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1 The e�ects of ni¯umic acid, an inhibitor of calcium-activated chloride currents, were compared with
the actions of the calcium channel blocker nifedipine on noradrenaline- and 5-hydroxytryptamine (5-
HT)-induced pressor responses of the rat perfused isolated mesenteric vascular bed.

2 Bolus injections of noradrenaline (1 and 10 nmol) increased the perfusion pressure in a dose-
dependent manner. Nifedipine (1 mM) inhibited the increase in pressure produced by 1 nmol
noradrenaline by 31+5%. Ni¯umic acid (10 and 30 mM) also inhibited the noradrenaline-induced
increase in perfusion pressure and 30 mM ni¯umic acid reduced the pressor response to 1 nmol
noradrenaline by 34+6%.

3 The increases in perfusion elicited by 5-HT (0.3 and 3 nmol) were reduced by ni¯umic acid (10 and
30 mM) in a concentration-dependent manner and 30 mM ni¯umic acid inhibited responses to 0.3 and
3 nmol 5-HT by, respectively, 49+8% and 50+7%. Nifedipine (1 mM) decreased the pressor response to
3 nmol 5-HT by 44+9%.

4 In the presence of a combination of 30 mM ni¯umic acid and 1 mM nifedipine the inhibition of the
pressor e�ects of noradrenaline (10 nmol) and 5-HT (3 nmol) was not signi®cantly greater than with
ni¯umic acid (30 mM) alone. Thus the e�ects of ni¯umic acid and nifedipine were not additive.

5 In Ca-free conditions the transient contractions induced by 5-HT (3 nmol) were not reduced by
30 mM ni¯umic acid, suggesting that this agent does not inhibit calcium release from the intracellular
store or the binding of 5-HT to its receptor.

6 Ni¯umic acid 30 mM did not inhibit the pressor responses induced by KCl (20 and 60 mmol) which
were markedly reduced by 1 mM nifedipine. In addition, 1 mM levcromakalim decreased pressor responses
produced by 20 mmol KCl. These data suggest that ni¯umic acid does not block directly calcium
channels or activate potassium channels.

7 It is concluded that ni¯umic acid selectively reduces a component of noradrenaline- and 5-HT-
induced pressor responses by inhibiting a mechanism which leads to the opening of voltage-gated
calcium channels. Our data suggest that the Ca2+-activated chloride conductance may play a pivotal role
in the activation of voltage-gated calcium channels in agonist-induced constriction of resistance blood
vessels.
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Introduction

In recent years there has been increasing interest in the prop-
erties of calcium-activated chloride currents (ICl(Ca)) in single
smooth muscle but the lack of selective blockers of ICl(Ca) has
hindered the systematic analysis of the functional role of this
mechanism in smooth muscle (see Large & Wang, 1996).
However, recently ni¯umic acid has been shown to inhibit
selectively ICl(Ca) in single isolated cells of various smooth
muscle cell types (Pacaud et al., 1989; Janssen & Sims, 1992;
Akbarali & Giles, 1993; Hogg et al., 1994; Lamb et al., 1994).
The concentration of ni¯umic acid needed to inhibit ICl(Ca) by
50% is 2 ± 7 mM (Hogg et al., 1994) and in concentrations up to
50 mM ni¯umic acid does not inhibit voltage-dependent cal-
cium channels (VDCCs) or activate K+ channels (see Criddle
et al., 1996 for further discussion of the selectivity of ni¯umic
acid). Furthermore, there is evidence to suggest that ni¯umic
acid blocks ICl(Ca) directly by interacting with a speci®c site in
the open chloride channel (Hogg et al., 1994) and this feature
in addition to its relative selectivity suggests that ni¯umic acid
may be a useful probe to investigate the functional role of
ICl(Ca).

