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A Comparison of the Effects of Intravenous
Pentagastrin on Patients with Social Phobia,
Panic Disorder and Healthy Controls

Una D. McCann, M.D., Shiyoko O. Slate, B.A., Marilla Geraci, M.S.N., Diana Roscow-Terrill, M.S.,

and Thomas W. Uhde, M.D.

The present study sought to determine whether social
phobics, like patients with panic disorder, have increased
sensitivity to the panicogenic effects of pentagastrin.
Intravenous pentagastrin and placebo were administered in
a double-blind fashion to 19 social phobics, 11 patients with
panic disorder, and 19 healthy controls while they
participated in a structured social interaction task.
Behavioral, cardiovascular, and neuroendocrine responses
were obtained. Pentagastrin led to panic attacks in 47% of
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A growing body of preclinical and clinical evidence
suggests that central nervous system cholecystokinin
(CCK) is involved in the modulation of anxiety. CCK
receptors are present in high concentrations in the lim-
bic system and other brain regions thought to mediate
anxiety (Crawley 1985), and central administration of
CCK agonists leads to anxious behaviors in a variety of
animal species (Fekete et al. 1984; Ervin et al. 1991;
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the social phobics, 64% of the panic disorder patients, and
11% of the healthy controls. The social interaction itself
increased anxiety, blood pressure, and pulse in all three
groups. These findings suggest that the panicogenic effects
of pentagastrin are not limited to patients with panic
disorder and provide further evidence for shared
neurobiology in social phobia and panic disorder.
American College of Neuropsychopharmacology
[Neuropsychopharmacology 16:229-237, 1997]
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Harro and Vasar 1991; Harro et al. 1993). In humans,
peripheral administration of CCK-4, a naturally occur-
ring fragment and CCK receptor agonist, induces dose-
related increases in anxiety and symptoms of panic
(Bradwejn et al. 1990, 1991a, 1991b). Furthermore, pa-
tients with panic disorder are more sensitive to the
panic-inducing effects of CCK-4 and pentagastrin, a
synthetic pentapeptide analog of CCK-4 than nonanx-
ious control subjects (Bradwejn et al. 1991a; Abelson
and Nesse 1994; van Megen et al. 1994).

Social phobia, a prevalent anxiety disorder, has been
estimated to be the second most common mental illness
in the United States (Kessler et al. 1994). Patients with
generalized social phobia, the most severe form of so-
cial phobia, are unable to perform routine social and oc-
cupational activities because of intense anxiety and con-
sequent avoidance. Although growing research interest
has led to increased understanding of the genetics (Fyer
et al. 1990, 1993; Kendler et al. 1992, 1995), epidemiol-
ogy (Regier et al. 1988; Kessler et al. 1994), and phenom-
enology (Uhde et al. 1991) of social phobia, it is never-
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theless the least studied of all the anxiety disorders. For
example, little is known about the neurobiological sub-
strates of social phobia and to what extent they overlap
with those of panic disorder. Because many CCK-4-
and pentagastrin-induced symptoms, such as severe
anxiety, flushing, and abdominal discomfort, also are
symptoms of social phobia, it would be of interest to de-
termine whether the anxiogenic effects of CCK agonists
found in patients with panic disorder generalize to pa-
tients with social phobia. If so, this would provide fur-
ther evidence for a role of CCK in anxiety and would
shed light on the comparative neurobiology of social
phobia and panic disorder.

There have been three published studies that used
pharmacological challenges to compare patients with
social phobia and panic disorder. In the first study (Lie-
bowitz et al. 1985), lactate was administered to patients
with social phobia and patients with panic disorder and
their behavioral responses were compared. Unlike pa-
tients with panic disorder, patients with social phobia
did not report lactate-induced panic, suggesting that
the two disorders are distinct. A second study used oral
caffeine as the pharmacological challenge, comparing
the behavioral responses of patients with social phobia
and with panic disorder against those of healthy con-
trols (Tancer et al. 1991). Both patient groups had
higher rates of caffeine-induced panic than the control
group, although the rate of caffeine-induced panic in
subjects with panic disorder was significantly lower
(27%) than previously found (Uhde 1990). In a third
study (Tancer et al. 1994), patients with social phobia
and patients with panic disorder were both found to
have blunted clonidine-induced growth hormone re-
sponses when compared to healthy volunteer subjects,
although growth hormone responses in social phobics
tended to be higher (less blunted) than those in patients
with panic disorder. This finding was interpreted as an
indication of possible noradrenergic dysregulation in
both panic disorder and social phobia. Although results
from these studies are somewhat conflicting, they sug-
gest that there may be some overlap in the neurobiol-
ogy of social phobia and panic, although the nature and
extent of the overlap are unclear.

