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ABSTRACT—It is known that 5-HT4 receptors in the colon of guinea pigs show a distribution similar to

that in humans. Thus, we examined the effects of mosapride citrate (mosapride) and cisapride, two 5-HT4-

receptor agonists, on colonic motility in conscious guinea pigs implanted with force transducers. Mosapride

and cisapride administered intragastrically at doses of 3 – 30 mg /kg significantly enhanced the colonic

motility. The enhancing effect of mosapride was antagonized by atropine or GR113808, a 5-HT4-receptor

antagonist, but not by methysergide, a 5-HT1- and 5-HT2-receptor antagonist; ondansetron, a 5-HT3-receptor

antagonist; or CP-99994, a tachykinin NK1-receptor antagonist. In vitro receptor autoradiography showed

that mosapride and cisapride inhibit the specific binding of [125I]-SB207710, a selective radioligand of 5-HT4

receptors, in the colon of guinea pigs. These results suggest that mosapride enhances colonic motility

through the 5-HT4-receptor activation in guinea pigs and may be useful for treating constipation in patients

with colonic motility dysfunction.
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Receptor autoradiography

5-Hydroxytryptamine (5-HT)4 receptor is abundantly

distributed along the gastrointestinal (GI) tract and modu-

lates smooth muscle tone, peristaltic reflex and mucosal

secretion (1, 2). Especially, 5-HT4 receptor modulates

gastrointestinal motility by excitatory and /or inhibitory ac-

tions depending on animal species and anatomical regions

(3). For example, stimulation of 5-HT4 receptors enhances

electrical field stimulation (EFS)-induced contractions in

isolated human (4) and guinea pig stomach (5) and ileum

(6), but induces relaxation in isolated rat esophagus and

ileum and human colon circular muscle (7). In addition, in

vivo studies have shown that stimulation of 5-HT4 recep-

tors enhances gastric emptying in rats and gastrointestinal

motility in dogs and humans (8 – 11).

Mosapride citrate (Mosapride), a selective and potent

5-HT4-receptor agonist, increases the gastric emptying in

rats and human (8, 12) and alleviates gastrointestinal dys-

functions in patients with nonulcer dyspepsia and gastro-

esophageal reflux disease (12, 13). However, the prokinetic

effect of mosapride on GI motility was somewhat different

from that of other 5-HT4-receptor agonists such as

cisapride, renzapride and zacopride (9, 12, 14). Specifi-

cally, mosapride selectively enhanced the motility of upper

GI tract, such as in the stomach and duodenum, whereas

cisapride and zacopride stimulated the motility in all sites

of the GI tract from the stomach and the colon in conscious

dogs (12, 14). It has been recently reported that mosapride

may be effective against constipation in patients with dys-

function of the lower GI motility (15). From these findings,

it is suggested that the mechanism of colonic motility

enhancement is different between humans and dogs.

Recent studies, using in vitro receptor autoradiograms of

the stomach and colon have shown that the distribution of

5-HT4 receptors in guinea pigs is similar to that in humans

(16, 17). In addition, Sakurai-Yamashita et al. (16) reported

that 5-HT4 receptors are present in the myenteric plexus

and the muscle of both human and guinea pig colon. These

results suggest that the effects of 5-HT4 receptor agonists

on colonic motility in the guinea pig are similar to those in

humans.

In the present study, we examined whether mosapride
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and cisapride, two 5-HT4-receptor agonists, affect colonic

motility in conscious guinea pigs implanted with force

transducers. In addition, using in vitro receptor autoradio-

graphy, we examined the effects of mosapride and

cisapride on the specific binding of [125I]SB207710, a 5-

HT4-receptor radioligand, in the guinea pig colon.

MATERIALS AND METHODS

Animals

Male Hartley guinea pigs weighing 300 to 550 g were

used. They were purchased from Shizuoka Laboratory

Animal Center in Japan and housed in rooms with a 12-h

light-dark cycle and controlled temperature (23 � 2�C)

and humidity (55 � 15%) under free access to food (RC-4;

Oriental Yeast Co., Ltd., Tokyo) and tap water.