Recently, we have shown that ni¯umic acid reduces the
amplitude of noradrenaline-induced contractions of rat aorta
(Criddle et al., 1996). These inhibitory e�ects occurred with
micromolar concentrations of ni¯umic acid, were reversible,
and of a similar order of magnitude to nifedipine-induced in-
hibition of noradrenaline-evoked contractions (Criddle et al.,
1996). The data from this work suggest that the reduction by
ni¯umic acid of the noradrenaline-evoked contractions does
not involve established inhibitory mechanisms (e.g. a-adreno-
ceptor blockade, activation of a K-current, block of VDCCs or
inhibition of calcium-release). Moreover, since the degree of
inhibition of noradrenaline-induced contractions by ni¯umic
acid and nifedipine were similar and the actions of ni¯umic acid
and nifedipine were not additive it was proposed that ni¯umic
acid inhibited a mechanism which linked the a-adrenoceptor to
VDCCs. Since the concentration of ni¯umic acid needed to
inhibit ICl(Ca) in single cells and noradrenaline-evoked con-
tractions in rat aorta was similar it seemed that the reduction by
ni¯umic acid of the mechanical response could be attributed to
block of ICl(Ca). Thus, the proposed model was that nora-
drenaline activiated ICl(Ca) which caused membrane depolar-
ization to produce the opening of VDCCs and subsequent Ca2+

in¯ux which contributed to the overall mechanical response.1Author for correspondence.
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In the present study, we have investigated the e�ects of
ni¯umic acid in the rat isolated mesenteric vascular bed, a
preparation containing resistance vessels which are important
in the physiological control of arterial blood pressure. We have
compared the e�ect of ni¯umic acid with that of nifedipine on
the pressor responses to noradrenaline and to another vaso-
constrictor agent, 5-hydroxytryptamine (5-HT).

Methods

The rat superior mesenteric vascular bed was isolated ac-
cording to McGregor (1965). Male Wistar rats (250 ± 350 g)
were killed by stunning and cervical dislocation, and the me-
senteric vascular bed was cannulated and perfused at a ¯ow
rate of 4 ml min71 with physiological salt solution (PSS) by a
peristaltic pump (Lifecare Model 4, Abbott/Shaw). The PSS
had the following composition (mM): NaCl 118, KCl 4.7,
CaCl2 2.5, MgSO4 1.2, KH2PO4 1.2, NaHCO3 25, EDTA 0.026
and glucose 11 and was bubbled with 95% O2/5% CO2 at
378C. Perfusion pressure was measured with a pressure trans-
ducer connected to a preampli®er and chart recorder. Drugs
were either dissolved in the PSS and perfused at the desired
concentration or were administered as bolus injections directly
into the perfusion stream (volume430 ml).

Preparations were left to equilibrate for 30 min at which
time injections of 60 mmol KCl were applied every 5 min until
consistent responses were obtained. The e�ects of ni¯umic acid
or nifedipine were then investigated by use of the following
protocol. Injections of KCl (20 and 60 mmol), noradrenaline (1
and 10 nmol) and 5-HT (0.3 and 3 nmol) were applied at
5 min intervals until reproducible responses were recorded.
Then the mesenteric vascular bed was perfused with increasing
concentrations of ni¯umic acid or nifedipine (pre-exposure
time of 15 min) and the responses to the pressor agents re-
peated. In separate experiments, the e�ect of the solvent in
which ni¯umic acid and nifedipine were dissolved was tested
by injecting the equivalent concentration of vehicle into the
perfusate. The e�ects of the K-channel opener, levcromakalim,
on pressor responses to raised KCl were also tested.

In order to ascertain whether the e�ects of ni¯umic acid and
nifedipine were additive, separate experiments were performed
in which the e�ects of 30 mM ni¯umic acid and then a combi-
nation of 30 mM ni¯umic acid and 1 mM nifedipine were as-
sessed on pressor responses to 3 nmol 5-HT and 10 nmol
noradrenaline (dose interval of 5 min).

