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Dose Response of Arginine Vasopressin to the
CCK-B Agonist Pentagastrin

James L. Abelson, M.D., Ph.D., Jean-Michel Le Mellédo, M.D., and Daniel G. Bichet, M.D., FRCPC

Cholecystokinin (CCK) is a peptide neurotransmitter that
modulates hypothalamic-pituitary-adrenal (HPA) axis
activity and may be involved in fear or anxiety states.
Arginine vasopressin (AVP) also modulates HPA axis
activity and may play a role in fear conditioning. Few
human studies have examined interactions between CCK
and AV P systems. To explore relationships between CCK-B
receptor activation, the HPA axis response, and AVP
release, a dose-response study using the CCK-B receptor
agonist pentagastrin was conducted. Adrenocorticotropin
(ACTH) and cortisol results have been previously reported
and AVP data is presented here. Thirty-five healthy
subjects were randomly assigned to receive placebo, or 0.2,
0.4, 0.6, or 0.8 ug/kg doses of pentagastrin. AVP release
appeared to increase with increasing doses of the CCK-B

agonist. However, this may have been due to a greater
percentage of subjects releasing AV P in the higher dose
groups, rather than a direct effect of dose on magnitude of
response. AVP and ACTH responses were correlated, but
AVP response alone could not account for the magnitude of
the ACTH response. AVP release was significantly
correlated with anxiety symptom responses. These findings
suggest a possible role for the CCK-B receptor in AVP
release, which may be at least partially separate from its role
in modulation of the HPA axis. Further work is needed to
determine whether these are physiologically meaningful
interactions and to determine their functional implications.
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Cholecystokinin (CCK) is a peptide neurotransmitter that
is widely distributed in brain areas involved with cogni-
tive or emotional aspects of behavior, such as prefrontal
cortex, cingulate, hippocampus, amygdala, and the locus
coeruleus (Lindefors et al. 1993; Saito et al. 1980). Some
evidence suggests it may modulate stress responsiveness,
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functioning as a neuromodulator of the hypothalamic-
pituitary-adrenal (HPA) axis (Abelson and Liberzon
1999). CCK-B agonists, such as pentagastrin, activate the
HPA axis in humans, stimulating release of adrenocorti-
cotropin (ACTH) and cortisol (Abelson and Liberzon
1999; Abelson et al. 1994; de Montigny 1989; Degli Uberti
et al. 1983; Spath-Schwalbe et al. 1988).

Levels of CCK and corticotropin-releasing hormone
(CRH) were found to be correlated in human cere-
brospinal fluid, suggesting that central regulation of
these two neuropeptides may be linked in humans; and
this linkage may be tighter under conditions of stress
(Geracioti et al. 1999). Animal work also demonstrates
substantial interaction between CCK and the HPA axis.
The axis is directly sensitive to CCK activation (Kami-
laris et al. 1992; Matsumura et al. 1983; Mezey et al.
1986; Reisine and Jensen 1986); and CCK peptide is co-
localized with other HPA axis secretagogues (Kiss et al.
1984; Larsson and Rehfeld 1981; Mezey et al. 1986; Mill-
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ington et al. 1992; Rehfeld 1978; Rehfeld and Larsson
1981; Rehfeld et al. 1987; Vanderhaeghen et al. 1985).
Central CCK systems are stress and glucocorticoid sen-
sitive (Mezey et al. 1986; Siegel et al. 1987); and periph-
eral CCK can regulate activity in central components of
the HPA axis (Chen et al. 1993).

