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Effect of Cu®" on relaxations to the nitrergic neurotransmitter,
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1 The effects of addition of Cu?* and chelation of Cu?>~ were studied on relaxations in response to
S-nitrosothiols and on relaxations to non-adrenergic non-cholinergic (NANC) nerve stimulation, nitric
oxide (NO) and glyceryl trinitrate (GTN) in the rat gastric fundus.

2 The S-nitrosothiols S-nitroso-L-cysteine (NOCys, 1-300 nM), S-nitrosoglutathione (GSNO, 0.01 -
3 uM) and S-nitroso-N-acetyl-D,L-penicillamine (SNAP, 0.01-3 uM) induced concentration-dependent
relaxations of the rat gastric fundus muscle strip. The relaxant potencies of the S-nitrosothiols were
NOCys>SNAP>GSNO. Relaxations to NOCys were transient and comparable to those to NANC
nerve stimulation and NO whereas relaxations to GSNO and SNAP were sustained. The relaxations to
NOCys, GSNO and SNAP were significantly and concentration-dependently enhanced by CuSO, (3—
30 uM). The order of relaxant potency in the presence of CuSO, was reversed to GSNO~SNAP>
NOCys.

3 In the presence but not in the absence of 0.1 uM GSNO, CuSO, (1 uM) induced a rapid and transient
relaxation which was inhibited by the superoxide radical generator, pyrogallol (30 uM). CuCl, but not
FeSO, mimicked the effect of CuSO,.

4 Electrical stimulation (0.5-8 Hz) of the rat gastric fundus strips induced frequency-dependent
relaxations which were previously shown to be nitrergic in nature and which were not affected by CuSO,
(3-30 uM). Relaxations to NO (3—100 nM) and GTN (0.01-1 uM) were not affected by 3 and 10 uM
CuSO, but were inhibited by 30 uM CuSO,.

5 The Cu* chelator, bathocuproine (3—30 uM) significantly and concentration-dependently inhibited
the relaxations to NOCys (0.01-3 uM), GSNO (0.01-10 um) and SNAP (0.01 -3 uM). The inhibitory
effect of 10 uM bathocuproine was reversed by 3 uM CuSO,.

6 Bathocuproine (3—30 uM) had no effect on the relaxations to NANC nerve stimulation (0.5-8 Hz)
or on the concentration-response curve to NO (0.01-0.3 uM), whereas relaxations to GTN (0.01-1 uM)
were significantly inhibited by 30 uM bathocuproine.

7 From these results we conclude that relaxations to S-nitrosothiols and to nitrergic stimulation of the
rat gastric fundus are differentially affected by addition and chelation of Cu®*, suggesting that the
nitrergic NANC neurotransmitter in the rat gastric fundus is not an S-nitrosothiol but is more likely to
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be free nitric oxide.
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Introduction

We previously proposed nitric oxide (NO) as a non-adre-
nergic non-cholinergic (NANC) neurotransmitter in the
gastrointestinal tract (Bult et al., 1990; Boeckxstaens et al.,
1990). Although the involvement of the L-arginine/NO
pathway in NANC neurotransmission in the gastrointesintal
tract is well established (for reviews see Sanders & Ward,
1992; Stark & Szurszewski, 1992; Rand & Li, 1995b), con-
troversy remains as to the exact nature of the nitrergic
NANC neurotransmitter. Gillespie & Sheng (1990) first de-
monstrated that the superoxide generator, pyrogallol, did
not affect NANC nerve-mediated responses of the bovine
retractor penis muscle, whereas responses to authentic NO
were significantly inhibited. Such a differential effect was
also reported in different regions of the gastrointestinal tract,
using radical generators (Hobbs et al, 1991; Gibson et al.,
1992; Barbier & Lefebvre, 1992b; Martin et al., 1994; Lilley
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& Gibson, 1995) and using NO-trapping compounds (Jen-
kinson et al., 1995; Rand & Li, 1995a). These results were
generally interpreted to suggest that the actual nitrergic
NANC neurotransmitter is not free NO but a superoxide-
resistant, NO containing molecule, such as an S-nitrosothiol
(Thornbury et al., 1991; Gibson et al., 1992; Kerr et al,
1992; Kitamura et al, 1993; Liu et al., 1994). S-ni-
trosothiols, which are also intermediates in the vasodilator
actions of organic nitrates (Ignarro et al., 1981), are shown
to be potent relaxants of gastro-intestinal smooth muscle
including the rat gastric fundus (Barbier & Lefebvre, 1994).
However, in bioassay experiments, we demonstrated that
radical generators did not affect the biological activity of S-
nitrosothiols whereas the biological activity of the nitrergic
NANC neurotransmitter of the canine ileocolonic junction
was inhibited to the same extent as the biological activity of
authentic NO (Boeckxstaens et al., 1994, De Man et al,
1995c). These results suggest that the nitrergic NANC neu-
rotransmitter in the canine ileocolonic junction behaves
pharmacologically like NO and not like an S-nitrosothiol.
Similar results were obtained in the guinea-pig colon
(Iversen et al., 1994). Recently, it was demonstrated that the
biological activity of S-nitrosothiols can be modulated by
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copper (Askew et al., 1995; Gordge et al., 1995). To in-
vestigate further whether the nitrergic NANC transmitter is
NO or an S-nitrosothiol, we studied the effect of S-nitroso-
L-cysteine, S-nitrosoglutathione and S-nitroso-N-acetyl-D,L-
penicillamine on isolated muscle strips of the rat gastric
fundus and compared the effect of addition and chelation of
Cu?* on the relaxations elicited by S-nitrosothiols, authentic
NO and the nitrergic NANC neurotransmitter.