Ca-free experiments

Experiments were also performed to investigate the e�ects of
ni¯umic acid on the pressor responses to 3 nmol 5-HT in
Ca2+-free PSS. The protocol involved obtaining stable re-
sponses to KCl (60 mmol) and 5-HT (0.3 nmol) in normal PSS,
then switching to Ca-free (15 min exposure period) and re-
peating the doses of KCl and 5-HT. The mesenteric vascular
beds were then re-exposed to normal Ca-containing PSS (`re-
®lling' period for 30 min) and KCl and 5-HT were then re-
applied. Subsequently the preparations were perfused with Ca-
free PSS containing 30 mM ni¯umic acid for a further 15 min
before the injections of KCl and 5-HT were repeated.

Drugs and solutions

The following solutions were used: 5-hydroxytryptamine (5-
HT), noradrenaline, ni¯umic acid and nifedipine (Sigma).
Levcromakalim was a gift from SmithKline Beecham. Nora-
drenaline was prepared as a stock solution in 0.1 N HCl con-
taining a small amount of ascorbic acid and was diluted to the
desired concentration in PSS. Nifedipine stock solution was
prepared in 70% ethanol under conditions of reduced illumi-
nation and all experiments with nifedipine were performed
under similar conditions. Ni¯umic acid was prepared as a
stock solution (10 mM) in dimethyl sulphoxide (DMSO).

Ca-free PSS was prepared in accordance with the study of
Quast & Baumlin (1991) and had a similar composition to
normal PSS but CaCl2 and MgSO4 were omitted and 20 mM

MgCl2 was added to maintain the stability of the tissue in zero
calcium conditions. The NaCl concentration was reduced to
82 mM to maintain osmolarity and EDTA was increased to
0.1 mM in the solution to chelate free Ca.

Analysis of data

Data are expressed as the mean of n observations+s.e.mean.
Inhibitory e�ects of ni¯umic acid and nifedipine are expressed
as % of control responses in the absence of drug. Statistical
analysis was performed by use of paired Student's t test and
values were taken to be signi®cantly di�erent when P50.05.

Results

The basal perfusion pressure in the rat mesenteric vascular bed
was 37+2 mmHg (n=38). Bolus injections of KCl produced a
transient elevation of perfusion pressure in a dose-dependent
manner (Figures 1a and b) with mean values of 16+2 mmHg
and 100+9 mmHg produced by 20 and 60 mmol KCl, re-
spectively (n=38). Bolus injection of noradrenaline and 5-HT
also increased the perfusion pressure transiently (Figure 1a and
b) with mean pressor responses of 66+7 mmHg and
170+13 mmHg evoked by respectively 1 and 10 nmol nora-
drenaline (n=20), and 49+7 mmHg and 126+16 mmHg in-
duced by, respectively 0.3 and 3 nmol 5-HT (n=18). In some
tissues the b-adrenoceptor antagonist, propranolol (1 mM), and
the cyclo-oxygenase inhibitor, indomethacin (1 mM), were in-
cluded in the perfusate and neither agent had an e�ect on the
contractile responses to any of the agonists used.

E�ects of ni¯umic acid and nifedipine on the pressor
responses to noradrenaline

Ni¯umic acid produced a concentration-dependent inhibition
of the pressor response to noradrenaline. Thus, 10 and 30 mM
ni¯umic acid reduced the increase in perfusion pressure elicited
by 1 nmol noradrenaline by 9+6% and 34+6%, respectively
(Figures 1a and 2a; n=6). Interestingly, ni¯umic acid was less
e�ective at decreasing pressor responses produced by 10 nmol
noradrenaline (Figure 2) with 30 mM ni¯umic acid reducing the
response to 10 nmol noradrenaline by 20+4%. If the hy-
pothesis that activation of a-adrenoceptors by noradrenaline
causes membrane depolarization (due to activation of ICl(Ca)
and consequent Cl7 e�ux) to produce the opening of VDCCs
is correct, then the degree of inhibition of noradrenaline-
evoked constriction produced by a direct blocker of VDCCs
should be similar to that produced by ni¯umic acid. The re-
sponse to noradrenaline was relatively insensitive to lower
concentrations of the VDCC antagonist nifedipine (0.01 ±
0.1 mM). However, 1 mM nifedipine (which completely blocked
responses to 20 mmol KCl; Figure 5b) decreased the pressor
responses to 1 and 10 nmol noradrenaline by 31+4% and
20+8%, respectively (Figure 2b, n=5). Therefore, 1 mM nife-
dipine and 30 mM ni¯umic acid reduced the noradrenaline-
evoked increase in perfusion pressure by a similar degree for
each dose of noradrenaline. Injection of either DMSO or
ethanol at concentrations equivalent to the concentration used
with ni¯umic acid or nifedipine had no e�ect on the resting
perfusion pressure or on pressor responses induced by agonists.