The purpose of the present study was to compare the
behavioral and physiological effects of intravenous penta-
gastrin in patients with social phobia, panic disorder, and
healthy volunteers in an effort to further evaluate the
role of CCK in anxiety and provide information on fea-
tures shared by social phobia and panic disorder. It was
hypothesized that pentagastrin, administered in a con-
textually relevant setting, would lead to increases in
syndrome-specific symptoms in patients with social pho-
bia. It was further hypothesized that successful provoca-
tion of syndrome-specific symptoms in social phobia
would facilitate comparison of the behavioral and phys-
iological correlates of social phobia and panic disorder.
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METHOD
Subjects

Nineteen patients with generalized social phobia, 11 pa-
tients with disorder, and 19 heaithy controls were re-
cruited to participate in this study. Subjects were be-
tween the ages of 18 and 55. All subjects were in good
general health as determined by medical history, physi-
cal exam, electrocardiogram, and blood and urine
chemistries, including a complete blood count, liver
and thyroid function tests, hepatitis and HIV screens,
routine urinalyses and urine drug screens for therapeu-
tic and illicit drugs. Presence (or absence) of DSM-III-R
Axis I psychiatric diagnosis was determined using a
structured psychiatric interview (SADS-LA(R); Schieyer
et al. 1990]. Some subjects in both patient groups had
comorbid diagnoses in addition to their chief com-
plaint. Patients with both panic disorder and social
phobia were assigned to the panic disorder group. Be-
cause patients with panic disorder already have been
shown to have increased susceptibility to the panico-
genic effects of pentagastrin, assignment of patients
with comorbid social phobia to the panic group mini-
mized the likelihood of falsely inflating the anxiogenic
effects of pentagastrin in the social phobia group. Preg-
nant women were excluded (all women were studied
during the first 10 days of their menstrual cycle). Sub-
jects were recruited through advertisements in local
and college newspapers, advertisements placed on bul-
letin boards, and through an institutional Normal Vol-
unteer Office. Subjects provided written informed con-
sent prior to study participation and agreed to refrain
from ingesting caffeine, alcohol, and any medications
for 2 weeks prior to study. In addition, subjects were in-
structed to maintain a low-monoamine diet for 3 days
prior to study and fasted after midnight on the morning
of each study day.

Design

Subjects came to an outpatient psychiatry clinic for two
separate challenge sessions separated by at least 2 days.
At approximately 9:30 A.M. (—120 minutes, 120 minutes
prior to the infusion procedure) on each study day, an
intravenous catheter was placed in a forearm vein for
repeated blood draws and for pentagastrin (or placebo)
infusion. On the other arm, an automated blood pres-
sure cuff (Dinamapp, Critikon, Tampa, FL) was placed
to monitor blood pressure and pulse. Subjects remained
seated in a partially reclined chair (70 degrees) for the
entire procedure. Immediately after IV insertion, a cur-
tain was drawn between the patient and the IV appara-
tus, the vital signs display monitor, and the research
nurse so that subjects were unaware of when blood
draws were taking place, when drug was infused, and
the effect of the various experimental manipulations on
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vital signs. Shortly after IV insertion, a research associ-
ate reviewed instructions for a structured social interac-
tion task (role play), described in detail below. One
hour after IV insertion (—60 minutes), patients com-
pleted a baseline rating packet that included a Clini-
cian-Rated Zung Anxiety Scale (Zung 1971), Visual An-
alog Scales (VAS) for anxiety and panicky feelings, the
Speilberger State Anxiety Scale (Speilberger et al. 1970),
a DSM-IV panic symptom checklist, and a side effect
checklist. Seventy-five (—45 minutes), 90 (=30 min-
utes), and 105 (—15 minutes) minutes after 1V insertion,
baseline blood samples were collected and patients
completed the VAS for anxiety and self-consciousness.
At time 0 (0 minutes) the patient began a five-minute
structured social interaction task.

