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Abstract

Ž .This study examined the effects of ondansetron, an antagonist of the 5-hydroxytryptamine 5-HT receptor without 5-HT receptor3 4
Ž y8 y4 .agonistic activity, on electrically evoked contractions and acetylcholine release in rat stomach fundus strips. Ondansetron 10 –10 M

produced a concentration-dependent increase in the magnitude of the electrically evoked contraction, while it inhibited the release of
Ž y6 .acetylcholine induced by electrical field stimulation. The stimulatory effect of ondansetron 10 M on electrically evoked contractions
Žwas antagonized by yohimbine, a 5-HT receptor antagonist, but not by SDZ 205-557 2-methoxy-4-amino-5-chloro-benzoic acid2B

w x . Ž y7 y5 .2- diethylamino ethyl ester , a 5-HT receptor antagonist. In the presence of tetrodotoxin, ondansetron 10 –10 M enhanced the4

contractions induced by acetylcholine. This stimulatory effect of ondansetron on acetylcholine-induced contractions was antagonized by
yohimbine. These data suggest that ondansetron potentiates the contractile response to acetylcholine in the rat stomach fundus through the
activation of 5-HT receptors. q 1997 Elsevier Science B.V.2B
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1. Introduction

Ž .5-Hydroxytryptamine 5-HT plays a physiological role
Žin gastrointestinal motility Ormsbee and Fondacaro, 1985;
.Costall and Naylor, 1990 . A variety of different 5-HT

receptor subtypes have been identified in the gastrointes-
Ž .tinal tract Saxena, 1995 . Several compounds that possess

5-HT receptor antagonistic activity, such as ondansetron,3

granisetron, cisapride, and metoclopramide, have been
shown to accelerate gastric emptying in several species
Ž .for review see Briejer et al., 1995 . Since the potencies of
these compounds in stimulating this gastric emptying can
be positively correlated to their antagonist potency at
5-HT receptors, estimated by the inhibition of the von3

ŽBezold–Jarisch reflex Schiavone et al., 1990; Haga et al.,
.1994; Briejer et al., 1995 , it was hypothesized that antago-

nism of the 5-HT receptor is the mechanism underlying3

the stimulatory effects of these compounds on gastric
emptying. It has been demonstrated, however, that some
selective 5-HT receptor antagonists such as LY 2773593

lack an accelerating effect of gastric emptying in rats
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Ž .Cohen et al., 1990 . These findings question the involve-
ment of the 5-HT receptor antagonistic mechanism in the3

stimulating effect of gastric emptying in rats.
Benzamide derivatives such as cisapride and metoclo-

pramide possess 5-HT receptor agonistic activity in addi-4
Žtion to 5-HT receptor antagonistic activity Dumuis et al.,3

1989; Bockaert et al., 1990; Flynn et al., 1992; Rizzi et al.,
.1992 . Several lines of evidence have suggested that the

prokinetic properties of benzamide derivatives are medi-
ated by facilitated cholinergic neurotransmission through

Žstimulation of 5-HT receptors Schiavone et al., 1990;4

Linnik et al., 1991; Rizzi et al., 1994; Briejer et al., 1995;
.Hegde et al., 1995 .

Ondansetron, a selective 5-HT receptor antagonist, has3

been demonstrated to enhance gastric emptying in rats
ŽBuchheit et al., 1989; Yoshida et al., 1992; Eglen et al.,

. Ž .1993; Miyata et al., 1995 , mice Haga et al., 1994 and
Ž .guinea pigs Costall et al., 1987 , although the drug does

Žnot have gastroprokinetic activity in dogs Rizzi et al.,
. Ž1994 and humans Nielsen et al., 1990; Talley et al.,
.1989 . However, because ondansetron lacks 5-HT recep-4

Ž .tor agonistic activity Butler et al., 1988; Farthing, 1991 ,
the mechanisms of its stimulatory effect on gastric empty-
ing still remain elusive.

0014-2999r97r$17.00 q 1997 Elsevier Science B.V. All rights reserved.
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The aim of the present study was to provide further
information about the mechanisms of the accelerating ef-
fect of ondansetron, a selective 5-HT receptor antagonist,3

on gastric emptying in rats. The proximal stomach is
suggested to play a major role in the regulation of gastric
emptying of liquids through contractions that raise the
intraluminal pressure and move liquids into the duodenum
Ž .Wilbur and Kelly, 1973; Rizzi et al., 1994 . In the present
study, we examined the effects of ondansetron on electri-
cally evoked contractions and acetylcholine release in rat
stomach fundus strips, and compared the results with those
obtained with cisapride, a benzamide derivative possessing

Ž .5-HT receptor agonistic properties Dumuis et al., 1989 .4

2. Materials and methods

2.1. Tissue preparation

All experiments were conducted in accordance with
guidelines established by the Committee for the Care and
Treatment of Laboratory Animals of the Institute of Ani-
mal Experimentation of Sapporo Medical University.

Whole stomachs were obtained from male Wistar rats
Ž .300–350 g and placed in Tyrode solution of the follow-

Ž .ing composition mM : NaCl 136.9, KCl 2.7, NaH PO2 4

0.4, MgCl 1.0, NaHCO 11.9, CaCl 1.8, glucose 5.6.2 3 2

The fundus portion was divided in half by making a
midline incision along the greater curvature. The mucosa

Žwas carefully excised. A medial longitudinal strip 3=15
.mm was obtained from each half of the divided fundus by

making cuts parallel to the midline incision. Two fundus
strips were prepared from each animal for in vitro experi-
ments.

