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Prostaglandin Modulation of the Vascular Effects of
Vasopressin in the Conscious Rat (42173)
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Abstract. Experiments were performed on conscious, male Sprague-Dawley rats to determine
whether cyclooxygenase inhibition affects the pressor response to exogenous vasopressin. The rise
in arterial blood pressure was tested in response to 1.0, 2.5, 5.0, and 12.5 mU synthetic arginine
vasopressin both before and following cyclooxygenase inhibition with either meclofenamate or
the structurally dissimilar inhibitor ibuprofen. In addition, time control experiments were also
performed where only the saline vehicle for the drugs was administered. In all animals tested, the
increase in arterial pressure in response to the highest three concentrations of vasopressin was
greater following cyclooxygenase inhibition than before, while the saline vehicle had no effect.
The baroreceptor-mediated bradycardia accompanying the rise in blood pressure was variable,
but unaffected by meclofenamate or ibuprofen. It is concluded that vasodilator prostaglandins
are released in response to pressor levels of vasopressin, which act to modulate the pressor response

of the peptide.

© 1985 Society for Experimental Biology and Medicine.

Considerable evidence has accumulated in
recent years supporting an important role for
vasopressin as a pressor substance in a variety
of pathophysiological settings such as DOCA-
salt hypertension (1, 2), hemorrhage (3), and
water deprivation (4, 5, 6). Recent in vitro ex-
periments have shown, however, that vaso-
dilator prostaglandins may be released by vas-
cular smooth muscle cells in response to ex-
ogenously applied vasopressin (7). This finding
would suggest that the vasoconstrictor effects
of vasopressin may be modulated by local
prostaglandin release. This hypothesis is sup-
ported by data from humans, documenting
that the return of total peripheral resistance to
normal following vasopressin administration
is delayed by pretreatment with the cycloox-
ygenase inhibitor indomethacin (8). In addi-
tion, studies on anesthetized animals have
demonstrated enhanced renal vasoconstriction
1n response to exogenous vasopressin following
prostaglandin inhibition (9, 10). However, the
physiological significance of these latter find-
ings is uncertain due to the known influence
of anesthesia and acute surgical preparation
to stimulate endogenous vasopressin and
prostaglandin release (11, 12) and thus alter
vascular responsiveness to these compounds.

Therefore, the purpose of the present study
was to further investigate whether endogenous
vasodilator cyclooxygenase products modulate
the vasoconstrictor effect of vasopressin in

vivo. To examine this question in the most
physiological setting, experiments were per-
formed on conscious, unstressed rats admin-
istered pressor levels of vasopressin with and
without cyclooxygenase inhibition.

Methods. All experiments were performed
on male Sprague—Dawley rats (body wt = 353
+ 9 g). The animals were initially anesthetized
with a combination of ketamine (30 mg/kg
im) and sodium pentobarbital (30 mg/kg ip).
Chronic arterial and venous polyethylene
catheters were aseptically implanted into the
right carotid artery and right external jugular
vein, respectively. The catheters were routed
subcutaneously to the dorsal neck region and
exteriorized. The catheters were coiled and
placed in a protective plastic container which
was sutured to the skin. Both catheters were
filled with heparinized saline (50 units/ml) and
tied off. The animals were allowed 1-5 days
to recover from this surgical procedure. All
animals were in good health following surgery
as evidenced by normal food and water intake
and weight gain.

At the time of study, the rats were placed
in a Plexiglas chamber of sufficient size (25
X 10 X 10 cm) to allow free movement, how-
ever, small enough to discourage excessive ex-
ploration. The bottom of the chamber was
covered with fresh bedding for the comfort of
the animal, and fresh air was flushed through
the chamber continuously. The catheters were
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opened and flushed with approximately 0.1
ml sterile heparinized saline. The venous
catheter was connected to a three-way sterile
stopcock for intravenous administration of test
solutions. The arterial catheter was connected
to a Statham P23 DB blood pressure trans-
ducer. Blood pressure was recorded with a
Grass Model 7 polygraph. Mean arterial blood
pressure (MABP) was determined by elec-
tronic low-pass filtering of the pulsatile signal.
The animals were allowed at least 30 min to
equilibrate before any experimental measure-
ments were taken. In all cases, animals were
calm and demonstrated stable blood pressure
and heart rate.

