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Neurobiological Models of
Posttraumatic Stress Disorder

STEVEN SOUTHWICK and MATTHEW J. FRIEDMAN

Posttraumatic stress disorder (PTSD) is commonly understood as a psychological
disorder that results from exposure to life-threatening situations. Symptoms of
reexperiencing, avoidance, and increased arousal are frequently treated with psy-
chologically based interventions, including individual and group psychotherapy,
behavior therapy, and psychoeducation. In recent years, however, it has become
increasingly clear that PTSD also can be understood from a biological perspective.

Multiple neurobiological systems become activated when an organism is threat-
ened. Parallel activation of various brain regions and neurotransmitter systems
allows the organism to assess and appropriately respond to potential dangers. This
highly complex process contributes to the development of anxiety, fear, and the
fight—flight response that allows the organism to protect itself by either fleeing
from or actively confronting danger. Whereas this process generally serves a pro-
tective role in the short run, it appears that maladaptive responses to stress can
ensue in individuals who develop PTSD (Charney, Deutch, & Krystal, 1993).

In this chapter, we will focus on two neurobiological systems that are critical for
survival—the sympathetic nervous system and the hypothalamic-pituitary—
adrenal axis (HPA). To date, most neurobiological research in PTSD has focused on
these two systems. It is clear that numerous other neurobiological systems, such as
the opiate, serotonin, and dopamine systems, also are involved in acute and chronic
responses to stress, although far less is known about them as they relate to PTSD.
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How these stressrelated neurobiological systems interact with one another in com-
plex ways is only partially understood (Southwick, Krystal, Johnson, & Charney, 1992).
This chapter will also describe several neurobiological models of PTSD. These
models grow out of animal and human studies and represent an attempt to under-
stand the rapidly growing body of trauma-related neurobiological research.

SYMPATHETIC NERVOUS SYSTEM ALTERATIONS IN PTSD

The sympathetic nervous system plays a central role in the organism’s fight—
flight response by increasing blood flow to muscles and vital organs, dilating
pupils, limiting blood loss, and mobilizing energy for use by large muscle groups.
Epinephrine (adrenaline) and norepinephrine (noradrenaline), both catechola-
mines, are two key neurotransmitters that facilitate the above sympathetic ner-
vous system functions (Cannon, 1914; Gagnon, 1977; Mountcastle, 1973). They
also play an important role in the development of fear and in the organism’s
ability to selectively focus on, respond to, and then remember the feared stimu-
lus (Aston-Jones, Valentino, & Van Bockstaele, 1994; Gold & McCarty, 1995; Liang,
Juler, & McGaugh, 1990; McGaugh, 1989; Zigmond, Finlay, & Sved, 1995).

Since World War II, numerous psychophysiological studies have documented
the heightened sympathetic nervous system arousal of combat veterans who suffer
from PTSD (Orr, 1990; Prins, Kaloupek, & Keane, 1995). Psychophysiological stud-
ies typically measure biological parameters such as heart rate, blood pressure, and
skin conductance and electromyographic activity of facial muscles at baseline and
in response to various trauma-relevant stimuli and neutral stimuli and generic stres-
sors. Trauma-relevant stimuli include auditory and visual reminders of traumas
similar to the one experienced by the participant as well as script-driven imagery
of the individual’s own specific traumatic experience.

A review of this extensive literature shows that trauma victims with PTSD dem-
onstrate greater psychophysiological reactivity (especially heart rate) to trauma-
relevant stimuli than do comparison groups such as trauma victims without PTSD
and nontraumatized healthy controls. Although some studies have reported a
higher baseline resting heart rate in PTSD compared with control groups, most
studies have found no differences (Orr, 1990; Prins et al., 1995). Further, response
to generic stressors typically has been the same between PTSD and non-PTSD groups
(McFall, Murburg, & Ko, 1990; Pitman et al., 1990). In summary, trauma victims
with PTSD appear to have normal resting sympathetic nervous system activity (as
reflected by heart rate and blood pressure) that becomes abnormally reactive in
response to specific reminders of a personally experienced trauma but not in re-
sponse to generic s:ressors (Murburg, 1994; Prins et al., 1995).

Biochemical correlates of this heightened sympathetic nervous system activity
in veterans and civilians with PTSD include increased excretion of epinephrine
and norepinephrine in urine collected over a 24-hour period (L. M. Davidson &
Baum, 1986; DeBellis, Baum, Birmaher, & Ryan, 1997; Kosten, Mason, & Giller,
1987; Yehuda, Southwick, & Giller, 1992) and decreased numbers of alpha-2
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adrenergic receptors on the surface of platelets (circulating blood elements)
(Perry, 1994; Perry, Giller, & Southwick, 1987). For epinephrine and norepi-
nephrine to have a physiological effect, they must first attach to adrenergic
receptors. A decrease in the number of adrenergic receptors most likely results
from chronic elevation of circulating epinephrine and norepinephrine. Thus,
as a group, individuals with PTSD appear to have higher levels of epinephrine
and norepinephrine than nontraumatized individuals even many years after a
trauma.

