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Thisreview considers future directions for devel oping effective drugs for posttraumatic stress dis-
order(PTSD). At present, we have embarked upon an empirical approach in which pharmacologic
resear¢heonsists of clinical trials with agents, such as antidepressants, anxiolytics, and anticonvul-
sants{initially developed for different purposes. The approach taken hereistheoretical rather than em-
pirical, ‘starting,with what is known about the unique pathophysiology of PTSD and then predicting
the types of pharmacol ogic agents that might prove effective in the future. Such classes of compounds
include corticatropin-releasing factor antagonists, neuropeptide Y enhancers, antiadrenergic com-
pounds, drugs to déwn-regulate glucocorticoid receptors, more specific serotonergic agents, agents
normalizing opioid funetion, substance P antagonists, N-methyl-p-aspartate facilitators, and antikin-

dling/antisensitization anticonvul sants.

T he pathophysiology of posttraumatic stress disorder
(PTSD) is very complex. Patients with the/disorder
exhibit abnormalitiesin many psychobiological systems.™
Such findings provide important information that shoutd
guide current pharmacol ogic practice and the future devel-
opment of new drugs. The aim of such arational pharma-
cologic strategy isto identify drugs whose actions can nor-
malize the specific psychobiological alterations associated
with PTSD.

The current approach to PTSD pharmacotherapy has
been empirical rather than theoretical. A number of drugs,
proven safe and effective for other disorders, are now be-
ing tested on PTSD patients. The majority of these are
antidepressants that potentiate serotonergic mechanisms
through presynaptic selective serotonin reuptake inhibi-
tion or by combining this action with blockade at postsyn-
aptic serotonin-2 (5-HT,) receptors (e.g., nefazodone). It
is certainly reasonable to test such drugs in PTSD since
(1) PTSD patients exhibit abnormalities in 5-HT function
and (2) PTSD patients often exhibit comorbid disorders
that are responsive to such medications. As | have pointed
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out elsewhere, “the fact that an SSRI [selective serotonin
reuptake inhibitor] might produce symptom relief does not
necessarily mean that the primary problemisa5-HT sys-
tesn abnormality. It may mean that 5-HT neurons exert in-
dirett rather than direct effects through their modulation
of otherneurobiologic systems.” 3P4 |ndeed, an indi-
reet rather.than direct action might explain why SSRI
treatment\is/Often palliative rather than curative. Perhaps
we would havebetter successif we could develop medica-
tions that’directly~reverse PTSD-related psychobiological
abnormalitie8since sueh agents might be expected to have
the greatest clinical effiCacy.

We will now undertake’Such a conceptual approach. In-
stead of atypical review inwhigh we begin by listing dif-
ferent classes of drugs and discuss:the empirical literature
on their efficacy against PTSD syMmptoms, we will begin
with the pathophysiology itself. In‘other words, we will
begin with key components of the human stress response
that appear to be expressed differently amengpeople with
PTSD. Thoseinclude corticotropin-releasing facter (CRF),
the adrenergic nervous system, and the hypothalamic-
pituitary-adrenocortical (HPA) axis. We will also consider
other mechanisms involved in the human stress response,
which, although less well studied, may be important in the
development of novel drugs for PTSD.

CORTICOTROPIN-RELEASING FACTOR
CRF is the ignition switch for the human stress re-

sponse. It stands at the head of the cascade of adrenergic,
HPA, immunologic, and other neurohumoral responsesthat
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have evolved for coping and adaptation to stress. If a
fundamental aspect of the pathophysiology of PTSD isan
altered stress response, one would predict that CRF func-
tion would be abnormal in people with the disorder. In-
deed, that has been shown to be the case in the one study
on this question, in which Bremner et a.* observed el-
evated CRF levels among Vietnam veterans with PTSD.
Should thisfinding be replicated with other PTSD cohorts,
it would confirm the hypothesis that the pathophysiology
of PTSD is unique from that of other psychiatric disorders
and that it 'can be partially understood within the theoreti-
cal context of the'human stress response. It would also sug-
gest that an effeetiyetreatment strategy would be to block
excessive CRF beforgft ignites the cascade of adrenergic,
HPA, immunologic, ahd.ether downstream mechanisms.
CRF antagonists are one €lass of drugs that might perform
such a function. A number, of £xperimental CRF antago-
nists are currently being developedsand it will be exciting
to see how they perform clinically as.soon asthey are safe
for testing in humans with PTSD.

