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Biological Model

Doi.. D. MONTGOMERY AND PAMELA M. PLANTHARA

INTRODUCTION

Within the biological models of behavior, there are various major themes about what deter-
mines or underlies both normal and abnormal behavior. The most widely accepted premise is
that the nervous system is the center of control for all behaviot. Therein lies the content of this
chapter. What controls the development of the nervous system, and what elements combine to
determine its state and function at any given time? To answer these questions, the following
must be considered: (1) genetic determinants of the development of the nervous system,
(2) how environmental factors interact with genetics to influence neural development; and
(3) the dynamics of change in the developed nervous system.

We now know that the nervous system is a dynamic structure whose anatomy and
chemical and electrical states are constantly changing. It is known that these changes are due to
an interactive combination of neural activity determining behavior and behavior changing
heural activity, This two-way interaction between the nerves initiating behavior and behavior
changing neural connections and chemistry determines how the nervous system will perceive
anhd respond to the world. Some of the most well-documented models are discussed in this
chapter.

MAJorR MopELS

. There are three major biological models postulated to account for dysfunctional behav-
lor: the anatomical model, the neuronal model, and the learned model. The anatomical model
Postulates that the brain and spinal cord are topographically organized. This means that
specific areas of the brain and the spinal cord control or sense certain processes. As examples,
the occipital area of the cortex processes visual information, and the motor strip on the cortex

contrgls skeletal muscles. Therefore, when the anatomy is altered by various events, specific
behaviors will change,

g::.u. D'. MonrGomERY AND PAMELA M. PLANTHARA = Cenler for Psychological Studies, Nova Southeastern
Wersity, Fort Lauderdale, Florida 33314.

g::';qnced Abnormal Psychology, Secand Edition, edited by Hersen and Van Hasselt, Kluwer Academic/Plenum
lishers, New York, 2001.

125



126 DOIL D. MONTGOMERY and PAMELA M. PLANTHARA

The next model, the neuronal model, postulates that individual nerve cells functioy
normally within their structural and chemical parameters. When the structure or chemistry
altered outside normal limits, behavior is changed. The last model, the learned model posy,
lates that the anatomy and/or neural functioning is altered by experience. This model assumeg
that behavior previously learned and adaptive at that time and situation is now no longe,
appropriate and therefore is dysfunctional, The learning model does not postulate a dysfun
tional nervous system but implies that the nervous system is functioning normaily and
responding to events based on previous experience, but that the response is not appropriate 1
the present situation. These three models are not incompatible in that behaviors, once fune
tional but now dysfunctional, may have changed neuronal structure and/or chemistry leading
to further dysfunctional behaviors,

Our chapter is organized into the major dysfunctional types of behavior that has been th
focus of most of the research into biological explanations of dysfunctional behavior. Thes
areas will be schizophrenia, depression, anxiety, and Alzheimer’s disease. There are man
other specific disorders such as Parkinson’s disease, Huntington’s disease, absessive compul
sive disorder, and more global disorders such as obesity, and sexual disorders, which it :3_1'
been shown, have a biological basis, but due to the limitation of space these and othes
dysfunctions are not discussed. ;

SCHIZOPHRENIA

Anatomical and Neurochemical Influences

For many years, this disorder has been the focus of attempts to understand the physiologt
cal basis of abnormal behavior. It has a prevalence of approximately 1% in the gener
population and is equally distributed worldwide (Jablensky et al., [992}. It is a public disorde
that manifests itself in easily observed bizarre behavior. Many of the those suffering from
appear on our streets and comprise a large portion of the homeless, There have been sever
biological markers of this affliction, and although much research has been generated in this
area, there are still many unknowns associated with its conditions of onset, manifestations§
treatment, and instances of its sudden and uncxplained termination. Features of the variedf
forms of this disorder include disturbance of thought, paranoid and/or grandiose delusions of S
self and others, extreme lability or flat affect, and auditory and visual hallucinations. The}
disorder usually has its onset during adolescence and is known to have a genetic propensity,
but is certainly influenced by stress and coping styles. The key symploms are a dissociativeg
thinking style accompanied by hallucinations, delusional interpretations, and unusual affec

Gross Anatomy

Because symptoms of this disorder are so bizarre and persistent, investigators have
looked to structural changes in the brain to account for the behavior. One area of investigation}
is the gross structure of the brain. Early studies using postmortem evidence were inconclusivé:}
Recent studies using advances in brain imaging techniques such as computerized axial}
tomograms (CAT) and magnetic resonance imaging (MRI) have revealed structural abnor’g
malities that may be primary to the disorder. Enlarged cerebral ventricles, especially the laterﬂ: '
ventricles have been shown to be associated with schizophrenia (Hyde & Weinberger, 19903
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e;'rorre)" Bowler, Taylor, & Gottesman, 1994), Andreasen (1994) found that enlarged ventricles

a static trait that remain years after the initial breakdown. Based on research by Gooding
and Jacono (1995), these structural changes may be related to subgroupings of this disorder.