Though CCK-HPA axis interactions are well estab-
lished, the mechanisms by which they interact remain
uncertain. Central regulation of the HPA axis is exerted
primarily through corticotropin-releasing hormone
(CRH), arginine vasopressin (AVP), and negative gluco-
corticoid inhibition (Aguilera 1994). Animal work sug-
gests that both CRH (Bir6 et al. 1993; Kamilaris et al. 1992)
and AVP (Bondy et al. 1989; DeBold et al. 1984; Mezey et
al. 1986; Verbalis et al. 1987) could mediate CCK effects
on the HPA axis. However, due to substantial cross spe-
cies variation in CCK function (Hinks et al. 1995; Wood-
ruff et al. 1991), human studies will be needed to clarify
these mechanisms in humans. CCK-induced release of
ACTH differs from that seen with human CRH in its ra-
pidity, brevity, and relative resistance to cortisol feedback
inhibition (Abelson and Liberzon 1999; DeCherney et al.
1985; Hermus et al. 1984; Schiirmeyer et al. 1984), raising
questions about the role of CRH as mediator of the hu-
man HPA response to CCK agonism. A very rapid and
robust release of AVP is seen in humans after CCK ago-
nist injection (Le Mellédo et al. 1997; Miaskiewicz et al.
1989), supporting its potential role as mediator of CCK
activation of the HPA axis. No human studies to date
have simultaneously examined both ACTH and AVP
responses to CCK receptor agonists.

Functional interactions between CCK, AVP, and the
HPA axis could be important to our understanding of a
number of clinical conditions. The CCK-B receptor is
thought to play a role in anxiety states (Bradwejn and
Koszycki 1994; Harro et al. 1993) and CCK-B agonists
reliably elicit panic attacks in the laboratory (Abelson
and Nesse 1994; Bradwejn et al. 1991; de Montigny
1989). Panic patients show subtle abnormalities in HPA
axis activity (Abelson and Curtis 1996), similar to those
seen in patients with depression (Linkowski et al. 1985).
Recent work suggests that HPA axis dysregulation in
depression may be associated with a shift towards in-
creased vasopressinergic control of the axis (Dinan et al.
1999; Holsboer and Barden 1996). Abnormalities in
AVP levels or receptor activity have been detected in
depression (Purba et al. 1996; van Londen et al. 1997)
and obsessive-compulsive disorder (Altemus et al.
1992), but have not yet been studied in other anxiety
disorders. Evidence that AVP may play a role in condi-
tioned fear (Stoehr et al. 1993), avoidance learning (In-
sel et al. 1999), and novelty sensitivity (Ehrenreich et al.
1996) suggests a possible relevance to phobic behavior
and panic. An AVP antagonist has shown some anxi-
olytic activity in an animal model (Liebsch et al. 1996).

Given the pharmacological and neuroanatomical
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links, and potential relevance to mood and anxiety dis-
orders, further exploration of interactions between
CCK, AVP, and the HPA axis are warranted. We have
recently demonstrated in human subjects that the CCK-
B agonist pentagastrin releases ACTH and cortisol in a
dose-dependent fashion (Abelson and Liberzon 1999).
We have also shown that another CCK-B agonist (CCK-
4) can release AVP in humans (Le Mellédo et al. in
press). To determine whether pentagastrin stimulates
AVP release in a dose-dependent fashion and whether
AVP participates in the ACTH response to pentagas-
trin, we have now also examined plasma AVP re-
sponses following varying doses of intravenous penta-
gastrin.

METHODS
Subjects

As previously described (Abelson and Liberzon 1999),
subjects were 19 female and 16 male healthy adults,
with a mean age of 26.3 £ 7.7 years (range, 1845
years). They were recruited through newspaper adver-
tising, screened using the Structured Clinical Interview
for DSM-1V (SCID) to insure the absence of psychiatric
disorders, and paid $100 for their participation. An ab-
breviated Family Informant Schedule and Criteria in-
terview (Mannuzza et al. 1985) was used to exclude
those with affective or anxiety disorders in first degree
relatives. Subjects had no recent (three months) serious
medical illness, no history of alcohol or drug depen-
dence, and no recent (six months) drug or alcohol
abuse. They did not smoke more than 20 cigarettes per
day or drink more than four cans of beer (or the equiva-
lent) per week in the past 6 months. They were within
—10% and +25% of ideal body weight, had a negative
urine drug screen, and had normal screening laboratory
tests (blood counts, electrolytes, glucose, liver and renal
functions). Female subjects were pre-menopausal, were
not taking birth control pills, and were studied within
the first 10 days after the onset of menstruation (to pre-
clude the possibility of pregnancy and control for ef-
fects of menstrual cycle on the HPA axis). All subjects
provided written informed consent.

