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Abstract

To characterize the activity of the Ca?*-activated CI~ channelsin vascular smooth muscle (VSM)
of the spontaneous hypertensiverats (SHR), the isolated mesenteric vascular beds and tail artery strips
were preparated from SHR and Wistar rats aged 7-8 weeks. The changes in contractile response to
norepinphrine (NE) were taken as an index of vascular mortion. Results showed that the contractile
responses of mesenteric arteries and tail arteriesto NE in SHR were significantly greater than that in
Wistar rats. Theinhibition magnitude of the contractile response by Ca*-activated CI~ channel blocker,
niflumic acid in SHR was significantly less than that in Wistar rats. Decreasing the extracellular CI~
concentration increased the contractile response to NE significantly, but the amplitude of enhanced
contractile responsein SHR was greater than that in Wistar rats. It can be concluded that NE-induced
contraction was enhanced in SHR, which is partly due to an increase in Cl~ efflux through the Ca*-
activated ClI™ channels. The chloride channel activity may beincreased in association with the elevation
of blood pressure.
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Introduction

The vascular mechanism of hypertension re-
mains unclear. Essential hypertension is characterized
by an increase in total peripheral resistance (TPR).
TPR in turnis controlled directly by vessel diameter
of the resistance arteries and arterioles. The change
in vessel diameter is determined by the contractile
state of vascular smooth muscle (VSM). In both
human and animal models of essential hypertension,
it has been demonstrated that the resting vascular tone
is elevated, and the contractile response to a number
of physiological stimuli is enhanced, one of whichis
the alteration of the permeability to ions of the mem-
brane (14).

The relationship between blood pressure change

and ion channel alteration has been addressed in
many studies. Current experiment evidence indicates
that K* channels, voltage gated Ca?* channels (VDCC)
and CI~ channels (14, 20, 27, 29) are involved in the
regulation of vascular tone and that the increased
activity of Ca?* channels and deceased activity of K*
channels are responsible for the high contractile
response of blood vessel in spontaneous hypertensive
rats (SHR) (3, 10, 11, 22, 24, 26, 28). However, the
change in activity and the role of CI™ channels in
hypertension is still unknown.

Recently numerous studies have attempted to
define the role of Ca**-activated Cl~ channels (Icl(c)
inthe VSM. These studies have demonstrated that the
intracellular CI~ concentration, [CI7];, in VSM isin
the range of 39-107 mmol/I, which isresulted from at
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least three mechanisms such as Na™-K*-2CI~ cotrans-
port, CI™-HCO3;~ exchange and ATP-dependent
transport (2, 8, 9, 10). The equilibrium potential for
CI™ (Eq)) is between -20 mV and -30 mV. Conse-
guently, the opening of CI~ channels causes CI~ efflux,
which enable the membrane to be polarized. The
resulting membrane depolarization may in turn
activate more VDCC to open, resulting in more Ca®*
inflow producing contraction. Therefore, research on
the activity of the Ca?*-activated CI~ channelsin VSM
of SHR will be helpful for agood understanding of the
episode of hypertension.

The present work was conducted to investigate
the activity of ClI™ channel of the VSM in SHR to
explore whether CI~ channels do play arolein the
development of hypertension, using in vitro perfused
mesenteric microvasculature and tail artery strips
techniques.

Materialsand Methods
Animals

Twenty-five adult SHR and 25 Wistar rats both
aged 7-8 weeks, male and female, and weighing
200 + 50g were used. The SHR were provided by
Chinese Academy of Medical Sciences, and age-
matched Wistar rats were obtained from Shandong
Academy of Medical Sciences. Systolic blood
pressures in the conscious state were determined by
an indirect tail-cuff technique. Before the experiments
systolic blood pressure of SHR was 160£19 mmHg.
During experiment the rats were anesthetized with
pentobarbital sodium (40 mg/kg, ip).

Tissue Preparation

The mesenteric artery was carefully isolated
from the intestines of the anesthetized rats. The
isolated preparation of vascular bed was then
suspended in water-jacketed chamber and perfused
with physiological salt solution (PSS) maintained at
37 °C at constant flow (approximately 4-5 ml/min).
The PSS was aerated with a mixture of 95% O,-5%
CO,. Perfusion pressure was measured with a pressure
transducer through a T tube placed between the pump
and the mesenteric artery. Initial perfusion pressure
was 25 mm Hg, and the preparation was allowed to
equilibrate for 30 min before the start of experiments.
At this level of perfusion pressure, the contractile
response of the vascular bed to NE was examined in
both rat groups. The reactivity of the mesenteric
arteries was expressed as a percentage of the change
in perfusion pressure.

