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Endothelium-derived relaxing, contracting and hyperpolarizing
factors of mesenteric arteries of hypertensive and normotensive rats
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1 Differences in the acetylcholine (ACh)-induced endothelium-dependent relaxation and
hyperpolarization of the mesenteric arteries of Wistar Kyoto rats (WKY) and stroke-prone
spontaneously hypertensive rats (SHRSP) were studied.

2 Relaxation was impaired in preparations from SHRSP and tendency to reverse the relaxation
was observed at high concentrations of ACh in these preparations.

3 Relaxation was partly blocked by N-nitro-L-arginine (L-NOARG, 100 uM) and, in the presence
of L-NOARG, tendency to reverse the relaxation was observed in response to higher concentrations
of ACh, even in preparations from WKY. The relaxation remaining in the presence of L-NOARG
was also smaller in preparations from SHRSP.

4 The tendency to reverse the relaxation observed at higher concentrations of ACh in preparations
from SHRSP or WKY in the presence of L-NOARG were abolished by indomethacin (10 uMm).

5 Elevating the K™ concentration of the incubation medium decreased relaxation in the presence
of both indomethacin and L-NOARG.

6 Relaxation in the presence of L-NOARG and indomethacin was reduced by the application of
both apamin (5 uM) and charybdotoxin (0.1 uM). This suggests that the relaxation induced by ACh
is brought about by both endothelium-derived relaxing factor (EDRF, nitric oxide (NO)) and
hyperpolarizing factor (EDHF), which activates Ca®"-sensitive K* channels.

7 Electrophysiological measurement revealed that ACh induced endothelium-dependent hyperpo-
larization of the smooth muscle of both preparations in the presence of L-NOARG and
indomethacin; the hyperpolarization being smaller in the preparation from SHRSP than that from
WKY.

8 These results suggest that the release of both NO and EDHF is reduced in preparations from
SHRSP. In addition, indomethacin-sensitive endothelium-derived contracting factor (EDCF) is
released from both preparations; the release being increased in preparations from SHRSP.

Keywords: Mesenteric artery; stroke-prone spontaneously hypertensive rats; nitric oxide; contracting factor; hyperpolarizing

factor

Introduction

Vascular contraction is controlled by endothelium-derived
factors such as relaxing (EDRF), contracting (EDCF), and
hyperpolarizing factors (EDHF) (Pearson & Vanhoutte, 1993).
Changes in these factors can be causes of changes in blood
pressure. For example, it has been reported that endothelium-
dependent relaxation is impaired in the blood vessels of
hypertensive rats (Winquist, 1988; Liischer & Vanhoutte,
1986). Reduced amounts of EDRF, EDHF, or increased
amounts of EDCF can impair the relaxation.

In the mesenteric artery, which is thought to be a resistance
artery, impaired relaxation has also been observed in the
preparation from hypertensive rats (Watt & Thurston, 1989;
Jameson et al., 1993; Li & Bukoski, 1993; Li et al., 1994;
Takase et al., 1994; Diedrich et al., 1990). This is thought to be
brought about by the increased release of EDCF, which is a
product of arachidonic acid cascade synthesized via the cyclo-
oxygenase pathway, since relaxation can be restored by agents
such as indomethacin (Watt & Thurston, 1989; Jameson et al.,
1993; Li & Bukoski, 1993; Li et al., 1994) or meclofenamate
(Takase et al., 1994; Diedrich et al., 1990), which are known to
block that pathway (Mizuno et al., 1982).
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Decreased release of EDRF can also be a cause of impaired
relaxation as described above, and as suggested in the aorta of
stroke-prone spontaneously hypertensive rats (SHRSP) (Su-
nano et al., 1992). The EDREF in the aorta is known to be nitric
oxide (NO), and synthesis of NO can be blocked by agents
such as NC-nitro-L-arginine (L-NOARG) (Moore et al., 1990)
and N%methyl-L-arginine (L-NMMA) (Palmer et al., 1988). In
the mesenteric artery, however, acetylcholine can still induce
relaxation in the presence of these agents, indicating the
involvement of a factor(s) other than NO. One of the factors
that can induce the relaxation of the mesenteric artery is
EDHF (Nagao et al., 1992; Parsons et al., 1994; Hwa et al.,
1994; Waldron & Garland, 1994).

