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Abstract

This study examined both basal and agonist-stimulated effects of nitric oxide in rings of thoracic aorta and carotid artery from
12-week-old stroke-prone spontaneously hypertensive rats (SHRSP) and compared them to those found in rings from normotensive
Wistar Kyoto (WKY) controls. Acetylcholine-induced endothelium-dependent relaxation was found to be five-fold more sensitive in both
male and female SHRSP when compared with those from age- and sex-matched WKY rats. In contrast, we found a reduction in the
effects of basal nitric oxide in the SHRSP rat. Specificaly, the ability of basal nitric oxide to depress contractile responses to
phenylephrine was found to be reduced in vessels from SHRSP when compared with those from WKY rats. In addition, the
endothelium-dependent depression of vasodilator responses to the nitric oxide donor, glyceryl trinitrate, was reduced in vessels from
SHRSP when compared to those from WKY rats. Thus, we have shown that the effects of basal nitric oxide are impaired in the SHRSP
rat at an age when the effects of agonist-stimulated nitric oxide are actually enhanced. This impairment may be related to the greater
susceptibility of basal nitric oxide to destruction by superoxide anion which is known to be produced in excess in this model of

hypertension. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Nitric oxide is released from the vascular endothelium
basdly, i.e, in the absence of stimulation and exerts a
vasodilator action in the vasculature (for review see Mon-
cadaet al., 1991a). This tonic dilator action often resultsin
contractile responses to vasoconstrictors being depressed
in endothelium-containing vessels when compared to those
in which the endothelium has been removed. The same
phenomenon is responsible for the enhancement of tone in
endothelium-containing but not endothelium-denuded ves-
sels following treatment with agents such as haemoglobin,
the scavenger of nitric oxide, methylene blue, an inhibitor
of soluble guanylate cyclase and NS-nitro L-arginine
methyl ester (L-NAME), and N®-monomethyl L-arginine
(L-NMMA), inhibitors of nitric oxide synthase (Konishi
and Su, 1983; Egleme et a., 1984; Martin et a., 1986;
Rees et a., 1990). In addition to its ability to depress
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vasocongtriction, it has been clearly demonstrated in en-
dothelium-containing tissues that basal nitric oxide activity
also opposes vasodilator responses induced by stimulants
of soluble guanylate cyclase (Shirasaki and Su, 1985)
including sodium nitroprusside (Moncada et al., 1991b),
peroxynitrite (Dowell and Martin, 1998) and 3-morpho-
lono-sydnonimine (SIN-1) (Busse et al., 1989; Flavahan
and Vanhoutte, 1989; Luscher et al., 1989). This depres-
sion too is abolished by endothelial removal or blockade of
the effects of nitric oxide.

It is thought that the effects of basal nitric oxide are
vital in maintaining vascular tone and is perhaps more
important than agonist-stimulated effects in controlling
resting blood pressure (Moncada et al., 1991a). There is
good evidence to suggest that the effects of basal nitric
oxide are reduced in human essential hypertension (Linder
et al., 1990; Panza et al., 1990; Taddei et al., 1993) and in
some anima models of hypertension (Osugi et a., 1990;
Maruyama and Maruyama, 1994; Rees et al., 1996), with
the resultant loss of vasodilation, resulting in an increase in
vascular tone and, consequently, in blood pressure. In the
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stroke-prone spontaneously hypertensive rat (SHRSP), an
anima model of hypertension, there have been severa
reports demonstrating alterations in the effects of both
agonist-stimulated and basal nitric oxide. For example, it
has been demonstrated that in young animals (8 weeks)
agonist-stimulated nitric oxide is enhanced (Onda et al.,
1994; Tomita et al., 1995), whereas in older animals (16
weeks plus) both agonist-stimulated and basal nitric oxide
effects are reduced (Osugi et al., 1990; Matsuda et 4.,
1995; Kitazono et al., 1996). In previous studies from our
own laboratory we have reported that nitric oxide synthase
activity and mRNA is enhanced at 16 weeks of age despite
a functiona reduction in agonist-stimulated nitric oxide-
dependent relaxation (Mclntyre et a., 1997; Kerr et 4.,
1999). In addition, we demonstrated a reduced ability of
L-NAME, a nitric oxide synthase inhibitor, to elevate tone
induced by a single concentration of phenylephrine (EC,,)
in thoracic aorta from SHRSP when compared with those
from normotensive control Wistar Kyoto rats (WKY) (Mc-
Intyre et al., 1997), suggesting a deficiency of basal nitric
oxide in the hypertensive strain. This effect was most
marked in males.

