common sexual practices such

as continence and coitus interruptus, which were believed to result in accumulated libido

undischarged as sexual energy in orgasm. Libidinal energy was transformed directly into

the somatic symptoms of anxiety. Freud was aware of potential criticism of this theory

on the basis that those who are by nature anxious and apprehensive may be more inclined

to practice restraint in sexual matters and other aspects of their life. He counter-argued

that women, being passively dependent on the sexual behavior of men, be used as an

example. Passionate women, being more inclined to sexual behavior and satisfaction than

“anesthetic” women, are more certain to react to manifestations of male anxiety (impo-

tence, coitus interruptus) [4].

Understanding the origins of anxiety in the psychoneuroses depended on Freud’s

developing idea of the unconscious and the psychic apparatus. Freud’s discovery of child-

hood sexuality and the Oedipus complex led to the topographical model of the mind,

which he later altered to include the superego and so conceived the structural model. The

structural model consists of a tripartite psyche consisting of the ego, the id, and the super-

ego. The id is seen as being the source of the instinctual drives that energize it. The ego

consists of a number of related functions that control and divert id drives, permitting their

gratification within the limits of superego control. The superego, formed following the

resolution of the Oedipus complex, is the repository of ideals and social conscience that

guides the ego’s execution of id driving forces [7].

In later reformulations, Freud conceived of anxiety not emerging merely as a me-

chanical overflow of affect, but as a signal to the ego. In realistic anxiety, anxiety could

be seen adaptively as a warning of danger and the signal for taking flight. In the case of

neurotic anxiety, the ego generates anxiety as a signal to flight from libidinal demands

(i.e., treating the internal danger as if it were external). Defensive maneuvers, such as

fight/flight required in the case of external anxiety, also hold true for neurotic anxiety

where the anxiety is transformed into symptoms (predominantly repression and allied

defenses) which results in the anxiety becoming bound [4]. Anxiety, therefore, can be

seen as involving all components of the psychic apparatus whether as undischarged libidinal

energy or as an affect generated by the ego in reaction to internal danger and a signal to

mobilize internal defenses where there is a conflict between id drives and superego control.

IV. DEVELOPMENTAL THEORIES OF ANXIETY

Freud initiated the exploration of anxiety in a developmental context. The prototypical

experience of anxiety comes with the act of birth and the interruption of internal respira-

tion. While this may remind us of Klein’s later theory of suffocation in panic disorder,

Freud believed this first experience of anxiety has been thoroughly incorporated into us

through evolution. Two aspects were of particular relevance for Freud; first, the experience

of anxiety was toxic and second, this first state of anxiety arose out of separation from

the mother. In later childhood, these feelings are revisited at times of separation or when

confronted with strangers. The disappointment and longing for the mother are transformed

into anxiety. Infantile anxiety was closely related to neurotic anxiety, as it is derived from

unemployed libido and replaces the missing love object by an external object or situation

[4]. In later years, such “free-floating” anxiety could readily attach to any suitable idea

[4] that relates to modern conceptualizations of generalized anxiety, or to objects and

situations as in the phobias.
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The next major developmental phase of relevance to the neuroses is the Oedipus

complex. In both sexes, there is a striving for the parent of the opposite sex. In males,

rivalrous feelings toward the father come to a head with murderous fantasies, guilt, and

fear of retaliation by the father in the form of castration. The castration anxiety is resolved

following internalization of the father as the superego. In the female, the child renounces

her wishes toward her father upon realization of her mother’s disapproval in order to

maintain the bond with her mother [7]. The Oedipal stage occurs around the ages of 3 to

5. In Eriksson’s reformulation, this is the developmental phase of “initiative versus guilt.”

The child who inadequately resolves the conflict between initiative and guilt is hypothe-

sized by Eriksson to be at risk of developing phobic disorders [8].

Bowlby, drawing on ethological and psychodynamic sources, suggests that early

attachment experiences may be important in the genesis of anxiety and other disorders.

A key function of parenting is to establish a secure base from which the child can explore

the world. Appropriately secure attachments are of central importance in providing the

secure base [9]. Anxiety has an adaptive function in promoting attachment and has evolved

because of its contribution to species survival. Of the three principal patterns of attachment

described by Ainsworth and colleagues [10], Bowlby has focused on the pattern of “anx-

ious attachment” as being of particular relevance to the anxiety disorders. Children with

this type of attachment are prone to uncertainty when their parent is unavailable and tend

to be clinging and anxious in their exploration of the world. Anxious attachment is pro-

moted by inconsistent availability of the parent, separations, and threats of abandonment

by the parent as a means of control [9].

Bowlby proposed that separation anxiety in children and agoraphobia in adults are

best understood through the earlier development of anxious attachments. Uncontrolled

studies in agoraphobic patients have suggested parental overprotection and lack of af-

fection are common [11,12]. Parker [13], using the Parental Bonding Instrument (PBI),

found agoraphobic and social phobic patients were more likely to report low-care–high-

protection or “affectionless control.” Maternal overprotection has been confirmed in some

other [14,15] but not all studies [16,17]. Studies investigating Bowlby’s suggestion that

threatened or actual early parental separation and loss predispose to the development of

anxiety in adulthood are contradictory. Early studies [18–20] did not find increased

rates of parental loss and separation while a controlled study reported a positive correla-

tion [14].

Correlational studies suggesting links between early-life experiences and later anxi-

ety disorders may reflect a causal relationship but several alternative explanations need

consideration. First, self-report measures of early parenting may reflect response bias sec-

ondary to mood or personality disturbance. Second, family styles of overprotection and

low care may be secondary to the child’s anxiety disorder or premorbid anxious personal-

ity. Third, a genetic predisposition to anxiety may affect both child and parent, resulting

in altered parenting styles of overprotection [21].

V. LIFE EVENTS AND THE DEVELOPMENT OF ANXIETY

Systematic enquiry into the relationship between events rated as stressful and subsequent

illness began with the work of Hinkle and Wolff [22] who found clusters of illness most

frequently appeared following an individual’s perception of difficulty in adapting to life

situations. The development of the Social Readjustment Rating Scale [23] and subsequent
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techniques of measuring stressful life events has kindled interest in the role such events

may play in the causation and timing of mental illness. Most of this research is retrospec-

tive and has concentrated on discrete temporal events usually relating to the 12-month

period prior to the onset of symptoms. While there are many methodological difficulties

in conducting such research [24], there appears to be a relationship between anxiety symp-

toms or disorders and stressful life events.

A number of studies have evaluated the relationship between stressful life events

(as measured by either questionnaire or interview) and self-report anxiety symptoms in

nonpsychiatrically ill populations. Lauer [25] administered the Social Readjustment Scale

to a large group of English and American university students and found a significant

association between anxiety scores and self-reported life changes over an unstated period.

This relationship was confirmed in most subsequent studies involving students, general

practice attenders, and normal controls [26,27]. On the other hand, Flannery [28], in a

study of 97 adults attending evening classes, found a relationship between anxiety and

stressful life events in the women but not in the men studied.

Studies assessing the relationship between life events and the onset of anxiety disor-

der have demonstrated strong associations. Barrett [29] assessed 202 volunteers with a

Research Diagnostic Criteria diagnosis of anxiety or depressive disorder for life events

in the 6 months prior to the onset of the disorder. Both groups reported more events

than a reference group and anxiety patients rated financial difficulties and arguments as

particularly distressing. In a classic study of 164 young women attending a general practice

in London and interviewed by a psychiatrist using the Present State Examination, Finlay-

Jones and Brown [30] reported on the type of life event associated with depression, anxi-

ety, and mixed anxiety/depression. Life events for the 12 months prior to onset of disorder

were rated using the Bedford College Interview Schedule and compared with 80 women

with no psychiatric diagnosis and 39 women who had an onset of depression or anxiety

more than 12 months earlier. Loss events were significantly associated with depression,

danger events with anxiety, and women with mixed anxiety/depression were more likely

to report both severe loss and danger.

Of the anxiety disorders, the relationship between life events and agoraphobia has

been the most studied. Roth [31] first noted the high incidence of threatening life events

before the onset of agoraphobia with panic attacks in 135 patients. Since that time, a

number of studies have noted the association between life events and the onset of agora-

phobia [18,20,32,33]. Interpersonal difficulties are the most commonly reported precipitat-

ing event occurring in up to 76% of agoraphobics [34]. Events viewed as uncontrollable,

undesirable, or lowering of self-esteem were found to precede the onset of panic attacks

in patients with panic disorder [35].

VI. PERSONALITY AND ANXIETY DISORDERS

Personality is defined as the enduring pattern of “perceiving, relating to, and thinking

about the environment and oneself” [36]. Implicit in this definition is that the repertoire

of cognitions, emotions, and behaviors has stability over time and across a range of social

and personal contexts. Personality description is usually made according to dimensional

characteristics or with respect to specific core features grouped together to define a cate-

gory (e.g. DSM-IV). Traditionally, the relationship between personality and major mental

illness has been viewed in two opposing ways. First, personality dimensions may essen-
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tially reflect a subclinical form of the major mood disturbance. The second view is exem-

plified by the psychoanalytic tradition where the major illness is seen as developing out

of personality traits that make an individual vulnerable. In the former view, the form of

the illness is seen in continuity with premorbid character traits, whereas in the latter, the

symptomatic state is distinct from the form of the personality. Although limited, the litera-

ture suggests there is a linkage between some personality dimensions or categories and

clinical anxiety states; however, most studies have identified personality factors in retro-

spect following the diagnosis of a major anxiety disorder. This methodology limits the

findings for a number of reasons: (1) there is no accurate determination of the personality

predating the illness; (2) personality traits may be exacerbated by the illness; and (3) the

illness itself may distort the individual’s view of the premorbid personality [37].

Studies assessing dimensional personality characteristics in anxious patients have

generally suggested there is high neuroticism and low extroversion [38–40]. Kerr et al.

[38] used the Maudsley Personality Scale to investigate personality characteristics of 57

patients with multiple phobias, generalized anxiety, and probable panic attacks. High

scores of neuroticism in anxious patients were found to normalize in the well state, whereas

scores on the introversion scale remained low relative to controls on follow up. High

neuroticism/low extroversion was confirmed by Hoehn-Saric [39] in patients with general-

ized anxiety and panic attacks. Extroversion was found to be significantly lower in those

with generalized anxiety compared with panic patients. Using factor analytic techniques,

Cloninger has determined a personality model based upon three genetically independent

factors with predictable responses to novel, aversive, and appetitive stimuli [41]. Cloninger

suggests that individuals with high scores of “harm avoidance” and low scores on “novelty

seeking” dimensions are susceptible to cognitive anxiety while the opposite configuration

is associated with somatic anxiety. Allgulander and coworkers [42] demonstrated marked

reductions in harm avoidance in patients with generalized anxiety disorder following treat-

ment with paroxetine, suggesting some of these personality dimensions may be state de-

pendent.

In comparison with depressed patients, anxious patients reported more premorbid

personality traits of social anxiety, hypersensitivity, dependence, immaturity, hysteria, and

anergia [43]. In contrast, Murray and Blackburn [44] found similar premorbid personality

characteristics in depressed and anxious groups. Using the Cattel 16 Personality Factor

Questionnaire, the anxious patients reported abnormalities of emotional immaturity, shy-

ness, worry, seclusiveness, tension, and introversion that remained on recovery. In one

of the few prospective studies in the area, Nystrom and Lindegard [45] tested 3019 males

recruited while registering their car. Six years later, 114 of these were identified through

registers of public psychiatric units of whom 34 had an anxiety disorder and 37 unipolar

depression. Premorbid psychasthenia and subclinical anxiety traits, as measured by the

Sjobring Personality Scale, were found to have a strong relationship with anxiety states.

Psychasthenia and subclinical depressive traits were also found in depressed individuals.

Studies using categorical diagnoses have found elevated rates of personality distur-

bance in anxious patients. Koenigsberg and colleagues [46] found high rates of DSM-III

Personality Disorder in a study of 2462 patients with highest rates in panic disorder (50%)

and phobia (48%). Over 90% of these patients had either dependent, avoidant, borderline,

or histrionic personality. Mavissakalian and Hanann [40] found 27% of 60 agoraphobic

patients had a DSM-III Axis 2 disorder, again the most common being avoidant, depen-

dent, or histrionic. Reich and colleagues [47] confirmed the predominance of Cluster C
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disorders and, in particular, Dependent Personality Disorder in 88 patients with panic

disorder.

VII. COGNITIVE AND BEHAVIORAL THEORIES OF ANXIETY

Cognitive-behavior therapy (CBT) is a popular and effective treatment for most anxiety

disorders. As with psychoanalysis, no single theory pertains to the cognitive-behavioral

understanding of anxiety, but a group of theories related to thought and behavior abnormal-

ities frequently work in concert to initiate and maintain anxiety. The understanding of

these theories drives the therapy in CBT where there is a strong emphasis on education

of the patient.

In 1920, Watson and Rayner translated Pavlov’s classic conditioning experiments

in dogs to create a conditioned phobic response to rats in little Albert [48]. It was suggested

that fear may be learned as a conditioned response. Several criticisms have emerged from

this work. First, while Watson’s student Mary Cover Jones [49] was able to replicate this

phenomenon, others could not [50,51]. Second, conditioning theory demands single-trial

conditioning, which is very rare in laboratory settings [52]. Third, establishing a condi-

tioned response in the laboratory demands finely turned timing of conditioned and uncon-

ditioned stimuli, which are very unlikely to occur in real life situations [53]. The impor-

tance of Watson and Rayner’s work is that it led to extensive research into the behavioral

understanding of anxiety and the technique of systematic desensitization, an effective treat-

ment for phobic avoidance, pioneered by Wolpe [54].

More recently, cognitive theories of anxiety have complemented behavioral under-

standing leading to a more complete model of the etiology of anxiety. Notions of “free-

floating anxiety” in the absence of clear danger have been challenged by cognitive theorists

who emphasize frequently reported thoughts and images of danger in the anxious patient.

Beck and colleagues [55] have argued that anxious individuals systematically overestimate

the threat of a given situation, galvanizing a set of inherited responses originally designed

to protect us from harm. These changes include autonomic hyperarousal, inhibition of

ongoing behavior, and vigilance for possible sources of danger [56]. Peripheral manifesta-

tions of autonomic arousal are then misinterpreted by the patient as a sign of serious

physical or mental derangement leading to further arousal. In this model, anxiety is main-

tained by peripheral mechanisms originally hypothesized in the James–Lange theory of

anxiety. Fearful cognitions in anxiety include medical emergency (e.g., heart attack), men-

tal disorder (e.g., “going crazy”), or social catastrophe (e.g., public disgrace) [55]. Beck

has emphasized the role of dysfunctional thinking in anxious patients, which contributes

to the misattributions of peripheral stimuli. Cognitive distortions in the anxiety disorders

include “catastrophization” (dwelling on the worst possible outcome), selective abstraction

(selecting negative rather than neutral or positive aspects of a situation), dichotomous

(polarized or “black and white”) thinking, and hypervigilant scanning [55].

The cognitive and behavioral abnormalities discussed above can work alone or in

concert in the anxiety disorders. In generalized anxiety disorder, Beck and coworkers

[55] suggest there is a reactivation of developmental fears (dysfunctional assumptions)

regarding the person’s acceptability to others, competence, responsibility, and self control.

In the cognitive model of panic disorder, Clark [57] emphasizes the catastrophic misinter-

pretation of bodily sensations as threat of impending physical or mental disaster. The

initial stimuli can be external (e.g., the situation of a previous panic attack) or internal
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(thoughts, images, or bodily sensations). A vicious cycle of amplification of anxiety ensues

fueled by apprehensive scanning and somatic misinterpretations. Once initiated, panic

disorder is maintained by a tendency to become hypervigilant for bodily cues of danger

and avoidance of situations known to initiate symptoms. Avoidance is a major factor in

the maintenance of the phobias and may contribute to the development of anticipatory

anxiety, apprehension, and dread [58].

VIII. EXISTENTIAL ANXIETY

The exploration of human anxiety is not the exclusive domain of psychology. Philosophers

from early times have sought to understand the origins of anxiety with the existential

philosophers making the most recent contributions. “Existentialism” is a term given to a

disparate group of philosophers dissatisfied with the traditional thinking of their time.

While existential themes can be seen in the writings of Dostoevsky, the term “existential-

ism” originates from the Danish philosopher Soren Kierkegaard following exploration of

modes of existence in “The Point of View,” published posthumously in 1859 [59]. It was,

however, Kierkegaard’s concepts of human dread and freedom that became central in

the thinking of later existentialists—Jaspers, Heidegger, and Sartre. While the various

existential thinkers differed widely in their views, a number of themes have emerged from

their work which directly address the origins of anxiety in humans. Yalom [60] identifies

four ultimate concerns for the individual: death, freedom, isolation, and meaninglessness.

Death is an inescapable aspect of existence and it is hypothesized that we live with

the ultimate terror of death. Choron [61] distinguishes three types of death fear: (1) what

comes after death; (2) the event of dying; and (3) ceasing to be. It is the third of these

fears that Kierkegaard emphasized as a dread of nothingness [62]. The existential anxiety

is the tension that emerges between the knowledge of the inevitability of death and the

wish to continue to be. One way to combat the fear of nothingness is to transfer it to

something so that we can mount a self-protective defense. As a result, primal death anxiety

is rarely encountered in clinical practice and is only seen when conventional defenses are

stripped away (e.g., in analysis or in dreams). Yalom [60] suggests a number of defenses

are particularly used to reduce death anxiety including denial, suicidal thoughts as a control

over the helplessness of death, compulsive working (e.g., “workaholic”), personal beliefs

of inviolability (narcissism), aggressive drives for power and control, and rescue fantasies

(e.g., by God), etc.

While freedom is generally viewed as a positive concept, for the existentialist it is

inextricably linked with dread. In its existential sense, “freedom” refers to the absence of

a well-structured universe. In the absence of inherent design, the individual is entirely

responsible for their world in terms of choices and actions. The individual strives for order

in a disordered world. For Heidegger and Sartre, the individual is free to constitute the

world however they wish but bares full responsibility for doing so—they are the authors

of their world and the responsibility is terrifying. As with death, there is no escaping this

freedom. To avoid the responsibility of freedom is to live “inauthentically” [63] or in

“bad faith” [64]. Yalom [60] suggests a number of responsibility-avoiding defenses are

commonly used to reduce the anxiety associated with freedom including: denial of respon-

sibility, displacement of responsibility, compulsive behaviors, etc.

The third ultimate concern is isolation. Yalom [60] defines three types of isolation:

(1) interpersonal isolation results when factors such as distance, personality style, etc.,

prevent social gratification: (2) intrapersonal isolation results when unconscious mecha-
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nisms isolate one part of the self as in the defense of isolation of affect; and (3) existential

isolation. Existential isolation refers to an unbridgeable gap between individuals based on

the knowledge that each of us enters into existence alone and must leave alone. No matter

how close we may get to another, one must ultimately undergo the journey of death alone.

Isolation is then related to death and freedom in that the individual is alone in coming

into existence, being responsible for their own existence, and leaving existence. Most

of the defensive operations used to reduce the sense of isolation involve interpersonal

relationships and include searching for love, avoidance of being alone, fusion with another,

or with a group, etc.

The final existential concern identified by Yalom [60] is meaninglessness. Existen-

tial meaninglessness is related to freedom and responsibility. If the universe lacks structure

and meaning, then the individual needs to construct meaning in a personal sense. Anxiety

can result if insufficient purpose and meaning is achieved, or if the individual fears that

this may be the appraisal on their death. Meaning can be achieved through altruism, cre-

ativity, and dedication to a cause, etc.

From a therapeutic viewpoint, there are many similarities with the psychodynamic

therapies. Anxious concerns are understood to be defended against by classic defense

mechanisms and are seen in a developmental context. The process of therapy is essentially

aimed at gaining insight and effecting change on the basis of these insights. The major

differences are related to the understanding of the origins of anxiety as outlined above

and how to combat them. Armed with an understanding of their inner conflicts, patients

may work through the grief related to the realization of fundamental life concerns and

make choices aiming for a more “authentic” existence.

IX. NEUROANATOMICAL SUBSTRATES OF ANXIETY

Identification of key neural circuits involved in the genesis of anxiety has relied heavily

on studies in animals, primarily rodents [65,66]. Experimental models of anxiety in ani-

mals have relied on inhibition of behavioral tendencies in certain tasks [67]. Frequently

such tasks depend on learned behaviors that are probably less reliable for understanding

the neural basis of fear than are spontaneous fearful behaviors. Furthermore, many animal

models are markedly dependent on responses to clinically effective pharmacological

agents for validity [68]. Benzodiazepines have been the most widely employed agents in

animal testing and the extent to which such models can be generalized to other classes

of agents is still open to question. Nevertheless, external signs of fear in animals are

well recognized. Both electrical stimulation of the brain and agents acting on specific

neurotransmitters have provided valuable insights into the neuroanatomical substrates of

fear and anxiety.

As noted by Charney and Bremner [69], during the development of an anxiety state,

afferent inputs are relayed from sensory organs through the dorsal thalamus to cortical

brain regions. Secondary cortical association areas then process the information. Particular

brain regions have been identified as involved in fear and anxiety including the amygdala,

hippocampus, entorhinal cortex, orbitofrontal cortex, and the cingulate. Processing of in-

formation within these regions is believed to account for the experience of anxiety by

individuals, while modulation of neurotransmitter inputs to neural circuits formed between

regions can account for the anxiolytic effect of various therapeutic drugs. A number of

hypotheses involving these brain regions have been advanced to account for fear and

anxiety in humans and other species.
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Figure 1 Representation of Gray’s septohippocampal scheme for anxiety. Inputs to the

septo-hippocampal system activate the behavioral inhibition system and increase anxiety.

Increased neurotransmitter activity from both serotonergic pathways (the raphe nuclei) and

noradrenergic pathways (from the locus coeruleus) are proposed to increase anxiety. Anxio-

lytic drugs are proposed to have their therapeutic effects by decreasing the firing of the

raphe nuclei, the locus coeruleus, or both.

A. Septohippocampal System

One hypothesis proposes that the septum and hippocampus form a behavioral inhibition

system (Fig. 1) that serves as a substrate upon which anxiolytic drugs exert their effects

[70]. Gray also included the Papez circuit as part of the system, although subsequent work

has suggested that this pathway may have little involvement in emotion [71]. The septo-

hippocampal system is posited to be part of a neural network that acts as a comparator

of actual and anticipated stimuli. When a mismatch is detected, the behavioral inhibition

system is activated. The system either inhibits ongoing behavior or increases vigilance,

depending on the nature of the inputs. Since septohippocampal lesions do not alter the

behavioral effects of anxiolytic agents in animals, key inputs to the system must be affected

by drug administration. Both serotonergic inputs from raphe nuclei and noradrenergic

inputs from the locus coeruleus have been implicated. It has been proposed that septo-

hippocampal activity is enhanced by increased activity of both monoamines and that anxio-

lytics exerted their effects by reducing monoaminergic activity [70]. An additional circuit

comprising the amygdala, hypothalamus, and the periaqueductal gray (PAG) region of

the central gray has been proposed to mediate flight-or-fight responses.

B. Amygdala

More recently, the role of the amygdala in fear responses has been described [71,72].

Both the lateral and basolateral nuclei of the amygdala receive processed sensory informa-

tion. Both of these nuclei project to the central nucleus of the amygdala, which in turn

projects to both the hypothalamus and the brainstem. These latter areas directly mediate

the signs of fear and anxiety. The amygdala, because of its relevant projections (see

Fig. 2), may represent a central fear system [73]. For example, direct projections from the

central nucleus of the amygdala to the lateral hypothalamus probably activate sympathetic
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Figure 2 Connections of the amygdala to other anatomical regions and the conse-

quences of activation. The amygdala appears to play a key role in assessing threatening

stimuli and initiating response to those stimuli. Through activation of the various anatomical

targets the autonomic and endocrine responses to threat are activated. (Modified from

Ref. 69.)

responses during fear and anxiety [74]. Similarly, projections to the dorsal motor nucleus,

vagus, and ventrolateral medulla most likely mediate changes in heart rate and blood

pressure. Furthermore, respiratory effects may be influenced through projections of central

amygdala to the parabrachial nucleus. Neuroendocrine responses to fear and anxiety are

likely mediated by projections of central amygdala to the paraventricular nucleus of the

hypothalamus or to the bed nucleus of the stria terminalis. Other projections and their

symptom consequences are summarized in Figure 2.

Further evidence for the role of the amygdala in anxiety states comes from clinical

observations of behavioral and autonomic changes, resembling fear, following electrical

activation of the amygdala after temporal lobe seizures [75]. Similarly, direct electrical

stimulation of the amygdala in humans results in subjective feelings of anxiety or fear,

as well as autonomic signs usually associated with fear [73]. Furthermore, in rats, chemical

stimulation of this brain region with drugs such as the GABA antagonist bicuculline,

produced elevated blood pressure and heart rate [76]. Together these observations suggest

that activation of the amygdala during fear may explain all of the fear/anxiety symptoms

experienced. Conversely, if the amygdala is critical for the interpretation and manifestation

of anxiety states, then lesions to the area should be anxiolytic. Indeed, in monkeys, bilateral

removal of the temporal lobes including the amygdala, hippocampus, and surrounding

cortical areas resulted in so-called “psychic blindness” [77]. This is best described as a

lack of fear of usually feared animate and inanimate objects (e.g., snakes). While patients

with lesions to the amygdala rarely exhibit a full Kluver-Bucy syndrome, they do ex-

hibit blunted emotional reactivity [73]. Similarly, in the rat lesions of the amygdala

result in a blockade of innate fears (e.g., increasing the number of contacts with a se-

dated cat) [78].

The amygdala represents one brain area that is critically involved in mediating the

specific signs of fear and anxiety. Inputs to the amygdala from other critical brain areas
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are also proposed to play a role in mediating anxiety and fear responses. In particular,

inputs from the dorsal raphe nucleus (DRN) utilizing serotonin as a neurotransmitter are

thought to augment avoidance of aversive stimuli [79]. A further serotonergic pathway

arising in the DRN, which inhibits the PAG, is proposed to underlie the flight-or-fight

response [79]. Furthermore, noradrenergic neurons arising in nucleus locus coeruleus have

long been associated with fear responses in animals [80].

Clearly, the neural circuits underlying anxiety are complex and rely upon the interac-

tion of several different systems. In turn, these systems communicate with one another

through the agency of chemical neurotransmitters. Of the various transmitters, most atten-

tion has been directed toward noradrenaline, serotonin, and γ-aminobutyric acid (GABA).

Other systems, dopamine, opiates, and neuropeptides have also been implicated in mediat-

ing anxiety responses.

X. NEUROCHEMICAL BASIS OF ANXIETY

A. Noradrenergic System

Cannon first proposed a role for noradrenaline in fear responses, while elevations of adren-

aline and noradrenaline in the plasma of animals and humans in response to fear have

been demonstrated [81]. Overactivity of the nucleus locus coeruleus and the ascending

noradrenergic systems has been implicated in anxiety [82]. The locus coeruleus is the

major noradrenergic-containing nucleus of the brain and is regulated by feedback onto α2

autoreceptors. Electrical stimulation, lesioning studies, and pharmacological manipulation

of the locus coeruleus have been extensively studied in stump-tailed monkeys [80]. Stimu-

lation of the locus coeruleus produces an alerting effect, similar to that observed after

threatening confrontations, leading to the notion that behavior was related to fear and

anxiety [83]. The responses observed were specific to stimulation of the locus, as stimulat-

ing adjacent areas did not produce the behaviors. Similar responses to electrical stimulation

could be elicited by the α2 antagonists piperoxane and yohimbine administered intrave-

nously. On the other hand, clonidine at a dose of 1 µg/kg infused intravenously was able

to reduce the behavioral effects resulting from locus coeruleus stimulation. The same dose

of clonidine reversed the effects of yohimbine and piperoxane [84]. Such actions would

be predicted from the known effects of these agents on α2 autoreceptors. Propranolol, a

β-blocker, has also been shown to decrease behavioral responses and partially block the

effects of stimulating the locus. Agents as diverse as diazepam and morphine also block

electrical stimulation and the effects of piperoxane and yohimbine [80]. Diazepam proba-

bly exerts its effects by promoting the inhibitory effects of GABA, thereby decreasing

the firing rate of locus coeruleus neurons and noradrenaline turnover. Morphine binds to

inhibitory opiate receptors on the locus coeruleus [84].

Evidence for a similar role in humans has been obtained by electrical stimulation

of the locus coeruleus, which has been reported to result in feelings of fear and imminent

death [85]. Other evidence for a catecholamine hypothesis of anxiety is to be found in

the clinical effects of drugs known to influence adrenergic function. The effects of the β-

adrenergic agonist isoproterenol have been extensively studied. Frohlich and coworkers

[86] identified a group of patients they described as having a “hyperdynamic β-adrenergic

circulatory state.” This was characterized by high left ventricular ejection rate, occasional

systolic hypertension, systolic ejection murmur, and bounding arterial pulse. Such patients,

but not normal controls, experienced increased cardiac awareness, increased pulse rate,
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and anxiety attacks during infusion of the β-agonist isoproteronol. Acute anxiety attacks

following isoproteronol infusion have been described in a small group of patients suffering

from episodic anxiety [87]. Intravenous administration of propranolol (2 to 5 mg in 2 to

3 min) was able to block the chemically induced anxiety. Later workers have shown that

panic attacks could be induced in patients susceptible to such attacks by intravenous infu-

sions of isoproteronol [88,89]. The mechanism of the effect is not clear but probably does

not involve a direct effect of isoproteronol on the locus coeruleus, since the drug does

not cross the blood–brain barrier. More likely, the effect is indirect, activating the locus

coeruleus “alarm signal” by cues from the peripheral cardiac effects of isoproteronol (i.e.,

the James–Lange peripheral model of anxiety). On the other hand, the α2 antagonist yo-

himbine has been shown to cross the blood–brain barrier and is reportedly anxiogenic in

humans [90,91]. In panic disorder patients, about 80% had an anxiety response to yohim-

bine, which was subsequently blocked by 8 to 12 weeks of treatment with a benzodiazepine

anxiolytic [92]. The anxiogenic effects of yohimbine are probably mediated by a direct

action on presynaptic α2 adrenoreceptors located on the locus coeruleus [93].

B. Serotonergic System

Much of the evidence for a role of serotonin in anxiety states relies on data from animal

studies. It is well recognized that the main cell bodies of serotonin-containing neurons

arise in the brainstem and innervate virtually all cortical areas. Both the dorsal and median

raphe nuclei contain cell bodies that give rise to ascending serotonergic pathways. Within

this broad anatomical framework there are subtle functional connections of neurons [94].

Coupled with a plethora of serotonin receptor subtypes, it is clear that the serotonergic

system provides multiple anxiogenic/anxiolytic targets.

Animal studies suggest that inhibition of serotonergic neurotransmission is anxio-

lytic, while an increase is anxiogenic. Administration of the serotonin synthesis inhibitor,

p-choloro-phenylalanine (PCPA), has been shown to produce an anxiolytic profile in sev-

eral animal behavioral models [95,96]. These effects could be reversed by treatment with

the serotonin precursor, 5-hydroxytryptophan [97], as well as by 5HT1A agonists such

as 8-OH-DPAT [98]. Destruction of serotonin neurons with toxic agents such as 5,7-

dihydroxytryptamine (5,7-DHT) in localized regions leads to diminished anxiety re-

sponses. For example, File and coworkers [99] showed that DHT lesioning of the dorsal

raphe but not the median raphe resulted in anxiety reduction. On the other hand, more

recent investigations suggest that both electrolytic and neurotoxic lesions of the median

raphe nucleus are anxiolytic [100]. This may reflect the involvement of the different nuclei

in different aspects of the behavioral tests employed. Furthermore, it has been proposed

that the dorsal raphe is important for cognitive processes, while the median raphe modu-

lates fear and anticipatory anxiety [101].

Studies with both serotonin agonists and antagonists, in general, produce anxiogenic

and anxiolytic responses, respectively [102]. Responses to individual agents depend on the

nature of the receptor subtype involved and its anatomical location (pre- or postsynaptic).

Activation of specific serotonin receptors and the responses elicited in particular anxiety

disorders are described in detail elsewhere in this volume.

Clearly the role of serotonin in the etiology of anxiety disorders is a complex one.

Simple models based on increases or decreases of absolute levels of serotonin are inade-

quate. Neural circuits involving various serotonin-receptor subtypes and interactions with

other neurotransmitters offer more sophisticated explanations of the etiology of anxiety.
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Furthermore, these models, even though they themselves are probably inadequate, are of

heuristic value providing specific testable hypotheses and further iterations of the model.

C. GABA–Benzodiazepine System

The efficacy of benzodiazepines and other drugs acting at GABA receptors in treating

anxiety have argued for a role of GABA and its receptor systems in the etiology of anxiety.

Manipulation of GABA levels or the use of GABA agonists does not produce a reliable

anxiolytic effect in animals [103,104]. An important role for GABA was clearly implicated

when it was demonstrated that benzodiazepines and other drugs with anxiolytic properties

(barbiturates, ethanol) potentiate and prolong the inhibitory effects of GABA at central

neurons. Subsequently, it was shown that benzodiazepines and GABA-A receptors form

part of the same macromolecular complex (see Fig. 3). Although they bind to different

sites on the complex, they are functionally coupled through modulation of the chloride ion

channel. Benzodiazepines facilitate GABA transmission by positive allosteric modulation

[105]. The GABA-A receptors are pentameric membrane-bound proteins distinguished by

their subunit composition. In mammalian brain, seven different classes of subunits, most

with multiple isoforms, have been identified: α1–α6, β1–β3, γ1–γ3, δ, ε, θ [106]. The major-

ity of GABA-A receptors are composed of α, β and γ subunits [107]. The specific combina-

tion of subunits and isoforms varies across the central nervous system and accounts for the

diversity of effects observed by drugs acting at GABA-A receptors [107]. Combinations

of α and γ subunits are necessary to bind benzodiazepines; specifically the N-terminal

extracellular domain of certain α subunits is critical. Only the α1, α2, α3, or α5 subunits

bind the benzodiazepines [106]. Gene knockout strategies have been employed to examine

the effects of alterations of GABA-A receptors on the physiological and pharmacological

Figure 3 The GABA-A receptor. These receptors form a ligand-gated ion channel for the

chloride ion. Binding of GABA to its site facilitates the influx of chloride ions and inhibits the

firing of that neuron. Multiple allosteric modulatory sites, including one for benzodiazepines,

are present on the GABA complex. The receptor consists of five peptide subunits, which

in turn have four membrane-spanning domains. The benzodiazepine binding site is present

on the extracellular domain of the α-subunit (see Fig. 4).
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responses of mutant mice. This strategy suggested that the α6 subunit is associated with

marked anxiety responses to natural and learned aversive stimuli; the β3 subunit is associ-

ated with motor impairment, epileptic seizures and hyperresponsiveness to sensory stimuli.

Notwithstanding the methodological limitations of the knockout paradigm, these observa-

tions provide interesting clues as to the possible role of GABA-A receptor subtypes in

the etiology of anxiety [106].

An alternate strategy has been to examine the role of so-called knockin point muta-

tions [106]. The N-terminus of the extracellular domain of the α subunits, which bind

benzodiazepines, have a histidine (His) residue at position 101 (see Fig. 4). GABA-A

receptors composed of α4 and α6 subunits, which do not bind benzodiazepines, have an

arginine (Arg) at this residue. A point mutation that converts histidine to arginine at posi-

tion 101 causes benzodiazepine-sensitive receptors to become insensitive. The His to Arg

point mutation has been introduced into the germ line of mice in the genes that encode

α1, α2, and α3 subunits and the behavioral effects examined. In mice with the mutation

in the α1 subunit, diazepam administration failed to produce sedation and amnestic effects

[108]. Similarly, the sedative and anticonvulsant effects of zolpidem, an agent with high

affinity for α1-containing GABA-A receptors, was abolished in these mice [109]. By

contrast, mice with the mutation in the α2 subunit showed resistance to the antianxiety

effects of diazepam, but not to its sedative, anticonvulsant, or muscle-relaxant effects

[110]. Selective His to Arg mutations of the α3 subunit did not appear to have any of the

resistance apparent in the other two strains [110].

Figure 4 The α-subunit of the GABA-A receptor containing the benzodiazepine-binding

domain. A conserved histidine residue at position 101 of the binding domain is indicated.

Point mutations that convert the histidine to arginine result in loss of binding of the classical

benzodiazepines, such as diazepam. The four transmembrane-spanning domains of the

α subunits are represented as the cylinders (α-helical protein structures) M1, M2, M3,

and M4.
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These findings clearly implicate GABA-A receptor subtypes in the mechanism of

action of benzodiazepines and hold promise for the development of selective antianxiety

agents based on specific neuronal receptor targets. Furthermore, developments at the mo-

lecular level suggest that a refinement of the understanding of the neurobiology and genet-

ics of anxiety disorders may follow.

A unique feature of the GABA-A benzodiazepine receptor system is its bidirectional

agonism [102]. Conventional benzodiazepines act as agonists at the receptor while both

antagonists and inverse agonists have also been identified. Compounds acting as inverse

agonists at the receptor, such as the β-carboline FG7142, are anxiogenic in humans [111].

Observations such as these led to the notion that endogenous compounds may play a role

in the genesis of anxiety states. Several compounds have been proposed. Tribulin, a low-

molecular-weight compound found in normal human urine [112], has been shown to be

increased in some anxiety disorders and in lactate-induced panic attacks [113]. Diazepam-

binding inhibitor (DBI), an 86-amino-acid polypeptide, and one of its fragments, octa-

decaneuropeptide (ODN), have also been proposed as inverse agonists [114]. The dem-

onstration that the benzodiazepine antagonist, flumazenil, was-anxiogenic in panic

patients suggests that an endogenous agonist may occupy the receptor site [115]. Endoge-

nous neurosteroids, including allopregnanolone (AP), allotetrahydrodeoxycorticosterone

(THDOC), and 3-α-hydroxy-5-α-dihydroprogesterone (3-α-OH-DHP), produce modula-

tory effects by binding to steroid receptor sites on the GABA-A receptor complex, as

shown in Figure 3 [116]. The metabolite of pregnanolone (AP) can exert a positive alloste-

ric effect on GABA at the GABA-A receptor [117], while THDOC has been shown to

reduce anxiety-related behaviors following i.c.v injection in the rat [118]. The role of such

compounds in anxiety states in humans is attracting further interest both from the point

of view of etiology and therapeutics.

An interesting observation has been the demonstration of the presence of the diaze-

pam metabolite, N-desmethyldiazepam, in postmortem brain tissue obtained before the

introduction of benzodiazepines into widespread clinical use [119]. It appears that such

compounds may arise from dietary sources such as potatoes and other plants, and have

been shown to contain this metabolite [105]. Perhaps the endogenous ligand for the benzo-

diazepine–GABA-A receptor is a benzodiazepine derivative itself. To date, there are no

studies of the levels of N-desmethyldiazepam in patients with anxiety disorders.

XI. GENETIC ETIOLOGY

Several approaches to the study of the genetic etiology of anxiety disorders have been

undertaken. These approaches are examined in more detail elsewhere in this volume in

relation to specific anxiety disorders. Many studies have attempted to determine the extent

to which anxiety disorders are familial and to estimate their heritability. Detailed reviews

of the genetic epidemiology of anxiety states [120] and their molecular genetics [121]

have appeared. Recently a meta-analysis of the genetic epidemiology of anxiety disorders

have been published [122]. This study provides a concise summary of findings to date.