Procedures

Subjects were assigned (by constrained random assign-
ment to give approximately equal age and gender dis-
tributions in each group) to a placebo group or one of
four dose groups (0.2, 0.4, 0.6, and 0.8 ng/kg). The se-
lection of doses was based on the study’s primary focus
on ACTH and cortisol (Abelson and Liberzon 1999).
Subjects and nursing staff were blind to group assign-
ment. The experiment was conducted in a General Clin-
ical Research Center (GCRC), where subjects were ad-
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mitted at 1:00 p.m. An intravenous catheter was
inserted into a forearm or antecubital vein and kept
open with a normal saline drip. Subjects rested comfort-
ably in bed, following IV insertion, for a 2-hour accom-
modation period. Baseline blood samples were obtained
at 3:00 p.m. and 3:28 p.m. Pentagastrin (Wyeth-Ayerst
Laboratories, Philadelphia, PA), in a saline vehicle of
less than 5 ml, was injected via the IV at 3:30 p.m. over
10 to 15 seconds. Additional blood samples were ob-
tained at 3, 5, 10, 20, 30, 45, and 60 minutes after the in-
jection. Samples were drawn into heparinized vacu-
tainer tubes and were immediately placed on ice. They
were spun (10 minutes at 3000 rpm) in a refrigerated
centrifuge within 30 minutes and plasma was immedi-
ately separated and frozen at —70°.

Measures and Assays

Physical and emotional symptoms were recorded, at
the time of each blood sample, using a previously de-
scribed (Abelson and Nesse 1994) version of the Acute
Panic Inventory (Dillon et al. 1987) and visual analog
scales (VAS). The modified API provides self-report rat-
ings on a 4 point scale (none, mild, moderate, severe) of
subjective and somatic symptoms of panic attacks as
listed in DSM-IV. We used total symptom intensity
(sum of individual symptom ratings) as our primary
dependent variable from the API. For the VAS scales
subjects rate themselves on 10 feeling states by marking
a line on a 100-mm visual analog scale ranging from
“not at all” to “most ever”. A composite measure of
anxious distress was calculated by summing the VAS
measurements for “anxious”, “nervous”, and “fearful”,
and subtracting the measure for “calm”.

Heart rate (HR), systolic blood pressure (SBP), and
diastolic blood pressure (DBP) were measured using an
AirShields automated monitor, as previously described
(Abelson and Liberzon 1999).

Vasopressin was measured, in a subset of the sam-
ples drawn (baseline and 3, 5, 10, 20, and 45 minutes af-
ter pentagastrin), using a radio-immunoassay devel-
oped in Dr. Bichet’s laboratory (Bichet et al. 1986).
Plasma samples were extracted with the petrol-ether
method, evaporated to dryness and reconstituted in 750
wL of buffer. Duplicate tests were conducted on 200 wL
of reconstituted sample. The assay sensitivity was 0.1
pg/tube (0.5 pg/mL) with a 50% displacement of the
tracer (iodinated-AVP from Amersham) obtained for
1.2 pg/tube. The antiserum (AS-2849) was used at a fi-
nal dilution of 1/2.5 X 10° The standard curve in-
cluded six Bo and 10 concentrations in triplicates. Intra-
and inter-assay coefficients of variation for AVP plasma
concentrations between 2 and 5 pg/mL were less than
10%. Non-specific binding (with the charcoal separa-
tion method) was less than 3%. Cold vasopressin was
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added to plasma from patients with central diabetes in-
sipidus to calculate recoveries (done with every assay).

