The Neurobiology
of Depression

The search for biological underpinnings of depression
is intensifying. Emerging findings promise to yield better therapies
for a disorder that too often proves fatal

n his 1990 memoir Darkness Visi-

ble, the American novelist William

Styron—author of The Confessions
of Nat Turner and Sophie’s Choice—
chillingly describes his state of mind dur-
ing a period of depression:

He [a psychiatrist] asked me if T
was suicidal, and I reluctantly told
him yes. I did not particularize—since
there seemed no need to—did not tell
him that in truth many of the arti-
facts of my house had become poten-
tial devices for my own destruction:
the attic rafters (and an outside ma-
ple or two) a means to hang myself,
the garage a place to inhale carbon
monoxide, the bathtub a vessel to re-
ceive the flow from my opened arter-
ies. The kitchen knives in their draw-
ers had but one purpose for me. Death
by heart attack seemed particularly
inviting, absolving me as it would of
active responsibility, and T had toyed
with the idea of self-induced pneumo-
nia—a long frigid, shirt-sleeved hike
through the rainy woods. Nor had I
overlooked an ostensible accident, a
la Randall Jarrell, by walking in front
of a truck on the highway nearby....
Such hideous fantasies, which cause
well people to shudder, are to the
deeply depressed mind what lascivi-
ous daydreams are to persons of ro-
bust sexuality.

As this passage demonstrates, clinical
depression is quite different from the
blues everyone feels at one time or an-
other and even from the grief of bereave-
ment. It is more debilitating and dan-
gerous, and the overwhelming sadness
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combines with a number of other symp-
toms. In addition to becoming preoccu-
pied with suicide, many people are
plagued by guilt and a sense of worth-
lessness. They often have difficulty think-
ing clearly, remembering, or taking plea-
sure in anything. They may feel anxious
and sapped of energy and have trouble
eating and sleeping or may, instead,
want to eat and sleep excessively.

Psychologists and neurobiologists
sometimes debate whether ego-damag-
ing experiences and self-deprecating
thoughts or biological processes cause
depression. The mind, however, does not
exist without the brain. Considerable
evidence indicates that regardless of the
initial triggers, the final common path-
ways to depression involve biochemical
changes in the brain. It is these changes
that ultimately give rise to deep sadness
and the other salient characteristics of
depression. The full extent of those al-
terations is still being explored, but in
the past few decades—and especially in
the past several years—efforts to identi-
fy them have progressed rapidly.

At the moment, those of us teasing out
the neurobiology of depression some-
what resemble blind searchers feeling
different parts of a large, mysterious
creature and trying to figure out how
their deductions fit together. In fact, it
may turn out that not all of our findings
will intersect: biochemical abnormali-
ties that are prominent in some depres-
sives may differ from those predomi-
nant in others. Still, the extraordinary
accumulation of discoveries is fueling
optimism that the major biological de-
terminants of depression can be under-
stood in detail and that those insights
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will open the way to improved methods
of diagnosing, treating and preventing
the condition.

Pressing Goals

One subgoal is to distinguish fea-
tures that vary among depressed
individuals. For instance, perhaps de-
creased activity of a specific neurotrans-
mitter (a molecule that carries a signal
between nerve cells) is central in some
people, but in others, overactivity of a
hormonal system is more influential
(hormones circulate in the blood and
can act far from the site of their secre-
tion). A related goal is to identify sim-
ple biological markers able to indicate
which profile fits a given patient; those
markers could consist of, say, elevated
or reduced levels of selected molecules
in the blood or changes in some easily
visualizable areas of the brain.