The meta-analysis supported the notion that anxiety disorders aggregate in families, the

greatest evidence being for panic disorder. The major source of familial risk of an anxiety

disorder was shown to be genetic. This was supported by large twin studies in panic

disorder, generalized anxiety disorder, and phobias. However, the estimated heritabilities

across the disorders was a relatively modest 30 to 40%. The largest proportion of the
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variance in the liability to an anxiety disorder is explained by environmental factors pecu-

liar to an individual.

Notwithstanding their weaknesses, twin and family studies suggest that molecular

strategies could be employed to identify specific genes associated with particular anxiety

disorders. To date, this approach has not been widely employed [121]. As noted above,

genes coding for the subunits of the GABA-A might be profitably explored. A proline-to-

serine point mutation at residue 385 of the α6 subunit has been identified, which mediates

sensitivity to benzodiazepines [123]. While this finding may be more relevant to alcohol-

ism, it does illustrate the utility of the approach. A study of 8 polymorphic subunits of

the GABA-A receptor in panic disorder showed no evidence of linkage [124]. Studies of

the GABA-A subunit genes in other anxiety disorders may be more fruitful.

Given the putative involvement of many neurotransmitters in the etiology of anxiety

disorders and their numerous receptor targets there is no doubt that further studies for

candidate genes in anxiety disorders will evolve. This approach coupled with linkage

studies and animal models (such as knockout and knockin strains as described above)

have the potential to identify important genes for the etiology of anxiety disorders. It is

unlikely that a single gene will completely explain the etiology of any one anxiety disorder.

However, genetic techniques may uncover previously unheralded therapeutic targets.

XII. CONCLUSION

Freud [6] remarked that anxiety was

. . . a riddle whose solution would be bound to throw a flood of light on our whole mental

existence.

Advances in the understanding of the function of the brain in recent years has seen

a renewed focus on the nature and treatment of anxiety, as well as an interest in the

classification of anxiety states. The latter continues to be a subject of debate between the

advocates of a General Neurotic Syndrome [125] and those advocating separate disorders

[126]. This has not been a barrier to intensive research on the neurobiology and neuro-

circuitry associated with anxiety. The neurobiological approach proceeds from the premise

that underlying a psychological dysfunction is a biological one. Knowledge of the relation-

ship between functional processes in the brain and symptoms of anxiety is still evolving.

This evolution has been accompanied by a greater understanding of the neural circuits

involved in anxiety states. The amygdala now appears to be an important mediator of

some facets of the conditioned fear response in animals and perhaps in humans, while

the septo-hippocampal system and its connections to the PAG region also plays a role in

mediating the anxiety response. Continued research in animal models of anxiety states as

well as neuroimaging studies in humans should provide a greater understanding of these

aspects of anxiety, as well as provide new neural targets for therapeutics. Genetic studies

suggest a familial pattern of inheritance for anxiety disorders, but specific genes for indi-

vidual disorders have not been identified. Family and twin studies suggest that environ-

ment makes a significant contribution to the etiology of anxiety states. This suggests that

the psychological approach to the understanding of the etiology of anxiety, far from being

in abeyance, can offer many insights. Both psychological and social approaches to anxiety

simply represent another perspective on the problem. Understanding anxiety based on the

neurobiological, neuropsychological, and psychological point of view promises a greater

depth than in the past. Coupled with knowledge of the mechanism of action of effective
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treatments, further progress toward the etiology of the disorders should be forthcoming.

These endeavors are beginning to unravel the mystery that is anxiety.
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I. INTRODUCTION

A. Animal Models and Anxiolytic Drugs

Animal models of anxiety attempt to represent some aspect of the etiology, symptomatol-

ogy, or treatment of human anxiety disorders in order to facilitate their scientific study

[146,154,220]. Within this context, animal models of anxiolytic drug action can be viewed

as treatment models relevant to the pharmacological control of human anxiety. A major

purpose of these models is to identify novel anxiolytic compounds and to study the mecha-

nisms whereby these compounds produce their anxiolytic effects (for reviews, see Refs.

10,37,45,64–66,79,132,137,192,202,209,218–221).

B. Correlation, Isomorphism, and Homology

Validation of behavioral animal models of psychotherapeutic drug action has typically

proceeded along three lines: correlation, isomorphism, and homology [221]. A correla-

tional model (or “screening test”) is selectively sensitive to target therapeutic agents (e.g.,

diazepam), so that target compounds can be distinguished from nontarget compounds. An

isomorphic model implies that the animal’s “anxiety” response is in some way similar to

a human “anxiety” response (e.g., avoidance), and a homologous model implies that the

cause of an “anxiety” response in the animal is sufficient to cause an anxiety response in

humans (e.g., the threat of an aversive stimulus). Isomorphism and homology are important

criteria because some functional similarity between the animal model and human anxiety

is a logical requirement if the model is used to study the mechanisms of a drug’s anxiolytic
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action [221]. Whether these “anxiety” reactions in animals express a subjective state that

is similar to that experienced by anxious humans, or whether these reactions lie on the

same continuum as “abnormal” human anxiety conditions, are difficult but important ques-

tions (for an insightful discussion of this issue, see Ref. 133). For animal models of anxiety,

however, one simplifying assumption is that aversive stimulation, real or anticipated, can

produce anxiety-like behaviors in both humans and in infrahumans, and these should be

diminished by antianxiety agents [220].

Historically, the correlational (or pharmacological) validation of animal models of

anxiety has been a preeminent concern, and even today is initiated on the basis of their

relative sensitivity to a few, standard, clinically proven compounds, such as the 1,4-benzo-

diazepines (e.g., diazepam). However, the triazolobenzodiazepines (e.g., alprazolam) are

closely related to standard 1,4-benzodiazepines and produce anxiolytic as well as anti-

depressant effects in humans [57,117,190], as do 5HT1A-type agents such as buspirone

[12,86,101,105,113,187,188] and classical antidepressant drugs such as imipramine

[2,127,189,233]. The relative sensitivity of animal models to various classes of clinically

proven anxiolytic drugs is an important issue and will be the focus of the present review.

II. ANIMAL MODELS OF ANXIETY

For convenience, the models reviewed in the following sections are grouped into two

categories. The first category involves animals’ reactions to nonpainful stressors (e.g.,

exposure to a novel test chamber). The second category involves animals’ reactions to

painful stressors (e.g., exposure to electric foot-shock). The models will be evaluated in

terms of their relative sensitivity to “classic” anxiolytic agents (e.g., benzodiazepines),

5HT1A compounds (e.g., buspirone), and antidepressants (e.g., imipramine).

Comparable sensitivity to the effects of benzodiazepines, 5HT1A anxiolytics, and

antidepressants could be taken as support for the validity of a test as a general model of

anxiolytic drug action, because all three of these drug classes are effective in the treatment

of human anxiety disorders (see above). On the other hand, a model sensitive to only one

drug class (e.g., benzodiazepines) is “class-specific,” but may nevertheless be important

(e.g., in the preclinical testing of benzodiazepine-type anxiolytics, and for studying the

mechanisms whereby these drugs produce their effects) [79,149]. Thus, while general

models of anxiolytic drug action are of particular interest, class-specific models should

not be discounted (see Ref. 97 for a review of the pharmacology of benzodiazepine-type

anxiolytics, and their actions at the GABAA-receptor subtype; 178 for a review of the

pharmacology of buspirone-type anxiolytics and their interactions at the 5HT1A-receptor

subtype; and Ref. 78 for a review of the pharmacology of antidepressant drugs and their

actions on monoamine neurotransmission).

A. Models Based on Reactions to Nonpainful Stressors

1. Light–Dark Exploration

In the light–dark exploration test, rodents (typically mice) normally avoid the brightly lit

side of a two-compartment chamber, preferring instead to explore the dimly lit side. Anxi-

ety reduction is indicated by increased transitions between the two compartments, and/

or increased exploration of the brighter compartment, whereas nonspecific effects are indi-

cated by changes in general locomotor behavior [11,36–39]. Early studies showed that a
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variety of benzodiazepine anxiolytics, including diazepam, clonazepam, flurazepam, and

chlordiazepoxide, produced dose-dependent increases in the number of light/dark transi-

tions in mice, whereas an antipsychotic (chlorpromazine) did not [36,38]. The relative

potency of benzodiazepine anxiolytics in increasing “exploratory” transitions was consis-

tent with their relative potency in the clinical treatment of human anxiety [36]. Further-

more, a nonspecific stimulatory effect of anxiolytics on general activity did not explain

these increases in light–dark transitions [38].

Later studies showed that standard anxiolytics also increase exploratory activity in

the lit section of light–dark test chambers, or conversely, decrease exploration in the dark

chamber, while a number of nonanxiolytic agents do not produce this pattern of results

[29,31–33,126]. This suggests that the light intensity of the brightly lit compartment is

aversive, suppressing exploration, and that this suppression is selectively antagonized by

standard anxiolytics [88,210].

Like traditional benzodiazepines, the mixed anxiolytic-antidepressant drug alprazo-

lam also increased side transitions and time spent on the bright side of a light–dark appara-

tus [102,103,210]. Standard antidepressant drugs, such as the tricyclic (TCA) imipramine,

the monoamine oxidase inhibitor (MAOI) moclobemide, and the selective serotonin

reuptake inhibitors (SSRIs) fluoxetine, paroxetine, and citralopram, have also yielded

anxiolytic-like effects in some cases [13,47,48,104,198]. However, in other cases, null or

even anxiogenic effects have been found [89,130,200,210,242]. In contrast, 5HT1A com-

pounds such as buspirone, ipsapirone, and indorenate have had fairly uniform, anxiolytic

effects in the light–dark exploration test [20,31,33,58,126,170,199]. Only in a few cases,

however, has the magnitude of the effects of 5HT1A agents been comparable to that of

benzodiazepines.

In summary, the light–dark exploration test is reliably sensitive to the anxiolytic

effects of benzodiazepines across a wide range of doses [37]. Although the effective dose

ranges tend to be narrower for 5HT1A agents, the test is sensitive to these compounds

as well, particularly buspirone and ipsapirone [198,210,242,243]. Finally, the effects of

antidepressant drugs on light–dark exploration are inconsistent, but clear anxiolytic effects

have been registered in some studies.

2. Social Interaction

In this test, pairs of rats are placed in an open arena, and the time they spend in active

social interaction (e.g., sniffing, grooming) is measured. Social interaction is suppressed

when animals are tested under bright lights or in an unfamiliar test environment, relative

to low light/familiar conditions, and this suppression is the index of anxiety [68]. As a

control for nonspecific changes in locomotor activity, line crossings are also measured

(for reviews, see Refs. 64–66). Several benzodiazepine anxiolytics, including chlordiaze-

poxide, diazepam, and flurazepam, all antagonized the suppression of social interaction

under unfamiliar, high light conditions, without producing concomitant changes in motor

activity. Other compounds, such as neuroleptics and CNS stimulants, did not produce

selective anxiolytic effects on social interaction [67,68,70–73].

Using a modified procedure in which novelty of the partner is the primary anxiogenic

stimulus, Gardner and Guy [83] and Guy and Gardner [95] found increases in social inter-

action after administration of a number of different benzodiazepines (e.g., diazepam, oxaz-

epam, loprazolam, nitrazepam) at doses that did not significantly affect ambulation. Social

interaction in this modified test was not selectively affected by other centrally active agents
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(e.g., phentolamine, metergoline, propranolol, amphetamine). These results also suggest

that social interaction under conditions of novelty is very sensitive to the effects of

benzodiazepine-type anxiolytics.

Antidepressant drugs, however, have inconsistent effects on social interaction. File

and colleagues [74,116] reported that the mixed anxiolytic-antidepressant drug alprazolam

did not produce anxiolytic effects on social interaction, whereas Gardner and Guy [83]

reported that alprazolam had anxiolytic effects in their version of the test. Similarly, Pellow

and File [176] found that the TCA imipramine was not anxiolytic after either acute or

chronic administration, whereas Popik and Vetulani [185] found that chronic imipramine

was anxiolytic. The MAOI antidepressant phenelzine produced an anxiogenic profile in

the social interaction test even after chronic administration [116], whereas mianserin, a

tetracyclic antidepressant, produced a significant anxiolytic profile [124]. SSRIs such as

paroxetine and sertraline can have significant anxiolytic effects on social interaction after

chronic administration [54,123,135].

Although there are exceptions [64], 5HT1A agents such as buspirone generally have

reliable, benzodiazepine-like profiles in the social interaction test [30,42,53,95,98,179].

In summary, the social interaction test, like the light–dark exploration test, is reason-

ably sensitive to both benzodiazepine and 5HT1A-type compounds; the effects of anti-

depressants are inconsistent. These tests may be analogous to human anxiety to the extent

that avoidance of novel social or environmental stimuli is common in both rodents and

humans.

3. Elevated Plus Maze

In the elevated plus maze, rodents normally avoid the two open arms of the maze, and

restrict most of their activity to the two closed arms. Open-arm avoidance appears to be

driven by an aversion to open spaces, leading to thigmotaxic behavior [229]. An antianxi-

ety effect is indicated by an increase in the proportion of activity in the open arms of the

maze (i.e., an increase in the percentage of time spent in the open arms and in the percent-

age of entries into the open arms). Changes in total entries and/or changes in the number

of closed-arm entries indicate nonspecific drug effects on locomotor activity. (For reviews

of procedures and methods, see Refs. 109, 173). Benzodiazepine anxiolytics (e.g., chlor-

diazepoxide, diazepam) increase the proportion of activity in the open arms, whereas

nonanxiolytic agents (e.g., amphetamine, caffeine) generally do not [3,100,114,115,138,

174,176].

Mixed anxiolytic-antidepressant compounds such as alprazolam also have reliable

anxiolytic effects in the elevated plus maze [74,90,116,118,186]. However, the effects of

standard antidepressant drugs in the plus maze have been inconsistent. On the one hand,

both acute and chronic administration of TCAs (imipramine, amitriptyline) failed to pro-

duce anxiolytic profiles in the plus maze [23,69,138,142,174]. SSRIs such as fluoxetine

have been reported to be anxiogenic [99,128,184,211,212], anxiolytic [16,89,92,131], or

ineffective [99,136,194]. These inconsistent effects have been found after both acute

[92,211] and chronic [131,212] drug administration.

On the other hand, the tetracyclic antidepressant mianserin produced significant an-

xiolytic effects after chronic administration [191], and MAOIs such as phenelzine and

befloxatone produced anxiolytic effects whether given acutely [17,171] or chronically

[116].

The effect of 5HT1A-type compounds (e.g., buspirone, ipsapirone, gepirone) in the

elevated plus maze are also mixed. There are reports of clear anxiolytic effects [18,40,53,
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87,91,98,106,151,182,214], and reports of no clear anxiolytic effects [24,40,41,175,177,

211], even after chronic drug administrations [156,157,193].

Although chronic regimens with buspirone or ipsapirone did not produce anxiolytic

effects in the plus maze [156,239], there is some evidence that these negative findings

may have been related to dose. Soderpalm et al. [215] found that 5 weeks of buspirone

(10 mg/kg b.i.d.) significantly increased open-arm activity whereas the same regimen at

lower doses (2.5 or 5.0 mg/kg) was without effect. A number of other studies support the

hypothesis that high doses of 5HT1A compounds may be necessary for their anxiolytic

effects to emerge after chronic treatment in the elevated plus maze [22,143,158,211].

In summary, the elevated plus maze is clearly sensitive to benzodiazepine-type anxi-

olytics. However, the effects of antidepressant drugs (both chronic and acute) are mixed, as

are the effects of 5HT1A compounds. There is some evidence that high doses of chronically

administered 5HT1A compounds may be necessary to detect their anxiolytic effects in the

elevated plus-maze.

4. Separation-Induced Ultrasonic Distress Vocalization

Rat pups separated from their mother and littermates emit high-frequency (30–50 kHz)

distress calls which, in turn, elicit retrieval behavior from the mother [165]. Distress calls

are infrequent just after birth, increase up to maximal levels at about 10 days of age, and

then decrease to minimal levels at about 17 days of age. The eliciting stimulus (separation),

under certain conditions (e.g., dependency), would seem capable of producing fear or

anxiety in humans. An anxiolytic drug effect in this response system is indicated by a

significant reduction in high-frequency vocalization in the absence of behavioral sedation

[56,80,81,112].

Separation-induced ultrasonic vocalizations are suppressed by benzodiazepine anxi-

olytics (e.g., diazepam, chlordiazepoxide) at doses that do not disrupt behavior in general,

while other agents (e.g., amphetamine, haloperidol, naloxone, clonidine) do not selectively

suppress vocalization [8,75,80,81,167]. A possible false positive was metergoline, which

inhibited ultrasound at doses that were not behaviorally impairing, as did morphine [19].

Benton and Nastiti [8] found that ultrasonic calling in mouse pups was also inhibited

by the 5HT1A-type anxiolytic ipsapirone, and they provided data that this inhibition was

not related to drug-induced decreases in body temperature. Kehne et al. [122] and Nastiti

et al. [160] found that buspirone, ipsapirone, and gepirone suppressed ultrasonic vocaliza-

tion in preweanling rats at doses that did not disrupt motor coordination on an inclined

screen test. The selective 5HT1A agonists flesinoxan and 8-OH-DPAT also inhibited ultra-

sonic vocalization, although some degree of hypothermia and sedation was associated

with these effects [168], particularly at higher doses [75].

Alprazolam has potent suppressive effects on ultrasonic calling in separated pups

[153]. Separation-induced vocalization in pups is also reliably reduced by a number of

antidepressant compounds such as clomipramine, fluvoxamine, fluoxetine, and zimelidine

[168,169], all of which block the reuptake of 5HT to varying degrees. In contrast, anti-

depressants that are more selective for blockade of NE reuptake (e.g., desipramine and

maprotiline) actually increase distress vocalizations [237]. Although it seems possible that

the inhibition of ultrasonic vocalizations by antidepressants depends specifically on their

ability to inhibit 5HT reuptake, Olivier et al. [168] reported that the 5HT reuptake stimu-

lant, tianeptine, also blocked ultrasonic vocalizations. In any case, the results thus far

suggest that separation-induced vocalizations in young rodents are sensitive to the anxio-

lytic effects of both benzodiazepine and serotonergic drugs.
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B. Models Based on Reactions to Painful Stressors

1. Shock-Probe Burying

Rats shocked once from an electrified probe that is attached to the wall of a test chamber

characteristically spray bedding material toward or over the probe, with rapid, alternating

movements of the forepaws (i.e., “burying behavior”) [181], while avoiding further contact

with the shock probe. A reduction in the duration of probe burying, in the absence of a

decrease in general activity, is used as the primary index of anxiety reduction [230]. An

increase in the number of probe contacts is sometimes used as a second index of anxiety

reduction [224]. (For reviews of methods and procedures, see Refs. 221, 228.)

Low doses of standard anxiolytic agents (e.g., chlordiazepoxide, diazepam) reduce

the amount that rats bury the shock probe without suppressing general activity

[7,9,195,221–225,227,230,231]. Chlordiazepoxide also antagonizes the shock-induced el-

evations in plasma corticosterone and adrenaline that occur during the burying test [49].

The effects of anxiolytic compounds on probe burying can be distinguished from those

of several nonanxiolytic agents [7,195,225,230–232], although the drug-class specificity

of the test is sensitive to procedural variations [15,35,163,224,230]. The suppression of

burying behavior by benzodiazepine anxiolytics does not appear to be secondary to analge-

sia [223] or associative deficits [9].

An early study [227] found that buspirone, like chlordiazepoxide, decreased the

amount of probe burying and concurrently increased the number of contact-induced probe

shocks rats received. These bidirectional, anxiolytic drug effects increased as a function

of drug dose and were independent of changes in general activity [227]. Higher doses of

buspirone (64 mg/kg), which suppress general activity, do not produce selective effects

on either probe avoidance [150] or probe burying [35].

Later studies [129] reported that ipsapirone also reduced burying behavior in the

absence of effects on general activity. Similar results have been found in an extensive

series of experiments by Lopez-Rubalcava et al. [141] and by Fernandez-Guasti and col-

leagues [59,61–63,139,140]. These researchers found dose-dependent decreases in the

burying behavior of both male and female rats after the administration of buspirone, ipsapi-

rone, indorenate, and the selective 5HT1A-receptor agonist 8-OH-DPAT. Flesinoxan, an-

other selective 5HT1A-receptor agonist, was anxiolytic in the shock-probe burying test after

either acute [94] or chronic [93] administration.

Little work has been conducted examining the effects of antidepressants in the

shock-probe burying test, and the results thus far are equivocal. One study [7] showed

that chronic treatments with imipramine, desipramine, and pargyline did not produce sig-

nificant effects on burying behavior, whereas two other studies [60,144] showed that

chronic desipramine reliably suppressed burying behavior. The mixed SSRI/5HT1A-

agonist EMD 68843 produced a selective, dose-dependent reduction in burying behavior

after acute administration [226]. Whether the latter result was due to serotonin reuptake

inhibition, 5HT1A-receptor activation, or some combination of both is not known, but future

studies should clarify this interesting finding.

Broekkamp et al. [15] and Njung’e and Handley [163,164] described a variant of

the burying test in which mice are individually placed in a test chamber with glass marbles

evenly distributed across the surface of the bedding material. The number of marbles

“buried” is used as the index of anxiety. Various anxiolytics reduced marble “burying,”

including diazepam, chlordiazepoxide, flunitrazepam, clonazepam, and meprobamate.

However, false positives were found for scopolamine and atropine. Although 5HT1A-type

compounds (e.g., buspirone) suppressed marble-burying behavior, the effect only occurred
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at doses that also reduced general activity [164] and disappeared after chronic treatment

[111].

The effects of cyclic antidepressants on mouse marble burying have been somewhat

unclear. Thus, for example, imipramine and mianserin suppressed marble burying, but at

doses that also suppressed general activity [15]. Ichimaru et al. [111] found that marble

burying was selectively suppressed by clomipramine but not by desipramine. The effects

of SSRIs in this paradigm have been more uniform. Njung’e and Handley [163,164] and

Ichimaru et al. [111] found that fluvoxamine, zimeldine, and citalopram dose-dependently

inhibited marble-burying behavior without suppressing general activity.

Gyertyan [96] suggested that marble burying in mice is not burying behavior per

se, but rather digging/burrowing behavior, a species-typical response in mice that occurs

in the absence of any observable aversive or threatening stimulus. In this sense, digging

behavior might be more analogous to compulsive behavior in humans and thus mouse

digging may represent a model of obsessive-compulsive disorder [96]. Although some of

the pharmacological data reviewed above might be consistent with this view, insofar as

certain antiobsessional compounds (e.g., clomipramine) were effective in suppressing

marble burying, further work is needed before this hypothesis can be supported.

2. Fear-Potentiated Startle

The magnitude of rats’ startle reflex to an acoustic stimulus can be potentiated by present-

ing the acoustic startle stimulus together with a cue (e.g., light) that has previously been

paired with shock (for a review, see Ref. 44). An anxiolytic drug effect in this paradigm

is most clearly indicated by a specific reduction of potentiated startle (i.e., a reduction of

startle on light-noise trials versus a reduction of startle on noise-alone trials) [44]. A num-

ber of benzodiazepine anxiolytics, including diazepam, flurazepam, and midazolam, pro-

duced selective, dose-dependent reductions of fear-potentiated startle [43,107], whereas

a number of other agents, including cinanserin and p-chloroamphetamine, did not block

potentiated startle [21,46]. However, false positives have been reported for morphine [44]

and haloperidol [108].

Although the mixed anxiolytic-antidepressant drug alprazolam reduced fear-potenti-

ated startle [108], studies using standard antidepressant compounds such as imipramine,

amitriptyline, and fluvoxamine have failed to demonstrate reliable effects on fear-potenti-

ated startle [21,108,119].

In contrast, fear-potentiated startle is reliably suppressed by 5HT1A-type anxiolytics.

Buspirone, gepirone, and ipsapirone each blocked potentiated startle across a wide range

of doses [46,121,145,161]. In addition, the magnitude of these anxiolytic effects were

similar to those of benzodiazepine anxiolytics. The selective 5HT1A agonists flesinoxan and

8-OH-DPAT also produced dose-dependent anxiolytic effects on fear-potentiated startle

[119,120].

Thus, the fear-potentiated startle test seems to be sensitive to the anxiolytic effects

of both benzodiazepine and 5HT1A compounds, but insensitive to traditional antidepressant

agents. Given the positive effect found with the mixed anxiolytic-antidepressant drug al-

prazolam, however, more extensive work using chronic administration of traditional anti-

depressants may ultimately reveal anxiolytic effects of some of these compounds as well.

3. The “Conflict” Tests

Although there are many variants of conflict tests, they generally fall into one of two

categories. In the Geller-type conflict tests, well-trained rats are tested on alternating

schedules of unpunished (reward only) and punished (reward � shock) responding [84].
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In Vogel-type conflict tests, untrained, water-deprived rats are allowed to drink from a

water spout where every nth lick is accompanied by shock [234]. In both types of tests,

responding is suppressed by shock and “anticonflict” (i.e., anxiolytic) effects are indicated

by increases in punished responding, whereas nonspecific effects (e.g., hyperphagia, dipso-

genesis) are indicated by increases in unpunished responding. Additional tests are some-

times conducted to assess treatment effects on pain perception (e.g., flinch/jump thresholds

to shock). (For a review, see Ref. 183.)

A variety of benzodiazepine-type anxiolytics produce reliable anticonflict effects,

whereas other compounds such as neuroleptics, analgesics, and stimulants do not. This

anticonflict effect of standard anxiolytic drugs has been demonstrated in a variety of spe-

cies, including humans [134], and the relative potency of various anxiolytics in suppressing

conflict behavior in animals agrees well with their relative potency in treating human

anxiety disorders [28]. Thus, the conflict test appears to satisfy many of the criteria of a

correlational model. In addition, insofar as conflict between opposing drives may be asso-

ciated with human anxiety, conflict models may also have some degree of isomorphism

and homology.

The mixed anxiolytic-antidepressant drug alprazolam produced reliable, dose-

dependent anticonflict effects in rats across a wide range of doses [55,85,102,125,196,

213]. Furthermore, the anticonflict effect of alprazolam was apparent after both acute and

chronic administration.

A number of standard antidepressant drugs such as the TCAs imipramine, desipra-

mine, and amitriptyline all produced significant anticonflict effects after chronic or sub-

chronic administration, but not after acute administration [25,76,77]. Chronic bupropion,

mianserin, and trazodone also produced significant anticonflict effects in this test [26], as

did the MAOIs phenelzine and pargyline [27,77]. These findings suggest that conflict tests

may be quite sensitive to the anxiolytic effects of antidepressant drugs under chronic drug

regimens.

In contrast to their reliable sensitivity to the anxiolytic effects of benzodiazepine

and antidepressant drugs, the conflict tests have shown erratic sensitivity to the anxiolytic

effects of 5HT1A drugs such as buspirone [110]. Furthermore, when anxiolytic effects of

5HT1A drugs are detected, their magnitude is often smaller than that of standard anxiolytics

such as diazepam and typically occur over a much narrower dose range [50,51,148,152,

180,203,204,235,241,244]. Howard and Pollard [110] studied the effects of buspirone in

the conflict test under a wide variety of experimental conditions and failed to find a robust

anxiolytic effect under any condition. Other researchers have reported no significant ef-

fects of buspirone in the conflict tests or even dose-related decreases in punished responses

[14,34,82,125,147,201,217,238].

In contrast to the inconsistent anticonflict effects of buspirone-type anxiolytics in

rats in the conflict tests, these drugs have very reliable anticonflict effects in pigeons

[4,159,205]. The reasons for these species differences are unknown.

Thus, conflict tests appear to possess broad utility for detecting the anxiolytic effects

of benzodiazepine and antidepressant drugs, although the exact conditions under which

reliable anxiolytic effects of 5HT1A compounds can be detected have not been determined.

4. Shock-Induced Ultrasonic Vocalization

Another ultrasonic vocalization model has been developed in which adult rats are given

multiple, inescapable foot shocks [52]. Testing occurs after this “training” period. During

the test period, foot shocks are again administered and the duration of ultrasonic vocaliza-
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tions is measured during intershock intervals. The duration of these vocalizations is used

as the index of anxiety. Shock-induced ultrasonic vocalizations are dose-dependently sup-

pressed by benzodiazepine-type anxiolytics (diazepam and chlordiazepoxide), but are gen-

erally unaffected by nonanxiolytic agents [52,162]. The test also appears to be quite sensi-

tive to 5HT1A-type drugs such as buspirone, ipsapirone, gepirone, and 8-OH-DPAT, all

of which dose-dependently suppress shock-induced ultrasonic vocalizations [5,6,52,155,

197,199,216,240].

A variety of antidepressant drugs, including the TCAs imipramine, amitriptyline,

doxepin, clomipramine, and the MAOI tranylcypromine, also reduced shock-induced ul-

trasonic vocalizations. Antidepressants that are more selective inhibitors of NE or DA

reuptake, such as maprotiline and bupropion, were not effective [52]. SSRIs such as

paroxetine, citalopram, sertraline, and fluvoxamine suppressed shock-induced vocaliza-

tions to varying degrees [52,200,206], although the effects of fluoxetine have been incon-

sistent [5,200]. Nevertheless, the overall pattern of these results seems to point toward

inhibition of 5HT reuptake as one mechanism for the inhibition of shock-induced ultra-

sonic vocalizations in adult rats. In addition, the model appears to have broad utility for

studying the mechanisms of action of benzodiazepine and 5HT1A-type drugs.

III. SUMMARY AND CONCLUSIONS

In summary, the models reviewed in this chapter show at least some sensitivity to a variety

of agents known to produce anxiolysis in humans (i.e., the benzodiazepines, antidepres-

sants, and 5HT1A compounds). All of the models show good sensitivity to benzodiazepine

anxiolytics. Light–dark exploration, social interaction, elevated plus maze, shock-probe

marble burying, and the conflict tests have also shown some sensitivity to antidepressants

and 5HT1A compounds, but to varying degrees. Ultrasonic vocalization appears to be the

most broadly sensitive measure. Fear-potentiated startle, although sensitive to both benzo-

diazepine and 5HT1A anxiolytics, has thus far failed to detect the anxiolytic effects of

traditional antidepressants.

While the majority of these models showed at least some sensitivity to antidepressant

and 5HT1A compounds, the anxiolytic effects of these drugs were often more variable than

the effects of benzodiazepine anxiolytics. In addition, there were a number of instances

in which antidepressant and 5HT1A agents produced effects opposite to those of standard

anxiolytics, suggestive of an anxiogenic action. There are several possible explanations

for these inconsistencies which have more general implications for animal models of anxi-

ety and anxiolytic drug action.

A drug may have very reliable effects in an animal model of anxiety, but unless

that drug also has reliable antianxiety effects in humans, it cannot be used to validate the

animal model. Conversely, a drug that has inconsistent or unreliable anxiolytic effects in

humans cannot be used to invalidate an animal model of anxiety. In this regard, there is

little clinical evidence that 5HT1A agents, other than buspirone, produce reliable antianxiety

effects in humans, and even the effects of buspirone appear to be more variable than

the effects of benzodiazepine anxiolytics [172,207,208,236]. A number of clinical trials

[166,207] suggest that the efficacy of buspirone across different human anxiety disorders

[1] is not as robust as the benzodiazepines (for a recent summary of comparative clinical

findings see Ref. 2, Table 1, p. 224). These clinical data are certainly not definitive but,

if anxious humans respond more variably to buspirone than to benzodiazepine anxiolytics,
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one might expect the effects of 5HT1A agents in animal models of anxiolytic drug action

to be more variable than the effects of benzodiazepines.

The clinical efficacy of antidepressant drugs in the treatment of anxiety disorders

is far more convincing, but there is still some variation in efficacy (for a review, see Ref.

233). There is also some disagreement about whether specific antidepressants are required

for particular anxiety disorders (e.g., agoraphobia, panic), or are superior to benzodiaze-

pine anxiolytics for these disorders. Furthermore, anxiety and depression in humans often

overlap so that interpretation of a therapeutic drug effect as being either anxiolytic or

antidepressant can sometimes be difficult. Perhaps the most important clinical finding in

this literature, however, is that unlike classical benzodiazepines, the anxiolytic effects of

traditional antidepressants in humans are normally delayed (2 to 4 weeks), and the initial

(acute) response may sometimes be an exacerbation of anxiety [2]. Thus, acute antidepres-

sant treatment in an animal model of anxiety may be of questionable relevance to its

pharmacological validation.

Chronicity may be equally relevant to the effects of 5HT1A compounds in these

models. Whereas chronic administration of 5HT1A or antidepressant drugs often resulted

in reliable, anxiolytic effects in a variety of animal models [26,54,60,76,89,123,131,

135,185,191,204, 215,241], acute administration resulted in less reliable anxiolytic effects

or even anxiogenesis [89,99,156,211,213].

Another possibility is that different animal models represent qualitatively different

types of anxiety or fear, only some of which are reliably inhibited by 5HT1A agents or

antidepressants. Thus one could speculate that the social interaction test primarily reflects

a type of social phobia, which is reliably suppressed by 5HT1A agents and certain anti-

depressants, whereas the elevated plus-maze test reflects a type of acrophobia, which is

not as reliably suppressed by 5HT1A agents or antidepressants. This would imply that

animal fears can be pharmacologically dissected, which in turn would support the pharma-

cological dissection of human anxiety. Although such speculation seems to be consistent

with some of the animal data reviewed in this chapter, at this time there is no convincing

clinical evidence that specific anxiety disorders are differentially affected by benzodiaze-

pine, 5HT1A, or antidepressant anxiolytics [2,233].

Thus, a number of factors, including clinical effectiveness, chronicity, and model

type, may alter the correspondence between the effects of benzodiazepines, 5HT1A agents,

and antidepressants in animal models of anxiety. On the whole, however, the data summa-

rized above suggest that there is enough correspondence between drug effects across these

tests that future paradigmatic studies may ultimately establish their validity as general

models of antianxiety drug action. While this ideal may not be attained by all models, it

should be remembered that class-specific models can also serve as a valuable tool for

studying the mechanisms by which either benzodiazepine, 5HT1A, or antidepressant drugs

produce their anxiolytic effects.
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I. INTRODUCTION

Panic attacks are the hallmark of panic disorder. However, they also occasionally occur

in other mental disorders and in up to 35% of the general population [1]. Spontaneous

panic attacks are incidental and unpredictable and, therefore, difficult to study [2]. Earlier

studies focused on information about spontaneous panic attacks obtained from patients.

However, this information, as Griez and Schruers [2] pointed out, is essentially subjective

and entirely retrospective, and thus not very reliable and difficult to quantify. Another

approach to the study of panic attacks has been the monitoring of various physiological

changes during spontaneously occurring attacks. This monitoring confirmed the presence

of major physiological changes, such as heart rate increase and finger temperature changes

during self-reported panic attacks [3,4]. Nevertheless, monitoring physiological variables

and biochemical changes during spontaneously occurring panic attacks is technically quite

difficult. In addition, as Balon and colleagues [5] pointed out, changes in physiological

measures have not always correlated well with subjective anxiety. Thus, even though

monitoring various changes during spontaneously occurring panic attacks would be clearly

the most scientifically and methodologically appropriate approach, it has not been applied

in studies of pathophysiology of panic attacks.

Some of the early studies of anxiety states noticed various abnormal physiological

and metabolic findings in subjects with panic anxiety. For instance, two studies [6,7]

703



704 Balon et al.

reported that anxious patients produce more lactate with exercise than do control subjects,

with the abnormality being greater in chronic neurocirculatory asthenia than in acute one

[7]. Cohen and White pointed out the abnormal oxygen consumption and excessive lactate

production during exercise in anxiety states in several articles [8]. This led Pitts and

McClure [9] to test their hypothesis that anxiety during anxiety states might be directly

related to the rise in blood lactate. They found that the majority of patients with anxiety

neurosis in their study panicked during the infusion of sodium lactate. Their experiment

ushered in a new era of studying panic anxiety—provocation of panic attacks in the labora-

tory. It should be noted that although Pitts’ and McClure’s study [9] is considered the

beginning of the era of anxiety provocation in the laboratory, Wearn and Sturgis [10] used

epinephrine to reproduce the symptoms of irritable heart in anxiety patients as early as

1919.

Provocation of anxiety in the laboratory allows for relatively easy monitoring of

various physiological, biochemical, and lately even imaging changes during laboratory-

induced panic attacks. Thus, for decades, this has been one of the main biological ap-

proaches to the study of panic anxiety. During the 1970s and 1980s, sodium lactate has

been the most frequently studied provocative agent [11]. Other agents, such as β-carbolines

[12], caffeine [13], carbon dioxide [14], cholecystokinin-tetrapeptide [15], epinephrine

[16], flumazenil [17], fenfluramine [18], isoproterenol [19], m-chlorophenylpiperazine

[20], norepinephrine [21], yohimbine [22], and other nonpharmacological paradigms (hy-

perventilation, catastrophic misinterpretation) [23] have also been used for provocation

of anxiety in the laboratory.

This chapter will review the most frequently used paradigms of anxiety provocation

in humans. Similar to the interest in other biological tests (e.g., dexamethasone suppression

test), the interest in anxiety provocation in the laboratory has waxed and waned. Although

provocation of anxiety states in humans has undergone significant development during

the last decade, the findings from the previous decades provide the most important knowl-

edge base. Thus, for each paradigm, we will review briefly the most important older find-

ings and then focus on an update from the last decade.

II. SODIUM LACTATE

In a carefully designed double-blind study, Pitts and McClure [9] observed that 13 of 14

patients, but only 2 of 10 healthy controls, developed anxiety during the infusion of 0.5

M sodium lactate. Glucose in saline did not produce any attacks. Patients rated lactate-

induced anxiety as very similar, if not identical, to their real-life attacks. Several other

studies replicated the finding of lactate-induced anxiety in panic disorder during the late

1960s and early 1970s [24–26]. Kelly and colleagues [25] reported findings similar to

those of Pitts and McClure [9]. Most of their patients with chronic anxiety neurosis (16

of 20) and 1 of 10 controls panicked during an infusion with 0.5 M sodium lactate. They

also reported that one patient panicked during the saline lead-in infusion, but not during

the lactate infusion (anticipatory anxiety?). Forearm blood flow and heart rate were higher

during lactate than during saline infusion. Bonn and colleagues [26] used 1 M sodium

lactate in a fairly large sample of 66 subjects. They emphasized the striking hypophos-

phatemia during lactate infusions, and reported that propranolol could not modify the

symptoms produced by lactate. They were also the only ones who used lactate infusion

as a treatment modality. They described marked improvement in subjects with intractable

anxiety after twice-weekly “flooding” with sodium lactate. Other studies in the early 1980s
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established that sodium lactate provoked anxiety in panic disorder patients [27,28] and

less frequently in healthy controls [28].

A. Studies Focused on Reliability and Validity

The provocation of panic attacks in patients with defined anxiety neurosis or panic disorder

has been reproduced in various laboratories around the world, under various conditions,

and with different concentrations of sodium lactate (0.5 or 1.0 M) [11,24,25,26,29–37).