2.2. Measurement of contractile actiÕity

Contractile activity evoked by electrical field stimula-
tion in rat stomach fundus strips was examined as de-

Ž .scribed previously Amemiya et al., 1996 with minor
modifications. Briefly, rat stomach fundus strips were
placed in a 10 ml organ bath containing Tyrode solution
gassed with 95% O r5% CO and maintained at 378C. A2 2

tension of 2 g was applied to the tissues, which were
allowed to equilibrate for 60 min before the start of the

Žexperiment. Square wave pulses 45 V, 5 Hz, 5 ms pulse
.duration, for 5 s at intervals of 30 s were applied, using

Žbipolar platinum ring electrodes 5 mm internal diameter,
.10 mm apart . After the contractile responses to electrical

field stimulation were stable, basal electrically evoked
contractions were recorded for 4 min. Cumulative concen-
tration–response curves for drugs were made by adding
increasing concentrations of drugs at 4 min intervals with
electrical field stimulation.

The effects of antagonists on ondansetron-induced and
cisapride-induced changes in electrical field stimulation

Fig. 1. Experimental protocol used to evaluate the effects of antagonists
on ondansetron-induced and cisapride-induced changes in the response to
electrical field stimulation in rat stomach fundus strips.

were examined as follows. After basal electrically evoked
contractions were recorded for 4 min, the strips were
pretreated with antagonists or the vehicle for 10 min
without electrical field stimulation. The strip was incu-
bated with drugs for another 10 min in the presence or
absence of antagonists without electrical field stimulation.
Electrical field stimulation was again given to the strip for
4 min to the examine effects of the drugs on electrically

Ž .evoked contractions see Fig. 1 . Changes in the contrac-
tion elicited by electrical field stimulation compared to the
contractile effects of each drug on basal tension were taken
to indicate the effects of drugs on the electrically evoked
contraction. Contractility was expressed as a percentage of
the height of the basal electrically evoked contraction.

For estimation of the pA value for yohimbine, two2

concentration–effect curves for ondansetron during electri-
cal field stimulation were made in the absence or presence

Ž .of yohimbine incubated for 20 min in each preparation.
The response was expressed as a percentage of the maxi-
mum response determined from the first ondansetron con-

Ž .centration–effect curve without yohimbine . The pA 2

value was calculated according to the method of Arunlak-
Ž .shana and Schild 1959 . Concentration-ratios were ob-

tained by dividing the EC for the 2nd ondansetron50

concentration–effect curve by that for the 1st concentra-
tion–effect curve made in the presence and absence of
yohimbine, respectively.

In some experiments, the effects of ondansetron on
acetylcholine-induced contractions and the contractile re-
sponse to ondansetron without electrical field stimulation

Žwere examined as described previously Amemiya et al.,
.1996 with minor modifications. The fundus strips were

pretreated with tetrodotoxin for 10 min. After the pretreat-
Žment, the contractile response to acetylcholine added ex-

. Žogenously to the organ bath was obtained basal contrac-
.tion . After being washed with fresh medium for 30 min,

the strip was pretreated with or without antagonists in the
presence of tetrodotoxin for 10 min. Then it was incubated
with or without ondansetron for 10 min, followed by
measurement of the contractile response to acetylcholine.
The contractile response to acetylcholine was obtained in

Žthe absence of ondansetron and antagonists control con-
.traction or in the presence of ondansetron without or with
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antagonists. Contractile activity was expressed as a per-
centage of the height of the basal acetylcholine-induced
contraction.

The contractile response to ondansetron without electri-
cal field stimulation was measured by incubating the strips
with the drug to record contractile force. Contractility was
expressed as changes in grams of force.

2.3. Measurement of 3H outflow

w3 xThe release of H -acetylcholine from rat fundus strips
was examined using a superfusion system as described by

Ž .Kusunoki et al. 1985 . The fundus strips were incubated
w 3 x Ž .with methyl- H -choline chloride 3.2 mCirml in Tyrode

solution gassed with 95% O r5% CO at 378C for 60 min2 2

in a 5 ml organ bath. After being washed in fresh medium
for 15 min, the strips were mounted in the apparatus and
superfused at a flow rate of 1 mlrmin with Tyrode
solution gassed with 95% O r5% CO at 378C and con-2 2

Ž .taining hemicholinium-3 10 mM to prevent reuptake of
choline. Experiments were started 60 min after the sponta-
neous 3H outflow had approached a plateau. Square-wave
pulses were applied by means of two platinum electrodes
positioned parallel to the tissue. The parameters of electri-
cal field stimulation were a 5 ms pulse duration at 45 V,

with a frequency of 5 Hz for 5 s. The superfusates were
collected in 1 min fractions and the radioactivity of the
samples was determined by counting in a liquid scintilla-
tion spectrometer. The electrically evoked 3H outflows
Ž . 3S1 were obtained from the total H outflow during the 3
min after electrical field stimulation. Ondansetron at the
indicated concentrations or vehicle was added to the super-
fusion fluid for 5 min. Then the electrically evoked 3H

Ž . 3outflow S2 was obtained from the total H outflow
during 3 min with electrical field stimulation. The effects
of ondansetron on the electrically evoked 3H outflow were
estimated by calculating the ratio S2rS1. The validity of

w3 xassuming total tritium as a measure of H -acetylcholine
release has been documented for the current experimental

Žconditions Wikberg, 1977; Kusunoki et al., 1985;
.Taniyama et al., 1991; Yau et al., 1991 .

In some experiments, the effect of ondansetron on the
w3 xspontaneous release of H -acetylcholine was examined.

