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Acceleration of gastrointestinal transit by momordin Ic in mice: possible
involvement of 5-hydroxytryptamine, 5-HT, receptors and
prostaglandins
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Abstract

Possible involvement of 5-hydroxytryptamine (5-HT), 5-HT receptors and prostaglandins in the acceleration of gastrointestinal transit
by momordin Ic was investigated in mice. Accelerative effect of momordin Ic (25 mg/kg, p.0.) on gastrointestinal transit was attenuated
by pretreatment with a bolus of pL-p-chlorophenylalanine methyl ester (an inhibitor of 5-HT synthesizing enzyme), but not repeated
pretreatment with pL-p-chlorophenylalanine methyl ester. Furthermore, cyproheptadine (a nonselective 5-HT, receptor antagonist),
ritanserin (& 5-HT,, 05 /5 receptor antagonist) and clozapine (a 5-HT,, ,,c receptor antagonist) also atenuated the effect of momordin
Ic, but methiothepin (a 5-HT; receptor antagonist), MDL 72222 (3-tropanyl-3,5-dichlorobenzoate) and metoclopramide (5-HT, receptor
antagonists), tropisetron (a 5-HT; , receptor antagonist), ketanserin and haloperidol (5-HT,, receptor antagonists) did not. These results
suggested a possible involvement of endogenous 5-HT and 5-HT,g ,c Over 5-HT,, receptors. Attenuation by pretreatment with
indomethacin (an inhibitor of prostaglandins synthesis) suggested involvement of prostaglandins. It is postulated that momordin Ic
accelerates gastrointestinal transit partially by stimulating synthesis of 5-HT to act through 5-HT,, possibly 5-HT,- and/or 5-HT,g

receptors, which, in turn, increases synthesis of prostaglandins. © 2000 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

The largest amount of 5-hydroxytryptamine (5-HT;
seratonin) in the body is contained in the gut. 5-HT is an
important neurotransmitter and paracrine effector (local
hormone) that mediates enteric functions. The role of 5-HT
in the gut is very complicated due to the presence of
multiple 5-HT receptor subtypes. 5-HT receptors in the gut
are now classified into four main subclasses with various
locations on the mucosa, smooth muscle, and neurons. All
of the four subclasses of 5-HT receptors in the gut are
involved in the gastrointestinal motility. The activation of
5-HT,-like and 5-HT,, receptors relaxes the longitudinal
smooth muscle (Dhasmana et al., 1993). 5-HT, receptors
are found exclusively associated with neurons of both
central and peripheral origin. At the level of the gastro-
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intestinal tract, 5-HT; receptors mediate diverse effects in
the control of intestinal tone and secretion (Hoyer et al.,
1994). The activation of 5-HT, receptors induces the
contraction of guinea pig ileum (Dhasmanaet al., 1993). In
the alimentary tract, the 5-HT, receptor is located on
neurons, smooth muscle cells and secretory cells. 5-HT,
receptors enhance nicotinic (fast) neurotransmission at en-
teric ganglia via the release of acetylcholine from presy-
naptic nerve endings (Hoyer et al., 1994), and contract the
ascending colon (Dhasmana et al., 1993). The selective
5-HT, receptor agonist RS67506 [1-(4-amino-5-chloro-2-
methoxyphenyl)-3-[1-(2-methyl sulfonylamino)ethyl-4-
piperidinyl]-1-propane hydrochloride] enhances lower in-
testinal propulsion in mice (Nagakura et al., 1997), but are
not involved in the control of small intestina transit in the
fasted conscious rats (Clayton and Gale, 1996).

5-HT, receptors are widely distributed in peripheral
tissues and enriched in many areas of the cortex, and the
receptors partially mediate the contractile effect of 5-HT in
guinea pig ileum (Hoyer et al., 1994). The activation of
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Fig. 1. Chemical structure of momordin Ic.

5-HT, receptors induced the contraction of longitudinal
smooth muscles of the small intestine (Dhasmana et al.,
1993). 5-HT-induced contraction of isolated distal ileum in
rats is evoked via 5-HT, and 5-HT, receptors on the
muscle (Yamano et al., 1997). Recently, the 5-HT, recep-
tor family was expanded to accommodate three subtypes:
5-HT,,, 5-HT,g, and 5-HT,. (5-HT,.) receptors (Baxter
et a., 1995).