Group 1—Blood pressure responses to AVP
before and after meclofenamate. MABP and
heart rate were determined just prior to and
following the bolus injection of synthetic ar-
ginine vasopressin (AVP) (Pitressin, Parke-
Davis) at several doses. Doses examined were
I mU (n = 6), 2.5 mU (n = 6), 50 mU (n
=6), and 12.5 mU (n = 8) (1 mU = 2.5 ng)
each in a volume of 100 microliters. Thirty
minutes were allowed between AVP injections
in experiments where multiple doses were ad-
ministered in the same animal. In general,
MABP and heart rate had returned to control
within 10 min of each injection. The maximal
increase in mean arterial blood pressure was
noted for each level of AVP and the heart rate
determined approximately 1 min later. In ex-
periments where multiple doses were admin-
istered, the order of injections was random-
ized.

Following determination of these control
responses, the cyclooxygenase inhibitor so-
dium meclofenamate (3 mg/kg iv) was ad-
ministered at a dose previously shown to in-
hibit prostaglandin release in conscious ani-
mals (13). Thirty minutes after this injection,
the responses to the various concentrations of
AVP were determined as before. The order of
AVP infusions was again randomized.

Group 2—Blood pressure responses to AVP
before and afier ibuprofen. Experiments were
performed on five additional rats testing the
response to all four levels of AVP before and
after administration of the structurally dis-
similar cyclooxygenase inhibitor ibuprofen at
an effective blocking dose (10 mg/kg, iv) (14).
Again the order of the AVP injections was
randomized and all aspects of these experi-
ments were identical to Group 1.
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Group 3—Blood pressure responses to AVP
before and after vehicle administration. Re-
sponses to the four concentrations of AVP
were determined in another group of six rats,
both before and after the administration of the
saline vehicle for the two cyclooxygenase in-
hibitors. The time course for these experiments
was identical to that of the meclofenamate and
ibuprofen groups and thus served as the time
control for the other two groups.

Statistical analysis. The change in MABP,
HR, and the duration of the pressor response
for each concentration of AVP was compared
before and after cyclooxygenase inhibition or
vehicle administration in each animal on a
paired basis utilizing Student’s ¢ test. In ad-
dition, basal MABP and HR were compared
before and after inhibition to test for any
change in baseline. Differences were consid-
ered significant when P < 0.05.

Results. Administration of either cycloox-
ygenase inhibitor had no consistent effect on
basal MABP or HR in the conscious rat. Basal
blood pressure before prostaglandin synthesis
nhibition was 102.7 £ 7.2 mm Hg compared
to 100.6 + 6.6 mm Hg following meclofena-
mate in all experiments. Blood pressure was
also unchanged in the five rats receiving ibu-
profen, however, there appeared to be a ten-
dency for MABP to fall (102.6 + 6.8 to 96.0
+ 6.7 mm Hg). In a similar manner, MABP
was unaffected by saline vehicle administra-
tion in the time control (104.8 + 4.9 vs 105.5
+ 6.7 mm Hg). Basal HR was 376 + 16 bpm
prior to meclofenamate and remained un-
changed (381 *+ 19 bpm) following inhibitor
admuinistration. In addition, HR did not
change in response to ibuprofen in the five
rats tested (334 + 18.5 to 350.4 + 15.7 bpm),
or following saline vehicle administration
(391.5 +£ 15.7 vs 377.4 + 14.2 bpm).

While basal blood pressure was unaffected
by cyclooxygenase inhibition, the increase in
MABP resulting from exogenous AVP ad-
ministration was greater following either me-
clofenamate (Fig. 1) or the structurally dis-
similar inhibitor ibuprofen (Fig. 2). The pres-
sor response to 2.5 mU, 5.0 mU, and 12.5 mU
AVP was greater following meclofenamate in
all animals tested, while in the five rats given
ibuprofen, the blood pressure response to all
four AVP levels tested was greater after drug
administration. There was considerable vari-
ability in the pressor response to a given dose
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FI1G. 1. Artenal blood pressure responses to vasopressin
before and after meclofenamate administration. @ Indi-
cates significant difference (P < 0.05). Data are X + SE.
(n=6for 1, 2.5, and 5 mU doses; n = 8 for 12.5 mU).

