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Effects of the 5-HT; Antagonist, Ondansetron,
on the Behavioral and Physiological Effects of
Pentagastrin in Patients with Panic Disorder

and Social Phobia

Una D. McCann, M.D., Christina M. Morgan, B.A., Marilla Geraci, M.S.N., Shiyoko O. Slate, B.A.,
Dennis L. Murphy, M.D., and Robert M. Post, M.D.

Pentagastrin, a cholecystokinin (CCK) agonist, produces
anxiety and panic in patients with panic disorder and social
phobia. Preclinical data suggests that pentagastrin-induced
anxiogenesis may be mediated via 5-HT receptors. In the
present study, 14 patients with panic disorder or social
phobia underwent pharmacological challenge in three
conditions: (1) pretreatment with saline followed by
pentagastrin infusion; (2) pretreatment with ondansetron
followed by pentagastrin infusion; and (3) pretreatment
with saline followed by saline infusion. As expected,
pentagastrin administration led to increased anxiety,
physical symptoms of panic attacks, pulse, plasma

adrenocorticotropic hormone (ACTH), and cortisol.
Pentagastrin’s behavioral effects were not blocked by
ondansetron, and in fact, tended to be exaggerated.
Ondansetron pretreatment did not alter the pentagastrin-
induced cortisol increase but significantly prolonged the
pentagastrin-induced increase in ACTH. These findings
suggest that pentagastrin’s behavioral effects are not
mediated by 5HT; receptors. Mechanisms by which
peripherally administered CCK agonists lead to anxiety
remain to be elucidated. [Neuropsychopharmacology
17:360-369, 1997]  Published by Elsevier Science Inc.
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Cholecystokinin (CCK) is one of several neuropeptides
present at high concentrations in the mammalian cen-
tral nervous system and gastrointestinal tract. Since the
discovery and identification of CCK in the brain (Van-
derhaeghen et al. 1981; Dockray 1976; Dockray et al.
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1977) at concentrations higher than those of classical
neurotransmitters (Crawley 1985; Moran and Schwartz
1994), there has been intense interest in the potential
role of CCK in normal and abnormal neuropsychiatric
states.

A substantial body of evidence points to a role for
CCK in anxiety and anxiety disorders. Preclinical stud-
ies in rodents and primates have generally found CCK
agonists, administered peripherally or centrally, to be
anxiogenic in animal models of anxiety (for review, see
van Megan et al. 1994). For example, mice, rats, and
guinea pigs treated systemically with a variety of CCK
agonists, including CCK-4, pentagastrin, caerulein,
BOC-CCK-4, BC 197 and BDNIL, show increases in anx-
iety when tested in the elevated plus maze, as demon-
strated by decreased time spent in open arms, de-
creased open arm entries, or reductions in exploratory
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activity (Harro et al. 1990; Harro and Vasar 1991; Singh
et al. 1991; Vasar et al. 1993, 1994; Rex et al. 1994a,b;
Derrien et al. 1994). Pharmacological studies using an-
tagonists to CCK, and CCKj receptor subtypes suggest
that the anxiety-inducing effects of CCK are secondary
to activation of CCKp receptors (Hughes et al. 1990; Ra-
vard and Dourish, 1990; Harro and Vasar 1991; Singh et
al. 1991). In addition to blocking the anxiogenic effects
of CCK agonists, CCK antagonists such as proglumide,
CI-988, PD135156, davazepide, L-365,031, L-365,260,
and L-364,718 have been found to be anxiolytic them-
selves in some animal models of anxiety (Harro et al.
1990; Hughes et al. 1990; Singh et al. 1991; Costall et al.
1991; Hendrie et al. 1993; Chopin and Briley 1993; Rex
et al. 1994a; Derrien et al. 1994; Bickerdike et al. 1994).

In humans, intravenous CCK-4 and pentagastrin
produce anxiety in a dose-related manner (Bradwejn et
al. 1991a; McCann et al. 1995), and patients with panic
disorder and social phobia are more sensitive to this ef-
fect than are healthy volunteers (Abelson and Nesse
1994; Bradwejn et al. 1991b; van Megan et al. 1994; Mc-
Cann et al. 1997). As reviewed elsewhere (Bradwejn et
al, 1990; Abelson and Nesse 1994; van Megan et al. 1994;
McCann et al. 1997), panic attacks produced by CCK-4
and pentagastrin are described by patients as being
similar to spontaneous panic attacks, though generally
of shorter duration. Most (Degli Uberti et al. 1983; de
Montigny 1989; Abelson et al. 1991, 1994; McCann et al.
1995, 1997) but not all (van Megen et al. 1994) studies
have found that CCK-4 and pentagastrin stimulate re-
lease of ACTH and/or cortisol in humans, similar to in-
creases seen in panic attacks provoked by intravenous
sodium lactate (Liebowitz et al. 1985), yohimbine
(Woods et al. 1986), caffeine (Charney et al. 1985), or car-
bon dioxide inhalation (Woods et al. 1988).