Panic attacks in response to lactate infusion have also been demonstrated in patients with

infrequent panic attacks not meeting the DSM-III criteria for panic disorder [38]. However,

in one study [39], patients with a low frequency of panic attacks (one or less per month)

did not respond positively to lactate. Though Ehlers and colleagues [32] argued that pa-

tients and controls respond to lactate similarly, most studies demonstrated that panic disor-

der patients respond to lactate differently than healthy controls (70–100% of patients

showed a panic response versus 0–40% of controls in various studies). Cowley and Arana

[11] thus calculated that the lactate-induced panic had a sensitivity of 67% and specificity

of 89% in differentiating patients with panic disorder from nonpsychiatric subject controls

(thus, in a group of subjects with a 50% prevalence of panic disorder, the positive pre-

dictive value of the test would be 86%).

Several studies addressed the issue of whether lactate-induced panic attacks and

naturally occurring attacks were symptomatically similar or comparable. Liebowitz and

colleagues [29] found that both lactate-induced and naturally occurring panic attacks were

symptomatically similar. In a study by Balon and colleagues [40], patients rated both

dextrose (presumably spontaneous) and lactate-associated attacks between moderately and

very much similar to their usual attacks. Lactate attacks were rated slightly more similar,

possibly because they were rated as more severe and were associated with more somatic

symptoms of anxiety. Aronson and colleagues [37] also noted a high degree of similarity

between lactate-induced and naturally occurring panic attacks. In the largest single cohort

of lactate-infused panic disorder subjects [41], the vast majority of subjects rated the

lactate-induced panic attacks as very similar to their typical panic attack. The overall

severity level was very similar, and both the physical and anxiety symptoms were over-

whelmingly rated as similar. However, a substantial minority of the lactate nonpanickers

also rated the lactate infusion experience as similar to their “usual” panic attacks. Three

symptoms—afraid in general, dyspnea, and desire to flee—were the most predictive and

revealing of panic response to lactate [41].

Various studies examined the diagnostic specificity of lactate infusions. Only 1 of

7 obsessive-compulsive disorder but 26 of 48 panic disorder patients panicked during

sodium lactate infusion in a study by Gorman and colleagues [42]. Similarly, only 1 of

15 patients with social phobia and 10 of 20 panic disorder patients panicked during lactate

infusions in a study by Liebowitz and colleagues [43]. Sodium lactate induced flashbacks

in all seven patients with post-traumatic stress disorder (PTSD), six of whom also met

the criteria for panic disorder [44]. Sodium lactate also induced panic attacks in six of

these PTSD patients [44]. Interestingly, sodium-lactate-induced flashbacks in six of seven

PTSD subjects without comorbid panic disorder, but no panic disorder or healthy subjects

reported flashbacks or other intrusive PTSD symptoms during lactate infusion in a study

by Jensen and colleagues [45]. In the same study [46], five of seven subjects with PTSD

experienced sudden onset of anxiety sufficient to meet the criteria for panic attacks. These

panic attacks were phenomenologically similar to lactate-induced panic attacks induced in
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panic disorder patients. Cowley and colleagues [47] reported that patients with generalized

anxiety disorder reacted more like panic disorder patients during lactate infusions. This

conclusion was criticized by Liebowitz and Hollander [48], who pointed out that only 1

of 9 generalized anxiety patients panicked with lactate in the Cowley and colleagues study

[47] compared to 9 of 22 panic disorder patients.

Other diagnostic categories outside the realm of anxiety disorders have also been

studied. Alcoholic patients with panic disorder had fewer panic attacks in response to

lactate than nonalcoholic patients with panic disorder [49] in a study by George and col-

leagues. Alcoholics with panic attacks had a significantly higher rate of lactate-induced

panic than alcoholics without panic attacks in a study by Cowley and colleagues [50]. In

a study of bulimic patients by George and colleagues [51], none of the bulimic patients

panicked during lactate infusion. In a study by Lindy and colleagues [52] 4 of 18 bulimics

(one with a history of panic disorder) had a panic attack during lactate infusions. Finally,

Pohl and colleagues [53] reported that four of eight bulimics experienced a panic attack

during lactate infusions. All bulimics in this study had concurrent panic attacks. Cowley

and colleagues [54] reported similar rates of panic response to lactate in patients with

both primary depression and secondary panic attacks and patients with panic disorder. In

another study [55], Cowley and colleagues also found that patients with major depression

without panic attacks had a much lower response to lactate than did panic disorder patients.

McGrath and colleagues [56] reported significantly higher response to lactate in depressed

patients with panic attacks than in depressed patients without panic attacks. These findings

were confirmed by Cowley and colleagues [57], Buller and colleagues [58], and Targum

[59]. Sandberg and colleagues [60] reported that 7 of 13 women with marked premenstrual

dysphoric changes and none of seven controls panicked while infused with sodium lactate.

Finally, George and colleagues [61] reported that sodium lactate administration elicited

intense emotional response—rage, panic, greater changes in speech, breathing, and motor

activity—in perpetrators of domestic violence compared to nonviolent control subjects.

The majority of studies suggest that lactate-induced panic is associated with a recent

history of panic attacks rather than the diagnosis of panic disorder. It seems to be a state

rather than a trait marker. Lactate has a moderate sensitivity and good specificity in distin-

guishing subjects with panic attacks from controls and from patients without coexisting

panic attacks [11].

B. Studies Focused on Etiology

Various theories on the etiology of panic hypothesize most frequently the involvement of

the noradrenergic and serotonergic systems. Noradrenergic theories often focus on either

α- or β-receptor systems. Other theories suggest abnormalities in chemoreceptor sensitiv-

ity and sudden changes in peripheral biochemistry, such as acute respiratory alkalosis.

Most of the challenge studies focusing on the possible etiology of lactate-induced panic

were performed during the 1980s.

1. Noradrenergic Mechanism

The role of the noradrenergic mechanism in the etiology of lactate-induced panic has been

entertained by several authors [30,37,62–65]. Liebowitz et al. [30,63] hypothesized that

lactate-induced panic involves central noradrenergic discharge, with inconsistent periph-

eral manifestation, and that a peripheral catecholamine surge is not the mechanism of

lactate-induced panic. In their study, lactate-induced panic attacks were regularly accom-
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panied by biological changes consistent with hyperventilation and central noradrenergic

activation (elevated heart rate and lowered PCO2 and bicarbonate levels). Elevations of

plasma norepinephrine and cortisol were irregular, and changes in lactate, pyruvate, pH,

phosphate, epinephrine, and diastolic blood pressure were not consistent during panic

attacks. The findings on epinephrine levels during lactate infusions in various studies have

been contradictory [27,30,31].

Patients who panicked during lactate infusions showed higher mean plasma 3-methyl-

4-hydroxyethylene glycol (MHPG), a major metabolite of peripheral and central norepi-

nephrine, and a higher anxiety rating at baseline in a study by den Boer and colleagues

[66]. On the other hand, Pohl and colleagues [64] did not find plasma MHPG elevation at

baseline, nor during lactate or isoproterenol infusions, in panic disorder patients and con-

trols. Carr and colleagues [31] also found neither a significant increase of MHPG during

lactate-induced panic nor any correlation between various biochemical and neuroendocrine

variables and lactate-induced panic. Urinary output of homovanillic acid and 4-hydroxy-

3-methoxymandelic acid (catecholamine metabolites) was decreased in patients with panic

attacks and in controls during lactate infusions in a study by Clow and colleagues [35].

Propranolol, a β-receptor blocking agent, does not block panic attacks or prolong

the time to panic during lactate infusions [62]. This finding casts doubt on a β-adrenergic

hypothesis of panic as an explanation for lactate-induced panic. Intravenous propranolol

reduces lactate-induced panic only negligibly, whereas intravenous diazepam is quite

effective [37,65]. Clonidine pretreatment did not lower prelactate anxiety, but blocked

lactate-induced panic in 4 of 10 subjects in a study by Coplan and colleagues [67].

Several studies focused on the response to lactate after successful treatment with

various medications and its significance for the etiology of panic anxiety. Rifkin [68]

demonstrated blockade of lactate-induced panic with tricyclic antidepressants. In a study

by Fyer and colleagues [69], 7 of 13 patients panicked with lactate before treatment with

tricyclic antidepressants, but none of them panicked with lactate while treated. This sug-

gests that lactate vulnerability can exist in clinically well, unmedicated patients and may

be a trait characteristic. Successful alprazolam therapy also blocked lactate vulnerability

in studies by Liebowitz and colleagues [63] and Cowley and colleagues [70]. In another

study, Liebowitz and colleagues [71] also reported that pretreatment with diazepam (5 mg

i.v.) significantly attenuated the effects of lactate-induced panic in panic disorder patients,

although it did not block the lactate-induced panic in a majority of patients. Gorman et

al. [72] reported a detailed analysis of patients reinfused with lactate after treatment with

various antipanic medications. They suggested that the nine symptoms that responded to

drug therapy were associated with hyperventilation, and that antipanic drugs may have a

specific effect in blunting hyperventilation. Yeragani and colleagues [73] also reported

that tricyclic antidepressants appeared to increase the threshold for lactate-induced panic.

Pohl and colleagues [74] found that panic disorder patients treated with either imipramine

or diazepam had significantly less lactate-induced anxiety than placebo-treated patients

when reinfused with lactate. Imipramine also decreased post-treatment panic attack fre-

quency and diazepam decreased the perceived severity of post-treatment lactate-induced

panic. Interestingly, in a study by Keck and colleagues (75), valproate blocked reinduction

of panic symptoms on lactate rechallenge in 83% of patients who initially experienced

panic symptoms on initial infusion. Thus, in summary, several studies demonstrated suc-

cessful blockade of lactate-induced panic with various psychotropic drugs. However, none

of the above-mentioned treatment studies provide any definitive clues as to the etiology

of lactate-induced panic. The success of blockade can be explained by several mechanisms
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(e.g., a decrease in the respiratory rate and blockade, or downregulation of various recep-

tors and decreased sensitivity to repeated lactate challenge).

The findings linking the mechanism of lactate-induced panic to noradrenergic sys-

tems are weak. Other provocative techniques seem to be better suited for addressing

the involvement of the α-adrenergic (yohimbine) or the β-adrenergic (isoproterenol) system

in the etiology of panic anxiety. The involvement of another neurotransmitter, serotonin,

in the etiology of lactate-induced panic was suggested by Lingjaerde [76] and others.

Lingjaerde [76] theorized that lactate may stimulate serotonin reuptake in central sero-

tonergic neurons and thereby induce anxiety by reducing the inhibitory serotonergic influ-

ence on the locus coeruleus.

2. Neuroendocrine Findings

Various endocrine organs are involved in central and peripheral neurotransmitter regula-

tion. Abnormalities of the hypothalamic-pituitary-adrenal axis (HPA) during stress led

several authors to study the abnormalities of this axis during lactate-induced panic. Levin

and colleagues [77] measured cortisol and corticotropin during lactate-induced panic and

did not find elevation of either hormone. Plasma β-endorphin decreased slightly, but sig-

nificantly, during lactate infusions in panic disorder patients, depressed patients, and con-

trols [78]. This findings suggests that the HPA axis is not activated by lactate-induced

panic, as ACTH and β-endorphin arise from the same precursor molecule in the anterior

pituitary gland. Appleby and colleagues [27] and Carr and colleagues [31] also did not

find evidence for pituitary-adrenal activation during lactate-induced panic. Similarly,

Peskind and colleagues [79] reported that neither sodium lactate nor hypertonic sodium

chloride increased cortisol or ACTH in panic disorder patients and controls. However,

plasma arginine vasopressin increased during both infusions, a response typical for acute

hypernatremia. Untreated and treated panic disorder patients have a plasma vasopressin

response to lactate similar to normal subjects [80], a finding suggesting intact posterior

pituitary function in these patients. Kellner and colleagues [81,82] suggested that the lack

of pituitary-adrenocortical activation during lactate-induced panic is due to an immediate

rise of atrial natriuretic hormone which suppresses both ACTH and cortisol release. Den

Boer et al. [66] also found no single neuroendocrine variable (cortisol, β-endorphin) to

correlate with lactate-induced panic.

Thus, the neuroendocrine findings during lactate-induced panic do not clearly sup-

port any single hypothesis for induction of such panic.

3. Respiratory and Biochemical Findings

Shortness of breath and hyperventilation are frequent symptoms of spontaneous and

lactate-induced panic attacks [83,84]. Lactate is metabolized to bicarbonate and subse-

quently to carbon dioxide and water. Carbon dioxide then easily passes the blood-brain

barrier. Centrally perceived hypercarbia may cause hyperventilation and panic [85]. How-

ever, D-lactate, which is poorly metabolized to carbon dioxide, does induce panic [86].

The role of carbon dioxide in the induction of anxiety and in the etiology of panic attacks

will be discussed in detail later.

Panicking patients have a lower PCO2 than nonpanicking patients during lactate

infusions [30]. Carbon dioxide pressure decreases during the lactate infusion [87] and

lactate causes metabolic alkalosis. However, metabolic and respiratory alkalosis develops

in all subjects during lactate infusions, whereas only hyperventilation-induced hypocapnia

differentiates panickers and nonpanickers. Patients who had an acute panic attack during
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lactate infusion had a greater increase in minute ventilation over baseline than nonpanick-

ing patients or controls in a study by Gorman and colleagues [83].

Gaffney and colleagues [36] similarly described hyperventilation during lactate-

induced panic, together with hypernatremia, hypocalcemia, and decreased bicarbonate lev-

els. They suggested that sodium lactate produces panic by mimicking the physiology of

spontaneous panic. Gorman and colleagues [88], in a study addressing the proposed theory

of Grosz and Farmer [89], infused panic patients with lactate and with sodium bicarbonate,

a sodium lactate metabolite. They reported a similar rate of panic during both infusions,

although lactate appeared to be a stronger stimulus. Lactate induced a decrease in PCO2

in panickers and nonpanickers, whereas bicarbonate decreased PCO2 only in panickers.

D-Lactate also produced hypocapnia [14]. Venous PCO2 normalized after treatment with

tricyclic antidepressants [90]. These findings suggest ventilatory dysregulation as a possi-

ble cause of panic anxiety. However, it is not clear whether this mechanism is peripheral

or central. Maddock and colleagues [91] noted exaggerated increases in serum lactate in

panic disorder (PD) patients following hyperventilation during glucose infusion; however,

the lactate response was not correlated with heart rate, PCO2, and other variables. Coplan

and colleagues [92] infused nonhuman primates with lactate and saline and measured

their cerebrospinal fluid (CSF) and venous blood lactate, pH, PCO2, PO2, and bicarbonate.

Despite the development of characteristic peripheral biochemical effects of infused sodium

lactate (increased lactate and bicarbonate levels, metabolic alkalosis), no increase in cen-

tral lactate or carbon dioxide were observed. However, according to Dager and colleagues

[93], lactate appeared to cross the blood-brain barrier, and lactate concentrations in cister-

nal fluid increased three times during the intravenous lactate infusions in baboons. In

another study, Dager and colleagues [94] observed significantly higher brain lactate levels

(using proton magnetic resonance spectroscopy) in panic disorder patients panicking dur-

ing lactate infusion. The mechanism of the brain lactate rise was not clear. Hyperventila-

tion may have a role in producing higher lactate levels in these subjects [94].

Data from several studies [30,85,95] did not support the role of lactate-induced

hypocalcemia initially suggested by Pitts and McClure [9] and Fink et al. [24]. Although

a significant decrease in plasma inorganic phosphate during lactate infusions was observed

by Liebowitz and colleagues [30], no consistent change in phosphate levels accompanied

lactate-induced panic. Inorganic phosphate also decreased during lactate infusions in stud-

ies by Gaffney and colleagues [36] and Aronson et al. [37], and during D-lactate infusions

[86]. A significantly lower inorganic phosphate level at baseline was found in patients who

panicked during subsequent lactate infusion when compared with nonpanicking patients in

two studies [86,96]. However, other authors [97] were not able to replicate this finding.

Hyperventilation is the most probable cause of phosphate decrease during the infusions.

Baseline hypophosphatemia suggests an abnormal metabolic state.

Other biochemical changes, such as an alteration in the body’s NAD�/NADH ratio,

are speculative and were discussed by other authors [30].

4. Cognitive Theories

Many authors [98,99] suggested that lactate produces panic through conditioning and cog-

nitive mechanisms. According to this theory, the large volume of hyperosmolar fluid in-

fused produces various symptoms and cues panic. Peskind and colleagues [79] were able

to produce the same high incidence of panic and equivalent increases in panic symptoms

in panic disorder patients by infusing them with sodium lactate or hypertonic saline (3%

NaCl). This suggests that a rapid increase in sodium or osmolality may be involved in
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panic induction. Gorman and colleagues [86] infused patients with sodium D-lactate,

which is poorly metabolized. D-Lactate produced panic, hypocapnia, and alkalosis,

thereby indicating hyperventilation. Even though lactate metabolism may not be necessary

for panic induction, D-lactate may work through some other, as yet unknown, mechanism.

As discussed before [91–94], it is not clear whether lactate crosses the blood-brain barrier,

although some studies [93,94] reported increased CNS or CSF lactate concentrations dur-

ing intravenous lactate infusions. The perception of various cues may be influenced by

the severity of anxiety, especially before the infusion. Some authors, therefore, focused

on the role of baseline anxiety on subsequent response to lactate. Liebowitz and colleagues

[30] found a greater baseline autonomic arousal in subsequent panickers. Cowley and

colleagues [100] reported that patients who had a typical panic attack with lactate had

higher baseline symptom ratings, but these did not fully account for the differences in

response to lactate. They felt that baseline measures may influence how a patient reaches

the threshold for panic. Two other studies [37,101] reported similar findings. Yeragani et

al. [102] studied the effects of infusion-induced panic anxiety on subsequent preinfusion

anxiety and infusion-induced panic attacks during repeated infusions. Although there was

a decrease of preinfusion anxiety from one infusion to the next, there was no evidence

of a significant decrease or increase in the frequency of subsequent panic attacks. In a

study by Targum [39], patients with high frequency of panic attacks (at least one attack

a week) reacted positively to lactate infusions, whereas patients with low frequency of

panic attacks (one or fewer a month) did not respond to lactate infusions. The author felt

that the current heightened anticipatory state (influenced by recent spontaneous attacks),

rather than a putative underlying trait, predominates in the provocation of panic. Interest-

ingly, cognitive behavioral therapy decreased the vulnerability to subsequent lactate infu-

sion in a study by Shear and colleagues [103]. It seems plausible that cognitive mispercep-

tion may play a significant role in triggering panic attacks during lactate infusions.

5. Miscellaneous

Many other hypotheses of panic etiology have been tested. Gorman and colleagues

[104,105] addressed the popular idea that hypoglycemia causes panic attacks. They infused

two sets of panic disorder patients with 0.5 M sodium lactate, and they did not find any

evidence of low blood sugar levels during lactate-induced panic attacks [104] nor signifi-

cant changes in insulin levels [105]. However, coadministration of glucose resulted in a

reduced sensitivity to the panicogenic effects of lactate in a study by George and colleagues

[106], which could be explained by the effect of glucose on the adrenergic system, cata-

strophic misinterpretation, and other possibilities.

There is no support for the involvement of endogenous opiates in the pathogenesis

or control of panic attacks [107]. Cowley and Dunner [108] found a lack of significant

association between lactate response and presenting clinical variables. Patients with a

panic response to lactate were more likely to report a definite history of panic attacks in

at least one first-degree relative in their study. Balon and colleagues [109] found a higher

prevalence of anxiety disorders among first-degree relatives of controls who panicked

during lactate infusion than in those who did not panic. Two of these controls subsequently

developed panic attacks and, in one of them, panic attacks began soon after the infusion

[110]. Both of these findings [108,109] suggest some genetic vulnerability to lactate-

induced panic. George et al. [111] reported a marked reduction of parasympathetic nervous

activity (vagal tone) in six healthy volunteers during lactate administration and hyperventi-

lation. They hypothesized that this reduction facilitates sympathetic activity (tachycardia).
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Several other studies focused on autonomic regulation in panic disorder patients during

lactate infusions. Yeragani and colleagues [112] suggested an exaggerated cardiac vagal

withdrawal in PD patients during lactate infusions. Panic disorder patients had a greater

cardiac and respiratory reactivity than healthy controls with lactate infusions during sleep

when the influence of cognitive factors is minimal or absent [113]. There were also sub-

stantial differences in autonomic regulation during lactate infusions between PD patients

and healthy controls in a study by Sloan and colleagues [114].

C. Summary

Sodium lactate is a specific (89%) and reliable provocative technique of panic attacks,

similar to naturally occurring panic attacks, and accompanied by similar physiological

changes. Lactate-induced panic is blocked by antipanic drug treatment. The presented

studies clearly demonstrate that the pathogenesis of lactate-induced panic is still unknown.

Various theories of lactate-induced panic, such as hypocalcemia, hypophosphatemia, hy-

poglycemia, hypersensitive β-adrenergic receptors, sudden shifts in pH, alkalosis, stimula-

tion of central noradrenergic centers, decreased α1-adrenergic receptor density, endoge-

nous opioid dysregulation, reduction of inhibitory serotonergic influence on the locus

coeruleus, hypothalamic-pituitary-adrenal axis stimulation, decrease in parasympathetic

activity (vagal tone), increase in tribulin, alteration of NAD�/NADH ratio, hyperventila-

tion, chemoreceptor sensitivity, carbon dioxide sensitivity, fluid expansion, and cognitive

theories (nonspecific stress, interceptive phobic cues) [115] have been entertained. Ventila-

tory dysregulation (stimulation of ventilation) and cognitive misinterpretation of periph-

eral cues may be the most plausible explanations at present. However, as Griez and

Schruers [2] pointed out, “In contrast to the growing body of data on the validity of lactate

infusion as a laboratory model of panic, no convincing progress has been made in answer

to the question of why patients panic from lactate.”

III. CARBON DIOXIDE

Shortness of breath is one of the prominent symptoms of panic attacks. Accompanying

hyperventilation leads to an increased exhalation of carbon dioxide and lowering of arterial

concentration of carbon dioxide (CO2). Therefore, one would assume that increased inhala-

tion of CO2 would decrease anxiety. Carbon dioxide did actually reduce anxiety in some

studies. Griez and van den Hout [116] reported that double inhalation of a mixture of

35% CO2 and 65% oxygen reduced anxiety levels in 12 healthy volunteers. These authors

also used this technique, together with exposure, in the treatment of “phobophobia” [117].

Wolpe [118] strongly advocated the use of CO2 inhalation in the treatment of anxiety.

However, most studies report an anxiogenic effect of inhaled CO2. Cohen and White

[8] found that the rebreathing technique, which increases CO2 levels, produced anxiety

attacks in anxiety neurosis patients. In another study [119], 7 of 12 (58%) panic disorder

patients panicked during increased ventilation stimulated by 5% CO2, and three of them

also during room–air hyperventilation. The rate of CO2-induced panic was similar to the

rate of lactate-induced panic in this study. Gorman et al. [84] later expanded their sample

to 31 patients and reported that 39% of them panicked with 5% CO2 and 23% with room–

air hyperventilation. They also administered 7% CO2 to some subjects who did not panic

during the 5% CO2 challenge. Most of the 5% CO2 nonpanickers panicked with 7% CO2.

These findings were replicated by the same group [120] in a methodologically improved
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study, which also confirmed a better discrimination between patients and controls with

7% CO2. The 5% CO2 also provoked panic in 8 of 14 panic disorder patients in a study

by Woods et al. [121].

van den Hout and Griez [122] demonstrated that inhalation of 35% CO2 and 65%

oxygen resulted in autonomic symptoms highly reminiscent of natural or lactate-induced

panic in normal subjects. When CO2 inhalation was preceded by intake of a β-blocker

(60 mg of propranolol), fewer symptoms occurred than when preceded by a placebo. The

same procedure provoked short-lived autonomic panic symptoms in both panic disorder

patients and normal controls [123], but high subjective anxiety was elicited only in pa-

tients. Other researchers [115,124–126] also reported that this procedure provoked higher

anxiety in panic patients than in controls. Zandbergen and colleagues [127] reported sig-

nificantly higher anxiety during 35% CO2 challenge in PD patients, when compared with

the response during this challenge in normal persons and during hyperventilation in both

patients and normal subjects. They suggested that panic disorder patients are specifically

hypersensitive to an increase in CO2 pressure. Anxiety ratings increased markedly during

rebreathing both in patients and controls in a study by Woods and colleagues [128], and

anxiety increases were significantly greater in patients than in healthy subjects. Ventilatory

response to carbon dioxide was similar in patients and controls. On the other hand, Lous-

berg and associates [129] reported that panic patients showed significantly higher ventila-

tory response than normal controls using the same rebreathing technique. A number of

other studies [130–134] confirmed the anxiogenic effect of various concentrations of CO2.

The role of CO2 as a laboratory model for initiating panic has thus been clearly established.

A. Studies Focused on Diagnostic Specificity

As with lactate, several studies tried to address the diagnostic specificity of CO2 challenge

[14,84,135–145]. Patients with other anxiety disorders such as social phobia, generalized

anxiety disorder, and obsessive-compulsive disorder did not panic, whereas, in a study

by Gorman and colleagues [84], 39% of panic disorder patients panicked during 5% CO2

challenge.

Patients with social phobia were the most frequently studied group besides panic

disorder patients. All three patients with social phobia and 67% of panic disorder patients

panicked during subsequent challenge with 7% CO2 in the aforementioned study [84]. On

the other hand, 36% of social phobics compared with 50% of panic disorder patients

panicked during 35% CO2 challenge in another study by Gorman and colleagues [14].

The difference in the frequency of panic between patients with social phobia and panic

disorder patients was even larger (18.7% vs. 62.5%) during single inhalation of 50% CO2

in a study by Rapee and colleagues [135]. Papp and colleagues [136] reported panic rates

of 72% for PD patients and 30% for social phobia patients in a study with 35% CO2.

Interestingly, 5.5% CO2 did not differentiate well specific phobias and panic disorder in

a study by Antony and colleagues [137]. In a study by Verburg and colleagues [140], a

comorbid depressive disorder appeared to increase the vulnerability of panic disorder pa-

tients to 35% CO2. In studies by Perna and colleagues [141,142], 35% CO2 challenge

differentiated well between panic disorder and generalized anxiety disorder [141] and

between panic disorder and obsessive-compulsive disorder [142]. Patients with comorbid

panic and generalized anxiety or obsessive-compulsive disorder responded to 35% CO2

similarly as patients with panic disorder. Nine of 14 women with premenstrual dysphoria

without panic disorder panicked during 35% CO2 challenge, compared with none of 12
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controls [143]. Interestingly, anxiety after 35% CO2 inhalation was significantly stronger

in the early follicular phase than in the midluteal phase in patients with panic disorder

[144]. Finally, Ware and colleagues [145] used the 35% CO2 challenge as a diagnostic

tool in the evaluation of suspected panic disorder. Carbon dioxide seems to be somewhat

less panic-disorder-specific than lactate. The sensitivity to CO2 in panic disorder patients

may be concentration-dependent, and Gorman and colleagues [14] suggested that increas-

ing the concentration/dose of CO2 may compromise diagnostic specificity. Further studies

could help to better elucidate the sensitivity and specificity of this technique.

B. Studies Focused on Etiology

Results of animal studies present some theoretical basis for the mechanism of anxiety

induction with CO2. For instance, hypercapnia caused a rapid increase in the firing rate

of the locus coeruleus neurons of rats [146]. Gorman and colleagues [119] theorized that

the similarity in response to lactate and CO2 in their patients was suggestive of the involve-

ment of CO2 (lactate → bicarbonate → carbon dioxide) in triggering anxiety by stimulation

of the locus coeruleus. CO2-induced panic was associated with an exaggerated ventilatory

response and increases in plasma norepinephrine and diastolic blood pressure [84], sug-

gesting that patients may have hypersensitive CO2 receptors. On the other hand, the com-

plex physiological and biochemical measurements (MHPG, plasma cortisol, prolactin,

growth hormone) obtained in a study by Woods and colleagues [120] did not elucidate

the anxiogenic effect of CO2, and Gorman and colleagues [14] were not able to find a

significant group difference in anxiety level, physiological, or biochemical variables in

response to 35% CO2. However, 35% CO2 may be too high a concentration [14].

Various studies addressed biological changes during CO2 challenge and their rela-

tionship to possible etiology. Martinez and colleagues [147] observed significantly greater

blood pressure reactivity in PD patients than in nonpanickers or controls, but they did not

observe any overall difference in hemodynamic responses between patients and controls.

Sinha and colleagues [148] noticed decreased cortisol levels after CO2 challenge. The

results of a study by Welkowitz and colleagues [149] suggested that CO2-induced panic

is a robust biological effect that occurs independent of cognitive set changes, thus the

probability of cognitive misperception seems to be small. Tryptophan depletion caused a

greater anxiogenic response and an increased rate of panic attacks after 5% CO2 challenge

in PD patients [150]. This finding suggests involvement of the serotonin system in the

etiology of CO2-induced panic. Interestingly, premedication with cholecystokinin tetrapep-

tide (a panicogenic agent, see below) decreased panic symptoms upon 35% CO2 challenge

in healthy volunteers [151]. Dager and colleagues [152] reported that hyperventilation

disproportionately increased brain lactate in PD patients. Finally, two studies [153,154]

suggested increased hypersensitivity to 35% CO2 in first-degree relatives of PD patients.

These findings suggest a degree of genetic vulnerability.

Several studies also reported on the effect of treatment on CO2-induced anxiety and

its relation to etiology. Venous pH, venous PCO2, and bicarbonate were normalized in

panic patients after treatment with tricyclic antidepressants or clonidine [90]. Beckett and

colleagues [155] reported blockade of rebreathing-induced panic attack with clonazepam

in a patient with panic disorder. Alprazolam markedly attenuated anxiety increases during

rebreathing of 5% CO2 in eight panic disorder patients [128]. The authors hypothesized

that alprazolam may antagonize CO2-induced anxiety by decreasing noradrenergic func-

tion through stimulation of benzodiazepine receptors located on noradrenergic neurons.
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Pretreatment with alprazolam, but not with clonidine, significantly reduced the rebreath-

ing-induced increase in anxiety [156]. The anxiogenic effect of rebreathing 5% CO2 was

significantly reduced in six patients after long-term imipramine treatment [157], a finding

consistent with an increase of noradrenergic function in CO2-induced anxiety. Further-

more, alprazolam [158] and similarly clonazepam [159] blocked the 35% CO2-provoked

panic in PD patients. Various antidepressants (mostly imipramine) or cognitive-behavioral

therapy (CBT) reduced CO2 sensitivity in PD patients in a study by Gorman and colleagues

[160]. Three other antidepressants, toloxatone (monoamine oxidase type A inhibitor)

[161], fluoxetine [162], and citalopram [163] also significantly reduced 35% CO2 reactivity

in PD patients. CBT was successful in reducing the sensitivity to 35% CO2 in PD patients

in a study by Schmidt and colleagues [164]. Thus, treatments usually successful in the

treatment of PD are also successful in blocking the effect of CO2 in PD patients.

Other authors have suggested additional physiological, behavioral, and cognitive

explanations of CO2-induced panic. Griez and van den Hout [165] reported that CO2 pro-

duced largely sympathomimetic responses in the cardiovascular system of healthy sub-

jects. van den Hout and Griez [166] indicated that the occurrence of peripheral panic

symptoms in healthy volunteers after CO2 inhalation in their study could be attributed to

the sudden decrease in arterial PCO2. These authors [167] also suggested that hypocarbia

alone is not sufficient to provoke anxiety in patients. van den Hout and colleagues [115]

observed a decrease in anxiety with the increased number of CO2 challenges and suggested

that their data support a behavioral explanation of the anxiogenic effect of CO2. Subjects

with panic attacks who were given no explanation reported a greater proportion of cata-

strophic cognition and greater panic than those with panic attacks who received a full

explanation [135]. Another possible contribution of psychological factors to the laboratory

induction of panic was presented in a study by Sanderson and coauthors [168]. Patients

who believed that they had control over CO2 administration reported a smaller amount of

anxiety and less intense anxiety than the patients who believed that they could not control

the CO2 administration.

The etiology of CO2-induced panic remains unknown. Hypersensitivity of carbon

dioxide receptors, increase in noradrenergic function, or cognitive misinterpretation of

peripheral symptoms induced by CO2 are the most plausible explanations. It is interesting

that benzodiazepines, respiratory depressants, and various breathing techniques are effec-

tive in treatment of panic.

C. Summary

Carbon dioxide is a valid and relatively convenient model of panic anxiety. It provokes

anxiety similar to naturally occurring panic and its anxiogenic effect is successfully

blocked by antianxiety agents. The specificity of this model may be dose- or concentration-

dependent. The etiology of CO2-induced panic anxiety remains unknown. The issue of

oversensitivity of chemoreceptive areas in PD subjects is still open to debate [2]. Klein’s

suffocation alarm theory of panic [169], according to which PD patients have a hypersensi-

tive suffocation monitor that predisposes them to experiencing a panic attack under certain

conditions, provides an elegant explanation of CO2 and some other challenges, but not of

all anxiety provocation tests.

IV. YOHIMBINE

Yohimbine is an α2-adrenergic antagonist. It interacts with adrenoreceptors that are selec-

tively stimulated by clonidine, but it can also interact with α1-receptors. It has been well
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established that α2-adrenoreceptors regulate sympathetic flow in intact animals and hu-

mans. Increased noradrenergic function may play a pivotal role in the pathophysiology

of anxiety states [170]. The nucleus locus coeruleus (LC) is a collection of noradrenergic

neurons in the brain stem, and electric stimulation of this nucleus in monkeys results in

fearful behaviors, whereas destruction of this nucleus reduces such responses [171,172].

The same investigators have demonstrated that activation of LC by yohimbine produces

an increase in LC firing and produces fearful behaviors.

In humans, yohimbine produces symptoms of anxiety and an increase in heart rate

and blood pressure [173]. Charney and colleagues [174] gave 30 mg of yohimbine to 10

healthy subjects, and this resulted in increases in subjective anxiety, blood pressure, and

plasma MHPG. In this study, both diazepam and clonidine significantly antagonized

yohimbine-induced anxiety. In another study, Charney and colleagues [175] administered

20 mg of yohimbine orally to 20 healthy controls and 39 drug-free patients with agorapho-

bia and panic attacks. This resulted in a significantly greater anxiety and somatic symp-

toms, such as palpitations, hot and cold flashes, restlessness, and tremors in patients com-

pared with controls. Patients with frequent panic attacks also had a significantly higher

plasma MHPG response to yohimbine than did normal persons. Gurguis and Uhde [176]

and Gurguis and colleagues [177] reported that in their study panic disorder patients had

a greater anxiogenic response to 20 mg of yohimbine than controls.

Charney and Heninger [178] reported that alprazolam treatment of panic disorder

patients was associated with a decrease in baseline MHPG levels and blunting of the

yohimbine-induced increase. They speculated that the antipanic mechanism of action

of alprazolam may be due to an interaction between benzodiazepine-sensitive and

noradrenergic neural systems. Charney and Heninger [179] also speculated that the

regulation of noradrenergic activity is aberrant in some patients with PD. They [179]

suggested that the increased dynamic range of noradrenergic activity observed as an

increased sensitivity to both yohimbine and clonidine may be due to abnormalities in reg-

ulatory input to noradrenergic neurons or dysfunction in the α2-adrenergic receptor-

effector-coupling mechanism. Rasmussen and colleagues [180] found that yohimbine, ad-

ministered to 12 drug-free patients with obsessive-compulsive disorder and 12 healthy

subjects, had no significant effect on obsessive-compulsive symptoms. Southwick and

colleagues [181] studied administration of yohimbine in PTSD patients. Yohimbine in-

duced significant increases in core PTSD symptoms, and some of the patients experienced

yohimbine-induced flashbacks and panic attacks (some patients had comorbid panic dis-

order). They speculated that uncontrollable stress produced substantial increases in norad-

renergic neuronal function. Southwick and colleagues [182] also reported that 4 PTSD

subjects who took over-the-counter oral yohimbine experienced marked exacerbation of

anxiety/panic and PTSD-specific symptoms.

In summary, yohimbine appears to be an anxiogenic agent, and the yohimbine model

of anxiety has helped understand the pathophysiology of anxiety to a considerable extent.

However, it should also be noted that there are some inconsistencies with this model.

Some studies did not find a baseline difference in MHPG levels between panic disorder

patients and controls [183]. Lactate-induced panic and caffeine-induced anxiety are not

accompanied by increases in plasma-free MHPG [64,80,184]. Although the yohimbine

model of anxiety is attractive, it is also possible that the increase in sympathetic flow can

result in symptoms of anxiety through an additional β-adrenergic mechanism, as isoproter-

enol induces symptoms of panic anxiety in PD patients [19,185]. Last, but not least, a

clinical caveat: yohimbine probably should not be used for treatment of sexual dysfunction

associated with medications in anxious patients.
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V. CAFFEINE

Caffeine (1,3,7-trimethylxanthine) is a widely used psychotropic substance. Caffeine is

associated with an increase in self-rated symptoms of anxiety in several studies [186,187].

Caffeine in doses of 600 mg/day has been reported to result in caffeinism, characterized

by anxiety, sleep disturbances, and nervousness [188]. Caffeine is also known to produce

symptoms of panic anxiety in patients with anxiety disorders [189].

Boulenger and colleagues [186] found that PD patients, but not depressed patients

or normal controls, had levels of self-rated anxiety and depression that correlated with

their degree of caffeine consumption. They also found that panic disorder patients had

increased sensitivity to the effects of one cup of coffee. Furthermore, PD patients reported

more frequent discontinuation of coffee intake because of untoward side effects compared

with controls. A proportion of PD patients reported reduction in panic attack frequency

after caffeine consumption reduction [190]. Eighty-four percent of anxious patients were

low-caffeine consumers, compared with 41% of medical inpatients in a study by Lee and

colleagues [187]. Uhde and colleagues [191] administered three different oral doses of

caffeine (240, 480, and 720 mg) to eight normal controls and two panic patients. There

was a dose-related increase in measures of anxiety state in all subjects. Two normal con-

trols developed unequivocal panic attacks after receiving 720 mg of caffeine. Charney

and associates [184] reported on the robust increases in subject-rated anxiety and ner-

vousness in 11 healthy subjects after oral administration of 10 mg/kg of caffeine. They

[189] also found that PD patients had a significantly greater anxiogenic response to caf-

feine (10 mg/kg), compared with controls, and the levels of anxiety were significantly

correlated with plasma caffeine levels in patients. Caffeine increased plasma cortisol levels

equally in both groups. Mathew and Wilson [192] studied the effects of 250 mg of caffeine

in eight patients with generalized anxiety disorder, nine PD patients, and nine normal

controls. The anxiety disorder patients did not show any evidence of increased anxiety

and panic after caffeine. Both patients and controls who received caffeine had significant

decreases in cerebral blood flow. This study suggests that small doses of caffeine may

not induce symptoms of panic anxiety.

Several authors [193] proposed antagonism of adenosine effects as the mechanism

of action of caffeine. Several other mechanisms may be involved in the anxiogenic re-

sponse to caffeine. These include inhibition of phosphodiesterase, increased brain cate-

cholamine activity [194], also consistent with findings in Charney and colleagues’ study

[184], or antagonism of benzodiazepine and adenosine receptor function [195,196]. Caf-

feine’s anxiogenic effect may thus be related to several neurobiological systems, namely

noradrenergic, dopaminergic, adenosinergic, and even GABAergic. Alprazolam blocks

caffeine-induced anxiety [13]. Findings from a study by Orlikov and Ryzov [197] on

increased kynurenine (metabolite of tryptophan) during caffeine-induced anxiety in 15

male volunteers suggest the possibility of serotonergic system involvement.