E�ects of ni¯umic acid and nifedipine on the pressor
responses to 5-HT

Ni¯umic acid produced a greater degree of inhibition of the
increases in perfusion pressure produced by 5-HT compared to
those evoked by noradrenaline. Thus, 10 and 30 mM ni¯umic
acid inhibited the increase in perfusion pressure induced by
0.3 nmol 5-HT by 26+9% and 49+8% (Figures 1b and 3a,
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n=8) which was signi®cantly greater that its e�ect on nora-
drenaline-induced pressor responses (see Figure 2a). Further-
more, 10 and 30 mM ni¯umic acid inhibited increases in
perfusion pressure evoked by 3 nmol 5-HT by a similar
amount, 25+9% and 51+7%, respectively (n=8, Figure 3a).
Nifedipine also had a signi®cantly greater e�ect on 5-HT- in-
duced compared to noradrenaline-induced increases in perfu-
sion pressure. Thus, 1 mM nifedipine reduced the pressor
responses to 0.3 and 3 nmol 5-HT by 47+7% and 44+9%,
respectively (Figure 3b, n=5). Consequently the inhibitory
e�ects of 1 mM nifedipine and 30 mM ni¯umic acid against 5-
HT-induced responses were quantitatively similar, as was
found for responses evoked by noradrenaline.

E�ect of a combination of ni¯umic acid and nifedipine
on the pressor responses to noradrenaline and 5-HT

If ni¯umic acid decreases the pressor responses to agonists by
inhibiting ICl(Ca) which leads to opening of VDCCs and sub-
sequent contraction, then not only should the inhibitory e�ects
of ni¯umic acid and nifedipine be equivalent but also the ac-
tions should not be markedly additive. It is worth pointing out
that from single cell work 30 mM ni¯umic acid inhibited ICl(Ca)
by about 80 ± 90% (Hogg et al., 1994) and therefore some
chloride channels will be available for activation by agonists
with this concentration of ni¯umic acid. We compared the
ability of 30 mM ni¯umic acid to inhibit agonist-induced
pressor responses alone and in combination with maximal
concentrations of nifedipine. Ni¯umic acid (30 mM) inhibited
the pressor e�ects of noradrenaline (10 nmol) and 5-HT
(3 nmol) by 25+3% and 53+7%, respectively (Figure 4;

n=8). When 1 mM nifedipine was applied in conjunction with
30 mM ni¯umic acid, the reductions of the responses to nora-
drenaline and 5-HT were respectively 41+12% and 68+6%
(n=5). These inhibitory e�ects, although slightly greater than
with ni¯umic acid alone, were not statistically signi®cant
(P40.05, Figure 4).

E�ects of ni¯umic acid and nifedipine on the pressor
responses to KCl

Nifedipine (41 mM) and ni¯umic acid (10 and 30 mM) did not
a�ect basal perfusion pressure and ni¯umic acid did not inhibit
KCl-induced pressor responses (Figures 1a, b and 5a). In some
preparations ni¯umic acid (10 and 30 mM) appeared to po-
tentiate the vasoconstrictor e�ect to 20 mmol KCl (Figures 1a,
b and 5a), although this e�ect was variable and was not sta-
tistically signi®cant (P40.05). The responses to 60 mmol KCl
were not inhibited by ni¯umic acid (Figures 1 and 5a) but
nifedipine produced a concentration-dependent inhibition of
pressor responses evoked by 20 and 60 mmol KCl (Figure 5b,
n=13). This indicates that the pressor responses to KCl are
mediated by the direct opening of VDCCs which are not
blocked by ni¯umic acid. Furthermore, the pressor responses
to 20 mmol KCl but not 60 mmol KCl were inhibited by the K+

