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In order to find out whether the pressor effect of arginine vasopressin (AVP) is
limited by release of nitric oxide (NO) and whether it is altered in hypertension,
blood pressure (MAP) and heart rate (HR) responses to i.v. administration of AVP
were compared in conscious normotensive Wistar Kyoto (WKY) and spontaneously
hypertensive (SHR) rats under control conditions and during blockade of NO
synthesis induced by iv. administration of NG-nitro-L-arginine (L-NOARG). In
control experiments AVP elicited significant elevations of MAP in WKY and SHR.
The maximum increases in WKY and SHR amounted 26+3 and 16+3 mmHg,
respectively, and did not differ significantly from each other. In WKY increase of
MAP was associated with significant bradycardia. Administration of AVP in this
strain during blockade of NO synthesis resulted in significantly smaller increase of
blood pressure (13+5mmHg) than under control conditions (p<0.001), and in
nonsignificant changes of HR. In SHR AVP caused a progressive significant decrease
of blood pressure associated with transient tachycardia. The results indicate that
blockade of NO synthesis does not enhance but reduces increase of blood pressure in
WKY and transforms the pressor action of this peptide into the hypotensive effect in
SHR. This phenomenon is discussed in relevance to the possible unfavorable effects
of AVP on coronary and/or cerebral circulation during blockade of NO formation.
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INTRODUCTION

It is generally accepted that arginine vasopressin (AVP) is one of the most
potent vasoconstrictory agents (1), however, recent evidence indicates that
AVP may also cause vasodilatation (2— 5). With this regard, Katusic et al., (2)
supported evidence that in some vascular beds the vasodilatory effect of AVP is
caused by the endothelium-derived relaxing factor (EDRF). Accumulating
evidence indicates that the EDRF activity is largely mediated by the nitric
oxide (NO) (6). In previous study on conscious Long Evans rats Gardiner et al.
(7) reported enhancement of vasoconstricting action of AVP after blockade of
NO synthesis with NG-nitro L-arginine methyl ester (L-NAME). Because
disturbances in NO synthesis have been implicated in pathogenesis of
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hypertension (6), the aim of the present study was to find out whether blockade
of NO synthesis by 1.v. administration of NG-nitro-L-arginine (L-NOARG)
alters the pressor responsiveness to AVP in normotensive Wistar Kyoto
(WKY) and spontaneously hypertensive (SHR) rats.

METHODS

Animals

The experiments were performed on 10 male SHR and 21 male normotensive rats of the parent
WKY strain (age 12 to 14 weeks), weighing 250—300 grams. They were fed a commerical
laboratory chow containing 0.5% NaCl and had free access to water. One day before the
experiment they were subjected to ether anaesthesia and instrumented with polyethylene catheters,
introduced into the abdominal aorta and vena cava inferior for measurements of blood pressure
(MAP) and heart rate (HR) and for intravenous administration of tested substances. Both catheters
were filled with heparin diluted in saline (1000 u/ml) and exteriorized on the neck. After the surgery
the animals were placed in individual experimental cages for recovery. The experiments were
performed after 24 of 48 h following the surgery.

Experimental design

At the beginning of each experiment arterial catheter was connected to the pressure transducer
(Statham P23DB) and Gould amplifier. The blood pressure unit was connected through an
interface to Amstrad-Schneider CPC 6128 computer which calculated on line systolic (SAP),
diastolic (DAP), and mean arterial blood pressure (MAP), as well as the heart rate period
(HRp, msec), which corresponded to the distance between the two subsequent peaks of the two
systolic pressure waves.

Three sets of experiments were carried out:

Series 1

Series I was conducted on 7 WKY in order to determine the time course of cardiovascular
effects of i.v. administration of L-NOARG (NG-nitro-L-arginine, Sigma) alone. After stabilization
of blood pressure and heart rate 10 mg/kg of L-NOARG was injected i.v. and MAP and HRp were
monitored during subsequent 60 minutes.

Series II

Series II was performed on 7 WKY and 5 SHR to determine changes of MAP after AVP
(arginine 3-vasopressin, Calbiochem-Behring Corp.) administration. After 30 —40 min allowed for
stabilization of blood pressure and heart rate, 5 ng of AVP was administered i.v. as a bolus. Arterial
blood pressure and heart rate were recorded during 20 minutes after AVP administration.

