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Abstract

The synthesis of new 5-HTj; receptor antagonists is an interesting field of research because of their wide therapeutic use. The aim of this
work is to functionally characterise a new series of benzimidazole derivatives previously described. These compounds bind to 5-HT3
receptors and have been evaluated using in vitro (rat tunica muscularis mucosae) and in vivo tests (Bezold—Jarisch reflex in rat and
gastrointestinal motility and spontaneous motility in mice). Ondansetron and 1-[4-amino-5-chloro-2-(3,5-dimethoxyphenil)methyloxy]-3-[1-
[2-methylsulfonylamino]piperidin-4-yl]propan-1-one hydrochloride (RS 39604) were used as well known 5-HT3 and 5-HT, receptor
antagonists. These benzimidazole derivatives have proved to be 5-HT; receptor antagonists. Interestingly, they are as active as ondansetron
when they are intraperitoneally (i.p.) or orally (p.o.) administered and, in mice, they seem to induce fewer behavioural changes at similar
effective doses than does ondansetron. The present results confirm the usefulness of the previously proposed pharmacophore and justify the

interest in these new benzimidazole derivatives.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Serotonin (5-HT) is a neurotransmitter and neuromodu-
lator involved in multiple central and peripheral events. At
least 14 different subtypes of 5-HT receptors have been
described; nevertheless, their physiological roles are not yet
well established. The 5-HT; receptors are ligand-gated
cation channels and agonist drugs cause membrane depolar-
isation of single neurones (Derkach et al., 1989) and also
nerve-mediated contractions of nerve—muscle preparations
in vitro. This subtype has been widely studied because of its
involvement in several physiological and pathological pro-
cesses. The antagonists are the main drugs, acting on 5-HT;
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receptors, with therapeutic uses. Their prevalent clinical
indication is treatment of the emesis associated with cancer
chemotherapy and their effectiveness on irritable bowel
syndrome is under evaluation (Balfour et al., 2000). How-
ever, several reports suggest that 5-HT; antagonists could be
useful in the treatment of, for example, bulimia nervosa
(Faris et al., 1998; Hartman et al., 1997), drug withdrawal,
anxiety, schizophrenia, drug abuse and age-associated mem-
ory impairment (Buhot et al., 2000). There are also findings
supporting the role of 5-HT; receptors in peripheral and
central analgesia (Pelissier et al., 1996; Doak and Sawynok,
1997; Espejo and Gil, 1998; Farber et al., 2001).

Often, 5-HT; receptor antagonists also bind to 5-HT4
receptors because of the structural similarity of these recep-
tors. The development of selective antagonists of the 5-HT;
receptor subtype is attracting considerable attention; recently,
we reported the synthesis of a new series of benzimidazole
derivatives (Lopez-Rodriguez et al., 1999). Some of these
compounds exhibited very high affinity for 5-HT; receptors
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with no significant affinity for the 5-HT,4 receptors. The
biological activity of the three most interesting compounds:
(8)-(—)-N-(1-azabicicle(2.2.2)oct-3-yl)benzimidazole-4-
carboxamide (UCM-61196), (S)-( — )-N-(1-azabicicle (2.2.2)
oct-3-yl)-6-chlorobenzimidazole-4-carboxamide (UCM-
17197), (S)-(—)-N-(1-azabicicle (2.2.2)oct-3-yl)-6-chloro-
7-nitrobenzimidazole-4-carboxamide (UCM-10197), respec-
tively, was determined, analysing their activity in the isolated
guinea pig ileum, and the results obtained suggested that they
could act as selective 5-HT; receptor antagonists (Lopez-
Rodriguez et al., 1999).

Our aim was to study the effect of these three new
compounds using different tests in order to: better char-
acterise and confirm their functional activity as 5-HT;
serotonergic receptor antagonists (Bezold—Jarisch reflex);
rule out 5-HT, biological activity (rat funica muscularis
mucosae); determine their in vivo effect on gastrointesti-
nal motility, diarrhoea and rate of gastric emptying
induced by stimulation of the enteric serotonergic system
by administration of 5-hydroxytryptophan (5-HTP), an
endogenous precursor of 5-HT after intraperitoneal (i.p.)
or oral (p.o.) administration; compare these new com-
pounds with well-known 5-HT; and 5-HT, receptor
antagonists such as ondansetron or 1-[4-amino-5-chloro-2-
(3,5-dimethoxyphenil)methyloxy]-3-[ 1-[2-methylsulfonyl-
amino]piperidin-4-yl]propan-1-one hydrochloride (RS
39604) (Derkach et al., 1989); and detect behavioural
modifications, observing and recording spontaneous behav-
iour and motility.