After testing a depressed patient for
these markers, a psychiatrist could, in
theory, prescribe a medication tailored
to that individual’s specific biological
anomaly, much as a general practitioner
can run a quick strep test for a patient
complaining of a sore throat and then
prescribe an appropriate antibiotic if
the test is positive. Today psychiatrists
have to choose antidepressant medica-

OLD MAN WITH HIS HEAD IN HIS
HANDS was sketched (right) by Vincent
van Gogh in 1882 and resembles Old
Man in Sorrow, painted in 1889. The im-
age may reflect van Gogh’s own depres-
sion, with which he grappled for much of
his life. He committed suicide in 1890.
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The Symptoms of Major Depression

T he American Psychiatric Association considers people to have the syndrome of clinical
depression if they show five or more of the following symptoms nearly every day dur-
ing the same two-week span. The symptoms must include at least one of the first two criteria,
must cause significant distress or impairment in daily functioning, and cannot stem from
medication, drug abuse, a medical condition (such as thyroid abnormalities) or uncomplicat-
ed bereavement. For the formal criteria, see the association’s Diagnostic and Statistical Manu-
—CB.N.

al of Mental Disorders, fourth edition.

signify a depressed mood)

Insomnia or excessive sleeping

Fatigue or loss of energy

ogoogooog o

tions by intuition and trial and error, a
situation that can put suicidal patients
in jeopardy for weeks or months until
the right compound is selected. (Often
psychotherapy is needed as well, but it
usually is not sufficient by itself, espe-
cially if the depression is fairly severe.)

Improving treatment is critically im-
portant. Although today’s antidepres-
sants have fewer side effects than those
of old and can be extremely helpful in
many cases, depression continues to ex-
act a huge toll in suffering, lost lives
and reduced productivity.

The prevalence is surprisingly great.
It is estimated, for example, that 5 to
12 percent of men and 10 to 20 percent
of women in the U.S. will suffer from a
major depressive episode at some time
in their life. Roughly half of these indi-
viduals will become depressed more
than once, and up to 10 percent (about
1.0 to 1.5 percent of Americans) will
experience manic phases in addition to
depressive ones, a condition known as
manic-depressive illness or bipolar dis-
order. Mania is marked by a decreased
need for sleep, rapid speech, delusions of
grandeur, hyperactivity and a propen-
sity to engage in such potentially self-
destructive activities as promiscuous sex,
spending sprees or reckless driving.

Beyond the pain and disability depres-
sion brings, it is a potential killer. As
many as 15 percent of those who suffer
from depression or bipolar disorder
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Large increase or decrease in appetite

Depressed mood most of the day (in children and adolescents, irritability may

Markedly diminished interest or pleasure in all or most activities most of the day

Restlessness (evident by hand wringing and such) or slowness of movement

Feelings of worthlessness or excessive or inappropriate guilt
Indecisiveness or diminished ability to think or concentrate

Recurrent thoughts of death or of suicide

commit suicide each year. In 1996 the
Centers for Disease Control and Preven-
tion listed suicide as the ninth leading
cause of death in the U.S. (slightly be-
hind infection with the AIDS virus), tak-
ing the lives of 30,862 people. Most in-
vestigators, however, believe this number
is a gross underestimate. Many people
who kill themselves do so in a way that
allows another diagnosis to be listed on
the death certificate, so that families
can receive insurance benefits or avoid
embarrassment. Further, some fraction
of automobile accidents unquestionably
are concealed suicides.

The financial drain is enormous as
well. In 1992 the estimated costs of de-
pression totaled $43 billion, mostly from
reduced or lost worker productivity.

Accumulating findings indicate that
severe depression also heightens the risk
of dying after a heart attack or stroke.
And it often reduces the quality of life
for cancer patients and might reduce
survival time.

Genetic Findings

Geneticists have provided some of
the oldest proof of a biological
component to depression in many peo-
ple. Depression and manic-depression
frequently run in families. Thus, close
blood relatives (children, siblings and
parents) of patients with severe depres-
sive or bipolar disorder are much more
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likely to suffer from those or
related conditions than are
members of the general popu-
lation. Studies of identical
twins (who are genetically in-
distinguishable) and fraternal
twins (whose genes generally
are no more alike than those
of other pairs of siblings) also
support an inherited compo-
nent. The finding of illness in
both members of a pair is
much higher for manic-de-
pression in identical twins
than in fraternal ones and is
somewhat elevated for de-
pression alone.

In the past 20 years, genetic
researchers have expended
great effort trying to identify
the genes at fault. So far,
though, those genes have evad-
ed discovery, perhaps because
a predisposition to depression
involves several genes, each of
which makes only a small,
hard-to-detect contribution.