Series 111

Series 111 was carried out on 7 WKY and 5 SHR to determine effect of AVP on MAP and HR
after L-NOARG administration. After stabilization period L-NOARG (10 mg/kg) was
administered i.v., as in series I, and AVP was injected i.v. 20. min after L-NOARG administration.

MAP and HRp were monitored continuously before and during 40 min following L-NOARG
injection.
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Statistical analysis

The results are presented as means together with their standard errors (x + SE). The effects of
tested substances were analyzed by the analysis of variance (ANOVA). One way ANOVA for
repeated measurements was used to evaluate within group variability and factorial ANOVA to
determine differences between groups of experiments. The differences in maximum changes were
tested using Student’s t-test. Newman-Keuls a posteriori test was used to analyze individual
differences between the individual means (8).

RESULTS

Baseline values of MAP and HRp before administration of L-NOARG,
AVP and L-NOARG +AVP are presented in Table 1.

Table 2. Baseline values of heart rate period (HRp), systolic blood pressure (SAP), mean blood
pressure (MAP) and diastolic blood pressure (DAP) in WKY and SHR before administration of
L-NOARG, AVP and AVP after L-NOARG

, . HRP SAP MAP DAP

Series Stram (msec) (mmHg) (mmHg) (mmHg)
L-NOARG WKY 175+ 6 160+ ¢ 118+4 93+4
SHR 163+3 218+ 12 169+11 134+9

AVP WKY 163+8 148 +6 114+3 93+3
SHR 155+4 224+6 176 +6 142 +5

L-NOARG+AVP WKY 201+4 182+11 143+7 120+ 6
SHR 169+ 8 262+6 207+3 170+ 2

x+SE are shown

Series 1

Effect of L-NOARG on blood pressure and heart rate in WKY.
Administration of L-NOARG elicited prompt significant increase of MAP
[F(24,144) — 13.56; P<0.001] and significant decrease of heart rate
[F(24,144) = 4.92; P <0.001], as indicated by significant elongation of the HRp
(Fig. 1). Changes of MAP and HRp reached their maximum at 15 min (MAP)
and 20 min (HRp) after administration of L-NOARG and stabilized at these
levels during the whole observation period (Fig. /). Small fluctuations of MAP
and HRp during the period of stabilization were not significantly different.

Series 11

Effect of AVP administration on blood pressure and heart rate. In WKY
AVP induced a significant [F(20,120) = 12.76; P<0.001] 5 min lasting
elevation of MAP, the maximum increase by 26 £ 6 mm Hg being observed
2 min after AVP administration. Subsequently, MAP returned to the baseline
value. The increase of blood pressure was associated with transient statistically
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Fig. 1. Effect of i.v. administration of L-NOARG on mean arterial pressure (MAP) and-heart rate
period (HRp) in Wistar Kyoto rats. * — significant difference from baseline at a level of P <0.05

or better.
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Fig. 2. Effect of administration of AVP (5 ng) on MAP (upper panel) and HRp (lower panel) under
control conditions (empty circles) and during blockade of NO synthesis (black circles) in WKY.
Arrow indicates time of injection of AVP. # — significant difference between control and
L-NOARG experiments at a level of P< 0.05 or better. For other explanations see Fig. 1.
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significant bradycardia [F(20,120) = 3.42; P<0.001], as shown by elongation
of HRp (25+ 6 msec) at 2 min after AVP injection (Fig. 2). SHR responded to
arginine vasopressin‘ with a similar, statistically significant [F(20,80) = 0.19;
P <0.001] increase in MAP immediately after administration, with the
maximum increase of 16+ 3 mmHg. A small increase of HRp (1243 msec)
did not reach the level of statistical significance (Fig. 3). Blood pressure
increases after administration of AVP in WKY and SHR did not differ
significantly.

Series 111

Modulation of the effects of AVP by blockade of NO synthesis. As shown
in Fig. 4 administration of L-NOARG elicited comparable significant elevation
of MAP in WKY and SHR, whereas HRp increased only in WKY (P <0.001).
The difference in change of HRp between WKY and SHR was significant
(P<0.05). In L-NOARG treated WKY, arginine vasopressin elicited only
small, though significant [F(20,110) = 3.61; P<0.001], transient increase in
MAP (Fig. 2). The whole time course of MAP changes in WKY treated with
AVP alone and with AVP combined with L-NOARG administration were not
different by two-way ANOVA, but the maximum increase was significantly
smaller (P<0.05) (Fig. 2). A delayed significant [F(20,110) = 2.1; P <0.05]
bradycardia was observed between 5 and 9 min with the maximum elongation
of HRp by 53+ 13 msec at 5 min following administration of AVP.