The aim of this study, therefore, was to examine more
thoroughly the possibility that the effects of basal nitric
oxide are reduced in the SHRSP rat when compared to
WKY controls. In order to test this, the endothelium-de-
pendent depression of vasoconstriction by basal nitric ox-
ide was assessed by constructing full concentration—re-
sponse curves to the contractile agonist phenylephrine in
the presence and absence of the endothelium and in the
presence and absence of the nitric oxide synthase inhibitor,
L-NAME. In addition the endothelium-dependent depres-
sion of vasodilation by basal nitric oxide was assessed by
constructing full concentration—response curves to the ni-
tric oxide-donor glyceryl trinitrate. In each case, two ves-
sels, i.e., thoracic aorta and carotid artery, were examined
to determine if any differences seen in the two strains were
localised to a particular artery.

2. Materials and methods

2.1. Experimental animals

WKY and SHRSP were obtained from colonies estab-
lished in Glasgow by brother—sister mating as previously
described (Dominiczak et al., 1993). The breeding stocks
were obtained from colonies maintained at the University
of Michigan which had in turn obtained its breeding stocks
from the National Ingtitute of Health. All rats were kept in
the same environment and received food and water ad
libitum. At 11 weeks of age, indirect blood pressure was
measured by tail plethysmography in conscious, restrained
animals habituated to the procedure as previously de-
scribed (Evans et a., 1994). Rats were pre-warmed to

34°C for 10 to 15 min before measurements. Rats were
studied at 12 weeks of age and were killed by an intraperi-
toneal injection of Euthetal (150 mg kg™1).

2.2. Preparation of vessel rings and tension recording

The preparation of rings of thoracic aorta and carotid
artery for tension recording was essentially similar to that
described by Martin et a. (1985). The vessels were re-
moved, cleared of adhering fat and connective tissue and
cut into 2.5 mm wide transverse rings with a razor blade
dicing device. Endothelial cells were removed from some
rings by gently rubbing the intimal surface (30—60 s) with
amoist stick. Successful remova of the endothelium was
later confirmed by the inability of acetylcholine (1 wM) to
elicit relaxation. The vessel rings were mounted under 1 g
resting tension on stainless steel hooks in 10-ml organ
baths, and bathed at 37°C in Krebs solution containing
(mM): NaCl 118, KCl 4.8, CaCl, 25, MgSO, 1.2,
KH,PO, 1.2, NaHCO; 24, p-glucose 11 and gassed with
95% O, and 5% CO,. Tension was recorded isometrically
with Grass FT03 transducers and displayed on a PowerLab
(800 Series, AD Instruments). Tissues were alowed to
equilibrate for 60 min before experiments were begun,
during which time the resting tension was re-adjusted to 1
g if required.