2. Materials and methods
2.1. Bezold—Jarisch reflex

The Bezold—Jarisch reflex is one of the most selective
and frequently used in vivo tests for study of 5-HT
receptor agonists and antagonists (Jarisch and Zotterman,
1948).

Experiments were performed on anaesthetised spontane-
ously breathing male Wistar rats weighing 200—-250 g.
Anaesthesia was induced with Equithesin (3 ml/kg i.p.)
(chloral hydrate 2.1 g, sodium pentobarbital 0.46 g, MgSO,
1.06 g, propylene glycol 21.4 ml, ethanol (90%) 5.7 ml,
H,O 23 ml). Blood pressure and heart rate were continu-
ously recorded, after carotid cannulation, using a pressure
transducer connected to a personal computer. The jugular
vein was cannulated for intravenous (i.v.) drug administra-
tion. When the experiment was finished, the rats were killed
by an anaesthetic overdose.

The Bezold—Jarisch reflex (Fozard, 1984) was evoked
by i.v. administration of a dose of 5-HT (30 pg/kg) that
reduced the heart rate by approximately 50%.

The rapid and transient drop in heart rate due to the
administration of 5-HT was quantified 5 min before and 5
min after a single administration (0.1 ml/rat) of one i.v. dose

of one the three new compounds (0.06, 0.1, 0.13 and 0.2 pg/
kg) of the 5-HTj; reference antagonist, ondansetron (Fortuno
et al., 1999) (0.1, 1, 5, 15 or 30 pg/kg), or of the 5-HT,4
reference antagonist, RS 39604 (0.1-30 pg/kg). To evaluate
the effect of the 5-HT receptor antagonists or of the new
compounds, the decrease in heart rate induced by 5-HT
under control conditions was evaluated; this value was taken
as 100. Then, the effect of 5-HT was quantified 5 min after
the administration of the 5-HT receptor antagonists or of the
new compounds and the difference from the previous value
was quantified as % of inhibition.

Each group of experiments was carried out in separate
groups of at least five animals each.

2.2. Rat oesophagus tunica muscularis mucosae

The rat oesophagus tunica muscularis mucosae prepara-
tion was included because 5-HT induces a dose-dependent
relaxation in carbachol-contracted preparations. This effect
is taken to be specifically mediated through 5-HT,4 receptors
(Hegde et al., 1995; Nagakura et al., 1999; Takeda et al.,
1999). To better characterise functionally these compounds
and to eliminate effects mediated through 5-HT, receptors,
their ability to block the effect of serotonin on the rat
oesophagus tunica muscularis mucosae was tested (Craig
and Clarke, 1991; Taniyama et al., 1991; Barocelli et al.,
1999).

The thoracic oesophagus was isolated from male Wistar
rats weighing 150—-200 g and placed in Tyrode solution
(composition [mM]: NaCl 139.0, KCl1 2.7, MgCl,. 6H,0
1.1, NaH,PO,4 0.4, glucose 5.6, NaHCO; 11.8 and CaCl,-
5H,0 1.8).

The outer striated muscle coat was cut longitudinally and
gently peeled away, to expose the inner muscularis mucosae
as previously described (Baxter etal., 1991). The tissues were
suspended under a resting tension of 0.25 g in 5-ml organ
baths, containing Tyrode solution, maintained at 37 °C and
bubbled with 95% O, and 5% CO,. The resting tension was
readjusted during an equilibration period of 1 h. Methyser-
gide (10~ ® M) was included in the Tyrode solution in order to
block 5-HT; and 5-HT, receptors (Hegde et al., 1995).
Cocaine (3 X 10~ > M) and corticosterone (3 X 10~ > M) were
also added to inhibit amine reuptake (Baxter et al., 1991).