NEUROPEPTIDEY.

A second class of drugs that might also’preve’effective
inthe treatment of PTSD is neuropeptide Y (NRY))enhane-
ers. NPY is heavily concentrated in the brain stem;)amyg-
dala, hypothalamus, and cortex and is believed to fufaction
as an endogenous anxiolytic. It appearsto attenuate the-ac;
tions of CRF and other stress-released peptides. Animal re-
search suggests that NPY buffers the impact of the stress
response.® Preliminary trialswith military personnel under-
going arduous basic training have shown that those indi-
viduals with the highest NPY levels tolerated excessive
stress better than those with lower levels® Thisintriguing
finding suggests that a pharmacol ogic agent that could pro-
mote higher NPY levels might provide clinically significant
protection against excessive CRF secreted during abnormal
stress responses such as PTSD. From the perspective of the
present review, it suggests that a high priority in the future
development and testing of drugs for PTSD should be
agents that enhance NPY function, thereby reducing the
production, secretion, or actions of CRF.

THE ADRENERGIC SYSTEM

One of the most robust findings in PTSD research has
been heightened and dysregulated adrenergic function.
This abnormality is indicated by hyperresponsiveness of
the sympathetic nervous system, by elevated 24-hour uri-
nary catecholamine levels, and by abnormal sensitivity to
the adrenergic a, antagonist yohimbine. In contrast to
non-PTSD subjects, PTSD patients who have been admin-
istered yohimbine exhibited excessive startle responses,
panic attacks, dissociative symptoms, and abnormalitiesin
cerebral blood flow.”

J Clin Psychiatry 2000;61 (suppl 7)

Psychobiology and Pharmacotherapy of PTSD

This finding is entirely consistent with the conceptual
perspective that the pathophysiology of PTSD reflects ab-
normalities in the human stress response. Indeed, the first
research in this areawas by Walter Cannon,® whose “flight
or fight response” was the first scientific description of the
excessive adrenergic response to threat that is a major
component of the human stress response. We have learned
much more since Cannon’s day about the neuroanatomy
and neurophysiology of this mechanism. Aston-Jones and
associates’ have shown that CRF activates the adrenergic
component of the stress response through a direct action
on the locus ceruleus, the nucleus containing the majority
of adrenergic neuronsin the brain. In addition to mobiliza-
tion of autonomic, motor, and emotional reactions to
threat, excessive adrenergic activity appears to be impli-
cated in a number of abnormal responses that are of clini-
cal significance in PTSD. These include hyperreactivity
associated with hyperarousal (DSM-IV Criterion D)
symptoms, indelible memories associated with intrusion
(Criterion B) symptoms, and dissociation associated with
avoidant/numbing (Criterion C) symptoms. Although anx-
iety, irritability, insomnia, and hyperreactivity are recog-
nized indicators of excessive adrenergic activity, recent
findings with Israeli patients seeking emergency room
treatment (following terrorist attacks, motor vehicle acci-
dents, or other acute events causing bodily harm) suggest
that those individuals with an excessive adrenergic re-
Sponse (e.g., elevated pulse rate) were more likely to
develop PTSD than others.’® With regard to memory, ani-
mal @ndhuman research indicates that adrenergic mecha-
AsMs enhance memories of events that provoke a height-
ened’emationa response.*? The adaptive value of such
a mechanjsm.is’ebvious since survival is enhanced when
one has@ clear gnemory of previously encountered life-
threatening situations/Finally, Southwick and associates'
have shown that’yohigibine infusions can produce PTSD
flashbacks, a dissociativereaction, in patients with PTSD.

