
 

 

 
 
 
 
 
 
 
 
 

 

 
 

 

 
  

 

 

 

 

 

 

 

 

Original Article 

Abnormal Noradrenergic Function in
Posttraumatic Stress Disorder

Steven M. Southwick, MD; John H. Krystal, MD; C. Andrew Morgan, MD; David Johnson, PhD; Linda M. Nagy, MD;
Andreas Nicolaou, PhD; George R. Heninger, MD; Dennis S. Charney, MD

• To evaluate possible abnormal noradrenergic neuronal
regulation in patients with posttraumatic stress disorder 
(PTSD), the behavioral, biochemical, and cardiovascular 
effects of intravenous yohimbine hydrochloride (0.4 mg/kg) 
were determined in 18 healthy male subjects and 20 male 
patients with PTSD. A subgroup of patients with PTSD were 
observed to experience yohimbine-induced panic attacks 
(70% [14/20]) and flashbacks (40% [8/20]), and they had 
larger yohimbine-induced increases in plasma 3-methoxy
4-hydroxyphenylglycol levels, sitting systolic blood pres
sure, and heart rate than those in healthy subjects. In addi
tion, in the patients with PTSD, yohimbine induced 
significant increases in core PTSD symptoms, such as intru
sive traumatic thoughts, emotional numbing, and grief. 
These data were consistent with a large body of preclinical 
data that indicated that uncontrollable stress produces sub
stantial increases in noradrenergic neuronal function. We 
discuss the implications of these abnormalities in noradren
ergic functional regulation in relation to the long-term neu
roBiologica丨 sequelae of severe uncontrollable stress and 
the pathophysiological relationship between PTSD and 
other anxiety disorders, such as panic disorder. 
(Arch Gen Psychiatry. 1993;50:266-274) 

A lthough only recognized as a distinct diagnostic entity 
f\ in 1980, current data suggest that posttraumatic 
stress disorder (PTSD) is a disorder of considerable prev
alence and morbidity.12 Despite the high prevalence of 
PTSD, there has been comparatively little research direct
ed toward understanding its pathophysiology. Studies 
that focus on elucidating the neurobiological changes that 
occur in the brain following severe psychological trauma 
are only now being initiated. 

The dearth of clinical neurobiological research on PTSD 
stands in sharp contrast to the preclinical body of investi
gation that has identified large and long-term functional 
changes in a variety of brain neuronal systems as a result 

of stress. The effects of stress on brain noradrenergic func
tion have been particularly well studied. For example, 
stress, especially uncontrollable stress, produces an ele
vated sense of fear and anxiety and causes regional 
increases in norepinephrine turnover in the locus ceruleus 
(LC), limbic regions (hypothalamus, hippocampus, and 
amygdala), and cerebral cortex.3,4 In addition, a series of 
investigations have shown that uncontrollable stress re
sults in an increased responsiveness of LC neurons to ex
citatory stimulation that is associated with a reduction in 
a2-adrenergic autoreceptor sensitivity.5,6 

Recent clinical investigations suggest that a subgroup of 
patients with chronic PTSD may exhibit abnormalities in 
noradrenergic function. Twenty-four-hour urine norepi
nephrine excretion has been reported as significantly 
increased, while platelet a2-adrenergic receptor number 
and lymphocyte adenylate cyclase activity have been 
reported as significantly decreased compared with that in 
controls.7 10 This decrease in receptor number and adeny
late cyclase activity may represent an adaptive down-
regulation in response to persistently elevated levels of 
circulating catecholamines. Furthermore, propranolol hy
drochloride and clonidine hydrochoride, which act by de
creasing noradrenergic transmission, appear to diminish a 
number of PTSD symptoms.11,12 These findings are consis
tent with psychophysiologica 1 studies that show that vet
erans with chronic PTSD respond with abnormal eleva
tions of blood pressure and heart rate when exposed to 
combat-associated stimuli, such as gunfire.13 19 

The purpose of the present investigation was to evalu
ate further the relationship between the regulation of nor
adrenergic function and PTSD. This was done by using a 
yohimbine hydrochloride challenge paradigm that has 
previously demonstrated evidence for abnormal regula
tion of noradrenergic function in patients with panic 
disorder.20 22 Yohimbine activates noradrenergic neurons 
by blocking the a2-adrenergic autoreceptor and, thereby, 
produces a variety of biochemical, behavioral, and cardio
vascular effects.20 22 

"

"

"

SUBJECTS AND METHODS
Patients

Twenty male patients gave voluntary written informed consent 
for their participation in the study. They were treated as inpatients 
in the National Center for PTSD, located in the Department of 

Accepted for publication July 30, 1992. 
From the National Center for Post Traumatic Stress Disorder, West 

Haven (Conn) Veterans Affairs Medical Center (Drs Southwick, Krystal, 
Morgan, Johnson, Nagy, Nicolau, and Charney), and the Department of 
Psychiatry, Yale University School of Medicine, New Haven, Conn (Drs 
Southwick, Krystal, Morgan, Johnson, Nagy, Heninger, and Charney). 

Reprint requests to Department of Veterans Affairs, Medical Center, 
950 Campbell Ave, West Haven, CT 06516 (Dr Southwick). 

