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ABSTRACT—We investigated the effects of KF18259 (endo-(8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-1-
isobutyl-2-oxo0-1,2-dihydro-4-quinolinecarboxylate hydrochloride), a novel 5-HT-receptor antagonist, in a
variety of rat models, which are assumed to be mediated via 5-HT, receptors, in comparison with those of
YMO60 ((R)-5-[(1-methyl-3-indolyl)carbonyl]-4,5,6,7-tetrahydro-1H-benzimidazole hydrochloride),
granisetron and ondansetron. KF18259 inhibited wrap-restraint stress-induced defecation. The doses of
KF18259 to inhibit wrap-restraint stress-induced defecation were lower than those to inhibit the 5-HT-in-
duced von Bezold-Jarisch reflex and the cisplatin-induced slowing of gastric emptying. In contrast, the doses
of YMO060, granisetron and ondansetron to inhibit these three responses were similar. Moreover, KF18259
inhibited the wrap-restraint stress-induced propulsive motility of the proximal and distal colon. The effect of
KF18259 on the distal colon was as potent as that on defecation and was more potent than that on the prox-
imal colon. These results indicate that KF18259 potently inhibits the distal colonic function. KF18259 may
be a useful tool for the discrimination of the 5-HT;-receptors located on the distal colon and other tissues.
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5-Hydroxytryptamine (5-HT) is present in the gastro-
intestinal tract, where it is mainly localized in the
enterochromaffin cells of the mucosa (1). 5-HT mediates
various physiological and pharmacological actions of the
gastrointestinal system through the activation of four
types of 5-HT receptors, including 5-HT,, 5-HT,, 5-HT,
and 5-HT, receptors (2—-4). Among them, 5-HT; recep-
tors are widely distributed in the enteric nervous system
(5) and play important roles in the regulation of gastro-
intestinal motility (2, 6—8). In fact, the potent and highly
selective 5-HT,-receptor antagonist ondansetron (GR
38032F) accerelates gastric emptying (9, 10) and inhibits
cisplatin-induced emesis in animals and humans (10-14).
It also reverses the cisplatin-induced slowing of gastric
emptying in fed rats (15).

Some studies (16, 17) have revealed an association be-
tween the occurrence of stressful experience and the apper-
ance of disturbances in bowel function, indicating that
the gut function is affected by various stresses. In hu-
mans, stress commonly results in gastrointestinal disor-
ders like irritable bowel syndrome (IBS) (18, 19), in asso-
ciation with changes in gastrointestinal motility (16) and
digestive transit (17). Recently, it was reported (20) that

the selective 5-HT;-receptor antagonists YMO60 and
granisetron (BRL43694) inhibit the restraint stress-in-
duced defecation in rats, suggesting that endogenous 5-
HT mediates stress-induced changes in bowel function
through the 5-HT; receptor.

KF18259, endo-(8-methyl-8-aza-bicycle[3.2.1]oct-3-y1)-
1-isobutyl-2 - oxo- 1, 2-dihydro - 4 - quinolinecarboxylate
hydrochloride (Fig. 1), is a potent and selective 5-HTs;-
receptor antagonist (21). KF18259 inhibits the PH]qupa-
zine binding to 5-HT,-receptor sites in NG108-15 cells

Fig. 1. Chemical structure of KF18259.
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and the S-HT-induced transient bradycardia in rats (21).
In the present study, we determined the effects of
KF18259 on wrap-restraint stress-induced defecation,
which is an appropriate animal model for IBS (17), the 5-
HT-induced von Bezold-Jarisch reflex and the cisplatin-in-
duced slowing of gastric emptying in rats. We also deter-
mined the effects of KF18259 on the wrap-restraint stress-
induced propulsive motility of the proximal and the distal
colon in rats. The purposes of the present study were 1) to
compare the activity of KF18259 among a variety of
animal models, which are supposed to involve 5-HT;
receptors, and 2) to compare the effect of KF18259 with
those of the other 5-HT;-receptor antagonists.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats weighing 150 to 250 g were
purchased from Japan SLC, Inc. (Hamamatsu). The
animals were maintained on ordinary laboratory chow
and tap water ad libitum under a constant 12-hr light-
dark cycle.

