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1 The cellular mechanisms by which endogenous nitric oxide (NO) modulates spontaneous motility
were investigated in rat isolated proximal colon. The mechanical activity was detected as changes in
intraluminal pressure.

2 Apamin (1 ± 100 nM) produced a concentration-dependent increase in the amplitude of the
spontaneous pressure waves. The maximal contractile e�ect was of the same degree as that produced
by No-nitro-L-arginine methyl ester (L-NAME) (100 mM) and the joint application of apamin plus L-
NAME had no additive e�ects. Apamin (0.1 mM) reduced the inhibitory e�ects (i.e. reduction in the
amplitude of the pressure waves) induced by sodium nitroprusside (SNP) (1 nM ± 10 mM) or 8-Br-
cyclic GMP (1 ± 100 mM).

3 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ) (0.1 ± 5 mM), inhibitor of NO-stimulated
guanylate cyclase, produced a concentration-dependent increase of the spontaneous contractions.
ODQ (1 mM) in the presence of apamin (0.1 mM) did not produce any further increase in the
contraction amplitude, whereas after L-NAME (100 mM) it decreased the spontaneous contractions.
ODQ (1 mM) reduced the SNP inhibitory e�ects.

4 Zaprinast (1 ± 50 mM), inhibitor of cyclic GMP phosphodiesterase, produced a concentration-
dependent decrease of the spontaneous contractions. The e�ects of zaprinast were signi®cantly
reduced in the presence of apamin (0.1 mM) or L-NAME (100 mM).

5 These results suggest that small conductance Ca2+-dependent K+ channels and cyclic GMP are
involved in the modulation of the spontaneous contractile activity in rat proximal colon. Cyclic
GMP production system and opening of apamin-sensitive K+ channels appear to work sequentially
in transducing an endogenous NO signal.
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Introduction

A growing body of evidence suggests a role for endogenous
nitric oxide (NO) not only as a non adrenergic, non cholinergic

(NANC) inhibitory neurotransmitter released by electrical
®eld stimulation, but also as a tonic neural modulator of the
spontaneous motility in a wide range of gastrointestinal tissues

(Sanders & Ward, 1992), including rat preparations (Hata et
al., 1990; Li & Rand 1990; Irie et al., 1991; Kanada et al., 1992;
Suthamnatpong et al., 1993a; Postorino et al., 1995; Serio et

al., 1995; Martinez-Cuesta et al., 1996; MuleÁ et al., 1998a). In
particular, a previous study has indicated that basal neural
release of NO exerts a tonic inhibitory in¯uence on circular
muscle of rat proximal colon (MuleÁ et al., 1998a).

Di�erent transduction pathways have been proposed for
inhibitory actions of NO (see Shuttleworth & Sanders, 1996 for
review). One is a pathway involving a guanosine 3',5'-cyclic
monophosphate (cyclic GMP) generating system. According to

this hypothesis, production of cyclic GMP, and perhaps
phosphorylation of cellular proteins by cyclic GMP-dependent

protein kinase, transduces the NO signal and produces
relaxation of smooth muscle. Another possible mechanism
concerns the enhancement by NO of the open probability of

K+ channels which mediate the hyperpolarization response to
inhibitory neurotransmission. In fact, at least a portion of the
relaxation induced by NO appears to be due to hyperpolariza-

tion of membrane potential or inhibition of electrical activity
and subsequent reduction of Ca2+ in¯ux through voltage-
dependent Ca2+ channels. However, the activation of K+

channels can be due to direct stimulation by NO or mediated

indirectly by a cyclic GMP generating system (Bolotina et
al.,1994; Koh et al., 1995). Therefore, biochemical and
electrical mechanisms may coexist and together mediate the

inhibitory e�ects of NO.
In particular, we have provided evidence that, in the circular

muscle of rat proximal colon, the inhibitory junction potentials

(IJPs) are largely dependent on the synthesis of NO and due to
the activation of apamin-sensitive Ca2+-dependent K+

channels (Serio et al., 1992, 1995). In contrast, in the same
preparation, NO has been reported to mediate NANC

relaxation by a mechanism independent of changes in
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membrane potentials (Suthamnatpong et al., 1994) and of
changes in cyclic GMP content (Takeuchi et al., 1996),
although the same investigators had previously reported an

association between the cyclic GMP level and the NO-induced
relaxation (Suthamnatpong et al., 1993b; Maehara et al.,1994).
In any case, the mechanism by which NO produces a tonic
inhibition of circular muscle has not been studied in rat colon.