Preliminary reports from a study of
an Amish population with an extensive
history of manic-depression once raised
the possibility that chromosome 11
held one or more genes producing vul-
nerability to bipolar disorder, but the
finding did not hold up. A gene some-
where on the X chromosome could
play a role in some cases of that condi-
tion, but the connection is not evident
in most people who have been studied.
Most recently, various regions of chro-
mosome 18 and a site on chromosome
21 have been suggested to participate in
vulnerability to bipolar illness, but these
findings await replication.

As geneticists continue their searches,
other investigators are concentrating on
neurochemical aspects. Much of that
work focuses on neurotransmitters. In
particular, many cases of depression ap-
parently stem at least in part from dis-
turbances in brain circuits that convey
signals through certain neurotransmit-
ters of the monoamine class. These bio-
chemicals, all derivatives of amino acids,
include serotonin, norepinephrine and
dopamine; of these, only evidence relat-
ing to norepinephrine and serotonin is
abundant.

Monoamines first drew the attention
of depression researchers in the 1950s.
Early in that decade, physicians discov-
ered that severe depression arose in
about 15 percent of patients who were
treated for hypertension with the drug
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reserpine. This agent turned out
to deplete monoamines. At
about the same time doctors
found that an agent prescribed
against tuberculosis elevated
mood in some users who were
depressed. Follow-up investiga-
tions revealed that the drug in-
hibited the neuronal breakdown
of monoamines by an enzyme
(monoamine oxidase); presum-
ably the agent eased depression
by allowing monoamines to
avoid degradation and to remain
active in brain circuits. Together
these findings implied that ab-
normally low levels of mono-
amines in the brain could cause
depression. This insight led to
the development of monoamine
oxidase inhibitors as the first
class of antidepressants.

The Norepinephrine Link

ut which monoamines were
most important in depres-
sion? In the 1960s Joseph J.
Schildkraut of Harvard Univer-
sity cast his vote with norepi-
nephrine in the now classic “cat-
echolamine” hypothesis of mood
disorders. He proposed that de-
pression stems from a deficiency
of norepinephrine (which is also classi-
fied as a catecholamine) in certain brain
circuits and that mania arises from an
overabundance of the substance. The
theory has since been refined, acknowl-
edging, for instance, that decreases or
elevations in norepinephrine do not al-
ter moods in everyone. Nevertheless,
the proposed link between norepineph-
rine depletion and depression has gained
much experimental support. These cir-
cuits originate in the brain stem, primar-
ily in the pigmented locus coeruleus, and
project to many areas of the brain, in-
cluding to the limbic system—a group of
cortical and subcortical areas that play
a significant part in regulating emotions.
To understand the recent evidence re-
lating to norepinephrine and other
monoamines, it helps to know how
those neurotransmitters work. The
points of contact between two neurons,
or nerve cells, are termed synapses.
Monoamines, like all neurotransmitters,
travel from one neuron (the presynaptic
cell) across a small gap (the synaptic
cleft) and attach to receptor molecules
on the surface of the second neuron (the
postsynaptic cell). Such binding elicits
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intracellular changes that stimulate or
inhibit firing of the postsynaptic cell.
The effect of the neurotransmitter de-
pends greatly on the nature and con-
centration of its receptors on the post-
synaptic cells. Serotonin receptors, for
instance, come in 13 or more subtypes
that can vary in their sensitivity to sero-
tonin and in the effects they produce.

The strength of signaling can also be
influenced by the amount of neuro-
transmitter released and by how long it
remains in the synaptic cleft—proper-
ties influenced by at least two kinds of
molecules on the surface of the releas-
ing cell: autoreceptors and transporters.
When an autoreceptor becomes bound
by neurotransmitter molecules in the
synapse, the receptors signal the cell to
reduce its firing rate and thus its release
of the transmitter. The transporters phys-
ically pump neurotransmitter molecules
from the synaptic cleft back into presy-
naptic cells, a process termed reuptake.
Monoamine oxidase inside cells can af-
fect synaptic neurotransmitter levels as
well, by degrading monoamines and so
reducing the amounts of those mole-
cules available for release.
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SEVERAL BRAIN AREAS involved in mood and other functions commonly disturbed in de-
pressed individuals—such as appetite, sleep, sexual desire and memory—are highlighted. Ex-
cept for the pituitary, all are broadly considered to be part of the so-called limbic system, and
all normally receive signals from neurons that secrete serotonin or norepinephrine or from neu-
rons of both types. Reductions in the activity of circuits that use serotonin and norepinephrine
apparently contribute to depression in many people. Some serotonin pathways (arrows) are in-
dicated. Norepinephrine-producing cells project from the locus coeruleus.