The tail arteries were isolated from the anes-
thetized rats and then stored in cold PSS saturated

with O, (4 °C). Under a dissecting microscope the
arteries were cut helically into strips (2x10 mm). The
helical strips were mounted vertically on a stainless
steel holder in an organ chamber containing PSS
aerated with a mixture of 95% O,-5% CO,. Before
the start of experiments, the strips were allowed to
equilibrate at 37 °C for 120 min in PSS. Isometric
force transducer was connected to the strips and the
isometric contraction was recorded. The contractile
reactivity of the vessel strips to different chemicals
was expressed as a percentage of 107° mol/l NE-
induced maximum contraction on the same strips.

Protocols
To Induce Contraction with NE

Contractile responses of mesenteric vascular
beds and tail arteries stripsto NE were examined in all
experiments, using the following two protocols.
[1]. three or four different concentrations of NE were
applied cumulatively to obtain a cumulative concentra-
tion-response curve, [2]. asingle concentration of NE
(10°° mol/I) was added to elicit a transient maximum
contraction.

To Observe Effect of Niflumic Acid on NE-Induced
Contraction

Effect of niflumic acid on NE-induced contrac-
tion was investigated in the two types of arteries with
the following patterns. 1. In mesenteric artery, the
first three different concentrations of NE (107° mol/I,
5x107° mol/I, 10~ mol/l) were added cumulatively to
record the cumulative dose-response curve as a control
recording. Once the curve was constructed, the tissue
was washed with PSS every 20 min for 1 h and were
then exposed to niflumic acid (10 mol/I) for 5 min.
After that, the change in contractile responses to NE
were recorded again. 2. In tail artery strips, the first
four different concentrations of NE (107 mol/I, 10°®
mol/I, 107" mol/l and 10 mol/l) were added cumula-
tively to record the cumulative dose-response curve
as a control recording. Then the effect of 10™* mol/I
niflumic acid on the above four concentrations of NE
induced contraction response curve was observed.
Finally, the preparation was exposed to four different
concentrations of niflumic acid (107 mol/I, 20~ mol/
[, 5x107° mol/I, 10~ mol/I) for 10 min and then record
the change in contractile response to 10°® mol/l NE.

To Observe Effect of Decreasing [Cl ], on NE-Induced
Contraction

Low CI™ buffer (8 mmol/l) was prepared by the
replacement of 130 mmol/l NaCl with 130 mmol/I
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Fig. 1. Effect of 10 mol/I niflumic acid on NE-induced contraction of
mesenteric vascular bedsin Wistar rats (A) and SHR (B). Typica
trace showing the inhibitory effect of 120~ mol/I niflumic acid
(NFA) on the contraction of mesenteric vascular bedsinduced by
the cumulative application of NE (v wash).

NaOH. The pH of the buffer was titrated to 7.4 with
methanesulfonic acid. Contractile response to NE in
the low concentration CI~ buffer was recorded to
compare with those obtained in response to NE in
normal ClI~ buffer, PSS (138 mmol/I CI7).

Drugs

NE was purchased from Shanghai Hefeng
Pharmaceutical Company LTD. Stock solution was
107 mol/l in distilled water.

Niflumic acid, a Ca®*-activated Cl~ channel
blocker (4, 5), was purchased from Sigma. Stock
solution was 1 mol/l in DM SO.

Data Analysis

The data was expressed as mean+SE. Statistical
analysis of group differences was performed using t-
test. A value of P < 0.05was considered to be statisti-
cally significant.

Results
NE-Induced Contraction of Mesenteric Vascular Bed
Infusion of NE (107® mol/I, 5x107° mol/I, 107
mol/l) produced a dose-dependent contraction in

mesenteric preparation from SHR and Wistar rats
(Fig. 1, 2). The contractile responses to NE were
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Fig. 2. NE-induced contraction of mesenteric vascular beds in Wistar
ratsand SHR. The contractileresponsesto NE weregreater inthe
preparations from SHR than in those from Wistar rats. **: P <
0.01 vs. Wistar rats, Values are expressed X £s, n = 10.

greater in the preparations from SHR than in those
from Wistar rats (see Fig. 2). However, statistically
greater responses were observed in SHR at the NE
concentration of 5x107° mol/I and 107 mol/I. These
results suggested that the contractile reactivity of
mesenteric vascular beds to NE was increased in
SHR.