Methods

Tissue preparation

Male Wistar rats (250—-300 g) were fasted for 48 h with free
access to water. The animals were anaesthetized with an in-
traperitoneal injection of sodium pentobarbitone (60 mg kg~")
and the stomach was removed. Longitudinal muscle strips
approximately 1.0 cm long and 0.3 cm wide were prepared and
mounted in organ baths (25 ml) filled with Krebs-Ringer so-
lution (in mM: NaCl 118.3, KCl1 4.7, MgSO, 1.2, KH,PO, 1.2,
CaCl, 2.5, NaHCO; 25, Ca ethylenediaminetetracetic acid
(CaEDTA) 0.026 and glucose 11.1). In some experiments
CaEDTA was omitted from the Krebs solution. The solution
was maintained at 37°C and aerated with a mixture of 95% O,
and 5% CO,.

Isometric tension recording

One end of the muscle strip was anchored to a glass rod and
pulled through two platinum ring electrodes. The other end
was connected to a strain gauge transducer (Statham UC2) for
continuous recording of isometric tension. The strips were
brought at their optimal point of length-tension relationship
(Pelckmans et al., 1989) and then allowed to equilibrate for at
least 60 min before experimentation.

Experimental protocols

All experiments were performed on muscle strips contracted
with 0.1 uM prostaglandin F,, (PGF,,) and in the presence of
1 uM atropine and 30 uM guanethidine. After each PGF,,-
induced contraction, the muscle strips were washed 4 times at
intervals of at least 5 min.

In a first series of experiments, the effect of addition of
CuSO, (3-30 uM, 10 min incubation) was investigated on the
frequency-response curve to electrical stimulation (0.5-8 Hz,
1 ms pulse train of 10 s), on the concentration-response curves
to NO (3-100 n™M), GTN (0.01-1 uM), S-nitroso-L-cysteine
(NOCys, 1-300 nM), S-nitrosoglutathione (GSNO, 0.01-
3 uM) and S-nitroso-D,L-penicillamine (SNAP, 0.01-3 um).
The effect of CuSO, was also investigated on relaxations to
10 um ATP.

In a second series of experiments the effect of the copper
chelator, bathocuproine (3—30 uM, 2 h incubation) was in-
vestigated on the frequency-response curve to electrical sti-
mulation (0.5-8 Hz) on the concentration-response curves to
NO (0.01-0.3 um), GTN (0.01-1 pumM), NOCys (0.01-3 um),
GSNO (0.01-10 uM) and SNAP (0.01 -3 uM) and on relaxa-
tions induced by 10 um ATP.

In a separate series of experiments, the muscle strips that
were treated with 10 uM bathocuproine were washed three
times and then treated for 10 min with 3 uM CuSO, before the
concentration-response curves to S-nitrosothiols were con-
structed again.

All experiments were performed in parallel with muscle
strips that served as time controls and that received saline in-
stead of CuSQ, or bathocuproine.