channel opener levcromakalim. Thus, application of 20 mmol
KCl increased the perfusion pressure by 29+4 mmHg under
control conditions and by 15+4 mmHg in the presence of
1 mM levcromakalim (n=5). This degree of inhibition was si-
milar to that obtained for the e�ect of 1 mM levcromakalim on
isolated mesenteric vessels precontracted with 30 mM KCl
(Criddle et al., 1994).
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Figure 1 The e�ect of ni¯umic acid (NFA, 10 and 30 mM) on the pressor responses induced by KCl (20 and 60 mmol) and (a)
noradrenaline (NA, 1 and 10 nmol) and (b) 5-HT (0.3 and 3 nmol). Increase in perfusion pressure is shown as an upward de¯ection
and ni¯umic acid was applied for the period denoted by the horizontal bar and downward arrow.
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E�ects of ni¯umic acid on the pressor responses to 5-HT
in Ca2+-free PSS

It is possible that ni¯umic acid may inhibit the interaction of
agonists with their receptors or alter the sensitivity of con-
tractile ®laments to Ca2+ ions. This hypothesis can be tested by
investigating the e�ect of ni¯umic acid on contractions pro-
duced by agonists in external solutions which contain zero
calcium (see Methods). Previously we have shown that ni-
¯umic acid does not reduce the noradrenaline-evoked con-
tractions of rat aorta in Ca2+-free external solutions (Criddle
et al., 1996). In the present study we investigated whether ni-

¯umic acid compromised the responses to 5-HT in Ca2+-free
bathing solutions. In Ca2+-free bathing solution injection of
60 mmol KCl did not produce any increase in perfusion pres-
sure (n=10), suggesting that under these conditions the in¯ux
of calcium through VDCCs is abolished. In comparison, 5-HT
evoked reproducible pressor responses in the absence of ex-
ternal calcium, illustrating that 5-HT mobilizes Ca2+ ions from
internal calcium stores. The mean increase in pressure evoked
by 3 nmol 5-HT in Ca2+-free conditions was 11+4 mmHg
and these responses represented 18+4% (n=6) of the control
e�ect produce in Ca2+-containing conditions. Ni¯umic acid
(30 mM) did not a�ect the pressor responses to 5-HT in Ca2+-
free PSS (113+20% of control responses, n=6) in contrast to
the e�ect of ni¯umic acid on 5-HT-induced pressor responses
in Ca2+-containing conditions (see Figures 1b and 3a). Thus, it
appears that ni¯umic acid does not inhibit the interaction of 5-
HT with its receptor or its ability to release Ca2+ from internal
stores.
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Figure 4 E�ects of ni¯umic acid (NFA, 30 mM) alone and in
combination with nifedipine (Nif; 1 mM) on pressor responses induced
by (a) noradrenaline (NA, 10 nmol) and (b) 5-HT (3 nmol) in the
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Figure 5 E�ects of ni¯umic acid (a) and nifedipine (b) on pressor
responses induced by KCl (20 (solid columns) and 60 (hatched
columns) mmol) in the mesenteric vascular bed of the rat (data are
expressed as mean+s.e.mean; * represents signi®cant di�erence from
control at P50.05).
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responses induced by noradrenaline (NA, 1 and 10 nmol) in the
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s.e.mean; *represents signi®cant di�erence from control at P50.05).
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Discussion