Drugs

Mosapride, GR113808 ([1-[2-(methylsulphonylamino)

ethyl]-4-piperidinyl]methyl-1-methyl-1H-indole-3-carboxy-

late), ondansetron hydrochloride and (�)-CP-99994 ((�)-3-

(2-methoxybenzylamino)-2-phenylpiperidine) were syn-

thesized in our Discovery Research Laboratories. The other

compounds were purchased commercially: cisapride (ex-

tracted from Acenalin; Kyowa Hakko Kogyo Co., Ltd.,

Tokyo), atropine sulfate (Sigma Chemical Co., St. Louis,

MO, USA), methysergide maleate (Sandoz Ltd., Basel,

Switzerland), and [125I]SB207710 (74 TBq /mmol, (1-n-

butyl-4-piperidinyl)methyl-8-amino-7-iodo-1,4-benzodi-

oxane-5-carboxylate; Amersham, Buckinghamshire, UK).

The dose of  each antagonist used was chosen because the

dose had been reported in previous studies (8, 14, 18, 19) to

be effective in antagonizing the listed receptors. In the in

vivo study, mosapride, and cisapride were suspended in

0.5% tragacanth solution. GR113808 and methysergide

maleate were dissolved in 0.5% (vol /vol) lactic acid and

dimethylsulfoxide (DMSO), respectively. They were dilut-

ed to the required concentrations with distilled water. Atro-

pine sulfate, ondansetron hydrochoride and CP-99994 were

dissolved in saline. In the in vitro study, mosapride and

GR1138308 were dissolved in DMSO, and cisapride was

dissolved in ethanol. These were then diluted to the re-

quired concentrations with distilled water, and the final

solvent concentration did not exceed 0.1% DMSO or 0.1%

ethanol in the working buffer.

Motility in conscious guinea pigs

Animal preparation: Male Hartley guinea pigs were

anesthetized with sodium pentobarbital (35 mg /kg, i.p.),

and the abdomen was opened by midline laparatomy. A

force transducer (F-08IS; Star Medical, Inc., Tokyo) was

sutured on the serosal surface to record contractions of the

circular muscles on the proximal colon 8-cm distal to the

ileocecal junction. A polyethylene tube was then inserted

into the gastric body for drug injection. In some animals,

the tube was inserted into the jugular vein for intravenous

injection of drugs in addition to the intragastric tube.

The lead wires of the transducer in the abdominal cavity

were brought out through a skin incision made between

the scapulae to the back skin, and the skin incision of the

abdomen was closed. After the surgical operation, the

guinea pig was put on a jacket with a connecter, and the

outer lead wires were attached to a small connecter for

protection. The animal was then housed in an individual

cage until use.

Colonic motor activity was recorded by connecting the

lead wires of the transducer to an amplifier (FS-04M, Star

Medical, Inc.) which was in turn connected to a chart

recorder (SR6221; Graphtec, Inc., Tokyo). At the same

time, the amplified signals were continuously recorded on a

computer (PC-9821 /BP; NEC, Inc., Tokyo) and analyzed

by its own processing system. The motor index (MI) given

by the processing system corresponded to the measurement

of the area surrounded by the contraction wave and the

base line; i.e., the product of the amplitude and the time in

seconds during a certain fixed period.

Experimental procedure: Measurement of the motor

activity was performed at least 2 days after the surgical

operation. The animal was placed in a plastic cage with

a wire-meshed bottom to avoid coprophagy during the

experiment, and a test drug was administered intragastri-

cally at the time between 14:00 pm and 15:00 pm through

the cannulated tube.

Colonic motor activities were expressed as MI (%); i.e.,

the percentage of the mean motor index at 30-min interval

for 60 min before administration of the vehicle or drug.

In antagonistic studies, atropine, GR113808, methyser-

gide, ondansetron or CP-99994 was first administered

intravenously and then by continuous intravenous infusion

at a rate of 1 ml /h for 30 min starting 30 min after vehicle

or drug intragastric administration. Colonic motor activities

were expressed as MI (%), i.e., percentage of the mean

colonic motor index at 30-min interval for 60 min before

vehicle or drug administration.