 One example of this subgrouping is that those who have larger ventricles have been shown to
. :havc a higher degree of cognitive impairment and social maladjustment (Kemali et al., 1985),

These types of findings prompted some researchers such as Gottesman (1995) to call for more

] clearly delineated classifications to better differentiate among outcomes, which seem confus-

ing due to lack of separating results along probable subcategories of this disorder.

The finding of larger ventricles combined with the results of the study by Mednick,
Huttunen, and Machon (1994), which noted that the affected discordant, identical twin has a
smaller hippocampus and amygdala, suggests that enlarged ventricles may be due to atrophy
of neural tissue located near the ventricle. In addition to the smaller hippocampus, there is also
histological evidence that nerve cells in this nucleus are not structurally organized in schizo-
phrenics as they are in non-diagnosed individuals (Kovelman & Scheibel, 1984; Conrad,

. Abebe, Austin, Forsythe, & Scheibel, 1991). Additional evidence from a study by Machon,

Mednick, and Huttenen (1994) suggests that this disarray of neural circuits could arise from

" ‘maternal viral exposure during the second trimester of pregnancy.

Specific Structures

On the basis of postmortem studies, it is apparent that there are structural and neuro-
chemical differences in the frontal cortex and the limbic system in schizophrenics (Benes,
1993; Akbarian et al., 1995; Wible et al., 1995). This is known as the corticolimbic hypothesis
of schizophrenia (Benes, 1993). The corticolimbic system is comprised of the cortex, primarily
the frontal cortex, the limbic system, and interconnecting fibers. The limbic system is a loosely
defined, subcortical, widespread group of nuclei comprised of the septum, fornix, cingulate
cortex, thalamus, hippocampus, amygdala, and mammillary bodies. The limbic system is
implicated in controlling emotion, learning, and memory (Rosenzweig, Leiman, & Breedlove,
1999). It is further speculated that the structural and neurochemical changes in this part of the
brain are likely to be a result of altered neural development of the fetus (Watson, 1996). Both
increases and decreases in neurotransmitters, such as aspartate and GABA, have been found in
the corticolimbic system nuclei of schizophrenic individuals (Watson, 1996). There is also
evidence that schizophrenics have reduced blood flow in the frontal cortex during cognitive

~_l : demancling tasks (Berman & Weinberger, 1990; Andreason et al., 1992; Weinberger et al., 1994),

Structures in the basal ganglion have also been implicated in schizophrenia because it has
been found that nuclei in the basal ganglion of schizophrenics have higher concentrations of
dopamine D2 receptors than normals (Seeman, Guan, & Van Tol, 1993). The basal ganglia are
another group of subcortical nuclei comprised of the caudate, putamen, and the globus

_ pallidus, The basal ganglia are important in controlling skeletal motor activity (Rosenzweig,

Leiman, & Breedlove, 1999),

- Neurotransmitters

Another major hypothesis for brain abnormalities in schizophrenics is the dopamine
hYPO'tf}esis. This is due, in part, to the findings that high levels of amphetamines induce
conlelons that mimic schizophrenia. Amphetamines promote the release of catecholomines,
?Speclally dopamine, and prolong the action of the neural transmitter by blocking its re-uptake.
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Rapid relief from psychotic symptoms is often observed from the use of a dopamine antg
nist, There are numerous well-controlied studies that demonstrate the effectiveness of blg
ing the psychotic effects in schizophrenics with dopamine blocking agents (see Rosenzwe:
Leiman, & Breedlove, 1999), What is still unclear is whether this relationship to dopaming
involvement is due to over production of dopamine in certain neural tissue, over sensitivity g
post-synaptic membranes, or failure to re-uptake the neural transmitter after release (Davis g
al., 1991; Brier et al., 1997; Rosenzweig, Leiman, & Breedlove, 1999). The related discovm-y
that dopamine levels vary in different parts of the brain and that abnormal levels may be
specifically related to aspects of the disorder raises intriguing questions about the complicg,
tions of treatments. By using dopamine-related medications, abnormal levels in specific brai;
regions may be brought to normal levels while changing other brain site levels to a dysfung
tional level (Watson, 1996).

It is becoming increasingly clear that schizophrenia involves both generalized changes in
the brain, as well as regionally specific alterations in key components of the corticolimbi
systetn and basal ganglia. Because the onset for most individuals occurs during adolescence g
early adulthood, these findings highlight the importance of discovering the relationship to pre
and postnatal development of the brain and the way maturational changes interact with geneti
and environmental factors. The challenge now facing the understanding of the biologic
mechanisms proposed is detailing the genetically determined structural architecture of specif
brain regions during both prenatal and perinatal disturbance of the normal ontogeny of neur
tissue. Understanding these mechanisms still may not help explain why the manifestation o
schizophrenic symptoms typically occurs in late adolescence long after most neural tissue h
been structurally formed.