Despite the large body of data implicating CCK in anx-
iety, little is known about the mechanisms of CCK’s ef-
fects or whether they are secondary to actions at periph-
eral or brain CCK receptors. Indeed, different laboratories
have demonstrated interactions between CCK and sero-
tonin, dopamine, GABA, and glutamate, suggesting that
interactions with one or more of these neurotransmitters
may be responsible for the anxiogenic effects of CCK.

Evidence suggesting that serotonin and, more specif-
ically, 5-HTj receptors might be involved in CCK-induced
anxiogenesis stems from a variety of sources. For exam-
ple, CCK agonists are known to excite serotonin neu-
rons in the dorsal raphe nucleus (Boden et al. 1991) and
potentiate the release of cortical serotonin observed in
guinea pigs tested in the elevated plus maze (Rex et al.
1994). Further, pretreatment with L-365,260, a CCK an-
tagonist, was found to inhibit cortical serotonin release
during the task (Rex et al. 1994) in addition to blocking
the anxiogenic effects of BOC-CCK-4, a CCK agonist. A
role for the 5-HT; receptor subtype in CCK’s effects is
suggested by studies demonstrating the ability of the
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5-HTj; receptor antagonist, ondansetron, to block the
anxiogenic effects of caerulein in rats tested in the ele-
vated plus maze (Vasar et al. 1993), and to prevent CCK
release from synaptosomes derived from the cerebral
cortex and nucleus accumbens septi (Paudice and Ratieri
1991). Anatomically, CCK receptors and 5-HT; recep-
tors are co-localized in several peripheral and central
nervous system sites potentially involved in CCK-induced
anxiety, including the vagus, the area postrema, the nu-
cleus tractus solitarius, the dorsal raphe nucleus, and
the cerebral cortex. Finally, clinical data also suggest a
role for the 5-HT; receptor in anxiety, as well as a 5-HT,/
CCK interaction. In particular, preliminary findings from
two multicenter studies suggested that patients with
panic disorder and social phobia benefit from chronic
oral treatment with ondansetron at doses of 1-2 mg/day
and 0.25 mg BID, respectively (Metz et al. 1994; Bell and
De Veaugh-Geiss 1994). Unpublished data from a larger
phase 3 trial of ondansetron in patients with panic dis-
order and social phobia indicate that only a minority of
these patients benefit significantly from treatment at the
doses used in these studies (Harry Bowen, Glaxo Phar-
maceuticals, personal communication), although in some
cases, improvement was dramatic. Ondansetron has also
been reported to be effective in the treatment of bu-
limia, (Hartman et al. 1995) a disorder in which CCK
abnormalities have been postulated (Pirke et al. 1994;
Lydiard 1994). There have been no studies evaluating
the anxiolytic effects of intravenous ondansetron in
anxiety disorders.

The purpose of the present study was to determine
whether pretreatment with ondansetron might block the
anxiogenic and physiological effects of pentagastrin in
patients with panic disorder and social phobia. Pentagas-
trin, a synthetic pentapeptide, has greater affinity but
lower selectivity of the CCKj receptor than the naturally
occurring peptide, CCK-4. As with CCK-4, patients with
panic disorder and social phobia have increased sensitiv-
ity to the panicogenic effects of pentagastrin (Abelson et
al. 1991, 1994; van Megan et al. 1994; McCann et al. 1997).
Further, when pentagastrin is administered in the con-
text of a structured role play, the two patient groups
have been shown to have similar rates of pentagastrin-in-
duced panic attacks (McCann et al. 1997). It was hypoth-
esized that ondansetron pretreatment would lead to sig-
nificant decreases in pentagastrin-induced anxiety and
panic and would also decrease the magnitude of physxo—
logical responses associated with anxiety.

METHOD
Subjects

Fourteen patients with panic disorder (n = 8) or gener-
alized social phobia (n = 6) and a mean age of 41.7
(= 7.9) were recruited to participate in this study. All
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patients were actively symptomatic and moderately to
severely impaired by their anxiety disorder. Eight sub-
jects were men, and six were women. Subjects were in
good general health as determined by medical history,
physical 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 diagnoses was determined using a
structured psychiatric interview (SADS-LA(R); Schleyer
et al. 1990). Subjects were recruited through advertise-
ments in local and college newspapers. Written informed
consent was given by all study participants, who agreed
to refrain from ingestion of caffeine, alcohol, and all
medications for 2 weeks before study participation.
Subjects who had previously been taking fluoxetine
discontinued medications at least 3 weeks before the
first challenge. In addition, subjects were instructed to
maintain a low monoamine diet for 3 days before the
study and fasted after midnight on the morning of each
study day.

Design

Subjects came to an outpatient psychiatry clinic for
three separate challenge sessions separated by at least 2
days. Two days between challenges was felt to be suffi-
cient for drug washout since the half-lives of pentagas-
trin and ondansetron are less than 1 hour (Crawley
1988) and 3.5 h (Roila and Del Favero 1995), respec-
tively. Challenges were performed in random order in
double-blind fashion, with three possible drug combi-
nations: (1) ondansetron pretreatment followed by penta-
gastrin infusion; (2) placebo pretreatment followed by
pentagastrin infusion; and (3) placebo pretreatment fol-
lowed by placebo infusion.