of AVP between rats, however, the response
was consistently increased following cycloox-
ygenase inhibition. Figure 3 presents the pres-
sor responses to 5.0 mU AVP of individual
animals before and after cyclooxygenase
blockade to illustrate this point. Rats given
only the saline vehicle, showed no change in
MARBP response to AVP. In addition to an
increased magnitude of the pressor response
to AVP following cyclooxygenase inhibition,
the duration of the response was also increased
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FI1G. 2. Arterial blood pressure responses to vasopressin
before and after ibuprofen administration in five rats. @
Indicates significant difference (P < 0.05). Data are X + SE.
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FiG. 3. Pressor responses of individual animals to 5.0
mU AVP before and after cyclooxygenase inhibition with
either meclofenamate (circles) or ibuprofen (triangles).

after either meclofenamate or ibuprofen, but
not after vehicle treatment (Table 1).

The HR response to exogenous AVP was
quite variable, especially at the higher doses.
However, no consistent effect following me-
clofenamate, ibuprofen, or saline vehicle ad-
ministration was noted, except for a slightly
greater HR response to 12.5 mU A VP follow-
ing ibuprofen and to 2.5 mU AVP following
vehicle. The heart rate responses of all groups
are presented in Table II.

Discussion. The present study provides in
vivo evidence that vasodilator cyclooxygenase
products are released which modulate the
pressor effects of exogenously administered
vasopressin. This conclusion is based upon the
similar findings following administration of
two structurally dissimilar cyclooxygenase in-
hibitors in conscious, unstressed rats. Both in-
hibitors elicited an increase in the magnitude
and duration of the pressor response to bolus
AVP. The rise in blood pressure was partially
offset by baroreceptor-mediated bradycardia
and a probable decrease in cardiac output,
however, cyclooxygenase inhibition did not
appear to affect this reflex. Therefore, the ob-
served enhancement of the blood pressure re-
sponse to vasopressin following prostaglandin
synthesis inhibition is likely due to prevention
of the local release of vasodilator prostaglan-
dins.

Recent in vitro experiments have demon-
strated that vasopressin stimulates the pro-
duction of prostacyclin (PGI,), a potent va-



PROSTAGLANDIN-AVP:

VASCULAR INTERACTION 261

TABLE 1. DURATION (min) OF PRESSOR RESPONSE TO DIFFERENT DOSES OF VASOPRESSIN (AVP)

1.0 mU 2.5 mU 5.0 mU 12.5 mU
AVP AVP AVP AVP
Control 1.2+0.3 25+03 42 +0.8 8.1+14
(n = 6) (n=16) (n=16) (n=28)
Meclofenamate 3.0 £ 0.4* 5.4 + 1.5* 74 + 1.2% 11.2 £2.2*
Control 1.5+0.5 3004 54+ 1.1 6.6 +1.2
(n=173) (n=175) (n=15) (n=175)
Ibuprofen 3.2 +0.8* 4.5 + 0.8 7.6 £ 1.6 11.8 £ 2.3*
Control 21203 2806 42 +0.5 10.1 £ 3.8
(n=6) (n=6) (n=6) (n=6)
Vehicle 1.4 £ 0.6 2.6 +0.7 4009 94+ 32

Note. Data are X + SE. *Indicates significantly different from control (P < 0.05).

sodilator, by cultured vascular smooth muscle
(7). These experiments on smooth muscle cells
cultured from rat mesenteric arteries also doc-
umented enhanced PGI, synthesis in response
to angiotensin II, however, the maximal PGI,
release was considerably greater in response to
vasopressin. The vasoconstrictor activity of
vasopressin seemed important to the stimu-
lation of PGI, release from these smooth mus-
cle cells, since a vasopressin analog without
pressor properties was much less effective. In
addition, other investigators have shown that
increases in vasopressin concentration also
appear to stimulate renal prostaglandin pro-
duction in a number of species including the
rat where PGE,; release may be elevated (15,
16, 17). Cooper and Malik (18) have recently
shown that vasopressin stimulates PGI, release
from the isolated rat kidney as well. Similar
to the findings in cultured vascular smooth
muscle, these investigators also reported that