Genetics

The role genetics plays in determining schizophrenia has been an area of interest for som
time. The first evidence was provided by noting the familial relationship of schizophrenia i
twin studies, where concordance rates for monozygotic twins were higher than those of d
zygotic twins, and those adopted by normal parents, but had a schizophrenic biological paren
had a higher incidence of the disorder (sce Slater & Roth, 1960) than those born to nonschiz
phrenic parents. Recent studies of families that have the disorder show a mean incidence
46.1% for monozygous twins and only 13.5% for dizygous twins (Trimble, 1996). In th
general population, the incidence rate is 0.9%, for haif sibs it is 7.1%, full sibs 14.2%, childre
of one schizophrenic parent 16.4%, and for children of two schizophrenic parents 39.2
(Trimble, 1996). This ever increasing relationship with increased genetic similarity provid
strong support for the idea that a major factor is some genetic determinant. Tsaung (1993)h
provided evidence that when specific symptoms are considered, even stronger genetic relas
tionships are found. Even though specific genetic markers have been postulated, to date none;
has been proven (Cichon et al., 1995). However, Crow (1991) has implicated a possible sex;
related relationship on the Y chromosome as a source of the disorder. Some support isig
provided by evidence of a higher occurrence of child schizophrenia when the mother i,
schizophrenic than when the father is (Crow et al,, 1994). However, environmental factorSys
must play a significant role in that adopted children of schizophrenic mothers have a higher;
incidence of schizophrenia than those adopted by nonschizophrenic mothers (Kety, 1983; Kety
et al., 1994). :

~ In summary, the answer to the way the knowledge of dysfunctional neural tissue trans”
lates into schizophrenic behavior is presently explained as follows. Because the frontal cortex
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directs behavior based on perceived elements of the situation compared with memory through
- complex network of informational pathways, such as the limbic system, the dysfunction of

these abnormal pathways may prevent effective conversion of long-term memory into “work-
‘ ing"" memory to determine appropriate behavior (Goldman-Rabic, 1996).

DEPRESSION
' No one is a stranger to feeling down or depressed, especially if the sadness is associated
with Joss. However, clinical depression is quite different from feeling down at certain times in
your life. It is more debilitating and dangerous, and the overwhelming sadness combines with
' anumber of symptoms. The DSM-1V characterizes depression as the following: an unhappy
" ‘mood; diminished interests; disturbance in sleep and appetite, loss of energy; difficulty in
'6onccntration; feelings of worthlessness; restless agitation; and recurrent thoughts of death or
_guicidal ideation. It is estimated that 13-20% of the population suffers from depression
‘_;{fc.assens et al., 1990). Nemeroff (1996) estimates that 5 to 12% of men and 10 to 20% of
~women in the United States will suffer from a major depressive episode at some time in their
life. Clinical studies of depression also estimate that individuals who have been depressed in
the past will become depressed more than once and that up to 10% of these depressed
individuals (about 1.0 te 1.5% of Americans) will experience manic phases in addition to
depressive ones, a condition known as manic depressive illness or bipolar disorder (Mann &
Kupfer, 1993). Individuals who experience bipolar disorder go from the top of the world to an
abyss of despair, or vice versa. From not being able to get out of bed or talk to anyone, they
become loquacious. This period of euphoria is known as mania. Mania is marked by a
decreased need for sleep, hyperverbal or pressured speech, delusions of grandeur, racing
thoughts, hyperactivity, and propensity to engage in potentially self-destructive activities
(DSM-IV). Examples of some potentially self-destructive activities are promiscuous sex,
spending sprees, or reckless driving. Not everyone is at equal risk of developing depression.
It appears that those who are more prone to depression are individuals who may have inherited
. avulnerability to this disorder. They are especially sensitive to the effects of environmental
~ stress or lack of social support (Selye, 1978).

.- Genetic Hypothesis
S

o Researchers have found that depression and manic depression frequently run in families
o _(Cardoret & Winokur, 1975). In fact, research on depression in twins reveals a higher
concordance rate for monozygotic twins than dizygotic twins (Moldin et al,, 1991). These
_COrlco‘rdance rates are the same whether the twins are reared apart or together. In the same way,
~ adoption studies show higher rates of affective illness in the biological parents than foster
. arents. These findings suggest that close blood relatives of individuals who have severe
depression or bipolar disorder are much more likely to suffer from those conditions than
members of the general population. During the past 20 years, genetic research has begun to
*0CUS on specific chromosomes implicated in depression. Much of this research has focused
bn chro.mosome 11 (Egeland et al., 1987, Baron et al., 1987). More recently, chromosome 18
and 4 slte on chromosome 21 have been the focus of attention. The chromosomes have been
p'hcafﬂd by contributing to a vulnerability to bipolar illness, but these findings await
Teplication (Nemeroff, 1996).
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Neurotransmitter Hypotheses