266 Arch Gen Psychiatry_Vol 50, April 1993 

Downloaded From: http://archpsyc.jamanetwork.com/ by a Department of Veterans Affairs User on 03/27/2015 

Posttraumatic Stress Disorder~Southwick et al 

http://archpsyc.jamanetwork.com/


 
 

 

 

 

 

 

 

 

 

 

 
 

 

Veterans Affairs Medical Center at West Haven, Conn. Each pa
tient met DSM-III-R criteria for chronic PTSD, using the Struc
tured Clinical Interview for DSM-IIJ-R, and they had a Mississip
pi Posttraumatic Stress Disorder Scale score of greater than 107. 
Vietnam combat experience was verified by military records, in
cluding the DD214 (an official military document of service). The 
mean (±SEM) severity of PTSD the Mississippi Scale was 
129.5±2.0 (n=17>‘23 All diagnoses we

on 
re finalized by a consensus 

diagnostic team. On admission to the study, nine patients and 
eight patients also met current DSM-III-R criteria for panic disor
der and major depression, respectively. Eighty percent of patients 
met lifetime DSM-III-R diagnostic criteria for major depression, 
60% for lifetime panic disorder, and 85% for lifetime alcohol de
pendence. The (土 SEM) age 41 ±3 years. The mean 
(土SEM) weight of th

mean 
e patients was 83±

was 
12 kg. All patients were 

drug free for a minimum of 4 weeks before the first test session. 
Exclusion criteria included organic mental disorders, neurologi
cal disorders, such as seizures, cardiovascular disease, including 
hypertension, history of myocardial infarction, or significant 
electrocardiographic abnormalities, and serious medical illnesses, 
such as diabetes and chronic hepatitis. 

Healthy Subjects 
Eighteen healthy male subjects were recruited from responses 

to advertisements and from referrals by other healthy subjects, 
and they all gave voluntary, written, informed consent for their 
participation in the study. The healthy subjects were determined 
to be free of mental disorder on the basis of a structured psychi
atric interview, and none of the subjects reported a history of 

 

mental illness in first-degree relatives. None of the healthy sub
jects reported that they were taking any psychoactive medication 
for the 4 weeks before the study. The mean (土 SEM) age of the 
healthy subjects was 28 ±9 years. The mean (土SEM) weight of the 
healthy subjects was 82±15 kg. 

None of the patients and healthy subjects in the study reported 
a history of serious medical illness, and they all had normal re
sults on physical examination, electrocardiogram, and laboratory 
tests of renal, hepatic, pancreatic, hematopoietic, and thyroid 
function. 

PROCEDURES 
In a double-blind fashion, patients and healthy subjects re

ceived either an intravenous infusion of yohimbine hydrochloride 
(0.4 mg/kg) or saline solution during 10 minutes in a randomized 
balanced order. Except for the research pharmacist, all investiga
tors and raters were blind to infusion. The interval between test 
days was generally between 4 and 7 days. 

The patients and healthy subjects arrived on the Neurobiolog- 
ical Studies Unit by 8:30 AM of each test day. For each test day, 
subjects fasted overnight for 10 hours and remained in the fast
ing state during the test day until approximately 2 PM. They were 
supine with their heads elevated during most of the 5-hour test 
day. They stood only to use the bathroom and to permit record
ing of their standing blood pressure and pulse rate. They were not 
permitted to sleep. Blood was sampled from an intravenous can
nula in a forearm vein that was kept patent with a normal saline 
solution. The intravenous cannula was in place for at least 60 
minutes before blood samples were obtained for determination of 
free 3-methoxy-4-hydroxyphenylglycol (MHPG) and cortisol lev
els. Blood samples were obtained for determining plasma-free 
MHPG and cortisol levels at 15 and 0.5 minutes before the dose 
and at 40, 60, 120, and 180 minutes after the dose. Sitting and 
standing blood pressure and pulse rate were measured in the 
usual clinical fashion with a mercury sphygmomanometer at 15 
and 0.5 minutes before and 20, 40, 60, 120, and 180 minutes fol
lowing the dose. 

A series of self-report behavioral ratings were administered 15 
minutes before and 20,60,120, and 180 minutes after the yohim
bine or placebo dose. The Panic Attack Symptom Scale (PASS) 
was administered to assess the effects of yohimbine on panic at
tack symptoms. This scale consisted of 27 items that included the 

13 DSM-III-R panic attack symptoms (eg, sweating, chest pain or 
discomfort, fear of dying). Each symptom was rated on a 
four-point scale (l=not present, 2= mild, 3=moderate/ and 4=se- 
vere). Scores on this scale can range from a minimum of 27 to a 
maximum of 108. A PTSD symptom scale was developed and 
used to measure the effects of yohimbine on specific symptoms 
associated with PTSD. This scale was only administered to the 
patients with PTSD and consisted of 14 items (intrusive traumat
ic thoughts, flashback, startle, hypervigilant, out of body, distant 
from people, emotionally numb, difficulty with concentrating, 
guilt, anger, grief, helpless, hopeless, and sad). Each symptom 
was rated on a five-point scale (l=not present, 2=mild, 3=moder- 
ate, 4=severe, and 5=worst ever). The possible scores on this scale 
can range from a minimum of 14 to a maximum of 70. 

Careful attention was directed toward an accurate assessment 
of whether yohimbine induced a panic attack or a flashback in the 
healthy subjects or patients with PTSD. To determine whether the 
subject had a panic attack or a flashback during test sessions, each 
patient and healthy control were evaluated by a research psychi
atrist (S.M.S. or J.H.K.) and a research nurse who was blind to 
medication status. This evaluation was based on direct clinical 
observation and the patient's self-report. 