2.3. Experimental protocols

After equilibration, each preparation was stimulated
with 100 mM KCI. This contractile response was taken as
an index of arterial contractility and subsequent contractile
responses were expressed as a percentage of this KCl-
evoked contraction. Following washout and re-equilibra-
tion, a cumulative concentration—response curve to phenyl-
ephrine (0.1 nM-3 wM) was constructed in each ring.
Rings were then randomly allocated to one or more of the
following protocols. cumulative concentration—response
curve to phenylephrine (0.1 nM-3 M) in the presence or
absence of L-NAME (100 wM, 20 min pre-incubation);
cumulative concentration—response curve to acetylcholine
(0.1 nM-100 wM); cumulative concentration—response
curve to glyceryl trinitrate (0.1 nM-1 pM). Relaxant
responses to acetylcholine and glyceryl trinitrate were
obtained following pre-constriction to the half-maximal
effective concentration (EC,) of phenylephrine (10—-300
nM) and relaxation expressed as a percentage of this
preconstriction (thoracic aorta: 0.7-0.9 g; carotid artery:
0.3-05g.

2.4. Materials

Acetylcholine chloride, phenylephrine hydrochloride,
N C-nitro-L-arginine methyl ester (L-NAME) were obtained
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Table 1
Summary of tail cuff blood pressure values and responses to KCI in endothelium-containing (E*) and endothelium-denuded (E — ) rings of thoracic aorta

(TA) and carotid artery (CA) from 12-week-old male and female SHRSP and age-matched WKY rats

WKY SHRSP
Male Female Male Female
B.P. (mmHg) 132+ 3 123+2 176 + 5°° 143 + 4°
KClI (g tension) E* E—- E* E—- E* E— E* E-—
TA 0.82 + 0.03 0.74 + 0.04 0.73 +0.02 0.72 + 0.03 0.88 + 0.03 0.83 + 0.04 0.79+ 0.03 0.83 + 0.03
CA 0.46 + 0.02 0.42 +£0.02 0.43 +£0.02 0.44 + 0.02 0.44 + 0.02 0.36 + 0.02 0.40 + 0.02 0.42 + 0.02

3Denotes a difference due to sex (P < 0.001); ® and ®a difference due to strain; (P < 0.01 and P < 0.001, respectively) ANOVA, followed by Bonferroni
analysis. Data are mean + SE.M., n> 6 animals.

from Sigma (Poole, Dorset). Glyceryl trinitrate was ob- 2.5. Satistical analysis
tained from NAPP Laboratories (Cambridge, UK). Eu-
thetal (sodium pentobarbitone) was obtained from Rhone Results are expressed as the mean + S.E.M. for n sepa-
Merieux. All drugs were dissolved in 0.9% saline. rate experiments. EC, and log EC;, values were calcu-
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Fig. 1. Concentration—response curves showing relaxation to acetylcholine in rings of thoracic aorta and carotid artery from male and female SHRSP and
age-matched WKY rats. #*## Denotes a difference due to endothelial denudation (P < 0.001 ANOVA, followed by Bonferroni analysis). Data are

mean + S.EMM., n> 6 animals.
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Table 2
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Summary of pD, values to phenylephrine (PE), acetylcholine (ACh) and glycery! trinitrate (GTN) in endothelium-containing (E + ) and endothelium-de-
nuded (E — ) rings of thoracic aorta (TA) and carotid artery (CA) from 12-week-old male and female SHRSP and age-matched WKY rats

WKY SHRSP
Made Female Mae Femae
E+ E— E+ E— E+ E— E+ E—
TA PE 699+006 7.85+004  6.86+0.06 7.78+003"  751+0079 802+006° 7.12+007%¢ 796+ 0.12f
ACh  752+007 7.60 + 0.06 7.98 4+ 0.12° 8.20 + 0.14¢
GTN 818+016 852+024  7.66+006 842+013° 829+ 0.20 830+ 024 836+ 0.17° 827+ 0.10
CA PE 6.87+004 7.60+009" 6.79+0.06 7594+ 007"  7.30+007¢ 7.87+008"  7.25+0.09¢ 7.97 + 0.11°f
ACh  7.05+0.08 6.67 + 0.13 7.56 + 0.12° 7.53 + 0.18¢
GTN  747+024 7.89+018  7.344+015 8.13+0.08"  7.68+ 0.09 7.76+007  7.60+0.03 7.79+0.15