Other researchers are concentrating on neurotransmitters. In 1967, Joseph Schildkrayfs
and Seymour Kety presented the monoamine hypothesis of depression. They postulated thaf)
depression is associated with a deficit of the monoamine transmitters norepinephrine ang]
serotonin. The evidence for this hypothesis was supported by empirical findings of dryg
clinical efficacy of two forms: antidepressant drugs and electroconvulsive shock therapy. An
depressant drugs inhibit monoamine oxidase, the enzyme that inactivates norepinephrin
dopamine, and serotonin, thereby increasing the availability of monoamines. Further suppor
for the hypothesis came from a study using reserpine, an antihypertensive that depleted norep
nephrine and serotonin in the brain. Fifteen percent of patients treated with reserpine dev
oped significant depressive symptoms (Schildkraut, 1965; Bunney & Davis, 1963). It is al
postulated that norepinephrine, dopamine, serotonin, and histamine are impacted by electr
convulsive shock treatment (ECT). Electroconvulsive treatment apparently increases po
synaptic responsiveness to norepinephrine, serotonin, and particularly dopamine, possibly
increasing receptor sensitivity (Grahame-Smith, Green, & Costain, 1978). Because feedi
and locomotion are thought to be regulated by the dopaminergic systems this effect wou
explain ECT’s effectiveness in patients who exhibit psychomotor retardation and weight lo
(Ungerstedt, 197%). Another explanation is based on the observation that repeated convulsions]
in animals result in decreased synthesis and concentration of Gamma-aminobutryic aci
(GABA) in certain regions of the brain. Consequently, ECT may act to switch off the inhibi
tory effects of GABA function (Green, 1978).

The most recent antidepressants are the serotonin re-uptake inhibitors (SSRIs) such a§
fluoxetine. There is evidence that decreased serotonin (5-HT) activity can either increase;
vulnerability to or cause depression (Dalack et al., 1995). Serotonin activity has been associ:
ated with numerous processes that are dysregulated in depression, including negative mood]
sleep disturbance, shortened rapid eye movement (REM) latency, disturbed circadian
rhythms, abnormal neurcendocrine functions, and sexual abnormalities. 5-HT and its majot
metabolite, S-hydroxyindoleactic acid (5-HIAA), have been found to be depleted in both the
brains of suicide victims and in the cerebrospinal fluid of depressed patients (Mann & Stanley,
1986).

Neuroreceptor Regulation Hypothesis

An alternative hypothesis proposed by Siever and Davis (1985) suggests that depression
may be the result of diminished functioning of the neuroreceptor on the postsynaptic neuron,
rather than depletion of a neurotransmitter, Here, impaired postsynaptic neurons result i
down-regulation of neuronal transmitting activities, This suggests that stress and the release of:
glucocorticoids reduce brain production of neurotrophic factors, specifically brain-derived
neurotropic factor (BDNF). Neurotropic factors have been implicated in the survival and
growth of neurons (Ockel et al., 1996). A reduction in BDNF leads to neuronal atrophy at
certain sites and therefore depression (Duman, 1998). According to this, drugs that increasé
stimulation of serotonin and norepinephrine lead to an increase in BDNF release, The BDNF
then maintains other brain neurons to alleviate depression. Serotonin-producing neurods
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 norepinephriné
Serotonin-producing cells extend into many brain regions thought to participate in depressive
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5 mptoms-—-—including the amygdala (an area involved in emotions), the hypothalamus (in-
yolved in appetite, libido, and sleep), and cortical areas that participate in coglni.tion and o‘ther
higher processes. Failure of this regulating mechanism that governs transmitting operations
results in inappropriate response to external and internal stimuli. Because serotonin is de-
bletcds other neurons are affected and depressive symptoms are thought to occur.

- Neuroendocrine Hypothesis

CORTISOL ABNORMALITIES

Selye (1978) explored the effects of life stress on psychophysiological functioning. The
hypothalamic—pituitary—adrenal (HPA) axis is the system that mediates the generalized stress
response. Patients who have major depression have been observed to have hyperactivity of the
hypothalamus—pituitary adrenal. Hypercortisolemia has long been recognized as an essential
art of abnormal adaptation process to stress and, it has been shown, alters mood, cognition,
and behavior (Stokes, 1995). This well-studied neuroendocrine abnormality occurs in 30 to
50% of depressed patients (Rubin, 1989). This finding has been elaborated in many studies of
depression that have employed the dexamethasone suppression test (DST). Dexamethasone is
a potent synthetic corticoid that ordinarily suppresses a rise in adrenocorticotropic hormone
(ACTH). When given, dexamethasone seems to “trick” the hypothalamus into believing that
there is a high level of circulating corticol. In nondepressed individuals, dexamethasone
clearly suppresses cortisol levels, but in depressed individuals it fails to suppress circulating
levels of cortisol, possibly due to the hyperactivity of the hypothalamus. As depression is
relieved, dexamethasone again suppresses cortisol.

The following structures in the CNS have been implicated in depression. The basal
forebrain has been implicated in behavioral arousal, motivated behavior, attention, learning,
and memory. The projections of the basal forebrain complex to the amygdala (involved in
emotions) and the hippocampus (involved in short-term memory) are important areas of
stimulation and negative feedback of the HPA axis, respectively, and to the cortex, where
metabolic changes have been noted in depression (Wainer, Steininger, Roback, Burke-Watson,
Mufson, & Kordower, 1993). These structures provide a unifying framework for the hypoth-
 ¢sis of dysregulated CNS cholinergic transmission influences the HPA axis in major depres-
sion (Dilsaver, 1986).