In this report we have investigated the mechanisms involved
in the tonic inhibitory action of NO in circular muscle of rat
proximal colon. So, our speci®c objectives were: (1) to verify a

possible involvement of the small conductance Ca2+-
dependent K+ channels in the modulation of the spontaneous
contractile activity and in the hypermotility induced by No-

nitro-L-arginine methyl ester (L-NAME); (2) to determine the
role of cyclic GMP in NO tonic inhibition; (3) to analyse the
possible interaction among NO basal synthesis, cyclic GMP

production system and opening of K+ channels. Preliminary
accounts of part of this work have been given (MuleÁ et al.,
1998b).

Methods

Male Wistar rats 300 ± 500 g were killed by cervical disloca-
tion. A 2-cm segment of proximal colon was removed from a
position just distal to the caecum and placed in Krebs solution.

The contents of the excised segment were gently ¯ushed out
with Krebs solution. Colonic segments were mounted
horizontally in a specially designed organ bath continuously

perfused with oxygenated (95% O2 and 5% CO2) and heated
378C Krebs solution.

Recording of mechanical activity

The distal end of each segment was tied around the mouth of a
J-tube, which was connected via a T catheter to a pressure

transducer (Statham Mod. P23XL) and to a syringe for ®lling
the preparation with Krebs solution. The ligated proximal end
was secured with a silk thread to an isometric force transducer

(Grass FT03). Preparations, distended with 0.5 ± 0.8 ml Krebs
solution, were subjected to an initial tension of 1 g and were
allowed to equilibrate for at least 30 min. Mechanical activity
was detected as changes in intraluminal pressure, which are

mainly generated by circular muscle, and recorded on an ink
writer polygraph (Grass model 7D). At the beginning of each
experiment, the preparation was challenged with KCl

(120 mM) until a constant response was achieved. In order to
establish NANC conditions, atropine (1 mM) and guanethidine
(1 mM) were added to the perfusing Krebs solution at the

beginning of each experiment.

Experimental protocols

After the control period, the preparation was incubated with
the following drugs: (1) apamin, a selective blocker of small
conductance Ca2+- dependent K+ channels (Blatz & Magleby,

1986); (2) 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ),
a selective inhibitor of NO-stimulated soluble guanylyl cyclase
(Garthwaite et al., 1995); (3) zaprinast, a speci®c inhibitor of

cyclic GMP phosphodiesterase (Weishaar et al., 1986). These
drugs were perfused at least for 30 min, each in consecutively
increasing concentrations for evaluating the e�ects on the

spontaneous mechanical activity. Concentration-response
curves for sodium nitroprusside (SNP) or isoproterenol were
determined in the absence and in the presence of apamin
(0.1 mM) or ODQ (1 mM). SNP or isoproterenol were added to

the bath for 4 min in concentrations progressively increasing
after switching o� the perfusion. For the evaluation of the
possible mechanism of action involved in the hypermotility

induced by blockade of NO synthesis and the possible
interactions between di�erent pathways, experiments were
performed to test the additive e�ects between the drugs above
the spontaneous contractile activity.

Solutions and drugs

The Krebs solution contained (in mM) NaCl 119, KCl 4.5,
MgSO4 2.5, NaHCO3 25, KH2PO4 1.2, CaCl2 2.5, glucose 11.1.
The drugs used were: atropine sulphate, guanethidine

monosulphate, No-nitro-L-arginine methyl ester (L-NAME),
apamin, tetrodotoxin (TTX), isoproterenol hydrochloride, 1H-
[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ), sodium ni-

troprusside (SNP), 8-Br-cyclic GMP, M&B 22948 (zaprinast).
All drugs were purchased from SIGMA (St. Louis, MO,
U.S.A.). All drugs were dissolved in distilled water, except
zaprinast which was dissolved in ethanol and ODQ in dimethyl

sulphoxide. Control experiments using solvents alone showed
that none had e�ects on the tissue.