After the equilibration period, carbachol (3 X 10~ ¢ M)
was added to induce a sustained contraction of the prepa-
ration. Upon the establishment of a stable contraction, a
concentration—response curve was made by cumulative
addition of 5-HT (10~ ° to 5 x 10~ ¢ M). Each dose was
added to the organ bath when the maximum effect was
reached. When the maximal concentration was added, the
tissues were washed and re-equilibrated for a 60-min period.
A second 5-HT concentration—response curve was made in
presence of one of the new compounds or of reference
compounds, ondansetron and RS 39604. The concentration
used was 10~ ¢ M. The ECs, of 5-HT was then calculated in
the presence and absence of the drugs tested.
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2.3. Gastrointestinal motility in mice

Adult male CD-1 mice weighing 25-30 g (Harlan,
Barcelona, Spain) were used for this set of experiments.
The animals were housed under standard laboratory con-
ditions: controlled temperature: 23 £ 1 °C, 12/12-h light/
dark cycle and free access to food and water until 24 h
before the experiments. On the day of the experiments, the
mice were screened to exclude animals with pre-existing
diarrhoea or behaviour alterations. The mice were randomly
divided into two separate groups and two tests were carried
out to evaluate gastrointestinal motility.

2.3.1. 5-Hydroxytryptophan-induced diarrhoea

The mice, randomly divided into the appropriate groups,
were treated: with i.p. saline (NaCl 0.9%) solution or one
dose of UCM-61196, UCM-10197, UCM-17197, ondanse-
tron or RS 39604 (1, 2 and 5 mg/kg), with p.o. (intragastric
cannula) SS or one dose of one of the new compounds (5,
15, 25 and 50 mg/kg), ondansetron (5, 15 and 25 mg/kg) or
RS 39604 (5, 15, 25 and 50 mg/kg).

Higher doses of ondansetron were not tested because of
their toxicity (see Section 2.4) (Hendrie, 1990).

Five minutes after i.p. injection or 30 after p.o.
administration, 50% (n=10-12) of the animals of each
group were treated with saline and 50% (n=10-12) with
5-HTP (10 mg/kg i.p.) and immediately placed in a 1-1
container.

The severity of diarrhoea was then scored using an
arbitrary scale (0 =normal stools, 1 =wet but formed stools,
2 =swollen and unformed stools and 3 =watery diarrhoea)
(Hegde et al., 1995) over a 30-min continuous observation
period, by an observer who was unaware of the treatments.

2.3.2. Gastric emptying

To evaluate the gastric emptying rate, gastrointestinal
transit (GIT) in mice was measured according to proce-
dures previously described (Pol et al., 1994). Food was
withheld from the animals 24 h before the experiment, but
free access to water was allowed. Mice then received 0.3
ml of a suspension of charcoal consisting of 10% vegeta-
ble charcoal in 5% gum acacia, administered with an
intragastric cannula. Gastrointestinal transit was evaluated
20 min after the administration of the marker. At this time,
the animals were killed and the small intestine was
removed. The length of the intestine from pyloric sphincter
to the ileo-cecal junction and the distance travelled by the
charcoal front were both measured and recorded. Then,
gastrointestinal transit was calculated for each animal as a
percentage of the distance travelled by the charcoal,
relative to the total length of the small intestine (percent-
age gastrointestinal transit).

Separate groups (n=20-24 per group) were treated with
saline solution or one dose selected from our previous data
(approximately 50% score diarrhoea inhibition) of each new
compound: UCM-61196, UCM-10197 and UCM-17197 (5

mg/kg i.p.), ondansetron (3 mg/kg i.p.) or RS 39604 (5 mg/
kg i.p.). Ten minutes after this treatment, 50% of the animals
of each group were given saline (n=10-12) and 50% 5-
HTP (10 mg/kg i.p., n=10-12). Then, 20 min later, the
mice received 0.3 ml of a suspension of charcoal. Twenty
minutes after the administration of the marker, the percent-
age of gastrointestinal transit was evaluated as described
above.