THYROID ABNORMALITIES

In recent years, studies have demonstrated that “subclinical” hypo- and hyperthyroid
conditions can also produce depression. This can occur in patients whose traditional thyroid
fu_nction tests are considered normal but who demonstrate increases in production of thyroid
Sttmulating hormone (TSH) or an abnormally blunted TSH response to thyrotropin-releasing
hormone (TRH) (Loosen, 1985; Loosen & Prange, 1982). This latter finding is the basis of the
[ oM test, developed with the hope that it would be a specific diagnostic tool for depression.
o Like the dexamethasone suppression test, the TRH test has proven to be another nonspecific
measure of HPA axis dysregulation. In many cases, thyroid supplementation can enhance the
mSPPnsiveness of patients to antidepressant drugs (Kalin et al., 1987). However, additional
.StUdlLT-S are needed to determine whether any components of the hypothalamic—pituitary—
thyroid axis are sensitive and reliable markers of depression.
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MELATONIN ABNORMALITIES

Another area of neuroendocrinology of depression focuses on the pineal gland’s produg
tion of the hormone melatonin. This hormone is of particular interest, because its synthesis
almost exclusively controlled by noradrenergic neurotransmission, and thus it has become g
marker for norepinephrine activity. The pineal gland synthesizes melatonin at night, and thig
nocturnal synthesis has been found diminished in depressed patients (Brown et al., 1985),.:

REPRODUCTIVE ENDOCRINOLOGY

Physicians have long been aware of the association between reproductive functions in}
women and specific depressive syndromes. These include postpartum depression, premer;
strual dysphoric disorder, and menopause-related depression. Endocrinological changes arg
clearly associated with postpartum and menopausally precipitated depression. Average estrog
gen, progesterone, prolactin, and B-endorphin (opioid peptides) levels have been known t
drop after delivery (Smith et al.,, 1990). As for premenstrual syndrome (PMS), numero
clinical studies have shown that hormonal and endocrine changes cause associated sympto
However, studies indicate that different endocrine events may be involved at different levels
so that further research is needed. ‘

Sleep Disturbance Hypothesis

Circadian (daily) rhythms are responsible for the normal regulation of sleep-wake cycles,§
patterns of arousal, and corresponding patterns of hormonal secretions. However, patterns of §
arousal are constantly changing because an individuals emotional state, vigilance, and atten
tional processes are constantly changing (Lang, 1995). Interestingly, there is evidence that §
there is a subset of depressed patients whose disorder may reflect a dysregulation in theit§
circadian rhythm. There is much evidence that (1) emotional disturbances frequently result i}
changes in sleep regulation; (2) disrupted or insufficient sleep can cause changes in the control §
of affect and attention; and (3) the neurobiology underlying the regulation of sleep overlaps 0]
a large extent with neurobehavioral systems involved in regulating arousal, attention, an J
emotions. q

It is evident in both clinical and nonclinical populations that there is a close relationship 3
between emotional level and sleep regulation. Cartwright and Wood (1991) and Hall, Dahl,}
Dew, and Reynolds (1987) found that most people who report emotional distress-traum f
separation, personal loss, anxiety provoking events, etc. experience at least transient disrup- .
tions in sleep. Even positive emotions can interfere with sleep. The early stages of an intense S8
romantic relationship or the anticipation of an exciting trip is also often associated ;_‘;_‘__];
disrupted sleep. This link between emotional regulation and sleep regulation is even. more S
apparent in clinical disorders. Disturbed sleep is characteristic of affective disorders. A similar S
relationship can be shown in the opposite direction as well. Inadequate sleep results iﬂ': -
alterations in affect, attention, mood deterioration, decreased arousal, difficulties with focusedl
attention, and “tiredness.” A third line of evidence ta link the regulation of sleep, affect, and}
attention comes from neurobiology. The neurobehavioral systems involved in regulating sleep s
overlap with, and are closely linked to, neural systems involved in regulating affect and,
attention. §

EEG sleep changes are among the most common psychobiologic correlates of depression §
that demonstrate abnormalities in 90% of adult subjects who have major depressive disordef3

5
¢
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(Reynolds & Kupfer, 1987). Normally, an individual goes through four stages of sleep (stages |
and 2 are lighter; stages 3 and 4 are deeper) before entering REM. Patients who have major
depression have been found to have a reduction in stages 3 and 4 and an increase in 1 and 2.
REM sleep is misplaced and extended in the sleep of depressives. Depressed patients describe
paving less sleep, more disrupted sleep, and more intense frequent dreaming. The brain
regions and pathways critical for wakefulness, slow-wave sleep, REM sleep, and cycling
petween states involve a complex interplay among multiple cortical and subcortical systems.
For example, it has been found that human sleep deprivation impairs the prefrontal cortical
functioning which results in less executive control. This translates into decreased goal-
directed behaviors and diminished cognitive modulation of drives, impulses, and emotions.
There is a complex relationship between the control of sleep and affective disorders.

