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Pathophysiology of Major Depressive Disorder:
Monoamines, Neuropeptides, and Neurotrophins

Kerry J. Ressler, M.D., Ph.D., be-
gan his discussion by stating that ma-
jor depressive disorder is a common
syndromal disorder associated with ex-
treme morbidity and mortality. Physi-
cians should view depression as a re-
sult of dysfunctioning brain circuits.

The monoamines serotonin and nor-
epinephrine are crucial regulators of
a plethora of behaviors ranging from
stress response to concentration,
Dr. Ressler explained. Likewise, the
neuropeptide corticotropin-releasing
hormone (CRH) is associated with
behavior-specific neuronal circuits.
Recent evidence also suggests that
another neuropeptide, hypocretin, may
play arole in depression, specifically
in regard to the regulation of the sleep-
wake cycle. Abnormalities of neuro-
trophins and brain-tissue devel opment
have been linked to depressive disor-
der aswell, added Dr. Resgler.

Monoamines

Dr. Ressler explained that the
monoamines dopamine, norepineph-
rine, and serotonin regulate the broad
functioning of brain circuits (Figure 1)
and are produced in the ascending
arousal system. While some of the
roles that these monoamines play in
the functioning of the brain are well-
understood—for example, the role of
dopamine in motivation—other roles
are more speculative, such as the role
of serotonin in impulsivity.

However, Dr. Ressler commented,
norepinephrine and serotonin dysregu-
lation are known to play a crucia role
in the development of depressive dis-
order. Depression has been found to be
not only a result of dysregulation in
either the norepinephrine or serotonin
system, but also aresult of disturbances
in the balance between these 2 neuro-
transmitters.

Norepinephrine. Norepinephrineis
involved in the arousal, vigilance, and
stress response systems of the brain?
and is characterized by burst firing
when the brain switches from a cam
wakeful state to one of vigilance and
attention.

Dr. Ressler remarked that in depres-
sion, the norepinephrine system prob-
ably does not involve a gross increase
or decrease in static levels of neuro-
transmission, but rather a dysregu-
lation of dynamic levels of neurotrans-
mission. Evidence®* suggests an
overactivation of norepinephrine re-
lease and/or hypersensitivity of the
norepinephrine systems in depression.

Dr. Ressler added that levels of
tyrosine hydroxylase, an enzyme re-
quired for the production of norepi-
nephrine, may be a marker for norepi-
nephrine dysregulation. In one study,?
tyrosine hydroxylase protein levels
were measured in the postmortem
brains of 13 people with depression
and 13 age-matched controls. Tyrosine
hydroxylase levels were found to be
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Figure 1. Roles of the Monoamines in
the Brain®
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This diagram illustrates a variety of the
behaviors from human and animal studies that
have been associated with these monoamine
neurotransmitters.

elevated among depressed patients,
suggesting either a premortem over-
activity of tyrosine hydroxylase or a
deficiency in norepinephrine.

Serotonin. In contrast to norepi-
nephrine’s burst firing activity,
serotonin’s activity in the brain is
characterized by a relatively slow
rhythmic pattern—only afew times per
second—explained Dr. Ressler. The
serotonin system is thought to be asso-
ciated with quiet, internally directed
activity and inhibited by behavioral
orientation and vigilance. For example,
in an electrophysiologic study® of the
raphe nucleus of cats, the cat’s dorsal
raphe nucleus serotonergic neurons
were activated when the cat was
grooming itself. However, when adoor
was opened or shut, the cat’ sinternally
directed grooming behavior stopped,
and the raphe appeared to completely
shut off.

Studies™ suggest that patients with
depression and anxiety have decreased
levels of serotonin and its metabolites.
Inastudy by Geracioti and colleagues,*
control subjects with high levels of
norepinephrine had relatively low
levelsof serotonin, and vice versa, con-
sistent with inverse correlation of
raphe firing with locus ceruleus
activity. In contrast, in patients with
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depression, such a correlation was
absent, consistent with a dysregulation
in the coordinated activity between
these 2 monoamine neurotransmitter
systems.

Neuropeptide Systems

Neuropeptides mediate behavior-
specific components of neural circuits,
continued Dr. Ressler. Specific neu-
ropeptides such as CRH have been
associated with the dysregulation of
the hypothal amic-pituitary-adrenal
stress axis and depression. However,
Dr. Ressler added, other neuropeptides
such as hypocretin have been discov-
ered that may play a crucia role in
depression, particularly in the regula-
tion of the sleep-wake cycle.