The caffeine model of anxiety, although inconclusive as to the mechanism of its

anxiogenic effects, appears to be a useful research tool.

VI. ISOPROTERENOL

The role of catecholamines in the pathophysiology of anxiety has been studied for almost

a century. In a study by Wearn and Sturgis [10] epinephrine reproduced the symptoms of

“irritable heart,” a syndrome with functional cardiac symptoms and anxiety. In subsequent



Provocation and Pathogenesis of Anxiety Disorders 717

studies, epinephrine provoked anxiety attacks in patients with anxiety disorders, but not

in subjects with other psychiatric disorders [16,198]. Norepinephrine also induces anxiety

attacks in panic disorder patients [21].

Isoproterenol is a sympathomimetic amine, structurally very similar to epinephrine.

Unlike epinephrine, isoproterenol lacks α-adrenoceptor agonist effect and acts almost ex-

clusively on β-adrenoceptors. In early uncontrolled studies, isoproterenol provoked intense

anxiety states in patients with a history of anxiety symptoms [199], and produced anxiety

attacks in subjects with a history of panic attacks [200]. In both studies, the anxiety states

quickly subsided after the intravenous injections of the β-blocker propranolol.

In a large double-blind study, Pohl and colleagues [185] found that PD patients

became much more anxious during isoproterenol infusions and were much more likely

to panic than normal controls (66% vs. 9%). In a follow-up experiment, 14 of the patients

in this study were reinfused with isoproterenol and placebo after treatment with tricyclic

antidepressants [201]. Thirteen of these 14 patients panicked before treatment, and only

two after treatment. The anxiogenic effects of isoproterenol in PD patients suggests that

β-adrenoceptors may play a role in the pathophysiology of panic. One inconsistency in

the β-adrenergic model is that β-blockers are relatively ineffective for panic anxiety [202],

although they are effective for performance anxiety. However, this finding might be ex-

plained by the upregulation of β-receptors that occurs when β-blockers are given for an

extended time. Panic disorder patients may experience early improvement with propran-

olol that is not sustained [203]. Beta-blocker use for performance anxiety is generally

episodic, and since the drugs are only given before scheduled public performances, β-

receptor upregulation would not occur.

The exact mechanism of isoproterenol-induced anxiety is not known, as isoprotere-

nol (and epinephrine) does not readily cross the blood–brain barrier and some of the

central effects may be mediated by isoproterenol’s peripheral effects. If isoproterenol ex-

erts its anxiogenic effects outside the CNS, there are several possible explanations. One

is the possibility that, since provocative models of anxiety all have peripheral effects

and symptoms, drug-induced anxiety is a function of the psychological effects that occur

secondary to a provocative infusion (i.e., cognitive perception of the experience). Another

potential hypothesis is that PD is a peripheral disease of autonomic arousal, and that the

subjective symptoms of anxiety are a secondary phenomenon.

Isoproterenol is another reliable model of anxiety induction. As with the other provo-

cation techniques, it induces anxiety similar to naturally occurring panic, and its effects

are blocked by antianxiety treatment. The relation of this model to CNS hypotheses of

anxiety is unknown.

VII. CHOLECYSTOKININ

Cholecystokinin is the most abundant neuropeptide in the CNS and also happens to be a

panicogenic agent [15,204]. De Montigny [205] demonstrated that cholecystokinin tetra-

peptide (CCK-4) can induce severe anxiety and brief panic attacks in healthy volunteers.

Cholecystokinin has been shown to induce panic attacks [206]. PD patients are more

sensitive to the effects of CCK-4 than normal controls [207]. The panicogenic effect of

CCK-4 is dose-dependent [208,209].

The anxiety-provoking properties of CCK-4 are not limited to panic disorder only.

Women with premenstrual dysphoric disorder showed greater anxiety and panic response

to CCK-4 [210]. Similarly, though CCK-4 did not provoke flashbacks in eight PTSD
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patients in a study by Kelner and colleagues [211], it induced panic in seven of these

patients.

Infusion of CCK-4 did not activate the hypothalamic-pituitary adrenal axis and did

not increase plasma MHPG levels in one study [212]. However, CCK-4 increased the

secretion of ACTH, but not cortisol in another study with PD patients [213]. Interestingly,

CCK-B receptor agonist pentagastrin not only induced anxiety in healthy subjects, but

also significantly increased ACTH and cortisol levels, blood pressure, and heart rate. The

effect of CCK-4 on respiration is not totally clear and may be dose dependent [214,215].

Bradwejn and colleagues [214] found that a fairly high dose of CCK-4 stimulates, among

other things, respiration in healthy volunteers. However, in a study by Schruers and col-

leagues [215], a lower dose of CCK-4 (10 µg) did not increase any of the respiratory

parameters in healthy volunteers. CCK challenge has similar behavioral effects as to the

CO2 challenge [216].

The behavioral effects of CCK-4 in healthy volunteers were blocked by CI-988, a

CCK-B receptor antagonists [217]. However, this CCK-B receptor antagonist failed to

block the effects of CCK-4 in panic disorder patients [218]. Interestingly, clonidine also

failed to block the panicogenic effect of CCK-4 in PD patients [219]. However, CCK-B

receptor antagonists CI-998 and L-365,260 were not effective in the treatment of panic

disorder [220,221]. Interestingly, in a study by Bradwejn and Koszycki [222], PD patients

successfully treated with imipramine showed reduced sensitivity to the panicogenic effect

of CCK-4. Similarly, fluvoxamine [223] significantly decreased the sensitivity of PD pa-

tients to CCK-4, while placebo was without effect.

Cholecystokinin tetrapeptide is an interesting anxiogenic agent. Its anxiogenic prop-

erties seem to be dose-dependent and not quite diagnosis-specific. The anxiogenic effect

of CCK-4 could be blocked by various agents. Interestingly, its effect seems to be age

dependent [224]. The mechanism of action of CCK-4 is unclear. Rehfeld [225] outlined

some of the questions that need to be answered to elucidate the mechanism of action of

CCK-4 (e.g., whether endogenous CCK-4 exists, whether the panicogenic effect is medi-

ated only through CCK-B receptors, and whether measurements of CSF CCK peptides

are useful).

VIII. SEROTONERGIC CHALLENGES—mCPP AND FENFLURAMINE

The involvement of serotonergic neurons in the pathophysiology of anxiety has been enter-

tained especially after the finding of effectiveness of serotonergic antidepressants in vari-

ous anxiety disorders. Meta-chlorophenylpiperazine (mCPP) was found to be anxiogenic

in panic disorder patients [226], obsessive-compulsive (OCD) patients [227–229], and in

higher doses in healthy volunteers [226]. However, mCPP has produced similar anxiety

increases and behavioral changes in PD patients and healthy controls in controlled studies

[230,231]. Kahn and colleagues [232] also suggested that mCPP had pronounced side

effects that might induce anxiety as a cognitive side effect.

The finding of OC symptom exacerbation in OCD patients has also not always been

replicated [233,234] and may be dose-dependent [235]. Interestingly, mCPP increased in

feeling calm and strange in schizophrenic patients and healthy volunteers in a study by

Maes and Meltzer [236]. Methylphenidate, but not mCPP, produced psychotic symptoms

in first-episode schizophrenia patients [237]. However, mCPP did decrease anxiety, hallu-

cinations, and anger, and increased agitation, somatic concerns, and impaired understand-

ability [237].
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Fenfluramine, an indirect serotonin agonist, has been studied in anxiety [18] and

other disorders. The anxiogenic effect of d-fenfluramine is unclear. It decreased simulated

public speaking anxiety in a study of healthy volunteers [238], and increased anxiety and

confusion in another study of healthy volunteers [239]. D-Fenfluramine caused anxiety

similar to generalized anxiety in PD patients, but reduced anxiety following 7% CO2 chal-

lenge [240]. In a study by McBride and colleagues [241], it did not significantly exacerbate

OC symptoms in OCD patients.

The mCPP or fenfluramine challenges suggest possible involvement of the sero-

tonergic system in the pathophysiology of anxiety. However, their exact mechanism of

action remains unclear. These challenges are strictly a research and experimental tool.

One clinical caveat: mCPP provocation of anxiety in some sensitive patients may be the

mechanism of action of anxiety associated with some antidepressants, as mCPP is one of

their metabolites (e.g., nefazodone).

IX. BENZODIAZEPINE-RECEPTOR CHALLENGES

Several studies [17,242] reported provocation of panic anxiety with flumazenil, a benzodi-

azepine antagonist, in some PD patients. However, in a study with lactate-sensitive PD

patients [243], flumazenil did not induce panic attacks in PD patients. Flumazenil did not

provoke a high rate of panic attacks in social phobia (2 of 14 patients, none of 14 controls)

[244]. In a study by Randall and colleagues [245], flumazenil also did not produce an

increase of anxiety in PTSD patients. Flumazenil remains another experimental challenge

strategy. The mechanism of action is not clear. The theory of altered GABA-receptor

function in panic disorder needs to be further explored.

X. CONCLUSION

Most of the provocative strategies discussed in this chapter have been replicated as

methods for inducing anxiety in panic disorder patients. Some of them, for instance, the

benzodiazepine-receptor or serotonergic challenges, are more controversial and their fur-

ther use remains questionable. These challenges provoke anxiety that is similar to naturally

occurring panic anxiety, and they all have some threshold specificity. The methods vary,

but they share some possible common pathophysiology or mechanism: all may affect the

noradrenergic system and all could potentially be explained by cognitive misinterpretation

of peripheral symptoms. Arguing against the latter is that many of the techniques occasion-

ally provoke signs of anxiety in normal controls, and normal controls with a family history

of anxiety disorders may be at greater risk for this.

The provocative strategies are reversed by clinical treatment and, thus, clinically

validated. As Woods et al. [128] pointed out, all provocation techniques appear to consti-

tute useful neurobiological probes into the pathophysiology of panic anxiety. However,

even though our knowledge of the biology of anxiety has increased enormously, the etiol-

ogy of panic is still an enigma. These provocative techniques also seem to be an effective

model for confirming the diagnosis of panic disorder [145] or the development and testing

[103] of more specific and effective treatments. For instance, the CCK-B antagonist L-

365,260 failed to block lactate-induced panic [246] and was later found to be ineffective

in the treatment of panic disorder [221]. The results of provocation studies also tell us

that these substances should be used carefully in other situations in anxious patients (e.g.,
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cholecystokinin in GI tests; caffeine consumption in panic disorder; yohimbine in sexual

dysfunction associated with antidepressants).
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I. INTRODUCTION

Many treatments for patients with anxiety disorders have become available in the last

decade. The findings of randomized controlled trials and the advent of better tolerated

and safer drugs together have led to considerable changes in prescribing practice. Newer

classes of drug such as the selective serotonin reuptake inhibitors (SSRI) have largely

replaced traditional treatment approaches with monoamine oxidase inhibitors (MAOI) or

tricyclic antidepressants (TCA). This chapter reviews the pharmacological treatment of

panic disorder, social anxiety disorder, generalized anxiety disorder, and post-traumatic

stress disorder. It gives greatest emphasis to the findings of double-blind placebo-con-

trolled studies, and reflects changes in practice by focusing on treatments that are effective

and acceptable in clinical practice.

II. PANIC DISORDER

A. Selective Serotonin Reuptake Inhibitors

Two recent reviews have examined the efficacy and tolerability of SSRIs in the manage-

ment of patients with panic disorder [1,2]. In many countries, prescription of an SSRI is

regarded as the most appropriate first-line treatment: in others, cognitive therapy may be

recommended, despite the limited availability of trained cognitive therapists. Typically,

about 60% of patients will become free of panic attacks after short-term treatment with

an SSRI, continuation treatment being associated with further improvement. The side-

effect profile of SSRIs in anxiety disorders is similar to that seen in patients with depres-

sion, the more common side effects being nausea, sweating, diarrhea, and delayed ejacula-
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tion or anorgasmia. The sexual side effects of SSRIs and other antidepressants have been

reviewed elsewhere [3].

1. Zimelidine

In the first randomized controlled trial (n � 44) of an SSRI in panic disorder, zimelidine

was found to be more efficacious than either placebo or imipramine [4]. Unfortunately,

zimelidine was later associated with the development of a disorder similar to Guillain–

Barre syndrome, and was withdrawn from clinical use [5].

2. Citalopram

There are few placebo-controlled studies of citalopram, although it has been available in

some European countries for many years. An 8-week treatment study (n � 475) compared

three dose’s of citalopram to placebo and clomipramine, and found that the lowest daily

dose of citalopram (10–15 mg) was not different from placebo, but higher doses (20–30

mg and 40–60 mg) were associated with significantly greater reductions in panic attack

frequency and measures of anxiety and depressive symptoms [6]. Patients who completed

the acute study and were expected to benefit from longer term treatment could then be

included in a further 1-year double-blind continuation study [7]. In the 279 patients who

entered this treatment phase, there were again no differences in efficacy between the lowest

dose of citalopram and placebo, but patients who received higher doses of citalopram or

who continued with clomipramine had the best chances of responding. There were few

differences in tolerability between citalopram and clomipramine. Although patients who

received higher doses of citalopram made similar improvements to those with clomipra-

mine, the daily dose of clomipramine in both treatment phases was low (60–90 mg) and

further studies are needed to establish the relative efficacy of the two drugs.

3. Fluoxetine

Fluoxetine is used widely as a treatment for depression, but has been studied only infre-

quently in panic disorder. The first evaluation involved both acute and continuation treat-

ment phases [8,9]; a second study examined the effect of dose increase in early nonrespon-

dents [10].

In the acute phase of the placebo-controlled study (n � 243) patients were random-

ized to receive either placebo or one of two daily doses (10 or 20 mg) of fluoxetine for

10 weeks [11]. Fluoxetine was associated with greater reductions in panic attack fre-

quency, phobic symptoms, and functional impairment. These changes were most notice-

able with the higher dose; the 10-mg daily dose was linked to a significant reduction in

panic attack frequency, but did not differ from placebo on measures of anxiety symptoms,

work impairment, anticipatory anxiety, or overall functioning. In the continuation phase

(n � 88), patients who had responded to fluoxetine were randomly allocated either to

continue with fluoxetine or to switch to placebo, both groups being followed up for 24

weeks. Patients continuing with active treatment showed significant reductions in panic

attack frequency and phobic avoidance, but switching to placebo significantly worsened

anxiety and depressive symptoms [9].

In the second placebo-controlled study (n � 180), patients who had not responded

after 6 weeks of treatment had the dose increased (to a maximum of 60 mg per day in

the fluoxetine group) [10]. The proportion of patients who became panic-free increased

in both groups (from 29% at 6 weeks to 42% at endpoint with fluoxetine, from 16 to 28%

with placebo), suggesting that dose increases may be useful in some patients.
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The relative efficacy of fluoxetine and moclobemide (a reversible inhibitor of mono-

amine oxidase type A) has been evaluated in an 8-week treatment study involving 399

patients: at study endpoint 70% of fluoxetine-treated patients were panic-free, compared

to 63% with moclobemide, there being no difference in overall response assessed by the

Clinical Global Impression Scale (CGI) [11].

4. Fluvoxamine

This has been evaluated in a number of placebo-controlled and comparator-controlled

treatment studies. In the first (n � 50), both fluvoxamine and clomipramine were effica-

cious, 15 of 26 clomipramine-treated and 14 of 24 fluvoxamine-treated patients being free

from symptoms at study endpoint [12]. In a second randomized, controlled trial comparing

fluvoxamine with the noradrenaline reuptake inhibitor maprotiline, fluvoxamine was asso-

ciated with a reduction in anxiety and depressive symptoms and a decrease in the number

of panic attacks, whereas maprotiline had little effect. At study endpoint, 10 of 20 patients

treated with fluvoxamine had improved substantially, compared to only 5 of 24 patients

who received maprotiline [13]. A third placebo-controlled study compared fluvoxamine

with ritanserin (a postsynaptic 5HT2-receptor blocker), but only fluvoxamine was effica-

cious, with a significant reduction in panic attacks and improvements in anxiety and de-

pressive symptoms and avoidance behavior [14].

Further placebo-controlled studies have confirmed the efficacy of fluvoxamine. In

an 8-week study (n � 50), treatment with fluvoxamine (mean daily dose at endpoint,

206.8 mg) was associated with reductions in panic attacks from week 3, and anxiety and

depressive symptoms from the sixth week. At study endpoint, 61% of the fluvoxamine

group were free of panic attacks, compared to 22% of those receiving placebo, but the

panic attacks that remained were no less severe [15]. In another placebo-controlled trial

(n � 188) fluvoxamine was also significantly more efficacious than placebo, with greater

reductions in panic attack frequency and Clinical Anxiety Scale scores, from the second

week of treatment [16]. These studies are partly supported by the findings of a third pla-

cebo-controlled investigation (n � 46) in which fluvoxamine produced a significantly

greater reduction in the number of limited symptom attacks, but not full panic attacks

[17].

The relative efficacy of fluvoxamine in panic disorder has been evaluated through

comparisons with imipramine [18,19], brofaromine [20], and cognitive therapy [21,22].

An 8-week multicenter double-blind placebo-controlled study (n � 148) found that flu-

voxamine (mean daily dose at endpoint, 171.4 mg) was less efficacious than imipramine

(164.7 mg) [18]. However, patients in the placebo group had significantly fewer panic

attacks at baseline than those in the two active treatment groups, and further analysis using

data from only one center found evidence for efficacy of both imipramine and fluvoxamine

[19]. In a small study (n � 30) comparing fluvoxamine (daily dose, 150 mg) with the

reversible monoamine oxidase inhibitor brofaromine, both treatments were efficacious.

Ninety-three percent of brofaromine-treated patients were much or very much improved,

compared to 87% in the fluvoxamine group, but only a minority had reductions of 50%

or more on the Hamilton Anxiety Scale [20].

The first comparison of fluvoxamine (n � 75) with cognitive therapy found that it

was superior to both cognitive therapy and placebo: at the end of the 8-week study, 90%

of the fluvoxamine group had achieved moderate to marked improvement, compared to

50% with cognitive therapy and 39% with placebo [21]. In the fluvoxamine group, 81%

became free of panic attacks, this figure being less with cognitive therapy (53%) or placebo
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(29%); depressive symptoms improved in parallel with changes in panic attacks and anxi-

ety symptoms [23]. However treatment with cognitive therapy produced more beneficial

changes in “abnormal personality traits,” which were relatively resistant to fluvoxamine

or placebo [24]. By contrast, a placebo-controlled 13-week study (n � 190) in primary care

found that cognitive behavior therapy was more effective than fluvoxamine; the greatest

improvements were seen with cognitive behavior therapy and fluvoxamine in combination

[22,25].

5. Paroxetine

The efficacy of paroxetine in short- and long-term treatment has been investigated in a

series of placebo-controlled multi-center trials, some of which have also included an active

comparator drug. In the first study (n � 120) [26], patients received either a flexible dose

(10–60 mg/day) of paroxetine or placebo in addition to cognitive behavior therapy. There

was a significantly greater reduction in panic attack frequency in patients receiving

paroxetine, compared to those taking placebo, from the sixth week of treatment: however,

the majority (64%) of patients who responded to paroxetine were still experiencing panic

attacks at the end of the study. The optimal dosage of paroxetine in the acute treatment of

panic disorder is around 40 mg/day, this having been established in two placebo-controlled

studies [29]. In the first of these, 425 patients received either placebo or 10, 20, or 40

mg/day of paroxetine; only the 40 mg daily dose was significantly more efficacious, with

86% of paroxetine treated patients becoming free of panic attacks compared with 50%

on placebo [27].

The relative efficacy of paroxetine has been examined in three studies. In one investi-

gation [28], 367 patients were randomized to receive placebo, paroxetine (daily dose, 20–

60 mg), or clomipramine (daily dose, 50–150 mg). More patients in the paroxetine group

experienced a complete resolution of panic attacks by the end of the 12-week study, and

paroxetine treatment showed a significantly earlier onset of action than clomipramine.

Patients who completed acute-phase treatment could then continue with treatment for a

further 36 weeks. Panic attacks in the active treatment groups continued to decrease during

the maintenance study: at the study endpoint, 85% of paroxetine-treated patients were free

from panic attacks, compared to 72% with clomipramine and 59% with placebo [29]. A

further placebo-controlled comparison (n � 131) has evaluated the relative efficacy of

paroxetine, clomipramine, and cognitive therapy. After 12-weeks, both drug treatments

were superior to cognitive therapy or placebo in reducing anticipatory anxiety agoraphobia

avoidance, and associated disability: furthermore, significantly more paroxetine-treated

patients were panic-free (65%) than with cognitive therapy (40%) or placebo (34%) [30].

However, another comparator-controlled study produced less encouraging results: when

compared to treatment with placebo or alprazolam there was no advantage for paroxetine,

probably because of unusually high response rates among patients receiving placebo (data

on file, SmithKline Beecham Pharmaceuticals).

Further evidence for long-term efficacy comes from an investigation that employed

a “relapse prevention” design. In this study (n � 175), patients who responded to acute

treatment were allocated randomly either to continue with paroxetine or to switch to pla-

cebo: only 5% of patients who continued with paroxetine relapsed, compared to 30% in

patients who switched to placebo [31].

6. Sertraline

The results of several large double-blind placebo-controlled studies of sertraline have been

published [32–34]. In two studies of identical design, which together included 342 patient
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Figure 1 Efficacy of paroxetine and clomipramine in long-term treatment of panic disor-

der (p � 0.004, paroxetine vs. placebo at week 36). (From Ref. 28).

[32,33], sertraline (50–200 mg/day) was significantly more efficacious than placebo in

reducing the “panic attack burden” (a product of the number and severity of panic attacks),

from the second week of treatment. Significantly more patients became free of panic at-

tacks with sertraline (59.3%) than with placebo (46.3%). In addition, there were greater

improvements with sertraline in quality-of-life measures, including items relating to mood,

work, social, family and leisure activities, and in overall satisfaction with life. In one

study [33], adverse events were as frequent with sertraline and placebo; in the other [32],

significantly more patients stopped treatment with sertraline because of adverse experi-

ences.

In a third double-blind, placebo-controlled 12-week study (n � 178) that compared

three fixed daily doses (50, 100, or 200 mg) [34], sertraline was superior in reducing the

number of panic attacks and limited symptom attacks, and in improving anxiety symptoms.

Although there were advantages for sertraline on scores on the CGI scale earlier in the

study, there was no difference from placebo at the end of treatment. The number of patients

dropping out from the study were similar for active and placebo treatment, but significantly

more patients discontinued sertraline because of adverse events (mainly dry mouth and

delayed ejaculation). The authors concluded that there was no advantage in increasing the

dose of sertraline above 50 mg per day [34].

The relative efficacy of sertraline, compared to other treatments for panic disorder,

is uncertain. A double-blind placebo-controlled study that compared sertraline to imipra-

mine, yet to be published, found some advantages for sertraline over placebo, but none

for imipramine, probably because of high placebo response rate [35].

7. Summary

Most double-blind placebo-controlled studies of SSRIs in acute and continuation treatment

of patients with panic disorder have found evidence for efficacy. However, the magnitude

of improvement during treatment is variable—the proportion of patients becoming free

from panic attacks ranges from 36 [26] to 86% [27], highest response rates with SSRIs

being seen in those studies that also show greater improvements on placebo [36]. Similar

variation is seen in measures of global anxiety [36]. Differences in study design do not

allow exact comparison of the efficacy of different SSRIs, and there is still a need for

head-to-head comparisons. Although a meta-analysis of 27 placebo-controlled, random-
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ized trials concluded that SSRI treatment was more effective than treatment with either

imipramine or alprazolam [37]; this was published in 1995 and therefore is out of date.

The relative side-effect burden with differing treatments is also unclear, although a recent

review suggests SSRIs are better tolerated than other pharmacological treatments in panic

disorder [38]. The relative efficacy of SSRIs and psychological approaches remains un-

clear, but combination treatment may produce optimal results [22].

B. Benzodiazepines

The efficacy and tolerability of benzodiazepine anxiolytics in the treatment of panic disor-

der have been reviewed elsewhere [2]. The efficacy of alprazolam has been established

in both short- and long-term treatment, whereas clonazepam, lorazepam, and diazepam

have been evaluated only in short-term treatment studies.

1. Alprazolam

The short-term efficacy of alprazolam (6–10 mg/day) was established in the first phase

(n � 526) of the Cross-National Collaborative Panic Study. After 8 weeks of treatment,

significantly more alprazolam-treated patients (55%) were panic attack–free than among

those receiving placebo (32%): there were also significant advantages for alprazolam over

placebo in reducing anticipatory anxiety and associated disability [39]. In the second phase

of the study (n � 168), patients were allocated randomly to receive alprazolam (6–10

mg/day), imipramine (150–250 mg/day), or placebo for 8 weeks. At study endpoint, both

active treatments (70% panic-free) were significantly more efficacious than placebo (50%):

alprazolam had an earlier onset of action than imipramine [40]. Two subsequent placebo-

controlled studies have confirmed the efficacy of alprazolam in short-term treatment

[41,42].

Alprazolam may also be efficacious in continuation treatment. In an extension of

the Cross-National Study in which patients who completed phase II (n � 181) could

continue with treatment for a further 6 months, the efficacy of all three treatments was

maintained [43]. An 8-month treatment study (n � 106) also found that alprazolam, imip-

ramine, or placebo were helping patients become free of panic attacks [44].

2. Clonazepam

The short-term efficacy of clonazepam has been confirmed by the findings of three pla-

cebo-controlled treatment studies. In a 6-week study (n � 71), both clonazepam (0.5–5.0

mg/day) and alprazolam (1–10 mg/day) were significantly more efficacious than placebo:

at endpoint the proportion of patients who were panic-free was 50%, 46%, and 14%,

respectively [45]. The second investigation (n � 32) confirmed the efficacy of clonazepam

over 4 weeks of treatment [46]. A subsequent fixed-dose treatment study (n � 413) found

that higher daily doses of clonazepam were all more efficacious than placebo in reducing

phobic avoidance and anticipatory anxiety; at study endpoint 73% of the group who re-

ceived 1.0 mg per day were panic-free compared to 55% of those receiving placebo [47].

3. Other Benzodiazepines

Both diazepam and lorazepam have been efficacious in short-term controlled studies. In

a placebo-controlled comparison (n � 241) of diazepam (60–100 mg/day) and alprazolam

(6–10 mg), both active treatments were significantly more efficacious in reducing panic

attack frequency, anticipatory anxiety, agoraphobic avoidance, and overall disability [48].
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Finally, a 6-week treatment study showed that lorazepam had similar efficacy to alprazo-

lam [49].

4. Summary

Benzodiazepines are efficacious in short-term treatment of panic disorder. Treatment stud-

ies indicate that the treatment effect for benzodiazepines (i.e., the difference between ac-

tive treatment and placebo groups) is 20 to 32% for alprazolam and 22 to 36% for clonaz-

epam. There is much less evidence that benzodiazepines are efficacious in longer term

treatment. Side effects are common and can be troublesome. About 80% of patients will

experience sedation or drowsiness, and ataxia, fatigue, slurred speech, memory distur-

bances, and sexual problems are not uncommon [2]. Approximately one-third of patients

undergoing long-term treatment develop dependence, and discontinuation symptoms can

be most distressing. As such, benzodiazepines are best reserved for short-term treatment

when other approaches have not proved unhelpful.

III. SOCIAL ANXIETY DISORDER

The treatment of patients with social phobia has received much attention in recent years,

possibly because of increasing awareness of the burden imposed by this potentially lifelong

condition. The effects of most treatments have been evaluated in short-term placebo-con-

trolled, randomized trials, so there is little information on the potential value of continua-

tion treatment.

A. Selective Serotonin Reuptake Inhibitors

1. Citalopram

There are no published studies with citalopram, but the efficacy of other SSRIs in this

condition suggests that citalopram is likely to be efficacious. Studies with the enantiomer

escitalopram are believed to be underway.

Figure 2 Social anxiety disorder: controlled treatment studies of SSRIs. (From Refs. 51–

57,67.)
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2. Fluoxetine

No placebo-controlled or comparator-controlled studies of fluoxetine have been published.

There has been one double-blind, placebo-controlled study of fluoxetine in children with

elective mutism, which has some similarities to social phobia [50]. Children who had not

responded to placebo treatment were randomly allocated to either continue with placebo

or switch to fluoxetine at a dose of 0.6 mg/kg/day. There were significant advantages for

fluoxetine on parents’ ratings of mutism and global change, but not on ratings made by

teachers or health professionals, and most children remained substantially impaired at the

end of the treatment period.

3. Fluvoxamine

The effects of fluvoxamine have been investigated in two double-blind, placebo-controlled

studies. In the first, single-center, study (n � 30) patients received either a fixed daily

dose of fluvoxamine (150 mg) or placebo for 12 weeks: a substantial improvement was

seen in 7 (46%) of the 15 patients who received fluvoxamine, but in only one patient

(7%) who received placebo. Fluvoxamine treatment had significant advantages on mea-

sures of social and anticipatory anxiety, but did not differ from placebo in phobic avoi-

dance [51]. In a subsequent multicenter, 12-week flexible-dose placebo-controlled study

(n � 92), there were significant advantages for fluvoxamine (mean daily dose at end-

point, 202 mg) on all social phobia rating scales from week 8 and at endpoint there

were significantly more responders with fluvoxamine (42.9%) than with placebo (22.7%)

[52].

4. Paroxetine

Three large double-blind, placebo-controlled multicenter studies have evaluated efficacy

in short-term treatment [53,54] (data on file, SmithKline Beecham Pharmaceuticals). In

the first, conducted in North America (n � 187), patients were randomly allocated to

receive placebo or flexible daily doses (10–50 mg) of paroxetine for 12 weeks. At the

end of the study, significantly more paroxetine-treated patients were rated as much or very

much improved (paroxetine 55%, placebo 23.9%): there were also significant advantages

for paroxetine in measures of social anxiety symptoms and phobic avoidance [53].

A second multicenter double-blind treatment study (n � 290) conducted in Europe

and South Africa produced similar findings. Patients were assigned randomly to receive

placebo or flexible doses of paroxetine (mean daily dose at endpoint, 34.7 mg) over 12

weeks. Significantly more patients who received paroxetine responded to treatment (65.7%

vs. 32.4%), and paroxetine was associated with significantly greater reductions in social

anxiety symptoms and phobic avoidance and greater improvements in work, social, and

family life [54]. A third, placebo-controlled study, which employed fixed daily doses of

paroxetine (20, 40, or 60 mg), found that there was little to be gained in increasing the

dose of paroxetine above 40 mg per day, because higher doses were not associated with

greater improvement, but rather linked to a greater side-effect burden (data on file,

SmithKline Beecham Pharmaceuticals).

There are at present no published large-scale studies of paroxetine in long-term

treatment but an investigation of open-label acute treatment, followed by double-blind

placebo-controlled discontinuation, found that paroxetine was efficacious in preventing

relapse of illness [55].
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Figure 3 Paroxetine in generalized social anxiety disorder (p � 0.001 vs. placebo). (From

Ref. 54).

5. Sertraline

Three placebo-controlled studies have examined the effects of sertraline in the acute treat-

ment of patients with social phobia [56–58]. A preliminary, small, double-blind cross-

over study (n � 12) of treatment with flexible daily doses of sertraline (50–200 mg) found

a significant improvement in social anxiety symptoms with sertraline, but not with placebo

[56]. In a larger (n � 233) placebo-controlled parallel-group flexible-dose 12-week treat-

ment study, there were significant advantages for sertraline in measures of social anxiety

symptoms and phobic avoidance, and in the proportion of patients who responded to treat-

ment (sertraline, 52%; placebo 29%) [57]. The investigation of sertraline in social phobia

is a 24-week double-blind placebo-controlled treatment study in primary care, in which

patients were allocated randomly to receive sertraline alone, exposure therapy alone, a

combination of sertraline plus exposure, or placebo: the greatest response rate (46%) was

seen with combination treatment [58].

6. Venlafaxine

There is at present little evidence for the efficacy of venlafaxine in social phobia. In a

12-week open-label study, 8 out of 17 patients (47%) showed clinically relevant improve-

ment during venlafaxine treatment [59].

B. Tricyclic Antidepressants

Tricyclic antidepressants have not been studied extensively in patients with social phobia

there is little evidence to suggest they may be valuable. While early open-label studies

suggested that treatment with clomipramine could be efficacious, these studies were un-

controlled and included patients with a variety of anxiety disorders [60–62]. A more recent

8-week open study of imipramine in 15 patients showed a response rate on the CGI scale

of only 20% [63].

C. Monoamine Oxidase Inhibitors

Randomized controlled trials have shown the irreversible MAOI phenelzine to be effica-

cious in social anxiety disorder. Its efficacy has been evaluated in double-blind, placebo-
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Figure 4 Social anxiety disorder: controlled treatment studies of MAOIs.

controlled studies involving over 200 patients [64–66]. In these studies, phenelzine was

consistently more effective than placebo. However, phenelzine has a rather poor side-

effect profile, causing weight gain and hypotension; the need for a restricted diet because

of the interaction of the drug with tyramine-containing foodstuffs and sympathomimetic

medicines precludes phenelzine from being a first-line treatment [67].

There are inconsistent efficacy data for the selective and reversible MAOI moclobe-

mide. Early placebo-controlled studies found it to be more efficacious than placebo

[66,68], particularly at higher doses, but later studies suggest that moclobemide treatment

conveys little benefit [69,70]. In a large (n � 523), 12-week controlled study of moclobe-

mide, with doses ranging from 75 to 900 mg/day, response rates using the CGI scale

were only 32 to 38% for moclobemide, compared with 33% for placebo [69]. Although

moclobemide is licensed for the treatment of social phobia in some countries, the overall

evidence for clinical efficacy of moclobemide does not support its use as a first-line treat-

ment. Furthermore, at higher doses it behaves more like an irreversible MAOI, and patients

must observe similar dietary restrictions to those needed when taking phenelzine.

Three 12-week placebo-controlled treatment studies with the reversible MAOI bro-

faromine have produced encouraging results, although the development of the drug has

been curtailed. In the first study, there was a response rate (a score of 10 or less on the

Hamilton Anxiety Scale) of 73% with brofaromine, compared to 0% with placebo [71].

In a second study, response rates (“very much” or “much” improved on the CGI item)

were 78% for brofaromine and 23% for placebo [72]. In the third investigation (n � 102),

the response rates were 50% for those receiving brofaromine and 19% in those allocated

to placebo [73].

D. Benzodiazepines

There are few data on the efficacy of benzodiazepines in the treatment of social phobia,

but two short-term, placebo-controlled studies have evaluated alprazolam and clonazepam.

For alprazolam, there was only modest efficacy (evaluated by the fear questionnaire) over

a 12-week treatment period in a study of 65 patients (38% response rate vs. 20% for

placebo [64]. In a study of 75 patients, clonazepam was significantly superior to placebo



Pharmacotherapy of Anxiety Disorders 743

on the basis of the CGI scale, over a treatment period of 10 weeks (78% response rate

vs. 20% for placebo [74]. Benzodiazepines are probably best reserved for patients who

do not respond to other treatment approaches. They have marked sedative effects and are

not recommended in patients with comorbid alcohol abuse or dependence. Furthermore,

they are largely ineffective in treating depression, which is a disadvantage in the manage-

ment of patients with social phobia, who often have significant comorbid depressive symp-

toms.

E. Buspirone

The azapirone anxiolytic drug buspirone produces only a modest improvement in patients

with social phobia [75,76]. A small (n � 30) placebo-controlled, double-blind treatment

study showed no significant differences between placebo and buspirone at an average dose

of 30 mg/day [77]. However, it may be a useful adjuvant treatment in some patients who

have made a partial response to an SSRI [78].

F. Beta-Blockers

Beta-blockers are often prescribed to professional performers in an attempt to control

performance-related anxiety manifest by autonomic symptoms such as tachycardia,

tremor, and sweating [79]. However, placebo-controlled trials with atenolol have found

it not to be helpful in the treatment of generalized social phobia [65,80,81]. Beta-blockers

should be avoided in patients with asthma and, because of the limited evidence for efficacy,

are not an appropriate treatment [82].

G. Gabapentin and Prebagalin

A double-blind placebo-controlled treatment study with the anticonvulsant drug gabapen-

tin suggests that it could be helpful in the overall management of patients with social

phobia [83]. After 7 days of single-blind placebo treatment, patients were allocated ran-

domly to receive either placebo or flexible doses (300–360 mg/day) of gabapentin. Out-

come measures included the LSAS, Fear Questionnaire (FQ), Brief Social Phobia Scale

(BSPS), and CGI. A total of 82 patients were enrolled: 69 entered double-blind treatment,

but only 39 completed the study. There were significant advantages for gabapentin over

placebo on the LSAS, FQ, BSPS, and CGI, especially in patients with more severe symp-

toms at baseline. There were more withdrawals because of adverse events with gabapentin

than with placebo, the more common events being nausea, dizziness, somnolence, insom-

nia, nervousness, and facial edema [83]. A recent fixed-dose (150 mg or 600 mg/day)

placebo-controlled study (n � 135) indicates that at the higher dose pregabalin is effica-

cious in generalized social phobia, but more research into its efficacy and tolerability is

required before its potential value in treatment can be assumed [84].

H. Summary

SSRIs are efficacious in short-term treatment of patients with social phobia. Their efficacy

in long-term treatment is not yet established fully nor is their relative efficacy compared

to other treatment approaches, including drug treatment with phenelzine and psychological

treatment with cognitive behavior therapy. Monoamine oxidase inhibitor drugs are useful

in many patients, but the tolerability of phenelzine is poor and stringent dietary restrictions

restrict its use in clinical practice: it is probably best reserved for second-line or third-
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line treatment in patients who have not responded to an SSRI. Moclobemide has proven

efficacy, although the evidence is somewhat conflicting: higher doses are needed, and it

is best to follow a traditional MAOI exclusion diet. Benzodiazepines may be useful in

the early phases of treatment while waiting for an SSRI to become efficacious, or possibly

as an adjuvant approach in partial responders. Finally, the evidence for gabapentin and

pregabalin suggests these compounds are efficacious in social phobia, but the relative

efficacy and tolerability of these compounds compared to an SSRI has not been estab-

lished.

IV. GENERALIZED ANXIETY DISORDER

A. Selective Serotonin Reuptake Inhibitors

As has been demonstrated, selective serotonin reuptake inhibitors have proven efficacy

in panic disorder and social anxiety disorder. Accumulating data, most relating to

paroxetine, show that SSRI treatment can also be efficacious in patients with generalized

anxiety disorder(GAD).

1. Citalopram

No controlled trials with citalopram have yet been presented or published. An early ran-

domized controlled trial comparing two dose ranges of citalopram and imipramine in 472

primary care depressed patients found that both treatments produced reduced mean scores

on the HAMD anxiety factor [85]. A more recent study comparing citalopram and paroxet-

ine in 104 patients with DSM-IV major depression or mixed anxiety-depressive disorder

found that both treatments were associated with significant reductions in the HAM-A total

scorce [86]. By contrast, the results of a 24-week double-blind placebo-controlled treat-

ment study comparing citalopram and sertraline in 323 patients with DSM-IV major de-

pressive disorder indicate that citalopram was more efficacious than placebo in reducing

mean scores on the HAMD anxiety cluster (p � 0.01), there being no significant difference

on this measure between sertraline treatment and placebo [87].