Two blood samples were collected prior to adminis-
tration of pentagastrin, 1 minute and 45 seconds into
the social interaction task (+1 minute 45 seconds).
Pentagastrin, at a dose of 0.6 ng/kg (or normal saline at
an equal volume of 20 cc), was administered in a dou-
ble-blind fashion over 60 s. Pentagastrin and placebo
were administered in random order. The dose of penta-
gastrin was selected based on findings from two previ-
ous clinical studies demonstrating that the 0.6-pg/kg
dose is effective in inducing panic attacks in patients
with panic disorder (Abelson and Nesse 1994; van Megen
et al. 1994) and because a previous dose-response study
in healthy controls indicated that this dose produced near-
maximal behavioral effects without producing untoward
symptoms (McCann et al. 1995). Following completion of
pentagastrin infusion, the IV line was flushed with 10 cc
normal saline (+2 minutes 45 seconds to +3 minutes), and
three additional blood samples were obtained in succes-
sion (approximately +3 minutes to +6 minutes).

Immediately after the completion of the role play
(+5 minutes), the patients were asked to complete the
VAS for anxiety and self-consciousness, retrospectively
rating sensations that they experienced during the most
intense portion of the social interaction task (the “peak”
time point) and another set of VAS referring to their
sensations at that moment (the “post” time point). They
then completed a larger packet of retrospective ques-
tionnaires (the same packet as that completed at base-
line) corresponding to their “peak” experiences during
the role play. It typically took a subject 5 minutes to
complete all of the “peak” and “post” social interaction
task ratings. Subsequent blood samples and VAS for
anxiety and self-consciousness were collected thirty
minutes (+30), sixty minutes (+60), ninety minutes
(+90), and two hours (+120) after the initiation of the
social interaction task.

Structured Social Interaction Task

As indicated, subjects received pentagastrin while par-
ticipating in a structured social interaction task, as pre-
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viously described (McCann et al. 1995). This paradigm
was used for three reasons. First, by asking all subjects
to engage in an identical task, an added element of ex-
perimental control was introduced, presumably de-
creasing variability that is inherent in nonstructured in-
fusion procedures. Second, because one subject group
consisted of patients with generalized social phobia, it
seemed appropriate to provide a contextually relevant
setting for the challenge to optimize the possibility of
producing syndrome-specific symptoms (such a rele-
vant setting is not necessary in pharmacological chal-
lenges in patients with panic disorder, since by defini-
tion, panic attacks sometimes occur spontaneously) in
that disorder. Finally, because the social interaction task
produces anxiety even in the absence of a pharmacolog-
ical challenge (McCann et al. 1995), this particular be-
havioral paradigm is a useful method for “filtering out”
anxiety stemming from nonspecific sources, so that dif-
ferences in anxiety between the pentagastrin and pla-
cebo challenge days can be reasonably attributed to the
pharmacological effects of pentagastrin.

The structured interaction task involved a role-play
where subjects were told to imagine that they were at a
dinner party and that they would be seated next to a
stranger of the opposite sex (the confederate), who en-
tered the room immediately prior to the social interac-
tion task. The stranger was described as reserved, and
thus it would be the subject’s responsibility to initiate
and maintain a 5-minute conversation. The entire role-
play was videotaped, with the video camera in full
view of the subject. Separate confederates were used for
the pentagastrin and placebo challenge days. The con-
federate was blind to the patient’s diagnosis.

Physiological Measures

Blood samples were drawn 30, 15, and 1 minutes prior
to pentagastrin (or placebo) infusion. Three consecutive
blood samples were taken after pentagastrin infusion,
with subsequent blood draws at 30, 60, and 90 minutes
postinfusion. Blood samples were immediately placed
on ice and were subsequently centrifuged for 10 min-
utes at 3,600 rpm for plasma separation. Plasma sam-
ples were stored in a —70°C freezer for subsequent
plasma cortisol assay. Measures of blood pressure and
pulse were taken at the time of each blood draw and ev-
ery 2 minutes during the role-play.