3Denotes a difference due to sex (P < 0.05); >¢ # ¢4 difference due to strain (P < 0.05, P < 0.01 and P < 0.001, respectively), ¢ 'a difference due to
endothelial denudation (P < 0.01 and P < 0.001, respectively) ANOVA, followed by Bonferroni analysis. Data are mean + SE.M., n> 6 animals.
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Fig. 2. Concentration—response curves showing contraction to phenylephrine in rings of thoracic aorta and carotid artery from male and female SHRSP and

age-matched WKY rats. ®Denotes a difference in maximum response due to strain; *#a difference due to endothelial denudation (denotes P < 0.05,
*denotes P < 0.01, **# or ***denotes P < 0.001 ANOVA, followed by Bonferroni analysis). Data are mean + SE.M., n> 6 animals.
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lated by a computer-based curve fitting program (Prism,
GraphPad). Multiple comparisons were made by one-way
analysis of variance (ANOVA). If P < 0.05, individual
pairs of means were then compared by the Bonferroni
multiple comparisons test.

3. Results
3.1. Baseline parameters

3.1.1. Blood pressure

Systolic blood pressure values are given in Table 1.
Male and female SHRSP rats were both hypertensive when
compared to their respective WKY controls, although this
was significantly more pronounced in the males. There
was no significant difference in the blood pressures of
male and female WKY rats.

3.1.2. KCI contraction

The contractile response to 100 mM KCl in rings of
thoracic aorta and carotid artery are given in Table 1. For
each of the two blood vessels there was no significant
difference in the magnitude of response due to sex, strain
or endothelial denudation.

3.2. Effects of agonist-stimulated nitric oxide

The effects of agonist-stimulated nitric oxide were as-
sessed by constructing cumulative concentration—response
curves to acetylcholine (Fig. 1). Whilst no difference in
maximum response was observed, there was a significantly
higher sensitivity (Table 2) to acetylcholine in rings of
thoracic aorta and carotid artery from SHRSP when com-
pared to WKY rats. There was no difference in response in
the two sexes. Endothelial-denudation completely abol-
ished the relaxation induced by acetylcholine in al rings.
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300 300,
m m
(7] (7]

S 250 S 250
[ Q.
(7] 7]
[} (]

© 5 200 _;. 200
- 2
@© = =

o T 150 T 150
2 s s

g < 1004 = 100
9o = S
= 5 I3

‘w50 @ 50
[=4 c
2 I

0 0

5

300- 300-
o @
(7] 172}

S 2501 S 2504
Q. Qo
$ ¢

> = 200 = 200
[0} Q 3]
€ x <

© Z 150] T 150,
SR s
o = =

5 = 100 = 100
(&} < =
=] o

% 504 % 50
c c
2 i

o o4

fo 1 B 7 5 5 fo 5 B 7 5 5

Log [phenylephrine] (M)

B WKY endothelium-containing in the presence of L-NAME (100 pM);
® SHRSP endothelium-containing in the presence of L-NAME (100 puM);

Log [phenylephrine] (M)

O WKY endothelium-denude
O SHRSP endothelium-denud

Fig. 3. Concentration—response curves showing the effect of L-NAME (100 wM, 20 min pre-incubation) on contraction to phenylephrine in rings of
thoracic aorta and carotid artery from male and female SHRSP and age-matched WKY rats. Data are mean + SE.M., n> 6 animals.
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A slight contractile response to acetylcholine was seen in
endothelium-denuded rings of aorta and carotid artery,
however, no difference due to strain or sex was observed.

3.3. Effects of basal nitric oxide

The effects of basal nitric oxide were assessed by
examining the influence of endothelial denudation and
L-NAME (100 wM) on phenylephrine-induced contraction
and also by assessing the influence of endothelial denuda-
tion on relaxation to glyceryl trinitrate.