Ondansetron at the indicated concentrations was added to
the superfusion fluid 5 min after the start of the experi-
ment. The drug was kept in the superfusion fluid. The
superfusates were collected in 1 min fractions and the
radioactivity of the samples was determined by counting in
a liquid scintillation spectrometer. Basal and ondansetron-
evoked 3H outflows were obtained from the total 3H

Ž .Fig. 2. Effects of ondansetron on electrical field stimulation-induced contractions A and B and the contractile response to ondansetron without electrical
Ž . Ž .field stimulation C in rat stomach fundus strips. Typical tracing showing the effects of ondansetron on electrically evoked contractions A . The values

Ž . ) ) )are means"S.E.M. of 4–5 separate experiments B and C . P-0.05 and P-0.01 indicate significant differences compared with the contractile
force in the absence of ondansetron, as determined by one-way analysis of variance with Dunnett’s test.
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outflow during the 3 min before and after drug addition,
respectively. The amount of ondansetron-induced 3H out-
flow was expressed as a percentage of the total basal 3H
outflow.

2.4. Data analysis

Data are shown as means"S.E.M. The significance of
differences among data was analyzed by using a one-way
analysis of variance, followed by Dunnett’s test and a
two-way analysis of variance with Tukey’s test as noted in
the figure legends. Values of P-0.05 were taken to
indicate significance.

2.5. Materials

The following drugs were purchased from the suppliers
w 3 x Žindicated: methyl- H choline chloride 86.6 Cirmmol,

.New England Nuclear, Tokyo ; acetylcholine chloride
Ž .Daiichi Pharmaceutical, Tokyo ; atropine sulfate monohy-

Ž . Ždrate Tokyo Kasei Kogyo, Tokyo ; tetrodotoxin Wako,
.Osaka ; hemicholinium-3 bromide and yohimbine hydro-

Ž .chloride Sigma Chemical, St. Louis . Ondansetron, cis-
Žapride, and SDZ 205-557 hydrochloride 2-methoxy-4-

w xamino-5-chloro-benzoic acid 2- diethylamino ethyl ester
.hydrochloride were kindly provided by Glaxo Group Re-

Ž .search Greenford , Yoshitomi Pharmaceutical Industries,
Ž . Ž .Osaka , and Sandoz Pharmaceuticals, Basel , respec-
tively. All other reagents used were of analytical grade.

3. Results

3.1. Alteration in stomach fundus contractions with or
without electrical field stimulation

Electrical field stimulation produced an increase in
contractions in the stomach fundus strips in a frequency-
dependent manner over the range of frequencies tested
Ž . Ž2.5–15 Hz 2.5 Hz, 0.17"0.04 g; 5 Hz, 0.44"0.03 g;

.10 Hz, 0.98"0.02 g; 15 Hz, 1.29"0.04 g and the
contractions were reproducible for several hours. These
electrically evoked contractile responses could be blocked

Ž y6 . Ž y6 . Žby tetrodotoxin 10 M and by atropine 10 M data
.not shown . As shown in Fig. 2A and B, ondansetron

Ž y8 y4 .10 –10 M produced concentration-dependent in-
Žcreases in electrically evoked contractions 45 V, 5 Hz, 5
.ms pulse duration, for 5 s, intervals 30 s . Maximum

y5 Žstimulation was observed at 10 M ondansetron 172.1"
. Ž y79.4% of the basal level . Similarly, ondansetron 10 –

y4 .10 M produced an increase in contractile force without
electrical field stimulation in the strips in a concentration-

Ž .dependent manner Fig. 2C .
Ž y6 . Ž y7 .Ondansetron 10 M and cisapride 10 M signifi-

cantly enhanced electrically evoked contractions to 143.1
"4.8% and 143.9"7.4% of the basal level, respectively

Ž . Ž .Fig. 3. Effects of ondansetron OND , cisapride CIS , and SDZ 205-557
Ž .SDZ on electrical field stimulation-induced contractions in rat stomach
fundus strips. The concentrations of drugs used were as follows: on-
dansetron, 10y6 M; cisapride, 10y7 M; SDZ 205-557, 10y6 M. The
values are means"S.E.M. of 3–6 separate experiments. ) ) P -0.01
indicates a significant difference compared with the contractile force in

Ž . athe absence of drugs Cont and P -0.05 indicates a significant differ-
ence compared with the contraction elicited by cisapride alone, as deter-
mined by two-way analysis of variance with Tukey’s test.

Ž .Figs. 3 and 5 . Pretreatment of the fundus strips with SDZ
Ž w205-557 2-methoxy-4-amino-5-chloro-benzoic acid 2- di-

x . Ž y6 .ethylamino ethyl ester 10 M , a selective 5-HT re-4
Ž .ceptor antagonist Buchheit et al., 1991, 1992 , effectively

Ž .antagonized the stimulatory effect of cisapride Fig. 3 . In

Fig. 4. Cumulative concentration–effect curve for ondansetron in the
Ž . y8 Ž . y8 Ž . y7absence ` and presence of 10 M ^ , 3=10 M ' and 10

Ž .M I yohimbine on electrical field stimulation-induced contractions in
Ž .rat stomach fundus strips A and Schild regression analysis derived from

agonist concentration-ratios with 10y8 M, 3=10y8 M, and 10y7 M
Ž .yohimbine B .
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Ž . Ž .Fig. 5. Effects of ondansetron OND , cisapride CIS , and yohimbine
Ž .YOH on electrical field stimulation-induced contractions in rat stomach
fundus strips. The concentrations of drugs used were as follows: on-
dansetron, 10y6 M; cisapride, 10y7 M; yohimbine, 10y6 M. The values
are means"S.E.M. of 3–6 separate experiments. ) ) P -0.01 indicates a
significant difference compared with the contractile force in the absence

Ž . aaof drugs Cont and P -0.01 indicates a significant difference com-
pared with the contraction elicited by ondansetron alone, as determined
by two-way analysis of variance with Tukey’s test.

contrast, SDZ 205-557 did not inhibit the ondansetron-in-
duced enhancement of electrically evoked contractions.