Receptor autoradiography

Male Hartley guinea pigs were killed by cervical dis-

location. The proximal colon was rapidly excised and the

mucosa was removed by a cotton stick. The tissues were

immediately frozen by carbon dioxide snow and cut into

20-�m-thick sections using a cryostat thaw-mounted onto

gelatin-coated glass slides. They were then dried overnight

under vacuum at 4�C and stored at �80�C until use. Follow-

ing preincubation in 50 mM Tris-HCl buffer (pH 7.4) con-

taining 4 mM MgCl2 and 0.3% bovine serum albumin for

30 min at room temperature, the tissue sections were incu-
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bated with 10 pM of [125I]SB207710, a specific 5-HT4-

receptor radioligand, in 50 mM Tris-HCl buffer (pH 7.4)

containing 4 mM MgCl2, 10 �M pargyline, 0.3% bovine

serum albumin and 0.2 mM ascorbic acid for 2 h at room

temperature in the presence or absence of several concen-

trations of the drug. Non-specific binding was determined

in the presence of 1 �M GR113808, a specific 5-HT4-

receptor antagonist. The labeled sections were then washed

three times (for 1 min each) at 4�C with 50 mM Tris-HCl

buffer (pH 7.4), tapped in ice-cold distilled water, and

dried under a stream of cold air. Radioligand binding sites

were quantified using a computerized radioluminographic

imaging-plate system (Bio-imaging analyzer BAS 2000;

Fuji Photo Film Co., Tokyo) with calibrated [125I] standards

([125I]microscales; Amersham). To obtain autoradiograms

of a higher resolution, the dry-labeled sections were ap-

posed against Hyperfilm-[3H] (Amersham) for 2 weeks,

and then the films were developed using a D19 developer

(Eastman Kodak, Rochester, NY, USA).

Statistical analyses

The results are represented as the mean � S.E.M. Statisti-

cal analyses were performed using the SAS system

(ver 6.12; SAS Institute Inc., Cary, NC, USA). Compari-

sons of MI (%) values between vehicle- and test drug-

treated groups were analyzed by repeated measures two-

way ANOVA (factors: time after drug administration and

group). In case of a significant interaction between time

and group, the significant difference in each period was

analyzed by the Dunnett multiple comparison test. Compari-

sons of MI (%) values between vehicle- and test drugs-

treated groups in the presence of each antagonist were

performed with the t-test. A level of P�0.05 was considered

to be significant.

The IC50 value, i.e., the concentration required for 50%

inhibition of specific [125I]SB207710 binding, was deter-

mined by linear regression analysis (Probit method).

RESULTS

Colonic motility in untreated conscious guinea pigs

Typical tracings of proximal colonic motility in an un-

treated conscious guinea pig implanted with a force trans-

ducer are shown in Fig. 1. Motility patterns are character-

ized by sporadic low (A) and high (B) amplitude

contractions, sometimes superimposed by high amplitude

and clustered contractions (C) lasting for approximately

10 min.

Effects of tragacanth, mosapride and cisapride on colonic

motility in conscious guinea pigs

Treatment with 0.5% tragacanth solution (1 ml /kg, i.g.)

as vehicle slightly affected colonic motility (Fig. 2A). The

colonic MI (%) for each 30-min interval after vehicle

administration slightly increased from 95.9 � 7.3% to

100.6 � 6.5%. Typical tracings of the effects of mosapride

(10 mg /kg, i.g.) and cisapride (3 mg /kg, i.g.) on colonic

motility are shown in Fig. 2: B and C. Mosapride at doses

of 3, 10 and 30 mg /kg, i.g. dose-relatedly increased the

amplitude of colonic motility with MI (%) values of

128.2 � 12.2% (P � 0.042), 147.3 � 15.0% (P � 0.001) and

187.9 � 19.5% (P � 0.000), respectively. However, at a

dose of 1 mg /kg, i.g., mosapride had no effect on colonic

motility in conscious guinea pigs (Fig. 3A). Although

Fig. 1. Typical tracing of colonic motility in an untreated conscious guinea pig. The motility pattern of proximal colon is

characterized by sporadic low (A) and high (B) amplitude contractions, sometimes superimposed by high amplitude and clustered

contractions (C) lasting for approximately 10 min.
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cisapride at doses of 3 and 30 mg /kg, i.g. also significantly

increased the amplitude of colonic motility with MI (%)

values of 222.6 � 33.3% (P � 0.011) and 242.0 � 56.5%

(P � 0.003), respectively, its effect at a dose of 0.3 mg

/kg, i.g. was negligible (Fig. 3B).