Corticotropin-releasing hormone.
CRH is released from the hypo-
thalamus and increases adrenocorti-
cotropic hormone release from the pi-
tuitary gland. CRH helps modulate
norepinephrine by increasing cortisol
release from the adrenal gland, which,
in turn, increases norepinephrine re-
lease from the locus ceruleus. Also,
CRH-producing neurons project di-
rectly from the amygdala to the locus
ceruleus.®

Dr. Ressler remarked that patients
with depression have increased levels
of CRH when compared with non-
depressed participants.”®

Hypocretin. Hypocretin, a recently
discovered neuropeptide, is released
from the hypothalamus into mono-
amine systems mediating arousal.
Hypocretin is required for normal
modulations of sleep and wake cycles.

Patients with depression have been
found to have significantly less peak-
to-trough hypocretin variations.® Dr.
Ressler mentioned that this evidence
suggests that some neuropeptides
may mediate the symptoms of sleep-
wake disruption in some subtypes of
depression.

Neurotrophins and Neuroplasticity
Neurotrophic factors such as brain-
derived neurotrophic factor (BDNF)
are thought to be involved in enhanc-
ing neuroplasticity and enhancing the

number of neuronsthat are born within
the hippocampus. Mood disorders such
as depression are associated with
impairments of structural plasticity
and cellular resistance, explained Dr.
Ressler.’

CRH has also been found to be in-
volved in the modulation of neuro-
plasticity. Studies'®™* have repeatedly
found that patients with depression
have a decrease in hippocampal size
when compared with control partici-
pants. Elevated CRH and/or cortisol
may contributeto decreased hippocam-
pal size through increased atrophy and
cell death in combination with dimin-
ished cellular resiliency that may occur
with abnormal BDNF function.

Chronic Antidepressant Treatment

Dr. Ressler stated that, in euthymia,
the amygdala’ s role is to compare ex-
ternal sensory and internal memory
events. This process occurs through
an interaction among the amygdala,
hippocampus, locus ceruleus, raphe
nucleus, and the dorsal and ventral pre-
frontal cortices. The pathwaysinvolved
are modulated by norepinephrine, se-
rotonin, and corticotropin-releasing
hormone (Figure 2A).

However, in the brain of patients
with depression, the amygdala appears
to be hyperactive, and other areas of
the brain malfunction (Figure 2B). The
amygdala responds to external sensory
information as being more stressful
than usual. Therefore, antidepressant
treatments function by correcting dis-
rupted circuits in these areas of the
brain, summarized Dr. Ressler (Figure
2C).

Monoamines. Dr. Ressler noted that
antidepressant treatment can regulate
norepinephrine levels and increase
serotonin levels.

Normalizing norepinephrine levels
may be possible by decreasing tyrosine
hydroxylase levels. Nestler and col-
leagues®® found that total levels of
tyrosine hydroxylase proteins were
decreased in the brains of rats treated
with nortriptyline, a norepinephrine-
specific agent; electroconvulsive
therapy, a pan-monoamine treatment;
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Figure 2. Brain Processes in Patients With Euthymia, Untreated Major Depressive Disorder and Anxiety,

or Treated Depression
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Abbreviations: CRH = corticotropin-releasing hormone, ECT = electroconvulsive therapy, 5-HT = serotonin, NE = norepinephrine, NRI = norepinephrine reuptake
inhibitor, PFC = prefrontal cortex, SSRI = selective serotonin reuptake inhibitor.

fluoxetine, an inhibitor of serotonin re-
uptake; and bupropion. However, halo-
peridol, diazepam, and morphine were
found to have no effect on tyrosine
hydroxylaselevels. Selective serotonin
reuptakeinhibitor (SSRI) treatment has
been found to increase serotonin levels
in the hypothalamus, hippocampus,
and frontal cortex of patients with
depression.*

Neurotrophins. In patients with
depression, there is a decrease in neu-
roplasticity and BDNF release, re-
viewed Dr. Ressler. In a postmortem
study,* increased BDNF release was
found in subjects treated with anti-
depressants when compared with un-
treated subjects.

Dr. Ressler remarked that hip-
pocampal neurogenesis may be re-
quired for antidepressant efficacy.™
Chronic antidepressant treatment has
been found to increase cell numbersin
the hippocampus as well asto increase
outgrowth of neuronal processes.™

Conclusion

Dr. Ressler summarized that mono-
aminesregulate multiple broad systems
including stress, fear, and arousal cir-
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cuits; neuropeptides mediate behavior-
specific circuits such as wakefulness;
and neurotrophins allow for plasticity
and maintenance of neural circuits.