In L-NOARG treated SHR, injection of AVP elicited a progressive
significant decrease of MAP [F(20,68) = 108.65; P <0.001 (Fig. 3). At the end of
experiment MAP decreased by 23+4 mmHg. Shortly after the experiment,
three SHR exhibited dramatic decrease of blood pressure followed by sudden
death. The changes of MAP in SHR treated with AVP alone and in SHR
treated with AVP after L-NOARG administration were significant by two-way
ANOVA [F(1,4) = 46.01; P<0.01]. In comparison to controls, L-NOARG
treated rats responded to AVP administration with two periods of significant
acceleration of heart rate between 2 and 4 and 16— 18 min (Fig. 3). Responses
to MAP in WKY and SHR to AVP injection after L-NOARG administration
were significantly different [F(1,10) = 25.96; p<0.001] from each other.
Similarly, significant difference was found between the two strains treated with
L-NOARG and AVP with regard to HRp [F(1,10) = 15.06; p <0.001].

DISCUSSION

In agreement with the previous reports (9, 10) i.v. administration of 5 ng of
AVP elicited significant increases of MAP in WKY and SHR. Similarly,
blockade of NO synthesis by i.v. administration of 10 mg of L-NOARG caused
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Fig. 3. Effect of administration of AVP (5 ng) on MAP (upper panel) and HRp (lower panel)
under control conditions and during blockade of NO synthesis in SHR. For other explanations
see Figs I and 2.
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Fig. 4. Increases of mean arterial pressure (MAP) and heart rate period (HRp) after administration
of L-NOARG (10 mg/kg i.v.) in Wistar Kyoto (WKY) and spontaneously hypertensive (SHR) rats.

prolonged elevation of blood pressure that was similar in both strains (11). On
the other hand, both treatments reduced heart rate only in WKY exerting no
significant effect in SHR.

The most conspicuous finding of the present study is a significant
attenuation of the pressor response to AVP in WKY and the progressive
decrease of blood pressure after administration of AVP in SHR during
blockade of NO synthesis. Fig. I indicates that in WKY AVP was injected
during the period of stabilization of blood pressure. Similarly, long lasting
(40 min) stabilization of blood pressure was found after administration of
L-NOARG in SHR (11, and our unpublished data). Thus, it is justified to
assume that in the present study AVP was applied during the period of full
hemodynamic adaptation to blockade of NO synthesis.

The mechanism of attenuation of the pressor response to AVP in WKY and
of the decrease of blood pressure in SHR cannot be clarified at present. The
available evidence indicates that some of the vasodilatory effects of AVP are
mediated by release of EDRF (2). As nitric oxide is one of the most potent
endothelium derived vasodilatory factor, blockade of synthesis of this compoud
was expected to cause enhancement of the pressor effect of AVP, the action
opposite to that observed in our study. One of the possible explanations of the
present findings may be a significant potentiation of the vasoconstrictory
action of AVP in the coronary circulation in the absence of the antagonizing
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vasodilatory effect of this peptide, mediated by nitric oxide. Accumulating
evidence indicates that AVP effectively impairs the coronary blood flow and
the external work efficiency (12, 13). Thus, elimination of NO mediated
vasodilatory effect in the present study could reinforce hemodynamically
unfavourable effects of AVP. Especially, the decreased cardiac performance
might account for the progressive decrease of blood pressure in SHR.

The other factor which may be responsible for a deletorious effect of the
combination of AVP and blockade of NO synthesis in SHR might be
a vasoconstriction of the cerebral blood vessels. The reports on effects of AVP
on cerebral circulation are controversial, both vasoconstrictory and
vasodilatory actions being described (2, 4, 14). Some evidence indicates that
vasodilatory effect of vasopressin on cerebral vessels is mediated by EDRF (2).
Blockade of NO synthesis has been shown to produce significant decrease of
the basal cerebral blood flow (15). Thus, administration of AVP after blockade
of NO formation may cause significant deterioration of the cerebral blood flow
and brain metabolic functions.

An interesting finding of this study is a significant delayed bradycardia
which follows administration of AVP in L-NOARG treated WKY. This
phenomenon occurred when MAP returned to the level preceding AVP
administration and therefore could not be secondary to AVP induced blood
elevation. Its relevance to potentiation of AVP induced enhancement of the
cardiac component of the baroreflex (16) during L-NOARG blockade remains

to be elucidated.
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