In the present experiments, differences in the effects of L-
NOARG and indomethacin on endothelium-dependent
relaxation between mesenteric arteries from Wistar Kyoto
rats (WKY) and SHRSP were studied. In addition, the
involvement of EDHF in relaxation and its changes in the
preparation from SHRSP were also studied. SHRSP were
used, as endothelium-dependent relaxation is more promi-
nently impaired than in conventional spontaneously
hypertensive rats (SHR) (Sunano et al., 1989), and WKY
were used as the control normotensive rats, since SHRSP
were originally established from WKY (Okamoto et al.,
1974).
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Methods

Sixteen-week-old SHRSP and age matched WKY were used in
these experiments. They were obtained from Dr Okamoto
(Okamoto et al., 1974) and bred successively in our animal
facility. They were fed a normal chow (Funabashi SP) and tap
water was given freely. Room temperature was kept at 22°C,
with 60% humidity, and a 12 h light-and-dark cycle.

The blood pressure of the rats was measured by means of
the tail cuff method. Prior to measurement, the rats were
warmed in a cage kept at 40°C for 10 min. This procedure
was required to obtain constant and stable blood pressure
values.

The rats were killed by bleeding from vena cava after
anaesthetizing with CO,. The mesenterium including the
superior mesenteric artery and its branches were excised and
immediately immersed in a modified Tyrode’s solution. The
composition of the modified Tyrode’s solution was as follows
(mMm): NaCl, 137; KCl, 5.4; CaCl,, 2.0; MgCl,, 1.0; NaHCO;,
11.9; NaH,PO,, 0.4; glucose, 5.6; which was equilibrated with
a gas mixture of 95% O, and 5% CO, at 37°C. The pH of the
solution under these conditions was 7.3. K*-Tyrode’s solution
was made by replacing all NaCl in the modified Tyrode’s
solution with KCI, and the high-K™ Tyrode’s solution
containing the desired concentration of K was made by
mixing the Tyrode’s and K" -Tyrode’s solutions.

Ring preparations of 1.5 mm in width were made from the
second branches of the superior mesenteric artery, and they
were kept in the modified Tyrode’s solution. In six
preparations respectively from WKY and SHRSP, the
endothelium was damaged by perfusing the vessels with the
modified Tyrode’s solution containing 0.3% 3-[(3-Cholamido-
propyl) dimethylammonio]-1-propane-sulphonate (CHAPS)
for 2.5 min. The rings were mounted in an organ bath
(MOB-1, Technical Supply, Osaka) under a stretch tension
of 1 mN, and tension changes were measured isometrically
with a force-displacement transducer (Shinkoh, Nagano,
Japan). The temperature of the apparatus was kept at 37°C
by circulating water of the same temperature.

The preparations were equilibrated in the modified Tyrode’s
solution for at least 60 min, and then they were subjected twice
to high K" -induced contractions by changing the solution
from the modified to the high-K* solution containing 80 mm
K* for 5 min with an interval of 15 min in between.
Endothelium-dependent relaxation was induced by applying
acetylcholine (ACh) cumulatively to preparations pre-con-
tracted with 5 uM noradrenaline (NA). We ascertained that
this concentration of NA induced submaximal contraction of
the preparations and that maximum contraction was achieved
at a concentration of 10 uM. Synthesis of NO and the products
of the cyclo-oxygenase pathway of the arachidonic acid
cascade were blocked with L-NOARG (100 uM) and in-
domethacin (10 uM), respectively. The involvement of EDHF
in relaxation was investigated by increasing the K™ concentra-
tion in the modified Tyrode’s solution or by applying
tetraethylammonium (TEA), glibenclamide, apamin or char-
ybdotoxin. At the end of the experiments, the preparations
were completely relaxed by applying verapamil (10 uM) and
papaverine (100 uM), and all tensions were measured in respect
to this relaxed level.

Changes in membrane potential were measured by means of
microelectrode technique. In this method, glass microelec-
trodes which had tip resistance of 40—80 MQ when filled with
3 M KCI were used. Mesenteric artery was mounted on organ
bath of 1 ml volume with insect pins. The preparation was
continuously superfused with Tyrode’s solution at flow rate of

4 ml min~". Microelectrode was inserted into smooth muscle
from outer surface of the preparation.

