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Abstract
The hypothesis that vasopressin (VP) becomes the main mediator of pituitary corticotroph
responsiveness during chronic hypothalamic pituitary adrenal (HPA) activation, was tested by
examining the effect of pharmacologic VP receptor blockade on the ACTH and corticosterone
responses of 14-day repeatedly restrained rats. In spite of the increased vasopressinergic activity,
repeatedly restrained rats showed lower ACTH and corticosterone responses to 10 min white noise
compared with handled controls. These responses were unchanged by the non-peptide selective V1b
receptor antagonist, SSR149415, i.v., 1h before noise application. In contrast to noise stress, plasma
ACTH responses to i.p. hypertonic saline injection were enhanced in the repeatedly restrained rats
compared with handled controls but responses were also unaffected by SSR149415 administered
orally, daily 1 h before restraint. Since SSR149415 effectiveness was low, we used minipump
infusion of the peptide V1 receptor antagonist, dGly[Phaa1,D-Tyr(et), Lys, Arg]VP (V1-Ant) for 14
days, which effectively blocked ACTH responses to exogenous VP. Chronic V1-Ant infusion
reduced plasma ACTH responses to i.p. hypertonic saline in handled controls but not in repeatedly
restrained rats. These data suggest that the increased vasopressinergic activity characteristic of
chronic stress plays roles other than mediating the hypersensitivity of the HPA axis to a novel stress.
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INTRODUCTION
The nonapeptide vasopressin (VP), well known for its antidiuretic and vasopressor actions in
the periphery, is also a recognized regulator of pituitary corticotroph function 1-3. While VP
secreted into the peripheral circulation from hypothalamic magnocellular paraventricular
(PVN) and supraoptic (SON) neuronal terminals in the neural pituitary lobe is responsible for
the antidiuretic effects of the peptide, VP released from parvocellular neurons secreted into the

*This work was supported by the Intramural Research Program of the National Institute of Child Health and Human Development, NIH.
Corresponding author: Greti Aguilera, MD Section on Endocrine Physiology Developmental Endocrinology Branch, NICHD, NIH, CRC,
Rm 1E-3330 10 Center Drive Bethesda, MD 20892 Phone: 301 496 6964 Fax: 301 402 6163 E-mail: Greti_Aguilera@nih.gov.

NIH Public Access
Author Manuscript
Ann N Y Acad Sci. Author manuscript; available in PMC 2009 January 6.

Published in final edited form as:
Ann N Y Acad Sci. 2008 December ; 1148: 349–359. doi:10.1196/annals.1410.037.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pituitary portal circulation stimulates ACTH secretion2. In contrast to magnocellular
vasopressin, which is stimulated by osmotic stimulation, parvocellular VP levels respond to
stress and changes in plasma glucocorticoid levels but not to osmotic changes 4. Although
there is evidence suggesting that magnocellular VP can stimulate ACTH secretion under acute
osmotic stimulation conditions 1,2,5, prolonged activation of magnocellular VP inhibits rather
than stimulates the HPA axis 2,5-8.

In humans and rodents, VP alone is a weak stimulus of ACTH secretion. However, by
synergizing with the stimulatory effect of CRH, VP is believed to contribute to the maintenance
of corticotroph responsiveness despite the elevated glucocorticoid levels during chronic
stress2,9,10. A number of studies have shown that inhibition of vasopressinergic activity by
the use of VP antibodies or receptor antagonists can decrease ACTH and corticosterone
responses to acute stress. In support of a role for VP in HPA axis responses to stress are reports
showing rapid release of VP from parvocellular terminals in the median eminence and
upregulation of VP receptor binding and mRNA levels in the pituitary following stress 11,
12. Even more compelling are the marked and sustained increases in VP expression in
parvocellular neurons of the PVN during prolonged stimulation of the HPA axis in conditions
such as chronic stress and adrenalectomy 11-16. In several chronic stress conditions the
increases in CRH expression are transient either returning to basal levels or even being inhibited
1,13 with the repeated homotypic stress. Similar to the changes in VP expression, upregulation
of V1b receptor content in the pituitary during chronic stress is usually accompanied by CRH
receptor downregulation 1,11-18. This predominant increase in vasopressinergic activity
during chronic stress has lead to the hypothesis that during chronic stimulation of the HPA
axis, mediation of pituitary ACTH regulation switches from CRH to VP. However, studies
using genetic models of VP or V1b R deficiency do not fully support this view. For example,
the VP deficient, Brattleboro rat shows normal responses to acute stress and only a transient
reduction in ACTH responses during repeated restraint 19. Studies in V1b receptor knock out
mice have shown reduced responses to some stressors such as lipopolysaccharide and ethanol
administration, insulin hypoglycemia 20,21, and swim stress 22, but normal basal ACTH levels
and responses to restraint 21. Though this evidence suggests that VP contributes to the ACTH
responses in some acute stress paradigms, the role of VP mediating the changes in
responsiveness of the HPA axis during chronic stress is unknown.