Taken together, these firldings suggest that antiadre-
nergic drugs might have an important role in PTSD as
treatment for hyperarousal, intrySion, and dissociative
symptoms. In addition, such results'stiggest that antiadre-
nergic drugs might have utility as prophylactic agents for
acutely traumatized individuals by preventing/an excessive
sympathetic response™* and by preventing theGerconsoli-
dation of traumatic memories.™

Given al of these reasons, it is surprising that so little
attention has been paid to safe and effective [3-adrenergic
antagonists such as propranolol and a, agonists such as
clonidine and guanfacine, which have proven clinical effi-
cacy as antiadrenergic agents. Indeed, there are no ran-
domized trialswith any of these drugs and only afew open
trials. Onetrial with propranolol®® had an A-B-A design (6
weeks baseline—6 weeks on drug—6 weeks off drug)
with 11 abused children with PTSD, in which each child
served as his/her own control. During the drug phase, most
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children reported significant reductions in intrusion and
arousal symptoms, which relapsed to pretreatment sever-
ity after propranolol was discontinued.’® In 2 other small
trials, propranolol was an effective PTSD treatment for
Vietnam veterans but not for Cambodian refugees.”

Clonidine has been more consistently successful in 4
small trials with Vietnam veterans, Cambodian refugees,
and abused children,*” but has not been subjected to arig-
orous drug trial. Guanfacine, another o, agonist that has
recently drawn attention because it has a more sustained
duration ofi action than clonidine, is currently being tested.
Finally, clonidipe'was used successfully in an augmenta-
tion study with €apabodian refugees in which a clonidine/
imipramine combingiion was more effective than either
drug alone.” Given'the fhedest success of monotherapy in
PTSD with most drugs tested to date, augmentation strate-
gies may be an important approach to explore systemati-
caly in future clinical pharmaCologic research.

To summarize, although propranalab and clonidine can
hardly be considered drugs of the futtgé (like CRF antago-
nistsand NPY enhancers), they arerelatively-new asfar as
PTSD treatment trials are concerned._The'méreave learn
about the major contribution of adrenergic dysregulation
to the pathophysiology of this disorder, thé4noré jmpera-
tive it becomes to begin systematic testing of these-agents.

HPA AXIS

HPA axis dysregulation is a distinctive abnormality of
PTSD that sets it apart from other psychiatric disorders.?
HPA axis activation is a key component of the human
stress response and has been recognized as such since the
seminal work of Hans Selye,*® who called it the “general
adaptation response.” As Yehuda and associates*® have
shown, PTSD patients exhibit a unique HPA profile (dis-
tinct from that seen in depression) marked by lower cor-
tisol levels, upregulation of glucocorticoid receptors, and
supersuppression to dexamethasone. The enhanced nega-
tive feedback of the HPA system isawell-established find-
ing that has been replicated in several independent |abora-
tories. What has not been established, however, is the
clinical significance of thisfinding. | have suggested el se-
where that HPA-enhanced negative feedback may underlie
the stress intolerance seen in most PTSD patients who
characteristically find the normal hassles and vicissitudes
of life (e.g., child care, rush hour traffic) excessively up-
setting and difficult to cope with.?

In the spirit of a conceptual approach that seeks treat-
ments which will normalize the human stress response as
early as possible, the first line of defense against the
developement of PTSD might be expected to be a CRF an-
tagonist or NPY enhancer, as noted previously. If, how-
ever, homeostatic alterations have already occurred, what
other new pharmacologic approach might be worth test-
ing? | have suggested elsewhere® that anovel and effective
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approach directly attacking a key pathophysiologic abnor-
mality might be an attempt to down-regulate (and there-
fore normalize up-regulated) glucocorticoid receptorswith
acourse of prednisone or some other glucocorticoid medi-
cation. Since 5-HT modulates HPA function, another pos-
sible approach might be to use an SSRI or related com-
pound that is especially effective in producing such
down-regulation.