The following criteria had to be satisfied to qualify as a panic 
attack: (1) In comparison with baseline, yohimbine had to produce 
an increase in severity on four or more DSM-III-R panic attack 
symptoms that were assessed on the PASS. (2) The patient must 
have reported a crescendo increase in severe subjective anxiety of 
at least 25 mm from baseline on a 100-mm visual analogue scale 
for anxiety.20"22 (3) Based on a structured interview that was com
pleted during the test session by the research nurse, the symptoms 
that were reported by the patient following drug administration 
had to meet DSM-III-R criteria for a panic attack. (4) For patients 
with a history of panic attacks, the drug-induced anxiety state had 
to be very similar to a naturally occurring panic attack in relation 
to intensity and specific symptoms. (5) There must have been 
consensual agreement of the two research psychiatrists (S.M.S. 
and J.H.K.) that a panic attack had occurred based on information 
from above and from nursing notes that documented a rapid in
crease in anxiety and fear characteristic of naturally occurring 
panic attacks. 

To be classified as a flashback, the following criteria had to be 
met: (1) The patient must have reexperienced a past traumatic 
event during the course of drug or placebo infusion. (2) The re- 
experiencing must have involved one or more sensory modalities 
(hearing, seeing, smelling, tasting, and/or feeling). (3) For pa
tients with a history of flashbacks, the drug-induced reexperienc- 
ing state must have been very similar to a naturally occurring 
flashback. (4) There must have been consensual agreement of the 
two research psychiatrists (S.M.S. and J.H.K.) that a flashback had 
occurred. 

Biochemical Methods 
Blood samples were kept on ice for a maximum of 1 hour be

fore separation of plasma in a refrigerated centrifuge. The plas
ma specimens then were frozen at -70°C until assay. Preparation 
of the sample for MHPG analysis was carried out according to a 
modified version of the method of Dekirmenjian and Maas24 and 
Maas et al.25 Quantitation of the plasma-free MHPG level was 
carried out by selected ion monitoring, as described elsewhere, 
using a quadruple mass spectrometer that was equipped with a 
gas chromatographic inlet system24,25 (intra-assay and interassay 
coefficients of variation [CVs] were 6% and 11%, respectively). 
The plasma cortisol level was measured by using radioimmu
noassay kits (Baxter Travenol Diagnostics, Inc, Incstar Corp, 
Stillwater, Minn); intra-assay and interassay CVs were 3% and 
5%, respectively. To reduce the variance in method, plasma spec
imens were assayed in duplicate. The individual values that were 
reported were the means of the two values that were obtained 
from these specimens. The subjects, research nurse, and labora
tory staff were blind to the sequence of the yohimbine and pla
cebo doses. 
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Data Analysis 
The data were entered into computer files and analyzed by us

ing standard Statistical Analysis System and Biomedical Data 
Processing programs‘ The effects of yohimbine on plasma MHPG 
and cortisol levels, cardiovascular parameters, and behavioral 
ratings in patients and healthy subjects were initially evaluated by 
using an analysis of variance (ANOVA) with repeated measures. 
This allowed an assessment of the statistical significance of the 
main effects of diagnosis (patients vs healthy controls), drug 
(placebo vs yohimbine), and time of measurement (changes over 
the time points that were sampled). A central question of the data 
analysis was whether the patients reacted differently to yohim
bine than the healthy subjects. In the ANOVA, this was manifest 
in the interaction of diagnosis with drug, diagnosis with time, 
and, most important, diagnosis with drug and time. The one re
maining interaction of drug and time simply indicated the signif
icance of the drug effect over time for the sample as a whole. 

The significant interactions with diagnosis were further evalu
ated with t tests that were used to determine how and when the 
patients differed from healthy subjects in their response to 
yohimbine. This was primarily done by subtracting the baseline 
value from the value at each time point on the variable of inter
est. This resulted in a change score at each time point following 
placebo or yohimbine administration. Subtracting the change fol
lowing placebo administration from that following yohimbine 
administration enabled an estimate of the net yohimbine effect 
(eg, yohimbine-placebo difference). 

The net peak change for each variable following yohimbine 
administration was measured by subtracting the baseline score 
from the peak score following yohimbine administration. The 
peak change value for yohimbine minus the peak change value 
for placebo gave a net peak value of the yohimbine effect. Pear
son correlation coefficients were calculated to evaluate the rela
tionships among net peak biochemical, behavioral, and cardio
vascular effects of yohimbine in both the healthy subjects and 
patients. The correlation coefficients that were calculated did not 
reveal a relationship between age and yohimbine effects in either 
patients healthy subjects. Results were reported as the 
mean土SEM. 

or 
Two-tailed tests of significance were used. 

 RESULTS 
Anxiogenic Effects of Yohimbine 

Panic Attacks and Flashbacks.—Yohimbine produced panic 
attacks in 14 (70%) and flashbacks in eight (40%) of the 20 patients 
with PTSD. Each of the eight patients who reported flashbacks 
following yohimbine had panic attacks at the same time. None of 
the healthy subjects experienced yohimbine-induced panic at
tacks or flashbacks. No panic attacks occurred after placebo ad
ministration in either the patients with PTSD or healthy subjects. 
Only one subject, a patient with PTSD, had a flashback following 
placebo. 

In many patients, the panic attacks and flashbacks that were 
produced by yohimbine were intense and vivid. Below, we report 
two cases that exemplify the nature of the yohimbine-induced 
panic attacks and flashbacks. 