Antagonistic studies

Although atropine (0.1 mg /kg, i.v., followed thereafter

with 0.1 mg /kg per hour, i.v. infusion) reduced the ampli-

tude of colonic motility contractions, some atropine-resis-

tant contractions were observed (Fig. 4A). Moreover, the

enhanced colonic motility induced by mosapride (10 mg /kg,

Fig. 2. Typical tracings of the effects of vehicle (A), mosapride citrate at 10 mg /kg, i.g. (B) and cisapride at 3 mg /kg, i.g. (C)

on colonic motility in conscious guinea pigs.

Fig. 3. Effects of mosapride citrate (A) and cisapride (B) on colonic motility in conscious guinea pigs. A: Vehicle, n � 24

(opened squares) and mosapride at 1 mg /kg, n � 6 (closed diamonds); 3 mg /kg, n � 6 (opened circles); 10 mg /kg, n � 6 (closed

triangles); and 30 mg /kg, n � 6 (opened triangles). B: Vehicle, n � 18 (opened squares), cisapride 0.3 mg /kg, n � 6 (closed

diamonds), 3 mg /kg, n � 6 (opened circles), 30 mg /kg, n � 6 (closed triangles). Colonic motor activities are expressed as the

percentage of the control motor index. The control motor index, i.e., the mean of the motor index of each 30-min interval

for 60 min before drug administration, is expressed as 100%. Drugs were administered intragastrically at time 0. Each point

represents the mean � S.E.M. n: number of animals. *P�0.05 and **P�0.01: statistically significant difference from the vehicle

group (Dunnett’s test).
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i.g.) was antagonized by treatment with atropine (Fig. 4B).

GR113808, methysergide or CP-99994, first all given

at a dose of 0.1 mg /kg, i.v. and thereafter by 1 mg /kg per

hour, i.v. infusion for 30 min, slightly affected the basal

colonic motility (Fig. 5). Ondansetron (0.5 mg /kg, i.v.,

followed thereafter with 0.5 mg /kg per hour, i.v. infusion

for 30 min) slightly increased the basal colonic motility

(Fig. 5). Moreover, the enhancement of colonic motility

induced by mosapride (10 mg /kg, i.g.) was almost com-

pletely inhibited by treatment with GR113808, but not

by the treatment with ondansetron, methysergide, or CP-

99994 (Fig. 5). The enhancement of colonic motility in-

duced by cisapride (3 mg /kg, i.g.) was also completely

inhibited by treatment with GR113808 (data not shown).

Receptor autoradiography

Specific binding of [125I]SB207710 was detected in

muscle layers and the myenteric plexus dissected from

the proximal colon of the guinea pig and [125I]SB207710

binding in the proximal colon was abolished in the presence

of GR113808 (1 �M) (data not shown). The specific bind-

ing of 10 pM [125I]SB207710 in the colon was 12.2 �

1.4 fmol /mg. As shown in Fig. 6, mosapride and cisapride

inhibited [125I]SB207710 binding in the colon in a concen-

tration-dependent manner, with IC50 values of 346 � 52 nM

and 49.3 � 29.3 nM, respectively.

DISCUSSION

This is the first report showing the effects of drugs on

colonic motility by using the force transducers in conscious

guinea pigs, although in vitro studies using isolated prepa-

rations have been frequently performed to examine the

pharmacological actions of drugs on guinea pig colon. To

our knowledge, only a few studies have investigated the

physiological and pharmacological characterization of GI

motility in the stomach and small intestine in conscious

guinea pigs (18); however, those of colonic motility have

not been investigated. In the present study, we recorded

colonic motility in conscious guinea pigs implanted with

force transducers and examined the effects of 5-HT4-recep-

tor agonists (mosapride and cisapride) on colonic motility.

Our results show that the typical colonic motility pattern in

untreated conscious guinea pigs is mainly characterized by

sporadic low and high amplitude contractions, sometimes

superimposed by clustered contractions lasting for approxi-

mately 10 min.