THE SEROTONIN (5-HT) SYSTEM

Although the results of drug trials with SSRIs and other
agents affecting 5-HT mechanisms is reviewed elsewhere
in this supplement,? it isinstructive to consider the role of
5-HT in the human stress response. Animal research sug-
gests that 5-HT affects many fundamental brain mecha-
nismsthat are altered in PTSD, including sleep regulation,
aggression, cardiovascular activity, motor function, anxi-
ety, mood, and neuroendocrine secretion. Most notably,
5-HT neurons have direct effects on both adrenergic and
HPA function.” Inaclinical study of Vietnam veteranswith
PTSD, Southwick et al.”® showed that the 5-HT agonist
m-chlorophenylpiperazine (m-CPP), which primarily af-
fects 5-HT, and 5-HT . receptors, produced panic attacks
and flashbacks in some but not all research subjects. Of
particular interest is that veterans with PTSD who exhib-
ited such aresponse to m-CPP tended to differ from those
who exhibited panic and flashbacks in response to yohim-
Bine! This suggests that some PTSD syndromes may result
primarily from 5-HT dysregulation, whereas others may be
duie to @dnormal adrenergic mechanisms. The implications
of this possihility for pharmacotherapy are enormous,
since “entiadrepergic agents might be the treatment of
choicefor one'RFSD subtype whereas drugs that specifi-
cally target 54HT might be needed for the other subtype.

With respect/to futlre drug development, there are
many different types of &°H receptors. Future research
may help us identify which.5-H# receptors should be tar-
geted to obtain the best outcomes:for PTSD patients. We
may hope to improve on the genéral 5-HT potentiation
produced by SSRIs with more specifie5;HT receptor tar-
getsin the future.

THE OPIOID SYSTEMS

Opioid peptides include 3 sets of compounds, endor-
phins, dynorphins, and enkephalins, that bind to a number
of different receptors distributed throughout the central
nervous system (CNS). Since 3-endorphin is derived from
the same large precursor molecule, pro-opiomelanocortin,
from which adrenocorticotropic hormone originates, it is
also activated by CRF stimulation. There is abundant evi-
dence that endogenous opioids play a role during the hu-
man stress response, especially with regard to a unique
phenomenon called stress-induced analgesia, in which
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stressful stimuli such as electric shock, forced swimming,
and restraint produce diminished responsiveness to pain.
Since stress-induced analgesia can be reversed by narcotic
antagonists such as naloxone, it is clear that opioids are
important mediators of this stress response.®

Opioids also affect posterior pituitary and gonadotropin
hormone systems during the human stress response. Dy-
norphin and enkephalin inhibit the release of oxytocin,
whileleu-enkephalin and (3-endorphin inhibit the secretion
of vasopressin. In addition, CRF stimulation of opioid
peptide—containing interneurons inhibits gonadotropin-
releasing hormariezOne clinical manifestation of this ac-
tion isthe amenorrhea or disrupted fertility sometimes seen
in women who havedeen exposed to excessive psychol ogi-
cal stress.®

For all these reasons and,because there are many drugs
that activate or antagonize, Opioid receptors, it is appro-
priate to consider opioid mechanisms in PTSD. Unfor-
tunately, there are very little experimental data in this
regard. Summarizing such researchy (it has been shown
that PTSD patients exhibit lower pain thresholds, lower
B-endorphin levels, decreased prodiction‘and release of
methionine-enkephalin, and (possibly) stress-nddeed an-
algesia’” With respect to the latter finding,Mietham vet-
erans exposed to a movie about combat (e.g:, the/movie
Platoon), exhibited a naloxone-reversible stresstimduced
analgesia® Unfortunately, this intriguing finding has not
been replicated.

An interesting pharmacologic report concerns an opefi
trial in which a narcotic antagonist had a biphasic action
on Vietnam veterans with PTSD.? Some veterans experi-
enced beneficial effects, reporting that they felt more alive,
less numb, and less constricted emotionally. Others expe-
rienced intolerable anxiety, panic, arousal, and (in some
cases) flashbacks. Glover? interpreted his findings as con-
sistent with the hypothesis that opioids play arole in the
emotional numbing seenin chronic PTSD. If it ispresumed
that numbing is an adaptive response that blunts otherwise
intolerable PTSD-induced anxiety and arousal, one would
certainly expect narcotic antagoniststo help “numbed out”
veterans with excessive opioid activity. On the other hand,
one would predict that narcotic antagonists would precipi-
tate intense anxiety in those veterans with inadequate base-
line opioid levels. It does appear that the response to nar-
cotic antagonists was clinically significant for all subjects
inthistrial, athough it was significantly toxic for someand
therapeutic for others. Perhaps careful titration with more
selective opioid agonists or antagonists might produce
more consistent and desirable effects. These findings are
certainly intriguing and warrant further investigation.