The drugs used in this experiment were: 3-[(3-Cholamido-
propyl) dimethylammonio]-1-propane-sulphate (CHAPS, Sig-
ma, St Louis, MO, U.S.A.), noradrenaline bitartrate (NA,
Sigma, St Louis, MO, U.S.A.), sodium nitroprusside (SNP,
Sigma, St Louis, MO, U.S.A.), acetylcholine hydrochloride
(ACh, Wako, Osaka, Japan), N%-nitro-L-arginine (Sigma, St
Louis MO, U.S.A.), indomethacin (Sigma, St Louis MO,
U.S.A), SQ 29,548 (Cayman Chemical, MI, U.S.A.),
tetraecthylammonium (TEA, Wako, Osaka, Japan), glibencla-
mide (Sigma, St Louis, MO, U.S.A.), apamin (Sigma, St Louis,
MO, U.S.A.), charybdotoxin (Peptid Inst., Osaka, Japan),
verapamil (Wako, Osaka, Japan) and papaverine (Wako,
Osaka, Japan).

The values obtained were expressed as the means+s.e.-
mean. These values were analysed by the Student’s f-test and
Newman-Keul’s multiple comparison test, where P values of
less than 0.05 were considered to be significant.

Results

Body weight and systolic blood pressure of the rats

Body weights of SHRSP and WKY at 16 weeks of age were
309+4.9 g (n=30) and 395+4.6 g (n=230), respectively, the
former being significantly smaller (P<0.01). The systolic
blood pressures of SHRSP and WKY were 245+ 3.5 mmHg
(n=30) and 135+1.1 mmHg (n=30), respectively. The
systolic blood pressure of the former was significantly higher
than those of the latter (P<0.01).

Relaxation of mesenteric arteries induced by sodium
nitroprussid (SNP)

SNP induced relaxation of NA (5 uM)-precontracted endothe-
lium-removed preparations both from WKY and SHRSP. The
concentration-response curve for the relaxation was almost
identical in both preparations; the maximal relaxation
observed at 1 mM SNP was 97+1.5 and 98+1.2% of
precontraction in preparations from WKY and SHRSP,
respectively (data was not shown).

Relaxation induced by ACh

The amplitudes of the precontraction induced by 5 uM NA in
the preparations from WKY and SHRSP were 87.2+6.6%
(n=10) and 90.6+4.8% (n=10) of 80 mM K™ -induced
contraction, respectively; the difference between these values
were not significant. The application of ACh to preparations
precontracted with 5 uM NA, caused a concentration-
dependent relaxing response (Figure 1). In preparations from
WKY, the concentration-dependent relaxing response was
observed in response to ACh concentrations of up to 1 mMm.
The maximal relaxation (91.8+1.0% of the pre-contracted
value (n=12)) was observed at a concentration of 0.1 uM, and
then gradually increased up to 98.3+0.6% (n=12) at 1 mMm. In
preparations from SHRSP, only low to moderate concentra-
tions of ACh induced relaxation, and tendency to reverse the
relaxation appeared as the concentrations of the drug were
increased further. Thus, maximal relaxation (65.8+7.7% of
the pre-contracted value (n=38)) was observed at an ACh
concentration of 0.1 uM. The relaxation by ACh of concentra-
tions higher than 3 nM were significantly smaller in the
preparation from SHRSP than that from WKY (P <0.05).



S. Sunano et al EDRF, EDHF and EDCF in SHRSP mesenteric arteries 711
WKY SHRSP
O Control

01 o L-NOARG 0
_ A Indo —_
§ B L-NOARG+Indo 2
S S
] ]
% 50 - g 50 -
sy o

100 4 — : 1004 — v . T . . v .

10 9 8 7 6 5 4 3
-log [ACh]

10 9 8 7 6 5 4 3
-log {ACh]

Figure 1 The concentration-response curves for acetylcholine (ACh)-induced relaxation and effects of L-NOARG and
indomethacin in mesenteric arteries from WKY and SHRSP. WKY and SHRSP indicate the preparations from WKY and
SHRSP, respectively. The preparations were pre-contracted in the presence of 5 uM of noradrenaline (NA), and then ACh was
added cumulatively. The relaxation induced by ACh was expressed as a percentage of the NA-induced pre-contraction. Data are
means+s.e.mean from 8-12 preparations. Control, L-NOARG, Indo and L-NOARG +Indo indicate the ACh concentration-
response curves in the absence of, in the presence of L-NOARG (100 uM), indomethacin (10 uM) and both, respectively. Asterisks
indicate significant differences from respective Control values (*P <0.05).