Case 1.—The first patient is a 41-year-old, divorced, marine 
Vietnam combat veteran who had a long history of PTSD. In 
Vietnam, he saw heavy combat and participated in atrocities. 
Since the war, he had suffered from PTSD with marked psycho
social dysfunction. On evaluation, he met DSM-III-R criteria for 
PTSD but not for panic disorder. The patient experienced a panic 
attack on the active yohimbine infusion day but not on the pla
cebo infusion day. On the active yohimbine infusion day, 10 min
utes after the start of the infusion, the patient suddenly experi
enced intense fear, shortness of breath, diaphoresis, intense 
tremulousness and shaking, nausea, palpitations, hot and cold 
flashes, and light-headedness. Although he reported vivid mem
ories of combat, he did not have a flashback. 

Case 2.~The second patient is a 47-year-old veteran who served 
as a helicopter gunner in Vietnam. He flew dozens of combat 
missions and witnessed many deaths. He was wounded on two 

separate occasions. For the past 20 years, he has suffered from se
vere PTSD. On evaluation, he met DSM-III-R criteria for both 
PTSD and panic disorder. During the challenge test, his response 
to placebo infusion was relatively uneventful. However, on the 
active yohimbine treatment day, the patient experienced both a 
panic attack and a flashback. During the flashback, the patient 
was highly agitated and described a helicopter crashing into 
flames. He could see the flames, hear the crash, and smell the 
smoke. He appeared to be in a dissociated state, responding as if 
the traumatic episode was occurring in the present. 

Fig 1 •—Effects of yohimbine hydrochloride and placebo on scores of the 
Panic Attack Symptom Scale in healthy subjects (n=17) and patients with 
posttraumatic stress disorder (n=18). The mean change from baseline 
after yohimbine administration minus the mean change from baseline 
after placebo administration (defined as the yohimbine-placebo differ
ence) is significantly greater in patients with posttraumatic stress disor
der than in healthy subjects at 20 minutes (P<.001) and 60 minutes 
(?<.05). Open circles indicate healthy subjects/placebo; open squares, 
healthy subjects/yohimbine; closed squares, patients with posttraumat
ic stress disorder/placebo; and closed squares, patients with posttrau
matic stress disorder/yohimbine. 

Panic Attack Symptom Scale.—As shown in Fig 1, consistent 
with the panicogenic effects of yohimbine, the patients with PTSD 
had larger increases on the PASS than the healthy subjects 
following yohimbine treatment. In the patients with PTSD 
(F=16.49; df=4, 68; JP<.001) and healthy subjects (F=9.10; df=4, 64; 
P<.001), there was a significant drug and time interaction. A 
highly significant drug and time and diagnosis interaction was 
also seen (F=6.12; d/=4, 4, 132; P<.001). The yohimbine-placebo 
difference at 20 and 60 minutes was significantly greater in the 
patients compared with that in the healthy controls. The patients 
with PTSD who reported panic attacks had greater yohimbine- 
induced increases on the PASS than the other patients at every 
time point, but given the small sample size, this failed to reach 
statistical significance. 

PTSD Scale.—As shown in Fig 2, yohimbine increased PTSD 
symptoms in the patients as indicated by substantial increases on 
the total score of the PTSD scale. The ANOVA revealed a signif
icant drug and time interaction (F=4,92; df=4, 76; P<.01), which 
was reflected in significant yohimbine-placebo differences at 20 
(i=10.2/ dj~\9f P<.01) and 60 (i=8.0, df=!9f P<.05) minutes 
following drug administration. 

Analysis of the specific symptoms that were rated on the PTSD 
scale revealed significant drug and time interactions for intrusive 
thoughts (F=6.20; df:4, 64; P<.001), emotionally numb (F二3.05; 
d/=4,64; Pc.05), guilt (F=3.02; df=4,64; P<.05), grief (F=3.47; df=4,
64; P<.05), distant from people (F=2.94; df=4, 64; P<.05), help
lessness (F=3_03; d/=4, 64; P<.05)/ difficulty with concentrating 
(F=4.86; df=4r 64; P<.01), and flashback (F=2.49; rf/=4, 64; P=.05). 
There were significant yohimbine-placebo differences for each of 
these symptoms, except for helplessness and flashback at 20 min
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utes. Significant yohimbine-placebo differences were also seen for 
other symptoms, such as intrusive thoughts, emotionally numb, 
grief, and difficulty with concentrating, at 60 minutes. 

Fig 2,—Effects of yohimbine hydrochloride (closed circles) and placebo (open circles) on total score and individual symptom scores of the Posttrau
matic Stress Disorder (PTSD) Scale in patients with PTSD (n-20). The mean change from baseline after yohimbine administration was greater than 
the mean change from baseline after placebo administration (P<.05 and P<.01 at 20 and 60 minutes after the start of the infusion, respectively). 

Biochemical Effects of Yohimbine 
Yohimbine Effects on Plasma MHPG Levels.一As given in the 

Table, the ANOVAs that examined the effects of yohimbine on 
plasma MHPG levels showed a significant drug and time inter
action in both healthy subjects (F=3.0; df=4, 60; P<.02) and in the 
patients with PTSD (F=14.2; df=4f 72; P<.001). Significant 
yohimbine-placebo^induced increases were observed at all time 
points within each group. 