By understanding the roles these
brain circuits play in depression, clini-
cians can develop a better understand-
ing of response and remission, re-
marked Dr. Ressler. Remission from
major depression occurs when the cor-
rection of one disrupted circuit leads
to the correction of the other circuits.
Hence, resistance or partial response
occurs when one disrupted circuit is
corrected, but other circuits fail to
normalize.

REFERENCES

1. Geracioti TD Jr, Loosen PT, Ekhator NN,
et a. Uncoupling of serotonergic and
noradrenergic systems in depression:
preliminary evidence from continuous
cerebrospinal fluid sampling. Depress
Anxiety 1997;6:89-94

2. Aston-Jones G, Chiang C, Alexinsky T.
Discharge of noradrenergic |locus coeruleus
neurons in behaving rats and monkeys sug-
gestsarolein vigilance. Prog Brain Res
1991,88:501-520

3.Zhu MY, Klimek V, Dilley GE, et al.
Elevated levels of tyrosine hydroxylase in
the locus coeruleus in major depression.
Biol Psychiatry 1999;46:1275-1286

4. Ressler KJ, Nemeroff CB. Role of seroto-
nergic and noradrenergic systemsin the
pathophysiology of depression and anxiety
disorders. Depress Anxiety 2000;12
(suppl 1):2-19

5. Fornal CA, Metzler CW, Marrosu F, et al.
A subgroup of dorsal raphe serotonergic
neuronsin the cat is strongly activated
during oral-buccal movements. Brain
Res 1996;716:123-133

6. Purba JS, Raadsheer FC, Hofman MA,
et al. Increased number of corticotropin-
releasing hormone expressing neuronsin
the hypothalamic paraventricular nucleus
of patients with multiple sclerosis.
Neuroendocrinology 1995;62:62—70

7. Raadsheer FC, Hoogendijk WJ, Stam FC,
et al. Increased numbers of corticotropin-
releasing hormone expressing neurons in
the hypothalamic paraventricular nucleus
of depressed patients. Neuroendocrinology
1994;60:436-444

8. Nemeroff CB, Widerlov E, Bissette G,
et al. Elevated concentrations of CSF
corticotropin-releasing factor-like immuno-
reactivity in depressed patients. Science
1984;226:1342-1344

9. Manji HK, Duman RS. Impairments of

neruoplasticity and cellular resilience in

severe mood disorders: implications for
the development of novel therapeutics.

Psychopharmacol Bull 2001;35:5-49

Bremner JD, Narayan M, Andersen E,

et a. Hippocampal volume reduction in

major depression. Am J Psychiatry 2000;

157:115-118

. Sheline YL, Wang PW, Gado MH, et al.

Hippocampal atrophy in recurrent major
depression. Proc Natl Acad Sci U SA
1996;93:3908-3913

10.

Prim Care Companion J Clin Psychiatry 2004;6(6)



12. Nestler EJ, McMahon A, Sabban EL, et
al. Chronic antidepressant administration
decreases the expression of tyrosine hy-
droxylase in the rat locus coeruleus. Proc
Natl Acad Sci U S A 1990;87:7522—7526

13. Blier P, Bouchard C. Modulation of 5-HT
release in the guinea-pig brain following

long-term administration of antidepressant
drugs. Br J Pharmacol 1994;113:485-495

14. Chen B, Dowlatshahi D, MacQueen GM,
et a. Increased hippocampal BDNF immu-
noreactivity in subjects treated with antide-
pressant medication. Biol Psychiatry 2001;
50:260-265

ACADEMIC HIGHLIGHTS

15. Santarelli L, Saxe M, Gross C, et al. Re-
quirement of hippocampal neurogenesis for
the behavioral effects of antidepressants.
Science 2003;301:805-809

16. Duman RS. Synaptic plasticity and mood
disorders. Mol Psychiatry 2002;7(suppl 1):
S29-S34

Pharmacologic Approaches to the Management of Residual Symptoms

in Major Depressive Disorder

Maurizio Fava, M.D., stated that
major depressive disorder isfrequently
underrecognized and undertreated in
the primary care setting despiteitsrela-
tively high prevalence.! Onereason for
thelack of recognition of depressionis
that the full spectrum of depression
symptomatology islargely unacknowl-
edged in depression classification and
rating scales. However, recognition
of these symptoms is crucia to de-
pression treatment, because many of
these symptoms persist despite ad-
equate antidepressant therapy, asserted
Dr. Fava

Recognizing Symptoms
of Depression

Major depressive disorder is typi-
cally thought to consist of primarily
psychological symptoms (such as de-
pressed mood, feelings of guilt, or in-
decisiveness), and thisideais reflected
in the DSM-IV-TR classification of

depression.? However, Dr. Favastated,
major depressive disorder should be
thought of as including a constellation
of symptoms across 3 domains. psy-
chological, behavioral, and somatic
(Table 1). Somatic and behavioral
symptoms are often overlooked in the
recognition of depression and treat-
ment, in part because the DSM-IV-TR
criteria for major depressive disorder
list 6 psychological symptoms and
3 somatic symptoms; 1 psychological
symptom can be seen as a behavioral
symptom as well.