A selective V1b receptor antagonist, SSR149415, has been recently developed 23. This
compound, which is non-peptide in structure and orally active has been shown to effectively
block VP-induced ACTH secretion offers an excellent resource to study the relative
participation of VP on HPA axis regulation during chronic stress. The availability of
SSR149415 encouraged us to examine its effect on plasma ACTH and corticosterone responses
to a novel stress in chronically stressed rats and handled controls. Since the experiments using
the selective V1b receptor antagonist failed to yield conclusive results, we extended the study
and employed chronic minipump infusion of the peptide non-selective V1 receptor antagonist,
dGly[Phaa1,D-tyr(et), Lys, Arg]VP, recently shown to prevent the elevation of plasma ACTH
and corticosterone following VP injection 24. The results suggest that VP contributes to the
acute stress response, but it does not mediate the hypersensitivity of the HPA axis to a novel
stress typically found in chronically stressed animals.

MATERIALS AND METHODS
Animals and in vivo procedures

Adult male Sprague Dawley rats weighing 250−300g were housed 3 per cage with a 14−10 h
light-dark cycle with food and water available ad libitum, for at least 5 days prior to the study.
All procedures were performed according to the NIH guidelines, and experimental protocols
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were approved by the NICHD Animal Care and Use Committee and the UK Home Office
Animal Inspectorate.

Experiment I Effect of a single administration of SSR149415
Rats were initially divided in 2 groups of 14 rats; one was subjected to repeated restraint for
14 days (1h daily beginning at 9−10 AM), by placing them in plastic cylinders (2.5 × 8 inches),
and a control group subjected to daily handling. Three days before study, rats were
anaesthetized, the right jugular vein was exposed and a silastic-tipped polythene cannula (i.d.
0.58 mm, Portex, Hythe, UK) filled with 10 U/ml heparinized isotonic saline was inserted into
the vessel. The free end of the cannula was exteriorized through a scalp incision and then
tunneled through a protective spring attached to a mechanical swivel. For collection of blood
samples animals were attached to an automated blood sampling system, as previously described
25. The collection of 60 μl samples for the measurement of corticosterone and ACTH
commenced at 08.00 h on the day of study (day 15) and continued every 10 min for 3 h. At
8AM, one half of the rats in each group received an i.v. injection of the non-peptide V1b
receptor antagonist SSR149415, (3 mg/kg), and one h later a white noise generator was
activated and rats exposed to 114 dB for 10 min 25. The other half of the rats received an
injection of vehicle (5% DMSO, 5% Cremophor, 90% saline) at 8AM.

Experiment II. Effect of chronic administration of SSR149415
Effect of chronic administration of SSR149415 To determine the effect of chronic
administration of the V1b receptor antagonist on stress responsiveness, groups of rats subjected
to daily handling or repeated restraint for 14 days received daily doses of SSR149415, 30 mg/
kg, mixed in peanut butter, or peanut butter alone one h prior to restraint. On the day of the
experiment (day 15) rats were killed by decapitation at 0, 15 or 30 min after receiving an i.p.
injection of hypertonic saline (1.5 N NaCl, 1.5 ml/100g), a painful stress model (xx), or the
same volume of normal saline (controls). Groups receiving chronic SSR149415 were given an
i.p injection of 10 mg SSR149415 dissolved in 5% DMSO, 5% Cremophor and 90% saline,
1h before the i.p. saline injection. Trunk blood was collected in 50 ml polypropylene tubes
containing 5 mg EDTA for ACTH and corticosterone measurements.