2. Fluoxetine

There are no published treatment studies in adults with DSM-IV GAD. An open pilot

treatment study in 16 children and adolescents (9–18 years) with mixed anxiety disorders

showed that fluoxetine might be of only limited benefit [88]. Double-blind treatment stud-

ies of depressed patients indicate that fluoxetine is as efficacious as imipramine, clomi-

pramine, or amitriptyline in relieving anxiety symptoms in depression, but the efficacy of

fluoxetine in comorbid depression and GAD is not proven [89].

3. Fluvoxamine

The efficacy of fluvoxamine as a treatment for GAD has not been established. However,

in a small (n � 30) open study of patients with comorbid major depression and GAD,

fluvoxamine showed significant improvement in both anxiety and depressive symptoms

[90]. This finding requires replication in patients with GAD before the efficacy of fluvox-

amine can be assumed.

4. Paroxetine

The efficacy of paroxetine in short-term treatment of GAD has been evaluated in four

randomized double-blind controlled studies [91]. The first evaluation of paroxetine was
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in a comparator-controlled trial involving 81 patients with a DSM-IV diagnosis of GAD,

paroxetine being compared to imipramine and 2′-chlorodesmethyl-diazepam in an 8-week

treatment study [92]. Paroxetine showed superior efficacy to 2′-chlorodesmethyldiazepam

and similar efficacy to imipramine. Paroxetine treatment differed significantly (p � 0.05)

from 2′-chlorodesmethyl-diazepam from week 4 onward, while imipramine only did so

at study endpoint. The second investigation was an 8-week, dose-finding study involving

566 patients, performed in the United States. In this study, paroxetine treatment (20 or

40 mg/day) was significantly superior to placebo (p � 0.001) in reducing both the mean

HAM-A total score and the mean scores on HAM-A items 1 (anxious mood) and 2 (ten-

sion). Response rates were 68 and 81% with paroxetine 20 mg and 40 mg/day, respec-

tively, compared with 52% of patients in the placebo group (observed case data). By

the end of the study, the mean change from baseline on a health-related quality-of-life

questionnaire (EuroQoL-5D) and visual analog scale was significantly greater for both

paroxetine-treatment groups, indicating a significant improvement in quality of life. The

third treatment study was an 8-week, flexible-dose study conducted in 326 U.S. patients

with GAD. Paroxetine (20–50 mg/day) was significantly superior to placebo (p � 0.05)

in reducing mean HAM-A total score and mean scores on HAM-A items 1 and 2 and

was generally well tolerated. A fourth study of similar design conducted in 372 patients

in Europe has revealed similar reductions in HAM-A total score and HAM-A items 1

and 2.

The effects of treatment may extend beyond symptom reduction and improved qual-

ity of life. A small (n � 29) uncontrolled pilot study showed paroxetine treatment was

associated with a reduction in maladaptive personality traits [93] with significant decreases

in harm avoidance (p � 0.0001) and novelty seeking (p � 0.006), and a significant in-

crease in self-directedness (p � 0.0004) The placebo-controlled paroxetine treatment stud-

ies also showed that as symptoms of GAD resolve there is an associated improvement in

symptom-related disability, assessed using the patient-rated Sheehan Disability Scale

(SDS) which covers impairment in social, work, and family life. At endpoint in all three

studies, a statistically significant difference between paroxetine and placebo was seen in

the SDS total score (flexible-dose study 1 difference � �1.8; p � 0.037; study 2 difference

� �2.4; p � 0.001; fixed-dose study for 20 mg/day regimen, difference � �3.1; p �

0.001; for 40 mg/day regimen, difference � �3.6; p � 0.001) [94].

Paroxetine has recently been found efficacious in long-term treatment, there being

significantly fewer relapses with paroxetine (11%) than with placebo (40%) in a 6-month

relapse-prevention study [95].

5. Sertraline

No clinical trials of sertraline in the treatment of GAD have been reported. Double-blind

treatment studies indicate that sertraline is efficacious in relieving anxiety symptoms

within depression and the symptoms and impairment associated with panic disorder, social

phobia, post-traumatic stress disorder, and obsessive-compulsive disorder, but its efficacy

in GAD cannot be assumed.

The findings of the randomized controlled trials with paroxetine indicate that SSRI

treatment can be efficacious in GAD. There are many further research needs, such as

establishing the comparative efficacy and acceptability of differing treatments, in both

short- and long-term treatment; examining the effects of combining SSRI treatment with

psychological approaches such as cognitive-behavioral therapy; and evaluating the effec-

tiveness of treatment in wider clinical practice.



746 Baldwin et al.

Figure 5 Fixed-dose study of paroxetine in generalized anxiety disorder (*p � 0.027 vs.

placebo for pairwise comparisons; **p � 0.001 vs. placebo, �adjusted for treatment and

site.

B. Other Antidepressant Drugs

1. Nefazodone

Nefazodone inhibits the reuptake of both serotonin and noradrenaline, although its strong-

est action is antagonism of the 5HT2a receptor. Studies in patients with major depression

and associated anxiety indicate that nefazodone can significantly reduce anxiety symptoms

[96], and a small open-label evaluation suggests that it can improve the symptoms of

GAD [97].

2. Venlafaxine

This serotonin-noradrenaline reuptake inhibitor has proven efficacy in the treatment of

depression and GAD. A preliminary study [98] in depressed outpatients indicated that

once-daily venlafaxine was efficacious in relieving anxiety symptoms, and suggested it

might therefore have a role in the management of patients with GAD. This supposition was

confirmed by the findings of two studies of short-term treatment of GAD with venlafaxine

[99,100]. In one study, venlafaxine was significantly superior to the active comparator

buspirone in reducing anxiety symptoms, and there was some evidence that venlafaxine

had an earlier onset of action [99]. Three other placebo-controlled studies of venlafaxine

in the short-term treatment of GAD have been presented [101,102]. Efficacy is reported

in two of the three studies of venlafaxine compared to placebo, but until these studies are

published fully it is difficult to make a detailed assessment.

The long-term efficacy of venlafaxine extended-release capsules has been shown

through the results of a 6-month randomized, double-blind, placebo-controlled, parallel-

group study [103]. These 6-month results were replicated in a second placebo-controlled

study [104]. The single relapse-prevention study, over a period of 4 months did not show

efficacy for venlafaxine compared to placebo. Evidence supporting a dose-response rela-

tionship for venlafaxine is reported in the 6-month studies, with higher doses associated

with a better response.

3. Mirtazapine

The primary mechanism of action of mirtazapine is through antagonism of presynaptic

alpha-2 receptors and heteroceptors. No studies of mirtazapine in GAD have been reported,
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although a small placebo-controlled study of outpatients with primary anxiety disorders

indicated that it could reduce anxiety symptoms and improve overall functioning [105].

A meta-analysis of eight double-blind controlled treatment studies in patients with major

depression suggests that mirtazapine is efficacious in reducing anxiety-related items of

the Hamilton Rating Scale for Depression [106].

4. Buspirone

Buspirone is a azapirone anxiolytic drug, with partial agonist properties at 5HT1a receptors,

which has proven efficacy in the treatment of patients with GAD [107]. An early study

[108] established that buspirone had comparable efficacy to diazepam in patients with

generalized anxiety, and a meta-analysis of eight controlled treatment studies indicates

that buspirone has comparable efficacy to benzodiazepines in the management of GAD

[109]. It also appears efficacious in reducing associated depressive symptoms in patients

with GAD, but is not an accepted treatment for patients with major depression [110].

However, not all studies with buspirone have been positive [111,112].

5. Benzodiazepines

A systematic review of randomized controlled trials has established that benzodiazepines

are an effective and rapid treatment for many patients with GAD [113]. However, the

benzodiazepines are far from ideal anxiolytic drugs. The untoward effects of benzodiaze-

pines include sedation, memory disruption, and psychomotor impairment, with an associ-

ated increased risk of traffic accidents. Other problems include the development of toler-

ance, abuse, and dependence, and withdrawal symptoms on stopping the drug. As such,

many authorities counsel that benzodiazepines should be reserved for short-term use (up

to 4 weeks), and prescribed at low dosage [114]. Others have argued that benzodiazepines

are clearly efficacious, and withholding treatment on the basis of potential risk of depen-

dence is unjustified and detrimental to overall well-being [115].

V. POST-TRAUMATIC STRESS DISORDER

A. Selective Serotonin Reuptake Inhibitors

The number of published or presented placebo-controlled or comparator-controlled studies

of SSRIs in the treatment of post-traumatic stress disorder (PTSD) has increased rapidly

in recent years.

1. Fluoxetine

Three double-blind placebo-controlled studies with fluoxetine have been performed. In

the first study [116], 64 patients (31 combat veterans and 33 civilian patients) with PTSD

were randomly allocated to receive placebo or fluoxetine, up to a maximum daily dose

of 60 mg, for 5 weeks. By the end of the study there were significant advantages for

fluoxetine over placebo, in terms of overall PTSD psychopathology, largely in the civilian

patients. Certain symptom clusters, such as hyperarousal and hostility, showed little

change with fluoxetine treatment. In a second placebo-controlled flexible-dose 12-week

treatment study of fluoxetine in civilian patients (n � 53), fluoxetine was associated with

significantly greater reductions in overall PTSD psychopathology, and with a greater likeli-

hood of response (fluoxetine, 85%; placebo, 62%) [117]. A parallel investigation in combat



748 Baldwin et al.

Figure 6 Sertraline in short-term treatment of PTSD. (a Responder � CAPS-2 30% de-

crease and CGI � 1 or 2 at endpoint.

veterans using an identical protocol found no difference between fluoxetine and placebo,

indicating that patient background is an important treatment consideration in PTSD [118].

2. Paroxetine

Three large multicenter placebo-controlled treatment studies, together involving about

1200 patients, have been undertaken. The findings of the two flexible-dose studies (20–

50 mg/day) and one fixed-dose study (20 or 40 mg/day) together show that paroxetine

is efficacious in reducing PTSD symptoms, with significant advantages over placebo on

the reexperiencing/intrusion, avoidance/numbing and increased arousal symptom clusters.

Treatment was efficacious in all patient groups regardless of trauma type or gender [119].

3. Sertraline

Two double-blind, flexible-dose, placebo-controlled, 12-week treatment studies with ser-

traline have been performed [120,121]. In the first study (n � 208) (mean sertraline daily

dose at endpoint, 125 mg), there were advantages for sertraline in three measures of overall

psychopathology, and no significant differences in the rate of discontinuation from treat-

ment because of adverse experiences [120]. In the second study (n � 187), there were

significantly greater improvements with sertraline in three and four primary efficacy mea-

sures (CAPS-2 severity score, CGI-S, and CGI-I) and on all secondary measures, and

again the rate of discontinuation because of side effects was similar in the two groups

[121]. Preliminary data suggest that continuation of sertraline treatment is efficacious in

preventing symptomatic relapse.

B. Tricyclic Antidepressants

Two placebo-controlled studies have evaluated the efficacy of TCA treatment in combat

veteran patients with PTSD. The first was an 8-week study (n � 46) of amitriptyline, which

found it to be efficacious, with significant advantages over placebo on global measures of

PTSD symptoms, anxiety, and depression: the presence of comorbid depression, panic

disorder, or alcohol abuse reduced the chance of response [122]. A further analysis showed
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that response was greater with less severe degrees of trauma, with less severe symptoms,

and when there was no premorbid neuroticism [123]. The second placebo-controlled 8-

week treatment study (n � 60) of a TCA involved imipramine (up to 300 mg/day), with

phenelzine (up to 75 mg/day) as an active comparator. Imipramine was marginally less

efficacious than phenelzine (global response 65% and 68%, respectively), the MAOI

showing greater efficacy in reducing intrusive and avoidant symptoms [124].

C. Other Antidepressants

Two placebo-controlled treatment studies with brofaromine have been published. A small

(n � 45) flexible-dose European study found that brofaromine was efficacious in a pre-

dominantly civilian group of patients, greater efficacy being seen in those whose symptoms

had lasted more than 12 months. At study endpoint, 55% of brofaromine-treated patients

no longer fulfilled diagnostic criteria for PTSD, compared to 26% of those who had re-

ceived placebo; insomnia was the most troublesome side effect [125]. A larger (n � 118)

U.S. study found some evidence for efficacy of brofaromine: although there were no sig-

nificant drug–placebo differences on measures of PTSD symptoms, overall response rates

were greater with drug treatment (60%) than with placebo (39%) [126].

The potential efficacy of trazodone or nefazodone in PTSD has been assessed in

open-label treatment. In a small case series (n � 6), trazodone treatment (up to 400 mg/

day) produced only marginal benefit in reducing PTSD symptoms, with no associated

improvement in social or occupational functioning [127]. Nefazodone has been evaluated

in two case series. In the first, there were considerable improvements in most measures

in 10 combat veterans treated with doses up to 600 mg per day for 12 weeks [128]. These

promising findings are supported by a second report, in which 36 combat veterans showed

improvements in measures of PTSD symptoms, anxiety, and depression, over 8 weeks

[129].

D. Summary

Placebo-controlled treatment studies indicate that SSRIs, amitriptyline, imipramine, phen-

elzine, and brofaromine are efficacious in PTSD. The evidence for differing SSRI treat-

ment varies; only paroxetine has been found efficacious in both genders, regardless of

trauma type, across all key symptom clusters. More research is needed into the effects of

long-term treatment, and into the relative efficacy and tolerability of different treatment

approaches.

VI. CONCLUSIONS

Modern management of patients with anxiety disorders will focus on better-tolerated treat-

ments, with efficacy that has been proven in both short- and long-term treatment studies.

Although numerous double blind placebo-controlled trials have shown that the SSRIs are

efficacious in a range of anxiety disorders, many patients do not respond to treatment.

The magnitude of improvement in those who do respond is often disappointing, so there

is still a need to develop novel psychopharmacological approaches with greater efficacy

than SSRI treatment. In addition, many patients with anxiety disorders are exquisitely

sensitive to the side effects of psychotropic drugs, and new treatments with a more accept-

able side-effect profile are needed. Finally, many patients prefer psychological treatment

approaches, fearing possible side effects of drug treatment or the risk of becoming depen-
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dent. There have been few well-designed controlled studies where the effects of drug and

psychological treatments are compared. This is a substantial deficit, as clinicians cannot

obtain a full picture of the relative strengths and weaknesses of different treatment ap-

proaches in these chronic and severe disorders.
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I. INTRODUCTION

The choice and the clinical management of the pharmacological treatment of psychiatric

conditions characterized by the co-occurrence of anxiety and depression is mostly influ-

enced by the model adopted to explain the co-occurrence of symptoms that appear to

belong to different diagnostic domains. The two models currently accepted to explain

the occurrence of psychiatric comorbidity are the categorical and the dimensional one.

According to the categorical model, as first described by Roth et al. in the 1960s [1],

anxiety and depression are discrete syndromes that may co-occur in the same patient at

a certain time. Actually, anxiety may occur either as a “subthreshold” or subsyndromal

condition (i.e., few or isolated symptoms not structured in a full syndrome) or as full

syndrome with all the clinical features that characterized the specific clinical diagnosis

(e.g., panic disorder, obsessive-compulsive disorder, generalized anxiety disorder). More

than 30% of anxiety disorder patients receive an additional diagnosis of depression (major

depression or dysthymia) [2], 20% had generalized anxiety disorder (GAD) [3], and 20

to 30% of this group experience panic attacks [4]. Similarly, depression may be present

as a full syndrome or as a subthreshold condition.

The clinical observation that anxiety and depression frequently co-occur at a subsyn-

dromal level, together with data derived from genetic and pharmacological studies on

these comorbid conditions, have stimulated the popularity, in recent years, of the dimen-

sional model as opposed to the categorical one.
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According to the dimensional model, the different clinical conditions (e.g., anxiety

and depression) are not discrete entities but a “spectrum” of syndromes characterized by

anxiety and depressive symptoms in different combinations and with different degrees of

severity [5].

The concept of spectrum, as opposed to that of full syndromal discrete diagnoses,

implies the consideration of clinical conditions that are not severe or definite enough to

fulfill the diagnostic criteria but that may be relevant in terms of prevalence in the popula-

tion and challenging in terms of clinical management. It has been estimated that the preva-

lence of subthreshold depression and anxiety in psychiatric populations is about 7% and

22%, respectively [6]. Furthermore, the co-occurrence of depression and anxiety symp-

toms (even though at a subsyndromal level) has been associated with greater severity of

illness, higher levels of functional impairment [7], chronicity [8], and delayed [9] or poor

[10] response to antidepressants.

The International Classification of Diseases (ICD-10) [11] provides a code for mixed

anxiety and depression disorder. In the DSM-IV [12], the diagnostic category of mixed

anxiety depressive disorder (MAD) and of minor depressive disorder have been proposed

as research diagnostic criteria, suggesting the need for a more dimensional approach to

explain the presence of comorbid conditions. The essential feature of MAD is a persistent

or recurrent dysphoric mood lasting at least 1 month. The dysphoric mood is accompanied

by additional symptoms that also must persist for at least 1 month and include at least

four of the following: (1) concentration or memory difficulties; (2) sleep disturbance; (3)

fatigue or low energy; (4) worry—being easily moved to tears; (5) hypervigilance in

anticipating the worst; (6) hopelessness or pessimism about the future; (7) low self-esteem

or feelings of worthlessness. Actually, many questions about this diagnostic category re-

main unanswered. The prevalence of MAD in the general population, the etiopathogenetic

mechanisms underlying this illness, its natural course, and the response to treatment are

still uncertain. In addition, the clinical characteristics that may allow discrimination be-

tween MAD, major depressive disorder (MDD), or anxiety disorders are not clearly de-

fined yet [13]. Furthermore, the matter appears to be complicated by methodological and

assessment issues. As an example, it cannot be ruled out that the frequently observed

overlap of depressive and anxiety symptoms could be due to the use of nonspecific assess-

ment instruments (e.g., the Hamilton Depression Rating Scales for Anxiety and for Depres-

sion). In addition, general practitioners sometimes are not able to distinguish between

anxiety and depressive disorders because this diagnosis requires psychiatric training. This

has led to the assumption, quite common in the general practice, that psychiatric patients

usually experience an admixture of symptoms instead of specific conditions [14].

However, the traditional view that anxiety and depression are discrete clinical condi-

tions has been dramatically challenged in the last few years, particularly when the dichot-

omy between antidepressant and anxiolytic compounds has been surpassed. The finding

that some antidepressants show specific antianxiety properties and are effective in the

treatment of anxiety disorders even when not complicated by the occurrence of depressive

symptoms dates back to the early 1980s, when tricyclic antidepressants (TCAs) in mono-

therapy were found to be effective in the treatment of specific anxiety disorders [15–17].

In the last decade, it has become clearer that the boundaries between antidepressant and

antianxiety activities were fallacious, as serotonergic antidepressants showed efficacy in

anxiety disorders where benzodiazepines (BDZs) were not equally effective [18].

From a clinical perspective, compared with depressed patients without anxiety

symptoms, those with symptoms of both disorders (either at subsyndromal or at full-
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syndromal level) have more severe depressive symptoms, higher levels of psychosocial

impairment, higher health-care costs, and are less likely to respond well to treatment

[19,20]. Prospective studies on depressive patients have shown that the co-occurrence of

panic attacks was correlated with a poor outcome [21,22], and patients with depression

and comorbid obsessive-compulsive disorder (OCD) have been found to be more fre-

quently resistant to treatment, even when selective serotonin reuptake inhibitors (SSRIs)

are used [23]. Moreover, depressed patients with a baseline high level of anxiety were

less likely to respond to the treatment with tricyclic antidepressants (TCAs) than patients

with no anxiety symptoms [7]. In addition, in a post-hoc analysis of more than 250 cases

of “anxious-depression,” Filteau et al. [24] found that patient responders to SSRIs had

higher baseline anxiety/agitation levels than those responders to norepinephrine reuptake

inhibitors (NRI). On the other hand, high baseline levels of anxiety did not appear to

reduce the overall antidepressant response but rather to delay the onset of the clinical

response to sertraline or imipramine in patients with MDD [25]. It is likely that a longer

duration of antidepressant treatment is necessary to obtain remission of symptoms in pa-

tients with higher levels of anxiety [26]. A meta-analytic study comparing fluoxetine,

placebo, and TCAs failed to demonstrate that high levels of anxiety during the course of

a major depressive episode affect the response to antidepressants, suggesting that the

choice of the antidepressant to be administered for the treatment of major depression

should not be based on the presence or absence of anxiety [27,28]. In a recent multicenter

study on patients with recurrent MDD, baseline anxiety levels were not related to the

antidepressant response to two antidepressants with different pharmacodynamic profile

(bupropion or sertraline), thus confirming that the baseline anxiety levels are not a clinical

variable on which the choice of an antidepressant should be based [26].

In general, the most commonly used antidepressants [TCAs, SSRIs, and monoamine

oxidase inhibitors (MAOIs-)] also exert anxiolytic properties, and there is evidence indi-

cating that these agents are more effective in the treatment of patients with symptoms of

both depression and anxiety then classical anxiolytic compounds [29].

The decision process for the choice of an antidepressant for the treatment of de-

pression complicated by anxiety symptoms should include several clinical considera-

tions. First, the ideal compound should induce a rapid improvement of anxiety symptoms,

minimal side effects, and minimal risk of developing abuse or dependence. The antidepres-

sants currently used, despite the different degrees of selectivity, act on different neurotrans-

mission systems, producing both clinically beneficial and adverse effects [30]. Further-

more, the fact that the symptoms related to mixed anxiety/depressive syndromes usually

have a chronic course suggests that a monotherapy (with a compound exerting both anti-

depressant and anxiolytic activity) will be better tolerated than combination therapy

[31].

In this chapter we will review the main literature on the pharmacological treatment

of comorbid anxiety and depression (either at syndromal or at subsyndromal level). In

the last few decades, many studies have been published on this issue. However, the main

limitation of these studies is that the diagnosis, in many cases, is not clearly assessed

(according to DSM or ICD). Co-occurring syndromal conditions are often confused with

isolated anxious or depressive symptoms, and the diagnosis of MAD according to DSM-

IV research criteria is not usually considered.

We will focus our attention primarily on the research that considered full syndromal

or subthreshold anxiety–depression comorbidity. The pharmacodynamic profile and clini-

cal differences among the different antidepressant compounds currently used in the treat-



760 Altamura et al.

ment of depression and anxiety conditions will be briefly reviewed, and practical guide-

lines for the treatment of these conditions will be derived from the studies available to

date on adult and elderly populations.

Pharmacokinetic aspects in the case of combination treatments are rarely considered,

whereas they appear to be critical for the assessment of the efficacy and tolerability of

pharmacotherapy in complex comorbid conditions.

II. TREATMENT IN THE ADULT POPULATION

A. Benzodiazepines

Benzodiazepines (BDZs) in combination with antidepressants are often used in the general

practice for the treatment of anxious/depressive syndromes at subsyndromal levels. BDZs

are effective, at least in the short-term, for the treatment of anxiety and panic attacks,

with rapid resolution of the anxiety symptoms, but with the risk of developing psychologi-

cal and physical dependence. This potential complication, among other efficacy consider-

ations, prevents us from using these compounds as first-choice therapy in mixed anxiety/

depression conditions. Furthermore, their antidepressant activity is controversial [32]. On

the other hand, there is some evidence that BDZs, in particular clonazepam, may induce

depressive symptoms [33,34]. They may also induce sedation and, when administered at

high doses, may be associated with the development of dependence, with the occurrence

of withdrawal symptoms when the treatment is discontinued. Moreover, multiple daily

dosing with some short-acting BDZs may affect patient compliance, and missed doses

may lead to a worsening of anxiety [29]. Given all these potential implications, the use

of BDZs in patients with depression and comorbid anxiety is not advised, except as short-

term adjunctive treatment to an antidepressant [35]. The rapid action of BDZs in relieving

anxiety symptoms may improve patient compliance and thus continue therapy long enough

to experience antidepressant treatment effects. After 3 to 6 weeks, when the antidepressant

action is fully reached, BDZ therapy should be slowly tapered, in order to prevent rebound

anxiety or withdrawal symptoms [36]. In a recent meta-analytic study involving 9 clinical

trials on a total of 679 major depressives, the combination therapy group (antidepressants

plus BDZs) was 37% less likely to drop out than the antidepressant group alone, and more

likely to show a clinical response (defined as 50% or greater reduction in the depression

scales from baseline) after 4 weeks of treatment [37].

In fact, during antidepressant treatment (with venlafaxine or SSRIs) [38] for anxiety

disorders or mixed anxiety-depression syndromes, patients may discontinue the treatment

or show unstable compliance because the latency of the clinical efficacy is 2 or more

weeks. In these cases, the addition of BDZs at the early stages of the treatment together

with an appropriate clinical intervention (i.e., explaining to the patient that the clinical

effect of the treatment will require a few weeks) will improve compliance significantly

and thus the success of the treatment.

B. Tricyclic Antidepressants and Monoamine Oxidase Inhibitors

1. Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) are compounds with a relatively broad spectrum of phar-

macodynamic profiles and clinical activities, and are effective in a wide range of de-
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pressive pictures. Rather than being selective drugs limited in their efficacy strictly to

depressive symptoms, TCAs exert their efficacy also in anxious depression [39].

TCAs appear to be at least equivalent to the BDZs in the short term and more

effective in the long-term treatment of MAD, with particular efficacy in improving the

cognitive symptoms of anxiety [19,32]. However, they may induce psychomotor activation

[40]. Amitriptyline appeared to be superior to placebo and diazepam in the treatment of

mixed anxiety/depression conditions [41]; similar findings were found for imipramine

versus chlordiazepoxide and placebo [42]. Imipramine and clomipramine have been sug-

gested to be more useful in case of panic disorder (PD) complicated by comorbid depres-

sion. In these cases, the treatment should be started with low doses and gradually titrated

upward in order to avoid the risk of exacerbating panic attacks during the early phases

of treatment [20].

Clomipramine is particularly indicated in depressed patients with comorbid OCD

[43]. In general, OCD patients require longer periods of treatment and higher doses in

comparison to what is required by other clinical conditions.

Although TCAs have quite good antianxiety properties, their use is sometimes re-

stricted by the fact that they may induce serious side effects, and because of the potentially

dangerous interaction with other compounds, such as MAOIs, ethanol, SSRIs, antipsychot-

ics, oral contraceptives, and anticholinergic drugs [44]. For all these reasons, TCAs are

no longer considered a first-choice treatment in MAD.

2. Monoamine Oxidase Inhibitors

Monoamine oxidase inhibitors (MAOIs) are often used for the treatment of more severe

and/or atypical forms of MDD, for major depressive episodes complicated by the presence

of clinically significant anxiety symptoms, and for treatment-resistant depression [45].

Phenelzine was clearly found superior to placebo and to amitryptiline in depressed patients

with anxiety features [46]. At least one study has reported that MAOIs are more effective

than TCAs in treating patients with atypical depression who also suffer from panic attacks

[45]. A within-treatment analysis indicated that depressed patients responded better to

MAOIs than did those with prevalent anxiety symptoms [47]. However, the use of MAOIs

is limited by their side-effect profile and by the high potential for adverse drug–drug

interactions [44]. Moclobemide, a reversible inhibitor of monoamine oxidase-A, provides

an alternative to the traditional irreversible MAOIs. This compound appears to be quite

effective in treating both agitated and retarded forms of depression [48], but more evidence

is needed to establish its efficacy in mixed anxiety/depressive syndromes [31].

C. Selective Serotonin Reuptake Inhibitors

Several studies have shown that selective serotonin reuptake inhibitors (SSRIs) are as

effective as TCAs in treating depression and anxiety, although traditionally TCAs have

been favored over SSRIs in patients with mixed syndromes. According to the results of

three large meta-analytic studies, fluoxetine [27,49] and paroxetine [50] are as effective

as TCAs in reducing anxiety and agitation in depression, and another study has shown

that sertraline is as effective as clomipramine in anxious depression [51]. When compared

to TCAs, SSRIs show a better tolerability profile [27,52] and a good efficacy in major

depression with severe anxiety symptoms. Furthermore, these compounds are effective

in anxiety disorders without depression, with a specific activity on anxiety symptoms,

compulsions, and avoidance behaviors. The dual (i.e., antianxiety and antidepressant) ef-
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fect of these compounds, together with data derived from biological studies, have sup-

ported the hypothesis that serotonin (5HT) dysfunctions play a central role in the pathogen-

esis of mixed anxiety/depression syndromes. Given their pharmacokinetic characteristics,

SSRIs are suitable for once-daily dosing, are generally well tolerated even in the long

term, and have the compelling benefit of being safe in overdose [53].

1. Fluoxetine

Results from two meta-analytic studies (involving 19 trials and 3183 patients and 31 trials

and 4737 patients) [54] showed that fluoxetine and TCAs have comparable efficacy in

terms of antidepressant response and induce psychomotor agitation at the same rate. Fluox-

etine represents a good treatment for PD patients with depression and for patients with

medical conditions and comorbid anxiety and depression [55].

In randomized, double-blind studies [56,57], fluoxetine (20–60 mg/day) showed a

similar efficacy to that of imipramine and amitriptyline in the treatment of patients with

major depression and anxiety symptoms (as evidenced by the scores of HRDS items psy-

chic anxiety, somatic anxiety, agitation). Data from a 10-week double-blind trial on 284

patients with major depression indicate that fluoxetine (20 mg/day), is as effective as other

SSRIs in patients with both high or low baseline anxiety [58]. These data confirm previous

evidence showing that 20 mg/day of fluoxetine is the optimal dose in the treatment of

depression, with or without prominent anxiety features [59].

2. Sertraline

Some studies have shown the efficacy and safety of sertraline in the treatment of mixed

anxiety and depression syndromes. In a sample of 38 patients suffering from mixed anxiety

depressive disorders (diagnosed according to ICD-10), during the first week of treatment

there was a 40% decrease in anxiety symptoms (as measured by the HAM-A), while the

decrease in depression symptoms was 20% at week 2 and 50% at week 3. These results

confirm the clinical observation that the efficacy on depressive symptoms has a longer

latency than the efficacy on anxiety [60].

Considering the three symptom clusters [using the Inventory of Depressive Symp-

tomatology-Clinician rated (IDS-C)] of anxiety, depression, and anhedonia in a sample

of 140 patients with MDD, sertraline showed a “sequential” therapeutic effect acting first

on anxiety, then on depression, and later on anhedonia [61].

A controlled, double-blind, randomized study did not show any statistically signifi-

cant difference in efficacy and onset of action of fluoxetine, sertraline, and paroxetine

during acute treatment of MDD with severe anxiety symptoms (with the exception of a

statistically significant greater improvement in the anxiety/somatization factor score for

both fluoxetine- and sertraline-compared to paroxetine-treated patients) [62]. In addition,

this study did not support the assumption derived from previous reports [58,63] of a better

tolerability for one agent over the other. However a fixed-dose study on 363 depressed

patients suggested that fluoxetine 60 mg/day, when compared to placebo, may increase

agitation, anxiety, and insomnia [64].

3. Fluvoxamine

As far as the control of anxiety symptoms in general is concerned, a meta-analysis showed

an advantage of fluvoxamine over TCAs [65], while in head-to-head comparisons with

other SSRIs, fluvoxamine was equivalent to fluoxetine [66], sertraline [67], and citalopram

[68], and slightly superior to paroxetine [69] in reducing anxiety in patients with MDD.
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In an 8-week, open-label trial on 30 patients with MAD, fluvoxamine showed mod-

erately strong effectiveness in improving anxiety and depression with a greater efficacy

on depressive patterns [70]. Fluvoxamine also showed a good efficacy profile in cases of

comorbid OCD and MDD [71].

In a 12-week open trial on 30 patients, fluvoxamine, showed a positive effect on

both depressive and anxiety symptoms in MDD subjects with one or more co-occurring

anxiety disorders [72], and in a 8-week, open trial on 70 patients, fluvoxamine improved

both PD and depressive symptoms [73].

4. Paroxetine

Paroxetine showed similar efficacy to maprotiline in depressed outpatients [74]. This SSRI

provides effective and well-tolerated monotherapy for depression, PD, OCD, social phobia

(SPh) [75], and GAD [76].

According to the results of a 12-week, double-blind parallel group trial on 1002

patients with a primary diagnosis of depression who also experienced symptoms of anxi-

ety, this compound has shown similar efficacy to that of clomipramine, but a lower inci-

dence of anticholinergic side effects [77]. A 6-week randomized, double-blind, placebo-

controlled study in outpatients with anxious depression showed that the clinical efficacy

of paroxetine and imipramine was similar at week 6, although paroxetine appeared to

have an earlier onset of action on anxiety symptoms [78].

A 6-week study on 275 patients comparing mirtazapine and paroxetine in MDD

showed a similar efficacy (although mirtazapine showed a faster onset of action in anxiety,

as evidenced by a reduction at HAM-A total scores) and good tolerability. However, paro-

xetine-treated patients reported more frequently the occurrence of nausea, vomiting, and

tremor, while mirtazapine-treated patients reported more weight gain and flulike symptoms

[79].

5. Citalopram

Citalopram appears to exert good efficacy on depression and anxiety with a low incidence

of side effects [80]. A comparison with sertraline, in a double-blind, randomized study

on 323 patients with MDD showed that citalopram has a faster antidepressant activity,

that this clinical effect is significantly related to a more pronounced antianxiety effect,

and that the compound has a better tolerability profile leading to a significant improvement

in compliance [81].

D. Miscellaneous Agents

1. Venlafaxine

Venlafaxine is an antidepressant classified as serotonin norepinephrine reuptake inhibitor

(SNRI). Its mechanism of action consists of the inhibition of both norepinephrine (NE)

and 5HT reuptake [82]. This compound has recently been approved for the treatment of

GAD [83].

Venlafaxine has shown considerable efficacy in alleviating anxiety (as showed by

a reduction in anxiety/somatization cluster scores at HAM-D) in patients with MDD in

a randomized, placebo-controlled trial [84]. A meta-analytic study on 358 patients suffer-

ing from MDD with severe anxiety symptoms at baseline showed that venlafaxine, in

comparison to placebo, induced a highly significant improvement in both depression and
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anxiety symptoms (anxiety/somatization factor and anxiety psychic item score on

HAM-D) [85].

The slow-release preparation of this compound appears to have a faster onset of

action, especially at higher doses. In addition, venlafaxine has been shown to improve

significantly both the psychic and somatic manifestations of anxiety in 359 MDD patients

[86].

As previously stated, the combination with a BDZ may prove useful in the early

phases of treatment because the venlafaxine antianxiety clinical effect requires days to

weeks to become evident.

2. Mirtazapine

Mirtazapine is a noradrenergic and specific serotonergic antidepressant (NaSSA) whose

direct enhancement of NE and 5HT1A-receptor-mediated 5HT neurotransmission is thought

to be responsible for its antidepressant activity, whereas the 5HT2 and 5HT3 blockade may

account for the low incidence of anxiety and agitation [87]. Clinical trials have shown

that mirtazapine is similar to TCAs in both its pharmacodynamic properties (interaction

with NE and 5HT transmission) and overall clinical efficacy [88]. In three double-blind,

randomized, controlled studies on patients with MDD and severe anxiety symptoms, com-

paring mirtazapine with citalopram (Mir: n�136; Cit: n�133), paroxetine (Mir: n�127;

Par: n�123), and fluoxetine (Mir: n�60; Flu: n�63), mirtazapine consistently appeared

to reduce anxiety symptoms more than any of the other antidepressants, with a faster onset

of the effect on anxiety symptoms and a sustained activity throughout the course of treat-

ment [89]. The results from a meta-analysis of eight randomized, double-blind, placebo-

controlled clinical trials showed that the rapid improvement in anxiety symptoms seen in

161 depressed patients treated with mirtazapine could have important implications when

choosing antidepressant therapy for depressed patients with prominent anxiety symptoms

[30].

More than 700 patients with moderate-to-severe symptoms of depression have also

been tested to estimate the antianxiety effects of mirtazapine versus amitriptyline [90].

Both drugs proved to be equally effective, as shown by the variations on anxiety and

somatization factor scores of the HAM-D scale (items 10–13, 15, and 17). However,

mirtazapine induced fewer side effects and adverse reactions in comparison to imipramine

(76% vs. 87%), and a lower dropout rate (4.9% vs. 9.1%).

In an 8-week open-label study, a sample of 10 patients suffering from MDD with

comorbid GAD showed a significant improvement on both HAM-D and HAM-A total

scores [91]. Excessive drowsiness and weight gain are sometimes limitations of the tolera-

bility profile for this compound. In the event of the occurrence of these undesirable effects,

administration at night and at lower dosage is advisable.

In conclusion, the clinical antidepressant efficacy of mirtazapine appears to be simi-

lar to that of classical antidepressants with a more specific effect on anxiety and somatiza-

tion symptoms and a better tolerability profile.

3. Buspirone and Gepirone

These two 5HT1A agonists share some efficacy in the treatment of comorbid anxiety and

depression [92]. Buspirone has been reported to have a significant effect on the treatment

of GAD with co-occurring depressive symptoms [93], a situation that occurs in almost

50% of patients with a primary diagnosis of GAD [32]. More recently, it has been sug-

gested that buspirone may have a significant clinical effect in other anxiety disorders
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and comorbid conditions, even though more controlled trials are needed to confirm this

observation [94]. The idea that buspirone could be useful in the treatment of GAD patients

when discontinuing benzodiazepines is still controversial [95].

Gepirone has also been shown to be effective in the treatment of GAD with [92]

and without [96] comorbid depression. However, the observation that SSRIs and venlafax-

ine may show a better efficacy profile than 5HT1A agonists makes the role of buspirone

and gepirone uncertain in the treatment of comorbid anxiety–depression conditions.

4. Nefazodone

Nefazodone acts as a weak inhibitor of NE and 5HT reuptake, while it is a potent 5-HT2

antagonist. In a meta-analysis of six randomized, placebo-controlled, double-blind trials

on patients suffering with MDD with high levels of anxiety, nefazodone showed a signifi-

cantly faster effect (within the first week of treatment) on agitation than imipramine or

placebo [97].

In an open 8-week trial on 40 patients with PD and comorbid MDD or dysthymia,

nefazodone showed efficacy in reducing both acute anxiety symptoms and depressive

symptoms [98].

E. Antipsychotics

Severely depressed patients who responded poorly to antidepressant treatment or with

high levels of anxiety and agitation may be treated with antipsychotics. Three patients

suffering from unipolar recurrent depression complicated by high levels of anxiety have

been treated with atypical antipsychotics (quetiapine, risperidone, and olanzapine) with

good response [99]. This observation appears to confirm the hypothesis that in patients

with recurrent chronic depression and high levels of anxiety, low doses of atypical antipsy-

chotics may improve function through an antianxiety or antidepressant effect that is inde-

pendent from their antipsychotic efficacy [100]. This effect may occur with typical antipsy-

chotics as well, but concern about the induction of tardive dyskinesia has limited the

usefulness of these compounds [101].

Given their lower risk for tardive dyskinesia and extrapyramidal side effects (EPS),

atypical antipsychotics (e.g., risperidone, olanzapine), devoid or with few EPS, have been

successfully employed in the treatment of refractory obsessive-compulsive disorder, with

promising results [102,103].