Data analysis and statistical tests

For calculation of spontaneous motility, the mean amplitude

of contractile peaks of intraluminal pressure during a 10-min
period of time was measured prior to and following drug
administration after a new steady state was reached. Results

are expressed as the changes in mean amplitude of the phasic
contractions and reported as percentages of the values
obtained in the control. The inhibitory e�ects of SNP,
isoproterenol, 8-Br-cyclic GMP and zaprinast were expressed

as per cent inhibition of contractile activity prior to drug
administration, 100% inhibition corresponding to total
suppression of spontaneous contractions. In experiments,

where the maximal e�ect of the drug studied could be
determined, the concentration (ED50) producing half-max-

Figure 1 E�ects of di�erent concentrations of apamin and of L-
NAME (100 mM), alone or in combination with apamin (0.1 mM), on
the amplitude of spontaneous mechanical activity, detected as
changes in intraluminal pressure, in rat proximal colon. Apamin
increased the amplitude of the spontaneous contractions; the
maximal e�ect of apamin was of the same degree of L-NAME
(100 mM) and the joint application of apamin (0.1 mM) plus L-NAME
(100 mM) had no additive e�ects. Amplitude of the spontaneous
contractions before the addition of apamin (n=6) or L-NAME (n=5)
was taken as 100%. Data are expressed as means+s.e.mean.
*Signi®cantly di�erent from the control. *Not signi®cantly di�erent
from L-NAME.
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imum response was assessed by linear interpolation on the
semilogarithmic concentration-response curve. All data are
given as means+s.e.mean; n indicates the number of animals

from which the intestinal segments were taken. Statistical

analysis was performed by means of Student's t-test. A
probability value of less than 0.05 was regarded as signi®cant.

Results

Rat proximal colon exibited spontaneous mechanical activity
consisting of changes of intraluminal pressure as previously
described (MuleÁ et al., 1995; MuleÁ & Serio, 1997). The rhythm
of the spontaneous activity was very regular (1 ± 2 c.p.m.) and

the amplitude reached about 30% of the contraction evoked
by KCl (120 mM). As previously described, L-NAME induced
a concentration-dependent increase in the amplitude of the

pressure waves and the maximal e�ect was observed at a
concentration of 100 mM (MuleÁ et al., 1998a).

E�ects of apamin

Apamin (1 ± 100 nM) increased the amplitude of the sponta-
neous contractions, without a�ecting the basal tone. The

excitatory e�ect reached a peak within 10 min and then
stabilized, more or less maintained throughout the observation
period. The enhancement of contractions by apamin was

dependent on the concentration reaching a maximum at 30 nM
(Figure 1), which was about 65% of the KCl response. The
maximal potentiation of spontaneous contractions by apamin

was of the same degree as that produced by L-NAME (100 mM)
and the joint application of apamin (0.1 mM) plus L-NAME
(100 mM) had no additive e�ect (Figure 1).

The NO donor, SNP (1 nM± 10 mM) produced a concentra-
tion-dependent inhibition of the phasic contractile activity of
circular muscle (ED50 11+3 nM) and a slight decrease of the
resting tone was observed in some preparations at 10 mM. The

inhibitory e�ects induced by SNP (10 mM) were not in¯uenced
by TTX (1 mM), indicating that they were not dependent on
neural action potentials. Apamin (0.1 mM) reduced the SNP-

induced e�ects, shifting to the right the concentration-response
curve (ED50 0.12+0.06 mM), whereas it failed to a�ect those
induced by isoproterenol (ED50 40+6 nM before and ED50

50+2 nM after apamin) (Figure 2).

Figure 2 Concentration-response curves for inhibitory e�ects induced by SNP (n=5) or isoproterenol (ISO) (n=4) on the
spontaneous mechanical activity in the absence or in the presence of apamin (0.1 mM). Apamin reduced the inhibitory e�ects induced
by SNP, without a�ecting those induced by isoproterenol. Data are expressed as means+s.e.mean and are reported as a percentage
of the total suppression of spontaneous contractions, considered 100%.

