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ABSTRACT

It is well known that angiotensin converting enzyme inhibitors(ACEls) increase endothelium-depen-
dent relaxation in aortic strips of spontaneously hypertensive rats(SHR) and this increase in relaxa-
tion may be due to altered endothelial nitric oxide breakdown. But there are few studies on the effect
of the angiotensin II receptor blocker on the nitric oxide-mediated relaxation. So we attempted to in-
vestigate the effect of angiotensin II receptor blocker on the nitric oxide-dependent relaxation in iso-
lated aorta of SHR. ,

Two week-treatment of losartan (30 mg/kg/day) increased the acetylcholine(107° to 10~ M)-and his-
tamine(10~° to 10" M)-induced relaxation in endothelium intact strips but 90 minutes-treatment of
losartan (10~ M) showed no increase in relaxation. The phenylephrine (10”7 M)-induced contraction,
repeated every 2 hours, was diminished gradually following lipopolysaccharide (LPS)-treatment (100
ug/ml) but there was no significant difference in enalapril- and losartan-treated group compared with
control group.

These results suggest that activity of the endothelial constitutive NO synthase may be changed by
chronic treatment of angiotensin II receptor blockers and ACEIs but angiotensin II antagonist and

ACEI have no effect on the inducible NO synthase activity in the isolated aorta of SHR
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INTRODUCTION

Nitric oxide (NO) synthesized from L-arginine
by the vascular endothelium plays a role in the
physiological regulation of blood flow and blood
pressure (Moncada, 1992). In this vascular strips
and other tissues, such as the brain, adrenal gland
and platelets, NO is produced by a constitutive
synthase which is Ca’* and NADPH-dependent
(Knowles et al., 1989; Moncada, 1992; Radomski
et al, 1990). However, in macrophages, neutro-

* To whom correspondence should be addressed.

phils, Kupffer cells and hepatocytes (Knowles et
al., 1990; Marletta et'al., 1988; Moncada, 1992; Rees
et al., 1990) NO is produced by an inducible en-
zyme which is Ca**-independent, and is induced
by endotoxin (LPS) and cytokines. Excessive pro-
duction of immunologically derived NO may be
responsible for the hypotension and the reduced
responsiveness to pressor agents (Beasley et al,
1991; Mckenna, 1990; Parratt, 1976; Rees et al,
1990) which is characteristic of endotoxic shock,
Rees(1990) have shown that the vascular endothe-
lium expressed an inducible, Ca’*-independent
NO synthase by LPS and interferon (IFN)-gam-
ma in vitro and that vascular smooth muscle also
expressed after administration of LPS in vivo.
Hypertension is associated with an endothelial

- 337 —



dysfunction characterized by an imbalance be-
tween endothelium-dependent contraction and
endothelium-dependent relaxation. In the aorta of
spontaneously hypertensive rats(SHR), but not of
normotensive Wistar-Kyoto rats, acetylcholine
and serotonin may elicit endothelium-dependent
contractions, and their endothelium-dependent
vasodilating effect is depressed (Koga et al., 1989;
Luscher and Vanhoutte, 1986). Angiotensin con-
verting enzyme inhibitors(ACEI) such as cila-
zapril and captopril markedly increased endothe-
lium-dependent relaxation by acetylcholine and
decreased endothelium-dependent contraction by
serotonin  (Clozel, 1991; Goldschmidt and
Tallarida, 1991; Wiemer, 1991). Clozel and col-
leagues (1991) had shown that, in large vessels of
SHR, endothelial dysfunction associated with the
presence of subendothelial monocyte-macrophag-
es was prevented by ACEL

The present study was designed to investigate
the effect of specific angiotensin receptor block-
ing agent, losartan (Chiu ef al., 1991; Fontoura et
al., 1991; Wong et al., 1991), on regulation of nitric
oxide synthase activity, especially whether could
change nitric oxide-dependent relaxation in iso-
lated aorta of SHR.