Analyses

AVP data were log-transformed prior to analysis. The
primary test of dose group effects used an integrated
response measure, calculated for each subject by deter-
mining the area under the post-injection curve (using
trapezoidal approximation) and subtracting the area
under the pre-injection curve (multiplied by a constant
to approximate the same time duration as the post-
injection curve). One-way analysis of variance (ANOVA)
was used to determine whether the dose groups dif-
fered on this response measure and Fisher’s PLSD post-
hoc tests were used to specifically locate the groups that
differed when the group main effect was significant. A
follow-up repeated-measures ANOVA, with dose
group as a between subject variable and time (two pre-
injection and five post-injection measures) as a within
subjects variable, was used to allow detection of dose
group differences in pattern of response to pentagas-
trin, reflected in a group-by-time interaction in this
analysis. Relationships among AVP release, ACTH/
cortisol release, and dose were examined using Pearson
product-moment correlations and multiple or step-wise
regression analyses. Peak response or post-pentagastrin
peak levels of hormone were used in these analyses.
Pearson product-moment correlations were also used
for exploratory assessment of relationships between
hormonal and symptom/emotional responses. Symp-
tom responses were calculated as the difference be-
tween the 3-minute post-injection rating (maximal
symptom point for all subjects) and the mean baseline.

RESULTS

As previously reported (Abelson and Liberzon 1999),
the five dose groups did not differ significantly in mean
age, sex distribution, height, weight, and scores on psy-
chological screening inventories (p > .22 for all tests).
They also did not differ in basal AVP levels (F = 0.96, df
= 4, 30, p = .44). There were no differences between
males and females in AVP levels, examining basal,
peak, and response measures (p > .42 for all tests).

An impact of pentagastrin dose on AVP release is
readily apparent in the net integrated response data
(raw data, prior to log transformation, are presented in
Figure 1). One-way ANOVA showed a significant main
effect of group (F = 3.39, df = 4, 30, p = .02). Fisher’s
PLSD post-hoc tests showed that the highest dose group
(0.8 ng/kg) differed significantly (p = .01) from the pla-
cebo group and the two highest dose groups (0.6 and 0.8
ng/kg) both differed significantly from the lowest dose
group (0.2 pg/kg, p = .03 and .004, respectively). Exam-
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ination of individual subject data for each dose group
(included in Figure 1) suggests that the dose effect is due
to an “on-off” or threshold effect in which increased
numbers of subjects release AVP at higher doses, with-
out a clear-cut dose effect on magnitude of the response.
The timing of the AVP response can be seen in the
group by time data presented in Figure 2. The dose ef-
fect was confirmed by repeated measures ANOVA us-
ing these data, with a highly significant group-by-time
interaction (F = 3.99, df = 24, 180, p < .0001) and a
nearly significant main effect of dose group (F = 2.55,
df = 4, 30, p = .059). A significant main effect of time (F =
14.17, df = 6, 180, p < .0001) reflects the robust release
of AVP following pentagastrin in some subjects. In all
subjects who respond (individual data not shown), the
AVP peak is seen in the +3 minute sample and returns
to baseline by 20 minutes after injection.
Cardiovascular and symptom responses have been
previously reported (Abelson and Liberzon 1999).
Briefly summarized, pentagastrin produced significant
rises in HR and BP that were not clearly dose-depen-
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dent. It also produced significant increases in panic at-
tack symptoms, symptom intensity, and anxious dis-
tress. Symptom responses were higher in the 3 highest
dose groups, which did not differ significantly from
each other.

AVP response was significantly related to both
ACTH and cortisol responses (r = 0.55, p = .0008; and r =
0.54, p = .0009, respectively, n = 35), but accounted for
only 30% and 29% of the variance (r?) in these re-
sponses. The AVP response was also significantly re-
lated to dose of pentagastrin (r = 0.50, p = .002, n = 35),
panic symptom intensity response (r = 0.57, p = .0003,
n = 35), and increase in anxious distress (r = 0.38, p =
.03, n = 35). Since symptom responses were also related
to dose, these variables were also analyzed in a multi-
ple regression. Dose, anxious distress, and symptom in-
tensity together accounted for 40% of the variance in
AVP response (multiple r = 0.63, p = .001, n = 35), but
only panic symptom response was a significant, inde-
pendent predictor (p < .02 for panic symptom intensity,
p = .17 for anxious distress, and p = .27 for dose).
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Figure 1. Net vasopressin (AVP) responses (calculated as area under the curve, AUC) to placebo or four different doses of
pentagastrin in separate groups of healthy control subjects (1 = 7 per group). Group means are indicated by solid lines. Indi-

vidual subject data are presented in squares.
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The significant relationship between symptoms and
AVP response, which appears independent of dose ef-
fects, contrasts with previously reported ACTH and
cortisol data. Panic symptom intensity did predict
ACTH and cortisol responses to pentagastrin (r = 0.49,
p = .004; and r = 0.50, p = .002, respectively, n = 35),
but this relationship disappeared when controlled for
dose (Abelson and Liberzon 1999). When symptom re-
sponse and ACTH response were entered into a multi-
ple regression with AVP response as the dependent
variable, the two predictors accounted for 41% of the
variance in AVP response (multiple r = 0.64, p = .0003,
n = 34) and both had independent predictive power (p =
.02 and .03, respectively).