To discard non-specific effects, new compounds were
also tested after an inflammatory reaction had been induced
in the mouse small intestine with croton oil. It is well
known that croton oil increases gastric emptying rate (Pol
et al, 1994). Four groups of mice (n=12) were given
croton oil (0.05 ml CO, 50% olive oil) p.o. and one saline.
Three of the croton oil-treated groups of animals were
treated with UCM-61196, UCM-10197 and UCM-17197 (5
mg/kg i.p.) and one with saline 6 h later. Saline was also
administered to the control group that had previously been
treated with saline. Then, 5 min later, all mice received 0.3
ml of a suspension of charcoal and were killed after 20 min.
Gastrointestinal transit was then quantified as described
above.

0,1 1 5 15 30
[ug/kg]
--UCM 17197

Bso- -~ UCM 10197
- UCM 61196

0,06 0,1 0,13 0,2
[hg/kg]

Fig. 1. Bezold—Jarisch reflex. The lines represent the mean + S.E.M. of
the percentage inhibition by ondansetron (A) and the new compounds
(B), at different doses (ug/kg i.v.), of the bradycardia induced by 5-HT
(30 pg/kg i.v.) (Bezold —Jarisch reflex) in anaesthetised rats (n =5 per group).
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2.4. Behavioural modifications

To evaluate behavioural alterations after the different
treatments, spontaneous behaviour was always observed in
the cage before the performance of the different tests. Any
modification in activity or in ambulation was recorded. An
observer unaware of the treatments recorded changes in
spontaneous behaviour.

Spontaneous locomotor activity was evaluated using
individual photocell activity chambers. The mice were i.p.
injected with 3 mg/kg of ondansetron, 5 mg/kg of RS 39604
or of one of the new compounds (5 mg/kg). The mice were
then placed in the chambers and, starting 5 min later, the
number of interruptions of photocell beams was recorded
over a 30-min period. The mean number of crossing was
compared with that from a control group of mice that had
received saline.

Drugs: ondansetron hydrochloride dihydrate (kindly sup-
plied by Glaxo-Smith-Kline, Madrid, Spain), RS 39604
(Tocris, Madrid, Spain), 5-HTP and gum acacia were
obtained from Sigma-Aldrich (Madrid, Spain). New com-
pounds (UCM-61196, UCM-10197 and UCM-17197) were
synthesised in our laboratory. All drugs were dissolved in
physiological SS.
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Statistical analysis: The data are expressed as means
+ standard error of the mean (S.E.M.) Statistical analyses
for differences between groups were performed with Stu-
dent’s t-test. Statistical analyses, for differences between
multiple groups, were performed with an analysis of variance
followed by Newman—Keuls test. p<0.05 was considered
statistically significant.

3. Results
3.1. Bezold—Jarisch reflex

As expected, the i.v. administration of 5-HT (30 pg/kg)
induced short-lasting modifications of arterial pressure and a
drop in heart rate. The mean percentage reduction of heart
rate was 46.2 = 5.4 (n=22) in control animals.

The i.v. administration of the new compounds: UCM-
61196, UCM-10197 and UCM-17197, as well as of ondan-
setron, produced a dose-dependent inhibition of the 5-HT-
induced bradycardia in anaesthetised rats (Fig. 1). It is
interesting that the doses needed to inhibit the Bezold—
Jarisch reflex were smaller when the new compounds were
used.
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Fig. 2. Rat oesophagus. Bars represent the mean of the percentage relaxation = S.E.M. induced by 5-HT on the carbachol pre-contracted rat oesophagus in
absence (open bars) or presence of ondansetron, RS 39604, UCM-61196, UCM-17197 and UCM-10197 (closed bars), *p <0.05 vs. control; n=> 6.
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The compounds tested themselves did not affect baseline
heart rate or arterial pressure at any of the doses used (data
not shown).

RS 39604, at the doses tested (0.1-30 pg/kg), did not
modify the baseline heart rate or arterial pressure. The mean
percentage reduction of the cardiac frequency for 30 ug/ kg
was — 11.68 + 10.3; n=5. RS 39604 did not affect the 5-
HT effect.

3.2. Rat oesophagus tunica muscularis mucosae

The addition of carbachol (3 x 10~ ¢ M) induced a
lasting contraction of the rat oesophagus tunica muscularis
mucosae preparation.