Experiment III. Effect of chronic administration of a peptide V1 antagonist
Rats were divided into 4 experimental groups: handled controls; handled controls plus VP V1
antagonist; repeated restraint, 1h/daily for 13 days, and repeated restraint plus VP V1
antagonist. Prolonged infusion of the V1 antagonist, dGly[Phaa1,D-tyr(et), Lys, Arg]VP,
(Bachem, Torrance, CA) was performed using Alzet osmotic mini-pumps, (Durect
Corporation, Cupertino, CA), model 2004, (delivery rate 250ng/hr, for 14days) implanted
subcutaneously. On day 13, rats were fitted with intra-atrial cannulae, filled with 0.9% NaCl
containing 50U/ml heparin, through the right jugular vein (Braintree Scientific Inc, MA) in
order to facilitate repeated blood sampling with minimal stress. The catheter was exteriorized
in the neck of the rat, protected by metal springs and connected to swivels fixed at the top of
the cage by means of a counterbalanced beam. Catheters were flushed in the evening with
200μl of 50 units/ml of heparin to keep the lines open. On day 14, after collection of basal
blood samples for ACTH and corticosterone rats received an i.p. hypertonic saline injection
(1.5N NaCl, 1.5ml/100g) before continuing blood collections at 15, 30 and 60 min. Five
hundred μl blood samples were collected from the catheters in ice-cold 1.5 ml microfuge tubes
containing 0.5 mg EDTA. After 30 min centrifugation at 2,000 × g, plasma transferred to
additional tubes and stored at −20 C until assayed.

To determine the effect of the V1 antagonist on blood pressure and heart rate, groups of 6 rats
receiving osmotic minipump infusion of V1 antagonist or vehicle were anesthetized on day 13
of infusion, and PE-50 catheters were implanted in the left carotid artery . Twenty four hours
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later, blood pressure and heart rate were recorded by connecting the arterial catheter to a
Statham Db pressure transducer linked to a Gould processor and recorder. After 10 min basal
recording, rats received and i.p hypertonic saline injection before continuing recording for an
additional 30 min.

Radioimmunoassays
Blood samples for ACTH and corticosterone measurement were collected in EDTA-coated
tubes and kept on ice. Blood was centrifuged (10 min, 1500g*/4,000 rpm) within 1 h of
collection, and plasma was stored at −80°C until time of assay. Plasma levels of ACTH were
measured using a commercially available ACTH IRMA Immunoradiometric Assay (Nichols
Institute Diagnostics, San Clemente, CA, for experiment I, and USA DiaScorin, Stillwater,
Minnesota for experiments II and III) according to the manufacturer's instructions.
Corticosterone levels were measured using an in-house radioimmunoassay in whole blood
25 for Experiment I, or a commercially available Rat Corticosterone Coat-A-Count (Diagnostic
Products Corporation (DPC), Los Angeles,CA) according to the manufacturer's instructions.

Statistical analysis
Differences between groups was determined by t-test or two-way analysis of variance
(ANOVA) followed by Fisher's least significant difference procedure (PLSD) test to assess
statistical significance between control and experimental groups at each time point, as specified
in results and Figure legends. P < 0.05 was considered to be statistically significant.

RESULTS
Effect SSR149415 on ACTH and corticosterone responses to a novel stress in repeatedly
restrained rats

To determine whether increased hypothalamic VP and pituitary V1b receptor expression
observed following repeated restraint stress mediate the changes in responsiveness of the HPA
axis to a novel stress, we first examined the effect of a single i.v. injection of the non-peptide
selective V1b receptor antagonist, SSR149415, on ACTH and corticosterone responses to
white noise.