On each of the 3 challenge days, at approximately
9:30 A.M. (the —105 minute time point, or 105 minutes
before the pentagastrin infusion paradigm) an intrave-
nous (IV) catheter was placed in the left antecubital
vein. On the right arm, an automated blood pressure
cuff (Dinamapp, Critikon, Tampa, FL) was placed to
monitor blood pressure and pulse. Subjects remained
seated in a partially reclined chair (70°) for the entire
procedure. Immediately after IV insertion, a curtain
was drawn between the patient and the research nurse
so that patients were unaware of the timing of infu-
sions. Forty-five minutes after IV insertion (—60 min), a
baseline blood sample was drawn and patients com-
pleted a baseline rating packet that included a clinician-
rated Zung anxiety scale (Zung 1971), visual analog
scales (VAS) for anxiety and panicky feelings, the Spiel-
berger state anxiety scale (Spielberger et al. 1970), a
DSM-IV panic symptom checklist, and a symptom
checklist for the evaluation of nonspecific side effects. A
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second blood sample was drawn at —45 min. At —30
min, ondansetron (0.15 mg/kg, in a volume of 50 cc
0.9% NaCl) or placebo (0.9% NaCl) was infused over 15
min. This dose of ondansetron was chosen because it
has been shown to be highly effective as an antiemetic
(Hesketh et al. 1989). Fifteen minutes before the penta-
gastrin infusion paradigm (—15 min), a third blood sam-
ple (baseline #2) was collected and the baseline behav-
ioral ratings were repeated. At time 0 (0 min) the patient
began a 5-min structured social interaction task (see be-
low) and a fourth blood sample was collected. One
minute and 45 seconds into the social interaction task
(1 min 45 s), pentagastrin, at a dose of 0.6 ug/kg (or nor-
mal saline at an equal volume of 20 cc), was administered
over 60 s. This dose has been shown to be effective for in-
ducing panic attacks in patients with panic disorder and
social phobia (Abelson and Nesse 1994; van Megan et al.
1994; McCann et al. 1997). The timing of the ondansetron
pretreatment and pentagastrin infusions was selected be-
cause plasma levels of ondansetron are known to peak
approximately 30 min after infusion. After completion of
the pentagastrin infusion, the intravenous line was
flushed with 10 cc of normal saline (+2 min 45 s until +3
min), and four additional blood samples were obtained
in succession (approximately +3 min to +6 min).

Immediately after the completion of the role play (+5
min), the patients were asked to complete visual analog
scales 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 visual analog scales refer-
ring to their sensations at that moment (the “post” time
point). They then completed a larger packet of retrospec-
tive questionnaires (the same packet as that completed at
baseline) corresponding to their peak experiences during
the role play. It typically took a subject five minutes to
complete all of the peak and post social interaction task
ratings. Subsequent blood samples and visual analog
scales for anxiety, self-consciousness, and panicky feel-
ings were collected 30 min, 60 min, and 90 min after the
initiation of the social interaction task. The baseline rat-
ing packet was completed again at the +90-min item
point, after which the IV was removed.

Structured Social Interaction Task

As indicated above, subjects received pentagastrin
while participating in a structured role play, as previ-
ously described (McCann et al. 1995, 1997). In addition
to providing a consistent setting for infusions (presum-
ably decreasing variability that is inherent in nonstruc-
tured infusion procedures), it is contextually appropri-
ate for patients with social phobia. During the role play
subjects were instructed 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-



NEUROPSYCHOPHARMACOLOGY 1997—VOL. 17, NO. 6

tered the room immediately before 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-min conversation. The entire role play
was videotaped, with the video camera in full view of
the subject. Separate confederates were used for the
three different challenge days. The confederate was
blind to the patient’s diagnosis.

Physiological Measures

Blood samples were immediately placed on ice and
were subsequently centrifuged for 10 min at 3600 rpm
for plasma separation. Plasma samples were stored in a
—70°C freezer for subsequent plasma cortisol, adreno-
corticotropic hormone (ACTH), and growth hormone
assay. Measures of blood pressure and pulse were
taken at the time of each blood draw and every 2 min
during the role play.

Statistical Analyses

Data were analyzed by repeated measures ANOVA
with Greenhouse-Geisser corrections. For behavioral
data, time points used in the analysis were —60 min
(baseline #1), —15 min (+15 min after pretreatment
with ondansetron/placebo), 5 min (retrospective peak
ratings), and 90 (recovery). For cardiovascular measures,
six time points were used: pre-ondansetron (the mean
of —60 and —45 minute values), pre-pentagastrin (—15),
+30, +60, and +90 minutes. For ACTH, cortisol and
growth hormone analyses, seven time points were used:
pre-ondansetron (the mean of —60 and —45 minute
samples), pre-pentagastrin (—15), +1 (1 min into the role
play, before pentagastrin infusion), +3-6 minutes (the
mean of the two highest values from the six blood sam-
ples taken in succession after pentagastrin infusion),
+30, +60, and +90 minutes. Results were considered
significant at a level of p < .05. When significant main
effects of drug or time, or significant drug X time interac-
tions were observed, Bonferroni post hoc tests (Woolson
1987) were performed at peak time points to determine
which drug conditions differed significantly. For com-
parisons involving the panic attack symptom scale (to-
tal score and individual symptoms), repeated measures
ANOVA were performed at the peak time point only
(since this measure was only collected once). When a
significant main effect of drug was observed, Bonfer-
roni post hoc tests were performed to determine which
drug conditions differed significantly. Analysis of
pentagastrin-induced side effects was conducted by to-
taling all side effect ratings from the symptom checklist,
and averaging the ratings for each drug condition. All
statistical analyses were carried out using SPSS for Win-
dows (SPSS, Chicago, IL).
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Panic attacks were defined as at least four of 12
symptoms listed in DSM-IV criteria for panic, in moder-
ate to severe intensity (the symptom of stomach dis-
comfort was not included, since it was an expected
pentagastrin side effect). Further, only one of the symp-
toms reported could be “fear of dying” or “fear of going
crazy” (ie., if a patient reported both of these symp-
toms, it was counted only once, and three other symp-
toms were also required).