UCM-61196, UCM-10197, UCM-17197, ondansetron
and RS 39604 had no effect when administered alone on
basal tone or on carbachol-induced contraction (data not
shown).

103

5-HT (5 x 10~ % to 5 x 10~ ® M) produced concentration-
dependent relaxation of the carbachol pre-contracted rat
oesophagus. RS 39604 (10~ ¢ M) induced a significant
inhibition of the 5-HT effect, whereas the new compounds
and ondansetron did not induce significant modifications of
the 5-HT inhibitory effects (Fig. 2).

The 5-HT ECsq and confidence limits ( ) for each group
before and after drug incubation were: control: 5.6 X 10~ %M
(4.1 %107 % to 7.6 x 10 ®) after RS 39604: 4.8 x 10~ ° M
(2.0x 10" ° to 1.1 x 10~ °); control: 1.4x 10~ " M (1.1 X
1077 to 1.7 x 107 7) after ondansetron: 7.7 x 10~ % M
(5.7x107 % to 1.1 x 10~ 7); control: 6.2 x 10~ M (4.1 x
107 to 9.3 x 10™ %) after UCM-10197: 8.7x 10" % M
(5.9x 107 % t01.3x 10~ 7); control: 1.4x10~7 M (1.1 X
1077 to 1.9x10°7), UCM-17197: 1.0x10"" M
(7.8 %107 % to 1.3 x 10~ 7); control: 8.8 x 10~ * M (6.9 x
107% to 1.1 x10°7), UCM-61196: 1.3 x10"" M
(1.1 x 10~ "t01.6 x 10~ 7). Significant differences were only
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Fig. 3. 5-HTP-induced diarrhoea. The effect of intraperitoneal (A) and oral (B) administration of the different compounds at different doses on 5-HTP-induced
diarrhoea in mice. (Controls were treated with vehicle +5-HTP.) The severity of diarrhoea was assessed using an arbitrary scoring scale ranging from 0 to 3:
0=normal stools, 1 =wet but formed stools, 2 =swollen and unformed stools and 3 severe watery diarrhea. Each bar represents the mean + S.E.M. n=12 per

group. *p<0.05, **p<0.01, ***p<0.001 vs. control.
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found when the 5-HT EC;sq obtained after RS 39604 was
compared with its respective control value (p<0.0001);
n=6.

3.3. Gastrointestinal motility in mice

3.3.1. 5-Hydroxytryptophan-induced diarrhoea

The i.p. or p.o. administration of the tested compounds
(UCM-61196, UCM-10197, UCM-17197, ondansetron or
RS 39604) did not induce any significant modification in
the number or appearance of the stools in control ani-
mals.

The administration of 5-HTP (10 mg/kg i.p.) induced a
significant increase in the degree of diarrhoea scored. This
effect was prevented by treatment with the reference com-
pounds or with the new compounds. In all cases, the
treatment was equally effective whether drugs were i.p. or
p-o. administered (Fig. 3).

3.3.2. Gastric emptying

The i.p. treatment with UCM-61196, UCM-10197 and
UCM-17197 (5 mg/kg i.p.) or with the 5-HT antagonists,
ondansetron (3 mg/kg i.p.) and RS 39604 (5 mg/kg i.p.) did
not significantly modify the gastric emptying rate in mice
treated with saline.

Treatment with 5-HTP (10 mg/kg i.p.) induced a sig-
nificant increase in the percentage of gastrointestinal transit,
this effect was prevented by treatment with the new com-
pounds or with the reference antagonists (Fig. 4).