Plasma ACTH levels increased at 10 min white noise exposure in handled controls. Unlike the
enhanced responses to i.p. hypertonic saline injection reported in this chronic stress model,
ACTH responses to noise were attenuated and not significantly different from basal in
repeatedly restrained rats. SSR149415 injection, 1h before noise exposure, had no effect on
ACTH responses in handled control rats but tended to enhance responses in repeatedly
restrained rats (Fig 1-A). The difference between ACTH responses to noise in the repeated
restraint group and repeated restraint plus SSR149415 was not significantly different in the
overall analysis. However, t-test analysis shows ACTH levels significantly higher at 10 min
noise in the group receiving SSR149415 injection compared with repeated restrained controls
(P< 0.01).

Plasma corticosterone levels tended to be higher in repeatedly restrained rats than in handled
controls (Fig 1-B). However, similar to ACTH, corticosterone responses to noise stress showed
a tendency to be smaller in repeatedly restrained rats compared with responses in handled
controls. Again, SSR149415 injection 1h before stress had no significant effect on basal levels
or responses to noise stress (Fig 1-B).

To determine the effectiveness of the iv injection of SSR149415 we measured plasma
corticosterone responses to exogenous VP (100 ng, i.v.). The biological activity of SSR149415
injected intravenously was short, showing a 42% reduction in the area under the curve for VP-
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stimulated corticosterone when VP was injected 10 min after the antagonist (AUC 11,878
±1,735 and 6,877±934, for vehicle and SSR149415, respectively) (Fig. 2-A). Only a 32%
reduction (AUC 9742 ± 1367 and 6624 ± 1994, for vehicle and SSR149415, respectively) was
observed when SSR129145 injection was given 60 min prior to VP, time point at which noise
was applied (Fig 2-B), and the antagonist was totally ineffective when injected 120 min before
VP (AUC, 9,453±1,232 and 10,777±1,432, for vehicle and SSR149415, respectively) (Fig 2-
C).

In a second experiment, we attempted to block V1b receptors for the duration of the experiment
by administering the selective V1b receptor antagonist, SSR149415 (30 mg/kg/day), orally,
1h prior to daily restraint. Repeated restraint stress had significant effects on body weight and
food intake, leading to significantly smaller increments in body weight and decreased food
intake in repeatedly restrained rats compared with handled controls. Chronic administration of
the V1b antagonist had no significant effect on body weight or food intake in either handled
controls or in repeatedly restrained rats. Repeated restraint had no significant effect on water
intake. However, there was a significant stimulatory effect of SSR149415 on water intake in
repeatedly restrained rats but not in handled controls (Table 1).

On day 15, rats were killed in basal conditions or 15 or 30 min after an i.p. injection of
hypertonic saline, a painful stressor used as a novel stimulus. Basal ACTH levels were similar
in handled controls and repeatedly restrained rats. Consistent with previous observations, a
single i.p. hypertonic saline injection caused marked increases in plasma ACTH at 15 and
30min and this response was significantly higher in repeatedly restrained rats compared with
their handled controls. Daily administration of SSR149415 for the duration of the experiment
had no significant effect on plasma ACTH levels in either handled controls or repeatedly
restrained rats (Fig 3-A). Basal plasma corticosterone levels and the increases in response to
i.p. hypertonic saline injection were similar in repeatedly restrained rats and handled controls
(Fig 3-B). As with plasma ACTH levels, daily administration of SSR149415 failed to modify
plasma corticosterone responses to i.p. hypertonic saline either in handled controls or
chronically stressed rats. As shown in Fig 4, assesment of the effectiveness of this regime of
administration of SSR149415 to block V1b receptors revealed a significant but only partial
reduction in ACTH responses to i.v. injection of 100 ng VP (AUC, 832 ± 245 and 428 ± 135,
for vehicle an SSR149415, respectively). Plasma corticosterone responses to VP showed a
tendency to be lower in rats receiving SSR149415, compared with vehicle fed controls but the
difference was not statistically significant (AUC, 8,356 ± 936 and 7988 ± 1045, for vehicle
and SSR149415, respectively).

