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Background: Yohimbine hydrochloride produces
marked behavioral and cardiovascular effects in combat
veterans with posttraumatic stress disorder (PTSD). In
the present study, yohimbine was used as a probe of nor-
adrenergic activity, and meta-chlorophenylpiperazine
(m-CPP) as a probe of serotonergic activity. To our
knowledge, this is the first study to describe the behav-
ioral and cardiovascular effects of meta-CPP in patients
with PTSD, and to compare these effects with those of
yohimbine.

Method: Twenty-six patients with PTSD and 14 healthy
subjects each received an intravenous infusion of yohim-
bine hydrochloride (0.4 mg/kg), m-CPP (1.0 mg/kg), or
saline solution on 3 separate test days in a randomized
balanced order and in double-blind fashion. Behavioral
and cardiovascular measurements were determined at

Resulis: Eleven (42%) of the patients with PTSD expe-
rienced yohimbine-induced panic attacks and had sig-
nificantly greater increases compared with controls in
anxiety, panic, and PTSD symptoms, but not in cardio-
vascular measurements. Eight patients (31%) with PTSD
experienced m-CPP-induced panic attacks and had sig-
nificantly greater increases compared with controls in
anxiety, panic, and PTSD symptoms, and in standing di-
astolic blood pressure. Yohimbine-induced panic at-
tacks tended to occur in different patients from m-CPP~
induced panic attacks.

Conclusion: These data suggest the presence of 2 neu-
robiological subgroups of patients with PTSD, one with
a sensitized noradrenergic system, and the other with a
sensitized serotonergic system.

multiple times.
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HE NORADRENERGIC sys-
tem has been the most in-
tensively studied neural
system in humans suffer-
ing from posttraumatic
stress disorder (PTSD). This system was
chosen as a focus of study because of ex-
tensive preclinical data linking it to fear
and anxiety,"? vigilance,'*'? selective at-
tention,!?!> and consolidation of
memory.'*? Persons with PTSD often suf-
fer with analogous symptoms of hyper-
vigilance, anxiety, fear, and recurrent in-
trusive memories. Norepinephrine also was
selected because of its central role in the
sympathetic nervous system and in what
is commonly termed the “flight or fight re-
sponse.” Since 1918, many psychophysi-
ological studies consistently have shown
heightened sympathetic nervous system re-
activity in combat veterans with trauma-
related symptoms. >33
Evidence of noradrenergic dysregu-
lation in PTSD also has come from inves-
tigations of neuroendocrine and periph-
eral catecholamine receptor systems.
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Twenty-four—hour urine norepinephrine
excretion®*** has been reported as signifi-
cantly elevated and platelet a,-adrener-
gic receptor number® and lymphocyte
basal cyclic adenosine monophosphate and
adenylate cyclase levels” as significantly
decreased in combat veterans with PTSD
compared with normal controls. In a study
that simultaneously evaluated psycho-
physiological and peripheral noradrener-
gic activity in response to viewing a com-
bat film, Blanchard et al*® reported a
parallel rise in blood pressure, heart rate,
subjective distress, and plasma norepi-
nephrine in combat veterans with PTSD.

We recently reported on the use of
yohimbine hydrochloride as a probe of pe-
ripheral and central noradrenergic reac-
tivity in 20 combat veterans with PTSD.*
Yohimbine is an a,-adrenergic receptor an-
tagonist that activates noradrenergic neu-
rons by blocking the presynaptic a,-
adrenergic autoreceptor.*** Patients with
PTSD had potentiated biochemical, be-
havioral, and cardiovascular responses to
yohimbine. Indeed, 70% of patients expe-



PATIENTS AND METHODS

PATIENTS

Twenty-six male patients were recruited from a 4-month
inpatient PTSD treatment program at the National Center
for Post-Traumatic Stress Disorder located in the Connecti-
cut Department of Veterans Affairs Medical Center, West
Haven, Conn. Military records, including the DD214, were
used to verify Vietnam combat experience. Exclusion cri-
teria included organic mental disorders; neurologic disor-
ders, such as seizures; cardiovascular disease, including hy-
pertension, history of myocardial infarction, or significant
electrocardiographic abnormalities; and serious medical ill-
nesses, such as diabetes and chronic hepatitis.

Mean*SEM age was 41.8%0.5 years. Mean*SEM
weight was 85.6+2.6 kg. A 4-week drug-free period, moni-

“tored by staff, was required of all patients before the first
test session.

Each patient who gave voluntary written informed con-
sent for participation in this study met criteria for PTSD
using the structured clinical interview for DSM-III-R ®* and
had a Mississippi Post-Traumatic Stress Disorder scale score
greater than 107.%° Mean*+SEM severity of PTSD on the Mis-
sissippi scale was 132.9+3.8 of a possible 175. This is con-
sidered to be severe PTSD.%?

A consensus diagnostic team finalized all diagnoses. Six
patients and 15 patients met current DSM-III-R criteria for
panic disorder and major depression, respectively, on ad-
mission to the study. Eighteen patients met lifetime DSM-
HI-R diagnostic criteria for major depression, 6 for lifetime
panic disorder, and 20 for lifetime alcohol dependence.