RESULTS
Subject Population

Diagnoses. In addition to their primary diagnosis of
panic disorder or social phobia, the majority of subjects
had at least one concurrent diagnosis, the most frequent
being major depressive disorder (35.7%), 35.7% of sub-
jects had a past history of dysthymia and, 35.7% met
criteria for past substance abuse or dependence.

Demographics.  Fifty percent of subjects were married,
35.7% were single, and 14.3% divorced, 21.4% of subjects
had received an advanced degree, 35.7% had completed
college but not graduate school, and 42.9% had not re-
ceived further degrees after graduating from high school.

Behavioral Ratings

Zung Anxiety Status Inventory (Figure 1A). Main ef-
fects of drug [F(2,22) = 7.6, p = .005] and time [F(3,33) =
20.1, p < .001] were observed on Zung Anxiety Status
Inventory scores, as well as an interaction between
drug and time [F(6,66) = 5.8, p = .006]. These results re-
flect increased anxiety after pentagastrin infusions,
with peak anxiety occurring during the role-play/
pentagastrin infusion period.

Post hoc comparisons reveal that peak anxiety was
significantly greater after pentagastrin than after pla-
cebo. Ondansetron pretreatment tended to enhance,
rather than block, pentagastrin-induced anxiety, al-
though this difference was not statistically significant
(uncorrected p = .2).

Spielberger State Anxiety. A main effect of time [F(3,
39) = 19.0, p < .001] but no significant drug effect or drug
X time interaction was seen on this scale, reflecting the
anxiogenic effect of the experimental procedure alone.

Visual Analog Scales (Figures 1B and C). A main ef-
fect of time and a significant drug X time interaction
were observed on the VAS for Anxiety [F(6,78) = 19.0,
p < .001 and F(12,156) = 3.8, p = .004, respectively], on
the VAS for Self-Consciousness [F(6,78) = 14.4, p < .001
and F(12,156) = 2.6, p = .04, respectively] and on the
VAS for Panicky Feelings [F(6,72) = 17.7, p < .001 and
F(12,144) = 4.0, p = .007, respectively].
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BEHAVIORAL RATINGS
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Figure 1. Effects of ondansetron
pretreatment on pentagastrin-
induced changes in anxiety in
patients with panic disorder and
social phobia. Peak measurements
are group means of the most
intense symptoms experienced
during the social interaction task/
infusion procedure. Post measure-
ments are group means of symp-
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BL1 BL2 PEAK POST +30 +60

st Infusion TIME

c ) 2nd Infusion

(VAS)
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tom severity immediately after
concluding the social interaction
task. Asterisks indicate significant
differences at a level of p < .05 as
measured by Bonferroni post hoc
tests.

T
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BL1T BL2 T PEAK

1st infusion .
2nd Infusion

-~  Placebo/Placebo ---A--- Placebo/Pentagastrin

Time effects suggest that the infusion procedure it-
self had an anxiogenic effect, but post hoc comparisons
demonstrate that pentagastrin significantly increased
anxiety, self-consciousness, and panicky feelings com-
pared to levels of these measures seen after placebo.
Ondansetron pretreatment consistently seemed to ag-
gravate, rather than attenuate, pentagastrin effects, al-
though this difference was not significant (uncorrected
p values for anxiety, self-consciousness and panicky
feelings analogs = .45, .45, and .15, respectively).

Panic Attack Symptom Scale.  Significant main effects
of drug were seen on the total score of the panic attack
symptom scale [F(2,26) = 13.4, p < .001], reflecting dif-
ferences in the presence and intensity of panic attack
symptoms following either active drug combination.
Post hoc comparisons revealed that peak panic attack
symptoms in the placebo/pentagastrin condition and
the ondansetron/pentagastrin condition were greater