Mosapride and cisapride were found to enhance the

amplitude of colonic motility in conscious guinea pigs.

These results are clearly different from those showing that

mosapride slightly affects colonic motility in conscious

dogs implanted with force transducers, but are consistent

with results showing that cisapride stimulates motor acti-

vity in all sites of the GI tract in conscious dogs (9, 14).

Fig. 4. Typical tracings of the effects of mosapride citrate on colonic motility under treatment of atropine sulfate in conscious

guinea pigs. Atropine sulfate (0.1 mg /kg, i.v., followed thereafter with 0.1 mg /kg per hour, i.v. infusion for 30 min) was admin-

istered 30 min after vehicle (A) or mosapride citrate (B) administration.
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From the present study and our previous reports (9, 14), it

is therefore suggested that there are differences between the

effects of mosapride on colonic motility in guinea pigs and

in dogs. In this aspect, further experiments are necessary to

clarify the differences.

The enhancement of colonic motility induced by mo-

sapide in conscious guinea pigs was antagonized by treat-

ment with atropine or GR113808, a selective 5-HT4-recep-

tor antagonist (20, 21). In contrast, the enhancing effect of

mosapride on colonic motility was not prevented by treat-

ment with methysergide, a non-selective 5-HT1- and 5-

HT2-receptor antagonist or ondansetron, a selective 5-HT3-

receptor antagonist. Recently, it has been reported that in

isolated guinea pig proximal colon, the contractions caused

by stimulation of 5-HT4 receptors are mediated by a cholin-

ergic neurotransmitter and tachykinin NK1-stimulating

neurotransmitters such as substance P and neurokinin A

(22). In the present study, it was found that the enhance-

ment of colonic motility induced by mosapride was not

prevented by CP-99994, a tachykinin NK1-receptor antago-

nist, in conscious guinea pigs. These results suggest that

tachykinin NK1 receptors are not involved in the enhancing

effect of mosapride on colonic motility in conscious guinea

pigs. From these findings, it has been indicated that

mosapride enhances colonic motility by stimulation of the

5-HT4 receptor that increases acetylcholine release from

nerve endings in conscious guinea pigs. Recently, it has

been reported that the 5-HT4 receptors is involved in the

5-HT release from intestinal enterochromaffin cells (23,

24). For example, Minami et al. reported that a selective

5-HT4-receptor agonist, 5-methoxytryptamine induces a

concentration-dependent increase of 5-HT release in rat

ileum (23). From these evidence, it may be possible that

mosapride enhances GI motility by the stimulation of 5-HT

Fig. 5. Effects of mosapride citrate at 10 mg /kg, i.g. on colonic motility under treatment with various receptor antagonists

in conscious guinea pigs. Each antagonist was administered intravenously 30 min after administration of vehicle or mosapride

and thereafter infused for 30 min. The dose of each antagonist was as follows: GR113808, methysergide, or (�)-CP-99994:

1 mg /kg, i.v., thereafter with 1 mg /kg per hour, i.v. infusion; ondansetron: 0.5 mg /kg, i.v., thereafter with 0.5 mg /kg per hour,

i.v. infusion. Results are expressed as the motor index (%) 30 to 60 min after administration of vehicle or mosapride. Each

point represents the mean � S.E.M. of 5 – 8 animals. *P�0.05: Statistically significant difference from the vehicle group (t-test).



Mosapride Enhances Colonic Motility 319

release as well as acetylcholine release from the GI tract.

Although the distribution of 5-HT4 receptors has been

recently established in the colon of guinea pigs (16, 17),

there are no reports showing that 5-HT4-receptor agonists

bind to colonic 5-HT4 receptor sites. Thus, in order to

confirm the in vivo effects of mosapride and cisapride,

we performed in vitro receptor autoradiography using

[125I]SB207710, a specific 5-HT4-receptor ligand (25).

The specific binding sites of [125I]SB207710 were detected

in muscle layers and the myenteric plexus dissected from

the proximal colon in guinea pigs. Treatment with

GR113808 abolished the binding of [125I]SB207710, indi-

cating that 5-HT4 receptors are present in the colon. These

results are consistent with those reported by Sakurai-

Yamashita et al. (16). Mosapride and cisapride were found

to inhibit the specific 5-HT4 receptor binding of

[125I]SB207710 in the colon as in case of GR113808.