Dr. Favaemphasized that clinicians
need to be aware of the psychological,
behavioral, and somatic symptoms of
depression to adequately address pa-
tients’ needs. He explained that the cli-
nician and patient perspectives often
differ. Clinicians have been taught
to treat the disorder itself, but patients
are often more concerned with the alle-
viation of symptoms. However, psy-

chiatry is shifting toward a treatment
approach that focuses more on the
symptoms of depression rather than the
syndrome of depression.

When targeting specific symptoms
or symptom domains, clinicians need
to assess the effects of treatment. Dr.
Fava explained that, unfortunately,
the instruments that are typically used
are somewhat limited. For example,
clinician-rated instruments such as the
Hamilton Rating Scale for Depression
(HAM-D),® the Montgomery Asberg
Depression Rating Scale (MADRS),*
and the Inventory for Depression
Symptomatol ogy® are useful scales, but
these scales reflect DSM nosology and
focus primarily on psychological
symptoms. These scales do not fully
cover al the current DSM symptoms
for major depressive disorder and only
partially measure somatic symptoms.

Similar problems are a'so encoun-
tered when using patient-rated instru-

Table 1. Common Symptoms of Unipolar Depression®

Psychological Symptoms

Behavioral Symptoms

Somatic Symptoms

Depressed mood*

Irritability*

Anxiety/nervousness

Lack of interest/motivation*

Reduced concentration*

Inability to enjoy things*

Lack of pleasure*

Hypersensitivity to rejection/criticism
Perfectionism/obsessiveness
Indecisiveness*

Pessimism/hopel essness

Feelings of helplessness

Cognitive distortions

Feeling stressed

Low self-esteem/feelings of worthlessness*
Excessive guilt*

Thoughts of death or suicide*
Thoughts of hurting other people

Crying spells

Interpersonal friction/confrontation

Anger attacks/outbursts

Avoidance of anxiety-provoking situations
Reduced productivity

Social withdrawal

Avoidance of emotional and sexual intimacy
Reduced leisure-time activities
Development of rituals or compulsions
Workaholic behaviors

Substance use/abuse
Self-sacrifice/victimization
Self-cutting/mutilation

Suicide attempts/gestures*
Violent/assaultive behavior

Fatigue*

Leaden feelings in arms or legs
Sleeping too little/insomnia*
Sleeping too much/hypersomnia*
Decreased appetite*

Weight loss*

Increased appetite*

Weight gain*

Reduced libido/arousal difficulties
Erectile dysfunction

Delayed orgasm/inability to achieve orgasm
Headaches

Muscle tension

Gastrointestinal upset

Heart palpitations

Burning or tingling sensations

3Adapted with permission from Cassano and Fava.'

*Listed as part of the DSM-IV-TR? criteria for depression.
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ments such as the Beck Depression
Inventory,® HANDS,” and the Zung
Self-Rating Depression Scale,® which
are al heavily weighted to measure
psychological symptoms.

Response and Residual Symptoms

Although the currently availablein-
struments are limited in their capacity
to measure al 3 symptom domains,
they can be used to classify symptom
improvement of patients being treated
for depression. Clinical studies, Dr.
Fava related, tend to divide treatment
outcome into 3 groups on the basis of
the degree of symptom impairment:
nonresponse, partial response, and re-
sponse. All categorizations assume an
adequate antidepressant trial in terms
of both dose and time. The first cat-
egory, nonresponse, describes patients
who experience < 25% improvement
in depressive symptoms as measured
by arating scale. Partial responsetypi-
cally indicates a clinically significant
improvement that isnot robust, such as
a 25% to 50% improvement on rating
scale score, but marked with residual
symptoms. Response describes patients
who experience arobust improvement,
i.e., = 50% improvement according to
the rating scale score with mild re-
sidual symptoms.

Even patients whose depression is
described as being in remission, i.e,
the return to premorbid functioning,
can experience some residua symp-
toms. Dr. Fava noted that remission
is not reached frequently enough. In a
review of 36 clinical trials of antide-
pressants, Fava and Davidson® found
that many of the reviewed studies re-
ported that 50% or more of patients
were partial or nonresponders.