The present work demonstrates that ni¯umic acid inhibits the
pressor responses to both noradrenaline and 5-HT in the
perfused isolated mesenteric vascular bed of the rat. Ni¯umic
acid (30 mM) and maximal concentrations of nifedipine in-
hibited the pressor responses to noradrenaline and 5-HT by a
similar amount. Moreover, the actions of ni¯umic acid and
nifedipine were not additive when applied in combination
and, therefore, it is possible that ni¯umic acid inhibited re-
sponses to the agonists by blocking VDCCs. However,
whereas the contractile responses to both 20 mmol and
60 mmol KCl in the rat mesenteric vascular bed were com-
pletely blocked by nifedipine, ni¯umic acid had no signi®cant
e�ect on responses to these raised K concentrations. These
data support observations in single smooth muscle cells that
ni¯umic acid (up to concentrations of 50 mM) does not inhibit
VDCCs directly (Hogg et al., 1994). Furthermore, compar-
ison of the actions of ni¯umic acid with those of levcroma-
kalim, which inhibited the response to 20 mmol KCl (but not
to 60 mmol KCl which is consistent with this agent acting as
a K+-channel opener, Hamilton et al., 1986) supports the
observation that ni¯umic acid does not activate a K+-current
at concentrations used in this study (see Greenwood & Large,
1995). The present work has also shown that ni¯umic acid
did not inhibit the pressor responses of the mesenteric vas-
cular bed to 5-HT in Ca2+-free solutions, which suggests that
ni¯umic acid does not inhibit Ca-release or block the 5-HT
receptor. Thus, the selective e�ects of ni¯umic acid on ago-
nist-induced responses compared to K-induced contractions
in the mesenteric vascular bed agree with the data obtained in
the rat aorta (Criddle et al., 1996).

We have previously shown in the rat aorta that the con-
traction induced by noradrenaline is reduced by ni¯umic acid
by approximately 55% (Criddle et al., 1996), whereas, in the
rat mesenteric vascular bed the inhibitory e�ect of ni¯umic
acid against noradrenaline-induced responses was less (20 ±
35%). However, in both preparations the degree of inhibition
by ni¯umic acid was similar to that of nifedipine, supporting
the hypothesis that ni¯umic acid blocks a mechanism that
results in the opening of VDCCs (possibly ICl(Ca)). The rela-
tively weak e�ect of nifedipine against noradrenaline-induced
contractions in the present study agrees with previous ob-
servations in rat isolated mesenteric resistance vessels (Cauvin
et al., 1988) and in the isolated mesenteric vascular bed
(Quast & Baumlin, 1991), indicating that only a minor part
of the contraction to noradrenaline involves the entry of
Ca2+ through VDCCs. In comparison, Nilsson et al. (1994)
showed that in rat small mesenteric arteries felodipine re-
duced the noradrenaline-induced increase in force and in-
tracellular calcium by approximately 50%. While the above
discrepancies may be due to di�erences in experimentation,
we have shown in the rat aorta (Criddle et al., 1996) that the
nifedipine-sensitive component of the noradrenaline-induced
contraction also varies between tissues. This observation
probably re¯ects the fact that noradrenaline utilises di�erent
mechanisms to contract vascular smooth muscle and the
contribution of these mechanisms to the overall contractile
response is likely to vary not only between di�erent tissues
but also possibly between di�erent preparations. In compar-
ison to noradrenaline, 5-HT-induced pressor responses in the
mesenteric vascular bed were inhibited markedly by nifedi-

pine, suggesting that Ca2+-in¯ux through VDCCs contributes
to a major part of the 5-HT-evoked vasoconstriction. Al-
though the degree of inhibition produced by ni¯umic acid
varies between tissues for the same agonist and also between
agonists in the same tissue, it is signi®cant that the reduction
of agonist-induced responses by ni¯umic acid is always the
same as that produced by nifedipine. Consequently the me-
chanism that is inhibited by ni¯umic acid utilizes VDCCs to
produce contraction.