—-—O— Ondansetron/Pentagastrin

than those in the placebo/placebo condition, but that
the two active drug combinations produced similar lev-
els of panic symptoms. When ANOVAs were per-
formed for individual panic attack symptoms, main ef-
fects of drug were found for palpitations [F(2,26) = 5.9,
p = .02], shortness of breath [F(2,26) = 6.7, p = .005];
choking [F(2,26) = 4.8, p = .03], nausea [(2,26) = 5.6, p =
.018], chills or hot flashed [F(2,26) = 5.2, p = .02], dizzi-
ness or lightheadedness [F(2,26) = 4.6, p = .02], and fear
of going crazy [F(2,26) = 5.0, p = .03]. Post hoc tests re-
vealed significant differences between both active drug
conditions and the placebo/placebo condition for all of
these symptoms except “fear of going crazy,” where
only the placebo/pentagastrin condition differed sig-
nificantly from the placebo/placebo condition. No sig-
nificant differences were found between the placebo/
pentagastrin and ondansetron/pentagastrin conditions
for any individual panic attack symptom. Five of 14 pa-
tients (36%) had panic attacks in the placebo/pentagas-
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trin condition symptom. Five of 14 patients (36%) had
panic attacks in the placebo/pentagastrin condition
[three with panic disorder (38%) and two with social
phobia (33%)], six of 14 patients (43%) had panic attacks
in the ondansetron/pentagastrin condition [four with
panic disorder (50%) and two with social phobia (33%}]
and no patient had a panic attack in the placebo/pla-
cebo condition.

Symptom Checklist (Figure 2). Main effects of drug
[F(2,24) = 9.6, p = .001], time [F(3,36) = 7.6, p = .002]
and an interaction between drug and time [F(6,72) =
7.6, p = .001] were observed on the physical symptom
checklist, reflecting an increase in nonspecific physical
symptoms after the pentagastrin infusion.

Post hoc comparisons show that subjects reported
significantly more side effects after receiving either of
the two active drug combinations (placebo/pentagas-
trin or ondansetron/pentagastrin) when compared to
the placebo/placebo combination. Ondansetron pre-
treatment significantly increased the number of symp-
toms reported after pentagastrin infusion.

Ondansetron and Pentagastrin-Induced Anxiety 365

Physiological Measures (Figure 3)

Cardiovascular

1. MEAN ARTERIAL BLOOD PRESSURE (MAP). A main
effect of time on MAP was observed [F(5,65) = 38.03,
p < .001], with no main effect of drug or interaction be-
tween drug and time, reflecting an increased MAP dur-
ing the role play/pentagastrin procedure.

2. PuLse (FIGURE 3A). Pulse rates also peaked dur-
ing the role play, as reflected by a main effect of time
[F(5,65) = 42.97, p < .001] and an interaction between
drug and time [F(10,130) = 4.39, p = .015]. Post hoc com-
parisons show that the placebo/pentagastrin condition
was associated with greater pulse rates than the pla-
cebo/placebo condition, and that rather than attenuat-
ing this effect, ondansetron pretreatment led to signifi-
cantly greater increases in pulse following pentagastrin.

Neuroendocrine
1. ACTH (FiGUre 3B). Main effects of drug and
time [F(2,24) = 3.8, p = .04 and F(6,72) = 9.0, p = .003,

SYMPTOM CHECKLIST

-------- a--  Placebo/Placebo
157 ---A--- Placebo/Pentagastrin
—O0— Ondansetron/Pentagastrin
N=13

7] 12
=
O~
EE
7 .
) .
-
o 3
hE
>
x
o

8_

5 T

RECOVERY
TIME
*p=.05

1st Infusion

2nd Infusion

Figure 2. Effects of ondansetron on pentagastrin-induced side effects in patients with panic disorder and social phot?ia.
Peak measurements are group means of the most intense symptoms experienced during the social interaction task/ infus¥on
procedure. Post measurements are group means of symptom severity immediately after concluding the social interaction
task. Asterisks indicate significant differences at a level of p < .05 as measured by Bonferroni post hoc tests.
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respectively] and an interaction between drug and time
[F(12,144) = 3.6, p = .04] were observed for ACTH lev-
els, reflecting increases in plasma concentrations of
ACTH with peak levels occurring during the role play/
pentagastrin infusion procedure.

Post hoc tests were performed at both peak and +30-
min time points because of apparent lingering effects
seen in the ondansetron/pentagastrin condition. These
analyses revealed that, as expected, pentagastrin infu-
sion led to significant increases in plasma ACTH, and
that ACTH concentrations returned to baseline by the
+30-time point. Ondansetron pretreatment tended to
blunt peak pentagastrin-induced ACTH responses, and
prolonged the pentagastrin-induced ACTH response,
so that ACTH levels continued to be significantly
greater in the ondansetron/pentagastrin condition at
+30-min when compared with those seen in the placebo/

PHYSIOLOGICAL MEASURES

NEUROPSYCHOPHARMACOLOGY 1997—VOL. 17, NO. 6

placebo condition. There were no significant differences
between ACTH levels from the placebo/pentagastrin and
ondansetron/pentagastrin conditions at any time point.

2. CortisoL (FIGURE 3C). A main effect of time
[F(6,72) = 6.94, p = .001] but no drug effect or interac-
tion between drug and time were observed on mea-
sures of cortisol. All three conditions led to similar in-
creases in cortisol levels during the role play, which
once again indicates the impact of the infusion para-
digm itself. Although there was a trend for pentagastrin
to further increase cortisol levels at the +30 time point,
this difference did not reach significance.