The presence of the endothelium caused a significant
decrease in sensitivity (Table 2) to phenylephrine in rings
of both thoracic aorta and carotid artery in both strains and
sexes. The sensitivity to phenylephrine was higher in
endothelium-containing rings from SHRSP than from WKY
rats in both males and females. The maximum response to
phenylephrine in both thoracic aorta and carotid artery was

also significantly enhanced following endothelial denuda-
tion (Fig. 2) in female WKY and SHRSP rats and also in
male WKY rats but not in male SHRSP rats. In females
the maximum response to phenylephrine in both thoracic
aorta and carotid artery was significantly higher in en-
dothelium-containing rings from SHRSP than WKY rats
but this was not the case in males. Following endothelial
denudation of thoracic aorta and carotid artery there was
no significant alteration in either sensitivity or maximum
response in the two strains and sexes.

L-NAME increased the sensitivity and maximum re-
sponse to phenylephrine in endothelium-containing rings
of thoracic aorta and carotid artery (Fig. 3) to levels seen
in endothelium-denuded rings. L-NAME had no effect on
endothelium-denuded vessels of both strains and sexes
(data not shown).

The presence of the endothelium produced a significant
decrease in sensitivity to glyceryl trinitrate in both thoracic
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Fig. 4. Concentration—response curves showing relaxation to glyceryl trinitrate in rings of thoracic aorta and carotid artery from male and female SHRSP
and age-matched WKY rats. * Denotes a difference in maximum response due to endothelial denudation (P < 0.05 ANOVA, followed by Bonferroni
analysis). Data are mean + S.E.M., n> 6 animals.
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aorta and carotid artery from female WKY rats (Fig. 4,
Table 2). This effect was not seen in female SHRSP, nor
in males of either strain. The presence of the endothelium
produced a significant depression of the maximum re-
sponse to glyceryl trinitrate in rings of thoracic aorta from
male rats of both strains.

4, Discussion

We have previously reported a reduced ability of a
nitric oxide synthase inhibitor to elevate tone induced by a
single concentration of phenylephrine (EC,,) in thoracic
aorta from 16-week-old SHRSP when compared with those
from age-matched normotensive control WKY rats (Mcln-
tyre et a., 1997), suggesting a deficiency of basal nitric
oxide in the hypertensive strain. We also reported that
endothelium-dependent relaxation was attenuated in tho-
racic aorta from the hypertensive strain. In the present
study younger animals (12 weeks old) were studied. In
these animals acetylcholine-induced endothelium-depen-
dent relaxation in thoracic aorta was found to be enhanced
five-fold in both male and female SHRSP when compared
with those from age- and sex-matched normotensive con-
trol WKY rats. Thisis in accordance with previous studies
of endothelium-dependent relaxation in thoracic aorta from
young (8 weeks old) SHRSP (Onda et al., 1994; Tomita et
al., 1995). In addition, we found acetylcholine-induced
endothelium-dependent relaxation was similarly enhanced
in the carotid artery from the SHRSP when compared with
those from WKY rats, illustrating that this effect is not
simply localised to the aorta.

The changes in endothelium-dependent relaxation in the
SHRSP appear to depend on developmenta age; studiesin
older animals have shown a progressive decline relative to
the WKY control, as age increases (Onda et al., 1994;
Matsuda et a., 1995; Tomita et al., 1995; Kitazono et al.,
1996). The early enhancement of endothelium-dependent
relaxation seen in this study at 12 weeks may be a
compensatory mechanism in response to the developing
hypertension. Indeed we have previously reported an in-
crease in MRNA for eNOS in thoracic aorta from 12-
week-old SHRSP (Kerr et al., 1999) and higher levels of
eNOS activity in endothelial cells harvested from aortae of
SHRSP when compared to the same cells obtained from
WKY controls (Mclntyre et al., 1997). However, superox-
ide anion generation is also greater in the isolated aorta of
the SHRSP than of the WKY rat (Kerr et al., 1999).
Superoxide anion interacts with nitric oxide to produce
peroxynitrite (Beckman et al., 1994), a powerful oxidant
which, if produced over prolonged periods of time, may
result in vascular damage and consequently contribute to
the decline in endothelium-dependent relaxation seen with
increasing age in SHRSP rats.