In CHAPS-treated preparations from both WKY and
SHRSP, relaxation induced by ACh was markedly reduced,
and only 20.2+5.4% (n=26) relaxation was observed even in
preparations from WKY.

Effects of L-NOARG and methylene blue on the action
of ACh

L-NOARG (100 um) showed prominent effect on the
relaxation of preparations from WKY, especially by ACh
at concentrations higher than 0.1 um (Figure 1, WKY).
Relaxation was attenuated, and the preparations tended to
contract at higher concentrations of ACh, similarly to that
observed in preparations from SHRSP in the absence of L-
NOARG. Relaxation at lower concentrations of ACh
remained, although its amplitude was reduced. In prepara-
tions from SHRSP, L-NOARG attenuated ACh-induced
relaxation and the tendency to contract in response to
higher concentrations of ACh was augmented (Figure 1,
SHRSP). However, the relaxation induced by lower
concentrations of ACh still remained, although its magni-
tude was reduced.

Methylene blue (10 uM) had similar effects to L-NOARG in
preparations from both WKY and SHRSP (data was not
shown).

Effects of indomethacin and SQ 29,548 on the action of
ACh

The ACh-induced relaxation of mesenteric arteries was
augmented by indomethacin at a concentration of 10 um.
Augmentation was prominent in preparations from SHRSP,
and the tendency to reverse the relaxation at higher
concentrations of ACh disappeared (Figure 1, SHRSP).
Augmentation of the relaxation induced by indomethacin was
not observed in preparations from WKY (Figure 1, WKY).
Thus, differences in the responses of preparations from WKY
and SHRSP were minimized in the presence of indomethacin.

The effects of indomethacin on preparations from SHRSP
were similar to the effects of the drug on preparations from
WKY in the presence of L-NOARG (Figure 1). Reduced
relaxation of the preparation from WKY in the presence of L-
NOARG was recovered, and the tendency to reverse the
relaxation observed at higher concentrations of ACh was
abolished by the addition of indomethacin (10 um). In
preparations from SHRSP, reduced relaxation in the presence
of L-NOARG was also restored, and the tendency to contract
was abolished by the addition of indomethacin (Figure 1,
SHRSP). Thus, only the relaxation was observed in response
to ACh in the presence of both L-NOARG and indomethacin.
When the relaxation induced by ACh 1 mM in the presence of
L-NOARG and indomethacin were compared between
preparations from WKY and SHRSP, they were significantly
smaller in preparations from the latter (96.2+1.1% (n=12) vs
50.0+9.3% (n=12), P<0.01).

Similarly, SQ 29,548 (100 uM) augmented the relaxation
induced by ACh and minimized the tendency to reverse the
relaxation in preparations from SHRSP, and attenuated them
in both preparations in the presence of L-NOARG, although
the effect was less prominent than that of indomethacin
(Figure 2).

Influence of increasing K+ concentration and TEA

This experiment was performed in the presence of L-NOARG
and indomethacin. As shown in Figure 3, relaxation induced
by ACh was attenuated by increasing K concentration in the
incubation medium in both preparations. Similar but weaker
effects were observed with 10 mM TEA. In preparations from
SHRSP, the effect of this concentration of TEA was similar to
that of increasing K™ concentration to 10 mM. In the
preparation from WKY, the amplitude of the maximum
relaxation was not altered, although the concentration of ACh
required for relaxation increased (data was not shown).
Experiments with higher concentrations of TEA could not be
performed because of the contractile effects of the drug.
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Figure 2 Effect of SQ 29,548 on the relaxation induced by acetylcholine (ACh) in the presence of L-NOARG. ACh was applied in
the presence of 100 um L-NOARG (QO) or 100 um L-NOARG and 100 um SQ 29,548 (@). Data are means+s.e.mean from 12
preparations. The others are the same as those in Figure 1. Note that SQ 29,548 augmented the relaxation and minimized the
tendency to reverse the relaxation observed at high concentrations of ACh.
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Figure 3 The effect of increasing the K" concentration on the response to acetylcholine (ACh). These experiments were performed
in the presence of 100 um L-NOARG and 10 uMm indomethacin so that the involvement of nitric oxide and the cyclo-oxygenase
pathway of the arachidonic acid cascade could be excluded. The K" concentration in the modified Tyrode’s solution was increased
to 20 mM (@), 30 mM (A) and to 40 mM (H). The noradrenaline concentration was 5 uM in the control, 3 uM in the K 20 mwm,
2 uMm in the K™ 30 mM, and 1 um in the K™ 40 mm Tyrode’s solution was used to adjust the contraction amplitude. Data are
means +s.e.mean from 12 preparations. Relaxations of ACh of the concentrations higher than 10 nM were significantly smaller in
the presence of elevated K* than control (5.4 mm K ™). The others are the same as those in Figure 1.