Figure 3 Inhibitory e�ects induced by di�erent concentrations of 8-
Br-cyclic GMP on the amplitude of spontaneous contractions in the
control (n=9), in the presence of apamin (0.1 mM) (n=5) and in the
presence of L-NAME (100 mM) (n=4). 8-Br-cyclic GMP reduced the
amplitude of the spontaneous contractions in a concentration-
dependent manner. These e�ects were signi®cantly reduced in the
presence of apamin, but not in the presence of L-NAME. Data are
expressed as means+s.e.mean and are reported as a percentage of the
total suppression of spontaneous contractions, considered 100%.
*Signi®cantly di�erent from the control. **Signi®cantly di�erent
from 8-Br-cyclic GMP. * Not signi®cantly di�erent from 8-Br-cyclic
GMP.
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E�ects of 8-Br-cyclic GMP

Proximal colon was exposed to the membrane permeable

analogue of cyclic GMP, 8-Br-cyclic GMP, to determine
whether an increase of cyclic GMP level would mimic the
e�ects of the NO donor. 8-Br-cyclic GMP (1 ± 100 mM) reduced

the amplitude of contractions in a concentration-dependent
manner and suppressed the phasic waves at 100 mM (Figure 3).
Sometimes at the maximal concentration used, a slight
reduction in the basal tone was observed. The e�ects of 8-

Br-cyclic GMP were persistent and at least 20 min were

required after removal of the drug for full restoration of

control activity. 8-Br-cyclic GMP inhibitory e�ect was largely
and signi®cantly reduced in the presence of apamin (0.1 mM),
but not in the presence of L-NAME (100 mM) (Figure 3).

E�ects of ODQ

The e�ects of ODQ were tested in order to verify whether a
tonic biosynthesis of cyclic GMP triggered by NO would be
involved in the modulation of the spontaneous mechanical
activity. ODQ (0.1 ± 5 mM) produced a concentration-depen-

dent increase of the spontaneous contraction amplitude which

Figure 4 E�ects of di�erent concentrations of ODQ on the amplitude of spontaneous mechanical activity in rat proximal colon
and e�ects of ODQ (1 mM) in the presence of L-NAME (100 mM) or apamin (0.1 mM). ODQ increased the amplitude of the
spontaneous contractions; the maximal e�ect of ODQ was of the same degree of L-NAME (100 mM) or apamin (0.1 mM). ODQ
(1 mM) in the presence of L-NAME reduced the amplitude of spontaneous contractions, whereas in the presence of apamin did not
produce any further modi®cation of spontaneous mechanical activity. Amplitude of the spontaneous contractions before the
addition of ODQ (n=6), L-NAME (n=5) or apamin (n=5) was taken as 100%. Data are expressed as means+s.e.mean.
*Signi®cantly di�erent from the control. **Signi®cantly di�erent from L-NAME. * Not signi®cantly di�erent from apamin.

Figure 5 Concentration-response curves for inhibitory e�ects induced by SNP (n=6) or isoproterenol (ISO) (n=4) on the
spontaneous mechanical activity in the absence or in the presence of ODQ (1 mM). ODQ reduced the inhibitory e�ects induced by
SNP, without a�ecting those induced by isoproterenol. Data are expressed as means+s.e.mean and are reported as a percentage of
the total suppression of spontaneous contractions, considered 100%.
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reached a peak within 10 min and was then maintained.
Maximal e�ect was produced by 1 mM ODQ and this was
about 60% of the KCl response (Figure 4). When the

experiments were performed in tissues pretreated with L-
NAME (100 mM), ODQ (1 mM) did not induce enhancement of
the contraction amplitude but produced a signi®cant decrease

in the amplitude of spontaneous contractions (Figure 4). The
administration of ODQ after apamin (0.1 mM) treatment did
not produce any further increase in the contraction amplitude

(Figure 4). In addition, ODQ (1 mM) reduced the inhibitory
e�ect produced by SNP, shifting to the right the concentration-
response curve (ED50 17.8+5 nM before and 0.12+0.05 mM
after ODQ), whereas it did not in¯uence the isoprotenerol-
induced inhibitory e�ects (ED50 43+7 nM before and ED50

48+ 2 nM after ODQ) (Figure 5).

E�ects of zaprinast

Zaprinast was tested to verify whether increasing the

endogenous level of cyclic GMP would reproduce the e�ects
of the NO donor or 8-Br-cyclic GMP.

Zaprinast (1 ± 50 mM) produced a decrease in the sponta-

neous contraction amplitude. The e�ect occurred after 10 ±
15 min and persisted more or less maintained when the drug
was present but it was reversible upon washout. The reduction
induced by zaprinast was related to the concentration and at

50 mM it essentially abolished all mechanical activity (Figure
6). In the presence of apamin (0.1 mM) or L-NAME (100 mM)
zaprinast caused much less reduction in contractile amplitude

than in untreated preparations (Figure 6), whereas isoproter-
enol was still able to induce the same inhibitory e�ects (ED50

40+6 nM before and ED50 50+2 nM after apamin; ED50

42+6 nM before and ED50 45+5 nM after L-NAME).