Effect of a peptide V1 antagonist on ACTH and corticosterone responses to a novel stress
in repeatedly restrained rats

Since the selective V1b receptor antagonist only partially blocked VP responses under the
above experimental conditions, a third experiment was conducted in a further attempt to block
the effects of VP using chronic administration of the non-selective V1 receptor antagonist,
dGly[Phaa1,D-tyr(et), Lys, Arg]VP in handled controls and repeatedly restrained rats. As
previously reported, osmotic minipump administration of the V1 antagonist was effective in
blocking ACTH and corticosterone responses to an iv injection of 100 ng of VP (Subburaju
and Aguilera, 2007).

As shown in Fig 5, plasma ACTH responses to i.p. hypertonic saline injection were
significantly higher in repeatedly restrained rats compared with handled controls. Chronic
blockade of V1 receptors by osmotic minipump infusion of the V1 antagonist significantly
reduced plasma ACTH responses to i.p. hypertonic saline injection in handled control rats.
However, chronic VP receptor blockade failed to reduce plasma ACTH responses to i.p.
hypertonic saline injection in repeatedly restrained rats (Fig 5-A). Plasma corticosterone
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responses were similar in handled control rats and repeatedly restrained rats and these responses
were completely unaffected by V1 receptor blockade (Fig 5-B).

Since the peptide antagonist blocks equally pituitary V1b receptors and vascular V1a receptors,
to assess the cardiovascular participation on the effects on HPA axis, we examined the changes
in heart rate and blood pressure after i.p. hypertonic saline injection in vehicle and V1
antagonist infused rats. I.p. hypertonic saline injection caused significant increases in heart rate
(p<0.01), an effect which was of similar magnitude in vehicle and V1 antagonist infused
groups. Blood pressure showed a tendency to increase after i.p hypertonic saline injection in
both groups vehicle and V1 antagonist infused groups. Again, there was no significant
differences in blood pressure between groups either under basal conditions or after i.p.
hypertonic saline injection (Fig 6).

DISCUSSION
The selective increase in parvocellular VP and pituitary V1b receptors over CRH and CRH
receptor expression during chronic stress has led to the hypothesis that VP becomes the major
regulator of ACTH secretion and that the peptide mediates the hyperresponsiveness of the HPA
axis to a subsequent novel stress 26,27. The availability of the selective V1b receptor
antagonist, SSR149415 23, prompted us to test this hypothesis in rats subjected to repeated
restraint, a chronic stress paradigm previously shown to induce enhanced ACTH responses to
a novel stressor 18,26,28,29. Despite the fact that the doses of SSR149415 used in the present
experiments have been shown to reduce VP-stimulated ACTH levels to basal for at least 3 h
30, in our experimental conditions SSR149415 was only partially effective in blocking the
pituitary effects of exogenous VP. The different responses in the present study could reflect
effects of the mode of oral administration (peanut butter vs gavage), source of the rats, or some
other unidentified variables. The present data show a very rapid decrease in effectiveness of
SSR149415 following i.v. administration, with only 32% inhibition of the response to VP
remaining at 1 h, time at which rats were exposed to the novel stress. However, we may have
underestimated the effectiveness of the antagonist after i.v. administration based solely on
corticosterone measurements. It should be noted that consistent with previous reports, there is
a dissociation between pituitary and adrenal responses and that small elevations of ACTH can
elicit full corticosterone responses.

The finding that ACTH and corticosterone responses to white noise were attenuated in rats
subjected to repeated restraint is at variance with usual hyper-responsiveness to a novel stress,
such as i.p. hypertonic saline injection, deoxy glucose administration or exposure to a novel
environment, previously reported using this chronic stress paradigm 18,26,28,29. This could
result from activation of different neural circuitry by diverse acute stressors, and suggests that
responsiveness to a novel stress varies according to the nature of the novel stress. In these
experiments, the short biological half life of i.v. administration of the V1b receptor antagonist
prevents us from drawing any conclusions concerning the role of VP in stress responses.
However, the fact that repeatedly restrained rats displayed reduced responses to the novel stress
of white noise indicate that increased parvocellular VP and V1b receptor expression, which is
characteristic of repeated stress 14,26,29, does not necessarily result in enhanced ACTH
responses. A similar opposite correlation with high parvocellular VP expression and low HPA
axis responsiveness has been observed during chronic immune challenge in experimental
models of autoimmune disease 13,31 or repeated lipopolysaccharide injection 31. Thus, it
appears that responsiveness to a novel stressor depends on the nature of the novel stressor rather
than adaptive changes resulting from exposure to the chronic stressor. It is noteworthy that a
single administration of SSR149415 tended to prevent the attenuation of the responses to the
novel stress of white noise in the chronically retrained rats. The mechanisms of this effect are
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unclear but they may involve inhibition of V1b receptor-mediated repression of central
pathways involved in the activation of the HPA axis by noise stress.