Residual symptoms among re-
sponders are also prevalent. Patients
who achieve full remission have sig-
nificantly fewer days missed from
work than nonremitters.’® For example,
Nierenberg and colleagues™ assessed
the presence and number of residual
symptoms in 108 full responders
(HAM-D scores < 7, which is consid-
ered remission in many studies) to
fluoxetine treatment. Fewer than 20%
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had no residual symptoms, and over
half had 2 or more symptoms.

The importance of residual symp-
toms has been demonstrated, accord-
ing to Dr. Fava. For example, Paykel
and colleagues® have shown that re-
lapse and recurrence are less likely
in patients without residual symptoms
(25%) than in patients with residual
symptoms (76%). According to along-
term study by Judd and coworkers,*®
patientswho had subthreshold residual
symptoms were more likely to expe-
rience relapse or recurrence, relapsed
more quickly, and had shorter well in-
tervals than did recovered patients
without residual symptoms.

Types of Residual Symptoms

Some residual symptoms are more
common than others, stated Dr. Fava.
For example, anxiety is acommon re-
sidual symptomin depression,** andin
a study™ of elderly patients with de-
pression, those who were still anxious
at the time of remission had a shorter
timeto relapse or recurrence than non-
anxious patients.

Somatic symptoms are common re-
sidual symptoms as well. Denninger
and colleagues™ have found that re-
sidual somatic symptoms are signifi-
cantly more common in responders
who have not remitted than in remit-
ters. Sleep disturbances may aso lin-
ger among responders to antidepres-
sant treatment, as Nierenberg and
coworkers™ found. In a study by
Reynolds et al.,'” patients who re-
ceived mai ntenance interpersonal psy-
chotherapy and had good sleep quality
were more likely to remain well for
at least 1 year (90%) compared with
those with residual poor sleep quality
(33%).

The presence of residual symptoms
may be due to conditions other than
depression, explained Dr. Fava, and a
careful differential diagnosisis essen-
tial. Fatigue, for example, may be due
to hyperthyroidism. Antidepressant-
induced adverse effects may also
cause avariety of symptomsthat could
be misinterpreted as residual symp-
toms of depression such as sleepiness,

Table 2. Strategies to Enhance the
Chances of Achieving Remission of
Depression

Educate patients about depression
and antidepressant treatment
Enhance treatment adherence
Ensure adequacy of antidepressant dose
Ensure adequacy of treatment duration
Choose antidepressant treatments with
greater efficacy in specific subtypes
or populations
Address residual symptoms and side
effects

fatigue, cognitive dysfunction, and
apathy. Clinicians should try to distin-
guish residual symptoms from psychi-
atric or medical comorbidity or medi-
cation side effects.

Achieving Remission and
Managing Residual Symptoms

Several strategies can be used to
help patients achieve remission (Table
2). Dr. Fava reviewed management
strategies for 2 common residual
symptoms: anxiety and hypersomnia/
fatigue.

Anxiety. When a patient presents
with anxiety as aresidual symptom or
asasideeffect, the physician may want
to consider switching to a more sedat-
ing antidepressant. However, switch-
ing treatment may sometimes be inap-
propriate, since doing so may sacrifice
the response a patient has already
achieved. Clinicians may want to con-
sider increasing the antidepressant dos-
ageto levels higher than the ones used
for depression.

Dr. Fava explained that polyphar-
macy is used more commonly to treat
anxiety as aresidual symptom or as a
side effect. Although many of these
treatments have not yet been approved
for anxiety treatment, augmenting
agents such as benzodiazepines, anti-
convulsants, and buspirone are com-
mon pharmacologic options. Con-
comitant psychotherapy, such as
cognitive-behavioral therapy, may also
be helpful in managing anxiety, par-
ticularly in patients with comorbid
panic disorder or phobias.

Hypersomnia and fatigue. In man-
aging hypersomnia and fatigue in de-
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pression, Dr. Fava explained that the
first step is to rule out concomitant
substance abuse. Clinicians should
then educate patients on proper sleep
hygiene.

It isnot uncommon for cliniciansto
experiment with the timing of anti-
depressant dosing to help patients
sleep or, in the case of fatigue, to help
patients be more alert, remarked Dr.
Fava. Reducing the antidepressant
dose or switching agents may help
aleviate symptoms, but once again,
physicians run the risk of losing effi-
cacy when reducing or switching anti-
depressants.