Among the findings linking impover-
ished synaptic norepinephrine levels to
depression is the discovery in many stud-
ies that indirect markers of norepineph-
rine levels in the brain—levels of its meta-
bolites, or by-products, in more accessi-
ble material (urine and cerebrospinal
fluid)—are often low in depressed indi-
viduals. In addition, postmortem stud-
ies have revealed increased densities of
certain norepinephrine receptors in the
cortex of depressed suicide victims.

Observers unfamiliar with receptor
display might assume that elevated num-
bers of receptors were a sign of more
contact between norepinephrine and its
receptors and more signal transmission.
But this pattern of receptor “up-regula-
tion” is actually one that scientists
would expect if norepinephrine concen-
trations in synapses were abnormally
low. When transmitter molecules be-
come unusually scarce in synapses, post-
synaptic cells often expand receptor
numbers in a compensatory attempt to
pick up whatever signals are available.

A recent discovery supporting the
norepinephrine hypothesis is that new
drugs selectively able to block norepi-
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SEROTONIN (red spheres) secreted by a presynaptic cell binds to receptors (shades of
green) on a postsynaptic cell and directs the postsynaptic cell to fire or stop firing. The
cell’s response is influenced by the amount of serotonin in the cleft and by the types of
receptors; serotonin receptors come in at least 13 “flavors.” Serotonin levels in synaps-
es are reduced by two kinds of presynaptic molecules: autoreceptors (orange), which
direct the cells to inhibit serotonin production, and reuptake transporters (yellow),
which absorb the neurotransmitter. Several antidepressants, including Prozac and Pax-
il, increase synaptic serotonin by inhibiting its reuptake.

nephrine reuptake, and so increase nor-
epinephrine in synapses, are effective
antidepressants in many people. One
compound, reboxetine, is available as
an antidepressant outside the U.S. and
is awaiting approval here.

Serotonin Connections

he data connecting norepinephrine
to depression are solid and still
growing. Yet research into serotonin has
taken center stage in the 1990s, thanks
to the therapeutic success of Prozac and
related antidepressants that manipulate
serotonin levels. Serious investigations
into serotonin’s role in mood disorders,
however, have been going on for almost
30 years, ever since Arthur J. Prange,
Jr., of the University of North Carolina
at Chapel Hill, Alec Coppen of the Med-
ical Research Council in England and
their co-workers put forward the so-
called permissive hypothesis. This view
held that synaptic depletion of serotonin
was another cause of depression, one
that worked by promoting, or “permit-
ting,” a fall in norepinephrine levels.
Defects in serotonin-using circuits
could certainly dampen norepinephrine
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signaling. Serotonin-producing neurons
project from the raphe nuclei in the
brain stem to neurons in diverse regions
of the central nervous system, including
those that secrete or control the release
of norepinephrine. Serotonin depletion
might contribute to depression by af-
fecting other kinds of neurons as well;
serotonin-producing cells extend into
many brain regions thought to partici-
pate in depressive symptoms—including
the amygdala (an area involved in emo-
tions), the hypothalamus (involved in
appetite, libido and sleep) and cortical
areas that participate in cognition and
other higher processes.

Among the findings supporting a link
between low synaptic serotonin levels
and depression is that cerebrospinal fluid
in depressed, and especially in suicidal,
patients contains reduced amounts of a
major serotonin by-product (signifying
reduced levels of serotonin in the brain
itself). In addition, levels of a surface
molecule unique to serotonin-releasing
cells in the brain are lower in depressed
patients than in healthy subjects, imply-
ing that the numbers of serotonergic
cells are reduced. Moreover, the density
of at least one form of serotonin recep-
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tor—type 2—is greater in postmortem
brain tissue of depressed patients; as
was true in studies of norepinephrine
receptors, this up-regulation is sugges-
tive of a compensatory response to too
little serotonin in the synaptic cleft.