Worley et al. (1991) have shown that in single smooth
muscle cells of the rabbit basilar artery 5-HT increases the
open probability of single calcium channels. However, the
present study shows that ni¯umic acid blocks 5-HT-induced
pressor responses without a�ecting KCl-evoked responses,
suggesting that the reduction of the 5-HT-evoked contraction
by ni¯umic acid cannot be explained by the direct block of
VDCCs. Therefore, the present data suggest that ni¯umic acid
blocks a mechanism that links the 5-HT receptor to the
opening of VDCCs. This hypothesis is supported by the ob-
servation in the rabbit basilar artery that the contraction, but
not the depolarization, evoked by 5-HT is markedly inhibited
by prior incubation with nifedipine (Clark & Garland, 1993).

Since electrophysiological studies in single cells have
shown that ni¯umic acid is a selective blocker of ICl(Ca), the
data from the present work suggest that inhibition of this
mechanism accounts for the reduction of the 5-HT-induced
pressor responses by ni¯umic acid. However, although 5-HT
activates ICl(Ca) in epithelial cells of the rat choroid plexus
(Garner et al., 1993), it has not yet been shown that this
mechanism is linked to 5-HT receptors in smooth muscle
cells. Hughes & Bolton (1995) have shown that 5-HT evokes
a non-selective cation current in single smooth muscle cells of
the rabbit ear artery which might represent a depolarizing
mechanism that would lead to the opening of VDCCs. It is
not known whether ni¯umic acid blocks the 5-HT-activated
non-selective cation current, but it has been shown that ni-
¯umic acid at concentrations 450 mM does not inhibit either
noradrenaline-activated non-selective cation current in rabbit
portal vein smooth muscle cells (Hogg et al., 1994) or the
acetylcholine-activated cation current in guinea-pig ileum
(Chen et al., 1993). Therefore the evidence suggests that ni-
¯umic acid inhibits 5-HT-evoked contractions by blocking a
chloride mechanism, but further experiments are required to
elucidate the membrane mechanisms activated by 5-HT in
mesenteric arteries to support this proposal. Whatever the
mechanism of action of ni¯umic acid, this compound is a
potent inhibitor of agonist-induced contractions in vascular
smooth muscle and appears to have a novel mechanism of
action which confers an inhibitory pro®le that is distinct from
established vasorelaxants.

In conclusion, ni¯umic acid selectively inhibited agonist-
induced vasoconstrictor e�ects in the isolated mesenteric vas-
cular bed of the rat, in a similar manner to our previous
®ndings in rat aorta (Criddle et al., 1996). If our interpretation
of the mechanism of action of ni¯umic acid is correct, then the
results suggest that activation of Cl(Ca) currents may constitute
an important common mechanism whereby vasoconstrictor
agents produce contraction of vascular smooth muscle.

This work was supported in part by FAPERJ, CNPq, FUNCAP
(Brasil) and The Wellcome Trust (U.K.).

References

AKBARALI, H.I. & GILES, W.R. (1993). Ca2+ and Ca2+-activated
Cl7 currents in rabbit oesophageal smooth muscle. J. Physiol.,
460, 117 ± 133.

CAUVIN, C., WEIR, S.W., WALLNOÈ FER, A. & RUÈ EGG, U. (1988).
Agonist-induced activation of rat mesenteric resistance vessels:
Comparison between noradrenaline and vasopressin. J. Cardio-
vas. Pharmacol., 12, S128 ± 133.

CHEN, S., INOUE, R. & ITO, Y. (1993). Pharmacological characteriza-
tion of muscarinic receptor-activated cation channels in guinea-
pig ileum. Br. J. Pharmacol., 109, 793 ± 801.

CLARK, A.H. & GARLAND, C.J. (1993). Ca2+ channel antagonists
and inhibition of protein kinase C each block contraction but not
depolarization to 5-hydroxytryptamine in the rabbit basilar
artery. Eur. J. Pharmacol., 235, 113 ± 116.