To further explore the role of AVP as a potential me-
diator of the ACTH response to the CCK-B agonist, a
step-wise regression was performed with ACTH re-
sponse as the dependent variable. Since ACTH re-
sponse was strongly related to dose, this was entered
first and the AVP and symptom responses were added
to assess their additional predictive power. Both dose
and AVP entered the model, making significant, inde-
pendent contributions to the ACTH response (p <
.0001). Symptom response did not contribute any addi-
tional predictive power. Finally, we calculated the de-
gree of overlap between those subjects mounting an
AVP response and those mounting an ACTH response.
We defined AVP “responders” as subjects with a post-
pentagastrin AVP peak of greater than 5 pg/ml and
ACTH “responders” as subjects with at least a 25 pg/
ml rise in ACTH from baseline to post-pentagastrin
peak. Six of the seven subjects with an AVP response
also had an ACTH response (86%). However, eight of
14 subjects with ACTH responses did not have an AVP
response (57%) and six of these did not have measur-
able plasma levels of AVP at any point.

There were no significant relationships between
AVP response to pentagastrin and HR, SBP, or DBP re-
sponses (p = .42, .10, and .64, respectively). The major-
ity of subjects who had heart rate responses to penta-
gastrin (at least 5 beat per minute increase from
baseline) did not have measurable plasma levels of
AVP at any point (13 of 21 subjects). Most of the sub-
jects who did not have AVP responses did have either a
HR or ACTH response (20 of 28).

There was a low, but significant relationship be-
tween peak AVP levels following pentagastrin and gas-
trointestinal (nausea/upset stomach) symptom inten-
sity ratings (r = 0.36, p = .04, n = 35). Those subjects
with AVP peaks greater than 5 pg/ml (n = 7) tended to
have higher ratings of gastrointestinal symptoms (t =
1.88, p = .07, df = 33) than those with lower AVP peaks.
This relationship was not unique to gastrointestinal
symptoms, as respiratory (short of breath/smothering,
r = 0.53, p = .001), autonomic (trembling/sweating, r =
0.37, p = .03), temperature (r = 0.37, p = .03), cardiac
(heart racing/chest discomfort, r = 0.41, p = .01), and
cognitive (fear of dying/going crazy/losing control, r =
0.44, p = .009) symptoms were also related to AVP lev-
els (n = 35 for all). The AVP responders had signifi-
cantly higher ratings of respiratory distress (t = 3.3, p =
.002, df = 33) and cognitive fear symptoms (t = 2.4, p =
.02, df = 33) than did AVP non-responders.

DISCUSSION

These data document that a specific CCK-B receptor ag-
onist elicits robust AVP secretion in some subjects. This
release appears dose-related, though the data do not
clearly indicate whether the magnitude of the AVP re-
sponse is indeed a function of pentagastrin dose. There
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may be individual variation in threshold for AVP re-
lease, with higher doses surpassing a release threshold
in more subjects, but not necessarily eliciting larger re-
sponses. However, further work with larger groups
and higher doses is needed to fully characterize the
dose-response relationship. We do not know whether
the highest dose used in this study was able to elicit
maximal AVP responses from all subjects capable of re-
sponding. The effect of pentagastrin dose on AVP re-
lease may appear different if a broader dose range is
utilized.