In contrast to the clear enhancement of agonist
(acetylcholine)-stimulated nitric oxide-induced relaxation,
we found a depression in the effects of basal nitric oxide in

the SHRSP rat. Specifically, the ability of basal nitric
oxide to depress contractile responses to phenylephrine
was found to be reduced in both the thoracic aorta and
carotid artery from SHRSP when compared with those
from WKY rats. This effect was particularly marked in the
male rats, where basal levels of nitric oxide are lower
(present study and Mclntyre et al., 1997). The loss of basal
nitric oxide was demonstrated by endothelial denudation
and with the use of L-NAME to inhibit eNOS. L-NAME
completely abolished the endothelium-dependent depres-
sion of phenylephrine-induced tone, thus confirming that
this was entirely due to the basal effects of nitric oxide. A
reduction in basal nitric oxide has previously been demon-
strated in thoracic aorta from older (16 weeks old) SHRSP
rats where clear evidence of impaired acetylcholine-in-
duced relaxation was seen (Osugi et al., 1990; Matsuda et
al., 1995; Mcintyre et a., 1997). By contrast, this is the
first observation of reduced basal nitric oxide in SHRSP at
an age where agonist-stimulated nitric oxide responses are
not impaired, but are indeed enhanced. Furthermore, thisis
the first report that this is not simply localised to the aorta,
since identical data were obtained in the carotid artery. The
loss of the effects of basal nitric oxide at a time when
agonist-stimulated responses remain enhanced may reflect
the greater susceptibility of basal than of agonist-stimu-
lated nitric oxide to destruction by superoxide anion (Mian
and Martin, 1995).

Further evidence that the effects of basal nitric oxide
are reduced in the SHRSP rat was obtained when we
assessed the endothelium-dependent depression of va
sodilator responses to the nitric oxide donor, glyceryl
trinitrate (Shirasaki and Su, 1985; Moncada et a., 1991b;
Maruyama and Maruyama, 1994). In the aorta and carotid
artery of male rats removal of the endothelium only had a
dlight enhancing effect on the concentration—response curve
to glyceryl trinitrate, with no difference observed between
vessels from SHRSP and WKY rats. In contrast, removal
of the endothelium in vessels from female rats resulted in a
clear enhancement of the sensitivity to glyceryl trinitrate,
an effect which was markedly impaired in vessels from the
female SHRSP. The fact that endothelial denudation had a
lesser effect on the glyceryl trinitrate response in males
than females presumably reflects the lower levels of basal
nitric oxide found in male rats. As a consequence of this,
any strain difference in the males would have been hard to
observe. Previous studies have reported that relaxant re-
sponses to another nitric oxide donor sodium nitroprusside
are similar in aorta from SHRSP and WKY rats, how-
ever these studies have either examined only males
(Tesfamariam and Halpern, 1988; Miyata et al., 1990;
Onda et al., 1994) or dternatively have not assessed the
effects of endothelial denudation in order to remove the
powerful modulating action of basal nitric oxide (Mclntyre
et a., 1997).

Thus, in summary, this study has shown that the effects
of basal nitric oxide are impaired in the SHRSP rat at an
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age when agonist-stimulated nitric oxide is actualy en-
hanced when compared with control WKY rats. This im-
pairment may be related to the greater susceptibility of
basal nitric oxide to destruction by superoxide anion,
which is known to be produced in excess in this (Kerr et
al., 1999) and other models of hypertension (Bouloumie et
al., 1997; Laursen et al., 1997).

Acknowledgements

This work was supported by the British Heart Founda-
tion Project Grant No. PG97077.

References

Beckman, J.S., Chen, J., Ischiropoulos, H., Crow, J.P., 1994. Oxidative
chemistry of peroxynitrite. Methods Enzymol. 233, 229-240.