III. TREATMENTS IN THE ELDERLY POPULATION

In the elderly, as in adults, the co-occurence of depression and anxiety is often at a subsyn-

dromal level (MAD). Risk and morbidity factors for comorbid depression and anxiety in

late life may be different from those for depression without anxiety and from those in

younger adults. Elderly depressives with comorbid anxiety disorders or symptoms present

with more severe psychopathology, higher impairment of the global functioning, a more

difficult course of illness, and a decreased or delayed treatment response [104]. In addition,

some anxiety disorders show an increased prevalence rate in the elderly. The 12-month

prevalence rate for GAD has been estimated from 7 to 9%, and this disorder has been

considered the most prevalent anxiety disorder in patients over 65 years of age [105]. On

the other hand, 91% of elderly with GAD show depression [106], which usually has an

earlier onset [107]. In a recent study, van Balkom et al. [108] showed that not only MDD,
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but also BDZ use and chronic somatic diseases are significantly more prevalent in elderly

patients with an anxiety disorder than in patients without comorbid conditions.

The ideal treatment in these situations should take the form of a monotherapy with

a compound effective in the treatment of both anxiety and depression. An effective dosage

of the drug should be achievable through once-daily administration to improve compli-

ance. The compound should have a good tolerability profile and should be safe in case

of overdose, since the risk of suicide is higher in depressed patients with anxiety than in

those without prominent anxiety [35].

The main problems faced in the management of the pharmacological treatment of

mixed anxiety–depressive syndromes in the elderly are related to the clinical, biological

pharmacodynamic, and pharmacokinetic peculiarities of this population [109,110] (Ta-

ble 1).

In the elderly, symptoms of depression and anxiety are often accompanied by so-

matic complaints, which may dominate the clinical picture, sometimes masking the mood

symptoms. In general, symptoms may be atypical in comparison to those encountered

in adults and may include multiple somatic complaints, persistent insomnia, irritability,

cognitive impairment, and hypochondriac ideation [111].

The frequent co-occurrence of neurological or medical conditions may cause diffi-

culties in the recognition and diagnosis of depressive and anxiety symptoms [112,113].

A further complication is represented by the fact that in the elderly population there is a

considerable overlap among symptoms of depression and anxiety, cognitive decline, and

medical syndromes. However, given that the risk of not recognizing and treating depres-

sion and anxiety in the elderly is very high in terms of morbidity and increased mortality,

clinicians are urged to appreciate anxiety and depressive syndromes in their different and

variable forms and combinations so that the pharmacological intervention can be initiated

in a timely manner and properly targeted.

In late life there are physiological changes associated with aging, namely, a higher

sensitivity to side effects, higher risks for drug–drug interaction phenomena, and compli-

ance problems. All these factors need to be carefully taken into account when selecting

a pharmacological treatment [114,115]. For any new medication prescribed, it is important

to do a careful physical and laboratory assessment and to consider the pharmacodynamic

profile of the compound prescribed, with particular respect to the potential side effects

on the central nervous system, including depressogenic or anxiogenic effects.

With respect to pharmacokinetic aspects, differences in the absorption, distribution,

metabolism, and excretion for most of the antidepressants and anxiolytics between elderly

and younger subjects have been described. Pharmacokinetic parameters are influenced by

Table 1 Clinical–Pharmacological Problems

Encountered in the Diagnosis and Treatment of

Mixed Anxiety/Depression Disorders in the Elderly

1. Atypical features

2. Cognitive impairment

3. Compliance problems

4. Concomitant medical disorders

5. Environmental factors (interfering with drug response)

6. Bioavailability/metabolic peculiarities

7. Reduced drug tolerability
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changes in gastrointestinal motility, renal function, atherosclerosis, muscular mass reduc-

tion, and increased body fats. All these factors contribute to determine the bioavailability

of the drugs administered and thus they need to be considered carefully when prescribing

medication to elderly patients.

From a clinical point of view, TCAs are as effective as SSRIs in elderly anxiety-

depressive syndromes [114]. However, imipramine, amitriptyline [116], desimipramine

[117], and nortriptyline [118,119] may cause cardiotoxicity and have an increased bio-

availability, which leads to higher steady-state plasma concentrations. In addition, the

occurrence of anticholinergic effects is particularly dangerous in the elderly because of

the higher risk of induction of cognitive dysfunctions and deterioration. TCAs have been

reported to cause delirium in 11 to 30% of elderly patients [120]. These side effects may

have a significant negative impact on clinical outcome and thus the use of TCAs in subjects

with concomitant medical or neurological conditions is discouraged [121].

Clinical evidence suggests the initial use of low doses of nortriptyline and desimi-

pramine (10 mg/day) with a gradual titration upward to 75 mg/day. The dose indicated

for other TCAs with more of a sedative effect (such as amitriptyline and dotiepin) is 30

to 100 mg/day. However, the possible occurrence of anticholinergic side effects should

be monitored very carefully [122].

SSRIs are at least as effective as TCAs, but have a more favorable tolerability profile

[123]. These characteristics make SSRIs more suitable for the treatment of depression and

anxiety in the elderly [124]. Potential disadvantages of the SSRIs include the induction

of agitation and insomnia (occurring mostly with high doses of fluoxetine), gastrointestinal

side effects, and headache. The risk of the induction of adverse events, particularly in the

elderly, is usually dose dependent. For this reason, a search for the minimal effective dose

of the compound to be administered should be encouraged.

The choice of a TCA versus SSRI in mixed anxiety–depressive syndromes should

be based on their anxiolytic profile and on the potential drug–drug interactions. Cyto-

chrome P450 enzymes are the sites of metabolism for SSRIs and their activity is reduced

in the elderly. This should always be considered when prescribing more than one com-

pound to an elderly patient. Pharmacokinetic studies suggest that lower doses should be

used for citaprolam, paroxetine, and probably sertraline [123,124], particularly in case of

renal or hepatic dysfunctions. On the other hand, no clear evidence was found for fluoxe-

tine and fluvoxamine regarding age-dependent pharmacokinetic variations [125].

With respect to efficacy issues, clinical studies revealed that some of the SSRIs are

particularly effective in treating comorbid anxiety in depressed patients [126]. The largest

clinical database relating to SSRI treatment of patients with depression/anxiety exists for

paroxetine [77,127] but other SSRIs have also been shown to be effective.

Fluoxetine (20 mg/day) administered to elderly patients with a diagnosis of MDD

appeared to be particularly effective on early awakenings, sexual disturbances, guilt and

suicidal thoughts, and psychomotor inhibition [128], but less effective than TCAs on anxi-

ety and insomnia.

In elderly patients with more severe anxiety symptoms, SSRIs with a more sedative

profile, such as sertraline or fluvoxamine, should be preferred [129].

Regarding SNRIs, there are data showing that venlafaxine (150 mg/day) and venla-

faxine–XR are both effective in reducing anxiety in patients with depression [86,130].

Moreover, venlafaxine has a good tolerability profile, which makes the compound an

attractive choice for geriatric patients, where the induction of hypotension is one of the

main causes of hip fractures [131]. Venlafaxine has a low plasma protein binding rate
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and slightly inhibits the cytochrome P450 system. These two characteristics indicate that

the potential for dangerous interactions with other compounds is quite low. However,

venlafaxine dosage should be adjusted in elderly patients [132] because of reduced metab-

olism rate in these subjects [133].

For mirtazapine, data suggest a reduced dose in the elderly because the pharmacoki-

netic profile of this compound is gender- and age-dependent [134,135]. Females and el-

derly patients show higher plasma concentrations compared to those of males and adults.

The elimination half-life of mirtazapine ranges from 20 to 40 h, with a time to reach the

steady state of approximately 1 week [136]. Liver and renal dysfunctions cause a 30–

50% decrease in the drug clearance [136].

Some “atypical” antidepressants such as mianserin [122], viloxazine [137], and tra-

zodone [138] have been successfully used in mixed anxiety-depressive syndromes. They

induced a significant improvement of several core symptoms of depression and anxiety,

as well as an improvement in somatic complaints and sleep disturbances. Overall, the

side-effect profile of these compounds is better than that of TCAs, even though mianserin

and trazodone may induce orthostatic hypotension.

BDZs in the elderly should be used with caution. They are the most commonly used

psychotropic drugs among older people [139,140], but their adverse effects, which appear

to increase with age [141,142], limit their benefit in this population. As a consequence,

BDZ prescription should be considered only in case of severe insomnia, agitation, anxiety,

and somatoform symptoms, and when these symptoms have a central role in the overall

depressive picture [111]. The disadvantages associated with BDZ use in elderly patients

include daytime sedation or disinhibition (as paradoxical effect), cognitive and psychomo-

tor impairment, dependency, withdrawal and rebound symptoms, ataxia, dysarthria ver-

tigo, and cognitive toxicity in patients with preexisting cognitive decline [143]. Studies

on elderly inpatients showed that long-term treatments with BDZs represent one of the

most common causes of exacerbation of dementia symptoms. Moreover, the use of BDZs,

even at low doses, appears to increase the risk of hip fracture [131]. All these side effects,

in particular the psychomotor ones, appear to be particularly evident at the beginning of

the treatment and in the first month of continuous use [131,144,145]. BDZs with shorter

half-lives are no safer than agents with longer half-life, and are associated with the devel-

opment of more severe cognitive impairment (e.g., memory deficits), more rapid tolerance,

or more severe withdrawal symptoms than those experienced with long-acting compounds

[146,147].

Clinicians should consider these risks against potential benefits when prescribing

BDZs for elderly patients. These cautions should not be interpreted as if the safest course

of action is always to avoid the use of BDZs, but rather suggest careful appraisal of the

risks associated with their administration. It is necessary to weigh the hazards of not treat-

ing the clinical conditions (e.g., anxiety symptoms, agitation, or insomnia), which are

often substantial. In any case, the prescription of BDZs should be kept at low doses, for

less than 4 months, and should be strictly monitored. Typical geriatric dosages of short-

acting BDZs are the following: oxazepam, 15 to 30 mg/day; lorazepam, 0.5 to 3 mg/day;

temazepam, 7.5 to 15 mg/day; alprazolam, 0.25 to 1.5 mg/day; triazolam, 0.125 to 0.250

mg/day. BDZs without active metabolites and with a short or ultrashort life (oxazepam,

triazolam) are preferable given the potential risk of accumulation phenomena due to the

reduced liver metabolic activity.

The so-called high-potency benzodiazepines (i.e., alprazolam and adinazolam) ap-

pear to be quite promising in the treament of comorbid anxiety–depression conditions,
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since they have been shown to have both an anxiolytic and an antidepressant activity. The

mechanisms underlying this complex clinical profile are not completely known. Alprazo-

lam has been reported to have an effect on corticotropin-releasing hormone (CRH) [148]

as well as noradrenergic properties [149], and both these parmacodynamic properties may

well account for its antidepressant activity.

However, the limit to their use is related to the risk, in some cases, of exacerbating

somatization symptoms, and are not indicated in cases where these features are predomi-

nant in the clinical picture. In addition, the risk of the development of abuse or dependence

in patients treated with BDZs should be always considered and evaluated in the context

of global clinical management. The risk of developing abuse and dependence may be

increased in the elderly for pharmacokinetic changes occurring with aging. However, this

suggestion has not been confirmed by controlled studies and still remains controversial

[150], and recent data support the hypothesis that the development of BDZ abuse and

dependence is mostly accounted for by interindividual differences including clinical and

personality characteristics of the patients [151].

Many clinicians prefer the use of buspirone for the treatment of chronic anxiety in

the elderly [152]. Buspirone does not induce a worsening of depressive symptoms; how-

ever, it is not useful for as-needed prescription in the treatment of insomnia or acute

anxiety because its clinical effect has some latency. On the other hand, as opposed to

what has been described for BDZs, there are few drug–drug interactions and no discernible

drug–alcohol interactions, no potential for tolerance, withdrawal, or serious overdose tox-

icity with buspirone [153].

In conclusion, in the case of mixed anxiety–depressive syndromes occurring in el-

derly patients, it is of critical importance to differentiate between co-occurrence of depres-

sion and anxiety as isolated symptoms (MAD) or full syndromal patterns in order to envis-

age a more rational and targeted treatment. SSRIs, SNRIs, and NASSAs are preferable

to TCAs for efficacy and tolerability profiles both in cases of subsyndromal or syndromal

coexistence of anxiety and depression. TCAs can be chosen in cases with melancholic

features. However, their use should be carefully monitored, particularly when administered

in combination with other compounds, because of the risk of adverse events due to drug–

drug interactions. Moreover, their dosage should be adjusted because their pharmacoki-

netic characteristics are significantly affected by aging.

The use of BDZs should be discouraged in elderly subjects because of the risk of

developing confusion and or agitation. Buspirone may be a suitable alternative. In general,

a rational management of pharmacotherapy in complex comorbid conditions in the elderly

should imply careful attention to the occurrence of drug–drug interaction phenomena (phar-

macodynamic and pharmacokinetic interactions with neuroleptics, neurotropics, or drugs

for other medical conditions) [111,115]. In case of combination treatment with more than

one compound, some side effects may occur despite a good tolerability profile for each

individual medication, particularly in case of long-term treatments.

IV. CONCLUSIONS

A critical review of the literature on the treatment of anxiety–depression syndromes led

to some theoretical and methodological considerations. First of all, there are some contro-

versial issues: for example, whether high baseline levels of anxiety associated with depres-

sion could influence or not the overall clinical outcome [26,35], or whether some com-

pounds with a more specific and selective pharmacodynamic profile (e.g., serotonergic
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vs. noradrenergic) could be more useful than others in treating both anxiety and depressive

symptoms [24]. From a methodological point of view, in many studies published to date

the quality of the association between anxiety and depressive symptoms (full-syndromal

or subsyndromal) has not been specified. The new diagnostic category of MAD as pro-

posed by the DSM-IV opens some questions about incidence, etiology, natural course,

and treatment response. These issues need to be addressed in order to validate this novel

category. Another methodological problem is that most of the studies have been done

according to a cross-sectional design, without adequate follow-up periods. Consequently,

very little is known about the course of the clinical picture and the long-term effect of

the treatments employed. Are SSRIs or other antidepressant compounds actually able to

modify the course of mixed anxiety–depression syndromes over time?

Another important issue is relative to the use of BDZs. These compounds are still

prescribed for anxiety–depression conditions, even though only some of them have shown

some antidepressant activity (e.g., alprazolam) and most of them may exert undesirable

side effects (e.g., depressogenic effects). The role of BDZs in the management of neuro-

vegetative symptoms and insomnia in monotherapy or in combination with antidepressants

is arguable, and the clinician should always evaluate carefully the risk/benefit ratio of a

combined therapy. In some cases, the anxiolytic effect of the antidepressants takes longer

to develop and this may hinder treatment compliance in anxious depression and other

comorbid conditions. In these cases, the use of BDZs may be advisable for the early stages

of the treatment until the clinical effect of the antidepressant compound has been reached

[35]. A meta-analytic study showed some superiority of the combination antidepressant–

BDZ in terms of drop-out rates and clinical response [37]. However, this study did not

elucidate whether the observed advantage of the combination treatment on the global

clinical outcome was only due to its effect on sleep and anxiety, or rather to some synergic

effects on core depressive symptoms. Moreover, none of the trials included in the meta-

analysis lasted more than 8 weeks. Thus, whether a drug combination is more useful than

monotherapy in the treatment of comorbid conditions is still unknown. The monotherapy

with a drug effective in the treatment of both anxiety and depression (as the SSRIs, SNRIs,

and NaSSAs) is generally preferable. The use of one compound as opposed to the use of

combination therapies allows the avoidance of drug–drug interaction phenomena, which

are particularly risky in the elderly.

The fact that the dichotomy between anxiolytic and antidepressant pharmacological

compounds has been definitively overcome appears to be confirmed by the observation

that not only TCAs but also the new antidepressants (SSRIs, SNRIs, and NaSSAs) have

a significant clinical effect on both anxiety and depressive symptoms and syndromes.

A clear advantage of these new compounds in comparison to BDZs is that they

appear to exert an effect on the “core” features of anxiety (the cognitive symptoms and

the behavioral changes), while BDZs have a better effect on neurovegetative and somatic

symptoms. Thus, these new classes of antidepressants represent a critical step forward in

the treatment of co-occurring anxiety/depression compared to TCAs or MAOIs. Further-

more, their pharmacodynamic profile, which implies different degrees of selectivity on

the 5HT neurotransmission systems, points out the critical role of this monoamine in the

pathophysiology of these clinical conditions. Given higher acquisition costs for these new

compounds, formulary directors and pharmacy benefit managers have questioned whether

they produced sufficiently superior clinical outcomes to justify their added expense. Some

studies estimated the overall treatment costs for SSRIs to be no greater (or even lower)



Pharmacotherapy of Mixed Disorders 771

than those for TCAs, given their better tolerability profile and the consequent improved

compliance [154].

Unfortunately, there are more data available on the pharmacological treatment of

full-syndromal comorbid conditions (e.g., MDD and GAD, OCD, or PD) than on the

treatment of MAD. In our opinion, when treating MAD with antidepressants, a conserva-

tive attitude should be kept, particularly when there is no familial loading for anxiety and

depressive disorders, and limited impairment in everyday life functioning.

Low doses of SSRIs, SNRIs, and NaSSAs for 4 to 6 weeks could be effective in

mild and moderate depressive subthreshold situations. On the other hand, when anxiety

and depression are present as full-syndromal disorders, the choice of compound to be

administered, the doses, and the duration of treatment should be based on the assessment

of the most prevalent symptoms. As an example, in case of OCD with a severe secondary

depressive disorder, clomipramine or SSRIs should be preferred to other compounds,

despite the observation that in severe depression a TCA should be preferred to a SSRI

[155].

In conclusion, the association of anxiety with depression is a common clinical expe-

rience in everyday practice. A dimensional approach appears to be more appropriate to

explain the clinical and pathophysiological characteristics of these conditions even though

there are not univocal models to explain the co-occurrence of anxiety and depression in

the same subject. Future studies should focus on a better assessment of the time course

of these conditions, including the long-term response to medication. These observations

will help the understanding of the biological bases of the occurrence of admixture of

symptoms in some clinical situations (e.g., in MAD), and will eventually improve treat-

ment and prevention strategies.
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I. INTRODUCTION

Despite the major progress in the treatment of anxiety disorders in the past decade, there

is still a long way to go. For some of the anxiety disorders, prognosis is still moderate

or even poor. Moreover, even with the current best treatments in practice many patients

recover only partially (i.e., they do not enter remission). A further issue is that all used

treatments have side effects that, although not pronounced, in many cases can limit compli-

ance in a significant proportion of patients. For these reasons, the search for the next

generation of anxiety therapies is currently quite vigorous, especially as now companies

can be reassured that successful treatment for the anxiety disorders will be reimbursed in

all countries in the western world.

II. NEW SEROTONIN-TARGETED APPROACHES TO REDUCING
ANXIETY

The most direct and, some would argue, safest way of designing new anxiolytics is to

build on the finding that serotonin (5HT)-acting drugs are effective anxiolytics. There is

growing and perhaps surprising evidence for the efficacy of the selective serotonin reup-

take inhibitors (SSRIs) on the broad spectrum of the anxiety disorders. However, it should

be remembered that the role of 5HT in anxiety is complex and possibly biphasic [4]. It

is conceivable that drugs that either increase or decrease the effects of 5HT are anxiolytic.

As yet, there are only limited data pertaining to this issue, but one of the more exciting
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recent findings is that the anxiolytic actions of the SSRIs are reversed when 5HT synaptic

concentrations are reduced using the tryptophan depletion paradigm. The procedure and

theory behind tryptophan depletion is discussed in detail in Bell et al. [5]. The technique

has been used to demonstrate that the actions of SSRIs and other 5HT-acting antidepres-

sants are dependent on the presence of 5HT in the synaptic cleft, as relapse is produced

by tryptophan depletion [12].

Interestingly, the next group of patients to be studied with tryptophan depletion were

those with OCD and it was found that the technique did not produce a relapse [31]. We

have just completed a tryptophan depletion study of panic disorder patients who had re-

sponded to SSRI treatment and found that tryptophan depletion led to a relapse, as indi-

cated by increased vulnerability to the panicogenic actions of flumazenil [6]. Preliminary

data suggest that the same is true in social anxiety disorder. Our ongoing studies show

that the anxiogenic response to a social phobic challenge is enhanced after tryptophan

depletion in patients successfully treated with SSRIs.

Taken together, it would appear that the anxiolytic action of the SSRIs in some

anxiety disorders is similar to that in depression in that an elevation in 5HT concentrations

in the synaptic cleft is critical to their therapeutic effect. This fits with the theory of Deakin

and Graeff [11] that 5HT acts to inhibit unconditioned anxiety and suggests that other

ways of increasing 5HT postsynaptic function might also be anxiolytic. To some extent

this is supported by the animal work that found 5HT2C agonists to be antipanic in rats

[26]. Why OCD should be different is not yet known. It may be that the OCD experiments

were not as robust as they could have been, since they did not use anxiety-provoking

challenges during the tryptophan depletion. However, if the finding were to remain true,

one could then argue that downstream postsynaptic mechanisms underlie activity in OCD

and that if these were identified they could give rise to new drug targets.

Another important conceptual issue relates to the mode of action of buspirone. This

is a relatively selective 5HT1A partial agonist that in animal studies acutely inhibits 5HT

neuronal firing. If anxiety is due to excess firing of the 5HT neuronal system, then shutting

down the firing rate would be directly anxiolytic in conditions such as generalized anxiety

disorder (GAD), but it would worsen anxiety in other conditions such as panic disorder

[11]. Interestingly, buspirone itself does not appear to worsen panic disorder but newer

analogs such as flesinoxan, which is a full agonist of this receptor, does increase anxiety

in these patients [60].

However, the inhibiting action of buspirone at the raphe nuclei is seen after a single

dose of the drug whereas, similar to the antidepressants, the therapeutic effects of buspir-

one take a few weeks to emerge. This suggests that other factors may play an important

role. Perhaps, the most obvious target is the postsynaptic 5HT1A receptor, which is found

in high densities in forebrain areas implicated in anxiety such as the hippocampus, septum,

and temporal cortex [49]. Stimulation of these receptors is thought to be responsible for

the therapeutic actions of many antidepressants. It may be that some anxiety disorders

respond in a similar way. There is provisional evidence that in panic disorder these recep-

tors are downregulated as in depression [50]. It is conceivable then that stimulation of

these receptors by an agonist could increase 5HT function and be anxiolytic. The data

with flesinoxan mentioned earlier rather go against this theory but the area is still relatively

young.

Are there any other ways of improving the clinical value of buspirone? One limiting

factor with all the 5HT1A-agonist drugs is that they have a marked first-pass metabolism
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so that poor metabolizers can experience high plasma concentrations that produce unac-

ceptable side effects. One way to overcome this problem is to change the delivery system

and a buspirone patch has been reported in children and is being evaluated in adults [9].

Buspirone may also have a role as an augmentation treatment of SSRI partial re-

sponders. This has been tried in PTSD with some beneficial effect in 11 of 14 patients

[21]. The idea of combining a 5HT1A agonist with an SSRI in the same molecule has also

been explored [33].

Gepirone is an analog of buspirone that is also a partial 5HT1A agonist. It has shown

some efficacy in GAD [47] and panic disorder [44]. The trial by Rickels et al. included

198 patients with GAD and showed that the anxiolytic effect was delayed and more ad-

verse effects were noted compared with diazepam. In contrast, rebound anxiety was not

experienced upon ceasing gepirone, but it was seen in withdrawal from the benzodiaze-

pine. Of interest is the fact that gepirone is also developed for atypical depression, a

condition that is often associated with anxiety.

Flesinoxan was discovered to have a high affinity for 5HT1A receptors during initial

development as a centrally acting antihypertensive. Phase III pilot trials in patients with

panic disorder have shown it to be ineffective. They also show a dose-dependent panico-

genic effect [60]. Preclinical studies of the buspirone analogue MM199 have revealed

anxiolytic properties [15]. Other 5HT1A agonists still in discovery are lesopitron and

eptapirone.

If stimulating 5HT1A receptors leaves something to be desired in the treatment of

anxiety, what about other 5HT receptors as targets (Table 1)?

5HT1A antagonists also have anxiolytic action in rats. A compound, robisartan, is

in trials for depression so it may yet be tested in anxiety disorders. It presumably works

by disinhibiting the cell body and terminal autoreceptors, therefore increasing 5HT in the

synaptic cleft. 5HT1B antagonists would also have the same effect on 5HT transmission.

Since a number of such compounds have been discovered, we may well have clinical trial

data in the next decade.

Deramciclane is a 5HT2C antagonist with anxiolytic properties that is now in phase

III trials. Animal data show that it does not potentiate the effects of alcohol, yet it improves

sleep [7,16]. Another 5HT2C antagonist in development for depression, and possibly for

anxiety, is agomelatine [61]. This compound has both melatonin agonist and 5HT2C antago-

nist properties in the same molecule and shows anxiolytic properties in animal models.

Table 1 5HT Targets for Novel Anxiolytic Treatments

Type of approach Examples Comments

Modify current treatments Modify SSRIs (e.g., adding Questionable efficacy, better toler-

5HT1A/5HT2 blocking) ability

5HT1-receptor antagonists 5HT1A and 5HT1B blockers In depression trials, anxiolytic in

animal tests

5HT2-receptor antagonists Deramciclane (5HT2C) In phase II for depression 2C an-

tagonists; anxiolytic in animal

tests

Agomelatine 5HT2C antagonist � melatonin In clinical trials for anxiety;

agonist works in animal models
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Why the melatonin component should contribute to either the antidepressant or the anxio-

lytic actions is rather unclear, but studies show that the combination of these two actions

produces potentiation of effects.

If the stimulation of postsynaptic 5HT receptors is critical in the action of the SSRIs

in the treatment of OCD, then it is likely that the 5HT2 rather than the 5HT1A subtype is

responsible, given the lack of efficacy of the latter agonists in this disorder. There are no

selective 5HT2 agonists available yet, and indeed such drugs could be hallucinogenic.

However, a beneficial effect has been reported in OCD with the hallucinogen psilocybin,

which has 5HT2-agonist properties [22].

Double-blind reports of trials of the 5HT3 antagonist ondansetron have proved rather

ineffective in GAD [17] and in panic disorder [14,51]. It remains to be seen if another

5HT3 antagonist (zatosetron) may fare better [53].

Finally, we should consider the feasibility of improving on the actions of the SSRIs

in the anxiety disorders. One way would be to remove some of the anxiogenic effects

apparent early in treatment that are particularly problematic in panic disorder. This may

be possible by adding some 5HT2-receptor antagonist activity such as is found in nefazo-

done and mirtazapine. Although neither of these new antidepressants has been extensively

tested in anxiety, they are more beneficial than the SSRIs on anxiety symptoms in depres-

sion, especially in the early phase of treatment [35,36].

III. NEW GABA-TARGETED APPROACHES

New GABA-targeted approaches are listed in Table 2, where a number of different ap-

proaches are considered. Perhaps the most exciting are the GABA-A-receptor subtype

agonists, which are predicted to have very focal actions in the brain and, at least in preclini-

cal tests, show excellent separation of anxiolytic and sedative actions [32,39]. There is

still some debate as to whether the alpha 2 or the alpha 3 GABA-A-receptor subtype

mediates anxiety and it may be that both are involved to differing extents in various forms

of anxiety.

Another potential development is that of making partial agonists at one or both of

these receptors given the emerging utility of partial agonists in many disorders. Support

for the potential utility of GABA-A-receptor partial agonists comes from the early studies

Table 2 GABA and Glutamate Drugs as Potential Anxiolytic Therapies

Type of approach Examples Comments

Subtype selective Pagoclone, α2 and α3 sub- Some positive data in panic disor-

GABA-A-receptor type agonists der; less side effects than tradi-

agonists/partial ago- tional benzodiazepines

nists

Novel GABA modulators Gabapentin Pregabalin Some clinical data; may work on

Ca channels

Neurosteroids Pregnenalones, DHEA ? Development in anxiety stopped

Glutamate antagonists NMDA antagonists Block conditioned anxiety (e.g.

PTSD in animals)

Reduce glutamate release MGLUrl agonists Work in animal models; broad

range of therapeutic indications
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with abecarnil and later ones with pagoclone. Abecarnil was the first new nonbenzodiaze-

pine partial agonist to be tested. It had equivalent efficacy to a benzodiazepine full agonist

in a GAD trial and appeared to have fewer side effects and withdrawal problems [45].

However, the development of this drug was ceased.

Pagoclone is a partial agonist in the same series as zopiclone [24], and has similar

but less pronounced action on sleep to this full agonist [62]. A recent 11C-flumazenil PET

study by our group has confirmed that in humans pagoclone does behave like a partial

agonist because it produces less pharmacodynamic action than lorazepam, despite occu-

pying more brain receptors [30]. We have also shown that pagoclone has some efficacy

in panic disorder [48].

Other GABA approaches include the use of drugs such as gabapentin and pregabalin,

which were developed to be GABA modulators but have since been shown to act on other

systems such as calcium channels. Gabapentin is the earlier drug and has been used as

an anticonvulsant for many years now. There have been positive trials for this in panic

disorder and social anxiety disorder [41,42]. For reasons of potency, pregabalin is now

being studied in these disorders and there is already one positive study in social anxiety

disorder where the higher dose used was effective [25].

One area of new research that peaked in the 1990s was that of neurosteroids. These

are compounds that act at the GABA-A-receptor complex to increase the effects of the

natural transmitter GABA. They are effective anxiolytics in animal models as well as

being anticonvulsant and hypnotic (for a review, see Ref. 18). However, it appears that

the development of the leading compound for anxiety treatment has now ceased and only

an anticonvulsant is currently in clinical trials. Why this should be the case is not immedi-

ately clear, but it may reflect the fact that the broad action of these agents to promote

GABA-A function gives a range of sedative and other side effects.

The potential of glutamate as a target has become obvious in recent years. Glutamate

is the major excitatory transmitter in the human brain and so it is critically involved in

learning and memory, as well as perception and performance. There is evidence that gluta-

mate contributes to the laying down of traumatic memories [38]. Therefore, it may have

a particular involvement in PTSD [40], although it is also likely to be relevant to the

learning of avoidance behavior as seen in panic attacks and social anxiety disorder.

In essence, the glutamate theory of anxiety suggests that the embedding of anxiety

is a consequence of glutamate-mediated learning. In addition, some authorities believe

that simply increasing brain glutamate concentrations will cause anxiety [1]. It is possible

to block glutamate transmission at the key receptor involved in learning and memory (the

NMDA receptor) by postsynaptic antagonists such as dizocilpine (MK801). These drugs,

though, tend to produce problematic alterations in consciousness so they cannot be used

as long-term therapy but they can be contemplated as a short-term/immediate intervention.

Other antagonists with less problematic side effects have now been discovered and one,

memantine, has been used in humans for other indications. It could perhaps be used to

test the glutamate theory of anxiety [43].

The multiple groups of metabotropic G-protein glutamate receptors (mGluR) have

also been explored recently. Animal studies indicate that mGlu5 antagonists, such as 2-

methyl-6-(phenylethynyl)pyridine (MPEP), possess anxiolytic properties [54,56]. Intrigu-

ingly, it is also possible to reduce glutamate function by decreasing release through inhibi-

tion of presynaptic cell activity. One possible way of achieving this would be with a

specific presynaptic glutamate agonist that acts on the glutamate autoreceptor. One such

compound appears to be the mGlu2/3 receptor ligand LY354740. It has shown to have
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Table 3 Peptides

Type of approach Examples Comments

CCK 4 antagonist PD9 ? Clinically effective

Antistress agents CRF antagonist Animal tests positive; under trials for de-

pression

Substance P antagonists (NK1- MK 869 Reduced anxiety in depression trials

receptor antagonists)

NPY agonist is anxiolytic None as yet Hard to make orally active drug

activity in a number of animal models in which anxiety is prominent, including drug and

alcohol withdrawal and conflict tests [27,52]. As there are many other potential indications

for this sort of compound, including schizophrenia, the field is one that is likely to grow

and it may soon be possible for clinical trials in anxiety to start.

IV. PEPTIDE ANTAGONIST TREATMENTS

A number of peptides have been involved in the brain mechanisms of anxiety (Table 3).

The best-studied neuropeptide in anxiety is cholecystokinin (CCK). The tetrapeptide CCK-

4 and the synthetic pentapeptide pentagastrin can be used to provoke anxiety in human

volunteers and, in lower doses, in patients with panic disorder. Patients with social anxiety

disorder show an intermediate sensitivity [13,57]. These actions of CCK-4 are attenuated

in patients treated with effective antipanic medications [58]. Taken together, these data

were very exciting and suggested that the CCK receptor or endogenous CCK might have

a causal role in panic disorder. Based on these theories, several companies made high-

affinity antagonists but unfortunately none of the first-generation CCK antagonists, such

as CI 988, proved to be effective in panic disorder [59], although they were able to block

the anxiogenic actions of CCK-4 itself. There was also a negative trial in GAD [2]. It is

possible that pharmacokinetic problems, especially poor brain entry, might have contrib-

uted to the poor therapeutic response. Until a compound with good brain entry is discov-

ered and tested, the value of this approach in treating anxiety should remain open.

One of the more exciting areas of research in depression is the search for peptide

therapeutics that will attack depression at its presumed source—the central and peripheral

stress axis. Corticotropin-release factor (CRF) is one, if not the main, hormone-mediating

stress in the brain. CRF production in the nervous system is increased by stress and if

CRF is injected into the ventricles of animals it produces many of the behavioral effects

of stress. For nearly a decade now, we have known that blocking central CRF receptors

could reduce stress-related behavior in animals, although these experiments initially relied

on directly injecting a peptide analog of CRF (α-helical CRF) or antisense to CRF directly

into the brain [29]. More recently, stable small-molecule antagonists have been discovered

and studies with these have confirmed that central CRF mediates many of the behavioral

responses to stress in animals (for review, see Ref.20).

One CRF antagonist, the R121919 compound, has been put into pilot trials of human

depression with initial promising results [63]. The trials were, however, terminated due

to safety concerns, not related to the hormonal actions of the drug. New compounds are

in the pipelines of many drug companies so this finding may soon be replicated. Although
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depression is the primary target of these new compounds, it seems that the anxiety disor-

ders, especially those with established cortisol abnormalities, such as PTSD, might also

be potential targets.

Other peptide antagonists, especially the substance P (NK1 receptor) blockers, have

caused a lot of excitement in recent years with the finding that MK869 was effective in

depression [3,28,37]. Animal data have revealed substance P to play a role in anxiety-

like behavior, depending upon dose and brain region [23]. In the MK 869 depression trial,

which was a randomized, placebo-controlled, double-blind comparison with paroxetine

in patients with major depression and moderately high anxiety, both drugs significantly

improved depression compared with placebo. From week 4 onward, both agents also re-

duced anxiety, as measured on the Hamilton anxiety scale (HAMA), significantly more

than placebo [28]. It appears that the pharmacokinetic properties of this drug mean that

it is not an ideal medication. That this research program has not yet come to fruition as

a more potent homolog is being tested currently. Therefore, with this compound, resolving

the issue of whether NK1-receptor antagonists will prove to be a new class of anxiolytic

is still some time away.

However, in light of the exciting findings with MK869, many pharmaceutical com-

panies have produced high-affinity antagonists with high selectivity for the NK1 receptor.

Some of these have been tested in anxiety disorders such as social anxiety disorder as

well as in depression, but as yet there are no data in the public domain.

Neuropeptide Y (NPY) is colocalized in the central nervous system (CNS) with

norepinephrine and it may act in part to modulate the actions of this neurotransmitter.

There are a great deal of data linking norepinephrine to anxiety [10,34], but little interest

in the development of new direct-acting antinorepinephrine agents. For this reason, NPY

might offer a novel way to indirectly downregulate noradrenaline transmission and thus

reduce human anxiety [19]. There are three subtypes of NPY receptors the Y-1, 2 and 3,

with Y1 being the one most likely related to anxiety. There have been attempts to evaluate

NPY function in humans using plasma levels as a proxy for those in the brain. These

studies of NPY levels in anxiety disorders have yielded conflicting results [8,55], but a

link with norepinephrine has been found in that an increase in norepinephrine release also

increases NPY levels in plasma [46]. Making a NPY agonist that is orally active is a

challenge, which may explain why there are no reported NPY drugs yet in development.

V. CONCLUSION

The quest for new improved anxiolytics has gathered pace in recent years. Various ap-

proaches have been employed in the attempt to produce effective and better-tolerated

drugs. Researchers and the industry have tried to capitalize on the success of the SSRIs.

The insights that this group of compounds provided into the nature of anxiety have allowed

for theorization and design of drugs acting on specific 5HT-receptor types. The success

has been limited so far, but a number of promising drugs are currently undergoing trials.

Further, better understanding of the neurobiology of the inhibitory neurotransmission in

the brain through GABA prompted the research into compounds acting either on specific

subunits of the GABA-benzodiazepine receptor complex or as partial agonists to this re-

ceptor. These drugs promise to be devoid of the dependence and abuse potential of the

classical benzodiazepines, but this is yet to be fulfilled.

New approaches have also flourished. Drugs affecting the excitatory glutamate neu-

rotransmission have shown great promise in animal studies. Finally, drugs interacting with
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a variety of neuropeptide receptors, notably those of cholecystokinin, CRF, and substance

P, are extensively investigated. It is hoped that at least one of the above approaches will

be fruitful and eventually lead to the new generation of anxiolytics.
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I. AIMS AND METHODS

Standardized methods of examination are used in psychiatry to assess objectively and, in

some cases, quantify psychopathological phenomena and other clinically relevant do-

mains, making it easier to communicate, verify their status, and analyze statistically [1,2].

They are essential to develop models of psychopathology.

Major areas in which standardized procedures are applied in psychiatry include the

following:

Cross-sectional quantitative description of psychopathological abnormalities.

Assignment by a standardized method of individual cases to diagnostic categories.

Quantitative assessment of change over time in psychopathological abnormalities

(with or without therapeutic interventions).

Standardized measurement procedures can be categorized on the basis of their methodolo-

gies into standardized assessment instruments, systematic behavioral analysis, and objec-

tive tests in the narrower sense of the word [3]. The terms standardized assessment instru-

ment or rating scale are applied to structured methods of assessing current and/or past

behavior and/or experience, based on lists of characteristics and, in some cases, descrip-

tions of these characteristics. The extent of standardization varies from a simple list of

symptoms filled in on the basis of a freely structured exploratory interview to semi- or fully

structured interview schedules. These standardized assessment procedures are especially

suitable to examine the full spectrum of psychiatric symptomatology; in addition, as they
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are less restrictive than other procedures, they are particularly practicable. A variety of

interview schedules are available and in general use.

Because they are very practicable, rating scales are often preferred to other methods

if the results of patient examinations are to be documented in the context of routine profes-

sional care. They are also frequently applied in clinical psychiatric research, such as clini-

cal trials of drugs, studies of longitudinal course, in routine clinical documentation, or in

epidemiological studies [4,5], even though, in terms of their level of precision, standard-

ized assessment measures are methodologically inferior to objective tests and systematic

behavioral analysis.

II. SCALE CONSTRUCTION, SCORING METHODS
AND QUALITY CRITERIA

Standardized methods of assessment, or rating scales, allow description in terms of numeri-

cal values of psychological abnormalities of various characteristic forms [6]. Different

measurement scales allow the degree of abnormality to be quantified to varying extents.