the binding of vasopressin receptors by a
structural vasopressin analog without pressor
properties does not release PGI,, however,
PGI; release was unchanged when the AVP
pressor effect was blocked by calcium removal.
In addition, other in vivo observations in
anesthetized rats indicate that cyclooxygenase
inhibition causes an increased renal vasocon-
striction in response to exogenous vasopressin
(9, 10). Since Liard ez al. (19) have reported
that after infusion of vasopressin for 1 h in
conscious dogs renal blood flow is unaltered,
a physiological role for PGI; as a vasodilator
maintaining renal blood flow under these
conditions is attractive.

In addition to these experiments on specific
vascular beds, Glanzer et al. (8) have reported
that pretreatment of human volunteers with
indomethacin prevented the normal return to
baseline of total peripheral resistance during
continued vasopressin infusion. These data

TABLE II. CHANGE IN HEART RATE IN RESPONSE TO DIFFERENT DOSES OF VASOPRESSIN (AVP)

1.0 mU 2.5 mU 5.0 mU 12.5 mU
AVP AVP AVP AVP
Control —18.0+4.5 —-39.3+10.7 -253+6.7 —-555+13.6
(n=16) (n=6) (n=6) (n=28)
Meclofenamate —-22.7+ 8.1 —28.0 £ 10.2 —-24.7 £ 3.0 —-66.5 £ 12.0
Control —104 + 5.6 —-224+ 8.6 ~-17.6 £8.2 -36.0+ 6.8
n=75) (n=15) (n=173) (n=75)
Ibuprofen —-17.6 £5.6 —-272+ 8.1 -304 +6.9 —552 + 8.4*
Control —-18.0 £ 4.2 -10.7 = 6.4 —44.7 £9.0 —-51.7+19.5
(n=6) (n=16) (n = 6) (n=6)
Vehicle —14.7 + 7.6* 273+ 5.6 —-347+73 ~59.3+125

Note. Data are X + SE. *Indicates significantly different from control (P < 0.05).
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suggest that endogenous vasodilator prosta-
glandins are responsible for the tachyphylaxis
normally observed after several minutes of
constant vasopressin infusion. In contrast to
the present findings however, the peak pressor
response to vasopressin was unaltered. This
apparent discrepancy is likely related to the
different modes of administration used in the
two studies, since a slow infusion of vasopres-
sin permits the parallel activation of the baro-
receptor reflex, while the peak response to a
bolus of vasopressin largely precedes such
buffering effects. Both studies demonstrate an
increased duration of the pressor response,
however. Therefore, vasodilator prostaglan-
dins may be of importance in both short- and
long-term modulation of the pressor effects of
vasopressin.

The release of vasodilator prostaglandins in
response to a variety of pressor stimuli has
been suggested by other investigators. For ex-
ample, in a recent study by Inokuchi and Ma-
lik (20), meclofenamate was shown to aug-
ment renal vasoconstriction in response to €i-
ther renal nerve stimulation or norepinephrine
injection in anesthetized rats. In addition,
prostaglandin synthesis inhibition has also
been shown to potentiate vasoconstriction in
mesenteric arteries following angiotensin 1I
administration (21) as well as to prevent sub-
sequent relaxation in the same preparation
(21, 22). Elevated PGI, release has also been
documented in the lung in response to pul-
monary vasoconstriction (23). It therefore ap-
pears that vasodilator prostaglandins are im-
portant modulators of a number of vasocon-
strictor stimuli in several vascular beds. The
present findings suggest that vasodilator cy-
clooxygenase products are released in response
to vasopressin-induced vasoconstriction as
well.

Conclusion. The prior administration of two
structurally dissimilar cyclooxygenase inhibi-
tors, meclofenamate or ibuprofen, results in a
potentiated increase in blood pressure follow-
ing bolus vasopressin administration in con-
scious rats. These findings and in vitro evi-
dence (7) suggest that vasodilator prostaglan-
dins are released during vasopressin-induced
vasoconstriction, and act to modulate the
pressor effects of this peptide.
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