Effects of prostaglandins on gut motility both in vivo
and in vitro are documented and extensively reviewed in
the last decade (Bennett et al., 1975; Thor et al., 1985;
Frantzides et al., 1992). Prostaglandin E series contract the
longitudinal smooth muscle layer and relax the circular
layer. In contrast, prostaglandin F series contract both
small muscle layers (Sanders and Ross, 1978).

Momordin Ic (Fig. 1), a principal saponin constituent in
various Chinese and Japanese natural medicines such as
the fruit of Kochia scoparia (L.) Schrad., has been shown
to prevent the increase of serum glucose or ethanol levels
in the oral glucose- or ethanol-loaded rats (Y oshikawa et
al., 1997), inhibit the ethanol- or indomethacin-induced
gastric mucosal lesions, but increase the gastric secretion
in pylorus-ligated rats (Matsuda et al., 1998b). Recently,
we have reported that momordin Ic inhibited gastric emp-
tying in non-nutrient, glucose, milk, or ethanol test meal-
loaded mice or rats (Matsuda et al., 1998a, 1999a,b), and
interestingly accelerated gastrointestinal transit and prevent
the ileus induced by peritonea irritation or laparotomy
with manipulation in mice (Li et al., 1999), in which the
small intestinal transit was suggested to be accelerated.

In the present study, the possible involvements of 5-HT,
5-HT receptors and endogenous prostaglandins in the ac-
celeration of gastrointestinal transit by momordin Ic were
investigated in fasted mice.

2. Materials and methods
2.1. Chemicals
Momordin Ic was isolated from the dried fruit of K.

scoparia L. (Schrad.), and purified by high performance
liquid chromatography using the reported method previ-

ously (Yoshikawa et al., 1997). bL-p-Chlorophenylalanine
methyl ester hydrochloride, haloperidol and cyprohepta
dine hydrochloride were purchased from Sigma-Aldrich,
USA. Ritanserin, clozapine, ketanserin tartrate, methio-
thepin mesylate, MDL 72222 (3-tropanyl-3,5-dichloroben-
zoate), tropisetron (3-tropanyl-indole-3-carboxylate hydro-
chloride) were purchased from Research Biochemical,
USA. Metoclopramide, indomethacin and other reagents
were purchased from Wako, Japan.

2.2. Animals

Male ddY mice weighing 27—30 g were purchased from
Kiwa Laboratory Animal, Japan. The animals were main-
tained at a constant temperature of 23 + 2°C and fed a
standard laboratory chow (MF, Oriental Yeast, Japan) and
water ad libitum for a week. The animals were fasted for
18-20 h prior to experiments, but were given water ad
libitum. The experiments were performed in conscious
animals unless otherwise noted.

2.3. Measurement of gastrointestinal transit in mice

A charcoal meal containing a solution of 1.5% car-
boxymethyl cellulose sodium salt (CMC-Na) and 5%
charcoal as a marker was given intragastrically (0.2
ml /mouse) to conscious mice. Thirty minutes later, mice
were sacrificed by cervical dislocation. The abdominal
cavity was opened, and the gastrointestinal tract was re-
moved. The traveled distance of the marker was measured
and expressed as a percentage of the total length of the
small intestine from the pylorus to caecum. The test sam-
ple was given orally by means of a metal orogastric tube
60 min before the administration of the test meal. In order
to investigate the involvement of the synthesis of endoge-
nous 5-HT in the effect of momordin Ic on gastrointestinal
transit, bL-p-chlorophenylalanine methyl ester (an inhibitor
of 5-HT synthesizing enzyme, dissolved in distilled water)
was administered orally once a 1, 6 or 24 h (1000
mg,/kg), or twice at 72 and 48 h (300 mg/kg X 2) before
administration of the sample. In order to investigate the
involvement of 5-HT receptors and endogenous prosta-
glandins, methiothepin (a 5-HT, receptor antagonist),
cyproheptadine (a nonselective 5-HT, receptor antagonist),
ritanserin (& 5-HT,, /55 5c receptor antagonist), clozapine
(@ 5HT,,,5c receptor antagonist), ketanserin  and
haloperidol (5-HT,, receptor antagonists), metoclopramide
and MDL 72222 (5-HT, receptor antagonists), tropisetron
(a 5-HT;,, receptor antagonist) and indomethacin (an
inhibitor of prostaglandins synthesis) were dissolved in
saline or suspended in 0.5% CMC-Na saline solution, and
the solution was injected subcutanously 30 min before
administration of the sample. All of the above drugs were
administered at 10 ml /kg.
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Fig. 2. Effects of momordin Ic on gastrointestinal transit in mice (A) or bL-p-chlorophenylalanine methyl ester (B, C)-pretreated mice. (A) A charcoal meal
(0.2 ml /mouse, p.o.) was administered 60 min after oral administration of momordin Ic. Gastrointestinal transit (%) was determined 30 min after the
charcoal meal. (B) pL-p-Chlorophenylalanine methyl ester (PCPA, 1000 mg/kg, p.0.) was given 1, 6 or 24 h before administration of momordin Ic. (C)
pL-p-Chlorophenylalanine methyl ester (PCPA, 300 mg/kg X 2, p.0.) was given 72 and 48 h before administration of momordin Ic. Bars represent the