Drugs used

The following drugs were used: bathocuproine disodium salt
(ICN Biomedicals Inc., Aurora, OH, U.S.A.), atropine sul-

phate, copper sulphate S-hydrate, copper (II) chloride, iron
sulphate 7-hydrate, glyceryl trinitrate (Merck, Darmstadt,
Germany), guanethidine monosulphate (Ciba Geigy, Switzer-
land), adenosine 5'-triphosphate (Sigma Chemical Co., St.
Louis, MO, U.S.A.), prostaglandin F,, (PGF,,, Upjohn,
Puurs, Belgium). Solutions of NO were prepared freshly for
each experiment as described by Kelm ez al. (1988) and used
immediately after preparation. The solutions of S-nitrosothiols
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Figure 1 Typical tracings showing (a) the frequency-dependent
relaxations to electrical stimulation (1 ms pulses at 0.5-8 Hz for 10s
periods), and the concentration-dependent relaxations to (b) nitric
oxide (3—-300nM), to (c) S-nitroso-L-cysteine (NOCys, 1-300nM), (d)
S-nitroso-glutathione (GSNO, 0.01-3 uM) and (e) S-nitroso-N-acetyl-
D,L-penicillamine (SNAP, 0.01-3 uM) on prostaglandin F,, (PG)-
induced contractions of rat gastric fundus longitudinal muscle strips.
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were freshly prepared on the day of experimentation and kept
sealed at pH 2 and 0°C as described previously (De Man et al.,
1995c¢). Dilutions of the stock solutions of the S-nitrosothiols
were made freshly before each experiment and were used im-
mediately after dilution.

Presentation of results and statistical analysis

Results are expressed as percentage decrease of the pros-
taglandin F,,-induced contraction of the rat gastric fundus
longitudinal muscle strip. Values are shown as mean+
s.e.mean for the number of rats indicated. For statistical
analysis, a Student’s 7 test for paired and unpaired values was
used. P values of less than 0.05 were considered to be sig-
nificant.

Results

Effect of CuSO, on relaxations to S-nitrosothiols

The S-nitrosothiols, NOCys (1-300 nM), GSNO (0.01-3 uMm
and SNAP (0.01-3 uM) concentration-dependently relaxed
the rat gastric fundus strips. The relaxations to NOCys were
rapid in onset and transient and resembled those to authentic
NO and NANC nerve stimulation (Figure 1). The relaxations
to GSNO and SNAP were less rapid in onset and more sus-
tained than those to NO (Figure 1). The order of relaxant
potency was NOCys>SNAP > GSNO. The relaxations to S-
nitrosothiols were significantly and concentration-dependently
enhanced by CuSO, (3—-30 uM) (Figure 2). The order of re-
laxant potency in the presence of 30 uM CuSO, was reversed to
GSNO~SNAP>NOCys.