Understanding the psychophysiological aspects of depression is critically important.
Exciting trends and core issues have been discussed regarding the biological factors that may
underlie depression, However, it is important to remember that interaction does exist between
behavior and biology. Understanding normal and abnormal behavior needs to take into
account social, cultural, personal, and historical factors. Biology affects behavior, and the
environment and behavior have important effects on biology. The challenge lies in integrating
poth biological and environmental factors to provide optimal understanding and treatment. It
seems prudent to propose that the role of biological influences in mental disorder may be best
understood in terms of the vulnerabilities or strengths of an organism that directly interact and
influence the environment and behavioral factors., However, what is clear is that by distin-
guishing the biological markers and understanding the integration of environmental influ-
ences, health-care providers can improve methods of diagnosing, treating, and preventing
depression.

ANXIETY

Anxiety is a normal reaction to many of life’s stressors, and none of us is completely free
from it. In fact, anxiety is undoubtedly useful in causing us to be more alert and to take impor-
tant things seriously. However, the anxiousness that we may feel from time to time is different
from overwhelming feelings of dread, apprehension, uncertainty, nervousness, impatience,
irritability, concentration difficulties, and sleep disturbance (DSM-1V, 1994), Among some of

~ the mental symptoms of anxiety, there are many physical symptoms of anxiety which can
include increased blood pressure, difficulties in breathing, faintness, dizziness, chest pain,
cramps, nausea, constipation, diarrhea, trembling, chills, sweating, frequent urination, muscle
aches, and dry mouth. All of these symptoms can range from mild to severe. In the United
States, about [3.1 million people suffer from anxiety disorders (Wilson, 1988). There are 14
c‘f‘tegories of anxiety disorders listed in the DSM-IV. Each category has it own unique
biclogical underpinnings; however, for the purposes of this chapter the major biological
components of anxiety will be elaborated. Evidence from anatomical and physiological
tesearch, which include neural pathways, brain structures, and endocrine functions have been
Wentified as being involved in anxiety disorders.

Autonomic Nervous System

v Physiological symptoms are central to the assessment process as seen through the DSM-
for specific anxiety disorders. A subject who is experiencing anxiety is undergoing many
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visceral changes such as changes in the heart rate, blood pressure, stomach contraction
dilations or constriction of blood vessels, skin resistance, or sweating of the palm or soles. Ty,
autonomic nervous system (ANS) is concerned with regulating these physiological variablg
On account of the strong physiological component of anxiety, the debate over the cognitiy
and noncognitive aspects of anxiety was started as early as the first third of the twentie
century by William James and Walter Cannon. James (1884) proposed that “reflex currents
initiate visceral reactions and overt muscle activity that are interpreted by the cortex as th
experience of emotion (Bindra, 1970). Cannon (1920) responded with the observation th
activation of the autonomic nervous system and thus the physiological arousal may lead ¢
feeling as if one is anxious. He demonstrated that cats exposed to barking dogs exhibite
behavioral and physiological signs of fear that are associated with adrenal release of ep
nephrine. Other studies have activated the autonomic nervous system with chemical agent
Several different substances such as yohimbine, isoprenaline, adrenaline, lactate, caffein
beta-carboline, and CO, induce anxiety (Ehlers et al., 1986; Barlow, 1988).

In 1970, John and Beatrice Lacey reported a longitudinal study that monitored individu
response pattemns by provoking the ANS. Under stress conditions, such as immersing hands i
cold water, they found that there is an individual profile of response that starts from infanc
For example, some newborns responded with blood pressure changes, others with heart ra
changes, and still others with gastric changes. Later, Jerome Kagan and colleagues invest
gated newborns’ behavioral responses to cues such as alcohol-soaked cotton swabs, H
measured the newborns’ behavioral responses from not reacting very strongly to reactin
strongly. Many of the newborns who reacted strongly in Kagan’s study (1997} later wer
described as shy, and a third of them developed phobias by the time they were old enough to go§
to school, A literature review by Barlow (1988) concludes that anxious patients are hype
aroused and slow to habituate. Such a slower habituation rate correlates with higher anxiet
Therefore, these studies suggest inborn biological differences.

Genetic Studies

Research does indicate that genetic components contribute to the development of anxiety ;
disorder. In fact, according to Slater and Shields (1969), more than 50% of first-degree!
relatives suffer from the same disorder. Shields (1962) reported that there is a higher concot-,
dance rate with anxiety between monozygotic twins than dizygotic twins.

Brain-Imaging Studies

Structural studies using (CT) and (MRI) have found increases in the size of cerebralg
ventricles in individuals who suffer from anxiety disorders. Functional brain-imaging studies
such as positron emission tomography (PET), single photon emission tomography (SPECTS),
and electroencephalography (EEG) of anxiety disorder patients have found abnormalities in:
the frontal cortex, the occipital and temporal areas, and the parahippocampal gyrus (Swedo et
al.,, 1992; Rubin et al., 1995; Schwartz et al., 1996). Other researchers, such as Breiter et al-
(1996), found increased activity of the anterior cingulate cortex, the basal ganglia, and the amyg-
dala. Several regions of the prefrontal cortex showed increased activity in a functional MRI.