means with S.E.M. (n = 8 or 10). Significantly different from each control group, 2P < 0.05, °P < 0.01, and from the group treated with momordin Ic (25
mg,/kg) in (A), 'P < 0.01.
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Fig. 3. Effects of momordin Ic on gastrointestinal transit in methiothepin- (A) , cyproheptadine- (B) , ritanserin- (C) , clozapine- (D) , MDL 72222- (E) ,
metoclopramide- (F) or tropisetron- (G) pretreated mice. Methiothepin (METI, 0.1-5 mg/kg), cyproheptadine (CYP, 2 and 5 mg/kg), ritanserin (RIT,
0.05-1 mg/kg), clozapine (CLZ, 0.05-5 mg,/kg), MDL 72222 (MDL, 1 and 5 mg/kg), metoclopramide (METO, 10 mg,/kg) and tropisetron (TRO, 1
and 10 mg/kg) were injected subcutaneously 30 min before administration of momordin Ic. The charcod meal was administered 60 min after
administration of momordin Ic. Gastrointestinal transit (%) was determined 30 min after the charcoal meal. Bars represent the means with SE.M. (n= 8 or
10). Significantly different from each control group, P < 0.01, from the untreated control group, °P < 0.05, “P < 0.01, and from the group treated with
momordin Ic (25 mg,/kg) in Fig. 2A, °P < 0.01, 'P < 0.0L
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2.4. Satistics

Values are expressed as means + S.E.M. For statistical
analysis, Student’s t-test or one-way analysis of variance
following Dunnett’s test was used. Probability (P) values
less than 0.05 were considered significant.

3. Results

3.1. Effects of momordin Ic on gastrointestinal transit in
normal or bpL-p-chlorophenylalanine methyl ester-pre-
treated mice

As shown in Fig. 2A, the traveled distance of the
charcoal within 30 min was about 50% of the small
intestine. Administration of momordin Ic (12.5, 25 and 50
mg/kg, p.0.) 1 h before the charcoal accelerated the
30-min gastrointestinal transit in a dose-related manner in
normal mice (acceleration: 22.4, 42.4 and 51.9%, respec-
tively). As shown in Fig. 2B and C, a single bolus of
pL-p-chlorophenylalanine methyl ester (1000 mg/kg, p.o.,
an inhibitor of 5-HT synthesizing enzyme) and repeated
pL-p-chlorophenylalanine methyl ester (300 mg,/kg X 2,
p.o.) before administration of the charcoal mea did not
significantly alter gastrointestinal transit. Pretreatment with
a single bolus of pL-p-chlorophenylalanine methyl ester
markedly attenuated the effect of momordin Ic (25 mg/kg)
on gastrointestinal transit (acceleration: —4.9-9.7%),
whereas repeated pretreatment with bL-p-chlorophenyl-
alanine methyl ester tended to augment the effect of
momordin Ic (acceleration: 78.0%).
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3.2. Effects of momordin Ic on gastrointestinal transit in
methiothepin-, cyproheptadine-, ritanserin-, clozapine-,
MDL 72222-, metoclopramide- or tropisetron-pretreated
mice