Statistical Analyses

Data were analyzed by repeated-measures ANOVA
with Greenhouse-Geisser corrections. Results were con-
sidered significant at a level of p < .05. When significant
main effects of drug or time, or significant drug X time
interactions were observed, Bonferroni post hoc tests
were performed at individual time points to determine
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which groups differed significantly. All statistical anal-
yses were carried out using SPSS for Windows (SPSS,
Chicago, IL).

For their symptoms to be defined as a panic attack,
patients needed to report that they experienced a panic
attack plus at least four of the 13 symptoms listed in
DSM-1V criteria for panic, in moderate to severe inten-
sity. Because gastrointestinal symptoms following penta-
gastrin are expected, when stomach discomfort was re-
ported, four additional symptoms were required for
classification as a panic attack. Furthermore, only one of
the symptoms reported could be “fear of dying” or “fear
of going crazy” (i.e., if a patient reported both of these
symptoms, it was counted only once, and three other
symptoms also were required). The method for assessing
panic attack symptoms was changed early in the course
of the protocol from a 100-mm VAS to an ordinal ques-
tionnaire where symptoms were rated from absent (1)
to severe (4). This was done for two reasons. First, it al-
lowed us to compare findings from the present study to
those in a parallel study in which patients receive penta-
gastrin during sleep, where use of a VAS is impractical be-
cause of darkness. Second, it enabled us to rate patients
on panic attack symptoms orally in situations where
patients were unable to complete the questionnaire
manually. For data analysis of the present study, visual
analog ratings were converted to an ordinal scale in the
following manner: Ratings between 0 and 40 mm were
designated as mild (2), those between 40 and 60 as mod-
erate (3), and those between 60 and 100 as severe (4).

Analysis of pentagastrin-induced side effects was
conducted by totaling all side effect ratings and averag-
ing the ratings within each diagnostic group. These av-
erages were then compared using repeated-measures
ANOVA with Bonferroni post hoc analyses.

RESULTS
Epidemiological Data

Subjects in the three experimental groups were similar
in age, tending to be in their early to mid-thirties. The
male/female ratio in the social phobia group and
healthy volunteer group was similar (17/2 and 16/3,
respectively), but the panic disorder group was more
evenly distributed across gender lines (male/female =
6/5). Subjects with social phobia and controls were
more likely to be married than those panic disorder and
as a group, had slightly higher levels of education.

The majority of subjects in both patient groups had
at least one comorbid lifetime diagnosis. However, pa-
tients with panic disorder were more likely than those
with social phobia to have more than one comorbid life-
time diagnosis (average number of comorbid diagnosis,
3.54 = 1.13 versus 1.53 = 3.04, respectively). As ex-
pected, social phobics were younger when they experi-
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enced the onset of their illness than patients with panic
disorder (12.32 * 5.01 versus 22.9 + 8.81 years of age,
respectively).

Behavioral Effects

Panic Attacks. Nine of 19 (47%) patients with social
phobia, 7 of 11 (64%) patients with panic disorder and 2
of 19 (11%) healthy volunteers developed panic attacks
following pentagastrin infusion. No subject developed
panic following placebo administration. All panic at-
tacks occurred and resolved within the 3 1/4 minutes
from the initiation of pentagastrin infusion until the end
of the social interaction task. Chi-Square analysis indi-
cated a significant group difference (Chi = 9.97, p = .007).
A Chi-Square multiple comparisons procedure indi-
cated that both patient groups were more likely to have
pentagastrin-induced panic than healthy controls (p <
.05), but that the two patient groups were not different
with regard to the likelihood for panic. The symptoms
of pentagastrin-induced symptoms and pentagastrin-
induced panic attacks in the three groups are illustrated
in Table 1.