Discussion

The results of this study provide support for the hypothesis

that, in rat proximal colon, cyclic GMP production system and
opening of small conductance Ca2+-dependent K+ channels
are involved sequentially in transducing the endogenous NO
signal responsible for tonic inhibition.

It has previously been shown that NO is tonically released
to maintain a certain degree of suppression of colonic circular
muscle activity (Ward et al., 1992; Middleton et al.,1993; Keef

et al., 1997; MuleÁ et al., 1998a). Since the cellular mechanism
by which NO tonic suppression occurs is not known, the aim
of the present study was to verify whether activation of

apamin-sensitive K+ channels is involved in the NO tonic
inhibitory in¯uence and whether the e�ect is dependent on a
cyclic GMP generating system.

Although apamin-sensitive K+ channels are not typically
involved in NO-dependent hyperpolarizations (e.g., Keef et al.,
1993), apamin has been shown to inhibit nitrergic nerve-
induced IJPs as well as relaxation in di�erent preparations

(Cristink et al., 1991; Osthaus & Galligan, 1992; Kitamura et
al., 1993) including rat duodenum (Martins et al., 1995) and
proximal colon (Serio et al., 1992, 1995). In our study the

contractile e�ects of apamin, per se, suggest that apamin-
sensitive K+ channels are involved in modulation of
spontaneous activity of the circular smooth muscle in the rat

proximal colon. This seems to be a peculiarity of rat intestine.
In fact also in rat small intestine and caecum, these channels
modulate the spontaneous mechanical activity (MuleÁ et al.,

1992; Serio et al., 1996; Lefebvre & BarthoÁ , 1997), even if
observations showing that apamin causes or potentiates
contractions in smooth muscles under physiological conditions
are very rare (Maas & Den Hertog 1979; Suzuki et al., 1993).

The observation that apamin was able to reduce SNP-induced
inhibitory e�ects, without a�ecting those induced by iso-
proterenol, is consistent with the idea that NO is able to

activate apamin-sensitive K+ channels in our preparation.
Moreover, the increase in the contraction amplitude induced
by apamin was not additive to that induced by L-NAME. This

could suggest that the two drugs induce hypermotility through
a common pathway and, therefore, it seems likely that the
activation of apamin-sensitive K+ channels is dependent on
NO production. One might object that the lack of additive

e�ects between L-NAME and apamin could be due to the
reaching of a maximal contractile state. However, this
hypothesis can be ruled out, since KCl test indicated that the

preparation was able to produce contractions greater in
amplitude than those induced by L-NAME and apamin.

To test the involvement of cyclic GMP in NO-dependent

tonic inhibition, we used ODQ, which has been identi®ed as a
potent and selective inhibitor of NO-stimulated soluble
guanylate cyclase (Garthwaite et al., 1995), rather than

methylene blue and LY 83583, which are reported to cause
non-speci®c e�ects (Sanders et al., 1989; Barbier & Lefebvre,
1992; Liu et al., 1994). ODQ has been reported to block
actions of SNP and partially or totally antagonize NO-

dependent responses to nerve stimulation in mouse caecum
(Young et al., 1996) or canine proximal colon (Franck et al.,
1997). In our preparation, the ability of SNP to inhibit

spontaneous contractions was a�ected by ODQ, which failed
to modify the relaxing e�ect of isoproterenol, acting via
stimulation of adenylate cyclase. This observation indicates

that the e�ect of exogenous NO on circular muscle of rat
proximal colon can be mediated by a mechanism dependent on
cyclic GMP. ODQ was e�ective at concentrations similar to
those which abolish NO-stimulated cyclic GMP formation in a