Effect of 10™* M Niflumic Acid on NE-Induced Contraction
of Mesenteric Vascular Beds

Niflumic acid (10™* mol/l) reduced the NE-
induced contraction markedly at the three different
concentrations of NE in SHR and Wistar rats
(Fig. 1), which suggested that niflumic acid blocked
partly the contraction produced by NE and the niflumic
acid sensitive Cl~ channels (Icl(c,) contribute to NE-
induced contraction.

It was also observed that the inhibitory magni-
tude of the contractile response by niflumic acid in
SHR was significantly less than that in Wistar rats at
the three concentrations of NE (Fig. 3). These results
indicated that relaxation response of mesenteric
arteries in SHR was less than that of Wistar rats (P <
0.05) and indicated that the activity of niflumic acid
sensitive CI~ channels in VSM of SHR was more
active than in normotensive control rats.

Effect of Decreasing [ Cl ], on NE-Induced Contraction of
Mesenteric Vascular Beds

Fig. 4 is an original trace of NE-induced con-
traction in low and normal CI~ buffer solutions, which
shows that the contractile response to 107® mol/l NE
was enhanced in low CI~ buffer (8 mmol/l) markedly
both in SHR and Wistar rats, but the amplitude of
enhanced contraction response in SHR was greater
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Fig. 3. Effect of 10 mol/l niflumic acid on NE-induced contraction of
mesenteric vascular bedsin Wistar ratsand SHR. *: P <0.05, **:
P < 0.01 vs. Wistar rats, values are expressed as X +s, n = 10.
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Fig. 4. Effect of low Cl~ buffer on 5x107° mol/I NE-induced contraction
of mesenteric vascular beds in Wistar rats (A) and SHR (B).
Typical response of avascular bed to reduced extracellular CI~
concentration. Low-CI~ buffer (8 mmol/l) significantly en-
hanced the NE-induced contraction and the effect wasreversible
when the buffer was changed back to the normal CI™ solution
(v wash).

than that in Wistar rats (Fig. 4, 5).

Effect of 10™ M Niflumic Acid on NE-Induced Contraction
of Tail Arteries

Adding four different concentrations of NE
(10°° mol/I, 108 mol/l, 107" mol/I and 10°® mol/l) pro-
duced dose-dependent contraction of the tail arteries
in SHR and Wistar rats (Fig. 6). Niflumic acid
(107 mol/l) decreased the maximum contraction by
48% in Wistar rats and 41% in SHR, respectively
(Fig.7). The inhibition magnitude of the contractile
response by niflumic acid in SHR was significantly
less than that in Wistar rats at two NE concentrations
of 107 mol/I and 10°° mol/I (Fig. 7).

HIHI = |:| Wiistar mits |
[ sHR

TIH] 1]

ikl

]ﬂ

LU

HHI = T

HHI =

2 i Perfusiom Pressene (Y6

M) =

||u|-i

Chang

KL K

Extracedlular Chieeide {mmal/1p

Fig. 5. Effect of low Cl” buffer on 5x107 mol/l NE-induced contraction
of mesenteric vascular beds in Wistar rats and SHR. The
amplitude of enhanced contraction responsein SHR was greater
than that in Wistar rats. *: P < 0.05 vs. Wistar rats, ## : P <
0.01 vs. PSS, values are expressed as X £s, n = 10.

Effect of Different Concentrations of Niflumic Acid on
107 M NE-Induced Contraction of Tail Arteries

Fig. 8 shows a typical recording of arapid de-
velopment of tension in the strips of tail arteries pro-
duced by 10°® mol/I NE. Niflumic acid produced a
dose-dependent inhibitory effect on the NE-induced
contraction. 10™* mol/I niflumic acid inhibited NE-
induced transient contractions by 53% in Wistar rats
and 42% in SHR, respectively (Fig. 9). Theinhibition
magnitude of the contractile response by niflumic
acid in SHR was significantly less than that in Wistar
rats (Fig. 9).

Discussion

The Evidences of Enhancement of Activity of the Ca? -
Activated CI~ Channelsin SHR

The data in the present study support the
hypothesis that the activity of Icl, is altered in
mesenteric vascular beds and tail arteriesin SHR and
that this may play arolein theinitiation of high blood
pressure. Three pieces of evidence established by
this study are as follows. First, the contractile re-
sponses of mesenteric arteries and tail arteriesto NE
in SHR were greater than that in Wistar rats. Second,
the inhibition magnitude of the contractile response
by Ca?*-activated ClI~ channel blocker, niflumic acid
in SHR was significantly less than that in Wistar rats.
Third, lower extracellular Cl~ concentration increased
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Fig. 6. Effect of 10 mol/l niflumic acid (NFA) on NE-induced contrac-
tion of tail arteriesin Wistar rats (A) and SHR (B). Typical trace
showing theinhibitory effect of 10 mol/l niflumic acid (NFA)
on the contraction of tail arteries induced by the cumulative
application of NE (v wash). *: P < 0.05 vs. Wistar rats, values
are expressed as X s, n = 10.

the contractile response to NE significantly and the
amplitude of enhanced contractile response in SHR
was greater than that in Wistar rats.