The patients with PTSD had greater increases in plasma MHPG 
levels after receiving yohimbine than the healthy subjects. A sig
nificant diagnosis and drug and time interaction was observed in 
the comparison of the patients with PTSD with the healthy sub
jects (F=2.7; df=4f 4, 132; P<.05). Significant differences in the 
yohimbine-placebo difference were identified between the pa
tients with PTSD and the healthy subjects at every time point that 

was measured (Table). The values for the yohimbine-placebo dif
ference in plasma MHPG levels at 180 minutes for each healthy 
subject and patient with PTSD are illustrated in Fig 3. The patients 
who experienced yohimbine-induced panic attacks or flashbacks 
had numerically greater yohimbine-placebo differences than the 
patients who did not, but this failed to reach statistical signifi
cance on the ANOVA or Student's t tests. Baseline plasma MHPG 
levels were not different between the patients with PTSD and 
healthy subjects. 

There was a significant correlation between baseline MHPG 
levels and peak effects of yohimbine on MHPG levels in the pa
tients with PTSD {r-.66, P<.01) but not in the healthy subjects 
(r=.24, P=.35). In both the healthy subjects (r=.68, P<.01) and pa
tients with PTSD (r=.61, P<.01), there was a significant correla
tion between the baseline PASS score and the baseline MHPG 
concentration. Moreover, there was a significant correlation 
between peak effects of yohimbine on plasma MHPG levels and 
the PASS in the patients with PTSD {r~5Af P<.05) but not in the 
healthy subjects (r二.18, P=.53). With regard to PTSD-specific 
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symptoms, although there was not a significant relationship be
tween baseline scores on the PTSD symptoms scale and baseline 
MHPG levels (r=.29, P=21), there was nearly a significant corre
lation between peak effects of yohimbine on plasma MHPG lev
els and the PTSD symptom scale in the patients with PTSD 
(r=.41, P=.08). 

 The Effect of Intravenous Yohimbine and Placebo on Plasma-Free 
MHPG Levels in Healthy Subjects and Patients With PTSD* 

MHPG Level Change From Baseline After Dose, ng/mL 

Baseline 40 min 60 min 120 min 180 min 

Group and Drug Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 

Healthy subjects (n=16) 
Placebo 3.7 0.3 0,3 0.2 0.2 0,1t 0.4 0.2千 0.7 0.2 
Yohimbine hydrochloride 3.5 0.2 1.1 0.2* 1.3 0.3* 1.4 0.3Í 1.2 o.n 
Yohimbine-placebo difference 0.8 0.3§ 1.1 0.3丨丨 1.0 0.4§ 0.5 0.2 

Patients with PTSD (n=19) 
Placebo 4.1 0.4 0.1 0.1 0.1 0.1 0.2 0.1 0.4 0.1 Í 
Yohimbine 4.1 0.4 1.8 0.3+ 2.5 0.4中 2.6 0.5t 2,3 0.5* 
Yohimbine-placebo difference 1.6 0.3#** 2.4 0.5#** 2.4 0.4#** 1.9 0.4#十十 

*MHPG indicates 3-methoxy-4-hydroxyphenylglycol; PTSD, posttraumatic stress disorder. Baseline values are given as the means from two sam
ples obtained 15 and 0.5 minutes before drug administration. The yohimbine-placebo difference is calculated as follows: (value for time point after 
yohimbine administration minus baseline) minus (value for time point after placebo administration minus baseline).
十P<*05, change from baseline (except where indicated, all P values in this table were determined by two-tailed paired t tests). 
+P<.001, change from baseline. 
§P<.05, change from baseline, yohimbine vs placebo. 
||P<.01, change from baseline, yohimbine vs placebo.
迅P<.01, change from baseline. 
#P<.001, change from baseline, yohimbine vs placebo. 
**P<.05, yohimbine-placebo difference, patients with PTSD vs heatthy subjects (Student's t test, two tailed).
十十 P〈.01, yohimbine-placebo difference, patients with PTSD vs healthy subjects (Student's t test, two tailed). 

Yohimbine Effects on Cortisol Levels.~The ANOVA that as
sessed the effects of yohimbine on plasma cortisol levels in the 
healthy subjects revealed a highly significant drug and time in
teraction (F=11.121; df=4f 68; P<.001)» Significant yohimbine- 
placebo differences were seen at 40 (7.0±2.1, f=3.29, df=V7, P<.01) 
and 60 (7.7±2.1, f=3.58, df:Y7, P<.01) minutes. The ability of yo
himbine to increase the plasma cortisol level in the patients with 
PTSD was similar to that in the healthy subjects. The drug and 
time interaction was also highly significant (F=11.39; df=4, 76; 
P<.001), and significant yohimbine-placebo differences occurred 
at 40 (7,9±1.7, i二4,73, d/=19, P<.001), 60 (8,6±1.9, i二4.43, df=l%
P<.001), and 120 (5.5±1.5, N3.65, df=\9, P<.01) minutes. 

There were no significant differences between the patients with 
PTSD and healthy subjects in the cortisol response to yohimbine. 
The diagnosis and drug and time interaction was not significant, 
and at no time point were the yohimbine-placebo differences sig
nificantly different between the two groups. Similar analyses in
dicated that the patients with PTSD who reported yohimbine- 
induced panic attacks or flashbacks had cortisol responses to 
yohimbine that were not different than those of the healthy 
subjects. 