Drugs

KF18259 (endo-(8-methyl-8-aza-bicyclo[3.2.1]oct-3-
yl}-1-isobutyl-2-0x0-1,2-dihydro-4-quinolinecarboxylate
hydrochloride), YMO060 ((R)-5-[(1-methyl-3-indolyl)car-
bonyl]-4,5,6,7-tetrahydro-1H-benzimidazole hydrochlo-
ride), granisetron (BRL43694: N-endo-9-methyl-9-aza-
bicyclo[3.3.1inon-3-yl)-1-methyl-indazole-3-carboxamide
hydrochloride)}, and ondansetron (GR38032F: (%)-
1,2,3,9-tetrahydro-3 - [(methylimidazol - 1 - yl)methyl]-9-
methyl-4dH-carbazol-4-one hydrochloride) were synthe-
sized in our laboratories. 5-HT creatinine sulfate was pur-
chased from E. Merck (Darmstadt, Germany). Cisplatin
was purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Phenol red, charcoal and trichloroacetic acid
were purchased from Wako Pure Chemical Industries
(Osaka). Test drugs were dissolved in distilled water. All
drugs were orally administered to rats at a volume of 5
ml/kg.

Wrap-restraint stress-induced defecation

The wrap-restraint stress was induced in rats according
to the reported procedure (17). The rats were lightly
anesthetized with ether, and the foreshoulders, upper fore-
limbs and the thoracic trunk were wrapped in paper tape
to restrict, but not prevent, movement. The animals re-
covered from anesthesia within 2 -5 min and immediately
moved around in cages and ate and drank, but had been
restricted from mobility of forelimbs, which prevented
them from grooming the face, upper head and the neck.
Fecal pellet output induced by wrap-restraint stress was

weighted during the 1st hr after stress. The test drugs were
given p.o. 1 hr before stress. The ID,, values were calculat-
ed as the doses that reduced stress-induced defecation by
50%.

5-HT-induced von Bezold-Jarisch reflex

The 5-HT-induced von Bezold-Jarisch reflex assay was
carried out with a modification of the reported procedure
(22). Each animal was anesthetized with urethane (1.25
g/kg,i.p.) and then the trachea was cannulated. Blood
pressure was recorded from the left carotid artery via a
saline/heparin-filled pressure transducer, from which the
heart rate was continuously monitored. The Bezold-
Jarisch reflex was induced by rapid bolus i.v. injection of
5-HT (30 pg/kg). The test drug was given p.o. 1 hr before
the injection of 5-HT. Each animal was anesthetized 30
min after the test drug was given. The ID;, values were cal-
culated as the doses that reduced the 5-HT-induced
bradycardia by 50%.

Cisplatin-induced slowing of gastric emptying

The cisplatin-induced slowing of gastric emptying was
elicited with a modification of the reported procedure
(23). The animals were deprived of food 24 hr prior to the
experiment but allowed free access to water until 3 hr be-
fore the experiment. A solution of 50 mg phenol red in
100 ml aqueous sodium carboxymethyl cellulose (1.5%
w/v) was used as a test meal. Slowing of gastric emptying
was induced by i.p. injection of cisplatin (3 mg/kg) 30
min before the test meal was given. Fifteen minutes after
the test meal was given, the animals were sacrificed by
cervical dislocation. In each experiment, a group of 4
animals was sacrificed immediately after administration
of the meal and considered as a standard (100% phenol
red in the stomach) to avoid the errors associated with
terminal convulsions of the animal. The stomach was then
exposed by laparotomy and removed.

The stomach was incised in 40 ml of NaOH solution
(0.1 N) and its content was dissolved. One ml of the super-
natant was added to 2 ml of trichloroacetic acid solution
(7.5% w/v) to precipitate the proteins. After centrifuga-
tion (2500 % g for 15 min), 1 ml of the supernatant was ad-
ded to 1 ml of NaOH (1 N) to develop the maximum inten-
sity of the color. The absorbance at 560 nm of the solu-
tion was then measured with a spectrophotometer (model
U-1080; Hitachi, Tokyo).

The test drug was given p.o. 1 hr before the test meal
was given. The gastric emptying (G.E.) for each rat was
calculated according to the following formula:

G.E. (%)={1—(Amount of phenol red recovered from
the test stomach)/(Average amount of phenol red recover-
ed from the standard stomach)} x 100

The ID,, values were calculated as the doses that
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reduced the cisplatin-induced slowing of gastric emptying
by 50%.

Wrap-restraint stress-induced propulisive motility of the
proximal colon

The wrap-restraint stress-induced propulsive motility
of the proximal colon was determined with a modification
of the reported method (24). Each animal was anesthe-
tized with pentobarbital sodium (50 mg/kg, i.p.), and the
cecum was exposed by laparotomy. A vinyl tube of about
1 mm in diameter was inserted into the cecum at the begin-
ning of the colon. The other end of the tube was taken
out of the back. The animals were kept one by one for 4
or 5 days and deprived of food 24 hr prior to the experi-
ment.