HEALTHY SUBJECTS

Fourteen healthy male subjects, recruited from responses
- to advertisements, gave voluntary written informed

consent for participation in the study and were deter-
mined to be free of mental disorder based on the results
of a structured psychiatric interview. None reported
a history of mental illness in first-degree relatives or use
of psychoactive medication for at least 4 weeks. Mean+SEM
age was 39.8%3.7 years. Mean*SEM weight was
81.0*2.7 kg.

None had a history of serious medical illness. All had
normal results on physical examination, electrocardio-
gram, and laboratory tests of renal, hepatic, pancreatic, he-
matopoietic, and thyroid function. Healthy controls and pa-
tients were paid for participation in this study.

PROCEDURES

On 3 separate test days during 20-minute infusions in a
randomized balanced order and in double-blind fashion,
patients and healthy subjects received an intravenous
infusion of yohimbine hydrochloride (0.4 mg/kg),
m-CPP (0.1 mg/kg), or saline solution. On each test day,
subjects received two 10-minute infusions. On the saline
test day, both infusions consisted of 0.9% saline solu-
tion. On the m-CPP test day, both 10-minute infusions
contained 0.05 mg/kg of m-CPP for a total of 0.1 mg/kg
for 20 minutes. On the test day for yohimbine, one infu-
sion contained yohimbine hydrochloride (0.4 mg/kg
administered for 10 minutes), and the other infusion
consisted of saline solution infused for 10 minutes. The
m-CPP doses and rates of infusion were identical to
those of previously reported studies in healthy sub-
jects,® and in patients with panic disorder,’”” obsessive-
compulsive disorder,*® and schizophrenia.” Investigators
and raters were not aware of the medication status
except for the research pharmacist. The interval between
infusions was generally 4 to 7 days.

Subjects arrived on the Neurobiological Studies Unit
by 8:30 aM. They fasted overnight for 10 hours, were su-

=pine with their heads €levated duting most of the 5-hour

rienced panic attacks and 40% experienced flashbacks
after yohimbine administration. The 70% panic attack rate
closely resembles the experience reported in patients with
panic disorder,”* raising the possibility that PTSD and
panic disorder share a common neurobiological abnor-
mality related to the noradrenergic system.*

Although yohimbine clearly has pronounced ef-
fects in combat veterans with PTSD, it is unclear whether
other anxiogenic probes that alter the function of differ-
ent neurotransmitter systems would produce similar re-
actions in this patient population. The present study was
designed to test the specificity of the yohimbine re-
sponse in combat veterans with PTSD and to evaluate po-
tential serotonergic (5-HT) contributions to trauma-
related symptoms. Altered 5-HT activity following severe
stress or trauma has been reported in animal and hu-
man studies.**>* In humans, for example, platelet 5-HT
uptake has been reported as significantly decreased in pa-
tients with PTSD compared with normal controls,*® and
specific 5-HT reuptake inhibitors have been found to be
moderately efficacious in treating the full range of PTSD-
specific symptoms in a subgroup of traumatized pa-
tients.>**® Furthermore, low 5-HT activity in humans has

been associated with aggression,”® impulsivity,” and sui-
cide,® behaviors that often are reported in combat vet-
erans with PTSD.

In the present study, yohimbine was used as a probe
of noradrenergic activity, and meta-chlorophenylpipera-
zine (m-CPP) was used as a probe of 5-HT activity in com-
bat veterans with PTSD compared with normal con-
trols. The m-CPP interacts with the 5-HT transporter®!
and several 5-HT receptor subtypes, including, in de-
scending affinity, the 5-HTs, 5-HT,c, 5-HT s, 5-HT,
5-HT 14, and 5-HT,p receptors.5% Meta-chlorophenyl-
piperazine is a partial agonist at 5-HT, receptors,®*’ a
partial agonist or antagonist of the 5-HT, receptor,5$7
and an antagonist of 5-HT; receptors.”"* Relative to its
potency at 5-HT,¢ receptors, m-CPP seems to possess
markedly lower affinities for ,, o;, dopamine,, and do-
pamine; receptors.®>” Meta-chlorophenylpiperazine has
been used widely to investigate 5-HT function in neu-
ropsychiatric disorders such as panic disorder,”*7”
obsessive-compulsive disorder,’®®? schizophrenia,®*
depression,®*” and alcoholism.®**! These investiga-
tions disclose that, depending on the disorder under
study,”**! m-CPP has a broad spectrum of behavioral
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test day, and stood only to use the bathroom and to per-
mit recordings of their standing blood pressure and pulse
rate. Sleep was not permitted. Blood pressure and pulse rate
were measured in the usual clinical fashion at 15 and 0.5
minutes before and at 40, 60, 120, and 180 minutes fol-
lowing the dose.