If hypersomnia or fatigue is due to
poor sleep quality, Dr. Fava recom-
mended adjunctive treatments such
as hypnotics or benzodiazepines. For
hypersomnia or fatigue, psychostimu-
lants, modafinil, bupropion, or a nor-
epinephrine reuptake inhibitor such as
atomoxetine may be prescribed.

Dr. Fava commented that many
of these strategies are used in an off-
label fashion and studies are clearly
needed to prove their efficacy. Pre-
liminary results from a study® of
modafinil asan adjunct to SSRIsfound
that nonresponsive or partially respon-
sive patients experiencing persistent
fatigue and sleepiness were sig-
nificantly more improved after re-
ceiving modafinil according to Clini-
cal Global Impressions-Improvement
scale scores (p<.05 vs. placebo)
than untreated patients. In addition,
modafinil was associated with a sig-
nificant decrease in mean scores on
the “worst” item of the Brief Fatigue
Inventory (p < .05 vs. placebo).

Conclusion

In conclusion, said Dr. Fava, in-
complete response to antidepressant
treatment istherule, not the exception.
Residual symptoms are common
and may be psychological, behavioral,
and/or somatic in nature. Clinicians
use many augmentation strategies
for the management of residual symp-
toms, but clearly, further studies are
needed to assess the efficacy of these
strategies.
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The Brain and the Mind in Depression

Philip T. Ninan, M.D., discussed
depression from the perspective of the
brain and the mind. The brain is the
organ at the core of mental disciplines,
and without the brain there would be
no mind. Asan organ, the human brain
is unique since the higher order of out-
put influencesits own functioning. For
example, the mind has the executive
capacity to make conscious, willful
choices that can affect the functioning
of the brain. Such systems-level
knowledge is a necessary foundation
to understand mental illnesseslike ma-
jor depression and to critically guide
the prescription of pharmacologic and
psychotherapeutic treatments.

Heterogeneity of Major Depression
Major depressionisaclinical label.
The DSM-IV diagnosis' requires a

minimum 2-week period of at least 5 of
9 symptoms, one being either sadness
or anhedonia. Severa subtypes of the
disorder exist. In attempts to address
this heterogeneity, 2 broad types have
emerged with some regularity in the
literature—the melancholic type with
persuasive neurobiological evidence of
deregulation of the hypothalamic-pitu-
itary-adrenal, “stress’ axis, and atypi-
cal depression marked by prominent
anxiety, akin to major depression with
a comorbid anxiety disorder. An over-
active anxiety neurocircuit is suggested
as the initiating pathophysiology in
atypical depression, with the subse-
quent devel opment of depression.? Why
isthere not aone-to-one correlation be-
tween neurobiology and clinical pre-
sentations? For that, we have to exam-
ine the brain and its product, the mind.
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The Brain as a Cartographer

One way to understand the brain’s
function isto seethe brain as a cartog-
rapher. The brain functions by making
internal maps of the external world.
Such maps are patterns of neural ac-
tivity that represent external reality,
just like aconventional map isapicto-
rial representation of a geographical
area.

The brain creates maps of the body
through somatosensory and visceral
representations. Somatosensory repre-
sentations of the body are located in
the parietal lobe, which straddles the
parietal ridge, which represents differ-
ent anatomical areas. The insular cor-
tex representsinformation fromthein-
ternal organs for a visceral map.® The
combination of the somatosensory and
visceral representations forms the ba-
sisof the somatic self. Abnormal func-
tioning in these maps can theoretically
have profound influences. Somatic
symptoms in illnesses like major de-
pression may result from functional
aberrationsin somatic representations.
In an extreme example, a seizure af-
fecting the somatosensory cortex re-
sults in an individual’s losing aware-
ness of the body, a condition called
asomatognosia.

The somatic representation of the
self is a necessary foundation for the
psychological self. Psychoanalytic
theory argues that the psychological
self is criticaly influenced by rela-
tionships, particularly early in devel-
opment.* For example, early in life,
the mother-child relationship is po-
tently internalized in the developing
brain of the child. The infant has yet
to form clear representations of its
somatic boundaries and is strongly in-
fluenced by maternal emotions. With
the development of representations of
physical boundaries, the child experi-
encesthe self as separate and therefore
independent. A failure of appropriate
development in somatic representa-
tions may leave theindividua without
asense of astable psychic self. Such a
person would be inordinately suggest-
ible and excessively vulnerable to out-
side influences.
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Perception and Response

The process in which the brain cre-
ates these internal maps begins with
perception, continued Dr. Ninan. For
perception to occur, sensory represen-
tations have to be selectively received
or matched by complementary pre-
existing internal templates.*® Sub-
jective perception occurs when 2
visual representations coalesce—the
“bottom-up” information coming
through the retina to the occipital cor-
tex, and the “top-down” information
of the internal template perceiving the
external information.