As shown in Fig. 3, methiothepin (s.c., a 5-HT, recep-
tor antagonist) at 1, 2 and 5 mg/kg, cyproheptadine (s.c.,
a nonselective 5-HT, receptor antagonist), clozapine (s.c.,
a5-HT,, ¢ receptor antagonist) and MDL 72222 (s.c., a
5-HT, receptor antagonist) at 5 mg/kg significantly inhib-
ited the gastrointestinal transit. Pretreatment with cypro-
heptadine (2 and 5 mg /kg) completely abolished the effect
of momordin Ic (25 mg/kg) on gastrointestinal transit
(acceleration: —15.7 and —29.8%, respectively). Ri-
tanserin (a 5-HT,, ;55 ,»c receptor antagonist) at 0.3-0.7
mg/kg attenuated the effect of momordin Ic (25 mg/kg)
on gastrointestinal transit (acceleration: 19.9-24.3%). Pre-
treatment with clozapine (1-5 mg/kg) dose-dependently
attenuated the effect of momordin Ic (acceleration: 13.9—
19.6%). Whereas methiothepin (0.1-5 mg/kg), MDL
72222 (1 and 5 mg/kg), metoclopramide (10 mg/kg, a
5-HT, receptor antagonist) and tropisetron (1 and 10
mg/kg, a5-HT, , receptor antagonist) showed no attenu-
ation (acceleration: 38.2—41.4%).

3.3. Effects of momordin Ic on gastrointestinal transit in
ketanserin- or haloperidol-pretreated mice

As shown in Fig. 4, ketanserin (s.c., a 5-HT,, receptor
antagonist) at 4 mg/kg inhibited the gastrointestinal tran-
sit. Pretreatment with ketanserin (0.05-4 mg/kg) or
haloperidol (0.1-5 mg/kg, s.c., a5-HT,, receptor antago-
nist) did not attenuate the acceleration of gastrointestinal
transit by momordin Ic (25 mg/kg) (acceleration: 41.6—
78.8%).

HAL 0 0.1 1 3 5
Ic 0 25 25 25 25
(mg/kg)

Fig. 4. Effects of momordin Ic on gastrointestinal transit in ketanserin- (A) or haoperidol- (B) pretreated mice. Ketanserin (KET, 0.05-5 mg/kg) and
haloperidol (HAL, 0.1-5 mg/kg) were injected subcutaneously 30 min before administration of momordin Ic. The charcoal meal was administered 60 min
after administration of momordin Ic. Gastrointestinal transit (%) was determined 30 min after the charcoal meal. Bars represent the means with SE.M.
(n=8or 10). Significantly different from each control group, PP < 0,01, and from the untreated control group, dp<00L
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Fig. 5. Effects of momordin Ic on gastrointestinal transit in indo-
methacin-pretreated mice. Indomethacin (IND, 10 mg/kg) was injected
subcutaneously 30 min before administration of momordin Ic. The char-
coal mea was administered 60 min after administration of momordin Ic.
Gastrointestinal transit (%) was determined 30 min after the charcoal
meal. Bars represent the means with SE.M. (n=8-11). Significantly
different from the group treated with momordin Ic (25 mg/kg) in Fig.
2A, 'P <001

3.4. Effects of momordin Ic on gastrointestinal transit in
indomethacin-pretreated mice

As shown in Fig. 5, indomethacin (10 mg/kg, s.c., an
inhibitor of prostaglandins synthesis) did not significantly
adter gastrointestinal transit. Pretreatment with indo-
methacin markedly attenuated the effect of momordin Ic
(25 mg/kg) on gastrointestinal transit (acceleration:
12.9%).