Self-report behavioral ratings were administered 15
minutes before and at 20, 60, 120, and 180 minutes after
infusion. Panic attack symptoms were assessed using a
27-item Panic Attack Symptom Scale (PASS) that
includes the 13 DSM-III-R panic symptoms. Possible
scores range from 27 to 108. Symptoms are rated on a
4-point scale (1=not present to 4=severe). The PTSD-
specific symptoms were measured using a scale consist-
ing of 8 DSM-III-R items (anger, difficulty concentrating,
distant from others, emotionally numb, flashbacks,
hypervigilance, intrusive thoughts, and startle). Symp-
toms are rated on a 5-point scale (1=not present to
5=worst ever), with possible scores ranging from 8 to
40.

To determine whether a panic attack or flashback had
occurred during test sessions, all subjects were evaluated
by a research psychiatrist (S.M.S. or J.H.K.) and a research
nurse who were not aware of the medication status. This
evaluation was based on direct clinical observation and pa-
tient self-report.

Panic attacks were determined using the following
criteria: (1) increase in severity of 4 or more DSM-III-R
panic attack symptoms on the PASS compared with base-
line; (2) crescendo increase in severe subjective anxiety of
at least 25 mm from baseline on a 100-mm visual analog
scale for anxiety; (3) for patients with a history of panic
attacks, the drug-induced anxiety state had to be similar
to a naturally occurring panic attack in intensity and spe-
cific symptoms; (4) consensual agreement of the 2
research psychiatrists (S.M.S. and J.H.K.) that a panic
attack had occurred based on the aforementioned 3 crite-
ria and nursing notes.

Flashbacks were determined using the following
criteria: (1) reexperiencing a past traumatic event during
the course of drug or placebo infusion; (2) involvement of
1 or more sensory modalities (hearing, seeing, smelling,
and/or feeling); (3) for patients with a history of flash-
backs, the drug-induced reexperiencing state must have been
similar to a naturally occurring flashback; and (4) consen-

sual agreement of the 2 research psychiatrists that a flash-
back had occurred.

DATA ANALYSIS

Data were analyzed with standard Statistical Analysis System
procedures. Effects of yohimbine and m-CPP on anxiety, PTSD
symptom ratings, and cardiovascular variables were evaluated
with repeated-measures analysis of variance (ANOVA). Ini-
tial analyses included all time points. Subsequent pairwise com-
parisons involved baseline and peak measurements between
particular test days for individual items. Assessments of sta-
tistical significance included main effects of diagnosis, drug
(placebo vs yohimbine or m-CPP), and time. The a levels were
adjusted for multiple comparisons.

We used t tests to determine how and when
patients differed from healthy subjects in response to
both active agents compared with placebo and with each
other. Baseline values were subtracted from values at
each time point for the variable of interest, resulting in a
change score for each time point. Subtracting this
change score for placebo from that of yohimbine
resulted in an estimate of the net yohimbine effect. Simi-
lar estimates were calculated comparing m-CPP with
placebo and m-CPP with yohimbine.

Pearson correlation coefficients (for symptoms sig-
nificantly increased in response to either or both active
agents compared with placebo) evaluate the relations
between peak changes from baseline in individual symp-
toms following m-CPP and yohimbine. The a levels
were adjusted for multiple comparisons.

effects, including exacerbation of anxiety, psychosis,
and obsessions.

In the present report, 26 combat veterans with
DSM-III-R PTSD and 14 noncombat healthy controls
were administered intravenous yohimbine, m-CPP,
and placebo on 3 separate test days. Subjects were
rated for panic attacks, flashbacks, anxiety symptoms
and DSM-III-R PTSD-specific symptoms, and blood
pressure and heart rate responses. To our knowledge,
this is the first study to describe the subjective, behav-
ioral, and cardiovascular effects of m-CPP in patients
with PTSD and the first to compare these effects with
those of yohimbine.

— O

FREQUENCY OF PANIC ATTACKS
AND FLASHBACKS

Yohimbine produced panic attacks in 11 (42%) of 26 pa-
tients and 1 (7%) of 14 controls. Eight patients (31%)
and no controls had a panic attack in response to m-
CPP. Three patients had panic attacks in response to both

active compounds. No panic attacks occurred after pla-
cebo administration. Flashbacks occurred after yohim-
bine in 8 patients (31%) and no controls. In response to
m-CPP, 7 patients (27%) and no controls had flash-
backs. Four of these patients had flashbacks while re-
ceiving both drugs. Two patients had flashbacks during
placebo administration, both of whom also had flash-
backs while receiving yohimbine and 1 while taking m-
CPP. The drug administered on the first day was neither
more nor less likely to cause a panic attack or a flash-
back than the drug administered on the second day.

PANIC ATTACK SYMPTOM SCALE
Effects of Yohimbine

Change Over Time From Baseline (Figure 1). Total PASS
score was significantly higher following yohimbine com-
pared with placebo in patients with PTSD (F=14.84,
df=4,100, P<.001; at 20 minutes—¢=5.96, df=25, P<.001;
at 60 minutes—¢=3.04, df<25, P<.01) and in healthy con-
trols (F=18.62, df=4,52, P<.001; at 20 minutes—
t=5.54, df=13, P<.001; at 60 minutes—t=3.64, df=13,
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