We used yohimbine to examine the possible contribu-
tion of 5-HT receptors to the enhancement of electrically2B

induced contractions by ondansetron. Yohimbine has high
affinity for 5-HT receptors and has been used as a2B

Ž5-HT receptor antagonist Foguet et al., 1992; Wainscott2B
.et al., 1993; Baxter et al., 1994 . Yohimbine caused con-

centration-dependent rightward displacements of the con-
centration–effect curves for ondansetron during electrical

Ž .field stimulation Fig. 4A . Schild regression analysis
yielded an apparent pA estimate of 7.95 with a slope of2

Ž .0.96 Fig. 4B . The inhibitory effect of yohimbine on this
ondansetron-induced enhancement was more apparent at

y6 Ž .10 M yohimbine P-0.01 , although yohimbine alone
suppressed the control contraction elicited by electrical

Ž .field stimulation Fig. 5 . However, yohimbine at the same
concentration did not block the potentiation of the electri-
cally evoked contraction by cisapride. The stimulatory
effect of ondansetron on electrically evoked contractions
was not affected by the a-adrenoceptor antagonist phento-

Ž y6 . Ž .lamine 10 M 152.1"4.5% of the basal contraction ,
Ž y6 . Žwhereas it was abolished by atropine 10 M data not

.shown .

3.2. Effects of ondansetron on electrically eÕoked and
spontaneous 3H outflows

The effects of ondansetron on 3H outflow, used as an
w3 xindex of H -acetylcholine release, were examined in the

rat stomach fundus strips by using a superfusion system. In
Ž .the absence of ondansetron control experiments , the ratio

S2rS1 of 3H outflow induced by electrical field stimula-

Ž . 3tion was 0.97"0.05 Fig. 6A . Electrically evoked H
outflow was effectively prevented by either application of

Ž y6 . 2qtetrodotoxin 10 M or the removal of Ca from the
Ž . Žsuperfusion medium data not shown . Ondansetron )

y7 .10 M caused a reduction rather than an enhancement of
3 Ž .electrically evoked H outflow Fig. 6A . Furthermore,

Ž y11 y5 .ondansetron 10 –10 M had no stimulatory effect on
3 Ž .spontaneous H outflow from the fundus strips Fig. 6B .

Ž y7 .In contrast, cisapride 10 M produced significant
3 Žincreases in electrically evoked H outflow control, 0.98
Ž .."0.06; cisapride, 1.30"0.07 ns7, P-0.01 and in

3 Žspontaneous H outflow control, 99.2"2.3%; cisapride,
Ž ..111.3"2.1% ns5, P-0.05 in the fundus strips.

3.3. Effects of ondansetron on the contractile response to
acetylcholine in stomach fundus strips

The effects of ondansetron on the contractile response
to acetylcholine, added exogenously to the organ bath,

Ž y7 .were examined. Acetylcholine 10 M produced an in-
Ž .crease in contractile force 1.49"0.21 g of force and this

Ž y6increase was abolished by pretreatment with atropine 10
. Ž . Ž y6M data not shown . In the presence of tetrodotoxin 10
. Ž y7 y5 .M , ondansetron 10 –10 M enhanced acetylcholine-

induced contractions in a concentration-dependent manner
Ž .in rat stomach fundus strips Fig. 7A . However, cisapride

Ž y7 .10 M did not affect acetylcholine-induced contractions
Ž .in fundus strips data not shown . The stimulatory effect of

Ž y6 .ondansetron 10 M was effectively antagonized by

Ž .Fig. 6. Effects of ondansetron on electrically evoked A and spontaneous
Ž . 3 3B H outflow in rat stomach fundus strips. The electrically evoked H
outflow is expressed as the ratio S2rS1 as described in Section 2. The
spontaneous 3H outflow is expressed as a percentage of the basal 3H
outflow. The values are means"S.E.M. of 4–5 separate experiments.
) P -0.05 and ) ) P -0.01 indicate significant differences compared
with the 3H outflow in the absence of ondansetron, as determined by
one-way analysis of variance with Dunnett’s test.
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Ž . Ž . Ž .Fig. 7. Effects of ondansetron OND , yohimbine YOH and SDZ 205-557 SDZ on acetylcholine-induced contractions in rat stomach fundus strips. The
Ž y7 . Ž y6 .contractile response to acetylcholine 10 M was determined in the presence of tetrodotoxin 10 M . Contractile activity is expressed as a percentage

of the height of the basal acetylcholine-induced contraction. The concentrations of drugs used in B were: ondansetron, 10y6 M; yohimbine, 10y6 M; SDZ
y6 Ž . ) ) )205-557, 10 M. The values are means"S.E.M. of 4–7 separate experiments. In A , P-0.05 and P-0.01 indicate significant differences

Ž .compared with the contractile force in the presence of acetylcholine alone Cont , as determined by one-way analysis of variance with Dunnett’s test. In
Ž . ) ) Ž . aaB , P-0.01 indicates significant differences compared with the contractile force in the presence of acetylcholine alone Cont and P-0.01
indicates a significant difference compared with the contraction elicited by ondansetron and acetylcholine, as determined by two-way analysis of variance
with Tukey’s test.