Neurotransmitters

The three major neurotransmitters associated with anxiety on the basis of animal studies and
responses to drug treatment are norepinephrine, y-amino butyric acid (GABA), and serotonin.
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NOREPINEPHRINE

The theory of norepinephrine activity and its role in anxiety disorders is that affected
tients may have a poorly regulated noradrenergic system that has occasional bursts of
activity. The cell bodies of the noradrenergic system are primarily localized in the locus
coeruleus (EC) of the rostral pons, and they project their axons to the cerebral cortex, the
' fimbic system, the brain stem, and the spinal cord. The axon terminals contain inhibitory and
excitatory amino acids, monamines, and neuropeptides, many of which exert differential
physiological effects on LC activity (Van Bockstaele, 1998). Research studies have shown that
stimulation of the locus coeruleus produces a fear response in the animal and that ablation of
the same area inhibits or completely blocks the ability of the animals to form a fear response
(Redmond, 1979), Clinical drug studies have found that clonidine inhibits locus coeruleus
getivity (Seiver & Uhde, 1984), Other evidence indicates that inhibitory neurochemicals,
“+which arise from extrinsic sources, include y-aminobutryic acid (GABA) and epinephrine, as
L i}gell as the neuropeptides, methionine-5-enkephalin, and leucine-5-enkephaline (Van Bock-

~stacle, 1998).

GABA

The implication of (GABA) neurons is that slowed activity increases anxiety by loss of
inhibitory action on anxiety-producing brain sites. y-Aminobutryic acid type A (GABA(A))-
receptor agonist decreases anxiety by facilitating the neuronal influx of chloride. GABA is the
most common inhibitory transmitter in the brain and blocks anxiety. Yet, the exact locus of
anxiolytic action of GABA in the brain is not clearly delineated (Imamura & Prasad, 1998).
Nevertheless, clinical drug studies have found that the GABA receptors of some patients with
- anxiety disorder function abnormally and their GABA receptors fail to release inhibitory
transmitters. Benzodiazepenes have a potentiating effect on the GABA neurotransmitter and
facilitate its release at the synapses, The ultimate function of the benzodiazepene—-GABA
- receptor complex is to regulate permeability of neural membranes to chloride ions. The neuron
is inhibited from firing by chloride ions moving into the nerve cell (Marx, 1985).

SEROTONIN

Due to the therapeutic effects of serotonergic antidepressants such as buspirone and
* clomipramine in alleviating symptoms of anxiety, serotonin has received attention in the
Pathogencsis of anxiety. Most of the serotonergic neuron-cell bodies are located in the raphe
i nuclei in the rostral brain stem and project to the cerebral cortex, the limbic system, partic-
. Ularly the amygdala and the hippocampus, and the hypothalamus. Clinical studies show that

; ?;t;cking the re-uptake of serotonin improves symptoms of anxiety (Owens & Nemeroff,
4),

HYPOTHALAMIC-—-PiTUITARY-—ADRENOCOR’I‘ICAL SYSTEM

The hypothalamic—pituitary—adrenocortical (HPA) system controls a variety of neuro-
Ormones that may be implicated in anxiety. Specific hormonal products of HPA such as

Ortisol, prolactin, and thyroid-stimulating growth hormone increase under stressful condi-

ons (CU_I‘tiS. Nesse, Buxto, & Lippman, 1979).
ach: By investigating anatomical hypotheses and synaptic communication hypotheses, we
Ve a better understanding of the biological components of anxiety. We now know that
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there is a strong genetic factor involved in developing anxiety. However, integrating envirg
mental influences with biological markers will be the key to understanding anxiety fully,

ALZHEIMER'’S DISEASE

The loss of cognitive ability from aging, not from injury, has been of interest for som
time. One particular type of loss was identified by Alois Alzheimer in publications in 190
1907, and 1911 (see Forstl & Levy, 1991). This disorder is now known by his name: A
heimer’s disease {(AD). He was the first to identify the neural changes of plaques ap
neurofibrillary tangles which are the major markers of this disorder. This disorder is fou
worldwide, and the frequency of occurrence increases exponentially with age (Rocca et gl
1991). The other major markers of this disorder are cerebral atrophy, enlarged sulci and narro
convolutions, reduced white matter, and ventricular enlargement, There is also evidence
reduced subcortical tissue in areas such as the hippocampus. One study by Saeb et al. (1983
found an average reduction of 40% in hippocampal volume compared to nondement '
controls. In another study, Golomb (1994) reported evidence from a study of normals 55 to
years of age and found that reduction in the size of the hippocampus was more closely
correlated with memory loss than was generalized shrinkage of the brain. These two studieg)
emphasize the role of the hippocampus in memory loss of both normals and ADs.