In the simplest instances, such as symptom checklists, scales simply allow for a rating of

0 or 1 to be made for each symptom or complex of symptoms, indicating whether or not

it is present. More precise assessment becomes possible if the construction of the scale

allows the severity of phenomena to be described using a scale consisting of a series of

levels. As there is a danger that different assessors will base their evaluations on different

standards, it is important to establish a framework for the assessment by providing anchor

points (e.g., by giving examples of situations that would be characteristic for each point

on the scale). Overly detailed assessment using an excessively broad scale is not meaning-

ful, as differences at the extreme end of the scale cease to reflect real and significant

variations in the phenomena being examined, so that the differentiations being made are

not real ones.

In some assessment instruments, the values at which points on the scale are fixed

may be varied as required, so that a scale may be constructed that is as finely differentiated

as required; examples include visual analog methods of assessing subjective well being

[7]. As the measurement of psychological phenomena is essentially imprecise, a relatively

coarse scale is usually adequate, especially for comparisons between individuals (Fig. 1).

Figure 1 Correlations of different scales during the course of antidepressant treatment

(n � 25). (From Ref. 9.)
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A fine scale may have advantages for intraindividual comparisons. However, any improve-

ment in measurement precision will generally be achieved not by refining the construction

of the scale, but rather by improving methods of measurement [8].

The values for characteristics that belong together (e.g., individual symptoms within

a syndrome) can be combined to produce a summary score. The extent to which character-

istics belong together to make up a syndrome is determined during the process of test

construction (see below) by applying multivariate statistical procedures such as factor and

cluster analysis. In some cases, before adding together the figures for each characteristic

to produce a summary score, these figures will be weighted to indicate the relative impor-

tance of each characteristic within the syndrome. However, if the characteristics have been

shown to be relatively independent, theoretical or practical justification is required for any

such summation [10].

Measures of psychopathology obtained from standard rating scales generally have

the level of measurement of ordinal scales (i.e., they give only a rank order and do not

possess the measurement level of an interval scale in which there are equal intervals be-

tween points on the scale). A fundamental problem in measurement is that measurement

instruments with more detailed scales and higher levels of precision tend to bring with

them greater restrictions regarding the phenomena that can be measured. This normally

means that increasing quality of measurement is accompanied by increasing abstraction

from the theoretical or conventional understanding of the characteristic that is the starting

point (the reliability/validity dilemma).

Standardized assessment instruments should meet as far as possible the following

quality criteria derived from test theory [11–13]:

1. Objectivity: The results should not depend on who carries out the assessment

and analyzes the results. Procedure, analysis, and interpretation should be stan-

dardized so that, as far as possible, the same results are obtained regardless of

who administers, analyzes, or interprets the instrument.

2. Reliability: This refers to the reliability with which a standardized assessment

instrument records a characteristic. When the measurement is repeated, the same

result should be obtained.

3. Validity: This is the extent to which the instrument records what it is intended

to record. The connection between the results of measurement and any external

criteria available for assessing what is to be measured should be as close as

possible.

4. Establishment of norms: Reference values for different clinical groups and vary-

ing groups of normal probands and, where applicable, a representative sample

of the general population should be available.

5. Practicability: The amount of resources required for administering standardized

assessment instruments in terms of time, staff, and material should be as low

as possible.

While for psychometric tests in the narrower sense the availability of norms is

largely taken for granted, this has been approached with a great deal less rigor for clinical

rating scales. Thus, there are only a few psychopathological scales that include norms

from representative samples of the general population. Most of the clinical evaluation

scales are limited to reference values available for particular diagnostic groups. Referring

to such norms or, more precisely, reference values has a substantial impact on the interpre-

tation of results. For example, moderately high scores for the domain of paranoid syn-
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dromes have quite a different significance from moderately high scores for depressive

symptoms or anxiety symptoms in that depressive and anxiety symptoms are common in

the general population, whereas paranoid symptoms are not.

In producing norms for a standardized assessment instrument, the usual starting

point is the normal distribution of values. There has to be a relation to the normal distribu-

tion in order for it to be possible to derive confidence intervals (see below) and to apply

particular statistical tests, such as Pearson’s product moment correlation. Two values need

to be known to characterize a particular normal distribution: (1) the mean of all scores

obtained for the test and (2) a measure of the extent of dispersion of these values, generally

expressed in the form of standard deviation. Once these values are known, the standard

properties of the Gaussian (normal) distribution allow the proportion of subjects who will

have a particular test score to be calculated. Thus, for example, 68% of patients will have

a test value that falls within 1 standard deviation either side of the mean, and around 95%

a value that is no more than two standard deviations from the mean. On the basis of the

norm values, it will therefore be possible to calculate where a proband’s score lies in

relation to a reference population (Fig. 2).

Norm values for a particular test can be straightforwardly expressed by giving the

mean and standard deviation. Once this information is available, a statement may be made

about the position of the proband in relation to the reference population. However, a

disadvantage of referring to the numerical value of the standard deviation for a particular

test is that it is difficult to compare the results obtained by a particular proband for several

different tests. To allow comparisons of this sort to be made, a z-value can be calculated;

this is the result obtained on a particular test expressed in terms of units of the standard

deviation for that test. Results obtained by a particular proband in different tests may also

Figure 2 Relationship between some frequently used standardized scales and the nor-

mal distribution curve. (From Ref. 6.)
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be compared using percentage rankings, by specifying for each test what proportion of a

reference population has higher or lower scores for the test.

Various empirical methods may be used to test whether the test quality criteria

specified above have been met. Appropriate ways of examining the reliability of a test

include test–retest reliability, inter-rater reliability, the split-half correlation coefficient,

and internal consistency. To determine test–retest reliability, the same test is given to the

same group of people at two different time points. The time between the two applications

of the test depends on the interval to which the test is intended to apply. For tests in which

the aim is to record enduring personality traits, an interval between applications of the

test of between 14 days and 1 year is recommended. For tests where the aim is to record

rapidly fluctuating characteristics (such as mood or subjective well-being), a time span

between several minutes and a few hours is appropriate. Ideally, identical results should

be obtained for each measurement, but of course this is not the case in practice, as measure-

ment errors necessarily occur (related to strong influences caused by the test situation,

practice effects, etc.). The correlation between the two values gives the test–retest reliabil-

ity coefficient. Deciding whether the reliability of a test is sufficiently high depends very

much on the purpose of administering the test [11,14,15]. As a rule, a reliability coefficient

in excess of 0.8 is required. Methods for which the test–retest reliability is below 0.5 are

not generally useful. The measurement accuracy of a test may be different for different

diagnostic groups (differential reliability).

Several different procedures also exist for determining the validity of a test (e.g.,

examination of consensual validity, predictive validity, construct validity, and content

validity). Consensual validity is determined by correlating the results of applying the tests

to a sample of probands with comparable data obtained by methods other than the applica-

tion of the test (external criteria). For example, results for the test may be correlated with

corresponding scores obtained for the same subjects for another test examining the same

psychological characteristics. Whereas with consensual validity test values and external

criteria are measured at the same time, predictive validity is determined by investigating

whether events predicted on the basis of the test results have actually happened. A classic

example is the correlation of test results from an intelligence test with assessment at a

later date of actual success at school.

A requirement that needs to be emphasized is that following translation of a scale

from one language into another, new validity tests must be carried out with the translated

version. This is also true if the scale is modified in any way.

III. STANDARDIZED RATING SCALES FOR THE DESCRIPTION
OF DEPRESSION AND ANXIETY

Anxiety and depression scales represent one of the central methodological approaches in

clinical research of depression and anxiety (Fig. 3).

Standardized assessment scales relate to past or current behavior and experience.

The extent of psychological abnormalities is rated using fixed scales. These rating scales

may focus on a single aspect (e.g., anxiety—unidimensional scales) or on several as-

pects—multidimensional scales) of psychopathology. For each aspect of psychopathol-

ogy, assessment may be based on a global rating or on different elements within the aspect

being assessed (e.g., on individual symptoms of the depressive syndrome). In this latter
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Figure 3 Mean values and standard deviations of the total scores of HAM-D. (a) 21 items

and AMS (b) von Zerssen self-rating scale for two treatment groups over an 8-week double-

blind period. (From Ref. 16, courtesy of Elsevier Science.)

case, the overall score on the instrument is obtained by adding together values for these

different elements.

The level of standardization of standardized assessment scales falls between that of

unstructured clinical assessment and that of objective tests. In some of these instruments,

standardization is limited to providing guidelines describing items and the categories used
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for assessing them and to specifying a method of analysis (generally one or more summary

scores are calculated). In other scales, a time frame is also stipulated for the assessment,

and in some the framework in which observation takes place is also fixed. In the latter

case, the instrument is referred to as a fully structured or standardized interview. Generally,

the more extensive the standardization procedures, the greater the reliability of an assess-

ment instrument. However, a highly standardized instrument tends to become less practi-

cable.

Particularly for the simpler rating scales, inter-rater reliability for observer-rated

instruments can be improved by systematic joint training of the raters [17]. In principle,

fully structured interview methods with extensive individual interviewing ought to produce

high inter-rater reliability and, therefore, they have particular advantages in multicenter,

multinational studies in which great discrepancies need to be taken into account not only

in terms of how mental states are assessed, but also in the psychiatric interview techniques

used.

Standardized assessment instruments may be classified on the basis of who carries

out the assessment into self-rated and observer-rated instruments. In observer-rated instru-

ments, psychopathological abnormalities are identified by trained assessors (e.g., doctors,

psychologists, care staff, lay people trained to administer the instrument) or by significant

others (e.g., partner, relatives, friends). The assessment concerns the behavior and/or expe-

rience of the patient and is based on the assessor’s own observations and/or information

given by the patient. Observer-rated scales need to be constructed so that they are appro-

priate to the level of training of the particular types of interviewer to be involved in their

administration.

On the basis of multivariate statistical analysis (factor and cluster analysis), the data

obtained from administering rating scales may be used to derive factors. These factors

identify groups of individual symptoms that tend to occur together. If we consider that

the term “clinical syndrome” generally refers to a group of symptoms that frequently occur

in combination, it then becomes apparent that the factors extracted from rating scales

relating to mental state are conceptually identical to clinical syndromes.

For some well-developed observer-rated scales, it has been shown that the factor

structure also remains relatively stable across different studies, and for many of the factors

this is true even with repeated measurements in the course of treatment [18–20]. This

invariability of the structure of factors across different samples and time points is an

important aspect of the validity of a scale (factorial validity). Different psychiatric diagnos-

tic groups are reflected in different characteristic syndrome profiles when rating scales

are applied [21].

It is important to bear in mind that identically named syndromes from different

scales may vary greatly in terms of the items included, and the correlation between analo-

gous syndrome scores is not always very great. As scales that measure the same domain

(e.g., depressive symptoms) sometimes focus on different aspects of this domain [22],

certain questions may be best addressed by using a combination of them.

When observer-rated instruments are administered by professionally trained observ-

ers, it is usually assumed that, in making the rating, the observer decides how much weight

to put on the information the patient gives (e.g., an observable improvement in general

behavior and demeanor is taken into account in the rating even if the patient gives no

clear report of this improvement). An advantage of this expert assessment is that it reduces

the scope for inaccurate assessments resulting from the distortions in patients’ perception

of themselves; on the other hand, it introduces the danger of distortions that are related
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to the assessment (rater bias). Systematic distortion in the assessor’s observations [23]

can result from the following factors in particular:

1. Rosenthal effect: The assessor’s expectations influence the result of the assess-

ment.

2. Tendency on the rater’s part to systematically over- or under-rate the degree

of disturbance.

3. Halo effect: The result of assessment of one characteristic is influenced by the

rater’s knowledge of the subject’s other characteristics or by the overall impres-

sion made by the subject.

4. Logical errors: The result of the assessment is influenced by the assessors re-

porting only those detailed observations that make sense to them in the context

of their theoretical and logical preconceptions.

These errors may be partially compensated for by combining observer-rated scales

with self-rated scales [3,9,24]. In self-rated instruments, patients can themselves classify

past or current behavior and experience on the basis of fixed rating scales. Self-rated scales

have the further advantage that their use is very economical for the assessor and eliminates

observer bias. However, their use also introduces the disadvantage that conscious or un-

conscious tendencies to falsify responses (e.g., tendencies to exaggerate or conceal symp-

toms, the positive response bias, social desirability effects) will have a greater impact on

patients and are only partially detectable through use of control scales (so-called lie detec-

tor scales).

Apart from a few scales measuring current mental state which, as with the Self-

Report Symptom Inventory (SCL-90), record a very broad spectrum of psychopathological

symptoms, most self-rated scales focus on specific aspects of disturbance of subjective

experience (Table 1). Examples are inventories of physical and systemic complaints

[25,26], depressive symptom scales [26–28], or measures of general subjective well-being

Table 1 Examples of Clinical Self-Rated Procedures

Domains Procedure Abbreviation Refs.

Global psychopathology Self-Report Symptom Inventory SCL-90 30

SCL-90R 31

Depression Depressivitäts-Skala (De- DS 26

pressive Symptom Scale)

Befindlichkeits-Skala (Mental Bf-S 26

State Scale)

Beck Depression Inventory BDI 32

Anxiety disorders Self-Rating Anxiety Scale SAS 33, 31

State-Trait Angst-Inventar STAI 34

(State-Trait Anxiety Inven-

tory)

Obsessive-compulsive Hamburger Zwangsinventar HZI 35, 36

symptoms (Hamburg Compulsive Inven-

tory)

Alcoholism Münchner Alkoholismustest MALT 37

(Munich Alcoholism Test)

Source: Ref. 6.
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[26,29]. One of the advantages of this approach is that the quantity of items is limited, a

particular strength where severely disturbed psychiatric patients are concerned.

However, very precise differentiation between different aspects of “subjective state”

probably is not generally meaningful [38] in contrast to the detailed measurement of psy-

chological disturbances that may be made by observer assessment. In fact, where results

from clinical self-rated scales are compared with observer-rated scales administered by

specialists, it seems that the various dimensions of the subjective state that self-rated in-

struments describe are more similar to one another than the different aspects of psycho-

pathology delineated by clinical observer-rated assessments.

The level of agreement between self-assessment and observer assessment is variable

and depends, among other things, on the type of disturbance and on symptom severity

[39–42]. Thus, for example, where depressive symptomatology is severe, as at the time

of inpatient admission, agreement is substantially more limited than after partial remis-

sion of symptoms at the time of discharge. This is probably connected with greater limi-

tation of the capacity for self-observation among the severely depressed, and probably

also with the fact that observers tend to recognize very severe depressive symptoms on

the basis of nonverbal evidence to a greater extent than with less severe depressive symp-

toms, where the patient’s verbal reports are more important. Compared with patients with

endogenous depression, those with neurotic depression show a greater tendency to over-

state their symptoms. Degree of agreement between self-rating and observer rating is sub-

stantially greater for the amount of change, as measured in longitudinal studies (e.g., in

the context of treatment studies), than when psychopathological phenomena are recorded

at a single cross-sectional time point [24,43] (Fig. 4).

Multi-methodological diagnostic procedures in which a combination of self-rated

and observer-rated scales is applied [5,44] offer the best guarantee of satisfactory descrip-

tion of both subjective and objective psychopathological state.

Measures of subjective well being are of particular interest in the area of treatment

assessment, particularly visual analog scales that measure current disturbances of psycho-

logical well being and lend themselves especially well to repeated measurement. These

methods allow a very good description at the self-assessment level of response to a thera-

peutic intervention. Modern methods of statistical analysis, such as some of the procedures

developed for time series analysis, allow satisfactory analysis of such data [9,24,45,46].

A full discussion of such approaches is presented by Morley [47].

IV. SOME FREQUENTLY USED OBSERVER RATING SCALES
FOR DEPRESSION AND ANXIETY

A. Hamilton Depression Scale

The Hamilton Depression Scale (HAM-D) [48,49] became one of the first observer rating

scales for depression to gain worldwide acceptance, although its weaknesses are increas-

ingly criticized (see below). The original version of this scale contains 17 items, later

versions 21 or even 24. The formulation of the items is not always precise enough, and

is considerably worse than in the Montgomery-Asberg Depression Rating Scale [50], for

example. Additional information from relatives and friends, etc., can be considered in the

rating. In addition to the possibility of calculating a total score, it is also possible to

calculate factor scores during the final analysis [48]. However, there is no uniform solution

since the results of factor analytical evaluations resulted in solutions of two to six factors
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Figure 4 Two responders (a, b) and two nonresponders (c, d) under antidepressant ther-

apy as assessed by psychiatrist ratings (HAM-D) and self-ratings (AMS). (From Ref. 9.)

[48,49,51]. The inter-rater reliability can be seen as very high, at least on the level of the

total score [48,52]. The correlation with the Clinical Global Impression of the depres-

sivity indicates the validity of the scale [53], as does the sensitivity for the recording of

antidepressant-induced changes, which has been demonstrated in numerous antidepressant

studies. Reference values for various clinical samples are available.

However, some further problems of the scale still remain unsolved, for example,

concerning the content. The scale does not record certain diagnostically specific areas that

are partially depicted in other depression scales and therefore proves to be unsatisfactory
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Figure 4 Continued

for a differentiated diagnosis of depressive disorders, particularly under the aspect of a

differential diagnosis. As concerns the content, it is questionable whether the characteristic

“daytime fluctuations” makes a difference in the sense of a higher depression score. This

can lead to contradictions in the diagnosis of the course of the disease in view of the

clinical experience that the most severe endogenous depressions often show no daytime

fluctuations at first and that these only occur upon improvement of the severe depressive

mood. The fact that sleep disorders are depicted with eight items leads to an efficacy bias

in favor of sedating/sleep-inducing antidepressants in antidepressant studies.

The scale was subjected to a critical test-theoretical analysis in order to investigate



800 Möller

its homogeneity and the stability of the factor structure in repeated measurements during

treatment [20,54,55]. On the basis of this analysis, it was modified to the Bech-Rafaelsen

Melancholia Scale (BRMES) [54,56], which consists of 11 items, six of which are from

the original scale.

B. Bech-Rafaelsen Melancholia Scale

As mentioned above, the Bech-Rafaelsen Melancholia Scale was constructed on the basis

of an analysis of the HAM-D. The analysis used Rasch’s Probabilistic Test Theory [54],

which showed six items of the HAM-D to be suitable. In addition, another five items from

the Cronholm-Ottosan Depression Scale [57], which also cover the aspect of “depressive

retardation,” were incorporated. The BRMAS Mania Scale by the same authors was simi-

larly constructed for use in mania.

The scale consists of the following 11 items: decreased motor activity; decreased

verbal activity; retardation (intellectual); anxiety (psychic); suicidal impulses; lowered

mood; self-deprecation; retardation (emotional); sleep disturbances; tiredness and pains;

work and interests. Unrotated factor analysis performed by Chambon et al. [58] showed

that the first factor was a general factor. After varimax rotation, the following structure

emerged: aspects of retardation, asthenia, anxiety, depression, and suicidal thoughts. Using

Rasch models for testing whether the BRMES measures a dimension of severity of de-

pressive states, it was found [59–62] that the sum total of the 11 items is a sufficient

statistic. A BRMES score of 0–5 means no depression; 6–14 minor; and of 15 or more

major depression [63]. A score of 15 or more on BRMES corresponded to DSM-III major

depression [64]. The comparison to the HAM-D has shown correlation coefficients around

0.90 [65,66]. When comparing the HAM-D, the Montgomery-Asberg Depression Rating

Scale (see below), and the BRMES, it was found that the BRMES was superior to the

other scales in measuring sensitivity to change during antidepressive therapy [60,61]. In

terms of Spearman correlation coefficients, the range of inter-observer reliability of the

BRMES total score varied from 0.80 to 0.90 when several Scandinavian raters participated

in joint rating sessions [65].

A substantial advantage that is offered by the BRMES in comparison to other depres-

sion scales is that it can be employed in conjunction with the BRMAS in long-term studies

of bipolar disorder, and thus permits comparable evaluation of both manic and depressive

episodes.

C. Montgomery-Asberg Depression Rating Scale

Although the HAM-D is still widely accepted, the Montgomery-Asberg Depression Rating

Scale (MADRS) [67] is becoming increasingly important thanks to its conciseness and

particularly to its better definition of characteristics. The aspect that the scale was con-

structed according to the principle “sensitivity to change” is of advantage for treatment-

related studies.

The scale includes the following 10 items: apparent sadness; reported sadness; inner

tension; reduced sleep; reduced appetite; concentration difficulties; lassitude; inability to

feel; pessimistic thoughts; suicidal thoughts. The scale is supposed to include the main

symptoms of depressive illnesses, even if certain important areas (e.g., psychomotor retar-

dation, tendency to somatize) have been omitted as a result of the method of item selection

[68]. Overall, the factor analyses and correlations with the Hamilton scale (in particular
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with the various subscales) show that the MADRS covers more purely psychological

symptoms than the HAM-D (see also Refs. 67,68).

Schmidtke et al. [50] used a heuristic procedure in which they subjected the correla-

tions between individual item scores (calculated from the raw scores after dichotomization

of the items according to various criteria such as less than the mean � 0/ � � mean �

1; 0 and 1 � 0, 2 and 2 � 1; (see Ref. 59) for 57 different patient ratings by MADRS

and the HAM-D conducted by the same physician to a main axis factor analysis with

varimax rotation. The analyses all show that, despite the methodological limitation that

still pertains because of the similar calculations of the various factor analyses, the MADRS

items do not represent a unidimensional scale. Four-factor solutions accounting for 51 to

54% of the total variance in all analyses proved relatively stable. In these analyses, the

aspects covered by the MADRS items were classified under the headings sadness/pessi-

mistic thoughts, inner tension, inability to feel, and reduced appetite.

In the construction studies, the sensitivity to change was claimed to be better than

that of other procedures used simultaneously (e.g., Refs. 69,70). In later studies, the sensi-

tivity of the MADRS for differences in the severity of depression [68] and changes in the

symptoms of depression was again shown to be good [50,71,72].

Reference values of several clinical samples are available [50,59]. The inter-rater

reliability has been given for different samples as 0.89 to 0.97 [67,69].

D. Hamilton Anxiety Scale

A number of symptoms that can be observed in association with anxiety states have been

collected for the Hamilton Anxiety Scale (HAM-A) [73–76]. Thirteen symptom groups

have been put together, and complemented by a fourteenth variable, namely the patient’s

observable behavior during the interview. The 14 groups of symptoms measure either

psychic or somatic effects of anxiety and are as follows: anxious mood; tension; fears;

insomnia; intellectual; depressed mood; somatic (muscular); somatic (sensory); cardiovas-

cular symptoms; respiratory symptoms; gastrointestinal symptoms; genitourinary symp-

toms; autonomic symptoms; behavior at interview.

A factor score is calculated for both the symptom groups assessing somatic anxiety

and the symptom groups assessing psychic anxiety (scores 1 and 2, respectively). The

total raw score (score 3) can be taken as a measure of the patient’s anxiety and makes it

possible to compare groups receiving different treatments. Hamilton gave a very high

coefficient of correlation for the inter-rater reliability, namely, 0.89 (following z transfor-

mation of the mean of the correlations between three raters).

E. Anxiety Status Inventory

The Anxiety Status Inventory (ASI) [77–79] records anxiety as a common symptom of

various psychiatric disorders. The inventory includes 20 items, whereby items 1 to 5 and

20 refer to affective and items 6 to 19 to somatic symptoms of anxiety. The observer

rating scale ASI was developed to supplement the Self-Rating Anxiety Scale (SAS) to

assist the clinical evaluation of pathological anxiety conditions.

In a study by Zung [78], 22 patients with a diagnosis of anxiety disorder demon-

strated a significantly higher (p � 0.05) average ASI score than 187 patients with other

psychiatric diagnoses (schizophrenia, depressive disorders, personality disorders, transient

situational disturbances), whereas the Taylor Anxiety Scale [77] could not show any sig-

nificant difference.
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F. Liebowitz Social Anxiety Scale

The first clinician-administered scale developed for the assessment of fear and avoidance

associated with social phobia was the Liebowitz Social Anxiety Scale (LSAS) [80]. The

LSAS assesses a wide range of both social interaction and performance/observation situa-

tions that are rated for degree of fear/anxiety and frequency of avoidance. It has been

widely used in studies of the pharmacotherapy of social phobia. The LSAS shows a high

degree of convergent validity with other measures of social phobia, such as the Social

Interaction Anxiety Scale [81], the Social Phobia Scale [81], etc. Also other psychometric

variables related to validity and reliability are satisfactory.

G. The Panic and Agoraphobia Scale

The Panic and Agoraphobia Scale (PAS) [82] was developed to determine the severity

of panic disorder with or without agoraphobia and to monitor treatment efficacy in psycho-

therapy and drug treatments. The scale has 13 items and is divided into five subscores

(panic attacks, agoraphobic avoidance, anticipatory anxiety, restriction of activities and

quality of life, and worries about health). The scale is also available as a self-rating version,

which consists of identical questions. The test–retest reliability of the observer-rated ver-

sion is r � 0.73. Both the observer-rated and self-rated version have satisfactory validity.

V. SOME FREQUENTLY USED SELF-RATING SCALES
FOR ANXIETY AND DEPRESSION

A. Paranoid Depression Scale

The Paranoid Depression Scale [26,83,84], which is available in two parallel forms, is

composed of 43 items. It records the degree of subjective impairment by emotional reduc-

tion of the type anxious-depressive mood—these items are also on a separate depression

scale—as well as a distinct cognitive dimension to determine a distrusting attitude and

whether the subject is out of touch with reality. In addition, there are eight control items

to measure disease denial and three items to assess motivation.

The values of the individual items are summarized as factor values. Among others,

correlations of the paranoid scale with the criterion of the affiliation to a group of schizo-

phrenic patients, correlations of the depression scale with the criterion of affiliation to a

group of patients with depressive mood, correlations with relevant factors of other scales,

and sensitivity in the recording of therapy-induced changes indicate the validity. The de-

pression scale is also available as a separate scale, with 16 items, without the items of

the paranoid scale. Norm values are available for a representative sample of the general

population in the former West Germany, as well as reference values for various clinical

groups (physically ill, mixed psychiatric groups, individual psychiatric diagnosis groups).

B. Beck Depression Inventory

Another frequently used self-rating scale is the Beck Depression Inventory [27,85], which

was originally developed as an observer rating scale. It has 21 items and is still widely

used. It has a special focus on cognitive aspects of depression, which might explain the

fact that it is preferentially used in the context of psychological treatments, while the

application in psychopharmacological studies is seldom. The psychometric criteria with

respect to reliability and validity are satisfactory [86].
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C. State-Trait Anxiety Inventory

The State-Trait Anxiety Inventory (STAI) is an inventory for evaluating two different

components of anxiety [34,87,88]. One scale (scale 1) is designed to measure state anxiety

and the other (scale 2) to measure generalized (trait) anxiety. Depending on the purpose

to which they are being put, both scales can be used on their own or together. Scale 1

assesses a relatively stable personality trait and is thus neither time nor situation dependent.

It provides an evaluation of the person’s state at the time of testing. However, if the

instructions are altered, scale 1 can also be used to assess state anxiety in any specific

situation provided that the subject can bring to mind the situation in question and is willing

to cooperate with the tester.

The total scores for scales 1 and 2 are calculated for each subject as measures of

state and trait anxiety, respectively. The correlations with the IPAT anxiety scale, the

Taylor Manifest Anxiety Scale (TMAS), and the Zuckerman Affect Adjective Checklist

(AACL) are high (between 0.75 and 0.84). Studies on construct validity in which the

scale was administered repeatedly under different conditions have shown point-biserial

correlations of r � 0.60 and r � 0.73. Test–retest reliability is reported for trait as r �

0.84 and state r � 0.34 (men, interval 1 h). Alpha coefficients of r � 0.83 and 0.92 have

been found for internal consistency. Norm values are available [83,84].

D. Adjective Mood Scale

The Adjective Mood Scale contains 28 items [26,83,84] and is available in two parallel

versions. It records the degree of current impairment of subjective well being. The scale

is especially indicated for course descriptions when tests are frequently repeated. It is

suitable for healthy subjects, and physically or psychically ill patients, particularly for

psychically ill patients with affective disorders.

The values of the individual items are summed to give a total score, which gives

the impairment of the subjective well being. High inter- and intra-individual correlations

with global assessments of the depressive mood as well as the sensitivity for the recording

of therapy-induced changes prove the validity. There are norm values for a representative

sample of the general population of the former West Germany and reference values for

various clinical groups.

E. Self-Rating Anxiety Scale

The Self-Rating Anxiety Scale (SAS) is the self-rating version of the observer rating scale

Anxiety Status Inventory developed by the same author [78]. The SAS contains 20 anxiety

symptoms, five of which are affective and 15 somatic. Some of the items are formulated

positively with respect to symptoms, other negatively.

With respect to content validity, items were selected using psychiatric diagnosis

criteria of different psychiatric disorders that are associated with anxiety. And with respect

to criteria-related validity, patients with the diagnosis of “anxiety symptoms” have a sig-

nificantly higher mean index (p � 0.05) than patients with the diagnoses of “schizophre-

nia,” “depressive symptoms,” “personality disorder,” or “situative transitional symptoms.”

The Taylor Manifest Anxiety Scale [77] could not show this difference. A group of 100

controls (57 men, 43 women, aged 18–62 years, mean 34 years) had a significantly lower

mean index than the diagnosis groups listed above. Correlations with other tests are as
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Figure 5 Course of the median values in the SCL-90-R anxiety subscale; median values

dependent on drug and treatment duration (n � 218). (From Ref. 94.)

follows: r � 0.66 with the observer rating form ASI (r � 0.74 only in patients with a

diagnosis of anxiety), r � 0.30 with the Taylor Manifest Anxiety Scale.

F. Self-Report Symptom Inventory

The Self-Report Symptom Inventory 90 items (SCL-90) [89–91] is the revised version

of the Hopkins Symptom Check List. The scale is used for the self-rating of patients with

respect to various burdening symptoms. It allows nine ranges of syndromes to be recorded

and was specially constructed to register of effects of drug treatment (Fig. 5). It has already

proved itself in this respect in various clinical studies with neuroleptics, tranquilizers, and

antidepressants [92,93].

G. Complaint List

The Complaint List consists of 24 items [83,84] and is available in two parallel forms,

the content of which can be supplemented with an additional form with 17 items.

The Complaint List records the degree of subjective impairment due to physical and

general complaints. It is indicated to record those kinds of complaints in depression or

anxiety disorders, among others.

For the analysis, the values of the individual items are summed to give a total score.

Good correlations with the criterion of the affiliation to a corresponding clinical group,

correlations with analog test scales, and the sensitivity for the recording of treatment-

induced changes all speak for the validity. Norm values from a representative sample of

the general population in the former West Germany are available, together with reference

values for various clinical groups (physically ill, mixed psychiatric groups, individual

psychiatric disorders).
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6. Möller HJ, Engel R, Hemsley D. Standardised measurement instruments in psychiatry. In:

Henn F, Sartorius N, Helmchen H, Lauter H, eds. Contemporary Psychiatry. New York:

Springer, 2001:114–133.

7. Luria RE. The validity and reliability of the visual analogue mood scale. J Psychiatr Res 1975;

12:51–57.

8. von Zerssen D. Konstitutionstypologische Forschung. In: Strube G, ed. Die Psychologie des

20. Jahrhunderts, Vol 5. Zurich: Kindler, 1977:545–616.
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3070.

73. Hamilton M. The assessment of anxiety states by rating. Br J Psychiatry 1959; 32:50–55.

74. Hamilton M. Diagnosis and rating of anxiety. In: MH Lader, ed. Studies of anxiety. Br J

Psychiatry Spec Pub 3. Ashford, Kent: Headley Brothers Ltd, 1969:76–79.

75. Lader MH, Marks IM. The rating of clinical anxiety. Acta Psychiatr Scand 1974; 50:112–

137.

76. Beneke M. Methodological investigations of the Hamilton Anxiety Scale. Pharmacopsychiatry

1987; 20:249–255.

77. Taylor JA. A personality scale of manifest anxiety. J Abnorm Soc Psychol 1953; 48:285–

290.

78. Zung WW. A rating instrument for anxiety disorders. Psychosomatics 1971; 12:371–379.

79. Zung WW. The measurement of affects: depression and anxiety. Mod Probl Pharmacopsychia-

try 1974; 7:170–188.

80. Liebowitz MR. Social phobia. Mod Probl Pharmacopsychiatry 1987; 22:141–173.

81. Mattick RP, Clarke JC. Development and validation of measures of social phobia scrutiny

fear and social interaction anxiety. Behav Res Ther 1998; 36:455–470.

82. Bandelow B. Assessing the efficacy of treatments for panic disorder and agoraphobia. II. The

Panic and Agoraphobia Scale. Int Clin Psychopharmacol 1995; 10:73–81.

83. CIPS/Collegium Internationale Psychiatriae Scalarum. Rating scales for psychiatry. Wein-

heim: Beltz, 1990.

84. AMDP/Association for Methodology and Documentation in Psychiatry. Das AMDP-System.

Manual zur Dokumentation psychiatrischer Befunde. Göttingen Bern Toronto: Hogrefe, 1995.

85. Beck AT, Beamesderfer A. Assessment of depression: The depression inventory. In: Pichot

P, ed. Psychological measurements in psychopharmacology. Modern problems in pharmaco-

psychiatry. Vol 7. Basel: Karger, 1974:151–169.

86. Steer RA, Beck AT, Garrison B. Applications of the Beck Depression Inventory. In: Sartorius

N, Ban TA, eds. Assessment of depression. New York: Springer Verlag, 1986:123–142.

87. Spielberger CD, Gorsuch RL, Lushene RE. State-Trait-Anxiety-Inventory. Palo Alto: Con-

sulting Psychologists Press, 1970.

88. Johnson DT. Effects of interview stress on measures of state- and trait-anxiety. J Abnorm

Psychol 1968; 73:245–251.

89. Derogatis LR, Lipman RS, Covi L. SCL-90: an outpatient psychiatric rating scale—prelimi-

nary report. Psychopharmacol Bull 1973; 9:13–28.

90. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hopkins Symptom Check-

list (HSCL): a self-report symptom inventory. Behav Sci 1974; 19:1–15, 1974.