Effects of glibenclamide, apamin and charybdotoxin

Glibenclamide (10 M) did not significantly affect relaxation
induced by ACh in the presence of L-NOARG and
indomethacin (data was not shown).

Apamin, up to 5 uM, had no effect on ACh-induced
relaxation in the presence of L-NOARG and indomethacin in
preparations from WKY (Figure 4, WKY), while it attenuated
relaxation and enhanced the tendency to reverse the relaxation
at high concentrations of ACh in preparations from SHRSP
(Figure 4, SHRSP). Charybdotoxin (ChTX 0.1 um) shifted
ACh concentration-response curve in the presence of L-
NOARG and indomethacin to the right but did not alter the
maximum relaxation in the preparation from WKY (Figure 4,

WKY). The effect of ChTX on the preparation from SHRSP
was basically similar to that of apamin and it was stronger
than that of apamin (Figure 4, SHRSP). The simultaneous
application of apamin and ChTX at the concentrations
described above, however, attenuated relaxation markedly in
preparations from WKY, and almost blocked relaxation in
preparations from SHRSP (Figure 4).

ACh-induced hyperpolarization of smooth muscle

The resting membrane potentials of the smooth muscle of the
mesenteric arteries of WKY and SHRSP were —63+1.3 mV
(n=72) and —59+0.8 mV (n=84), respectively. The mem-
brane potential of the latter was significantly smaller
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Figure 4 Concentration-response curves for acetylcholine (ACh) in the presence of L-NOARG and indomethacin, and the effects of
apamin and charybdotoxin. Control indicates the relaxation curve in the presence of L-NOARG (100 umM) and indomethacin
(10 um). Apamin, ChTX and Apamin+ ChTX indicate curves in the presence of apamin (5 uM), charybdotoxin (0.1 uM) and both,
respectively in addition to L-NOARG and indomethacin. Data are means+s.e.mean of 12 preparations. Asterisks indicate
significant difference between control value and values in the presence of respective drug or drugs (¥*P<0.05). The others are the

same as in Figure 1.

(P<0.01). ACh 1 umMm hyperpolarized the membrane by
13.94+1.5mV (n=11) and 8.0+ 1.1 mV (n=9) in the arteries
of WKY and SHRSP, respectively. The amplitude of
hyperpolarization was smaller in preparations from SHRSP
(P<0.01).

Changes of membrane potential were observed also in the
presence of NA (5 um), L-NOARG (100 uM) and indometha-
cin (10 uM); the condition was the same that the relaxation by
hyperpolarization was studied. Under this condition, the
membrane potential was —61+1.0 mV (n=23) and
—42+40.6 mV (n=43), respectively in preparations from
WKY and SHRSP. The difference in the membrane potential
was also significant (P <0.01). Application of 1 uM ACh under
the same condition caused hyperpolarization of the smooth
muscle membrane in both preparations (Figure 5). The
hyperpolarization induced by the application of ACh (1 um)
to preparations from WKY and SHRSP was 18+2.1 mV
(n=06) and 12+1.3 mV (n=11), respectively; the difference
between these values being significant (P<0.01). It has been
ascertained in concentration-response experiment that ACh of
1 uM induced maximal hyperpolarization in smooth muscle of
the mesenteric artery both from WKY and SHRSP.

Discussion

In the mesenteric arteries of SHR, ACh-induced relaxation is
known to be impaired (Watt & Thurston, 1989; Jameson et al.,
1993; Li & Bukoski, 1993; Takase et al., 1994; Fujii et al., 1992)
as in other blood vessels (see Liischer & Vanhoutte, 1986;
Winquist, 1988). A similar result has been reported in the
mesenteric artery of SHRSP (Diedrich et al., 1990), as we
confirmed in this study. The impaired relaxation is associated
with a contractile response, especially at high concentrations of
ACh (Diedrich et al., 1990). It has been shown that impaired
relaxation of mesenteric artery of SHR and SHRSP is
improved by treatment with indomethacin or meclofenamate,
which are known to block the cyclo-oxygenase pathway of the
arachidonic acid cascade (Watt & Thurston, 1989; Jameson et
al., 1993; Li & Bukoski, 1993; Takase et al., 1994; Diedrich et
al., 1990; Fujii et al., 1992). We confirmed this in this study.