Further evidence comes from the re-
markable therapeutic effectiveness of
drugs that block presynaptic reuptake
transporters from drawing serotonin
out of the synaptic cleft. Tricyclic an-
tidepressants (so-named because they
contain three rings of chemical groups)
joined monoamine oxidase inhibitors
on pharmacy shelves in the late 1950s,
although their mechanism of action
was not known at the time. Eventually,
though, they were found to produce
many effects in the brain, including a
decrease in serotonin reuptake and a
consequent rise in serotonin levels in
synapses.

Investigators suspected that this last
effect accounted for their antidepressant
action, but confirmation awaited the
introduction in the late 1980s of Prozac
and then other drugs (Paxil, Zoloft and
Luvox) able to block serotonin reup-
take transporters without affecting oth-
er brain monoamines. These selective
serotonin reuptake inhibitors (SSRIs)
have now revolutionized the treatment
of depression, because they are highly
effective and produce much milder side
effects than older drugs do. Today even
newer antidepressants, such as Effexor,
block reuptake of both serotonin and
norepinephrine.

Studies of serotonin have also offered
new clues to why depressed individuals
are more susceptible to heart attack and
stroke. Activation and clumping of blood
platelets (cell-like structures in blood)
contribute to the formation of thrombi
that can clog blood vessels and shut off
blood flow to the heart and brain, thus
damaging those organs. Work in my lab-
oratory and elsewhere has shown that
platelets of depressed people are partic-
ularly sensitive to activation signals, in-
cluding, it seems, to those issued by
serotonin, which amplifies platelet reac-
tivity to other, stronger chemical stim-
uli. Further, the platelets of depressed
patients bear reduced numbers of sero-
tonin reuptake transporters. In other
words, compared with the platelets of
healthy people, those in depressed indi-
viduals probably are less able to soak
up serotonin from their environment
and thus to reduce their exposure to
platelet-activation signals.

Disturbed functioning of serotonin or

The Neurobiology of Depression
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norepinephrine circuits, or both, con-
tributes to depression in many people,
but compelling work can equally claim
that depression often involves dysreg-
ulation of brain circuits that control the
activities of certain hormones. Indeed,
hormonal alterations in depressed pa-
tients have long been evident.

Hormonal Abnormalities

he hypothalamus of the brain lies

at the top of the hierarchy regulat-
ing hormone secretion. It manufactures
and releases peptides (small chains of
amino acids) that act on the pituitary,
at the base of the brain, stimulating or
inhibiting the pituitary’s release of vari-
ous hormones into the blood. These hor-
mones—among them growth hormone,
thyroid-stimulating hormone and adre-
nocorticotropic hormone (ACTH)—con-
trol the release of other hormones from
target glands. In addition to function-
ing outside the nervous system, the hor-
mones released in response to pituitary
hormones feed back to the pituitary
and hypothalamus. There they deliver
inhibitory signals that keep hormone

manufacture from becoming excessive.

Depressed patients have repeatedly
been demonstrated to show a blunted
response to a number of substances that
normally stimulate the release of growth
hormone. They also display aberrant
responses to the hypothalamic substance
that normally induces secretion of thy-
roid-stimulating hormone from the pi-
tuitary. In addition, a common cause of
nonresponse to antidepressants is the
presence of previously undiagnosed thy-
roid insufficiency.

All these findings are intriguing, but
so far the strongest case has been made
for dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis—the sys-
tem that manages the body’s response
to stress. When a threat to physical or
psychological well-being is detected, the
hypothalamus amplifies production of
corticotropin-releasing factor (CRF),
which induces the pituitary to secrete
ACTH. ACTH then instructs the adre-
nal gland atop each kidney to release
cortisol. Together all the changes pre-
pare the body to fight or flee and cause
it to shut down activities that would
distract from self-protection. For in-

stance, cortisol enhances the de-
livery of fuel to muscles. At the

STRESS same time, CRF depresses the ap-
A AMUS petite for food and sex and

- heightens alertness. Chronic acti-

; ; vation of the HPA axis, however,
F may lay the ground for illness

‘; CRF

.-f- e

and, it appears, for depression.
As long ago as the late 1960s
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Effects of CRF Application
to Brain in Animals