Though further work is needed to more fully charac-
terize the dose-response curve, these data do suggest a
pharmacological relationship between CCK receptor
activation and AVP release, which is consistent with
prior work in this area. In vitro studies have shown that
rat neural lobe neurons contain high affinity CCK bind-
ing sites and that activation of these sites releases AVP
(Bondy et al. 1989). In intact rats, intracerebroventricu-
lar administration of CCK-8 increases plasma levels of
AVP (Morawska-Barszczewska et al. 1996). In primates,
peripheral administration of CCK-8 increases plasma
levels of AVP (Verbalis et al. 1987). In humans, both
CCK-8 and CCK-4 have been shown to increase plasma
AVP levels (Calogero et al. 1993; Le Mellédo et al. in
press; Miaskiewicz et al. 1989).

The mechanisms of CCK - AVP interactions remain
uncertain. One direct mechanism by which CCK-B ago-
nism could release AVP would be via CCK-B receptors
in the posterior pituitary. Both CCK immunoreactivity
and CCK binding sites are found in the posterior pitu-
itary (Beinfeld 1983; Woodruff et al. 1991), which is ac-
cessible to peripherally administered pentagastrin. As
noted above, in vitro work has shown that high affinity
CCK binding sites in the posterior pituitary, most likely
of the CCK-B subtype, potently trigger AVP release
when activated (Bondy et al. 1989). Hypothalamic
CCK-B-receptor mediated effects, via receptors in su-
praoptic or paraventricular nuclei (Beinfeld 1983), are
also possible, but the extent to which pentagastrin can
penetrate the blood-brain barrier is uncertain. A differ-
ent central site of action has been proposed for intrave-
nous CCK-4 (Bradwejn et al. 1994), which differs from
pentagastrin by only one amino acid — in brainstem re-
gions that contain CCK pathways and are not fully pro-
tected by the blood-brain barrier (e.g., nucleus tractus
solitarius). Centrally mediated release would likely re-
quire hypothalamic activation and either neuronal
stimulation of AVP release from the posterior pituitary
or AVP release from the median eminence into the por-
tal circulation. If the latter pathway were active we
would expect a tighter relationship between AVP and
ACTH levels, since portal AVP plays an active role in
ACTH release from the anterior pituitary. This relation-
ship, however, was fairly weak in our data. Further
studies will be needed to determine whether pentagas-
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trin can in fact reach central sites and effect AVP release
via central mechanisms. At present, a pituitary level ef-
fect appears more likely.

Nausea is a potential mediating mechanism, since
CCK agonists can induce nausea and AVP release may
be associated with activation of central pathways that
mediate nausea (Verbalis et al. 1987). We did find a
small, but significant correlation between post-penta-
gastrin AVP levels and ratings of gastrointestinal dis-
tress. However, we also found a more general relation-
ship between subjective symptom reports and AVP
levels. Respiratory distress and cognitive anxiety rat-
ings in fact provided stronger predictors of AVP levels
than nausea. This suggests the hypothesis that general
distress generated by a variety of physical symptoms,
and not specific to nausea, may be linked to AVP re-
lease.

Our data do not support AVP as the primary media-
tor of the ACTH response to pentagastrin. We did find
a significant relationship between post-pentagastrin
AVP levels and ACTH response, but the relationship
was not particularly strong and accounted for a small
percentage of the variance in ACTH response. There
were a substantial number of subjects who had clear
ACTH responses without measurable plasma levels of
AVP. Caution in needed, however, in extrapolating
from peripherally measured hormone levels to activity
at critical, more central site(s) of action. We can only de-
finitively conclude that sufficient AVP release to pro-
duce measurable levels in the peripheral circulation
does not appear necessary to elicit a strong ACTH re-
sponse to a CCK-B agonist.