Table 1. Panic Symptoms after Pentagastrin Infusion*
Panic Social Normal
Disorder Phobia Controls
All subjects n=11 n=18 n=18
Trouble Breathing 218+ 087 244 +078 217 +0.79
Palpitations 264+ 103 272+075 194 *0.73
Chest pain 236 +1.03 233*+084 206*0.73
Choking 245+ 1.04 239*+085 1.89 058
Dizziness 273 +079 261092 1.89=*047
Numbness 273+ 1.10 250 =079 2.00=*0.59
Hot/cold flashes 264 +092 272102 217 +0.62
Sweating 273 +1.01 256 =062 211*0.76
Trembling 273101 250 =051 2.00=*0.69
Feelings of unreality 2.64 * 1.12 250 =1.04 194+ 0.73
Fear of dying 2272079 206073 183+ 051
Fear of going crazy ~ 2.55+ 093 222 =081 200=*0.77
Mean severity 255066 246 +0.50 200+ 0.38
Panic attack subjects n=7 in=9 n=2
Trouble breathing 267 +0.82 3.00x=076 4.00=0.00
Palpitations 317+ 1.17 3.00 £ 0.76 150 = 0.71
Chest pain 283+ 117 275+0.89 350071
Choking 317+ 1.17 288 +0.83 2.00=*1.41
Dizziness 3.00+089 313099 1.50=0.71
Numbness 300089 3.00*+093 150+*0.71
Hot/cold flashes 317 =0.75 3.00 =107 1.50=0.71
Sweating 283+ 117 288 £0.64 3.00=1.41
Trembling 3172117 263 =052 3.00 =0.00
Feelings of unreality 3.17 = 1.17 3.13 =125 350 + 0.71
Fear of dying 250+ 1.05 225089 200=*141
Fear of going crazy ~ 3.00 = 1.10 2.50 = 0.89 3.50 = 0.71
Mean severity 297 018 284 =031 254=018

“Ratings from VAS and ordinal DSM-IV Panic Attack Symptom Scales.
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Zung Anxiety Scale.  (Figure 1) Main effects of diagno-
sis [F(2,41) = 18.34, p < .001], drug [F(1,41) = 47.59, p <
001], and time [F(1,41) = 108.71, p < .001] were ob-
served. In addition, interactions between drug and time
[F(1,41) = 84.22, p < .001] and diagnosis and drug and
time [F(2,41) = 6.68, p = .003] were evident. These differ-
ences reflected significantly higher anxiety on pentagas-
trin than on placebo days, with peak anxiety occurring
during the role-play on the pentagastrin day. Post hoc
testing indicated that both patient groups were more
anxious than healthy controls on both challenge days,
but that there were no differences between patients
with panic disorder and those with social phobia on ei-
ther challenge day.

Speilberger State Anxiety Scale.  (Not shown) Signifi-
cant main effects of diagnosis [F(2,43) = 35.69, p < .001],
drug [F(1,43) = 9.44, p = .004], and time [F(1,43) = 97.47,
p < .001] were evident. There also was an interaction
between drug and time [F(2,43) = 13.75, p = .001]. Both
the social interaction task itself (i.e., placebo infusion)
and pentagastrin infusion led to increased anxiety, al-
though anxiety following pentagastrin infusion was
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significantly higher than that seen following placebo in-
fusion. The two patient groups reported higher levels of
anxiety than healthy volunteers on both challenge days,
but there were no differences found between the two
patient groups.

VAS, Anxiety. (See Figure 1.) Main effects of diagnosis
[F(2,40) = 18.04, p < .001], drug [F(1,40) = 1198, p =
.001], and time [F(4,160) = 161.47, p < .001] were seen on
this analog scale, as were interactions of diagnosis by
time [F(8,160) = 7.00, p < .001], drug by time [F(4,160) =
14.91, p < .001], and diagnosis by drug by time [F(8,160) =
3.04, p = .015]. As was found with the Spielberger Anxi-
ety Scale, anxiety increased significantly following pla-
cebo and pentagastrin infusions, although scores fol-
lowing pentagastrin were significantly greater than
those following placebo. Post hoc testing revealed that
the two patient groups reported significantly greater
anxiety than control subjects at the peak time point (i.e.,
the time point retrospectively rated as “peak” intensity
during the 5-minute social interaction task/infusion
procedure) and immediately after completion of the so-
cial interaction (the “post” time point) on both placebo
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and pentagastrin challenge days, with increases in anxi-
ety following placebo undoubtedly reflecting the effects
of the social interaction. Subjects with panic disorder
also were significantly more anxious than healthy vol-
unteers 60 minutes after pentagastrin infusion. There
were no differences between patient groups at any time
point.