In the experiment examining the wrap-restraint stress-
induced propulsive motility of the proximal colon, a sus-
pension of 5 g charcoal in 100 ml aqueous Arabic gum
(10% w/v) was used as a test meal. Each animal was light-
ly anesthetized with ether and administered 0.5 ml of the
test meal into the colonic tubing. At the same time, the
foreshoulder, upper forelimbs and the thoracic trunk
were wrapped in paper tape to restrict, but not prevent,
the movement. One hour after the test meal was given,
the animals were sacrificed by cervical dislocation. The
colon was then exposed by laparotomy, and the percent-
age traverse of the charcoal meal in the colon was deter-
mined. The test drug was given p.o. 1 hr before the test
meal was given. The IDy; values were calculated as the
doses that reduced the wrap-restraint stress-induced
propulsive motility of the proximal colon by 50%,

Wrap-restraint stress-induced propuisive motility of the
distal colon

The wrap-restraint stress-induced propulsive motility
of the distal colon was elicited with a modification of the
reported procedure (25). Each animal was lightly anesthe-
tized with ether, and a teflon ball of 3 mm in diameter was
inserted into the colon 4 cm proximal to the anus. At the
same time, the foreshoulder, upper forelimbs and the
thoracic trunk were wrapped in paper tape to restrict, but
not prevent, movement. The time required to evacuate
the teflon ball was determined. The test drug was given
p.o. 1 hr before the teflon ball was inserted. The IDs,
values were calculated as the doses that reduced the wrap-
restraint stress-induced propulsive motility of the distal
colon by 50%,

Statistical analyses

The result was expressed as the mean+ S.E.M. Differ-
ences between the mean values in the normal group and
control group were analyzed by the Wilcoxon rank sum
test. Differences between the mean values in groups of

each drug treatment and control group were analyzed by
the Steel multiple comparison test following the Kruskal-
Wallis test. A difference at P <0.05 was considered statisti-
cally significant.

RESULTS

Inhibition of wrap-restraint stress-induced defecation

The wrap-restraint stress significantly increased fecal
pellet output in fed rats. Figure 2 shows the time course
of changes in fecal pellet output produced during the
wrap-restraint stress. Stool weight was increased by the
stress only during 0—1 hr. After p.o. administration, all
the drugs used in the present study dose-dependently in-
hibited wrap-restraint stress-induced increases in stool
weight (Fig. 3). The IDs, values for the drugs are shown in
Table 1.

Inhibition of the 5-HT-induced von Bezold-Jarisch reflex

The Bezold-Jarisch reflex was induced by rapid bolus
i.v. injection of 5-HT (30 pg/kg) in fed rats. As shown in
Fig. 4, all the drugs in the present study dose-dependently
inhibited the 5-HT-induced von Bezold-Jarisch reflex.
The IDs, values for the drugs are shown in Table 1.

Inhibition of cisplatin-induced slowing of gastric empty-
ing

The i.p. injection of cisplatin at doses ranging from 3
to 10 mg/kg slowed the gastric emptying in a dose-depend-
ent manner (Fig. 5). As shown in Fig. 6, all the drugs in
the present study dose-dependently inhibited the cisplatin
(3 mg/kgi.p.)-induced slowing of gastric emptying in
rats. The IDy, values for the drugs are shown in Table 1.
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Fig. 2. Effect of the wrap-restraint stress on defecation in fed rats.
Each bar represents the mean = S.E.M. of 12 rats. Symbols indicate
the nonstress normal group (M) or the stress group (B).
*¥*. P<0.001, compared with the value in the nonstress normal
group (Wilcoxon rank sum test).
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Fig. 3. Effects of KF18259, YMO60, granisetron and ondansetron on wrap-restraint stress-induced defecation in fed rats. Each
bar represents the mean < S.E.M. of 12 rats. ***: P<0.001, compared with the value in the normal (N) group (Wilcoxon rank
sum test). *: P<0.05, **: P<0.01, compared with the value in the control (C) group (Steel multiple comparison test).

Table 1. Effects of KF18259, YMO60, granisetron and ondansetron on the wrap-restraint stress-induced defecation, the 5-HT-induced von
Bezold-Jarisch reflex, the cisplatin-induced slowing of gastric emptying and the wrap-restraint stress-induced propulsive motility of the proximal

and the distal colon in rats

IDs (1g/kg, p.0.)

Drugs Wrap-restraint 5-HT-induced Cisplatin-induced \th/rap-;e(sjtraixglt : gr:;g_'-r :(sitraxgt 1o
stress-induced von Bezold-Jarisch slowing of gastric ;;f;i‘;':nggﬁhf;? p;l v é mzfieiit;) of
defecation effect emptying the proximal colon the distal colon

KF18259 13 170 50 50 10

YMO060 5.2 1.6 5.4 21 69

Granisetron 120 140 250 620 740

Ondansetron 270 250 230 3400 1600

The IDs, values were calculated as the doses which reduced stress-induced defecation, the 5-HT-induced bradycardia, the cisplatin-induced slow-
ing of emptying, or the wrap-restraint stress-induced propulsive motility of the proximal or the distal colon, respectively, by 50%. The IDs,

values are presented as the mean of 5- 12 animals.