As noted above, it is not likely that the AVP mea-
sured in this study came primarily from the portal cir-
culation. The median eminence/portal pool of AVP is
directly linked to ACTH release (Hensen et al. 1988),
and if this were the source of AVP in our subjects we
would expect a much tighter link to ACTH levels. Pos-
terior pituitary AVP is released into the peripheral cir-
culation and comprises a separate pool, which probably
does not directly influence ACTH release. Much higher
levels of peripherally measured AVP are usually
needed before an AVP-mediated ACTH response is
elicited (Hensen et al. 1988). If the posterior pituitary
was the source of the AVP response to pentagastrin in
our subjects, then the weak relationship with ACTH re-
lease that we did detect could be explained by the pres-
ence of CCK-B receptors, with similar sensitivities, in
both the anterior and posterior pituitary. However, it is
also conceivable that even low levels of AVP reaching
the anterior pituitary via the peripheral circulation
could have a modulatory effect on CRH-mediated
ACTH release, for example, by shortening the latency
to response (Born et al. 1995; Kellner et al. 1995; Le
Mellédo et al. in press). The rapidity of the ACTH re-
sponse to pentagastrin does differentiate it from the
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ACTH response to exogenous CRH (Abelson and
Liberzon 1999). The time frame of the AVP response to
pentagastrin, peaking at 3 minutes in this and a prior
study (Le Mellédo et al. in press), is consistent with an
influence on the timing of the ACTH response, which
peaks at 6 minutes (Abelson and Liberzon 1999). Fur-
ther work is needed to clarify more precisely the exact
relationships between CCK, AVP, and ACTH release.

Though our data support a dose effect on release of
AVP in response to pentagastrin, they also suggest that
individuals may vary in their dose threshold for releas-
ing AVP after CCK-B receptor activation. Individual
variability in threshold for AVP release did not appear
to be a function of general CCK-B receptor sensitivity in
our subjects. If this were the case, those subjects who
did not respond to pentagastrin with AVP release
should also have had reduced responses in other sys-
tems. They did not, as the majority of subjects who
were not AVP responders had preserved cardiac or
ACTH responses to the agonist. Interestingly, AVP “re-
sponders” did show higher levels of respiratory dis-
tress and cognitive anxiety, whereas these variables
were not as robustly linked to ACTH or cardiac re-
sponses. Further work, using within subject designs
and including higher doses of pentagastrin, will be
needed to test the threshold hypothesis and determine
whether threshold for AVP response to CCK agonists is
a stable, trait characteristic of human subjects. If it is,
further exploration of phenotypic correlates and biolog-
ical determinants could prove fruitful. Vulnerability to
anxious distress may be one phenotypic correlate that
merits further study.

Current data show a consistent relationship between
peak AVP levels following pentagastrin and measures
of subjective symptom intensity across multiple physio-
logical systems, including cognitive symptoms of panic
anxiety. The post-hoc nature of this finding suggests
caution and a need for replication, but given prior diffi-
culty establishing reliable links between peripheral en-
docrine measures and subjective behavioral or emo-
tional states, follow-up is important. There is strong
neuroanatomical, physiological, and behavioral evi-
dence that AVP may mediate behavioral and emotional
aspects of anxiety and stress (Davis 1998; de Wied et al.
1993; LeDoux 1998; Liebsch et al. 1996). Central AVP re-
lease may in fact provide one mechanism through
which an emotional stressor can modulate HPA axis ac-
tivity (Wotjak et al. 1996). However, in this study we
were likely detecting peripheral, not central, AVP re-
lease. The link between peripherally measured AVP
levels and anxiety symptoms could reflect simulta-
neous co-activation of CCK-B receptors at peripheral
sites (e.g., posterior pituitary) and unprotected central
sites (e.g., nucleus tractus solitarius). It is also conceiv-
able that non-specific “stress” effects of the experimen-
tal paradigm and experience could produce hypotha-
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lamic neuronal activity that contributes both to
symptom production and priming of neurohypophy-
seal AVP neurons in a way that sensitizes them to acti-
vation. Alternatively, it is possible that peripherally re-
leased AVP is actively transported into the brain where
it has behavioral effects.

Further work is needed to verify whether AVP re-
lease is in fact linked to emotional and behavioral re-
sponses and to determine the nature and functional
meaning of any such linkage. Follow-up work needs to
move beyond correlation analyses, to test specific hy-
potheses using more direct manipulations of cognitive
and emotional responding to specific stressors and
pharmacological challenges. A simple cognitive manip-
ulation, for example, has been shown to alter HPA axis
activity in a laboratory model of panic, in both panic
patients and control subjects (Abelson et al. 1996). The
current findings suggest the hypothesis that AVP may
be even more sensitive to such manipulations than
ACTH and cortisol.
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