Ž y6 . Ž y6 .yohimbine 10 M , but not by SDZ 205-557 10 M
Ž .Fig. 7B . Ondansetron had little or no effect on the

Žcontractions induced by exogenous prostaglandin F 3=2 a
y8 . Ž .10 M and KCl 30 mM in the presence of tetrodotoxin

Žprostaglandin F and KCl produced 1.71"0.16 g and2 a

5.42"0.35 g contractions and, with 10y6 M ondansetron,
their contractions were 100.2"2.3% and 103.3"3.3% of

.the corresponding control contractions, respectively .

4. Discussion

Ondansetron enhanced electrically evoked, acetyl-
choline-mediated contractions and produced an increase in
contractile force without electrical field stimulation in a

Ždose-dependent manner in rat stomach fundus strips Fig.
. Ž y6 .2A–C . The stimulatory effect of ondansetron 10 M

on electrically evoked contractions was not inhibited by
Ž y6 .the 5-HT receptor antagonist SDZ 205-557 10 M ,4

whereas the enhancement of electrically evoked contrac-
tions by 10y7 M cisapride, which possesses 5-HT recep-3

tor antagonistic and 5-HT receptor agonistic properties,4

was effectively antagonized by SDZ 205-557 to the control
Ž .levels Fig. 3 . Thus, ondansetron seemed to potentiate

electrically evoked contractions by a mechanism unrelated
to 5-HT receptors. In contrast, the contractile action of4

cisapride appeared to depend on 5-HT receptors presum-4

ably located on cholinergic neurons, leading to the release
Ž .of acetylcholine Section 3 , as has been proposed in

Žprevious studies of the guinea pig ileum Linnik et al.,
.1991; Rizzi et al., 1992 .

Gastroprokinetic activity in vivo has sometimes been
ascribed to the augmented release of acetylcholine by a
mechanism similar to that operating in isolated gastrointes-

Žtinal preparations Buchheit et al., 1985; Schuurkes et al.,
.1985 . The present results on acetylcholine release showed

that ondansetron did not enhance, but rather decreased
Ž y7 .)10 M , the electrically evoked release of acetyl-
choline, and it had little or no effect on the spontaneous

Ž .release of acetylcholine Fig. 6A and B . A previous report
Ž .Fox and Morton, 1990 indicated that activation of 5-HT3

receptors in the guinea pig ileum causes acetylcholine
release from cholinergic nerve terminals, leading to an
increase in contractile activity. Thus, the inhibitory effect
of ondansetron on electrically evoked acetylcholine release
appears to be related to its antagonistic effect at 5-HT3

receptors, that is, ondansetron blocks stimulation of 5-HT3

receptors by endogenous 5-HT, which might be released
by electrical field stimulation in the rat stomach fundus.
However, the reduction in acetylcholine release elicited by

Žondansetron was relatively small ;25% of basal electri-
.cally evoked release of acetylcholine and this effect was

opposite to the stimulatory effect of ondansetron on the
contractile activity with electrical field stimulation. It is
unlikely, therefore, that the ondansetron-induced potentia-
tion of the electrically evoked contraction in rat stomach
fundus is related to its 5-HT receptor antagonistic activ-3

ity.
Recently, a novel receptor, the 5-HT receptor, has2B

been cloned from rat stomach fundus. The 5-HT receptor2B

is suggested to participate in the contractile effect of 5-HT
Žin this tissue Foguet et al., 1992; Kursar et al., 1992;
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.Humphrey et al., 1993; Baxter et al., 1994 . To evaluate
the possible contribution of 5-HT receptors to the stimu-2B

latory effect of ondansetron on electrically induced con-
tractions, we used yohimbine, which has high affinity for

Ž5-HT receptors Foguet et al., 1992; Wainscott et al.,2B
.1993; Baxter et al., 1994 , as a 5-HT receptor antagonist.2B

Ž y8 y7 .Yohimbine 10 –10 M caused concentration-de-
pendent inhibition of the ondansetron-induced potentiation
of electrically evoked contractions in rat stomach fundus

Ž .strips Fig. 4A . Schild regression analysis yielded an
Žapparent pA estimate of 7.95 with a slope of 0.96 Fig.2

.4B , which is consistent with the estimated pA value for2
Žyohimbine at rat stomach fundus 5-HT receptors pA2B 2

.s7.9; Baxter et al., 1994 . Inhibition by yohimbine of the
Ž y6 .ondansetron 10 M induced potentiation was ;70% at

y7 Ž .10 M of the antagonist Fig. 4A , and the inhibitory
y6 Ž .effect of yohimbine was more apparent at 10 M Fig. 5 .

Ž y6 .The a-adrenoceptor antagonist phentolamine 10 M
Ž .did not influence the effect of ondansetron Section 3 ,

suggesting that the blocking action of yohimbine did not
result from its being an a-adrenoceptor antagonist. It
might be argued that yohimbine at a concentration of 10y6

M could exert its antagonistic effect at other 5-HT recep-
tors, e.g. 5-HT receptors. However, yohimbine is re-2C

ported to exhibit low affinity for cloned rat 5-HT recep-2C
Ž .tors pK s-5.0; Bonhaus et al., 1995 . It seems likely,i

therefore, that ondansetron potentiates contractile activity
during electrical field stimulation through a mechanism
related to its agonistic activity at 5-HT receptors in rat2B

stomach fundus. The involvement of 5-HT receptors in2B

cisapride-induced stimulation seems unlikely, since the
Žeffect of cisapride was not antagonized by yohimbine Fig.