Thus, impaired endothelium-dependent relaxation in the
mesenteric artery can be explained by the co-release of EDCF
which is thought to be a product of the arachidonic acid
cascade via the cyclo-oxygenase pathway (Mizuno et al., 1982).
This EDCF would be thromboxane A, and/or prostaglandin
H, as in other blood vessels of SHRSP (Auch-Schwelk et al.,
1990; Ito et al., 1991; Mayhan, 1992), since SQ29,548, a
blocker of thromboxane A, and prostaglandin H, receptors,
augmented the maximal relaxation.

However, reduced NO production has also been reported
in cultured aortic endothelial cells of SHRSP (Malinski et
al., 1993; Grunfeld et al., 1995). Grunfeld et al. (1995)
explained that the reduction is brought about by scavenging
NO by excessively produced superoxide anion. In the
present experiment with mesenteric artery, it was indicated
that the release of NO was also reduced in the preparation
from SHRSP, since the effect of L-NOARG was smaller in
this preparation when compared with that in the preparation
from WKY. The inhibition of endothelium-dependent
relaxation via the inhibition of NO synthesis agrees with
result from previous reports (Li et al., 1994; Fujii et al.,
1992), but differs from the findings of Li & Bukoski (1993)
who showed that L-NOARG had no effect on the
endothelium-dependent relaxation induced by ACh in the
mesenteric artery of WKY, although they observed also that
ACh-induced relaxation was attenuated in the mesenteric
artery of SHR. The cause of this discrepancy is uncertain,
but our results indicate that a reduction in NO synthesis,
even in preparations from WKY, impairs of endothelium-
dependent relaxation in a fashion similar to that in
preparations from SHRSP. The tendency to reverse the
relaxation appeared in the preparation from WKY in the
presence of L-NOARG, may indicate some interaction
between NO and EDCF as has been suggested by Auch-
Schwelk et al. (1992). The effect of methylene blue, which
showed a similar effect as L-NOARG on the ACh-induced
relaxation, may be explained mainly by the inhibition of
cyclic GMP production in the smooth muscle, although
inhibition of NO synthesis (Mayer et al., 1993) or
production of oxygen-derived free radicals which inactivates
NO (Wolin et al., 1990) may also be involved.



714 S. Sunano et al

EDRF, EDHF and EDCF in SHRSP mesenteric arteries

a
WKY 60 sec
-50 mV —
-80mV t
ACh 1 uM
SHRSP 60 sec
-30 mv
\
-60 mV t
ACh 1 M
b
-307
t
% -40°
g 50 SHRSP
g
2 ]
g -60
5
E
S -707
*
-801 WKY
Control ACh 1 uM

Figure 5 Effect of acetylcholine (ACh) on the membrane potential
of the smooth muscle of the rat mesenteric artery. Changes in the
membrane potential were measured in the presence of noradrenaline
(5 um), L-NOARG (100 um) and indomethacin (10 um). (a) A typical
membrane potential recording induced by 1 um ACh in preparations
from WKY and SHRSP. (b) The mean membrane potentials in the
preparations from WKY and SHRSP in the absence and presence of
ACh. The number of preparations was 23 and 43, respectively for
WKY and SHRSP in the absence of ACh (Control), and 6 and 11,
respectively for WKY and SHRSP in the presence of ACh (ACh
1 pum). Asterisks indicate significant difference from respective control
value (P<0.01) and daggers indicate significant difference from the
value of WKY (P<0.01). Note the smaller hyperpolarization induced
by ACh in the preparations from SHRSP.