VAS, Self-Consciousness. (See Figure 1.) Significant
main effects of diagnosis [F(2,40) = 14.44, p < .001], drug
[F(1,40) = 6.21, p = .017], and time [F(4,160) = 139.01,p =
.001] were observed. Interactions were also found be-
tween diagnosis by time [F(8,160) = 9.16, p = .001] and
drug by time [F(4,160) = 4.52. p = .013]. As might be ex-
pected, the social interaction task alone (i.e., placebo in-
fusion) led to increased self-consciousness. Pentagastrin
enhanced this effect significantly. Post hoc testing re-
vealed that the two patient groups were more self-con-
scious than control subjects at the peak time point dur-
ing the social interaction task/infusion procedure and
immediately after completion of the social interaction
task (the “post” time point) on both placebo and penta-
gastrin challenge days. As with other measures of anxi-
ety previously discussed, there were no differences be-
tween the two patient groups at any time point.

VAS, “Panicky” Feelings. (Not shown) Main effects
of diagnosis [F(2,45) = 17.68, p < .001], drug [F(145) =
11.9, p = .001], and time [F(1,45) = 79.05, p < .001] were
seen. Interactions were found between diagnosis by time
[F(245) = 525, p = .009] and drug by time [F(145) =
28.72, p < .001]. Post hoc tests revealed significant differ-
ences between the two patient groups and controls at
the peak time point (i.e., during 5-minute social interac-
tion task/drug infusion procedure) after both placebo
and pentagastrin infusions. Within-group analysis re-
vealed that social phobics had significantly more pan-
icky feelings (though no panic attacks) after both pla-
cebo and pentagastrin infusion, whereas controls and
patients with panic disorder had significant increases
only after pentagastrin challenge.

Side Effect Questionnaire. When the three groups were
compared on average side effect scores, main effects of
diagnosis [F(2,43) = 17.38, p < .001], drug [F(143) =
14.28, p < .001], and time [F(1,43) = 19.99, p < .001] were
found. An interaction of drug by time [F(1,43) = 36.08, p <
.001] was observed. These differences reflected an in-
crease in side effects following both placebo and penta-
gastrin, with a greater number of symptoms following
pentagastrin. Post hoc tests revealed that patients with
panic disorder reported a greater number of side effects
than controls at both baseline and following infusion
with either placebo or pentagastrin. Post hoc tests also
revealed a difference between patients with panic dis-
order and social phobia, with patients with panic disor-
der reporting more symptoms following pentagastrin.
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Both patient groups had significantly more symptoms
than healthy controls.

Physiological Effects

Cardiovascular Responses. (See Figure 2.) Significant
main effects of drug and time were seen on measures of
pulse [F(1,43) = 10.81, p = .002; F(3,129) = 9213, p <
.001, respectively]. A drug by time interaction [F(3,129) =
20.77, p < .001] also was observed. Pulse rates increased
significantly during the social interaction task (i.e., fol-
lowing placebo) and increased further following penta-
gastrin. Measures of mean arterial pressure showed a
main effect of time [F(3,129) = 129.25, p < .001] and a
trend toward a main effect of diagnosis [F(2,43) = 2.88,
p = .067], indicating an increase in blood pressure asso-
ciated with the role-play and a tendency for patients
with panic disorder to have higher mean arterial blood
pressures than those with social phobia and healthy
controls.

Cortisol Measures.  (See Figure 2.) Significant main ef-
fects of drug and time were found for cortisol concentra-
tions [F(1,36) = 20.78, p < .001; F(4,144) = 43.42, p < .001,
respectively], reflecting pentagastrin-induced rises in
cortisol. Peak cortisol levels were seen 30 minutes after
pentagastrin infusion. There were no differences in cor-
tisol levels among groups.