On a PGF,,-induced contraction and in the absence of
GSNO, CuSO, (1 uM) did not induce any relaxation (Fig-
ure 3a). However, when CuSO, (1 uM) was added 1 min
after GSNO (0.1 uM), which induced a relaxation on its
own of 8.0+1.9% (n=S5), CuSO, (1 uM) induced a rapid
and transient relaxation of 72.248.5% (n=5) in normal
Krebs-Ringer solution (Figure 3a). This relaxation was in-
hibited to 0.5+0.5% by the superoxide radical generator
pyrogallol (30 uM, n=35) (Figure 3b). Pyrogallol had no
significant effect on the relaxation to 0.1 uM GSNO (from
80+19% to 54+1.8%, n=5). Also in the absence of
CaEDTA, which is able to bind copper ions, CuSO, (1 uM)
induced a rapid and transient relaxation in the presence of
GSNO (0.1 uM) of 82.3+9.9% (n=3) which was not dif-
ferent from the relaxation in normal Krebs-Ringer solution
(Figure 3c).
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Figure 3 Typical tracings of the rat gastric fundus strip contracted
with 0.1 uM prostaglandin F,, (PG) showing (a) the effect of electrical
stimulation (ES, 1Hz for 10s) and CuSO, (Cu, 1uM) in the absence
and presence of S-nitrosoglutathione (G, 0.1 uM). (b) Shows the effect
of pyrogallol (30 uM) on the relaxation to CuSO,4 (Cu, 1uM) which
was added 1 min after S-nitrosoglutathione (G, 0.1 uM). (c) Shows the
effect of CaEDTA-free Krebs-Ringer solution on the relaxation to
CuSO;, (Cu, 1 uM) in the presence of S-nitrosoglutathione (G, 0.1 um)
and (d) shows the effect of 1 uM CuCl, and 3 uM FeSO4 (Fe) in the
presence of S-nitrosoglutathione (G, 0.1uM). Tracing breaks
represent 3 wash periods of 5min each with Krebs-Ringer solution
that contained 0.1 uM prostaglandin F,,.
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Figure 2 Concentration-response curves to (a) S-nitroso-L-cysteine (NOCys, 1-300 uM), (b) S-nitrosoglutathione (GSNO, 0.01-
3 uM) and (c) S-nitroso-N-acetyl-D,L-penicillamine (SNAP, 0.01-3 uM) in control conditions (O) and in the presence of CuSO, (@,
3um; W, 10uM and A, 30uM). Results are expressed as percentage decreases of the PGF,-induced contraction and shown as
mean+s.e.mean for n=5-8 experiments. “P<0.05 is considered as significantly different from control.
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CuCl, but not FeSO, mimicked the effect of CuSO,: in the
absence of 0.1 uM GSNO, CuCl, (1 uM) did not induce any
relaxation. However, when CuCl, (1 uM) was added 1 min
after GSNO (0.1 uM), which induced a relaxation of
4.9+1.9% (n=3), CuCl, induced a relaxation of 76.8+11.6%
(n=3) (Figure 3d). In the presence or absence of GSNO
(0.1 uM), FeSO, (1-3 uM) had no effect on the PGF,,-induced
contraction (n=3) (Figure 3d).

Effect of CuSO, on relaxations to NANC nerve
stimulation, NO, GTN and ATP

Electrical stimulation (0.5-8 Hz) of the rat gastric fundus
induced frequency-dependent relaxations (Figure 1 and 4),
which were previously shown to be mediated by NO as they
were abolished by NC-nitro-L-arginine, a blocker of NO bio-
synthesis (Boeckxstaens et al., 1991; De Man et al., 1995b).
The amplitude or the duration of the relaxations to electrical
stimulation were not affected by CuSO, (3-30 uM) (Figure 4).
Also in the absence of CaEDTA, CuSO, (3—30 uM) had no
effect on relaxations to ES (0.5-8 Hz, n=4) (results not
shown). Authentic NO and GTN both induced concentration-
dependent relaxations (Figures 1 and 4). Relaxations to NO
(3-100 nM) and GTN (0.01-1 uM) were not affected by 3 -

10 uM CuSO, but significantly inhibited by 30 uM CuSO,
(Figure 4). Relaxations to 10 uM ATP were not affected by
CuSO, (3-30 uM (n=8). CuSO, (3—300 uM) had no effect on
the basal tension of the muscle strips or on the contraction to
PGF,,.

Effect of copper chelation on relaxations to
S-nitrosothiols

Relaxations to NOCys (0.01-3 uM), GSNO (0.01-10 um)
and SNAP (0.01-3 uM) were significantly and concentration-
dependently inhibited by the Cu®* chelator bathocuproine (3 -
30 uM) (Figure 5). Incubation of the muscle strips for 10 min
with 3 uM CuSOj partly reversed the inhibitory effect of 10 um
bathocuproine on the relaxations to NOCys and GSNO
whereas the relaxations to SNAP were enhanced as compared
to control values (Figure 6).

Effect of copper chelation on relaxations to NANC nerve
stimulation, NO, GTN and ATP

The Cu?* chelator, bathocuproine (3—30 uM), had no effect
on the amplitude or the duration of the relaxations to ES (0.5—
8 Hz) or on the concentration-response curve to NO (10-
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Figure 4 (a) Frequency-response curves to electrical stimulation (1ms pulses at 0.5-8 Hz for 10s periods) and concentration-
response curves to (b) nitric oxide (3—100nM) and (c) glyceryl trinitrate (10— 1000 nM) in control conditions (Q) and in the presence
of CuSO4 (@, 3uM; W, 10 uM and A, 30 uM). Results are expressed as percentage decreases of the PGF,,-induced contraction and
shown as mean +s.e.mean for n=6-7 experiments. "P<0.05 is considered as significantly different from control.