Niflumic acid on NA and 5-HT pressor effects 817D.N. Criddle et al



CRIDDLE, D.N., GREENWOOD, I.A. & WESTON, A.H. (1994).
Levcromakalim-induced modulation of membrane potassium
currents, intracellular calcium and mechanical activity in rat
mesenteric artery. Naunyn-Schmiedeberg's Arch. Pharmacol.,
349, 422 ± 430.

CRIDDLE, D.N., SOARES DE MOURA, R., GREENWOOD, I.A. &

LARGE, W.A. (1996). E�ect of ni¯umic acid on noradrenaline-
induced contractions of the rat aorta. Br. J. Pharmacol., 118,
1065 ± 1071.

GARNER, C., FENIUK, W. & BROWN, P. (1993). Serotonin activates
Cl7 channels in the apical membrane of the rat choroid plexus
epithelial cells. Eur. J. Pharmacol., 239, 31 ± 37.

GREENWOOD, I.A. & LARGE, W.A. (1995). Comparison of the e�ects
of the fenamates on Ca-activated chloride and potassium
currents in rabbit portal vein smooth muscle cells. Br. J.
Pharmacol., 116, 2939 ± 2948.

HAMILTON, T.C., WEIR, S.W. & WESTON, A.H. (1986). Comparison
of the e�ects of BRL 34915 and verapamil on electrical and
mechanical activity in rat portal vein. Br. J. Pharmacol., 88, 103 ±
111.

HOGG, R.C., WANG, Q. & LARGE, W.A. (1994). Action of ni¯umic
acid on evoked and spontaneous calcium-activated chloride and
potassium currents in smooth muscle cells from rabbit portal
vein. Br. J. Pharmacol., 112, 977 ± 984.

HUGHES, A.D. & BOLTON, T.B. (1995). Action of angiotensin II, 5-
hydroxytryptamine and adenosine triphosphate on ionic currents
in single ear artery cells of the rabbit. Br. J. Pharmacol., 116,
2148 ± 2154.

JANSSEN, L.J. & SIMS, S.M. (1992). Acetylcholine activates non-
selective cation and chloride conductances in canine and guinea-
pig tracheal myocytes. J. Physiol., 453, 197 ± 218.

LAMB, F.S., VOLK, K.A. & SHIBATA, E.F. (1994). Calcium-activated
chloride current in rabbit coronary artery myocytes. Circ. Res.,
75, 742 ± 750.

LARGE, W.A. & WANG, Q. (1996). Characteristics and physiological
role of the Ca2+-activated Cl7 conductance in smooth muscle.
Am. J. Physiol., 271, C435 ± C454.

MCGREGOR, D.D. (1965). The e�ect of sympathetic nerve stimula-
tion on vasoconstrictor responses in perfused mesenteric blood
vessels of the rat. J. Physiol., 177, 21 ± 30.

NILSSON, H, JENSEN, P.E. & MULVANY, M.J. (1994). Minor role for
direct adrenoceptor-mediated calcium entry in rat mesenteric
small arteries. J. Vasc. Res., 31, 314 ± 321.

PACAUD, P., LOIRAND, G., LAVIE, J.L., MIRONNEAU, C. &

MIRONNEAU, J. (1989). Calcium-activated chloride current in
rat vascular smooth muscle cells in short-term primary culture.
P¯uÈgers Archiv., 413, 629 ± 636.

QUAST, U. & BAUMLIN, Y. (1991). Cromakalim inhibits contractions
of the rat isolated mesenteric bed induced by noradrenaline but
not ca�eine in Ca2+-free medium: evidence for interference with
receptor-mediated Ca2+ mobilization. Eur. J. Pharmacol., 200,
239 ± 240.

WORLEY, J.F., QUAYLE, J.M., STANDEN, N.B. & NELSON, M.T.

(1991). Regulation of single calcium channels in cerebral arteries
by voltage, serotonin and dihydropyridines. Am. J. Physiol., 261,
H1951 ±H1960.

(Received October 8, 1996
Revised November 22, 1996

Accepted November 22, 1996)

Niflumic acid on NA and 5-HT pressor effects818 D.N. Criddle et al