4. Discussion

Consistent with our previous reports (Li et a., 1999),
the present study demonstrated that momordin Ic (12.5-50
mg/kg, p.0.) accelerated gastrointestinal transit in a dose-
related manner in fasted mice. Momordin Ic has been
reported to inhibit gastric emptying in mice (Matsuda et
al., 1999ab). In the present study, 30-min gastrointestinal
transit of the control group in normal mice was about 50%
of the small intestine. Therefore, momordin Ic actualy
enhanced upper small intestinal transit.

bL-p-Chlorophenylalanine methyl ester, an inhibitor of
the 5-HT synthesizing enzyme tryptophan hydroxylase,
induces a decrease in level of 5-HT (Gilman et al., 1985).
It caused an increase of 5-HT levelsin the mouse brain 2 h
after the administration, but decreased the levels 48 h after
administration (Leadbetter and Parmar, 1989). Repeated
treatment with pL-p-chlorophenylalanine methyl ester in-
duces hypersensitivity of 5-HT receptors secondary to
5-HT depletion (Meltzer et al., 1983). In the present study,
pretreatment with a single bolus of bL-p-chlorophenyl-
adanine methyl ester markedly attenuated the effect of
momordin Ic on gastrointestinal transit. The results sug-

gested the involvement of 5-HT in the acceleration of
gastrointestinal transit by momordin Ic. Attenuation of the
effect of momordin Ic 1 h after administration of pL-p-
chlorophenylalanine methyl ester implied that the synthe-
sis, but not release, of 5-HT is involved, because the 5-HT
levels in the storage were not markedly decreased at that
time. The failure of repeated pretreatment with pL-p-chlo-
rophenylalanine methyl ester to attenuate the effect of
momordin Ic was possibly due to the hypersensitivity of
5-HT receptors secondary to 5-HT depletion.

It has been reported that the activation of 5-HT,-like
receptors relaxes the longitudinal smooth muscle
(Dhasmana et al., 1993). 5-HT,, receptors are inhibitory,
resulting in depression of cholinergic (as well as non-
cholinergic) synaptic transmission and release of acetyl-
choline from cholinergic motor neuron (Talley, 1992).
Cyproheptadine and ritanserin have low or very low affin-
ity for 5-HT,,, 5-HT,5, 5-HT,, and 5-HT, receptors (Zifa
and Fillion, 1992). In the present study, momordin Ic-in-
duced acceleration of gastrointestinal transit was antago-
nized by pretreatment with cyproheptadine and ritanserin,
but not with methiothepin [a 5-HT, receptor antagonist
(Dhasmana et al., 1993; Hoyer et al., 1994)]. Therefore,
5-HT,-like receptors appeared not to be involved.

Both 5-HT; and 5-HT, receptors have been shown to
exit in the mammalian gastrointestina tract where they
seem to be involved in the control of gastrointestinal
propulsion (Tonini et al., 1991; Taley, 1992). The func-
tional role of the 5-HT, receptors remains incompletely
understood, but it is probably involved in the modulation
of colonic matility and visceral pain in the gut (Talley,
1992). 5-HT, receptors are not involved in the control of
the small intestinal transit in rats (Clayton and Gale, 1996).
In mice, a selective 5-HT, receptors agonist RS67506
enhanced lower intestinal propulsion, but did not affect
upper gastrointestinal transit (Nagakura et al., 1997). MDL
72222 and metoclopramide are 5-HT; receptor antagonists
(Dhasmana et al., 1993; Hoyer et al., 1994), whereas
tropisetron is a 5-HT; ,, receptor antagonist at a large dose
(Dhasmana et al., 1993; Hoyer et al., 1994). In the present
study, pretreatment with MDL 72222, metocloporamide
and tropisetron did not antagonize the effect of momordin
Ic on gastrointestinal transit. These results ruled out the
involvement of 5-HT; and 5- HT, receptors.