.5 .
Ž y6 .It was observed that yohimbine 10 M alone sup-

pressed the control contraction evoked by electrical field
Ž .stimulation Fig. 5 . The reason for this is not clear. It

might be due to antagonism by yohimbine of the stimula-
tion of 5-HT receptors by endogenous 5-HT, which2B

might be released by electrical field stimulation in the rat
stomach fundus, since the antagonist alone did not reduce
the contractions occurring without electrical field stimula-

Ž .tion in the presence of tetrodotoxin Fig. 7B .
Since electrically evoked contractions were effectively

Ž y6 . Ž y6 .inhibited by atropine 10 M , tetrodotoxin 10 M or
2q Ž .the removal of Ca from the medium data not shown ,

the contractile response to electrical field stimulation was
mediated mainly through activation of muscarinic acetyl-
choline receptors by released acetylcholine. Thus, the ef-
fect of ondansetron on the electrically evoked contraction
would result from either potentiation of the release of
acetylcholine or an increase in the sensitivity of the smooth
muscles to the transmitter. However, as mentioned above,
ondansetron did not cause acetylcholine release in rat
stomach fundus strips. It was assumed, therefore, that
ondansetron might modulate the responsiveness of rat
stomach fundus to acetylcholine, resulting in potentiation

of the electrically evoked contraction. Indeed, the present
Ž y7 y5 .results showed that ondansetron 10 –10 M signifi-

cantly potentiated acetylcholine-elicited contractions in the
Ž y6 . Ž .presence of tetrodotoxin 10 M Fig. 7A . Furthermore,

the potentiation by ondansetron of the contractile response
to acetylcholine was significantly blocked by yohimbine
Ž y6 . Ž y6 . Ž .10 M , but not by SDZ 205-557 10 M Fig. 7B .
In addition, ondansetron failed to enhance contractile re-
sponses to prostaglandin F and KCl in the fundus strips2 a

Ž .Section 3 . These data appear to be consistent with the
idea that ondansetron potentiates the responsiveness of
stomach fundus to acetylcholine through stimulation of
5-HT receptors.2B

The precise mechanisms by which ondansetron potenti-
ates the contractile response to acetylcholine via activation
of 5-HT receptors are not clear at present. It has been2B

demonstrated that the 5-HT receptor is coupled to the2B

stimulation of intracellular Ca2q release and the activation
Žof protein kinase C in rat stomach fundus Cox and Cohen,

.1995 . It is feasible to assume that ondansetron modulates
the function of acetylcholine receptors through alterations
in the signal transduction mechanisms linked to the 5-HT2B

receptor, resulting in sensitization of the cholinergic con-
tractile activity in rat stomach fundus.

Recently, 5-HT , 5-HT , and 5-HT receptors have5 6 7

been cloned from rat cDNA and these receptors have been
observed to be predominantly expressed in the central

Ž .nervous system Hoyer et al., 1994 . There is no informa-
tion with regard to the affinity of ondansetron and yohim-
bine for these types of receptors. Therefore, the possibility
that these types of 5-HT receptors are involved in the
effect of ondansetron on rat stomach fundus cannot be
excluded, although their functional characterization re-
mains to be established. Further investigations will be
required to achieve a better understanding of the mecha-
nism of action of ondansetron in the rat stomach.

In summary, the results of the present study suggest
that, in rat stomach fundus, ondansetron potentiates the
contractile response to electrical field stimulation, at least
partly, via sensitization of smooth muscle cells to acetyl-
choline. This effect of ondansetron may be mediated mainly
through a mechanism involving activation of 5-HT re-2B

ceptors, presumably located on the smooth muscle cells.
Although studies of the affinity of ondansetron for 5-HT2B

receptors have not yet been reported, this is the first
demonstration that ondansetron may possess 5-HT re-2B

ceptor agonistic activity, which could be related to its
stimulatory effect on gastric emptying in the rat.

Acknowledgements

We thank Dr. H. Kimura, Dr. H. Takemura and Dr. A.
Miyamoto for their helpful suggestions. We also thank
Glaxo Group Research Ltd., Yoshitomi Pharmaceutical
Industries, Ltd., and Sandoz Pharmaceuticals, Ltd. for
generous gifts of materials.



( )N. Amemiya et al.rEuropean Journal of Pharmacology 339 1997 173–181180

References

Amemiya, N., Hatta, S., Takemura, H., Ohshika, H., 1996. Characteriza-
tion of the contractile response induced by 5-methoxytryptamine in
rat stomach fundus strips. Eur. J. Pharmacol. 318, 403–409.

Arunlakshana, O., Schild, H.O., 1959. Some quantitative uses of drug
antagonists. Br. J. Pharmacol. 14, 48–58.

Baxter, G.S., Murphy, O.E., Blackburn, T.P., 1994. Further characteriza-
Ž .tion of 5-hydroxytryptamine receptors putative 5-HT in rat stom-2B

ach fundus longitudinal muscle. Br. J. Pharmacol. 112, 323–331.
Bockaert, J., Sebben, M., Dumuis, A., 1990. Pharmacological characteri-

Ž .zation of 5-hydroxytryptamine 5-HT receptors positively coupled4 4

to adenylate cyclase in adult guinea pig hippocampal membranes:
Effect of substituted benzamide derivatives. Mol. Pharmacol. 37,
408–411.