91. Derogatis LR. SCL-90. Administration, scoring and procedures. Manual-I for the R(evised)

version and other instruments of the psychopathology rating scale series. Baltimore: Johns

Hopkins University School of Medicine, 1977.
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fMRI, 301–302
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HPT abnormalities, 240

MRI, 300–301
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pharmacotherapy, 599–610, 649–650

pregnancy and breast feeding, 607–
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radioligand studies, 302–303

rapid cycling, 603–604

therapy-refractory depression, 603

twin studies, 168

Bipolar I depression, treatment, 602
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serotonin transporter gene study, 648

Bipolar II depression, treatment, 602

Bipolar II disorder, 170–171

long-term maintenance strategies, 604–
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serotonin transporter gene study, 648

Blood, cytokines, 270–271

Blood flow, 296

bipolar disorder, 302

Blood oxygenation level detection (BOLD),

290

BOLD, 290

BPD (see Bipolar disorder)

Brain,

plasticity, 353–355

structure and function, stress, 353–355

Brain-derived neurotropic factor (BDNF),

353, 359, 473, 570–571

antidepressants, 216

brain plasticity, 367

replacement therapy, 370

stress, 473

Brain-derived neurotropic factor (BDNF)/

MAPK cascade, 367
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metabolism, 302
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GAD, 303–304
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panic disorder, 304

PET, 290
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social, 305–306

specific, 305

PTSD, 308–310

functional imaging studies, 309

neurochemical studies, 309

radioligand studies, 302–303

radionuclide imaging, 291–292

SPECT, 290

structural and functional integration, 292

Brain injury, recovery, 372

Brain overload, stress, 363–368

Breast feeding, bipolar disorder, 607–609

Brief Social Phobia Scale (BSPS), 138, 743

Brief Symptom Inventory (BSI), 132–134

Bright light therapy, SAD, 105

BRMAS Mania Scale, 800

Brofaromine, posttraumatic stress disorder,

749

BSI, 132–134

BSPS, 138, 743

Bulimia, affective disorders, 172

Bupropion, 119, 398

depression, 618

smoking cessation, 618
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generalized anxiety disorder, 747
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new anxiety therapies, 780–781

social anxiety disorder, 743
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Calcium response element-binding protein

(CREB), 353, 355–357, 359, 570
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CAMP-responsive element (CRE), 357

CAMP signal transduction cascade, 353, 359

Candidate genes, 174, 176, 198–199, 645
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CAPS, 141

Carbamazepine, bipolar disorder, 600–602,
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Carbon dioxide,
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anxiety provocation, 711–714

additional response explanations, 714

autonomic symptoms, 712

biological changes, 713

diagnostic specificity, 712–713

etiology, 713–714

hyperventilation, 711

photophobia, 711

rebreathing technique, 711

Cardiovascular abnormalities, stress, 369

Catecholamine anxiety hypothesis, 668

Catecholamines,

depletion studies, 546, 548–549

depression, 548–549

healthy subjects, 548

PTSD, 335
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CBASP, 154

CCK (see Cholecystokinin)

CDS, 587

NIMH, 75

CDSS, 144

Center for Epidemiologic Studies Depression

Scale (CES-D), 141–142
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Central nervous system,

cytokines, 269, 270–271

estrogen, 373–374

immune function, 269–270

NA, 388

regional, 355

Cerebrospinal fluid, 231, 387

NA, 392

CES-D, 141–142

C-fos, 355–357

CGI, 643, 798

CGI-I, 631, 633

CGI-S, 631

Change points, 584–585

Chemical neurotransmission theory, 389
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behavioral effects, 718
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panic disorders, 248

Cholinergic hypothesis, depression, 572

Cholinesterase inhibitors, bipolar disorder,

600–602

Chronic depression, 586

Chronic fatigue syndrome, psychasthenia, 29

Chronic mild stress (CMS), 509–510

Chronic stress, 515–518

CIDI, 51, 131

Citalopram, 399

depression, 617

generalized anxiety disorder, 744
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personality disorder, 102
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Clinician-Administered PTSD Scale (CAPS),

141
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anxiety disorders, 155

depression, 83, 277

OCD, 445, 447

Clonazepam, panic disorder, 738

Clonidine, 118, 119, 401

growth hormone response, 394

Cloninger’s psychobiological theory, 92

Clozapine, bipolar disorder, 600–601
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Coma, 419
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anxiety risk-modifying factor, 192

bipolar depression, 76–77

bipolar disorder, 601
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clinical descriptions and symptom clusters,

74–84

clinical samples, 77–79

concepts and definitions, 69–71

depression,

and alcoholism, 172

and anxiety, 62, 332–333

clinical samples, 77–79

and panic disorder, 61–62

dysthymic disorder, 80–81

epidemiology, 61–63

generalized anxiety disorder, 77

general neurotic syndrome, 62

implications and guidelines, 84–85

spectrum model, 73–74

substance abuse, 601

syndromal and subsyndromal, 71–74

theoretical models, 71

treatment response, 79–80

types, 70
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(CIDI), 51, 131

Comprehensive Psychopathological Rating

Scale (CPRS), 136

Compulsive gambling, 565
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Conditioned fear, 338

Conditioning theory, 663
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Congenital learned helplessness (cLH), 512–
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Construct validity, animal models, 508–
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Contextual fear, 338

Continuation period, relapse, 587–588

Continuation treatment, 584, 587–588

bipolar disorder, 604

Continuum model, 21

Convulsants, action on GABAA receptors,

428

CORE system, 143

Correlation model, animal models, 681
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Corticotropin releasing factor (CRF), 117,

118, 232, 479–480

anxiety disorder, 237–238

depression, 562–564

extrahypothalamic, depression, 236–237

mood and anxiety disorders, 232–238

stimulation test, 235–236

Corticotropin releasing hormone (CRH),

208–210, 232, 527

depression, 620–621

receptors, 208–210

subtypes, 234

Cortisol, 117–118

CPRS, 136

CQ, 636

CRE, 357

CREB, 353, 355–357, 359, 570

CRF (see Corticotropin releasing factor)

CRH (see Corticotropin releasing hormone)

Cronholm-Ottoson Depression Scale, 143,
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Cross-National Collaborative Panic Study,
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CT, 475–476

C-type natriuretic peptide (CNP), 210

Cushing’s disease, 567, 571

Cushing’s syndrome, 230

Cyclical mood swings, 15

Cyclothymia, 22, 170

CYP2 enzymes, drug metabolism, 646

Cytochrome P450 (CYP2) enzymes, drug

metabolism, 646
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Cytokines,
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antidepressants, 574–576

blood, 270–271
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depression, 575

etiological role in depression, 575

major depression, cellular immune system,
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Da Costa syndrome, 23

Darier’s disease, 176

DAS, 636

DBI, endogenous ligands, 429

DCR, 129

Delusional depression, 523
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depression; Depressive disorders)
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change points, 584–585

cholinergic hypothesis, 572
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clinical and economic impact, 561

course, 53, 586–593

delusional animal models, 523–524

early-onset, 169–170

endogenous opioid peptides, 242–243

epidemiology, 53

extrahypothalamic CFR, 236–237

forced-swim model, 571

full remission and recovery, 634–637

genetics, 165–179, 351–352

growth hormone, 245–246

HPA axis abnormalities, 235–236

immune function disorder, 574–576

immune pathologies, 275–276

intracellular signaling transduction dysregu-

lation, 349–375

monoamine hypothesis, 349–351

stress-BDNF hypothesis, 357–363

stress-induced brain overload, 363–368

intracellular signal transduction pathways,

473–475
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learned helplessness model, 571

longitudinal course modifiers, 585–586

macrophage hypothesis, 575

neurobiology studies, 457–484

neuroendocrine axis changes, 562–568

neurotrophic factors, 475

neurotrophic hypothesis, 571

panic disorders, 61–62

pathogenesis, 545–555

personality disorders, 102–103

pharmacotherapy, 216–218, 443–451,

583–595

prevalence, 53

proinflammatory cytokines, 575

recurrent, 586

research scales, 789–804

stress, 351–352, 473–475

subthreshold form treatments, 593

subtypes, animal models, 505–529

thyroid axis, 238–240

thyroid dysfunction, 239

thyrotropin-releasing factor, 238–240
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pharmacotherapy, 213, 246–247, 583–

595, 617, 618, 622

Depression rating scales, 112

Depressive disorders, 153–155
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new anxiety therapies, 781
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OCD, 445

PTSD, 447

Dexamethasone,
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DIS, 131
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Dopamine, 299–300, 387, 468–470

deficiency, 469

ECS, 469

major depressive disorder, 299–300

neuroimaging studies, 470

preclinical studies, 469

Dopamine 3 receptor (DRD3), 95

Dopamine 4 receptor (DRD4), 94

Double depression, 592

Doxepin, depression, 401

DRD3, 95

DRD4, 94

Drug metabolism,

cytochrome P450 enzymes, 646

genetic variation in enzymes, 645–646

pharmacokinetic variability, 646

DSM, 51, 113, 131, 132

DSM-III, 131

personality disorder, 662

DSM-IV, 585
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DST, 117–118, 213, 450

Dysfunctional Attitude Scale (DAS), 636

Dysthymia, 22, 36, 170, 332, 585–586, 595
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pharmacotherapy, 594
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ECA, 51, 75, 76, 332–333

ECS, 363, 506

dopamine, 469

ECT, 237

depression, 20

neurotrophin signaling pathway, 362–363

Edinburgh Postnatal Depression Scale, 143

Effectiveness, vs. efficacy, 568

Efficacy,

antidepressants, 568–569

clinical trial limitations, 568

vs. effectiveness, 568

real world, 568

Effort phobia, 25

Effort syndrome, 24

Electroconvulsive shock (ECS), 363, 506

dopamine, 469
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depression, 20

neurotrophin signaling pathway, 362–363

Elevated plus maze, 684–685

animal studies, 434

Emerging mood stabilizers, bipolar disorder,
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Emotional response, 112

Encephalopathy, 602

Endocrine studies, 479–482

Endogenous depression, genetic factor study,
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Endogenous ligands, 428–432

acting via benzodiazepine binding site,

428–429

acting via GABAA receptor sites, 420–432

increase in neuropsychiatric diseases,

429–430

Endogenous neuroactive steroids, 430–432

Endogenous opioid peptides, 242–243

biology, 242
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Endorphin, 242

Enzyme monoamine oxidase (MAO),

GABAA receptors, 432
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door-knock survey, 50

Epilepsy, 7, 417

Episode, definition, 584

EPS, 765

ER, 373

ERK, 371

function, 360

neuronal plasticity and survival, 371
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ERT, depression, 373–374
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Existential anxiety, 664–665

Existentialism, 664–665

Exposure therapy, 155–156

Extrapyramidal side effects (EPS), 765
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Family studies, 114

Fatigue syndrome, 25

Fear,
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contextual, 338

public speaking, 22

Fear of anxiety, 23

Fear-potentiated startle, 687

Fear Questionnaire, 132, 135, 743

Feighner Criteria, 36

Fenfluramine,

anxiety provocation, 719

panic disorder, 449

Fiske Big Five personality factors model, 92

5HT (see Serotonin)

Flesinoxan,

depression, 618

new anxiety therapies, 781

Flinders Sensitive Line (FSL) rat, 522–523

Floppy infant syndrome, 609

Flumazenil, 432

Fluoxetine,

depression, 79, 80, 237, 277, 444, 446, 617

dysthymia with depression, 81

generalized anxiety disorder, 744

major depression, 218, 635

MDE, OCD, and panic disorder, 399

mixed anxiety/depression disorders, 762,

767

panic disorder, 734–735

personality disorders, 98, 102

posttraumatic stress disorder, 747–748

social anxiety disorder, 740

unipolar major depression, 643

Fluvoxamine,

anxiety disorders, 155

depression, 79, 617

generalized anxiety disorder, 744

major depression, 648
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MDE, OCD, and panic disorder, 399

mixed anxiety/depression disorders, 762–
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OCD, 445

panic disorder, 735–736

pindolol combination study, 647

social anxiety disorder, 740

FMRI, 290

bipolar disorder, 301–302

PTSD, 309

Forced-swim model, depression, 571

Forced-swim test, 513–515

Four humors theory, 3–6

Free-floating anxiety, 31, 659, 663

FSL rat, 522–523

Full remission, 584

Functional magnetic resonance imaging

(fMRI), 290

bipolar disorder, 301–302

PTSD, 309

GABA (see γ-aminobutyric acid)

Gabapentin, social anxiety disorder, 743

GAD (see Generalized anxiety disorder)

Galen, melancholia, 5–6

Gambling, compulsive, 565

γ-aminobutyric acid (GABA), 119, 471

depression, 572–573

inhibitory synaptic transmission, 471

new anxiety therapies, 782–785

γ-aminobutyric acid (GABA)A receptors,

anesthetics, 428

barbiturates, 428

benzodiazepine, 422–428

convulsants, 428

endogenous ligands, 420–433

enzyme monoamine oxidase, 432

GABA, 424

imidazoleacetic acid, 432

melatonin, 431

model, 423

neuroactive steroids, 428

neuronal growth factors, 431

platelet-derived growth factor, 431

polyamines, 432

somatostatin, 431

stoichiometry and subunit arrangement,

424

subtypes, 432–434

animal studies, 433–435

thyroid hormones, 431

γ-aminobutyric acid (GABA)-benzodiazepine

system, anxiety, 670–672

GAS, 636

GDS, 144
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anxiety risk-modifying factor, 192

frontal lobe RCAF, 364–365

genetic factors, 167
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363–368

overload threshold hypothesis, 365

Gene-dose effect, 192

Gene expression regulation, stress, 355–357
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Generalized anxiety disorder (GAD), 36,
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brain imaging, 303–304

combined therapy, 155

comorbidity, 77

epidemiology, 60–61

immune function, 279–280

neurochemistry, 333–334

new therapies, 780

pharmacotherapy, 744–747

symptoms, 332

General Neurotic Syndrome, 673

Genetic association studies, 176–177

Genetic imprinting, 178

Genetic risk factors,

additive model, 352

depression, 351–352

sensitivity to environment model, 352

Genetics, 114

affective disorder subtypes, 170–171

anxiety, 189–200

depression, 165–179

mood disorders, 167–169, 458–459

Genome-wide linkage, 174–175, 197–198

Gepirone,

depression, 618

mixed anxiety/depression disorders, 765

new anxiety therapies, 781

Geriatric Depression Scale (GDS), 144

GHQ, 132–133

GHQ-12, 133

GHQ-28, 133
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GHRH, 394

Gilles de la Tourette syndrome, 394

Global Assessment Scale (GAS), 636

Global Burden of Disease Study, 458

Glucocorticoid receptors, 211–212

blockade, 219

Glucocorticoids, 211–212

Glucose metabolism, bipolar disorder, 302

Glutamate, 471–473

excitotoxicity, 471–472

functional imaging, 472

MNDA, 472–473

new anxiety therapies, 782–783

post-mortem studies, 472

Group psychoeducation, 25

Growth hormone, 244–247
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depression, 245–246

Growth hormone releasing hormone
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GSK-3, function, 360

HADS, 132, 134

Halo effect, 796
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HDRS, 620, 630, 632, 633–634, 636, 758

Heart neurosis, 24

Hepatic encephalopathy, 429

5-HIAA, 466
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Homology, 681–682

Hopkins Symptom Check List, 804

Hospital Anxiety and Depression Scale

(HADS), 132, 134

HPA axis, 117, 233, 450, 479–482, 527, 708

animal models, 117

axis abnormalities, 235–236

combined dexamethasone/CRF test, 236

PTSD, 336

stress abnormalities, 369–370

HPO axis, 482

HPT axis, 482

stress abnormalities, 369

HRR method, 651

5HT (see Serotonin)

Human gene sequence, 641–642

Huntington’s disease, 370

Hydroxybupropion, 398

5-hydroxyindolacetic acid (5-HIAA), 466

Hypercortisolemia, 369, 479, 574

major depression association, 564

Hyperdynamic beta-adrenergic condition, 25

Hyperforin (see St. John’s Wort)

Hypericum perforatum, 511, 618–619

depression, 618–619

Hyperkinetic heart syndrome, 25

Hyperosmolar fluid, 709

Hyperventilation, 195–196

carbon dioxide, 711

Hypocampus, 355

atrophy, 362

Hypoglycemia, 710

Hypomanic episodes

acute treatment, 600–602

Hypothalamic-pituitary-adrenal (HPA) axis,

117, 233, 450, 479–482, 527, 708

animal models, 117

axis abnormalities, 235–236

combined dexamethasone/CRF test, 236

PTSD, 336

stress abnormalities, 369–370

Hypothalamic-pituitary-ovarian (HPO) axis,

482

Hypothalamic-pituitary-thyroid (HPT) axis, 482
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Iatrochemistry, melancholia, 11, 13

Iatromechanics, melancholia, 12, 13

ICD-10, 51, 758

ICD-10-DCR, 129

ICSS, 512, 518–519

Idiopathic recurrent stupor, 430

IDS-C, 762

IEGs, 355–357

IES, 140

IL-1, 281
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Imidazoleacetic acid, 432

Imipramine, 199

agoraphobia, 35

depression, 83, 154, 155

dysthymia, 81

genetic factor study, 644

mixed anxiety/depression disorders, 767

OCD, 445

panic disorder, 79, 83, 444, 446–447

Immediate early genes (IEGs), 355–357

Immune function, 483–484

anxiety, 278–280

GAD, 279–280

innate and adaptive, 270–272

panic disorder, 280

Immune function disorder, 574–576

Immune system,

components, 272

helper cells, 272

Immunology, 267–281
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Innate immunity, 271–272
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International Classification of Diseases (ICD-
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Intracellular signaling transduction dysregula-
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monoamine hypothesis, 349–351

stress-BDNF hypothesis, 357–363

stress-induced brain overload, 363–368

future treatment opportunities, 368–374
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stress-BDNF hypothesis, 357–363

stress-induced brain overload, 363–368

Intracellular signal transduction pathways,
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brain-derived neurotropic factor, 473
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Inventory of Depressive Symptomatology-
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Irritable heart, 23, 28, 716
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Isoproterenol,

anxiety attacks, 669

anxiety provocation, 716–717

irritable heart syndrome, 716

ITP, 152–154

James-Lange anxiety theory, 658, 663

James-Lange emotions theory, 33, 35

James Lange peripheral anxiety model, 669

Karolinska scales of personality, 95

Ketamine, major depression, 572

Kindling hypothesis, 600, 622

Klein’s suffocation theory in panic disorder,
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Kluver-Bucy syndrome, 667
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Kynurenine (see Serotonin)
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panic disorder, 334

SAD, 335

Lamotrigine, bipolar disorder, 622

Late-onset depression, MRI, 293
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function, 390–391

neurons, 388

LD, 645

L-dihydroxy-phenylalanine (L-DOPA), 389

Learned helplessness model, 511–512
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Leyton Obsessional Inventory, 139–140

LHRH, 243

Liebowitz Social Anxiety Scale (LSAS),

138, 802

Ligands,

action on GABAA receptors, 424–428

endogenous, 428–432

Light-dark choice test, animal studies, 434

Light-dark exploration test, 682–683

Light therapy, 554–555

Limbic-thalamo-cortical (LTC) activity,

478–479

Linkage disequilibrium (LD), 645
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neurotrophin signaling pathway, 360–361
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anatomy, 388

function, 390–391

neurons, 388
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LTC activity, 478–479

Luteinizing hormone-releasing hormone

(LHRH), 243

Lymphocytes, NA, 392–393

MacArthur Foundation task force, 584

Macrophage hypothesis, 575

depression, 575

MADRS, 143, 632, 800–801

Magnetic resonance imaging (MRI), 290,

475–476

bipolar disorder, 300–301

GAD, 303–304

OCD, 307, 339

panic disorders, 304

PTSD, 308, 339, 340

social anxiety disorder, 305

Magnetic resonance spectroscopy (MRS),

290–291, 294–296

bipolar disorder, 301

OCD, 307

panic disorders, 304

phosphorus, 291

proton, 291

SAD, 338–339

Maintenance treatment, definition, 584

Major depressive disorder (MDD), 194,

292–300, 355, 400, 478, 585–586

acute episode treatment, 587

acute phase proteins, 274–275

antidepressants, 635

blood flow and metabolism, 296–297

brain imaging, 292–300

blood flow and metabolism, 296–297

dopamine transmission, 299–300

early-onset, 293–294

late-onset, 293

neuroceptor studies, 297–300

serotonin transmission, 297–299

[Major depressive disorder (MDD)]

change points,

definitions, 630

operational criteria, 631

response, 632–633

chronic, 590–592

risk, 590

treatment, 590–592

comorbidity, 77–80

dopamine transmission, 299–300

full remission and recovery, 634–637

genetic factor study, 644

helper cells and suicidality, 272–273

IL-6, 274–275

morbidity and mortality, 586–587

MRI, 292–294

MRS, 294–296

neuroceptor studies, 297–300

neurochemistry, 336–337

outcome definitions, 630–632

partial remission, 633–634

probands, affective disorders among rela-

tives, 166

reboxetine, 398–399

recurrent, 588–590

risk, 588

treatment, 588

regional blood flow and metabolism, 296–297

serotonin transmission, 297–299

serotonin transporter gene study, 647

stress-responsive neurohormones, 213–214

symptomatic overlap, 332

symptoms, 332, 637

TH-1 cytokines, 273–274

TH1/TH2 responses, 276

treatment outcome, 629–638

Mania, 649

acute treatment, 600–602

antidepressant-induced, 649

melancholia, 6–7

Manic depressive disorder, 15, 17, 18, 26,

114, 355

MAO, 432

MAOIs (see Monoamine oxidase inhibitors)

Maprotiline, panic disorder, 446

Mastery of your Anxiety and Panic II, 137

Maudsley Obsessional Compulsive Inventory

(MOCI), 140

Maudsley Personality Scale, 662

MBTI, 96

M-chlorophenylpiperazine (mCPP), 118

mCPP, 118

anxiety provocation, 718
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MDD (see Major depressive disorder)

Measurements, 127–145

Medical Research Council of the United

Kingdom, 444

MEK1, 358–359

function, 360

Melancholia, 3–22, 170

affective reaction type, 18–19

alchemy, 11

astrology, 10–11

empirical school, 10

endogeny and exogeny dichotomy, 19

Galen’s three forms, 5–6, 13

genius characteristic, 10–11

iatrochemistry, 11, 13

iatromechanics, 12, 13

ideational insanity, 14

mania, 6–7

neurocentric approach, 13

non-naturalia regulation, 9–10

partial insanity concept, 14

passions’ dichotomy, 11–12

polypharmacy, 9

psychogenic causes, 7

psychology and psychoanalysis, 19–20

reaction type vs. endogeny, 18–19

simple, 15

solidism, 13

with stupor, 15

temperaments and elements doctrine, 11

treatment, 6

unitary psychosis concept, 16

vasocentric approach, 13

Melatonin, action on GABAA receptors, 431

Menopausal depression, 372

Metabotropic G-protein glutamate receptors

(mGluR), new anxiety therapies,

783–784

Metachlorophenylpiperazine (mCPP), anxiety

provocation, 718

3-methoxy-4-hydroxyphenylglycol (MHPG),

460–462

Methyl-para-tyrosine, 395–396

depression, 546, 548–549

Metropolol, 401

MGluR, new anxiety therapies, 783–784

MHPG, 460–462

Mianserin, mixed anxiety/depression disor-

ders, 768

Microglia, immune function, 270

Mifeprex, 481

Mifepristone (Mifeprex), 481

Milnacipran, depression, 618

MinD, 593

symptoms, 637

Mineralocorticoid receptors, 211

Mini-International Neuropsychiatric Inter-

view (MINI), 51, 131

Minnesota Multiphasic Personality Inventory

(MMPI), 96

Minor depression (MinD), 593

symptoms, 637

Mirtazapine,

depression, 400–401, 618

generalized anxiety disorder, 746–747

mixed anxiety/depression disorders, 764,
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Mississippi Scale (MSS), 140

Mitochondrial transmission, 178

Mitogen-activated extracellular kinase/mito-

gen-activated protein kinase

(MEK1/ERKs), 358–359

Mixed anxiety/depression disorders, 73

adult population treatment, 760–765

clinical perspective, 758–759

commonly used antidepressants, 759

elderly population treatment, 765–769

clinical and pharmacological problems,

766

pharmacotherapy, 757–771

symptoms spectrum, 758

Mixed episodes, acute treatment, 600–602

MK869,

depression, 620

new anxiety therapies, 784–785

MMPI, 96

Mobility Inventory for Agoraphobia (MI), 138

MOCI, 140

Moclobemide,

depression, 618

depression with comorbid anxiety disor-

ders, 79–80

dysthymia with depression, 81

Monoamine, depletion, 351, 545–546, 550–

552

Monoamine hypothesis, 569

depression, 349–351

problems, 350–351

Monoamine oxidase inhibitors (MAOIs), 397

depression, 444, 448, 469

general anxiety disorder, 79

genetic factor study, 644

mixed anxiety/depression disorders, 761

panic-agoraphobic, 79

random controlled trials (RCT), 616

social anxiety disorder, 741–742
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Monoamine oxidase (MAO), 432

Monoamine receptor adaptation hypothesis,

570

Monomania, 15

Montgomery-Asberg Depression Ratings

Scale (MADRS), 143, 632, 800–

801

Mood disorders,

adoption studies, 459

alcoholism, 172

CRF, 232–238

family studies, 458–459

genetics, 165–173, 458–459

neurobiology,

adoption studies, 459

family studies, 458–459

twin studies, 459

neurodegeneration, 482

pharmacogenetics, 641–654

study design for, 650–653

twin studies, 459

Mood disorder syndrome, 114–115

Mood stabilizers,

emerging opportunities, 622–623

future, 622

medical complications, 607

patients over 65, 607

pharmacogenetics, 649–650

side effects, 605–606

suicide risk, bipolar disorder, 609–610

MPQ, 93

MRI (see Magnetic resonance imaging)

MRS (see Magnetic resonance spectroscopy)

MSS, 140

Multidimensional Personality Questionnaire

(MPQ), 93

Munich Follow-up Study, 75

Munich Vulnerability Study, 214

Muscarinic hypersensitivity breeding, 522–

523

Myers-Briggs Type Indicator (MBTI), 96

NA (see Noradrenaline)
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131, 332, 629
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Collaborative Study on the Psychology of

Depression, 75, 128, 462

Natriuretic peptides, 208–210, 220

N-butyl-β-carboline-carboxylic acid ester, en-

dogenous ligands, 429

Nefazodone,

depression, 154, 618

generalized anxiety disorder, 746

mixed anxiety/depression disorders, 765

posttraumatic stress disorder, 749

PTSD, 447

Neonates,

antidepressants, 521–522

isolation, 524–525

NEO-PI-R, 96

Neopterin, 274

Netamiftide, treatment-resistance depression,

620

Neurasthenia, 27–29, 31

degeneration theory, 28

electrification process, 28

energy conservation law, 28

irradiation, 28

natural force concept, 28

nervous force deficiency, 27

reflective nerve impulse transport hypothe-

sis, 28

Neuroactive steroids, 211–212

action on GABAA receptors, 428

Neurocirculatory asthenia, 24

Neuroendocrine axis,

Changes,

brain structure, 566–567

CRF, 562–564

serotonergic neurotransmission, 565–

566

sleep architecture, 566

somatostatin, 564–565

depression, 562–568

enzyme polymorphisms, 567

Neuroendocrine challenge study, noradrena-

line system, 393–394

Neuroendocrine window strategy, 230

Neuroimaging studies, depression, 475–479

Neurokinins, 244

Neuroleptics,

Atypical, bipolar disorder, 600–602

personality disorders, 100

Neurons, immune function, 269–270

Neuropeptides,

alterations, 229–250

panic disorder, 334

role, 231–232

Neuropeptide Y (NPY), 243

Neuroplasticity,

estrogen, 372–373

NA system, 390
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Neurosteroids, 783

Neurotic anxiety, 32

Neuroticism, SAD, 105

Neurotic syndrome, comorbidity, 72

Neurotransmitter depletion challenge study,

noradrenaline system, 394–397

Neurotransmitter hypothesis, 460–473

adrenergic receptors, 460–464

norepinephrine, 460–464

Neurotransmitters,

antidepressants, 561–577

catecholamine depletion, 546

depression, 548–549

effects, 549

healthy subjects, 548

state-related changes, 549

studies, 548–549

depletion paradigm data, 545–555

monoamine depletion studies, 550–552

monoamines role, 545–546

tryptophan depletion, 546–548

Neurotransmitter systems challenge studies,

SAD, 335

Neurotrophic factors, depression, 475

Neurotrophic hypothesis, 571

depression, 571

Neurotrophin,

signaling pathway members, survival and

antidepressants, 359–363

synaptic plasticity hypothesis, 359

transduction pathways, 357–359

Neurotrophin-3, 431

Newcastle Diagnostic Scales, 131

NIMH,

Center for Epidemiological Studies, 131

Collaborative Study on the Psychology of

Depression, 75, 128, 462

Nimodipine, bipolar disorder, 600

N-methyl-D-aspartate (NMDA), 472–473

receptor clinical studies, 572

Nonagitated depression, 117

Nonaminergic neurotransmitters, antidepres-

sants, 571–573

Non-major depression, 592–593

Nonmelancholic depression, 523

Nonpainful stressors, animal models, 682–687

Nonpsychotic affective disorders, 171

Noradrenaline (NA) system, 387–404

anatomy, 388

biochemistry, 389

challenge studies, 393–397

humans, 391–401

[Noradrenaline (NA) system]

locus coeruleus function, 390–391

metabolites, 392

neuroplasticity, 390

physiology and pharmacology, 389–390

post-mortem studies, 393

receptors, 392–393

receptors agonists and antagonists, 400–

401

treatment studies, 397

urine, plasma, and CSF levels, 392

Noradrenergic function,

GAD, 333

OCD, 335

Noradrenergic system,

anxiety, 668–669

anxiety provocation, 706–708

Norepinephrine, 119, 387–404, 460–464

noradrenaline system, 387–404

Norepinephrine and adrenergic receptors,

460–464

noradrenergic dysfunction, 463

receptor subtypes, 464

urinary research, 462–463

Norepinephrine reuptake inhibitors (NRIs),

350

clinical differences between SSRIs, 399–

400

neurotrophin signaling pathway, 361–362

vs. SSRIs, 399–400

Nortriptyline, 153, 154

depression, 83

mixed anxiety/depression disorders, 767

OCD, 445

NPY, 243

NRIs (see Norepinephrine reuptake inhibitors)

Observer rating scales, 792–802

Obsessive compulsive disorder (OCD), 116,

152, 394, 398, 399, 400

antidepressants, 445–446

mechanisms of action, 449

assessment instruments, 139–140

bipolar depression, 76–77

brain imaging, 306–308

combined therapy, 155

epidemiology, 60

etiopathogenic studies, 340

mCPP provocation, 718

MRI, 339

neurochemistry, 335

tryptophan depletion, 780
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OCD (see Obsessive compulsive disorder)

Oedipus complex, 659, 660

Olanzapine, bipolar disorder, 600

Olfactory bulbectomy, 525

Operational criteria, 631

Outcome, definitions vs. time course, 637

Overload threshold hypothesis, 365

Oxcarbamazepine, bipolar disorder, 622

Oxytocin, 230, 241

P53, function, 360

Painful stressors, animal models, 686–689

PANDAS, 340

Panic-agoraphobic spectrum, 73

Panic and Agoraphobia Scale (PAS), 137,

802

Panic-Associated Symptom Scale (PASS),

136–137

Panic attacks, 397

imipramine, 83

paroxetine, 83

Panic disorders, 36, 114, 115, 152, 197, 199,

338, 394, 398, 399, 400

antidepressants, 216–218, 446–447

mechanisms of action, 449–450

anxiolytic activity of ANP, 220

brain imaging, 304

carbon dioxide provocation, 712–713

cholecystokinin, 248, 717

cognitive model, 663–664

combined therapy, 155

course, 57

cross-cultural differences, 57–58

depression, 61–62

epidemiology, 56–58

functional anatomy, PET, 338

immune function, 280

instruments, 136–138

life events, 661

and major depression, 77

mCPP provocation, 718

negative feedback loops, 215

neuropeptides, 334

personality disturbances, 662

pharmacotherapy, 733–739

stress-responsive neurohormones, 214–215

yohimbine anxiety response, 669

Panic Disorder Severity Scale (PDSS), 137

Panic provocation studies, 116–117

Panic vulnerability, 117

Paranoid Depression Scale, 802

Paraventricular hypothalamus, 208

Paraventricular nucleus, 233

Parental Bonding Instrument (PBI), 660

Parent-of-origin effects, 178

Parkinson’s disease, 387

Paroxetine,

anxiety disorders, 155

depression, 83, 617, 620

with comorbid anxiety disorders, 79–80

generalized anxiety disorder, 744–745

major depression, 648

MDE, OCD, and panic disorder, 399

mixed anxiety/depression disorders, 763,

767

panic attacks, 83

panic disorder, 736–737

posttraumatic stress disorder, 748

serotonin transporter gene study, 647

social anxiety disorder, 740–741

unipolar major depression, 643

PAS, 137, 802

PASS, 136–137

Paykel’s Clinical Interview for Depression,

635

PBI, 660

PDQ-R, 102

PDS, 141

PDSS, 137

Pediatric autoimmune neuropsychiatric disor-

ders associated with streptococcal

infections (PANDAS), 340

Penn State Worry Questionnaire (PSWQ),

132, 135

Peptides, anxiety, 784–785

Periaqueductal gray matter, 449

Perinatal stress, 522

Personality, 91–106, 661–662

anxiety, 106

anxiety disorder, 661–663

anxiety related traits, 104–105

anxious vs. depressed, 662

assessment instruments, 96–97

basic dimensions, 92

big five factors, 92

biological aspects, 93–96

depression, 104–106

DRD3, 95

DRD4, 94

environmental effects, 93–94

genetics, 93–96

5-HTTLPR, 94

models, 92

molecular genetics, 94
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[Personality]

multiple gene interactions, 94–95

psychosocial aspects, 96

serotonergic function, 95

specific ligands, 95

Personality Disorder Questionnaire (PDQ-R),

102

Personality disorders, 97–102

antidepressants, 101

anxiety, 103–104

depression, 102–103

DSM-IV, 98

neuroleptics, 100

prevalence, 97–99

psychopharmacological drugs, 98–102

PET (see Positron emission topography)

PFC, 355

Pharmacodynamic factors, 644

antidepressant response, 647–649

Pharmacogenomics, 642

Pharmacokinetic factors, 644

Phlebotomy, melancholia, 6

Phobias, 22, 193–196

brain imaging, 305–306

personality disturbances, 662

simple, 194

Phobic anxiety, 22

Phobic anxiety-depersonalization syndrome,

35

Phosphatidylinositol-3-kinase/protein kinase

B (PI-3-K/Akt), 358–359

Phosphorylation, action on GABAA recep-

tors, 432

Photophobia, carbon dioxide, 711

Phrenitis, 7

PI-3-K/Akt, 358–359, 371

neuronal plasticity and survival, 371–372

PI-3 kinase, 358

function, 360

Pineal function circadian rhythm, 483

Pittsburgh Study of Maintenance Treatment

for Recurrent Depression, 588–589

Plasma, NA, 392

Platelet-derived growth factor, 431

Platelets,

aggregability, 483

NA, 392

Polyamines, 432

Polygenic trait, 645

Polyglutamine disease, 177

Polymorphism, 196

POMC, 233

Positron emission topography (PET), 290,

476–478

functional anatomy,

panic disorder, 338

SAD, 338

functional neuroimaging studies, 477

GAD, 304

panic disorders, 304

PTSD, 309

unipolar depression, 476–478

Postmenopause,

depression, 373

dysphoria, 431

Postmortem studies,

neuropeptide, 232

Postpartum dysphoria, 431

Posttraumatic Stress Diagnostic (PDS), 141

Posttraumatic stress disorder (PTSD), 36,

116, 117, 152, 339, 398, 399, 401

antidepressants, 447

mechanisms of action, 450–451

assessment instrument, 140–141

brain imaging, 308–310

catecholamine function, 335

combined therapy, 156

epidemiology, 60

MRI, 339, 340

neurochemistry, 335

new therapies, 781

pharmacotherapy, 747–749

sodium lactate provocation, 705–706

stress-responsive neurohormones, 215

yohimbine provocation, 715

Prebagalin, social anxiety disorder, 743

Predictive validity, animal models, 506–507

Prefrontal cortex (PFC), 355

Pregnancy, bipolar disorder, 607–609

Pregnanolone, 431

Premenstrual syndrome, 431

Present State Examination, 129, 661

PRIME-MD, 130

Progesterone, anxiety, 211

Proinflammatory cytokines,

antidepressants, 574–576

depression, 575

etiological role in depression, 575

Projection, 27

Prolactin response, 118

Proopiomelanocortin (POMC), 233

Propranolol, 401

anxiety, 669

Protein, stress, 353
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Protein kinase B (Akt-1), function, 360

Proteomics, 642

PSWQ, 132, 135

Psychasthenia, 29–31

chronic fatigue syndrome, 29

depersonalization, 29

distinctive features, 29

hypochondria, 29

panic attacks, 30

psychological functioning,

hierarchical levels, 30

theory, 29

somato-form disorder, 29

stereotyped movement disorder, 29

types, 29

Psychomotor stimulants, 518–519

Psychopharmacological bridge technique,

230

Psychopharmacological drugs, personality dis-

orders, 98–102

PTSD (see Posttraumatic stress disorder)

Public speaking, fear, 22

Putative drug targets, 642

Putrescine, 432

Quantitative encephalographic asymmetry,

116

Quantitative psychopathology, 127

R121919, 219

Radioligand studies,

bipolar disorder, 302–303

social anxiety disorder, 306

Radionuclide imaging, 291–292

Rapid cycling, 601, 622

bipolar disorder, 603–604

Rapid eye movement (REM), 511, 522

RAS, 357–358

function, 360

Rasch’s Probability Test Theory, 800

RBD, 593

RDC, 128–129, 143, 479

Reboxetine,

depression, 617

major depression, 398–399

Rebreathing technique, carbon dioxide, 711

Receptor-specific drugs, 119

Recovery, 585

Recurrence, 584

Recurrent brief depression (RBD), 593

Recurrent depression, 586

RED method, 177

Reflective nerve impulse transport hypothe-

sis, neurasthenia, 28

Regional central nervous system, 355

Regional central nervous system (CNS), 355

Relapse, 584

factors, 587

REM, 511, 522

Remission, 584

full, 584

partial, 584

Repeat expansion detection (RED) method,

177

Research Diagnostic Criteria (RDC), 128–

129, 143, 479

Reserpine, MDD, 336

Resident-intruder test, 521

Response, 584

Response preventive therapy, anxiety disor-

ders, 155

Reversible inhibitors of monoamine oxidase

(RIMA), dysthymia, 81

Revised NEO Personality Inventory (NEO-

PI-R), 96

RIMA, dysthymia, 81

Risperidone, bipolar disorder, 600–601

Robisartan, new anxiety therapies, 781

Rolipram, depression, 277

Rorschach inkblot test, 96

Rosenthal effect, 796

SAD (see Seasonal affective disorder)

SADS, 128–129, 630

SAS, 801, 803–804

SAS-SR, 636

SAT, 240

Scale of Psychomotor Retardation, 143

Scales,

aims and methods, 789–790

combining, 796

construction, scoring and criteria, 790–793

characteristics values, 791

visual analog methods, 790–791

correlation, 790

empirical methods, 793

factor and cluster analysis, 795

identical syndrome scores correlation, 795

mean and standard deviation, 792–793

reliability/validity dilemma, 791

research, 789–804

SCAN, 129

Schedule for Affective Disorders and Schizo-

phrenia (SADS), 128–129, 630
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Schedules for Clinical Assessment in Neuro-

psychiatry (SCAN), 129

Scheler’s emotions theory, 20

Schizoaffective disorders, 171, 392, 622

Schizophrenia, 171–172

Schizophreniform disorder, 16

SCID, 51, 103, 129

SCID-P, 635

SCL-90, 796, 804

SCL-90R, 103, 132–133

SCL-90-R anxiety subscale, 804

Seasonal affective disorder (SAD), 105

functional anatomy,

MRS, 338–339

PET, 338

neurochemistry, 335

neuroticism, 105

Selective serotonin/norepinephrine reuptake

inhibitors (sSNRI), 350

Selective serotonin reuptake inhibitors

(SSRIs), 98

anxiety disorders, 155

depression, 444–445

dysthymia, 81

general anxiety disorder, 79, 744–745

mixed anxiety/depression disorders, 761–

763, 767

neurotrophin signaling pathway, 361–362

new anxiety therapies, 779

new depression treatment, 617

vs. NRIs, 399–400

OCD, 445

panic-agoraphobic, 79

panic disorder, 733–738

posttraumatic stress disorder, 747–748

PTSD, 447

social anxiety disorder, 739–744

Self-Rating Anxiety Scale (SAS), 801, 803–

804

Self-rating scales, 802–804

clinical procedures, 796

subjective state, 797

Self-Report Symptom Inventory (SCL-90),

796, 804

Separation anxiety, 660

Separation-induced ultrasonic distress vocal-

ization, 685

Septo-hippocampal system, anxiety, 666

Serotonergic system, 118

animal studies, 669

anxiety, 669

OCD, 335

Serotonin (5HT), 297–299, 464–468

depletion paradigm, 546–548

metabolizing enzymes, 199

neuroendocrine challenge paradigms, 465–

466

new anxiety therapies, 779–782

receptor gene, 198

receptor subtypes, 466–467

transporter, 466–468

transporter gene, 196, 198

tryptophan, 465

Serotonin hypothesis, affective disorders, 465

Serotonin reuptake inhibitors (SSRIs), 119,

277, 350, 399, 617

Serotonin reuptake transporter, 527

Serotonin system,

GAD, 333

MDD, 336–337

panic disorder, 334

SAD, 335

Serotonin transmission, major depressive dis-

order, 297–299

Serotonin transporter, 340–341, 466

major depression, 647–648

Serotonin transporter gene, 115

Serotonin transporter promotor region poly-

morphism, 94

Sertraline, 153

depression, 80, 277, 617

generalized anxiety disorder, 745

MDE, OCD, and panic disorder, 399

mixed anxiety/depression disorders, 762,

767

personality disorder, 102

posttraumatic stress disorder, 748

social anxiety disorder, 741

Shock-induced ultrasonic vocalization, 688–

689

Shock-probe burying, 686–687

Sickness behavior, 270–271, 272

Sigma antagonists, depression, 621–622

Simple phobias, 36, 333

Single nucleotide polymorphisms (SNPs),

642

Single photon emission computerized tomog-

raphy (SPECT), 290, 305, 338–

339, 476–478

Sjobring Personality Scale, 662

SL-651.498, 427

Sleep,

deprivation, 554–555

encephalography, 116
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SLEs (see Stressful life events)

Smoking cessation, 618

bupropion, 618

SNPs, 642

Social Adjustment Scale-Self Report (SAS-

SR), 636

Social anxiety disorder, 152

brain imaging, 305–306

combined therapy, 155

course, 59–60

epidemiology, 59–60

pharmacotherapy, 739–749

under recognition, 59

Social hierarchy, 520–521

Social interaction test, animal studies, 418

Social phobia, 36, 114, 193, 195–196, 333,

392, 400 (see also Social anxiety

disorder)

diagnostic specificity, 712–713

instruments, 138–139

and major depression, 77, 79

Social Phobia and Anxiety Inventory (SPAI),

139

Social Readjustment Rating Scale, 660–661

Social separation, 524–525

Sodium lactate,

anxiety states provocation, 704–711

cognitive theories, 709–710

diagnostic specificity, 705–706

etiology, 706–711

hyperventilation, 709

MHPG, 707

neuroendocrine findings, 708

respiratory and biochemical findings, 708–

709

response after various medications, 707–708

study reliability and validity, 705–706

Soldier’s heart, 24

Somatostatin, 244–247, 431

depression, 246–247

SPAI, 139

SPECT, 290, 305, 338–339, 476–478

Spectrum comorbidity, diagnostic and thera-

peutic implications, 81–84

Spectrum model, 73–74

Sperimine, 432

Spermidine, 432

Spiritus animalis, 12

SSD, 635–636

SSNRI, 350

SSRIs (see Selective serotonin reuptake inhib-

itors)

St. John’s Wort (hypericum perforatum),

511, 618–619

depression, 618–619

STAI, 803

Standardized assessment instruments, 791

Standardized rating scales, 793–797

standardization level, 794–795

Stanley Foundation Bipolar Treatment Out-

come Network, 76

State-Trait Anxiety Inventory (STAI), 803

Steroids,

animal studies, 431

neuroactive, 211–212

action on GABAA receptors, 428

Stevens-Johnson syndrome, 602

Stimulation test, corticotropin releasing fac-

tor, 235–236

Stress, 511–513

antidepressants, 368–369

brain overload, 363–368
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