Bouloumie, A., Bauersachs, J., Ling, W., Scholkens, B.A., Wiemer, G.,
Fleming, ., Busse, R., 1997. Endothelial dysfunction coincides with
an enhanced nitric oxide synthase expression and superoxide anion
production. Hypertension 30, 934-941.

Busse, R., Pohl, U., Mulsch, A., Bassenge, E., 1989. Modulation of the
vasodilator action of SIN-1 by the endothelium. J. Cardiovasc. Phar-
macol. 14, S81-S85, Suppl. 11.

Dominiczak, A.F., McLaren, Y., Kusdl, J, Bell, D., Goodfreind, T.L.,
Bohr, D.F., Reid, J.L., 1993. Lateral diffusion and fatty acid composi-
tion in vascular smooth muscle membrane from stroke-prone sponta-
neously hypertensive rats. Am. J. Hypertens. 6, 1003—1008.

Dowell, F.J., Martin, W., 1998. The effects of peroxynitrite on rat aorta:
interaction with glucose and related substances. Eur. J. Pharmacol.
338, 43-53.

Egleme, C., Godfriand, T., Miller, R.C., 1984. Enhanced responsiveness
of rat isolated aorta to clonidine after removal of the endothelial cells.
Br. J. Pharmacol. 81, 16-18.

Evans, A.L., Brown, W., Kenyon, C.J., Maxted, K.J., Smith, D.C., 1994.
Improved system for measuring systolic blood pressure in the con-
scious rat. Med. Biol. Eng. Comput. 32, 101-102.

Flavahan, N.A., Vanhoutte, P.M., 1989. Mechanisms underlying the
inhibitory interaction between the nitrovasodilator SIN-1 and the
endothelium. J. Cardiovasc. Pharmacol. 14, S86—S90, Suppl. 11.

Kerr, S., Brosnan, M.J,, Mcintyre, M., Reid, JL., Dominiczak, A.F.,
Hamilton, C.A., 1999. Superoxide anion production is increased in a
model of genetic hypertension: the role of endothelial nitric oxide
synthase and superoxide dismutase isoforms. Hypertension, in press.

Kitazono, T., Faraci, F.M., Heistad, D.D., 1996. L-arginine restores
dilator responses of the basilar artery to acetylcholine during chronic
hypertension. Hypertension 27, 893—896.

Konishi, M., Su, C., 1983. Role of endothelium in dilator responses of
spontaneously hypertensive rat arteries. Hypertension 5, 881-886.
Laursen, JB., Rajagopaan, S., Galis, Z., Tarpey, M., Freeman, B.A,,
Harrison, D.G., 1997. Role of superoxide in angiotensin |l induced
but not catecholamine induced hypertension. Circulation 95, 588—593.

Linder, L., Kiowski, W., Buhler, F.R., Luscher, T.F., 1990. Indirect
evidence for release of endothelium derived relaxing factor in human
forearm circulation in vivo: blunted response in essential hyper-
tension. Circulation 81, 1762—1767.

Luscher, T.F., Richard, V., Yang, Z., 1989. Interaction between endothe-

lium-derived nitric oxide and SIN-1 in human and porcine blood
vessels. J. Cardiovasc. Pharmacol. 14, S76—-S80, Suppl. 11.

Martin, W., Villani, G.M., Jothianandan, D., Furchgott, R.F., 1985.
Selective blockade of endothelium-dependent and glyceryl trinitrate-
induced relaxation by haemoglobin and by methylene blue in the
rabbit aorta. J. Pharmacol. Exp. Ther. 232, 708—716.

Martin, W., Furchgott, R.F., Villani, G.M., Jothianandan, D., 1986.
Depression of contractile responses in rat aorta by spontaneously
released endothelium-derived relaxing factor. J. Pharmacol. Exp. Ther.
237, 529-538.

Maruyama, J., Maruyama, K., 1994. Impaired nitric oxide dependent
responses and their recovery in hypertensive pulmonary arteries of
rats. Am. J. Physiol. 266, H2476—H2488.