Bonhaus, D.W., Bach, C., DeSouza, A., Salazar, F.H.R., Matsuoka, B.D.,
Zuppan, P., Chan, H.W., Eglen, R.M., 1995. The pharmacology and

Ž .distribution of human 5-hydroxytryptamine 5-HT receptor gene2B 2B

products: Comparison with 5-HT and 5-HT receptors. Br. J.2A 2C

Pharmacol. 115, 622–628.
Briejer, M.R., Akkermans, L.M.A., Schuurkes, J.A.J., 1995. Gastroin-

testinal prokinetic benzamides: The pharmacology underlying stimula-
tion of motility. Pharmacol. Rev. 47, 631–651.

Buchheit, K.H., Costall, B., Engel, G., Gunning, S.J., Naylor, R.J.,
Richardson, B.P., 1985. 5-Hydroxytryptamine receptor antagonism by
metoclopramide and ICS 205-930 in the guinea-pig leads to enhance-
ment of contractions of stomach muscle strips induced by electrical
field stimulation and facilitation of gastric emptying in vivo. J. Pharm.
Pharmacol. 37, 664–667.

Buchheit, K.H., Gamse, R., Bertholet, A., Buscher, H.H., 1989. Antago-¨
nists at serotoninergic 5-HT -receptors increase gastric emptying of3

solids and liquids in the rat. Gastroenterology 96, A63.
Buchheit, K.H., Gamse, R., Pfannkuche, H.J., 1991. SDZ 205-557, a

selective antagonist at 5-HT receptors in the isolated guinea pig4

ileum. Eur. J. Pharmacol. 200, 373–374.
Buchheit, K.H., Gamse, R., Pfannkuche, H.J., 1992. SDZ 205-557, a

selective, surmountable antagonist for 5-HT receptors in the isolated4

guinea pig ileum. Naunyn–Schmiedeberg’s Arch. Pharmacol. 345,
387–393.

Butler, A., Hill, J.M., Ireland, S.J., Jordan, C.C., Tyers, M.B., 1988.
Pharmacological properties of GR38032F, a novel antagonist at 5-HT3

receptors. Br. J. Pharmacol. 94, 397–412.
Cohen, M.L., Bloomquist, W., Gidda, J.S., Lacefield, W., 1990.

LY277359 maleate: A potent and selective 5-HT receptor antagonist3

without gastroprokinetic activity. J. Pharmacol. Exp. Ther. 254, 350–
355.

Costall, B., Gunning, S.J., Naylor, R.J., Tyers, M.B., 1987. The effect of
GR38032F, novel 5-HT -receptor antagonist on gastric emptying in3

the guinea-pig. Br. J. Pharmacol. 91, 263–264.
Costall, B., Naylor, R.J., 1990. 5-Hydroxytryptamine: New receptors and

novel drugs for gastrointestinal motor disorders. Scand. J. Gastroen-
terol. 25, 769–787.

Cox, D.A., Cohen, M.L., 1995. 5-Hydroxytryptamine receptor signal-2B

ing in rat stomach fundus: Role of voltage-dependent calcium chan-
nels, intracellular calcium release and protein kinase C. J. Pharmacol.
Exp. Ther. 272, 143–150.

Dumuis, A., Sebben, M., Bockaert, J., 1989. The gastrointestinal proki-
netic benzamide derivatives are agonists at the non-classical 5-HT

Ž .receptor 5-HT positively coupled to adenylate cyclase in neurons.4

Naunyn–Schmiedeberg’s Arch. Pharmacol. 340, 403–410.
Eglen, R.M., Lee, C.-H., Smith, W.L., Johnson, L.G., Whiting, R.L.,

Hegde, S.S., 1993. RS 42358-197, a novel and potent 5-HT receptor3

antagonist, in vitro and in vivo. J. Pharmacol. Exp. Ther. 266,
535–543.

Farthing, M.J.G., 1991. 5-Hydroxytryptamine and 5-hydroxytryptamine-3
Ž .receptor antagonists. Scand. J. Gastroenterol. 26 Suppl. 188 , 92–100.

Flynn, D.L., Zabrowski, D.L., Becker, D.P., Nosal, R., Villamil, C.I.,

Gullikson, G.W., Moummi, C., Yang, D.-C., 1992. SC-53116: The
first selective agonist at the newly identified serotonin 5-HT receptor4

subtype. J. Med. Chem. 35, 1486–1489.
Foguet, M., Hoyer, D., Pardo, L.A., Parekh, A., Kluxen, F.W., Kalkman,

H.O., Stuhmer, W., Lubbert, H., 1992. Cloning and functional charac-¨ ¨
terization of the rat stomach fundus serotonin receptor. EMBO J. 11,
3481–3487.

Fox, A.J., Morton, I.K.M., 1990. An examination of the 5-HT receptor3
w3 xmediating contraction and evoked H -acetylcholine release in the

guinea-pig ileum. Br. J. Pharmacol. 101, 553–556.
Haga, K., Asano, K., Inaba, K., Morimoto, Y., Setoguchi, M., 1994.

Effect of Y-25130, a selective 5-hydroxytryptamine receptor antago-3

nist, on gastric emptying in mice. Arch. Int. Pharmacodyn. 328,
344–355.

Hegde, S.S., Wong, A.G., Perry, M.R., Ku, P., Moy, T.M., Loeb, M.,
Eglen, R.M., 1995. 5-HT receptor mediated stimulation of gastric4

emptying in rats. Naunyn–Schmiedeberg’s Arch. Pharmacol. 351,
589–595.