THYROID FUNCTION

A series of findings that have received relatively little
attention indicate that Vietham veterans with PTSD ex-
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hibit excessive thyroid activity. Mason, Wang, and asso-
ciates**?® have reported elevated triiodothyronine (T,) and
thyroxine (T,) levels among 4 separate cohorts of veterans
that, in afew cases, approached the range seen in clinical
hyperthyroidism. Furthermore, the researchers found a
linear relationship between PTSD symptoms and free T,
levels.

Putting these findings in the context of the human stress
response suggests that elevated thyroid function may re-
aly be a secondary effect of the more fundamental ab-
normalities in PTSD patients. During the normal stress
response, thyroid axis function is decreased both with re-
spect to reduced production of thyroid-stimulating hor-
mone (TSH) and reduced conversion of T, to the more ac-
tive T,. There is evidence that such reduced thyroid axis
activity isdueto the inhibiting effect of elevated glucocor-
ticoid levels produced by stress-induced HPA activation.®

In PTSD, however, the situation is reversed. Basal cor-
tisol levels are lower than normal owing to the enhanced
HPA negative feedback.??° Thus, thyroid function may be
increased because of reduced glucocorticoid (e.g., cor-
tisol) inhibition. Therefore, the best treatment to correct
PTSD-related elevations in thyroid function should focus
on normalization of the HPA system rather than on the thy-
roid axis itself. Therefore, targeting the thyroid system
with pharmacotherapy to ameliorate PTSD symptoms
does not appear to be a useful strategy.

SUBSTANCE P

Substance P belongsto afamily of neuropeptides called
tachykinins/Until recently, its primary role was incor-
rectly~tindexstodd, to be a sensory neurotransmitter in spi-
nal cord“dersal aarn afferent unmyelinated C-fibers in-
volved in transmittingspainful stimulation. More recently,
it has been shown that,substance P is often co-located pre-
synapticaly in both adrepergic and serotonergic neurons
and that substance P recepters are densely concentrated in
brain regions that play a mgjor rale in the stress response
and regulation of affective behavj@rn,(such as the amyg-
dala, hippocampus, locus ceruleusi raphe nucleus, peri-
agueductal gray, hypothalamus, striatum, and nucleus ac-
cumbens®”?). In short, preclinical studiés/Suggest that
substance P may be an important new avenué’ta explore
with respect to PTSD treatment.

Such theoretical speculations have recently become
much more relevant given a successful clinical trial of the
substance P antagonist MK-869 in depression.® In this
randomized clinical trial, MK-869 was as effective as the
SSRI paroxetinein reducing depressive symptoms as mea-
sured on the Hamilton Rating Scalefor Depression. Such a
study obviously needs replication. For our purposes, how-
ever, future testing of the capacity of substance P antago-
nists to modify the human stress response and ameliorate
PTSD symptomsis of great theoretical and clinical signifi-
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cance. It can be expected that such drug trialswill beiniti-
ated within the near future, since substance P antagonists
are being developed by a number of pharmaceutical com-
panies for testing in depression, PTSD, and other anxiety
disorders.