Matsuda, K., Sekiguchi, F., Tojo, M., Shimamura, K., Sunano, S., 1995.
Effects of NC-nitro-L-arginine on «-agonists-induced contraction of
aortae from Wistar Kyoto rats and stroke-prone spontaneously hyper-
tensive rats. J. Smooth Muscle Res. 31, 51-60.

Mclntyre, M., Hamilton, C.A., Rees, D., Reid, JL., Dominiczak, A.F.,
1997. Sex differences in the abundance of endothelial nitric oxidein a
model of genetic hypertension. Hypertension 30, 1517-1524.

Mian, K.B., Martin, W., 1995. Differential sensitivity of basa and
acetylcholine-stimulated activity of nitric-oxide to destruction by su-
peroxide anion in rat aorta. Br. J. Pharmacol. 115, 993-1000.

Miyata, N., Tsuchida, K., Tanaka, M., Otomo, S., 1990. Impairment of
endothelium-dependent relaxation and changes in levels of cyclic
GMP in carotid arteries from stroke-prone spontaneously hypertensive
rats. J. Pharm. Pharmacol. 42, 763—766.

Moncada, S., Pamer, R.M.J., Higgs, E.A., 1991a. Nitric oxide: physiol-
ogy, pathophysiology and pharmacology. Pharmacol. Rev. 43, 109—
142.

Moncada, S., Rees, D., Schulz, R., Paimer, R.M.J., 1991b. Development
and mechanism of a specific supersensitivity to nitrovasodilators after
inhibition of vascular nitric oxide synthesis in vivo. Proc. Natl. Acad.
Sci. U. S. A. 88, 2166-2170.

Onda, T., Mashiko, S, Hamano, M., Tomita, |., Tomita, T., 1994.
Enhancement of endothelium-dependent relaxation in the aorta from
stroke-prone spontaneously hypertensive rats at developmental stages
of hypertension. Clin. Exp. Pharmacol. Physiol. 21, 857-863.

Osugi, S., Shimamura, K., Sunano, S., 1990. Decreased modulation of
endothelium of noradrenaine-induced contractions in aorta from
stroke-prone spontaneously hypertensive rats. Arch. Int. Pharmaco-
dyn. 305, 86—99.

Panza, JA., Quyyumi, A.A., Brush, JE.J., Epstein, S.E., 1990. Abnormal
endothelium dependent vascular relaxation in patients with essential
hypertension. N. Engl. J. Med. 232, 22-27.

Rees, D.D., Pamer, R.M.J, Schulz, R., Hodson, H.F., Moncada, S,
1990. Characterisation of three inhibitors of endothelial nitric oxide
synthase in vitro and in vivo. Br. J. Pharmacol. 101, 746—752.

Rees, D., Ben-Ishay, D., Moncada, S., 1996. Nitric oxide and the
regulation of blood pressure in the hypertension prone and hyper-
tension resistant Sabra rat. Hypertension 28, 367-371.

Shirasaki, Y., Su, C., 1985. Endothelium removal augments vasodilation
by sodium nitroprusside and sodium nitrite. Eur. J. Pharmacol. 114,
93-96.

Taddei, S., Virdis, A., Mattei, P., Savetti, A., 1993. Vasodilation to
acetylcholine in primary and secondary forms of human hypertension.
Hypertension 21, 929-933.

Tesfamariam, B., Halpern, W., 1988. Endothelium-dependent and en-
dothelium-independent vasodilation in resistance arteries from hyper-
tensive rats. Hypertension 11, 440-444.

Tomita, T., Onda, T., Mashiko, S., Hamano, M., Tomita, I., 1995. Blood
pressure-related changes of endothelium-dependent relaxation in the
aorta from SHRSP at developmental ages of hypertension. Clin. Exp.
Pharmacol. Physiol., Suppl. 1, S139-S141.