Figure 6 E�ects of di�erent concentrations of zaprinast on the
amplitude of spontaneous mechanical activity in the control (n=8),
in the presence of apamin (0.1 mM) (n=4) and in the presence of L-
NAME (100 mM) (n=4). Zaprinast reduced the amplitude of the
spontaneous contractions in a concentration-dependent manner.
These e�ects were signi®cantly reduced in the presence of apamin
or in the presence of L-NAME. Data are expressed as means
+s.e.mean and are reported as a percentage of the total suppression
of spontaneous contractions, considered 100%. *Signi®cantly
di�erent from the control. ** Signi®cantly di�erent from zaprinast.
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variety of other tissues (Garthwaite et al., 1995; Cellek et al.,
1996). The hypothesis that cyclic GMP is a second messenger
of NO action in rat proximal colon is strengthened by the

following: (i) cyclic GMP (delivered as its membrane perme-
able analogue) mimicked the mechanical e�ects of the NO
donor, SNP; (ii) both SNP- and 8-Br-cyclic GMP-induced
e�ects were a�ected by the same agent, apamin. The possibility

that the reduction of the SNP or 8-Br-cyclic GMP e�ects
observed in the presence of apamin occurs as a consequence of
the increased mechanical activity can be ruled out since SNP or

8-Br-cyclic GMP e�ects were una�ected when the phasic
contractions were otherwise increased (i.e. by TTX or by L-
NAME). So, our results corroborate the suggestion that NO

action is related to the activation of soluble guanylate cyclase,
although in rat duodenum and proximal colon nitrergic
relaxation has been proposed to be cyclic GMP-independent

(Martins et al.,1995; Takeuchi et al.,1996). Furthermore, our
®ndings that ODQ raised the contraction amplitude suggest
that basal production of cyclic GMP maintains a suppression
of the contractility. A contractile e�ect by ODQ due to an

increase of release of acetylcholine, as reported in guinea-pig
ileum (Hebeiss & Kilbinger, 1998) can be excluded in our
experiments because they were performed in the presence of

atropine. Moreover, the excitatory action of ODQ was no
more detectable after inhibition of NOS by L-NAME
indicating that, in our preparation, cyclic GMP production is

presumably due to continuous synthesis of NO. Actually, in
the presence of L-NAME, an inhibitory e�ect of ODQ on
contractile activity was unmasked. We have no data to explain

the mechanism of the inhibitory action, but a decrease in the
amplitude of spontaneous contractions by ODQ in the
presence of L-NAME was observed also by Franck et al.
(1997) in canine proximal colon.

Several studies on NANC inhibitory innervation have
employed zaprinast, an inhibitor of the cyclic GMP speci®c
phosphodiesterase isoenzyme (phosphodiesterase V), to po-

tentiate the relaxant response to nitrergic nerve stimulation,
since it increases the availability of cyclic GMP (Barbier &
Lefebvre, 1995; Williams & Parsons, 1995). In our preparation,

zaprinast decreased in a concentration-dependent manner the
spontaneous contractions, con®rming our hypothesis that
cyclic GMP levels are inversely related to the contraction

amplitude in rat proximal colon. In agreement with the
observations by Ward et al. (1992), we found that zaprinast
e�ects, but not isoproterenol, were signi®cantly reduced in the
presence of L-NAME, suggesting that they depend on NO

synthesis.
Lastly, our results allow us to hypothesize an interaction

between cyclic GMP production system and opening of K+

channels. In fact, apamin was able to reduce the inhibitory
responses of the preparation to 8-Br-cyclic GMP or to
endogenous increase of cyclic GMP obtained with zaprinast,

without a�ecting those to isoproterenol. Furthermore, the lack
of any additive e�ects between apamin and ODQ strengthens
the hypothesis that the opening of the small conductance

Ca2+-dependent K+ channels is due to a cyclic GMP-
dependent mechanism.

Taken together, our results suggest that tonic inhibitory
action of NO on spontaneous activity in circular muscle of rat

proximal colon is mediated by apamin-sensitive K+ channels
through an increase in the level of cyclic GMP. Studies in other
preparations provided evidence for the hypothesis that NO

activates Ca2+- dependent K+ current and that guanyl cyclase
and protein kinase G are involved in the signal transduction
pathway (e.g. Koh et al., 1995; Murray et al., 1995).

In conclusion, small conductance Ca2+-dependent K+

channels and cyclic GMP are involved in the modulation of
the spontaneous contractile activity of circular muscle in rat

proximal colon. The opening of apamin-sensitive K+ channels
and guanylate cyclase stimulation are dependent mechanisms,
which appear to work in series in order to mediate the tonic
inhibitory action of NO.

This study was supported by Ministero dell' UniversitaÁ e della
Ricerca Scienti®ca ± Italia. We thank F. Bonvissuto for his expert
technical assistance.
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