THE GLUTAMATERGIC SYSTEM

The excitatory neurotransmitter glutamate plays a very
important role in the human stress response. Monoaminer-
gic and opiaidl (e.g., adrenergic, serotonergic, and dopa-
minergic) respomses to stress are modulated by glutama-
tergic neurons ‘thai~act on crucial cortical and limbic
structures involvedif/arousal, perception, motor function,
information procesSing/and memory. Several preclinical
studies have shown that glutamate function not only in-
creases in response to stress, butthat such increases are as-
sociated with increased monoamifnérgic transmission from
subcortical nuclei.®

It is necessary to distinguish 2 types,of, glutamate re-
ceptors: NMDA and non-NMDA receptors/NM DA recep-
tors mediate long-term changes in synapticAransmission
associated with CNS plasticity; such/changés-underlie
crucial information processing functions s¢h as |garning
and memory. Non-NMDA receptors, on the’other”hand,
are neuromodulators that influence the actions'ef ;mono-
aminergic neurotransmitters through their actions o/post=
synaptic membrane potentials.*

For purposes of this discussion, we will focus af
NMDA receptor function because altered information pro-
cessing isakey factor in the devel opment and maintenance
of PTSD-related cognitive psychological and psycho-
biological alterations through fear conditioning, operant
avoidance conditioning, and altered memory function.3*%
A unique series of experiments by Krystal and associ-
ates™* has shown that when NM DA receptor antagonists,
such as the anesthetic ketamine, are given to normal hu-
man volunteers, they can produce effects resembling the
clinical phenomenon of dissociation. Following ketamine
administration, healthy research subjects

reported the sense of tunnel vision or constriction in thefield
of attention, subjective sense of time slowing, and increases
or decreases in sensory activity in both auditory and visual
modalities. . . . Subjects also reported changes in the sense of
self. These identity alterations included depersonalization
and derealization. Ketamine also induced impairmentsin ex-
ecutive cognitive functions involving planning, abstract rea-
soning, the control of attention and working memory.3®27®

There is growing recognition that dissociation is a key
component of acute stress disorder and, therefore, has
prognostic implications for the later development of
PTSD after exposure to a traumatic event. Furthermore,
dissociation is a prominent and very disruptive symptom
in PTSD after prolonged traumatization as in child sexual
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abuse or repeated torture during political incarceration.
Therefore, the capacity to disrupt crucial information pro-
cessing mechanisms such as perception, attention, judg-
ment, and memory with NMDA antagonists suggests that
this area should be a very important one for future drug
development, since any pharmacol ogic agent that can pro-
tect against a dissociative response to extreme stress
should protect against the development of PTSD, and any
drug that can abolish dissociative symptoms would have
an important place in PTSD treatment.

SENSITIZATION

One neuropl astic mechanism that has been proposed as
an animal model for PTSD is sensitization/kindling. Post
and associates*** have been at the forefront of such re-
search, in which it has been shown that repeated adminis-
tration of a subthreshold excitatory agent such as cocaine
produces a progressive increase in neuronal reactivity. As
daily dose administration continues, neurons become sen-
sitized so that the once-subthreshold dose can now pro-
duce marked neurophysiologic or behavioral effects that
were not elicited at the outset. At its most extreme, such
sensitization can produce seizures, in which case it is
called kindling. Sensitization/kindling has been suggested
as a model for cocaine dependence, epilepsy, recurrent
psychosis, and PTSD. Although altered glutamatergic
transmission via both NMDA and non-NMDA receptors
appears to be one component of such a profound neuro-
plastic.mechanism, changes in the whole cascade of syn-
aptic messenger systems and regulator genes have been
proposedS4®

Clinigal ifiterest in sensitization/kindling models as ap-
plied to PTSD hasled to afew open trials with anticonvul -
sants such as-carbamazepine and valproate because of
their efficacy ‘as”antikifdling agents in laboratory para-
digms. Positive results have-been reported in these small
open trials, especially with'respeet to PTSD arousal symp-
toms, but also, in some cases, Withintrusion and avoidant/
numbing symptoms.*” Unfortunatel¥,no randomized clini-
cal trials have been carried out with\either carbamazepine
or valproate in PTSD. There is renewed interest in anti-
convulsant treatment for PTSD with indudstryssponsored
testing of newer agents such as lamotrigine ad gabapen-
tin. This areais obviously of great interest and has poten-
tial clinical implications.