Hoyer, D., Clarke, D.E., Fozard, J.R., Hartig, P.R., Martin, G.R.,
Mylecharane, E.J., Saxena, P.R., Humphrey, P.P.A., 1994. Interna-
tional union of pharmacology classification of receptors for 5-

Ž .hydroxytryptamine serotonin . Pharmacol. Rev. 46, 157–203.
Humphrey, P.P.A., Hartig, P., Hoyer, D., 1993. A proposed new nomen-

clature for 5-HT receptors. Trends Pharmacol. Sci. 14, 233–236.
Kursar, J.D., Nelson, D.L., Wainscott, D.B., Cohen, M.L., Baez, M.,

1992. Molecular cloning, functional expression, and pharmacological
Žcharacterization of a novel serotonin receptor 5-hydroxytryp-

.tamine from rat stomach fundus. Mol. Pharmacol. 42, 549–557.2F

Kusunoki, M., Taniyama, K., Tanaka, C., 1985. Dopamine regulation of
w3 xH -acetylcholine release from guinea-pig stomach. J. Pharmacol.
Exp. Ther. 234, 713–719.

Linnik, M.D., Butler, B.T., Gaddis, R.R., Ahmed, N.K., 1991. Analysis
of serotonergic mechanisms underlying benzamide-induced gastro-
prokinesis. J. Pharmacol. Exp. Ther. 259, 501–507.

Miyata, K., Yamano, M., Kamato, T., Akuzawa, S., 1995. Effect of
Ž . Ž .serotonin 5-HT -receptor antagonists YM060, YM114 KAE-393 ,3

ondansetron and granisetron on 5-HT receptors and gastric emptying4

in rodents. Jpn. J. Pharmacol. 69, 205–214.
Nielsen, O.H., Hvid-Jacobsen, K., Lund, P., Langholz, E., 1990. Gastric

emptying and subjective symptoms of nausea: Lack of effects of a
5-hydroxytryptamine-3 antagonist ondansetron on gastric emptying in
patients with gastric stasis syndrome. Digestion 46, 89–96.

Ormsbee, H.S. III, Fondacaro, J.D., 1985. Action of serotonin on the
gastrointestinal tract. Proc. Soc. Exp. Biol. Med. 178, 333–338.

Rizzi, C.A., Coccini, T., Onori, L., Manzo, L., Tonini, M., 1992.
Benzimidazolone derivatives: A new class of 5-hydroxytryptamine4

receptor agonists with prokinetic and acetylcholine releasing proper-
ties in the guinea pig ileum. J. Pharmacol. Exp. Ther. 261, 412–419.

Rizzi, C.A., Sagrada, A., Schiavone, A., Schiantarelli, P., Cesana, R.,
Schiavi, G.B., Ladinsky, H., Donetti, A., 1994. Gastroprokinetic
properties of the benzimidazolone derivative BIMU1, an agonist at
5-hydroxytryptamine and antagonist at 5-hydroxytryptamine recep-4 3

tors. Naunyn–Schmiedeberg’s Arch. Pharmacol. 349, 338–345.
Saxena, P.R., 1995. Serotonin receptors: Subtypes, functional responses

and therapeutic relevance. Pharmacol. Ther. 66, 339–368.
Schiavone, A., Volonte, M., Micheletti, R., 1990. The gastrointestinal´

motor effect of benzamide derivatives is unrelated to 5-HT receptor3

blockade. Eur. J. Pharmacol. 187, 323–329.
Schuurkes, J.A.J., Van Nueten, J.M., Van Daele, P.G.H., Reyntjens, A.J.,

Janssen, P.A.J., 1985. Motor-stimulating properties of cisapride on
isolated gastrointestinal preparations of the guinea pig. J. Pharmacol.
Exp. Ther. 234, 775–783.

Talley, N.J., Phillips, S.F., Haddad, A., Miller, L.J., Twomey, C., Zins-
meister, A.R., Ciociola, A., 1989. Effect of selective 5-HT antagonist3
Ž .GR 38032F on small intestinal transit and release of gastrointestinal
peptides. Digest. Dis. Sci. 34, 1511–1515.

Taniyama, K., Nakayama, S., Takeda, K., Matsuyama, S., Shirakawa, J.,



( )N. Amemiya et al.rEuropean Journal of Pharmacology 339 1997 173–181 181

Sano, I., Tanaka, C., 1991. Cisapride stimulates motility of the
intestine via the 5-hydroxytryptamine receptors. J. Pharmacol. Exp.
Ther. 258, 1098–1104.

Wainscott, D.B., Cohen, M.L., Schenck, K.W., Audia, J.E., Nissen, J.S.,
Baez, M., Kursar, J.D., Lucaites, V.L., Nelson, D.L., 1993. Pharma-
cological characteristics of the newly cloned rat 5-hydroxytryp-
tamine receptor. Mol. Pharmacol. 43, 419–426.2F

Wikberg, J., 1977. Release of 3H-acetylcholine from isolated guinea pig
ileum. A radiochemical method for studying the release of the cholin-
ergic neurotransmitter in the intestine. Acta Physiol. Scand. 101,
302–317.

Wilbur, B.G., Kelly, K.A., 1973. Effect of proximal gastric, complete
gastric, and truncal vagotomy on canine gastric electric activity,
motility, and emptying. Ann. Surg. 178, 295–303.

Yau, W.M., Bowen, D.J., Youther, M.L., 1991. Evidence for an involve-
ment of eicosanoids in neurokinin -receptor mediated acetylcholine3

release from myenteric neurons. Neurosci. Lett. 129, 259–261.
Yoshida, N., Omoya, H., Ito, T., 1992. DAT-582, a novel serotonin3

receptor antagonist, is a potent and long-lasting antiemetic agent in
the ferret and dog. J. Pharmacol. Exp. Ther. 260, 1159–1165.