Inhibition of the wrap-restraint stress-induced propulsive
motility of the proximal colon

The wrap-restraint stress significantly increased the
propulsive motility of the proximal colon in rats. Figure 7
shows that all the drugs in the present study dose-depend-
ently inhibited the wrap-restraint stress-induced propul-
sive motility of the proximal colon. The IDs,values for
the drugs are shown in Table 1.

Inhibition of the wrap-restraint stress-induced propulsive
motility of the distal colon

The wrap-restraint stress significantly increased the
propulsive motility of the distal colon in rats. Figure 8
shows that all the drugs in the present study dose-depend-
ently inhibited the wrap-restraint stress-induced propul-
sive motility of the distal colon. The IDs, values for the
drugs are shown in Table 1.
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Fig. 4. Effects of KF18259 (), YMO060 (@), granisetron ((]) and

ondansetron () on the Bezold-Jarisch effect in fed rats. Each bar
represents the mean+S.E.M. of § rats.
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Fig. 5. Effect of cisplatin on the gastric emptying in rats. Each bar
represents the mean+S.E.M. of 10rats. **: P<(0.01, compared

with the value in the normal (N) group (Steel multiple comparison
test).
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Fig. 6. Effects of KF18259, YMO060, granisetron and ondansetron on the cisplatin-induced slowing of gastric emptying in rats.
Each bar represents the mean+S.E.M. of 10 rats. ** *: P <0.001 compared with the value in the normal (N) group (Wilcoxon
rank sum test). *: P<<0.05, **: P<0.01, compared with the value in the control (C) group (Steel multiple comparison test).

DISCUSSION

The wrap-restraint stress model is an appropriate
animal model for IBS (17). It has already been reported
(26) that wrap-restraint stress-induced defecation is in-
hibited by granisetron and ondansetron. However, the
effects of 5-HT,-receptor antagonists on the wrap-re-
straint stress-induced propulsive motility of the proximal
and the distal colon have never been reported prior to the

present study. The present study demonstrates that the
5-HT;-receptor antagonists, including KF18259, granise-
tron and ondansetron, attenuate the wrap-restraint stress-
induced propulsive motility of the proximal and the distal
colon. These results suggest that the inhibition by the 5-
HT;-receptor antagonist of wrap-restraint stress-induced
defecation is due to the inhibitory effect on the propulsive
motility of the colon. Moreover, these results support the
notion that the 5-HT;-receptor antagonist is effective in
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the diarrhea associated with IBS (27, 28).

The present study indicated that the doses of KF18259
to inhibit wrap-restraint stress-induced defecation were
lower than those to inhibit the 5-HT-induced von Bezold-
Jarisch reflex and the cisplatin-induced slowing of gastric
emptying. In contrast, YMO060, granisetron and ondanse-
tron almost equipotently inhibited these three responses,
respectively. The inhibitory effect of KF18259 on the
wrap-restraint stress-induced propulsive motility of the
distal colon was more potent than that of the proximal co-
lon and was as potent as the inhibitory effect of KF18259
on wrap-restraint stress-induced defecation. These results
indicate that KF18259 potently inhibits the distal colonic
function.

There are several possible mechanisms for the potent
inhibitory effect of KF18259 on the distal colon, Whereas
KF18259 exhibits a high affinity for 5-HT; receptors (K
=0.47 nM) (21), it has no affinity for any other receptors,
including 5-HT,, 5-HT, and 5-HT, receptors (T. Yoko-
yama et al., unpublished observations). Therefore, it is un-
likely that KF18259 inhibited the distal colonic function
via a mechanism independent of 5-HT; receptors. It has
been proposed that 5-HT; receptors are divided into three
subtypes, 5-HT;4, 5-HT,5 and 5-HT5¢ (3). In addition, it
is known that ICS 205-930 and MDL 72222, selective 5-
HT;-receptor antagonists, are more potent in the rabbit
heart than in the guinea pig ileum (29, 30). Recently,
Maricq et al. reported that the messenger RNAs encord-
ing the 5-HT; receptors in the intestine are different from
those in the brain and the heart (31). Under these circum-
stances, it is suggested that the potent effect of KF18259
on the distal colon may be due to the difference in the 5-
HT;-receptor subtype.

In conclusion, the present results demonstrate that the
5-HT;,-receptor antagonist inhibit the propulsive motility
of the colon associated with wrap-restraint stress, pre-
sumably resulting in the inhibition of the defecation.
Moreover, the present results demonstrate that KF18259
potently inhibits the distal colonic function stimulated by
wrap-restraint stress. Thus, KF18259 may be a useful tool
for the discrimination of 5-HT; receptors located on the
distal colon and other tissues.
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