Neurological Features

Neuritic plaques (Sps) are the prominent feature of AD. These plaques consist of
amyloid core surrounded by argyrophilic axonal and dendritic processes (Morris, 1996). The}
amyloid fibers are composed of residues of amyloid beta-protein. Amyloid is a generic
description of a class of tissue protein. This tissue may be deposited throughout the body
may be confined to a particular organ. The amyloid associated with AD is deposited arou
meningeal and cerebral vessels and in gray matter. However, because it has been determin
that amyloid beta-protein is found in several species and in body fluids, the exact role it play
in AD is unclear (Haass et al., 1992; Thinakaran et al., 1998).

Sps are present in various numbers in elderly nondemented individuals, but they are mo
uniformly distributed in demented patients (Mirra et al., 1991). Although widely distributed it
the brain, greater concentrations are often observed in the cerebral cortex, hippocampus, and
subcortical areas primarily in those that are part of the limbic system. However, recent studies
have shown little or no correlation between the concentration of Sps and cognitive decling
(Dickson et al., 1992). What has been correlated with cognitive decline is the neurofibrillary
tangles (NFT). NFTs are abnormal helically wound filaments of a microtubule associated wiﬂ{
glycoprotein (Goedert et al., 1988). Increased density of NFTs in the cortex and some subcorti
cal areas, again primarily those in the limbic system, has been associated with cognitive and
memory decline (Arriagada et al., 1992; Bierer et al., 1995).

Genetics

The two most prominent risk factors for Alzheimer are age and a family history of the
disorder (Bird, Lampe, Wijsman, & Schellenberg, 1998). Early linkage between Down’s,
syndrome and AD has implicated chromosome 21 (St. George-Hyslop et al., 1987, St. George
Hyslop, 1993). However, some cases of AD have also linked AD with abnormalities 9
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chromosome 19. Chromosome 19 has been implicated with the age of onset of AD (Roses,
1994). Lampe, Bird, Nochlin et al. (1994) presented strong, detailed evidence of pathological
findings on chromosome 14 and AD. Other chromosomes have also been associated with the
onset of AD (Levy-Lahad et al., 1995). Although research on AD and chromosomal abnor-
malities is still in its infancy, a growing body of evidence points toward a strong linkage
petween chromosomal abnormalities and the onset of AD.

SUMMARY

The conclusion which may be drawn from the research indicates that certain specific
pathologies have underlying biological mechanisms associated with them. What seems to be
the most parsimonious explanation is that genetics provides a general template for neural
development which is modified by the experiences of the individual. We inherit propensities
which place limits on behavior, yet the constraints may be altered by impoverished or enriched
environments or by intense or sustained interventions. Recent information about neural
development indicates that only approximately half of the neurons produced during embry-
onic development will survive the development of the nervous system (Oppenheim, 1951).
These findings combined with evidence from animal studies indicate that the major determi-
nant as to which nerve cells die and which survive depends on which neurons are activated by
experiences. The cells that are activated by experience survive and form connections with
other neurons, and those that are not activated die. This provides powerful support for the role
early experiences have on neural development and subsequent behavior,

There is also a growing body of evidence that chemical states of neural tissue undetlie
some pathological behavior. However, what is not clear is the cause and effect relationship
between behavior and neural activity, For instance, although unusual dopamine levels are
related to schizophrenia, the reason that specific levels are present in certain neural sites is not
clear. Whether these unusual levels are a result of atypical experiences combined with genetic
propensities or just result from genetic influences alone is unknown. So the reason that these
levels are unusual in one or more neural site and not others is still a mystery. Another puzzle is
why atypical levels of some neurotransmitters such as dopamine are associated with different
disorders such as schizophrenia and depression.

By necessity, research on the biological basis of behavior is reductionistic. This approach
is used when research that focuses on specific factors such as the nature of genetic determi-
nants of behavior must look at specific disorders and specific biological factors to observe
whether there is a relationship between well-defined aspects of the study. This type of research
discovers the absence or presence of relationships in most instances, but it does not rule out the
likelihood of other influences upon the relationship. These influences may be dietary, early
learning experiences, cultural factors, and trauma, to mention just a few. Therefore, although
research has clearly demonstrated that relationships exist among such factors as chromosomat
abnormalities, neural tissue disorganization, gross anatomical brain changes, synaptic
changes, and pathological behavior, there is no research on humans that unequivocally
demonstrates a cause and effect relationship between biological factors and behavior. This
does not mean they do not exist, just that it has yet to be demonstrated with present day
te‘fhlliques and technologies. The type of interventions needed to demonstrate such relation-
ships are unethical because they would require manipulations that would change the course of
fhe individual’s life experiences. Perhaps with further advancement of techniques such as
Imaging with devices such as functional MRI, interventions which would provide cause and
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effect relationships could be conducted on humans with acceptable risks and outcomes,
example of this could be providing the individual with intense sensory stimuli while observmg
neural changes in particular areas of the nervous system.

In summary, this is an exciting time for individuals interested in the biclogical basis o'
behavior because new information is increasing rapidly. Through new assay techniques of
tissue chemistry and new imaging techniques of neural and chromosomal tissue, new discoy
eries are being reported. There is great promise for better understanding of the biology qf
behavior which is likely to help direct early optimum experiences and specific interventions g
multiple levels to facilitate the individual’s development. :
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