DISCUSSION

The major finding of this study is that patients with gener-
alized social phobia, like patients with panic disorder
(Abelson and Nesse 1994; van Megen et al. 1994), are more
likely than healthy controls to experience panic following
pentagastrin, when pentagastrin is given in the context
of a structured role-play. Following pentagastrin infusion,
the two groups could not be distinguished by any mea-
sure of anxiety evaluated, including self-consciousness
and panicky feelings. Whereas patients with panic dis-
order had slightly higher rates of pentagastrin-induced
panic attacks than patients with social phobia (64% ver-
sus 47%), this difference was not statistically significant.
The strong anxiogenic effect of pentagastrin observed
in patients with social phobia lend support to the view
that the anxiogenic effects of CCK-4 and pentagastrin
previously reported in patients with panic disorder
(Bradwejn et al. 1990, 1991b; Abelson and Nesse 1994;
van Megen et al. 1994) are likely due to pharmacologi-
cal activity at CCK receptors rather than to nonspecific
drug effects. In addition, they provide further evidence
for overlap in the neurobiological substrates underlying
the symptoms of panic disorder and social phobia.
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Although there were striking similarities between
patients with panic disorder and those with social pho-
bia in their responses to pentagastrin, there also were
some differences. For example, patients with panic dis-
order reported a greater severity and number of penta-
gastrin-induced side effects than patients with social
phobia. Furthermore, patients with panic disorder had a
greater number of physical and neuropsychiatric symp-
toms than control subjects at baseline, whereas social
phobics were similar to controls on this measure. These
findings are in keeping with the notion that patients with
panic disorder are keenly aware of alterations in bodily
sensations but do not support the view that presence of
physical symptoms is the source of panic, as social pho-
bics also developed pentagastrin-induced panic attacks.

The infusion paradigm used in the present study dif-
fers from those used in previously reported studies of
CCK agonists and could possibly account for the strik-
ing similarities seen in the two patient groups. Specifi-
cally, in the present study, pentagastrin was given in
the context of a social interaction task, a task that is anx-
iety provoking even in healthy volunteers and one that
is syndromally appropriate for patients with social pho-
bia. Use of this paradigm might have provided an envi-
ronment that enhanced the likelihood of patients with
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social phobia to experience syndromally specific symp-
toms, even though no patient experienced panic sec-
ondary to the social interaction alone (i.e., following
placebo). Indeed, the social interaction task itself (i.e., in
conjunction with placebo infusion) was quite anxio-
genic and discriminated the two patient groups from
controls quite well. The large anxiogenic effect of the
social interaction task in both patient groups undoubt-
edly led to an underestimation of the anxiety-inducing
effects of pentagastrin and led to limitations in the con-
clusions that can be drawn regarding the anxiogenic ef-
fects of pentagastrin in social phobics per se. Neverthe-
less, pentagastrin led to significant increases in anxiety
when compared to placebo, and only the combination
of pentagastrin and social interaction led to panic attacks.

It is of interest to note that the social interaction task
was equally anxiogenic in patients with social phobia
and patients with panic disorder. Because the presence
of comorbid social phobia in three of the patients with
panic disorder could potentially have led to this obser-
vation, data was reanalyzed omitting these three pa-
tients. Results from this reanalysis were not signifi-
cantly different from the original analysis (although
standard errors were slightly increased in the panic dis-
order group, secondary to the smaller group size).

Figure 2. Cardiovascular and cor-
tisol measures in patients with social

phobia, patients with panic disor-
der, and healthy volunteers follow-
ing infusions of placebo and
pentagastrin. Peak, group mean max-
imum values during the 5-minute
social interaction task/infusion pro-
cedure. Post, group mean values
immediately following the social
interaction task. RP, cortisol values
from blood samples collected imme-

diately following pentagastrin infu-
sion during the role-play (averaged
for each group). Triangles, panic dis-
order (n = 11); circles, social phobia
(1 = 19); squares, controls (n = 19).
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It could be argued that the use of the social interac-
tion task, by increasing anxiety in patients with social
phobia, created a situation in which only a small (and
possibly nonspecific) increase in anxiety could lead to
panic (i.e., by increasing “baseline” anxiety, the per-
centage of patients who reported panic attacks in-
creased). However, using that logic, one would then ex-
pect the social interaction task to increase the likelihood
of panic attacks in patients with panic disorder, as pa-
tients with panic disorder were equally anxious as pa-
tients with social phobia following the social interaction
task. Instead, rates of panic attacks in patients with
panic disorder in this study are almost identical (or
slightly lower) than those found in previous studies,
suggesting that elevations in anxiety produced by the
social interaction task did not increase the likelihood for
panic in that group and that mere elevations in baseline
anxiety do not suffice in facilitating pentagastrin-induced
panic attacks. Furthermore, preliminary results from an
ongoing study in patients with social phobia and panic
indicate that pentagastrin, when administered during
late stage 2 sleep can lead to panic attacks (2/2 patients
with social phobia and 3/4 patients with panic disorder
have panicked to date), again suggesting a vulnerability
to pentagastrin-induced panic in patients with social
phobia.