DECREASED INCREASED

Eating Restless activity in

familiar environments

Sleeping

Withdrawal in
unfamiliar

environments

Reproductive
activity

HORMONAL SYSTEM known as
the hypothalamic-pituitary-adrenal
axis is active (solid arrows in dia-
gram) in response to stress. Mount-
ing evidence suggests that chronic
overactivity of the axis, and particu-
larly overproduction of corticotro-
pin-releasing factor (CRF), contrib-
utes to depression. For instance, ap-
plication of CRF to the brain of
laboratory animals produces symp-
toms (above) similar to those often
displayed by depressed individuals.

Copyright 1998 Scientific American, Inc.

and early 1970s, several research groups
reported increased activity in the HPA
axis in unmedicated depressed patients,
as evinced by raised levels of cortisol in
urine, blood and cerebrospinal fluid, as
well as by other measures. Hundreds,
perhaps even thousands, of subsequent
studies have confirmed that substantial
numbers of depressed patients—partic-
ularly those most severely affected—dis-
play HPA-axis hyperactivity. Indeed,
the finding is surely the most replicated
one in all of biological psychiatry.

Deeper investigation of the phenom-
enon has now revealed alterations at
each level of the HPA axis in depressed
patients. For instance, both the adrenal
gland and the pituitary are enlarged,
and the adrenal gland hypersecretes cor-
tisol. But many researchers, including
my colleagues and me at Emory Univer-
sity, have become persuaded that aber-
rations in CRF-producing neurons of
the hypothalamus and elsewhere bear
most of the responsibility for HPA-axis
hyperactivity and the emergence of de-
pressive symptoms.

Notably, study after study has shown
CRF concentrations in cerebrospinal
fluid to be elevated in depressed pa-
tients, compared with control subjects
or individuals with other psychiatric
disorders. This magnification of CRF
levels is reduced by treatment with an-
tidepressants and by effective electro-
convulsive therapy. Further, postmor-
tem brain tissue studies have revealed a
marked exaggeration both in the num-
ber of CRF-producing neurons in the
hypothalamus and in the expression of
the CRF gene (resulting in elevated CRF
synthesis) in depressed patients as com-
pared with controls. Moreover, delivery
of CREF to the brains of laboratory ani-
mals produces behavioral effects that
are cardinal features of depression in
humans, namely, insomnia, decreased
appetite, decreased libido and anxiety.

Neurobiologists do not yet know ex-
actly how the genetic, monoamine and
hormonal findings piece together, if in-
deed they always do. The discoveries
nonetheless suggest a partial scenario
for how people who endure traumatic
childhoods become depressed later in
life. T call this hypothesis the stress-di-
athesis model of mood disorders, in
recognition of the interaction between
experience (stress) and inborn predis-
position (diathesis).

The observation that depression runs
in families means that certain genetic
traits in the affected families somehow
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lower the threshold for depression. Con-
ceivably, the genetic features directly or
indirectly diminish monoamine levels in
synapses or increase reactivity of the
HPA axis to stress. The genetically de-
termined threshold is not necessarily
low enough to induce depression in the
absence of serious stress but may then
be pushed still lower by early, adverse
life experiences.

My colleagues and I propose that ear-
ly abuse or neglect not only activates the
stress response but induces persistently
increased activity in CRF-containing
neurons, which are known to be stress
responsive and to be overactive in de-
pressed people. If the hyperactivity in the
neurons of children persisted through
adulthood, these supersensitive cells
would react vigorously even to mild
stressors. This effect in people already
innately predisposed to depression could
then produce both the neuroendocrine
and behavioral responses characteristic
of the disorder.