In contrast to noise stress and consistent with previous studies 29, ACTH responses to i.p.
hypertonic saline injection were significantly higher in repeatedly restrained rats compared
with responses in handled control rats (experiments II and III). The lack of any significant
effect of chronic administration of the non-peptide selective V1b receptor antagonist in
experiment II is difficult to interpret because of the inability of the antagonist to completely
block the stimulatory effect of exogenous VP. We therefore sought alternative ways to block
pituitary V1b receptors by administering a non-selective peptide antagonist by constant
minipump infusion. As shown in these experiments and a previous report 24, minipump
administration of the V1 receptor antagonist prevented the rise in plasma ACTH and
corticosterone elicited by VP, indicating that V1b receptors in the corticotroph were effectively
blocked. In contrast to the lack of effect of the orally active V1b receptor antagonist, chronic
administration of the non-selective V1 antagonist caused a small but significant reduction of
ACTH responses to i.p. hypertonic saline injection. This suggests that, at least in this acute
stress paradigm, VP contributes to the ACTH response. Although no additional acute stressors
were tested in this study, studies in V1b receptor knock out mice and Brattleboro rats have
shown that the VP dependence of the responses to acute stress depend largely on the stress
paradigm. For example, V1b receptor knock out mice show normal ACTH responses to
restraint and social stress but reduced responses to insulin-induced hypoglycemia 21, LPS
injection or ethanol administration 20 and swim stress 22. On the other hand, the inability of
chronic administration of both antagonists to prevent the enhanced ACTH responses to i.p.
hypertonic saline injection in repeatedly stressed rats, strongly suggests that VP is not
responsible for the hypersensitivity to the novel stress. In addition, the fact that partial (with
SSR149415) or complete pituitary V1b receptor blockade (peptide non-selective V1
antagonist) fails to inhibit acute stress responses in repeatedly restrained rats suggests that the
VP binding up-regulation observed following repeated restraint is not required for the
sensitization of ACTH responses to a novel stress. This study also suggests that rather than
stimulation of ACTH secretion, the marked increases in parvocellular-pituitary
vasopressinergic activity may have other roles in the pituitary and perhaps in the brain. In this
regard we have recently shown that VP mediates mitogenic responses during adrenalectomy
24, as well as antiapoptotic actions in neurons 24,32.

It should be noted that the enhancing effect of repeated restraint on the responses to the novel
stressor of i.p. hypertonic saline injection were observed only on plasma ACTH but not on
corticosterone responses. This dissociation between ACTH and glucocorticoid responses is
commonly observed 33,34 and is likely to reflect maximal stimulation of adrenal receptors
with the plasma ACTH levels achieved by strong stressors. On the other hand, experiment 1,
using a milder stressor and optimal stress free conditions for blood collection, a good
correlation between changes in ACTH and corticosterone could be observed.