We also showed that the relaxation induced by ACh was
inhibited only partially by L-NOARG. The inability of L-
NOARG to block the endothelium-dependent relaxation
induced by ACh has also been reported in the mesenteric
artery of the rat (Nagao et al., 1992; Parsons et al., 1994). This
indicates that a factor other than NO is also involved in the
relaxation (Li et al., 1994). One factor which may be involved
in the relaxation, especially in the presence of L-NOARG, is
EDHF (Fujii et al., 1992; McPherson & Angus, 1991; Chen &
Suzuki, 1989; Chen et al., 1988; Garland & McPherson, 1992;
Fujii et al., 1993; Waldron & Garland, 1994). We showed in
the present experiment that ACh induced hyperpolarization of
the smooth muscle membranes of the mesenteric arteries of
both WKY and SHRSP in the presence of noradrenaline, L-
NOARG and indomethacin. It has been known that NO does
not cause hyperpolarization of the membranes of the
mesenteric artery in the presence of noradrenaline (Garland
& McPherson, 1992). Moreover, the hyperpolarization
induced by ACh has been reported not to be blocked by
methylene blue or L-NOARG (Fujii ef al., 1992; Garland &

McPherson, 1992), indicating the involvement of an EDHF
other than NO in ACh-induced hyperpolarization. Thus, we
concluded that an EDHF other than NO is involved in the
ACh-induced relaxation of the mesenteric arteries of WKY
and SHRSP.

In our experiments, the relaxation induced by ACh in the
presence of L-NOARG and indomethacin was markedly
attenuated by TEA or by increasing the K* concentration in
the incubation medium. These results are similar to those from
preparations from SHR (Li ef al., 1994; Fujii et al., 1993), and
suggest that the relaxation remaining in the presence of L-
NOARG is caused by hyperpolarization of the smooth muscle
membrane due to an increased K™ conductance. However, the
possible blockage of EDHF release caused by inhibiting the
hyperpolarization of the endothelial cell membrane can not be
ruled out (Demirel ez al., 1994).

Liet al., (1994) reported that EDHF is involved in the ACh-
induced relaxation of the resistance arteries of WKY but not
SHR. A similar conclusion was made by Adeagbo & Triggle
(1993) in the perfused mesenteric artery. In this study we
showed that relaxation induced by K* channel activation due
to the release of EDHF is impaired in the mesenteric artery of
SHRSP. Similar results have recently been reported in
endothelium-dependent relaxation in SHR (Kahonen ez al.,
1995). This may be caused by the impaired release of EDHF,
as has been proposed in the mesenteric artery of SHR (Fujii et
al., 1992). Mechanism of the marked difference in membrane
potential in mesenteric artery of SHRSP in the presence of NA
under condition treated with L-NOARG and indomethacin
would be explained by the smaller resting membrane potential
(Fujii et al., 1992) and higher sensitivity to NA (Kuriyama &
Suzuki, 1978). The hyperpolarization by ACh was much still
smaller in preparations from SHRSP than in those from
WKY, regardless the membrane potential much far from K~
equivalent potential. In addition, it has been reported that the
hyperpolarization by K™ channel opener was not different in
the mesenteric arteries from WKY and SHR (Fujii e al.,
1992), indicating that K™ channel itself was not different
between these preparations. Thus, the reduction of the release
of EDHF in the mesenteric artery of SHRSP was also
supported by membrane potential recording.

The hyperpolarization of smooth muscle membranes that
causes relaxation may be brought about by activating both
ATP-activated (K" orp) and/or Ca-activated K™ channels
(K™ ). Hyperpolarization due to the former has been shown
in a number of blood vessels (Standen e al., 1989). In contrast,
it was shown in the present experiment with rat mesenteric
arteries that relaxation was blocked in the presence of apamin
and ChTX, both of which are known to block K *,, but not
by glibenclamide, which blocks K™ op. It has recently been
shown that ACh-induced hyperpolarization of small arterial
smooth muscle results from activation of both ChTX-sensitive
and apamin-sensitive K* channels (Hashitani & Suzuki, 1997).
Thus, it can be concluded that the relaxation in the presence of
both L-NOARG and indomethacin in WKY and SHRSP
mesenteric arteries is brought about by hyperpolarization due
to activation of both the small and intermediate K™,
conductance in these preparations, although possibility of the
involvement of voltage-dependent K* channel (Zygmunt er
al., 1997) remained to be investigated. The proportion of the
involvement of these channels may differ between smooth
muscles from WKY and SHRSP, since the effect of apamin
and ChTX affected the relaxation differently.

In conclusion, endothelium-dependent relaxation in the
mesenteric artery of SHRSP was impaired when compared
with that of WKY. All of decreased release of NO and EDHF,
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and the increased release of indomethacin-sensitive EDCF are
involved in impairing relaxation. Present data suggests that the
reduced release of NO can potentiate the release or the actions
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