When 5-HT, receptors are stimulated directly, they
cause contraction of some gastrointestinal smooth muscle
and gut vascular smooth muscle (Talley, 1992). Both
cyproheptadine and ritanserin have high or very high
affinity for 5-HT, receptors (Zifa and Fillion, 1992). The
former is a nonselective 5-HT, receptor antagonist
(Dhasmana et a., 1993; Hoyer et al., 1994; Baxter et al.,
1995), whereas the latter is a selective antagonist of 5-
HT,, 28,2c receptor (Hoyer et a., 1994; Baxter et a.,
1995; Costall and Naylor, 1995; Redrobe and Bourin,
1997). Clozapine, an atypical antipsychotic drug which
affects numerous neurotransmitter receptors, has been
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shown to be a 5-HT, receptor antagonist (Conn and
Sanders-Bush, 1985). The results of the radioligand bind-
ing studies showed that clozapine had a high affinity for
the 5-HT,. and 5-HT,, receptors, which suggested that
clozapine was a potent 5-HT,. receptor antagonist (Kuop-
pamaki et al., 1993). N-Desmethylclozapine, one of the
major metabolites of clozapine, is a more potent 5-HT .
receptor antagonist than itself (Kuoppamaki et al., 1993).
In the present study, ritanserin, clozapine and cyprohepta
dine markedly attenuated the acceleration of gastrointes-
tinal transit by momordin Ic. These results suggested that
5-HT,4 /28 2c receptors are possibly involved in the effect
of momordin Ic on gastrointestinal transit in mice.

5-HT,, receptors are widely distributed in the central
nervous system (Baxter et al., 1995) and peripheral tissues
(Bradley et a., 1986). The effects mediated by these
receptors include part of the contractile effect of 5-HT in
guinea pig ileum (Hoyer et al., 1994). 5-HT,; receptors
are present in the central nervous system of mouse and
human (Baxter et al., 1995). Foguet et al. (1992) were able
to detect 5-HT,; mMRNA by a quantitative polymerase
chain reaction procedure in a variety of tissues, including
the fundus, gut, heart, kidney, and lung, and to some
extent in brain. Loric et al. (1992) also cloned the mouse
homologue of the rat receptor which appears to be ex-
pressed in mouse intestine and heart and to a lesser extent
in brain and kidney. Functionally, little is known about
5-HT,; receptors, except in the rat stomach fundic strip
where the main effect appears to be contraction (Hoyer et
al., 1994). In generd, the 5-HT,; receptors has low affin-
ity for compounds like spiperone, cinanserin and ke-
tanserin (Hoyer et a., 1994). There is, as yet, little evi-
dence for expression of any 5-HT,. gene products outside
the central nervous system and although it has been pro-
posed that the 5-HT,. receptors mediates vasodilatation in
peripheral blood vessels (Bodelsson et d., 1992; Glusa
1992), recent evidence (Ellis et al., 1995) suggests that
these actions are more likely to be 5-HT,; receptors
mediated.

Ketanserin, a ligand with an affinity one hundred times
less for the 5-HT,. than 5-HT,, receptors (Costall and
Naylor, 1995), is one of the most selective antagonist of
5-HT,, receptors (Hoyer et a., 1994; Baxter et a., 1995;
Redrobe and Bourin, 1997). Haloperidol is a potent
dopamine receptor antagonist, with an affinity for the
dopamine receptor considerably (100 fold) greater than for
the 5-HT,, site, but with a very low affinity for 5-HT,¢
site (Leysen, 1992; Zifa and Fillion, 1992). In the present
study, the effect of momordin Ic was not attenuated by
pretreatment with ketanserin or haloperidol. The combina
tion of these and above results suggested a greater involve-
ment of the 5-HT,. and/or 5-HT,; than 5-HT,, recep-
tors.

The enterotoxin may use 5-HT to stimulate prosta
glandins in formation via 5-HT, receptors and to activate
neuronal structures via 5-HT; receptors (Beubler et a.,

1992). Cholera toxin stimulates the release of 5-HT, which
in turn causes the release of prostaglandin E, (Rask-Mad-
sen et a., 1990). 5-HT, acting through 5-HT, receptors, is
largely responsible for the transport abnormalities seen in
intestinal anaphylaxis induced by egg albumin while
prostaglandins appear to play a partia roles (Catto-Smith
et al., 1989). In the present study, the acceleration of
gastrointestinal transit by momordin Ic was attenuated by
pretreatment with indomethacin (an inhibitor of prosta-
glandins synthesis). These results suggested that the syn-
thesis of prostaglandins was also involved. Taken together,
it is postulated that momordin Ic accelerates gastrointes-
tina transit partially by stimulating the synthesis of 5-HT
to act through 5-HT,, possibly 5-HT,. and/or 5-HT,g
receptors, which, in turn, causes the synthesis of prosta-
glandins.
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