From these in vitro and in vivo experiments, it is believed

that the enhancing effects of mosapride and cisapride on

colonic motility are mainly mediated via stimulation of

5-HT4 receptors located in the colon of the guinea pig.

Recently, selective 5-HT4-receptor agonists such as

prucalopride and tegaserod, have been demonstrated to

facilitate colonic transit and increase stool frequency, and

they have been proven valuable for the treatment of slow

transit constipation (26). From these findings and the fact

that the distribution of 5-HT4 receptors in the colon of

guinea pigs is similar to that in the colon of humans (16,

17), it is suggested that mosapride enhances colonic motility

through 5-HT4-receptor activation in guinea pigs and that

this enhancement of colonic motility as well as gastric

motility may lead to improvement of constipation in pa-

tients with dysfunction of the lower GI motility.

In conclusion, mosapride and cisapride showed enhanc-

ing effects on colonic motility in conscious guinea pigs.

Accordingly, it is suggested that the measurement of colonic

motility in conscious guinea pigs implanted with force

transducers is useful for detecting the whole effects of 5-

HT4-receptor agonists or antagonists on the colonic motility

and for predicting their efficacy in humans.

Acknowledgments

We wish to thank Prof. K. Taniyama and Dr. Y. Sakurai-

Yamashita of Nagasaki University School of Medicine for excellent

technical support.

REFERENCES

1 Hegde SS and Eglen RM: Peripheral 5-HT4 receptors. FASEB

10, 1398 – 1407 (1996)

2 Grider JR, Foxx-Orenstein AE and Jin JG: 5-Hydroxytryptamine4

receptor agonists initiate the peristaltic reflex in human, rat and

guinea-pig intestine. Gastroenterology 115, 370 – 380 (1998)

3 Ford AP and Clarke DE: The 5-HT4 receptor. Med Res Rev 13,

633 – 662 (1993)

4 Schuurkes JAJ, Meulemans AL, Obertop H and Akkermans

LMA: 5-HT4 receptors on the human stomach. J Gastrointest

Motil 3, 199 (1991)

5 Buchheit KH and Buhl T: Stimulant effects of 5-hydroxy-

tryptamine on guinea pig stomach preparations in vitro. Eur J

Pharmacol 262, 91 – 97 (1994)

6 Taniyama K, Nakayama S, Takeda K, Matsuyama S, Shirakawa

J, Sano I and Tanaka C: Cisapride stimulates motility of the

intestine via the 5-hydroxytryptamine receptors. J Pharmacol

Exp Ther 258, 1098 – 1104 (1991)

7 Mclean PG, Coupar IM and Molenaar P: A comparative study of

functional 5-HT4 receptors in human colon, rat oesophagus and

rat ileum. Br J Pharmacol 115, 47 – 56 (1995)

8 Yoshida N, Omoya H, Oka M, Furukawa K, Ito T and Karasawa

T: AS-4370, a novel gastrokinetic agent free of dopamine D2

receptor antagonist properties. Arch Int Pharmacodyn Ther 300,

51 – 67 (1989)

9 Yoshida N, Ito T, Karasawa T and Itoh Z: AS-4370, a new

gastrokinetic agent, enhances upper gastrointestinal motor acti-

vity in conscious dogs. J Pharmacol Exp Ther 257, 781 – 787

(1991)

10 Gullikson GW, Virina MA, Loeffler RF, Yang DC, Goldstin B,

Wang SX, Moummi C, Flynn DL and Zabrowski DL: SC-49518

enhances gastric emptying of solid and liquid meals and stimu-

lates gastrointestinal motility in dogs by a 5-hydroxytryptamine4

receptor mechanism. J Pharmacol Exp Ther 264, 240 – 248

(1993)

11 Briejer MR, Akkermans LMA and Schuurkes JAJ: Gastro-

intestinal prokinetic benzamides: the pharmacology underlying

stimulation of motility. Pharmacol Rev 47, 631 – 651 (1995)

12 Yoshida N, Kato S and Ito T: Mosapride citrate. Drugs Future

18, 513 – 515 (1993)

13 Ruth M, Hamelin B, Rohss K and Lundell L: The effect of

mosapride, a novel prokinetic, on acid reflux variables in

patients with gastro-oesophageal reflux disease. Aliment

Fig. 6. Effects of mosapride citrate and cisapride on specific

binding of [125I]SB207710 in the muscle layer and the myenteric

plexus of guinea pig proximal colon. Closed circles: mosapride,

Opened circles: cisapride. Results were expressed as the inhibitory

percentage of the specific binding of [125I]SB207710. Each point

represents the mean � S.E.M. of 3 – 5 animals.