3. GRowTH HORMONE. No main effect of drug or
time, or interaction between drug and time were found
for growth hormone measures.

Tabulated raw data for all measures are available
upon request.

A)
90
-‘ »*
p<.05
A
g ®
w
a
z o N=14
60 1 T 1 1 1 1
BL1 BL2 PEAK 30 60 90
TIME
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Intusi .
B) 2nd nfusion Figure 3. Effects of ondansetron
pretreatment on pentagastrin-
= induced changes in pulse, plasma
s ACTH, and plasma cortisol in
2 patients with panic disorder and
£ social phobia. Peak measurements
0 -
< N=13 are the group mean maximum val-
ues during the 5-min social inter-
0 B alo y 346 +30 460 190 action task/infusion procedure.
+ . -
TIME Post measurements indicate the
group mean values immediately
st Infusion i after the social interaction task.
c) 2nd Infusion
16-1
3
5’ 14
]
g 127
=
[+
g 104 N=13
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BL1 BL2 +1 +3/+6 +30 +60 +90
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e Placebo/Placeba -~ -&--- Placebo/Pentagastrin -—O— Ondansetron/Pentagastrin
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DISCUSSION

The principal finding of this study is that ondansetron,
administered at doses that are effective for antiemesis,
does not prevent the anxiogenic effects of intravenous
pentagastrin. Rather, ondansetron pretreatment led to
nonsignificant increases in pentagastrin-induced anxi-
ety and led to greater levels of nonspecific physical and
emotional symptoms during the pentagastrin infusion
paradigm. These findings suggest that pentagastrin-
induced anxiety and panic are not blocked by 5-HT; re-
ceptor antagonism.

In contrast to the overall absence of effect seen on be-
havioral outcome measures, ondansetron did appear to
influence physiological variables. In particular, on-
dansetron pretreatment was associated with greater in-
creases in pulse during the pentagastrin infusion para-
digm. Whereas increases in pulse might be related to
increased discomfort, they might also be due to actions
at vagal 5-HT; receptors. Ondansetron also tended to
blunt the peak pentagastrin-induced ACTH response,
although this trend did not reach statistical significance.
Ondansetron pretreatment was associated with a pro-
longed ACTH response, so that ACTH levels 30 min after
pentagastrin administration continued to be greater than
those seen in the saline/saline condition. Again, pro-
longed elevations in ACTH may have been related to in-
creased discomfort and nonspecific stress experienced by
subjects during the ondansetron/pentagastrin condition.

As previously found patients with social phobia and
panic disorder have similar responses to pentagastrin
infusion when pentagastrin is administered in the con-
text of a social interaction task (McCann et al. 1997). Al-
though the social interaction task itself was clearly anx-
iogenic, pentagastrin was found to produce additional
distinct anxiogenic effects. Of the 14 patients participat-
ing, five had panic attacks in the placebo/pentagastrin
condition (three with panic disorder and two with social
phobia), and six had panic attacks in the ondansetron/
pentagastrin condition (Four with panic disorder and
two with social phobia). These numbers are slightly
lower than those reported previously, again suggesting
that use of the social interaction task did not lead to
false elevations in panic. The characteristics of penta-
gastrin-induced panic attacks, their similarities to natu-
rally occurring and pharmacologically provoked panic
attacks have been previously reported (Abelson et al.
1991; Abelson and Nesse 1994; Abelson et al. 1994; van
Megan et al. 1994; McCann et al. 1995, 1997) and will
not be re-reviewed here.

It is possible that different dosages or ondansetron
regimens might have been more effective in preventing
pentagastrin-induced anxiety than that used in the
present study. However, since the ondansetron dose
used in this study is routinely used for antiemesis, it
clearly possesses physiological effects in humans. Nota-
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bly, ondansetron did not block pentagastrin-induced
nausea or stomach discomfort, suggesting that these ef-
fects of pentagastrin might be secondary to direct ac-
tions of pentagastrin on the gastrointestinal tract, rather
than actions at the vagus or in the central nervous sys-
tem. It remains to be determined whether chronic treat-
ment with ondansetron, such as those reported to be ef-
fective in the treatment of panic disorder and social
phobia, are more effective in preventing pentagastrin-
induced anxiety.

In sum, pretreatment with the 5-HT), receptor antag-
onist, ondansetron, at doses effective for antiemesis, does
not attenuate the anxiogenic effects of pentagastrin in
patients with panic disorder and social phobia. This ob-
servation suggests that pentagastrin-induced anxiety is
not mediated via 5-HTj; receptor agonism. Despite a lack
of effect on behavioral indices, ondansetron pretreatment
was associated with greater levels of pentagastrin-in-
duced nonspecific physical symptoms, greater pulse
rates during the pentagastrin infusion paradigm and al-
terations in the pentagastrin-induced ACTH response
curve. These effects of ondansetron pretreatment might
all be attributable to nonspecific stress secondary to in-
creases in physical discomfort in the ondansetron/penta-
gastrin condition. Mechanisms by which peripherally
administered gastrointestinal peptides lead to profound
changes in emotional state remain to be elucidated.