Effects of Yohimbine on Blood Pressure and Heart Rate 
Blood Pressure.—Highly significant drug and time interac

tions for sitting and standing systolic and diastolic blood pres
sures were observed in the healthy subjects. The significant mean 
yohimbine-placebo increases in sitting systolic blood pressure 
occurred at 40,60, and 120 minutes and ranged from 10 to 14 mm 
Hg, Significant yohimbine-placebo increases in standing systolic 
blood pressures were seen at 40 and 120 minutes and ranged from 
6 to 19 mm Hg. There were also significant yohimbine-placebo 
increases in sitting diastolic blood pressure at 40 and 60 minutes, 
ranging from 6 to 9 mm Hg, and in standing diastolic blood pres
sure at 40, 120, and 180 minutes, ranging from 5 to 10 mm Hg. 

Yohimbine had robust effects on blood pressure in the patients 
with PTSD. Significant drug and time interactions were found for 
each of the four blood pressure measurements. There were 

significant yohimbine-placebo increases from baseline in sitting 
and standing systolic blood pressures at all time points after the 
dose, ranging from 11 to 31 mm Hg. There were also significant 
yohimbine-placebo increases in sitting diastolic blood pressure at 
40, 60, and 120 minutes and standing diastolic blood pressure at 
40 and 60 minutes, ranging from 5 to 11 mm Hg. 

The patients with PTSD who reported panic attacks had great
er changes in blood pressure than the healthy subjects. Analysis 
of the effects of yohimbine on blood pressure revealed a signif
icant diagnosis and drug and time interaction for sitting systolic 
blood pressure when these patients with PTSD were compared 
with the healthy subjects (F=4.13; d/=4, 4; P<.01), A yohimbine- 
placebo increase in sitting systolic blood pressures at 40 minutes 

vs 14±4 mm Hg, i=3.98, d/=30, P<.001) was significantly 

Fig 3»—Yohimbine hydrochloride-placebo difference in plasma-free 
3-methoxy-4-hydroxyphenylglycoí (MHPG) at 180 minutes after infu
sion in healthy subjects, patients with posttraumatic stress disorder 
(PTSD), and patients with PTSD without yohimbine-induced panic 
attacks. Asterisk indicates P<.07, patients with PTSD who had 
yohimbine-induced panic attacks compared with healthy subjects. 
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different between these patients and the healthy subjects (Fig 4). 
No such differences were observed between the healthy subjects 
and the patient group with PTSD as a whole. There was no sig
nificant correlation between baseline or peak yohimbine effects on 
plasma MHPG levels and any of the blood pressures in either the 
healthy subjects or patients with PTSD.

Fig 4.—Yohimbine hydrochloride-piacebo difference in sitting systolic 
blood pressure at 40 minutes after infusion in healthy subjects, patients 
with posttraumatic stress disorder (PTSD) who had yohimbine-induced 
panic attacks, and patients with PTSD without yohimbine-induced pan
ic attacks. Asterisk indicates P<.005, patients with PTSD who had 
yohimbine-induced panic attacks compared with healthy subjects. 

Heart Rate.—Yohimbine did not produce significant effects on 
either sitting or standing heart rate (in beats per minute) in 
healthy subjects. In contrast, in the total patient group with PTSD, 
significant drug and time interactions were observed for sitting 
(F=2.47; df=4,4,76; P=.05) and standing (F=4.42; df=4,4,76; P<.01) 
heart rate. Significant yohimbine-placebo increases in heart rate 
were found at 40, 60, and 120 minutes for sitting heart rate, and 
at all time points for standing heart rate. 

The patients with PTSD who reported panic attacks appeared 
to have a greater increase in heart rate than the healthy subjects. 
This was reflected in significant diagnosis and drug and time in
teractions between these patients with PTSD and healthy subjects 
for both sitting (F=2.79; df-4, 4, 120; P<.05) and standing heart 
rate (F=2.71; rf/=4, 4,120; P<.05). These patients with PTSD had 
significantly greater yohimbine-placebo increases in sitting heart 
rate at 60 (12土4 vs 3±3, P<.05) and 120 minutes (12±3 2±3, 
P<.01)/ and standing heart rate at 40 (14±5 vs —O.StS/Pc.Ol) 

vs 
and 

120 minutes (12±3 vs 2±3, P<.05) than the healthy subjects. There 
was a diagnosis (PTSD vs healthy) and drug and time interaction 
for standing heart rate that approached significance (F=2.32; df=4f
4,120; P=.06). The values for the yohimbine-placebo difference in 
standing heart rate (in beats per minute) at 40 minutes are shown 
in Fig 5. The patients with PTSD and panic disorder had a signif
icantly (P<.05) higher sitting (78±2 vs 67±2) and standing (87±3 
vs 73 ±2) baseline heart rate than the healthy subjects. 

There was a significant correlation between peak yohimbine 
effects on sitting heart rate (r=.72, Pc.001) and standing heart rate 
(r=*56, P<.02) and MHPG levels in the patients with PTSD, but 
not in the healthy subjects. 

COMMENT 
The findings of the present investigation using intrave

nous yohimbine as a probe of peripheral and central nor
adrenergic reactivity provide further support for sympa
thetic nervous system dysregulation in patients with 

chronic PTSD. It is thought that the anxiogenic properties 
of yohimbine are mediated through its ability to increase 
presynaptic noradrenergic activity by antagonizing the 
a2-adrenergic autoreceptor.20 22 An abnormal sensitivity of 
presynaptic noradrenergic neuronal reactivity in our pa
tients compared with that in normal subjects is suggested 
by the more than twofold greater elevation of the plasma 
MHPG level following yohimbine administration. In the 
present investigation, ti‘;s increase in noradrenergic reac
tivity appeared to be related to symptoms of both anxiety 
and PTSD as there was a significant positive correlation 
between peak yohimbine effects on the PASS and MHPG 
levels and a similar trend between peak yohimbine effects 
on the PTSD symptom scale and MHPG levels. 