Treatment with croton oil significantly increased the
percentage of gastrointestinal transit, which the new com-
pounds were not able to prevent. Twenty minutes after the
administration of the marker, % GIT was 61.3 £+ 6.4% in the
control group, whereas it was 77.1 = 3.1% in CO-treated
animals. The effect of the new compounds (5 mg/kg),
ondansetron (3 mg/kg) and RS 39604 (5 mg/kg) on gastro-
intestinal transit was UCM-61196: 85.41 + 15.29%, UCM-
17197: 81.50 £11.86%, UCM-10197: 71.15 £ 13.82%,
ondansetron 86.55 + 7.32% and RS 39604: 78.98 + 8%.
The differences were not significant.
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Fig. 4. Gastrointestinal transit in 5-HTP-induced diarrhoea. Bars represent
the mean = S.EIM. of the percentage gastrointestinal transit in 5-HTP-
induced diarrhoea. *p <0.05 vs. 5-HTP +saline group, #p <0.05 vs. saline
group; n=>10.
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Fig. 5. Locomotor activity in mice. Bars represent the number of
interruptions of photocell beams recorded over a 30-minute period. The
doses used were 3 mg/kg of ondansetron, 5 mg/kg of RS 39604 or 5 mg/kg
of one of the new compounds. The mean number of crossing + S.E.M. was
compared with that obtained from a control group of mice that had received
saline solution; n > 10.

3.4. Behavioural modifications

The new compounds and RS 39604, at the doses tested,
did not induce modifications in the characteristics of the
spontaneous activity or ambulation of the mice. On the
contrary, when ondansetron was i.p. injected at the highest
dose (5 mg/kg) or when it was orally administered (=25
mg/kg), the mice showed ambulatory impairments, convul-
sions and mortality that reached 20% of the those of treated
animals after the administration of 15 mg/kg and 80% after
treatment with 25 mg/kg.

Spontaneous locomotor activity evaluated in control
animals or after administration of the highest i.p. doses
used was not significantly different from the control values
(Fig. 5). The effect of ondansetron was recorded after the
administration of 3 mg/kg because of the side-effects seen.

4. Discussion

Previous results had shown that UCM-61196, UCM-
10197 and UCM-17197 selectively bind to 5-HT; receptors
in the cerebral cortex of rat. Preliminary pharmacological
characterisation, using guinea pig ileum, had suggested that
they could act as 5-HTj; receptor antagonists (Lopez-Rodri-
guez et al., 1999).

We now studied the in vivo and in vitro functional
activity of these new compounds. The tests used were
selected because they are generally accepted for character-
ising serotonergic ligands (Hegde et al., 1995; Malinowska
et al.,, 1996; Eglen et al., 1994; Pires et al., 1998). The
effects of these new antagonists were also studied on the
main systems where 5-HT shows activity.

Serotonergic effects on the cardiovascular system involve
a wide number of 5-HT receptors subtypes that are currently
not clearly defined and that are dependent on the test carried
out and on the animal used. In agreement with previous data
(Bogle et al., 1990), the i.v. administration of 5-HT induced
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changes in arterial pressure and in heart rate (Bezold—Jarisch
reflex) that are known to be peripherally and centrally
mediated and mainly due to 5-HT; receptor activation.

The i.v. administration of UCM-61196, UCM-10197 and
UCM-17197 did not induce any significant change in
arterial pressure or heart rate in anaesthetised rats. These
results permit agonistic activity on 5-HT; or 5-HT, recep-
tors to be eliminated since the stimulation of these receptors
induces hypertension in rat (O’Connor et al., 2001). More-
over, the compounds are not 5-HT; receptor agonists
because the selective stimulation of these receptors induces
transient hypotension and bradycardia (Pires et al., 1998).

As expected, the i.v. administration of 5-HT induced a
decrease in arterial pressure and heart rate that was blocked
by ondansetron, a selective 5-HT; receptor antagonist,
whereas RS 39604, the 5-HT, reference compound, did
not modify the 5-HT effect. All the new compounds induced
a significant reduction of the bradycardia (von Bezold—
Jarisch reflex).

These results are consistent with our previous results
showing that the new compounds displayed high affinity for
the 5-HT; receptor. Concerning functional activity, the
present data confirm their antagonistic activity previously
suggested from their effects on guinea pig ileum (Lopez-
Rodriguez et al., 1999).

When the effect of new compounds was tested on the rat
oesophagus tunica mucosae, none elicited relaxation in
carbachol pre-contracted tissues, allowing 5-HT, agonistic
effects to be eliminated (Hegde et al., 1995; Nagakura et al.,
1999; Takeda et al., 1999). Moreover, neither ondansetron
nor the new derivatives were able to reduce the relaxation
induced by 5-HT, whereas RS 39604 induced a concen-
tration—response inhibition of the 5-HT effect. These data
agree with previously published binding data and permit
functional antagonistic effects on 5-HT, receptors to be
disregarded also.