Perceptions evoke action. Actions
can be reflexive (such as blink of an
eye), automatic (such as emotion), or
executive (such as cognition) as well
as self-generated. A reflex reaction
happens quickly and requires limited
information processing, involving only
afew synaptic connections. An evoked
response beyond a reflexive one ini-
tially activates limbic sites where, if
theinput matches an internal template,
it triggers an emotional response. The
responses are broadly valued as posi-
tive or negative and emerge to subjec-
tive awareness as feelings. Negative
emotions, triggered via the amygdal a,
include anxiety and sadness, whereas
positive emotions include feelings of
happiness and pleasure.’

The Nature of Emotions

Emotions are automatic and occur
with activity inthelimbic circuits prior
to conscious awareness. Emotions are
triggered preconsciously and cannot be
willfully chosen. What is within voli-
tion, however, iswhether an individual
executively agrees with the emotion
experienced and subsequently chooses
to inhibit or intensify the emotion. De-
cisions based on emotions areintuitive
because they are not deliberate. Given
the complex and differential time
frames for emotions, cognitive pro-
cessing, and conscious awareness, such
emotional decisions are vulnerable to
post hoc rationalization.

Intense emotions are experiential,
global, and overpowering because they
are indelibly tied to the body. Intense

emotions drive cognitions and be-
havior.® They diminish theindividual’s
capacity to make independent observa-
tions or executive decisions. Emotions
drain working memory capacity and
the ability to plan adeliberate response.
For example, anxiety experienced at
an emotional level commands cata-
strophic cognitions, called worry.
Likewise, positive emotions such as
pleasure result in cognitions that are
lavish and behaviors that are expan-
siveandinclusive. Emotionsalso drive
behavior—anxiety results in physical
tension, restlessness, the desireto flee,
or defensive aggression.

Emotions are associative, such that
a current emotion is typically associ-
ated with other events that induced
similar responses in the past. The
lifespan of an experienced emotion
generaly stretches beyond the time
frame of cognitive events, and residual
emotions can influence subsequent
events even if they are independent
and unrelated. In anxiety, this associa-
tion occurs when the information
reaching the amygdala matches previ-
ously stored threat templates, a fixed
action pattern from responses are acti-
vated such asfear of immediate physi-
cal threats or anxiety from anticipated
psychological threats. The amygdaa
serves as a central command switch,
which activates a cascade of eventsin
the brain and body that enhance sur-
vival. Based on preclinical studies,
negative emotiona responses appear
to be conditioned in 3 different ways:
fear, contextual conditioning, and
avoidance.*** Using the example of an
individual’s memory of being as-
saulted in an alley late at night, Dr.
Ninan reviewed the different types of
negative conditioning and the re-
sponses they evoke (Table 3).

Cognition

Cognition is the capacity to frame
information in different contexts and
change it proportionately so that the
end product appears reasoned, bal-
anced, and logical.” Cognitive systems
gather information about a current situ-
ation, apply relevant memories, run
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Table 3. Conditioning of a Negative Response: An Individual Assaulted Late at Night in an Alley*

Type of Conditioning

Activity in the Brain

Reaction

Example

Fear Conditioning
memories

Contextual Conditioning

Avoidance Conditioning

Involves specific nuclei of the
amygdala forming emotional

Involves explicit memory
circuits mediated through
the hippocampus

Involves the prefrontal cortical
and limbic interconnections

Activation of the memory
triggers fear again

The context (eg, nighttime)
in which the assult occurred
is remembered

Individuals are likely to avoid
situations that they associate
with negative or distressing
experiences

If the individual sees his or her assailant
again or someone resembling that
person, the individual reexperiences
fear felt during the assault.