REFERENCES

Abelson JL, Nesse RM, Vinik A (1991): Stimulation of corti-
cotropin release by pentagastrin in normal subjects and
patients with panic disorder. Biol Psychiatry 29:1220-1223

Abelson JL, Nesse RM (1994): Pentagastrin infusions in
patients with panic disorder I. Symptoms and cardio-
vascular responses. Biol Psychiatry 36:73-83

Abelson JL, Nesse RM, Vinik Al (1994): Pentagastrin infu-
sions in patients with panic disorder II. Neuroendocri-
nology. Biol Psychiatry 36:84-96

Bell ], De Veaugh-Geiss J (1994): Multi center trial of a 5-HT;
antagonist, ondansetron, in social phobia. Am Coll Neu-
ropsychopharmacol 33rd Annual Meeting, p 166

Bickerdike MJ, Marsden CA, Dourish CT, Fletcher A (1994):
CCK antagonist effects in the rat elevated zero-maze
model of anxiety: Influence of 5-HT re-uptake blockade.
Eur J Pharmacol 271:403-411

Boden PR, Woodruff GN, Pinnock RD (1991): Pharmacology
of a cholecystokinin receptor on 5-hydroxytryptamine
neurons in dorsal raphe of the rat. Br ] Pharmacol 102:
635-638

Bradwejn ], Koszycki D, Meterissian G (1990): Cholecystoki-
nin-tetrapeptide induced panic attacks in panic disor-
der. Can J Phychiatry 35:83-85

Bradwejn J, Koszycki D, Bourin M (1991a): Dose ranging
study of the effect of CCK-4 in healthy volunteers. ] Psy-
chiatr Neurosci 16(2):91-95



368 U.D.McCann et al.

Bradwejn J, Koszycki D, Payeur R (1991b): Enhanced sensi-
tivity to cholecystokinin-tetrapeptide in panic disorder:
Clinical and behavioural findings. Arch Gen Psychiatry
48:603-610

Charney DS, Heninger GR, Jatlow PI (1985): Increased anxio-
genic effects of caffeine in panic disorders. Arch Gen
Psychiatry 42(3):233-243

Chopin P, Briley M (1993): The benzodiazepine antagonist
flumazenil blocks the effects of CCK receptor agonists
and antagonists in the elevated plus-maze. Psychophar-
macology 110:409-414

Costall B, Domeney AM, Hughes J, Kelley ME, Naylor R]J,
Woodruff GN (1991): Anxiolytic effects of CCK-B antag-
onists. Neuropeptides 19 (Suppl):65-73

Crawley JN (1985): Comparative distribution of cholecystoki-
nin and other neuropeptides. Ann NY Acad Sci 448:1-8

Crawley JN (1988): Behavioral analyses of antagonists of the
peripheral and central effects of cholecystokinin. In Chole-
cystokinin Antagonists. New York, Alan R. Liss Inc, pp
243-262

De Montigny C (1989): Cholecystokinin tetrapeptide induces
panic-like attacks in healthy volunteers. Arch Gen Psy-
chiatry 46:511-517

Degli Uberti EC, Trasforini G, Margutti AR, Rotola CA,
Pansini R (1983): Effects of pentagastrin on adrenocorti-
cotropin hormone and thyroid-stimulating hormone
release in normal subjects. Horm Res 17:74-77

Derrien M, McCort-Tranchepain I, Ducos B, Roques BP,
Durieux C (1994): Heterogeneity of CCK-B receptors
involved in animal models of anxiety. Pharmacol Bio-
chem Behav 49:133-141

Dockray GJ (1976): Inmunochemical evidence of cholecysto-
kinin-like peptides in brain. Nature 264:568-570

Dockray GJ, Gregory RA, Hutchinson JB, Harris JI, Run-
swick MJ (1977): Isolation, structure and biological
activity of two cholecystokinin octapeptides from sheep
brain. Nature 270:359

Harro J, Pold M, Vasar E (1990): Anxiogenic-like action of
caerulein, a CCK-8 receptor antagonist in the mouse:
Influence of acute and subchronic diazepam treatment.
Naunyn-Schmiedeberg’s Arch Pharmacol 341:62-67

Harro J, Vasar E (1991): Evidence that CCKB receptors medi-
ate the regulation of exploratory behaviour in the rat.
Eur ] Pharmacol 193:379-381

Hartman BK, Faris PL, Kim S-W, Eckert ED, Raymond NC,
Meller WH (1995): Gastric afferent vagal hyperactivity
in the pathopsysiology of bulimia nervosa. Scientific
Abstracts from 1995 ACNP Annual meeting. San Juan,
Puerto Rico, p 287

Hendrie CA, Neill JC, Shephard JK, Dourish CT (1993): The
effects of CCK, and CCKj antagonists on activity in the
black/white exploration model of anxiety in mice. Psy-
chiatry Behav 54:689-693

Hesketh P], Murphy WK, Lester EP, Gandara D, Khojasteh
A, Tapazoglou E, Sartiano GP, White DR, Werner K,
Chubb JM (1989): GR 38032F (GR-C507/75): a novel
compound effective in the prevention of acute cisplatin-
induced emesis. ] Clin Oncol 7(6):700-705