Support for a Model

To test the stress-diathesis hypothesis,
we have conducted a series of ex-
periments in which neonatal rats were
neglected. We removed them from their
mothers for brief periods on about 10
of their first 21 days of life, before al-
lowing them to grow up (after wean-
ing) in a standard rat colony. As adults,
these maternally deprived rats showed
clear signs of changes in CRF-contain-
ing neurons, all in the direction observed
in depressed patients—such as rises in
stress-induced ACTH secretion and ele-
vations of CRF concentrations in sever-
al areas of the brain. Levels of cortico-
sterone (the rat’s cortisol) also rose.
These findings suggested that a perma-
nent increase in CRF gene expression
and thus in CRF production occurred
in the maternally deprived rats, an ef-
fect now confirmed by Paul M. Plotsky,
one of my co-workers at Emory.

We have also found an increase in
CRF-receptor density in certain brain
regions of maternally deprived rats. Re-
ceptor amplification commonly reflects
an attempt to compensate for a de-
crease in the substance that acts on the
receptor. In this case, though, the rise in
receptor density evidently occurs not as
a balance to decreased CRF but in spite
of an increase—the worst of all possibil-
ities. Permanently elevated receptor con-
centrations would tend to magnify the
action of CRE, thereby forever enhanc-
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Contributions from Imaging

The remarkable advances in brain imaging that have occurred over the past 15 years
are now enabling noninvasive visualization to complement other approaches for
identifying the neurobiological abnormalities that underlie depression. These techniques
may also help reveal anatomical or functional markers of susceptibility to the disorder.

So far magnetic resonance imaging and other tools that assess brain structure have pro-
duced several provocative findings, although the practical implications are not always clear.
Views of the subcortical white matter in manic-depressive (bipolar) patients, especially el-
derly ones, reveal an unexpectedly high number of bright spots in certain brain regions
known to be involved in mood (such as the basal ganglia, thalamus and brain stem). “Hy-
perintensities” usually reflect neuronal loss, but which kinds of nerve cells might be missing

from these regions remains obscure.

Also, the volume of various brain structures is reduced in long-term sufferers of depres-
sion. Among these is the hippocampus, a part of the limbic system (a suite of structures in-
volved in emotion and memory). For instance, in a study of elderly women whose depres-
sion was in remission, the hippocampus was smaller than in other women of the same age.
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ing the depression-inducing effects of
CREF and stress.

In an exciting preliminary finding,
Plotsky has observed that treatment
with one of the selective serotonin reup-
take inhibitors (Paxil) returns CRF lev-
els to normal, compensates for any gain
in receptor sensitivity or number (as in-
dicated by normal corticosterone pro-
duction lower down in the axis) and
normalizes behavior (for instance, the
rats become less fearful).

We do not know exactly how inhibi-
tion of serotonin reuptake would lead
to normalization of the HPA axis. Even
50, the finding implies that serotonin re-
uptake inhibitors might be particularly
helpful in depressed patients with a his-
tory of childhood trauma. Plotsky fur-
ther reports that all the HPA-axis and
CRF abnormalities returned when treat-
ment stopped, a hint that pharmaceuti-
cal therapy in analogous human patients
might have to be continued indefinite-
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This finding is consistent with animal data
suggesting that chronic oversecretion of
cortisol (as occurs in many depressed indi-
viduals) can destroy hippocampal cells. Still
uncertain is how neuronal loss in the hip-
pocampus and other regions would foster
depression, but it is reasonable to guess
that some of the affected neurons may in-
clude ones that respond to serotonin or

PET SCAN “SLICES” from the brain of a
patient who cycled from depression (top
row) to abnormally elevated mood (mid-
dle) and back (bottom) reveal different
patterns of activity in the two states. Activ-
ity levels are indicated by a spectrum rang-
ing from blue (low) through green to yel-
low and red (high).

ly to block recurrences of depression.
Studies of Bonnet macaque monkeys,
which as primates more closely resem-
ble humans, yielded similar results.
Newborns and their mothers encoun-
tered three foraging conditions for three
months after the babies’ birth: a plenti-
ful, a scarce and a variable food supply.
The variable situation (in which food
was available unpredictably) evoked
considerable anxiety in monkey moth-
ers, who became so anxious and preoc-
cupied that they basically ignored their
offspring. As our model predicts, the
neonates in the variable-foraging condi-
tion were less active, withdrew from in-
teractions with other monkeys and froze
in novel situations. In adulthood, they
also exhibited marked elevations in
CRF concentrations in spinal fluid.
The rat and monkey data raise pro-
found clinical and public health ques-
tions. In the U.S. alone in 1995, more
than three million children were report-
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norepinephrine. As the main text notes, declines in these signaling molecules, or neuro-
transmitters, contribute to many cases of depression.