TOWARD NEW PHARMACOTHERAPY
FOR PTSD

Table 1 summarizes the previous discussion and offers
afew suggestions for future research and devel opment on
pharmacotherapy for PTSD. It is, essentially, atheoretical
map that presents our current thinking about pathophys-
iological abnormalities associated with specific psycho-
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Table 1. Toward New Pharmacotherapy for Posttraumatic Stress Disorder (PTSD)*

Neurobiological Proposed

Possible

System Abnormality in PTSD Clinical Abnormality Proposed Treatment
CRF Elevated Anxiety, arousal, depression CRF antagonists

NPY Reduced? Anxiety, arousal, depression NPY enhancers
Adrenergic Hyperreactive Hyperarousal, intrusion, a,-Adrenergic agonists

dissociation, panic/anxiety
HPA Enhanced negative feedback Stressintolerance
Broad spectrum PTSD symptoms:
impulsivity, rage, aggression,

B-Adrenergic blockers

SSRIs? glucocorticoids?

SSRIs, nefazodone, more
selective 5-HT agents

depression, panic, obsessional
thoughts, chemical dependency

5-HT Systemic dysregulation
Opioid Systemic dysregulation
Thyroid Elevated
Substanee,P Elevated?
Glutamate Impaired NMDA
receptor transmission
Limbic/cortical Sensitization/kindling
neuronal
excitability

Numbing, chemical dependency

More selective opioid
agonists or antagonists

Hyperarousal None
Anxiety? depression?
Dissociation, impaired information
processing and memory
Hyperarousal, reexperiencing

Substance P antagonists?
NMDA facilitators?

Anticonvulsants

“Abbreviations: 5-HT+ sergtonin, CRF = corticotropin-rel easing factor, HPA = hypothal amic-pituitary-
adrenocortical, NMDA =/N-methyl-p-aspartate, NPY = neuropeptide Y, SSRI = selective serotonin reuptake inhibitor.

biological systems, my own guessés about’the, clinical
significance of such abnormalities, andzfinallyytheoreti-
caly driven suggestions for drug trias théatmight/he ex-
pected to reverse such alterations.

SUMMARY

1. CRF

As stated earlier, normalization of CRF function might
be the therapeutic target most likely to have the greatest
impact, since CRF is the ignition switch for the entire hu-
man stress response and sets in motion the complex cas-
cade of downstream reactions. CRF antagonists are cur-
rently being developed by a number of pharmaceutical
firms, and it ishoped that safe agentswill be ready for test-
ing in the near future.

2. NPY

Another class of drugs that would be expected to phys-
iologically antagonize CRF activity are NPY enhancers.
Given preliminary findings suggesting that increased NPY
levels can buffer or protect against the impact of stressin
humans exposed to extreme conditions, it would appear
that development and testing of NPY enhancersisaprom-
ising direction for future research.

3. Adrenergic System

Adrenergic abnormalities are well-established in PTSD
research. Unfortunately, such knowledge has not spurred
very many drug trials with antiadrenergic agents. That has
begun to change recently because of clinical observations
that the a,-adrenergic antagonist yohimbine can precipi-
tate dissociative symptoms, potentiate the startle response,
and alter cerebral blood flow and can increase anxiety,
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panic, and arousal among PTSD patients.*’ Indeed, case
reports of successful treatment of these symptoms with
a,-adrenergic agonists such as clonidine and guanfacine
promise to stimulate renewed interest in these drugs.

New findings, suggesting that the [3-adrenergic antago-
nist propranolol might have both a protective and thera-
peutic role in PTSD by preventing both the encoding of
thaumatic memories™ and enhanced acute posttraumatic
cardidvascular activity,’® have renewed interest in this
drug as'well. Indeed, it isironic that promising open trials
with”both)drugs more than 15 years ago® have been
largely’ ignotedzby clinical pharmacologists. But then
again, better, [atethan never.