A. Inui et al.320

Pharmacol Ther 12, 35 – 40 (1998)

14 Mine Y, Yoshikawa T, Oku S, Nagai R, Yoshida N and Hosoki

K: Comparison of effect of mosapride citrate and existing

5-HT4 receptor agonists on gastrointestinal motility in vivo and

in vitro. J Pharmacol Exp Ther 283, 1000 – 1008 (1997)

15 Odaka T, Yamaguchi T and Yamaguchi K: Clinical utility of

mosapride for the treatment of constipation-predominant irri-

table bowel syndrome. Therapeutic Res 22, 540 – 542 (2001)

16 Sakurai-Yamashita Y, Yamashita K, Kanematsu T and

Taniyama K: Localization of the 5-HT4 receptor in the human

and guinea pig colon. Eur J Pharmacol 383, 281 – 285 (1999)

17 Taniyama K, Makimoto N, Furuichi A, Sakurai-Yamashita Y,

Nagase Y, Kaibara M and Kanematsu T: Functions of peripheral

5-hydroxytryptamine receptors, especially 5-hydroxytryptamine4

receptor, in gastrointestinal motility. J Gastroenterol 35, 575 –

582 (2000)

18 Nakajima M, Shiihara Y, Shiba Y, Sano I, Sakai T, Mizumoto A

and Itoh Z: Effect of 5-hydroxytryptamine on gastrointestinal

motility in conscious guinea-pigs. Neurogastroenterol Mot 9,

205 – 214 (1997)

19 Bountra C, Bunce K, Dale T, Gardner C, Jordan C, Twissell D

and Ward P: Anti-emetic profile of a non-peptide neurokinin-

NK1 receptor antagonist, CP-99,994, in ferrets. Eur J Pharmacol

249, R3 – R4 (1993)

20 Kaumann AJ: Blockade of human atrial 5-HT4 receptors by

GR113808. Br J Pharmacol 110, 1172 – 1174 (1993)

21 Gale JD, Grossman CJ, Whitehead JW, Oxford AW, Bunce KT

and Humphrey PP: GR113808: a novel, selective antagonist

with high affinity at the 5-HT4 receptor. Br J Pharmacol 111,

332 – 338 (1994)

22 Briejer MR and Schuurkes JAJ: 5-HT3 and 5-HT4 receptors

and cholinergic and tachykininergic neurotransmission in the

guinea-pig proximal colon. Eur J Pharmacol 308, 173 – 180

(1996)

23 Minami M, Tamakai H, Ogawa T, Endo T, Hamaue N, Hirafuji

M, Yoshioka M and Blower PR: Chemical modulation of 5-HT3

and 5-HT4 receptors affects the release of 5-hyroxytryptamine

from the ferret and rat intestine. Res Commun Mol Pathol

Pharmacol 89, 131 – 142 (1995)

24 Endo T, Nemoto M, Ogawa T, Tamakai H, Hamaue N, Hirafuji

M, Takeda Y, Hasegawa M, Fujii Y and Minami M: Pharmaco-

logical aspects of ipecac syrup (TJN-119)-induced emesis in

ferrets. Res Commum Mol Pathol Pharmacol 108, 187 – 200

(2000)

25 Brown AM, Young TJ, Patch TL, Cheung, CW, Kaumann AJ,

Gaster L and King FD: [125I]-SB207710, a potent, selective

radioligand for 5-HT4 receptors. Br J Pharmacol 110, 10P (1993)

26 Kamm MA: Review article: the complexity of drug development

for irritable bowel syndrome. Aliment Pharmacol Ther 16, 343 –

351 (2002)