MATERIALS AND METHODS

Animals

Male SHR(18-week-old) were housed in a room
with a 12-hr light/dark cycle. Standard rat chow
diet and tap water were provided ad libitum.

Treatment groups: SHR were divided into three
groups; control, losartan- and enalapril-treated
group. The rats were treated with losartan (30 mg/
kg/day) and enalapril (10 mg/kg/day) for two
weeks.

Evaluation of nitric oxide mediated relaxation in
isolated aorta

After checking the blood pressure and heart
rate by Grass 79D polygraph connected with a
Gould pressure transducer, the rats were sacri-
ficed and the thoracic aortae were removed and
placed in ice-cold modified Krebs’ solution. Other
experimental procedure was similar to that previ-
ously reported from our laboratory (Shim, 1990).

The contracting responses were generated by
phenylephrine (1077 M) and relaxing responses to
acetylcholine(10~° to ~°) and histamine (107 to
107" were determined after contraction of aorta.
To induce inducible nitric oxide synthase
lipopolysaccharide (LPS, 100 pg/ml) was added
into the modified Krebs solution during the ex-
periment. To verify the relaxing responses mediat-
ed by nitric oxide N°-monomethyl L-arginine
(LNMMA, 100 #M), nitric oxide synthase specific
inhibitor, was used.

Chemicals

Drugs were purchased from the Sigma Chemi-
cal Company. Losartan was Kkindly donated by
DuPont-Merck Pharmaceuticals.

Statistical evaluation

Data were analyzed by using t-test. A P value of
0.05 or less was considered significant.

RESULTS

Effect of losartan and enalapril on the blood pres-
sure and heart rate

A significant decrease in blood pressure was ob-
served after two weeks of losartan and enalapril
treatment in SHR (Table 1).

Effect of losartan and enalapril on the constitu-
tive nitric oxide mediated relaxation

Endothelium-dependent relaxation induced by

Table 1, Systolic and diastolic blood pressure (SBP
and DBP) and heart rate(HR) of control,
losartan-treated (30 mg/kg/day, 2 weeks), and
enalapril-treated (10 mg/kg/day, 2 weeks)

group .
SBP DBP HR
(mmHg) (mmHg) (beats/min)
Control (n=24) 230t6 178 +4 42910
Losartan (n=21) 168+5% =+ 1416 424+18
Enalapril (n=15) 170£7* - 132+8%  431x13

All values are represented as mean =S.E.*, P<0.05
vs control. :
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acetylcholine and histamine was significantly en-
hanced in SHR treated with losartan and
enalapril for two weeks (Fig. 1). But 90 minutes-in
vitro treatment of losartan did not show any
change in relaxation by acetylcholine and hista-
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Fig. 1. Relaxations induced by acetylcholine(10~° to
10 M) and histamine(10~® to 10~ M) were
compared in control (n=16), losartam (30 mg/
kg/day, 2 weeks)-treated (n=15) and enalapril-
treated (n=11) group with intact endothelium.
*, P<0.05 vs control.
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Fig. 3. Phenylephrine (107 M)-induced contractions,
repeated every 2 hour, were compared between
control (n=10) and LPS-treated (n=16) group
in endothelium denuded aorta. *, P<0.05 vs
control.

mine (Fig. 2). LNMMA treatment inhibited the re-
laxation by acetylcholine and histamine in two
weeks-treatment with losartan and enalapril
(Table 2).
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Fig. 2. Relaxations induced by acetylcholine(10~° to
10 M) and histamine (10~° to 10" M) were
compared between control (n=16) and losartan
(10™* M, 90 min)-treated (n=15) group with in-
tact endothelium.
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Fig. 4. Phenyiephrine (107 M)-induced contractions,
repeated every 2 hour, were compared among
control (n=16), losartan-treated (n=15) and
enalapril-treated (n=11) group in endothelium
denuded aorta following LPS treatment,
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Table 2. Acetylcholine-induced relaxation and phenylephrine-induced contraction were compared between treatment
with LNMMA and not-treatment group in control, losartan-and enalapril-treated cases

Relaxation(%) Contracion(%)
LNMMA(-) LNMMA(+) (LNMMA(—) LNMMA(+)
Control (n=16) 83+3 TH2* 24+9 89+5*
Losartan (n=15) 77+5 5+6* 39+8 87+8*
Enalapril (n=11) 80+3 6+7* 287 907

Relaxation was evaluated in endothelium intact aortae and contraction in denuded aortae. All values are represent-

ed as mean =S.E. ¥, P<0.05, vs LNMMA(-).