Hughes J, Boden P, Costall B, Domeney A, Kelly E, Horwell
DC, Hunter C, Pinnock RD, Woodruff GN (1990):

NEUROPSYCHOPHARMACOLOGY 1997—VOL. 17, NO. 6

Development of a class of selective cholecystokinin type
B receptor antagonists having potent anxiolytic activity.
Proc Natl Acad Sci USA 87:6728-6732

Liebowitz MR, Gorman JM, Fyer AF, Levitt M, Dillon D,
Levy G, Appleby IL, Anderson S, Palif M, Davies SO,
Klein DF (1985): Lactate provocation of panic attacks. II.
Biochemical and physiological findings. Arch Gen Psy-
chiatry 42:709-719

Lydiard RB (1994): Neuropeptides and anxiety: Focus on
cholecystokinin. Clin Chem 40(2):315-318

McCann UD, Slate SO, Geraci M, Uhde TW (1995): Peptides
and anxiety: A dose response evaluation of pentagastrin
in healthy volunteers. Anxiety 1:258-267

McCann UD, Slate SO, Geraci M, Roscow-Terrill D, Uhde
TW (1997): A comparison of the effects of intravenous
pentagastrin in patients with social phobia, panic disor-
der, and healthy volunteers. Neuropsychopharmacol-
ogy 16(3):229~237

Metz A, Evoniuk G, De Veaugh-Geiss J (1994): Multicenter
trial of a 5-HT; antagonist, ondansetron, in panic disor-
der. Am Coll Neuropsychopharmacol 33rd Annual
Meeting, p 165

Moran TH, Schwartz GJ (1994): Neurobiology of cholecysto-
kinin. Crit Rev Neurobiol 9(1):1-28

Paudice P, Ratieri M (1991): Cholecystokinin release medi-
ated by 5-HT; receptors in rat cerebral cortex and
nucleus accumbens. Br J Pharmacol 25:411-414

Pirke KM, Kellner MB, Friess E, Krieg JC, Fichter MM (1994):
Satiety and cholecystokinin. Int J Eat Disord 15(1):63-69

Ravard S, Dourish CT (1991): Cholecystokinin and anxiety.
Trends Pharmacol Sci 11:271-273

Rex A, Fink H, Marsden CA (1994): Effects of BOC-CCK-4
and L 365,260 and cortical 5-HT release in guinea-pigs
on exposure to the elevated plus maze. Neuropharma-
cology 33:559-565

Roila F, Del Favero AD (1995): Ondansetron clinical pharma-
cokinetics. Clin Pharmacokinet 29(2):95-109

Schleyer B, Aarons C, Mannuzza S, Martin L, Fyer AJ (1990):
Schedule for Affective Disorders and Schizophrenia
Lifetime Version Modified for the Study of Anxiety Dis-
orders (updated for DSM-III-R). New York.

Singh L, Field M], Hughes ], Menzies R, Oles R], Vass CA,
Woodruff GN (1991): The behavioural properties of CI-
988, a selective cholecystokining receptor antagonist. Br
J Pharmacol 104:239-245

Spielberger CD, Gorsuch RW, Lushene RE (1970): State-Trait
Anxiety Inventory. Palo Alto, CA, Consulting Psycholo-
gists Press, Inc

Van Megen HJGM, Westenberg HGM, den Boer JA, Haigh
JRM, Traub M (1994): Pentagastrin induced panic
attacks: Enhanced sensitivity in panic disorder patients.
Psychopharmacology 114:449-455

Vanderhaeghen JJ, Lostra F, Vierendeels G, Gilles C,
Deschepper C, Verbanck P (1981): Cholecystokinins in
the central nervous system of neurohypophysis. Pep-
tides 2:81-88

Vasar E, Peuranen E, Oopik T, Harro J, Mannisto PT (1993):
Ondansetron, an antagonist of 5-HT; receptors, antago-
nizes the anti-exploratory effect of caerulein, an agonist



NEUROPSYCHOPHARMACOLOGY 1997-VOL. 17, NO. 6 Ondansetron and Pentagastrin-Induced Anxiety 369

of CCK receptors, in the elevated plus-maze. Psycho- (1988): Carbon dioxide-induced anxiety: Behavioral,
pharmacology 110:213-218 physiologic, and biochemical effects of carbon dioxide

. . . in patients with panic disorders and healthy volunteers.
Vasar E, Lang A, Har‘ro‘ J, Bourin M, Bradwg]n J (1994): Evi- Ar}c)h Gen PsychiPe,\try 45:43-5) y
dence for potentiation by CCK antagonists of the effect )
of cholecystokinin octapeptide in the elevated plus- Woolson RF (1987): Comparing more than two groups of

maze. Neuropharmacology 33:729-735 observations: Analysis of variance for comparing groups.

In Woolson RF (ed), Statistical Methods for the Analysis

Woods SW, Goodman WK, Charney DS (1986): NE Hyperac- of Biomedical Data. New York, John Wiley and Sons, pp
tivity Associated with Yohimbine Panic. Washington, 314-363

DC, American Psychiatric Association Zung WWK (1971): A rating instrument for anxiety disorders.

Woods SW, Charney DS, Goodman WK, Heninger GR Psychosomatics 12:371-379