a b c

0 0 0

20 — 20 — 20 —
s

T 40 40 40 —
X
S

2 60— 60 — 60 —
X

100 — 100 100 —

I ! I ! I ! 1 | ! | I f 1 | ! | ! | ! ]
0.01 0.1 1 10 0.01 0.1 1 10 0.01 0.1 1 10
NOCys (um) GSNO (um) SNAP (um)

Figure 5 Concentration-response curves to (a) S-nitroso-L-cysteine (0.01-3 uM, NOCys), (b) S-nitrosoglutathione (0.01—10 um,
GSNO) and (c) S-nitroso-N-acetyl-D,L-penicillamine (0.01-3 uM, SNAP) in control conditions (O) and in the presence of
bathocuproine (@, 3 uM; W, 10 uM and A, 30 uM). Results are expressed as percentage decrease of the PGF,,-induced contraction
and shown as mean+s.e.mean for n=6-9 experiments. "P<0.05 is considered as significantly different from control.
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300 nm) (Figure 7). Relaxations to GTN (0.01-1 uM) were
not affected by 3—10 uM bathocuproine but were significantly
inhibited by 30 uM bathocuproine (Figure 7). Bathocuproine
(3—-30 uM) did not affect the basal tension of the muscle strips,
the contraction to PGF,, or the relaxations to 10 um ATP.

Discussion

Although there is compelling evidence that NO is a mediator
of NANC neurotransmission in the gastrointestinal tract, there
is controversy about the exact identity of the nitrergic NANC
neurotransmitter. Superoxide generators and NO-scavengers
differentially affect relaxations to NANC nerve stimulation
and to authentic NO, suggesting that the actual nitrergic
NANC neurotransmitter is not free NO but a superoxide an-
ion-resistant, NO-releasing molecule, such as a S-nitrosothiol.
As it was reported that the biological activity of S-nitrosothiols
can be modulated by copper ions (Askew et al., 1995; Gordge
et al., 1995), we investigated the effect of copper ions on re-
laxations to S-nitrosothiols and on relaxations to NANC nerve
stimulation of the rat gastric fundus. In this study, we have
demonstrated that copper ions have a differential effect on

relaxations to S-nitrosothiols as compared to relaxations to the
nitrergic neurotransmitter and to NO, suggesting that the ni-
trergic NANC neurotransmitter in the rat gastric fundus is not
an S-nitrosothiol.

Indeed, although CuSO, concentration-dependently en-
hanced the relaxations to the S-nitrosothiols, NOCys, SNAP
and GSNO, it did not affect the relaxations to NANC nerve
stimulation and at higher concentrations CuSQO, even inhibited
the relaxations to NO and GTN. Conversely, the Cu?* che-
lator, bathocuproine, concentration-dependently reduced the
relaxations to NOCys, SNAP and GSNO whereas relaxations
to NANC nerve stimulation and NO were not affected. This
inhibitory effect resulted from chelation of Cu®*-ions as
addition of CuSO, restored the relaxant effect of the
S-nitrosothiols. These results illustrate that alterations of the
Cu’" concentration in the tissue differentially affect relaxations
to S-nitrosothiols as compared to those nitrergic stimulation
and to NO. These results, which suggest that the nitrergic
NANC neurotransmitter in the rat gastric fundus is not an
S-nitrosothiol, are in agreement with our previous findings in
the canine ileocolonic junction were the nitrergic neuro-
transmitter behaved pharmacologically like NO and not like
an S-nitrosothiol (Boeckxstaens et al., 1994, De Man et al.,
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from value after bathocuproine.

a b c *
OT 0 0
*
20 | 20 — 20 —
S 40 40 20 .
b
g *
< 60 60 —| 60 —|
2
80 — 80 — 80 —
100 100 100 —
— T T T - — T L R —
05 1 2 4 8 1 10 100 1000 10 100 1000

Electrical stimulation (Hz)

Nitric oxide (nm)

Glyceryl trinitrate (nm)

Figure 7 (a) Frequency-response curves to electrical stimulation (1 ms pulses at 0.5-8 Hz for 10s periods) and concentration-
response curves to (b) nitric oxide (1 -300nM) and (c) glyceryl trinitrate (10— 1000 nMm) in control conditions (O) and in the presence
of bathocuproine (@, 3uM; M, 10uM and A, 30uM). Results are expressed as percentage decrease of the PGFa,-induced
contraction and shown as mean +s.e.mean for n=6- 10 experiments. *P<0.05 is considered as significantly different from control.
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1995¢). Similar findings were reported for the nitrergic neu-
rotransmitter in the guinea-pig caecum and colon (Wiklund et
al., 1993; Iversen et al., 1994) and the bovine retractor penis
muscle (Martin et al., 1994) and for the endothelium-derived
relaxing factor (Feelisch et al., 1994).