4. HPA Axis

Normalization of enhaneed HPA negative feedback
might be accomplished thretgh~down-regulation of glu-
cocorticoid receptors. Thisis,‘at'est, a theoretical predic-
tion that may fail to appreciate the complexity of HPA dys-
regulation in PTSD. It is, however, ‘anovel approach that
targets a major psychobiological abnormality associated
with the disorder. Even if one could down;regulate glu-
cocorticoid receptors through a course of treatment with a
corticosteroid such as prednisone, could such changes be
maintained? In other words, could one reset the glucocor-
ticoid receptor homeostat to its pre-PTSD setting and
achieve a sustained normalization of HPA function? These
are empirical questions that merit investigation. An alter-
native strategy would be to effect such change by modi-
fying serotonergic mechanisms that modulate glucocorti-
coid receptor function. It is possible that agents which
target specific 5-HT receptors might be required to accom-
plish this goal, rather than drugs affecting global serotonin
function such as SSRIs.
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5. Serotonin System

SSRIs are currently the most effective drugs available
for PTSD treatment, as discussed elsewhere in this sup-
plement.” Although significant amelioration of all PTSD
symptom clusters has been achieved with these drugs in
multisite trials, they are not always effective. Therefore, it
isreasonabl e to ask whether future research with more spe-
cific serotonergic agents will produce better results.

6. Opioid System

Opioid dysregulation clearly occurs in PTSD, although
it has received Jittle attention and is poorly understood.
One interpretation pfthe current literature is that although
steady-state opioidsfangtion is reduced, it can be episodi-
caly elevated during-siressful situations. Furthermore, it
appears that narcotic agorisis and antagonists can produce
clinically significant but vati@blegffectsin different PTSD
patients, even though such effegts®may exacerbate rather
than ameliorate disruptive symptoms._Given the extent of
current knowledge about opioid functign and the repertoire
of pharmacologic agents with actions at{opieid receptors,
thisis clearly an important area for flture reséargh.

7. Thyroid System

Enhanced thyroid function appears to be &' robustfind-
ing in PTSD research, although it has only been_dems-
onstrated by one research group who have investigated
combat veterans. Even if this finding can be replicated
elsewhere, it appearsto be a secondary effect due to abnor-
mal CRF and glucocorticoid activity. Therefore, testing
drugs whose primary action is on thyroid function does not
seem to be a promising strategy for PTSD treatment.

8. Substance P

Substance P antagonists are an exciting theoretical pos-
sibility to consider, given the neuroanatomic distribution
of substance P neurons and the likelihood that they play a
significant role in the human stress response, especially
through reciprocal actions with monoaminergic mecha-
nisms. Such interest is fortified by a recent successful trial
of a substance P antagonist as an antidepressant. Testing
substance P antagonists in PTSD is sure to come in the
near future. We will just have to wait and see.

9. Glutamate

Glutamatergic mechanisms play a crucial role in many
cognitive functions that are atered in PTSD such as per-
ception, appraisal, learning, and memory. Glutamatergic
dysregulation may be at the heart of significant symptoms
such asintrusive memories, learning abnormalities, psycho-
genic amnesia, and dissociation. Better understanding of
NMDA and non-NMDA receptor function and devel opment
of safe and specific agentsthat can normalize such psycho-
biological abnormalities should proveto be an exciting and
relevant focusin pharmacol ogic research and devel opment.
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10. Anticonvulsants

Given the promise of open-label studies with carba-
mazepine and val proate and the theoretical implications of
such findings, drugs affecting the complex processes of
sensitization and kindling should be tested systematically
in future drug trials for PTSD treatment.

CONCLUSION

The purpose of this brief review isto stimulate new ap-
proaches to the pharmacotherapy of PTSD. Given the
unique pathophysiology of this disorder, it seems that
careful consideration of PTSD-related abnormalitiesin the
human stress response should provide valuable hints for
future pharmacotherapy of this disorder.

Drug names: carbamazepine (Tegretol and others), clonidine (Catapres
and others), gabapentin (Neurontin), guanfacine (Tenex and others), la-
motrigine (Lamictal), naloxone (Naprosyn and others), nefazodone
(Serzone), paroxetine (Paxil), propranolol (Inderal and others), yohim-
bine (Yocon and others).

Disclosure of off-label usage: The author of this article has determined
that, to the best of his knowledge, the following agents are not approved
for the treatment of posttraumatic stress disorder: carbamazepine, cloni-
dine, gabapentin, guanfacine, lamotrigine, nefazodone, paroxetine,
prednisone, propranolol, valproate.
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