Table 3. Acetylcholine-or histamine-induced relaxation were compared before and after LPS treatment in endotheli-

um intact aorta

Relaxation(%)

Acetylcoline(n=7) -9 -8 -7 -6 -5
Before LPS 32+£7 41 £ 5 59 +4 79+7 83+4
After LPS 31+6 44 + 7 55+ 4 7713 812

Histamine (n=8) -8 -7 —6 -5 —4
Before LPS 29+5 34+6 46+£5 674 85+3
After LPS 30+8 3244 £2+3 645 83x1

All values are represented as mean =S.E. Concentration of acetylcholine and histamine are presented as loglM].

Effect of losartan and enalapril on the inducible
nitric oxide mediated relaxation

Phenylephrine-induced contraction of isolated
aorta reached to a plateau at 20 minutes after
addition and was sustained. By treatment with
LPS in denuded aorta, contraction induced by
phenylephrine gradually decreased to about 20%
at 10 hour (Fig. 3). After LNMMA treatment the
decreased phenylephrine-induced contraction
was restored (Table 2). Acetylcholine- and hista-
mine-induced relaxations were not changed by
the LPS treatment in endothelium intact aorta
(Table 3). The decreased contractility by LPS
treatment was not affected by two-week treatment
of enalapril and losartan (Fig, 4).

DISCUSSION

It is generally accepted that structural and

functional alterations in the vasculature contrib-
ute significantly to the elevation in peripheral
vascular resistance in the established phase of
hypertension(Folkow, 1982). The significant low-
ering of blood pressure to normotensive levels in
SHR with losartan is not surprising in light of pre-
vious findings on the acute (Timmermans et al.,
1991; Wong e? al., 1990) and chronic (Mizuno ef al,,
1992; Wong et al., 1991) antihypertensive effect of
losartan. What is particularly interesting, and of
most importance in our study, is the significant
endothelium-dependent relaxation in aortic strips
of SHR treated with losartan for two weeks. It is
well known that vasodilation of angiotensin con-
verting enzyme inhibitors (ACEIs) in hyper-
tensives is due to prevention of the formation of
angiotensin II and protection of bradykinin from
breakdown, which increase the amount of nitric
oxide. In our study angiotensin II receptor block-
ade itself also enhanced endothelium-dependent
vasodilation induced by acetylcholine and hista-
mine which can be inhibited by LNMMA, inhibi-
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tor of the synthesis of nitric oxide from L-argi-
nine. These results suggest the possibility that
angiotensin can act on the constitutive nitric
oxide synthesis or metabolism directly, which
may be affected by ACEI through functional
chagne of endothelium.

Aortic contraction with phenylephrine was in-
hibited by LPS. The maximum inhibition at 10
hour is significantly restored by LNMMA. These
observations indicated that the decrease in
phenylephrine-induced contraction by LPS is due
to formation of NO. Since these effects are inde-
pendent of the presence of the endothelium, it is
likely that the vascular smooth muscle itself is the
major site of NO formation. Losartan and
enalapril treatment had no effect on the LPS-in-
duced relaxation and acetylcholine- and hista-
mine-induced relaxation was not affected by LPS.
These results leads to possibility that angiotensin
system doesn’t act directly on the inducible nitric
oxide synthesis and its relaxation.

In summary, these results demonstrate the ef-
fectiveness of losartan for established hyper-
tension in SHR and suggest that the effect may
result from constitutive nitric oxide by losartan
through significant functional alterations in con-
stitutive nitric oxide.
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