The effect of the new compounds was assayed using two
more tests, in order to test their in vivo efficacy and because
the best-established uses and effects of 5-HT; and 5-HT4
receptor antagonists are related to gastrointestinal motility
control (Talley, 2001; Reeves et al., 2002; Grimsehl et al.,
2002; Jin et al., 1999; Sevcik et al., 1998; Grider et al.,
1998; Kiso et al., 2001).

Firstly, the effect of UCM-61196, UCM-10197, UCM-
17197 and ondansetron on the diarrhoea induced by the 5-
HT precursor, 5-HTP, was tested in mice (Woolley, 1958;
Hegde et al., 1994). This is a useful model to study transit
impairments, the induced diarrhoea being due to serotoner-
gic stimulation and it is accepted that 5-HTP-induced diar-
rhoea may be used as a carcinoid syndrome model (Bourin et
al., 1996).

The new compounds were able to prevent the diarrhoea
both after p.o. and after i.p. administration and their effec-
tiveness was similar to that of ondansetron.

When their effect on gastric emptying was tested, there
were no modifications in either control animals or those

with gastric emptying unselectively stimulated with croton
oil. On the contrary, when 5-HTP was administered, and
therefore gastrointestinal transit increased by serotonergic
mechanisms, the oral or parenteral administration of UCM-
61196, UCM-10197, UCM-17197 or ondansetron induced a
significant reduction of the gastrointestinal transit, confirm-
ing the antagonistic activity of the new compounds.

The effectiveness of the new compounds when diarrhoea
or gastric emptying were stimulated by serotonergic mech-
anisms without modifications in control animals suggests
that they would be promising selective agents. Moreover,
they were as effective as the reference compound when
administered orally.

5-HT is also involved in the regulation of complex
sensory, motor, affective and cognitive functions. These
effects are mediated by stimulation of several subtypes of
receptors (Varga et al., 2002; Nunes de Souza et al., 2002;
Sakaue et al., 2001) including 5-HT; (Kankaanpaa et al.,
2002; Fung and Ferrill, 2001). As a first approach to
determine behavioural modifications in control animals
and tolerability of these new compounds, spontancous
behaviour and spontaneous locomotor activity were re-
corded.

Although ondansetron is accepted as being a safe drug, it
has been previously reported high doses may cause side-
effects (Hendrie, 1990). In accordance with these data, it
was found that the administration of high doses of ondanse-
tron induces behavioural changes (ambulatory impairment
and convulsions) and even mortality that limits the possi-
bility of increasing the dosage. On the contrary, none of the
new compounds elicited significant changes in spontaneous
behaviour or motility.

Concerning the potency of the new compounds, it is
interesting that as expected from their previously deter-
mined affinity (mean K; [nM]£S.E.M. were: UCM-61196
2.6+£0.3,UCM-17197 0.13£0.2 and UCM 10197 1.7 £ 0.2)
(Lopez-Rodriguez et al., 1999), there were no significant
differences. Otherwise, the present data do not explain the
difference in the doses required to inhibit the Bezold—
Jarisch reflex and those needed to prevent the diarrhoea.
In any case, these are very different tests, involving different
pathways and mechanisms mediating the effects induced
by activation of 5-HT,4 receptors. Furthermore, bioavail-
ability was not studied. Effectiveness, when they were
orally administered, suggests a good absorption but
differences in distribution may be the cause of these
differences.

5. Summary

Our present results focussed on the serotonergic system,
demonstrating that UCM-61196, UCM-10197 and UCM-
17197 display 5-HT; antagonistic activity, lack effects
mediated through 5-HT, receptors, are effective when
administered in vivo (i.p. or p.o.) and seem to induce fewer
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behavioural changes at similar effective doses than does
ondansetron, the reference compound.

These results suggest that the compounds are promising
and support our earlier hypothesis (Lopez-Rodriguez et al.,
1999) about the interest of azabicyclic benzimidazole-4-
carboxamides derivatives as 5-HT}; receptor-selective antag-
onists.
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