Although the present findings are largely consistent
with those previously found using CCK-4 and penta-
gastrin in panic disorder, there also are some inconsis-
tencies. For example, patients generally found that
pentagastrin-induced symptoms were not similar to
their naturally occurring symptoms. More commonly,
patients were able to identify some symptoms (e.g.,
sweating, stomach discomfort) that were characteristic
of their typical experience, but also symptoms that were
not typical features of their naturally occurring anxiety.
In addition, patients with social phobia generally re-
ported that pentagastrin-induced symptoms were more
intense than those usually experienced. Both patient
groups reported that pentagastrin-induced anxiety was
more abrupt and of shorter duration than their natu-
rally occurring anxiety, as has been previously reported
in panic disorder (Bradwejn et al. 1990; Abelson and
Nesse 1994; van Megen et al. 1994), with symptoms
reaching a peak and resolving within the 3 1/2-minute
period during and following drug infusion. Pentagas-
trin infusion did not generally lead to pronounced res-
piratory symptoms, and for patients with panic disor-
der in whom shortness of breath is a prominent panic
attack feature, this component was not typically repro-
duced. Differences in the present study, compared to
previous studies using pentagastrin, might be due to the
fact that pentagastrin (and placebo) was administered
over a 60-s period, whereas in previous studies, drug
was given over less than 60 s (Abelson and Nesse 1994a;
Abelson et al. 1994) or as a bolus (van Megen et al. 1994).
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Cortisol increases following pentagastrin were simi-
lar to those that have been previously reported using
pentagastrin in patients with panic disorder and healthy
volunteers (Abelson and Nesse 1994; McCann et al. 1995).
Although these increases were significant, they did not
differentiate patients with anxiety disorders and healthy
controls and could either be due to the pharmacological
effects of pentagastrin or to the experience of unpleas-
ant physical and emotional symptoms associated with
pentagastrin infusion.

Although the present findings support the view that
the anxiogenic effects of CCK-4 and pentagastrin are
mediated through actions at CCK receptors, the loca-
tion of these receptors is not clear. It is unlikely that sig-
nificant concentrations of pentagastrin enter the brain
to act at CCK receptors in the limbic system, cerebral
cortex, or basal ganglia, although small amounts may
gain access to the brain via the area postrema or nu-
cleus tractus solitarius. It is more likely that CCK recep-
tors located on the vagus nerve or in the gastrointesti-
nal tract are stimulated, and that these peripheral CCK
receptors relay signals to brain regions implicated in
anxiety. Furthermore, activation of peripheral CCK re-
ceptors themselves is probably important for some of
the panic attack symptoms produced by CCK and
pentagastrin (e.g., stomach discomfort).

Although the present results suggest that there may
be common neurobiological substrates involved in the
pathophysiology of social phobia and panic disorder,
there also are obvious differences between the two dis-
orders. For example, by definition, the phenomenology
of panic disorder and social phobia is distinct, and, as
mentioned, three previous comparisons of the two dis-
orders found differences between the two patient popu-
lations. What the present findings do suggest, however,
is that CCK agonists may lead to activation of a com-
mon anxiogenic substrate shared in social phobia and
panic disorder. For example, it is possible that penta-
gastrin acts at CCK receptors located on the vagus
nerve, with subsequent activation of brain centers re-
sponsible for panic (e.g., locus ceruleus, amygdala, ce-
rebral cortex). Thus, although pentagastrin may lead to
the activation of a final common pathway shared by the
two disorders, the naturally occurring mechanisms for
anxiety in the two populations could be quite distinct.

In conclusion, findings from the present study indi-
cate that patients with generalized social phobia, like
those with panic disorder, have similar rates of penta-
gastrin-induced panic attacks when pentagastrin is ad-
ministered in the context of a social interaction task.
Furthermore, when administered using this paradigm,
patients with panic disorder and social phobia cannot
be distinguished based on measures of anxiety. The
striking similarities between patients with panic disor-
der and those with generalized social phobia found in
the present study underscore the importance of contex-
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tual variables in pharmacological challenges and sug-
gest an overlap in the neurobiology of panic disorder
and social phobia.
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