This increase in epinephrine and norepinephrine may not be present dur-
ing calm, resting states. However, it appears that PTSD subjects, as a group,
respond to a variety of stressors with exaggerated increases in catecholamines
compared with healthy controls (McFall et al., 1990; Murburg, 1994; Southwick,
Bremner, Krystal, & Charney, 1994; Southwick et al., 1993; Southwick, Yehuda,
& Morgan, 1995). For example, greater increases in epinephrine have been
observed in veterans with war-related PTSD compared with controls during
and after viewing a combat film but not in response to a film depicting an
automobile accident (McFall et al., 1990). Exaggerated increases in catechola-
mines also have been noted in response to pharmacological provocation. To
more directly assess adrenergic responsivity of both the peripheral and cen-
tral nervous system, one study administered intravenous yohimbine to 20 Viet-
nam combat veterans with PTSD and 18 healthy controls (Southwick et al.,
1993). Yohimbine is an alpha-2 adrenergic receptor antagonist that activates
noradrenergic neurons by blocking the alpha-2-adrenergic autoreceptor,
thereby increasing the release of endogenous norepinephrine. Yohimbine
caused panic attacks in 70% and flashbacks in 40% of combat veterans with
PTSD but had minimal effects in the control group. Subjects with PTSD also
had significantly greater increases in heart rate and a greater than twofold
increase in methoxyhydroxyphenylglycol (MHPG), a breakdown product of
norepinephrine.

In a recent positron emission tomography (PET) study (Bremner, Innis, et
al., 1997), the effect of yohimbine on the brain activity of 10 combat veterans
with PTSD was compared with that of 10 healthy controls. A single bolus of [F-
18]2-fluoro-2-deoxyglucose was administered to each subject following either
yohimbine or placebo infusion. Subjects were then scanned, and PET images
were reconstructed to determine brain-tissue activity. Yohimbine caused an ex-
aggerated release of plasma MHPG and a relative decrease in brain metabo-
lism. It was hypothesized that this relative decrease in brain metabolism may
have resulted in a possible increase in signal-to-noise ratio and vigilance among
combat veterans with PTSD as compared with normal controls. Taken together,
the above catecholamine findings suggest that at least a subgroup of individu-
als with PTSD has increased responsivity of the sympathetic nervous system
that is most evident when the individual is restressed {Murburg, 1994; Southwick
et al., 1995).
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THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

Whereas the sympathetic nervous system prepares the organism to react to
stressful stimuli, the HPA axis appears to serve a catabolic restorative role (Munck,
Guyre, & Holbrook, 1984; Yehuda, 1997). When an organism is stressed, the hypo-
thalamus releases corticotropin-releasing hormone (CRH), which then stimulates
the release of adrenocorticotropic hormone (ACTH) from the pituitary gland.
ACTH in turn stimulates the adrenal gland to release cortisol, which helps to ter-
minate a variety of neurobiological reactions that have been set in motion by stressful
stimuli.

Under normal circumstances, cortisol rises in response to stress. However, sev-
eral recent studies have found that trauma victims who develop PTSD have lower
initial cortisol responses to a traumatic event than trauma victims who do not de-
velop PTSD (McFarlane, Atchison, & Yehuda, 1997; Resnick, Yehuda, & Acierno,
1997). Further, in studies of civilians and veterans with chronic PTSD, baseline
plasma cortisol levels and 24-hour urine cortisol excretion have been reported as
low compared with controls (Yehuda, Giller, Levengood, Southwick, & Siever, 1995).
In combat veterans with chronic PTSD, these low plasma levels of cortisol have
been reported throughout the day and night, especially in the very early morning
and late evening (Yehuda, 1997).

Receptor-binding studies, however, have found an increased number of glu-
cocorticoid receptors in subjects with PTSD compared with nontraumatized con-
trols (Yehuda, 1997; Yehuda, Giller, et al., 1995). An increased number of receptors
would enhance sensitivity by providing more binding sites for cortisol. Consistent
with increased receptor number and sensitivity is the finding that subjects with
PTSD hyperrespond to administration of dexamethasone, a synthetic glucocort-
coid that acts like cortisol (Yehuda, 1997; Yehuda, Boisoneau, & Lowy, 1995; Yehuda,
Giller, et al., 1995; Yehuda, Southwick, & Krystal, 1993). Normally, when dexa-
methasone is administered to healthy individuals, it stimulates glucocorticoid re-
ceptors that serve as part of a negative feedback mechanism. When stimulated,
these receptors signal the hypothalamus and pituitary to decrease the release of
CRH and ACTH, which in turn results in decreased stimulation of the adrenal
gland and diminished release of endogenous cortisol. In several different popula-
tions of trauma survivors with PTSD, dexamethasone has an exaggerated effect
with the result that endogenous cortisol release is reduced to a greater degree
than in normal controls. This finding is consistent with an increased number of
glucocorticoid receptors and increased negative feedback at the level of the hypo-
thalamus and pituitary in traumatized individuals with PTSD compared with con-
trols (Yehuda, Giller, et al., 1995). These findings in PTSD differ markedly from
findings in studies of major depressive disorder (American Psychiatric Association
Task Force on Laboratory Tests in Psychiatry, 1987).

Other important HPA axis findings in combat veterans with PTSD include
elevated CRH levels in the cerebrospinal fluid (Bremner, Licinio et al,, 1997),
blunted ACTH response to CRH infusion (Smith, Davidson, & Ritchie, 1989), and
increased ACTH response to metyrapone (Yehuda, 1997). In conjunction with





