Going out at night results in the
individual’s being anxiously vigilant
because the night is associated with
assault

The individual does not want
to leave his or her house at night

#Based on McKernan and Shinnick-Gallagher,” LeDoux,'® and Davis.™

simulations of possible outcomes,
frame information in the context of the
self and its ideals and goals, and then
choose a decision. Language allows
cognitions to be nuanced, differenti-
ated, and communicated. Cognitive
processesallow human behavior torise
above predetermined responses and
move toward willful choice.
Important neurobiological dif-
ferences exist in the systems that un-
derlie emotions and cognition. The
neurocircuits mediating emotions are
largely feed-forward systems, while
cognition emerges from recursive cir-
cuits that prominently include feed-
back mechanisms. Thus executive
functions move beyond the matching
receptivity of representations that are
at the core of emotions. Cognition has
the ability to hold and process infor-
mation in working memory, accessrel-
evant memories, and inhibit automatic
responses for social or other reasons.
In major depression, cognitive
processes lose their multifaceted abili-
ties and become ruminatively repeti-
tive, restricted in content, and focused
on guilt, hopelessness, and death.
Functional brain imaging studies
support the postulated interactive rela-
tionship between emotions and cogni-
tion. Mayberg and colleagues™ used
positron emission tomography to mea-
sure brain changes in healthy volun-
teers who were asked to recount sad
personal experiences and depressed
patients who were treated with fluoxe-
tine. Sad memories in healthy subjects
increased blood flow in critical emo-
tional centersand decreased blood flow

Prim Care Companion J Clin Psychiatry 2004;6(6)

Table 4. Possible Mechanisms of
Response to Pharmacotherapy

Table 5. Possible Mechanisms of Action
of Psychotherapy

Inhibiting negative emotions
(catecholamines and indol eamines)

Enhancing inhibition of emotional
response (GABAergic agents)

Modulating excitation
(glutamatergic agents)

Inducing neurogenesis, thereby
possibly enhancing working memory
(neurotrophic agents)

Enhancing cortical wakefulness
(histamine)

in executive regions that mediate cog-
nitive processes. In successfully
treated depressed patients, the oppo-
site pattern was seen. These results
suggest that with sadness or depres-
sion, overactivity of negative emo-
tional systemsis coupled with reduced
executive and cognitive capacity. Suc-
cessful pharmacologic treatment im-
proves depressive symptoms and rees-
tablishes the normal balance between
emotions and cognition.

Mechanisms of Treatment Response

There are several ways to treat
major depression to remission. Ninan
posed the question, can an under-
standing of pathophysiology guide
treatment choices? Antidepressant
pharmacotherapy influences parts of
the brain that may be overactive or
oversensitized in depression, com-
mented Dr. Ninan (Table 4). For ex-
ample, inhibiting exaggerated negative
emotional reactions through the amyg-
dalamay enable adepressed individual
to override sadness and its associated
ruminations. Increasing neurogenesis

Empathy (supportive psychotherapy)

Reconsolidation (psychodynamic
psychotherapy)

Alteration of context (cognitive therapy)

Extinction (behavioral therapy)

in the hippocampus might enhance
working memory capacity so that a
person is able to juggle more complex
multiplex information simultaneously.

Different forms of psychotherapy
may have different mechanisms of
action (Table5). For example, the em-
pathy perceived in supportive psy-
chotherapy may engage circuits that
represent social relationships; sharing
and feeling emotionally connected to a
compassionate individual may calm
psychic distress. Psychodynamic psy-
chotherapy may reawaken traumatic
emotional memories so that they be-
come labile again. In the current thera-
peutic context, an adult’s knowledge
can modify such memories during
reconsolidation. The brain that now re-
members the event is different from
the brain that originally memorized
the experience and the process of
reconsolidation releases the traumatic
memory from the emotions triggered
during the trauma.

Cognitive therapy allows the indi-
vidual to alter the cognitive context,
i.e., automatic assumptions and belief
systems that perpetuate negative emo-
tional responses. Framing experiences
in a healthier, more rational context
opens the depressed individua to a
variety of potentially corrective pro-
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cesses. Behavioral treatments focus on
avoidance using sustained exposure to
generate extinction, aprocess by which
new memories are formed with benign
associations devoid of anxiety.

Conclusion

The human brain is a highly com-
plicated structure, and much can go
awry init. Information is the currency
of the brain: the processing of informa-
tion generates perception, emotions,
cognition, and behavior. The interac-
tion of these brain functions and their
dysregulation form the basis of mental
illnesses such as major depression.

A healthy, nondepressed individual
isfreeto override anegative emotional
response with rational cognitions. A
depressed individual appears to have
lost that choice. Executive control has
shifted to a more primitive emotional
circuitry, leaving the individual cap-
tive to repetitive negative fixed-action
patterns of behavior. Understanding
the delicate balance between the brain
and the mind, and the critical junctions
at which abnormalities can occur,
can provide a basis for appreciating

how treatmentswork. Such knowledge
arms the practicing clinician with the
ability to intelligently prescribe treat-
ments, whether pharmacotherapy or
psychotherapy, most likely to success-
fully target the pathology underlying
theillness.
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