Overall, the study provides confirmatory evidence that VP can contribute to the full ACTH
responses during acute stress. The prominence of the increases in vasopressinergic activity
during chronic stress suggests that VP must have an important role on the adaptation of the
HPA axis to chronic stress. However, the ineffectiveness of the peptide V1 antagonist to modify
ACTH responses during chronic stress indicates that VP does not mediate the hypersensitivity
of ACTH responses to a novel stress and suggests alternative roles for the peptide during stress
adaptation.
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Fig. 1.
The effect of the selective V1b receptor antagonist, SSR149415, on plasma ACTH (A) and
corticosterone (B) responses to noise stress in conscious naïve control rats, or rats subjected
to restraint stress for 1h daily for 14 days. SSR149415, 1mg, was injected through the jugular
catheter 1 h before noise application. Data are the mean and SE of the values obtained in 6 to
9 rats per experimental group. 2 way ANOVA revealed an effect of noise stress for all groups.
*, p<0.05 ACTH response to noise at 10 min in repeated restraint compared with repeated
restraint plus SSR149415.
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Fig. 2.
Effect of SSR149415 (1mg, i.v.) on plasma corticosterone responses to exogenous VP (100
ng, i.v.) injected, either 10 (A), 60 (B) or 120min (C) after the SSR149415 injection Data points
are the mean and SE of the values obtained in 4 (60 min) to 8 rats per group. *, p< 0.05 between
areas under the curve in SSR149415-injected rats compared with vehicle-injected controls.
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Fig. 3.
The effect of chronic oral administration of the selective V1b receptor antagonist, SSR149415,
on plasma ACTH (A) and corticosterone (B) responses to i.p. hypertonic saline injection in
conscious naïve control rats, or rats subjected to restraint stress for 1h daily for 14 days.
SSR149415 (10 mg/rat) was given mixed in peanut butter, daily, for 14 days about one h before
restraint, and as an i.p. injection on the day of the experiment. Data are the mean and SE of
values obtained in 8 rats per group. 2-way ANOVA revealed an effect of i.p. hypertonic saline
injection for all groups (p, <0.01). *, p<0.05 ACTH response to i.p. hypertonic saline injection
in repeated restraint compared with repeated restraint plus SSR149415.
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Fig. 4.
Effect of chronic oral administration of SSR149415 (10 mg/day for 10 days) on plasma (A)
ACTH, and (B) corticosterone (Cort) responses to exogenous VP (100 ng, i.v.) VP injections
and blood collections were performed through jugular catheter. Data points are the mean and
SE of values obtained from data in 6 rats per group. *, p< 0.05 between areas under the curve
in SSR149415 treated rats compared with vehicle (peanut butter) ingesting controls.
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Fig 5.
The effect of chronic osmotic minipump administration of the non-selective V1 receptor
antagonist, dGly[Phaa1,D-tyr(et), Lys, Arg]VP (V1R Ant), or vehicle for 14 days on plasma
ACTH (A) and corticosterone (B) responses to i.p. hypertonic saline injection (ipHS) in
conscious naïve control rats, or rats subjected to restraint stress for 1h daily for 14 days (RR).
Data are the mean and SE of values obtained in 8 to 10 rats per group. All groups showed a
significant effect of i.p. hypertonic saline on both plasma ACTH and corticosterone levels
(p<0.001). *, p<0.04 ACTH responses in repeated restraint vs. vehicle-infused naïve controls;
#, p<0.02 ACTH responses to i.p. hypertonic saline injection in V1R Ant vs. responses in naïve
controls.
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Fig 6.
Effect of the V1 antagonist, dGly[Phaa1,D-tyr(et), Lys, Arg]VP (V1R Ant) on (A) heart rate
(HR) and (B) blood pressure (BP) following an i.p. injection of hypertonic saline (ipHS). Data
points are the mean and SE of the values in 4 to 5rats per group. Two-way ANOVA revealed
a significant effect of ipHS (p<0.01) but not of V1 Ant (p<0.13) on heart rate.
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Table 1
Effect of repeated restraint and chronic administration of the V1bR antagonist SSR149415 on body weight, food intake
and water intake in rats

Control Restraint x14 SSR149415 Restraint x 14 +
SSR149415

Weight gain (g x14 days) 51.8±2.3 35.3±2.1* 56.9±1.8 30.1±1.5*#
Food intake (g/day) 23.7±0.5 20.5±0.4* 24.6±0.4 20.1± 0.6*#
Water intake (ml/day) 41.9±0.8 45.4±1.0 38.9±0.8 49.8±1.5#&

Values are the mean and SE of data obtained from 12 rats per experimental group.

*
, p<0.001 vs controls

#
, p< 0.001 vs SSR149415

&
, p<0.04 vs restraint x 14.
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