Fig 5*—Yohimbine hydrochloride-piacebo difference in standing heart 
rate at 40 minutes after infusion in healthy subjects, patients with post-
traumatic stress disorder (PTSD) who had yohimbine-induced panic at
tacks, and patients with PTSD without yohimbine-induced panic attacks. 
BPM indicates beats per minute; asterisk, P<.01/ patients with PTSD 
who had yohimbine-induced panic attacks compared with healthy 
subjects. 

Yohimbine-induced increases in the plasma MHPG lev
el most likely reflect increases in both central and periph
eral norepinephrine turnover. Preclinical studies have 
shown that yohimbine readily crosses the blood-brain 
barrier and, once in the brain, blocks a2-adrenergic autore
ceptors in noradrenergic systems. A portion of brain 
MHPG then crosses the blood-brain barrier and appears in 
plasma.21 The remainder of the yohimbine-induced in
crease in the plasma MHPG level (approximately 60% to 
70%) is derived from norepinephrine that is released by
peripheral sympathetic neurons.26 

Although yohimbine has effects on multiple neurotrans
mitter systems,27 its primary action is on the noradrener
gic system. The use of yohimbine as a probe to assess brain 
noradrenergic function was recently supported in a study 
of healthy subjects that demonstrated that yohimbine, in 
doses comparable with those in the present study, signif
icantly increased cerebrospinal fluid norepinephrine lev
els.28 Since norepinephrine concentrations in cerebrospinal 
fluid are not influenced by norepinephrine that is released 
from peripheral sympathetic neurons, this investigation 
provided more direct neurochemical evidence that yohim
bine activates brain noradrenergic neurons in humans. 

The effects of yohimbine on blood pressure and heart 
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rate do not provide a specific index of noradrenergic func
tion. The ability of yohimbine to increase blood pressure 
may be due to either presynaptic or postsynaptic norad
renergic receptor effects or the balance between the two. 
There is a considerable body of preclinical data indicating 
that norepinephrine has stimulatory effects on blood pres
sure. On the other hand, there is also evidence that 
postsynaptic a2-receptors have inhibitory actions on blood 
pressure regulation.29"34 The ability of yohimbine to pro
duce greater increases in blood pressure in the patients 
with PTSD may be due to a yohimbine-induced increase in 
norepinephrine release, a subsensitivity of postsynaptic 
a2-receptors, or the abnormal regulation of these receptors 
by other neuronal systems. The greater heart rate eleva
tions that were produced by yohimbine in the patients who 
experienced yohimbine-induced panic attacks may also 
relate to dysfunction of either presynaptic or postsynaptic 
a2-adrenergic receptors. 

The specificity of increased responsiveness to yohimbine 
in patients with PTSD is supported by findings from recent 
investigations that have shown that yohimbine does not 
produce similar effects in patients with schizophrenia, 
major depression, generalized anxiety disorder, or 
obsessive-compulsive disorder.35"38 However, our research 
group and others20"22 have found that patients with panic 
disorder also exhibit potentiated behavioral, biochemical, 
and cardiovascular responses to yohimbine. In fact, care
ful inspection of the data from the current study and from 
the previous work with patients with panic disorder 
reveals highly similar responses to yohimbine in the two 
patient groups, suggesting that these two disorders may 
share a common neurobiological abnormality that is re
lated to altered sensitivity of the noradrenergic system. 

Importantly, 45% (9/20) of our patients with PTSD also 
met criteria for comorbid panic disorder. Because of the 
high frequency of yohimbine-induced panic attacks in pa
tients with panic disorder, it might be argued that the re
sponse in our patients with PTSD was due to the existence 
of comorbid panic disorder rather than PTSD per se. In a 
lactate infusion study by Rainey et al,39 six of seven patients 
with PTSD had panic attacks, and all seven patients had 
flashbacks. However, the six patients who had lactate-
induced panic attacks met comorbid criteria for panic dis
order, making it impossible to know if the attacks were due 
to PTSD or co-occurring panic disorder, since it is known 
that patients with panic disorder tend to be sensitive to the 
effects of intravenous lactate.40"43 In the present study, 
however, 43% (6/14) of the patients with PTSD who had 
yohimbine-induced panic attacks did not meet comorbid 
criteria for panic disorder. These patients had yohimbine 
increases in the plasma MHPG level, blood pressure, and 
heart rate that were similar to those of the other patients 
with PTSD who experienced yohimbine-induced panic at
tacks. On the other hand, the likelihood of having a 
yohimbine-induced panic attack was markedly increased 
(89% [8/9]) in patients who met criteria for both PTSD and 
panic disorder. 

In patients with PTSD, the diagnostic distinction be
tween PTSD and panic disorder may be artificial. Panic 
disorder is generally believed to be familial in origin with 
a prevalence of 1% to 5% in the general population.44 In a 
separate investigation that involved the first-degree rela
tives of all subjects with PTSD who were enrolled in the 
present study, preliminary findings suggested that panic 
disorder is no more frequent in the family members of 

these patients than in the general population.45 The rela
tively low incidence of panic disorder in the families of 
these patients stands in sharp contrast to the 45% rate 
among the patients themselves. These findings suggest 
that the panic symptoms that are seen in patients with 
PTSD and comorbid panic disorder are not genetic in or
igin. Instead, like the core PTSD symptoms, many of these 
panic symptoms may result from traumatic stress expo
sure. Since panic disorder and PTSD appear to share a 
common abnormality of the noradrenergic system, it may 
be that patients who meet criteria for both PTSD and pan
ic disorder have a more pronounced abnormality of this 
system. 