Imaging studies that look at brain function—specifically at which areas are active (fir-
ing) when a person is resting or engaged in some task—have produced other insights. For
example, positron emission tomography (PET) has shown that patients with major depres-
sion and normal controls evince different patterns of activity in several limbic and cortical
brain areas. Further, in one patient who cycled rapidly between depression and mania
over several days, the global activation pattern varied dramatically in the two states. Such
work offers clues to the brain regions most important in each state. In addition, one PET
analysis hints that increased activity in a region of the limbic system—the amygdala of the
left hemisphere—might be an indicator of heightened vulnerability to future depression.

Functional imaging technology can also reveal the concentrations of the target mole-
cules of neurotransmitters, so that densities of those targets can be compared in different
people and in various areas of the brain. Traceable substances that bind to the serotonin
reuptake transporter (which removes serotonin from synapses) and to one type of sero-
tonin receptor have now been developed and should provide valuable information about
exactly which brain areas show depleted serotonin activity in depressed patients. More-
over, functional imaging should help clarify where various antidepressants exert their ef-
fects in the brain.

Imaging tools are just begin-
ning to be applied to study of the
causes and best ways to treat de-
pression. As the technology ad-
vances, understanding of mood
disorders should take another gi-
ant step ahead. —CB.N.

INCREASED ACTIVITY has
been found by PET imaging in
parts of the prefrontal cortex and
in the amygdala in the left hemi-
sphere of depressed patients. Some
work suggests that elevated activ-
ity in the amygdala can signal vul-
nerability to future depression.

MEDIAL ORBITAL

CORTEX AMYGDALA

HIGH ACTIVITY

LOW ACTIVITY

WAYNE C. DREVETS University of Pittsburgh Medical Center

edly abused or neglected, and at least a
million of those reports were verified. If
the effects in human beings resemble
those of the animals, the findings imply
that abuse or neglect may produce per-
manent changes in the developing
brain—changes that chronically boost
the output of, and responsiveness to,
CRE, and therefore increase the victims’
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lifelong vulnerability to depression.

If that conclusion is correct, investi-
gators will be eager to determine wheth-
er noninvasive techniques able to assess
the activity of CRF-producing neurons
or the number of CRF receptors could
identify abused individuals at risk for
later depression. In addition, they will
want to evaluate whether antidepres-

sants or other interventions, such as psy-
chotherapy, could help prevent depres-
sion in children who are shown to be
especially susceptible. Researchers will
also need to find out whether depressed
adults with a history of abuse need to
take antidepressants in perpetuity and
whether existing drugs or psychothera-
py can restore normal activity in CRF-
producing neurons in humans.

The stress-diathesis model does not
account for all cases of depression; not
everyone who is depressed has been ne-
glected or abused in childhood. But in-
dividuals who have both a family histo-
ry of the condition and a traumatic
childhood seem to be unusually prone
to the condition. People who have no
genetic predisposition to depression (as
indicated by no family history of the dis-
order) could conceivably be relatively
protected from serious depression even
if they have a bad childhood or severe
trauma later in life. Conversely, some
people who have a strong inherited vul-
nerability will find themselves battling
depression even when their childhoods
and later life are free of trauma.

More work on the neurobiology of
depression is clearly indicated, but the
advances achieved so far are already be-
ing translated into ideas for new medi-
cations. Several pharmaceutical houses
are developing blockers of CRF recep-
tors to test the antidepressant value of
such agents. Another promising class of
drugs activates specific serotonin recep-
tors; such agents can potentially exert
powerful antidepressive effects without
stimulating serotonin receptors on neu-
rons that play no part in depression.

More therapies based on new under-
standings of the biology of mood disor-
ders are sure to follow as well. As re-
search into the neurobiological under-
pinnings progresses, treatment should
become ever more effective and less like-
ly to produce unwanted side effects. &
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