The decomposition of S-nitrosothiols by CuSO, most likely
results from the reaction of Cu®>* with the sulphur group of the
S-nitrosothiol: it was previously reported that Cu®* decreases
the sulphydryl groups of albumin (Di Simplicio et al., 1991)
and that Cu®” catalyzes the release of NO from S-nitrosothiols
(Askew et al., 1995). Interestingly, we found that CuSO, itself
had a relaxant effect on the rat gastric fundus only in the
presence of a low concentration of an S-nitrosothiol. This re-
laxation was blocked by the radical generator pyrogallol,
which potently inhibits relaxations to NO but not those to S-
nitrosothiols (De Man et al., 1995a,c) illustrating that CuSO,
induces relaxations by catalysing the release of NO from S-
nitrosothiols. As such, Cu?>* will have a more pronounced
effect on stable S-nitrosothiols. As it was reported that GSNO
is more stable than NOCys (Mathews & Kerr, 1993), this
might explain our observation that CuSO, reversed the
relaxant potency of the S-nitrosothiols from NO-
Cys>SNAP>GSNO in the absence of CuSO, to GSNO=
SNAP >NOCys in the presence of CuSO,. The effect of CuSO,
was mimicked by CuCl, but not by FeSO,. These results are in
agreement with the observation that copper ions but not iron
ions decrease the free thiol groups of albumin (Di Simplicio et
al., 1991) and provide evidence that the Cu?* ion but not the
SO,2~ ion catalysed the release of NO from S-nitrosothiols.

In contrast to its effect on relaxations to S-nitrosothiols,
CuSO, did not affect the relaxations to nitrergic stimulation.
Relaxations to NO and GTN were inhibited, although only at
the highest concentration of CuSO,. Similarly, Cu?* inhibited
the relaxations to GTN in isolated coronary arteries of the dog
(Kamitani, 1984). Relaxations to GTN depend on the avail-
ability of intracellular thiols (Needleman et al. 1973) and S-
nitrosothiols are intermediate compounds in GTN metabolism
(Ignarro et al., 1981). Therefore, copper ions most likely in-
hibit relaxations to GTN by interfering with the binding of NO
on the sulphydryl group of the thiol (Askew e al., 1995) thus
preventing the formation of intracellular S-nitrosothiols.
However, the mechanism by which CuSO, inhibited the re-
laxations to free NO is less clear. In bovine lung cells, it was
recently demonstrated that CuSO, inhibited the activity of
guanylate cyclase (Schrammel ez al., 1995) which is the main
target for NO. However, in our study we found that relaxa-
tions to NANC nerve stimulation, which are guanylate cy-
clase-dependent (Barbier & Lefebvre, 1992a), were not affected
by CuSO, suggesting that the muscle strip was still able to
relax properly. Alternatively, copper might reduce the biolo-
gical activity of NO by a direct interaction with the redox state
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of the NO radical as suggested by Gordge et al. (1995).
However, addition of CuSO, in a 1/1 molar ratio to the air-
tight and oxygen-free stock solution of NO, did not change the
relaxant properties of this NO solution (De Man et al., un-
published observations). Finally, copper ions might also react
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reactive hydroxyl or superoxide radicals. Superoxide radicals
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dismutase (Martin et al., 1994; Lilley & Gibson, 1995; De Man
et al., 1995a).

The Cu?* chelator, bathocuproine, inhibited the relaxations
to S-nitrosothiols without affecting those to NO or NANC
nerve stimulation. These results suggest that removal of Cu®*
decreases the biological activity of S-nitrosothiols most likely
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these relaxations depend on the intracellular formation of ni-
trosothiols (Ignarro et al., 1981). As such, as shown in this
study, chelation to Cu®* reduces the biological activity of S-
nitrosothiols, resulting in an inhibition of the relaxations to
GTN.

In conclusion, we have demonstrated that in the rat gastric
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