Ca?*-Activated Cl~ Channels Contribute NE-Induced
Contraction

In the recent years, niflumic acid have been
shown to activate the large Ca?*-activated K* (BK ca)
channels (6, 25). Activity of BKca channels were
also shown to play a central role in the regulation of
vascular tone due to focal increase in subsarcolemmal
Ca?* (i.e., Ca®* sparks) by Ca** released through ryan-
odine receptors in the sarcoplasmic reticulum of the
VSM (16, 17, 23). The BKca channels are activated
during active vasoconstriction by agents such as NE
(15). However, Criddle have investigated the effects
of niflumic acid in theisolated aorta (4) and mesenteric
vascular bed of normal rats (5). Hisresearch suggested
that niflumic acid does not directly block Ca?* channels
or activate K* channels.
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Fig. 7. Effect of 10™ mol/L niflumic acid on NE-induced contraction of
tail arteriesin Wistar ratsand SHR. *, P < 0.05 vs. Wistar rats,
values are expressed as X +s, n = 10.

The expression of BKca channelsin VSM mem-
brane is increased during hypertension as a negative
feedback response to the increased vascular reactivity
(1, 21). However, data from the present work showed
that the inhibition of the NE induced contraction of
the mesenteric and tail arteries by 10~ mol/I niflumic
acid in Wistar rats are even greater than that in SHR,
which corresponds with the experiment results
reported by Criddle and Hong et al. (4, 5, 12, 13, 18).
In addition, after adding niflumic acid the basic
vascular tone both of mesenteric vascular beds and
tail artery strips were not altered at all. The effect of
niflumic acid on VSM is dose-dependent in the present
experiment. When lower chloride concentration in
buffer opened up more chloride channels, the con-
tractile response of VSM to NE increased more in
SHR than that in normal rats, indicating an enhanced
activity of the chloride channels of VSM in SHR.
BK ca channels have been shown to have a high Ca**
threshold in relaxed VSM, with a higher level of Ca®*
3 to 10 mol/l (15). Therefore, the above evidence
suggests that in the present experiment, the inhibitory
effects of external niflumic acid on VSM constriction
is not due to activation of the BK ca channels and that
Ca**-activated chloride channels may play a pivotal
role in the activation of VDCC in NE-induced con-
traction of the resistance blood vessels.

Mechanism of the Enhanced NE-Induced Contraction by
Low[CIT],

It iswell known that both ionic permeabilities
and concentration gradients determine the transmem-
brane potential and excitation of VSM. The meth-
anesulfonic ion is an impermeant anion and can be
used as the impermeable Cl~ substitute to alter the ClI~
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Fig. 8. Effect of different concentrations of niflumic acid (NFA) on 107 mol/I NE-induced contraction of tail arteriesin Wistar rats (A) and SHR(B).
Typical trace showing the inhibitory effect of 107, 1075, 5x1075, 107 mol/I niflumic acid (NFA) on the contraction of tail arteriesinduced by
107® mol/l NE (v wash). *: P < 0.05 vs. Wistar rats, values are expressed as X +s, n = 10.
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Fig. 9. Effect of the different concentration niflumic acid on 107
mol/l NE-induced contraction of tail arteriesin Wistar rats and
SHR. *: P <0.05vs. Wistar rats, values are expressed as X 8,
n=10.

concentration (7, 19, 30). We found that low CI~
buffer solution significantly enhanced the NE-induced
vasocontraction. Thisis resulted from the increased
Ca?* entry because lower [CI™], might increase ClI~
efflux and thus the membrane depolarization would
open up more VDCC. Dives(10) reported asignificant
risein intracellular CI” in VSM of femoral artery in
the deoxycorticosterone acetate (DOCA-salt)
hypertension rats, which was due to an increase of the
activity of Na'™-K*-2Cl~ cotransport and might
facilitate the VSM.

In conclusion, our data suggested that activity

of Iclicqy of VSM in SHR was enhanced, which
increased vascular reactivity to NE. This might be
one of the factors to induce and maintain the higher
vascular tone and peripheral resistance in
hypertension.
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