NEURAL MECHANISMS OF PTSD AND
NORADRENERGIC FUNCTION

A striking effect of yohimbine was its ability to increase 
the severity of the core symptoms associated with PTSD, 
such as intrusive traumatic thoughts, emotional numbing, 
and grief (Fig 2). This may, in part, be due to the involve
ment of noradrenergic systems in the mechanisms by 
which memories of traumatic experiences remain indelible 
for decades and are easily reawakened by a variety of 
stimuli and stressors. 

Indeed, the strength of traumatic memories may relate 
to the degree to which certain neuromodulatory systems 
are activated by the traumatic experience.46"48 Experimen
tal and clinical investigations have demonstrated that 
memory processes are susceptible to modulating influenc
es after the information has been acquired.49 Of relevance 
to the current investigation, stimulation of noradrenegic 
receptors on the amygdala after a learning experience has 
memory-enhancing effects.4647 Activation of the LC-
norepinephrine system that projects to the amygdala, by 
frightening and traumatic experiences, may facilitate the 
encoding of memories associated with the experiences. 
Moreover, it is possible that reproducing a neurobiologi
cal state (noradrenergic hyperactivity in specific brain re
gions) similar to the one that existed at the time of the 
memory encoding can elicit the traumatic memory. 

The involvement of noradrenergic neurons in the neu
ral mechanisms of fear conditioning and behavioral sensi
tization may relate to the behavioral effects of yohimbine. 
There is a body of evidence indicating that an intact nor
adrenergic system may be necessary for the acquisition of 
fear-conditioned responses. In animals, conditioning of 
noradrenergic neurons can be induced by environmental 
stimuli that are previously paired with aversive stimuli.50,51 

For example, neutral stimuli that have been paired with 
inescapable shock produce increases in brain norepineph
rine metabolism and behavioral deficits similar to that 
elicited by shock alone. Similarly, in humans, recrudes
cence of traumatic memories (eg, intrusive traumatic 
thoughts) in response to simple sensory phenomena, such 
as specific smells, sounds, and cognitive stimuli that 
are circumstantially associated with the original 
trauma,52-55 may occur via fear conditioning associated 
with activation of noradrenergic neurons. 

The noradrenergic system also appears to be involved in 
behavioral sensitization, a process that may be related to 
the initiation and maintenance of certain PTSD symptoms. 
In animals, repetitive stress can cause an increase in 
stress-related behaviors and in the synthesis of norepi
nephrine as reflected by increased tyrosine hydroxylase, 
dopamine p-hydroxylase activity, and synaptic levels of 

Posttraumatic Stress Disorder~Southwick et al 

Downloaded From: http://archpsyc.jamanetwork.com/ by a Department of Veterans Affairs User on 03/27/2015 

272 Arch Gen Psychiatry—Vol 50, April 1 993 



 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

Posttraumatic Stress Disorder~Southwick et al 273 

Downloaded From: http://archpsyc.jamanetwork.com/ by a Department of Veterans Affairs User on 03/27/2015 

"

'

norepinephrine metabolites.56 58 Thus, when animals that 
have been repetitively shocked are reexposed to a lower 
shock, norepinephrine release and turnover are greater 
than that expected.56 57 Similarly, the exaggerated MHPG 
response to yohimbine in patients with PTSD may, in part, 
be explained by a noradrenergic system that has become 
sensitized. From a cognitive and behavioral perspective, 
patients with PTSD who have been exposed to repeated 
stressors often respond to mild or moderate subsequent 
stress with exaggerated behavioral responses (eg, marked 
anxiety and panic- and PTSD-specific symptoms) that are 
more appropriate for emergency situations. 

Although the present study implicates the noradren
ergic system in the pathophysiology of PTSD, many 
other neurobiological systems, such as dopamine, sero
tonin, opiate, and the hypothalamic-pituitary-adrenal 
axis, are also critically involved.59 For example, there is 
accumulating evidence that under stressful conditions, 
corticotropin-releasing factor (CRF) and norepinephrine 
may participate in a mutually reinforcing feedback loop: 
intracerebroventricular infusion of CRF increases nore
pinephrine turnover in several forebrain areas,60 CRF in 
a dose-dependent fashion increases the firing rate of 
LC-norepinephrine neurons,61 and stress that activates 
norepinephrine neurons markedly increases CRF con
centrations in the LC.62 Moreover, it has recently been 
demonstrated that infusion of CRF into the LC is anx-
iogertic and produces significant increases in the nore
pinephrine metabolite 3,4-dihydroxyphenylglycol in 
forebrain areas, such as the amygdala and hypothala
mus.63 Similarly, the opiate, dopamine, and serotonin 
systems may be involved in PTSD both independently 
and in conjunction with changes in noradrenergic func
tion due to functional interactions.64 

It is unclear whether the findings of the present study 
apply to non-combat-traumatized populations or to pop
ulations of recently traumatized individuals with acute 
PTSD. Furthermore, the degree to which these responses 
would be seen in non-treatment-seeking combat veterans, 
both with and without PTSD, awaits future study. 
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