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II. Evaluation of the Gastroprokinetic Activity in Rats and Dogs*
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Abstract

The gastrokinetic activity of 2[1-(4-piperonyl)piperazinyl]benzothiazole (VB20B7), a new compound with
5-HT, receptor agonist and weak 5-HT; receptor antagonist properties has been studied in rats and dogs.

The effects of VB20B7 were investigated in physiological conditions and in a model of gastroparesis
induced by the a,-adrenergic agonist UK-14304 and compared with cisapride.

In rats, both VB20B7 and cisapride enhanced gastric emptying of indigestible solids (steel spheroids) and
liquids (phenol red) at doses of 5-10mgkg ™' by mouth. Gastric emptying of solid radiopaque markers in
fasted beagle dogs was enhanced significantly by VB20B7 (0-25-1mgkg™' p.o.) whereas the effect of
cisapride (0-5-2mgkg™" p.0.) did not reach statistical significance. Similar results were found when the
radiopaque markers were given to the dogs following a standard solid meal The delayed gastric emptying of
indigestible solids and radiopaque markers by UK-14304 was reversed by oral administration of VB20B7 in
both rats and dogs. Cisapride, however, was only effective in rats. In addition, gastric emptying of a digestible
solid/liquid meal was assessed by quantitating the rate of appearance of the radioactive markers in the
duodenum of dogs. VB20B7 (0-2-1mgkg ™', i.v.) enhanced gastric emptying of both solid and liquid phases
while cisapride only enhanced emptying of the solid phase.

The present study indicates that acute oral and intravenous administration of VB20B7 accelerates gastric
emptying of both solids and liquids in different animal models.

Prokinetic drugs stimulate gastric emptying and small intestine
motility in man and in various animal species (King & Sanger
1988; Kilpatrick et al 1990). Prokinetic benzamides with 5-
HT, receptor agonist activity, such as metoclopramide and
cisapride are widely used in the treatment of gastrointestinal
tract disorders (Harrington et al 1983). It has been reported that
cisapride may be useful in patients with idiopathic gastric
stasis (Jian et al 1985), intestinal pseudo-obstruction (Camilleri
et al 1985) or chronic constipation with laxative abuse as well
as in diabetics with constipation (Lederer et al 1985). Among
benzamide derivatives, cisapride (Schuurkes et al 1985) and
renzapride (Sanger 1987) stimulate gastrointestinal motor
activity through an enhancement in cholinergic transmission,
like in experiments with isolated gastrointestinal preparations
of the guinea-pig (Buchheit et al 1985; Schuurkes et al 1985).
This effect may be due to an activation of 5-HT, receptors,
which in turn produces a stimulation of the enteric cholinergic
neurons (Craig & Clarke, 1990; Ramirez et al 1994). Several
5-HT; receptor antagonists are also prokinetic agents in rats
and other animal species (Costall et al 1987; Buchheit et al
1989) but not in dogs (Schiavone et al 1990; Eglen et al 1993).
Moreover, it is known that some potent 5-HT; receptor
antagonists, such as LY277359, lack any prokinetic effect
(Cohen et al 1990).
2[1-(4-Piperonyl)piperazinyl]benzothiazole (VB20B7; Mon-
ge et al 1994; Ramirez et al 1996) is a S-HT-ergic agent
whose chemical structure markedly differs from that of known
prokinetic drugs (Monge et al 1994). In-vitro studies have
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shown that VB20B7 is a 5-HT, receptor agonist and a weak
5-HTj; receptor antagonist (Ramirez et al 1996). The present
study was aimed at characterizing comparatively the effects of
VB20B7 and cisapride on gastric emptying in rats and in dogs,
first in physiological conditions using both indigestible and
digestible meals and also in a model of gastroparesis induced
by an a,-adrenergic agonist. In regard to a possible antiemetic
activity in ferrets, VB20B7 was compared with ondansetron,
the typical 5-HTj3 receptor antagonist. A preliminary study of
the effects of VB20B7 on spontaneous motor activity and
rectal temperature in mice was finally carried out. It is known
that typical prokinetic benzamides such as cisapride and
metoclopramide show some affinity at central D, receptors and
extrapyramidal side effects have been occasionally reported
with the latter drug (Pinder et al 1976). The results of the
present study indicate that VB20B7 is a new drug with gas-
trokinetic properties in rats and dogs, particularly in the latter
species.

Materials and Methods

Gastroprokinetic activity in rats

Gastric emptying of steel spheroids. Male Wistar rats weighing
160+ 10g were fasted overnight with free access to water.
Vehicle or drugs were administered orally. After 60 min, rats
received 40 steel spheroids (1 mm diameter) in 2mL of a 3%
solution of carboxymethylcellulose by gavage as described
(Jacoby & Brodie 1967). The animals were killed by CO,
inhalation 60 min later. The spheroids remaining inside the
stomach were counted and the number of spheroids emptied
were calculated. Gastric emptying induced by drugs was
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expressed as percentage of the number of spheroids emptied by
control rats according to the formula:

(no. spheroids test — no. spheroids control) x 100/40 (1)

Gastric emptying of phenol red. Male Wistar rats (220-260 g)
fasted overnight with water ad libitum were used. The animals
were treated with test drugs suspended in 3% carboxymethyl-
cellulose. After 60 min, each rat received by gavage 0-4 mL of
a phenol red suspension (3-75mgmL~" in distilled water at
40°C) as described (Megens et al 1991). The rats were killed
by cervical dislocation 30min later and the stomach was
extracted with 100mL of 0-1 N NaOH, shaken and filtered.
The phenol red content of this extract in the control and treated
animals was assayed colorimetrically at 558 nm in a Unicam
8625 UV/Vis spectrophotometer and expressed in extinction
units. Gastric emptying was determined as follows:

gastric emptying (%) =(1 — A/B) x 100 )

where A and B were the average values for treated and control
animals, respectively.

Antagonism of gastroparesis induced by the a,-adrenergic
agonist UK-14304. Male Wistar rats (230-250 g) were fasted
overnight with water ad libitum. Animals were divided into 4
groups: vehicle, vechicle + UK-14304, cisapride + UK-14304
and VB20B7 + UK-14304. Sixty minutes after administration
of the drugs, 40 steel spheroids in 2 mL of 3% carboxymethyl-
cellulose were given by gavage. Immediately after, UK-14304
(0-1mgkg™" s.c.) suspended in Tween 80 and saline was
administered. The animals were Killed at different times (1,
2, 3 and 4 h). Percentages of gastric emptying were calculated
as above.

Gastroprokinetic activity in dogs

Gastric emptying of solid radiopaque markers. Beagle dogs
(10-15kg) of both sexes were used. Animals were treated
several times, with a minimum 7-day resting period between
treatments. Assays were performed with animals fasted over-
night. Test compounds were administered orally. After 1h, the
animals received 30 barium sulphate spheroids (4 mm dia-
meter) following or not a standard solid meal (200 g of canned
food, JAKAN-M). Measurement of gastric emptying was
achieved by means of X-ray location (75kv, 40mA, 0-37s).
The passage of the markers was monitored for 2h. Markers
located between the second and the third intercostal spaces
were considered to be inside the stomach. In fasted dogs, the
results were expressed as percentage of animals emptying all
the radiopaque markers. In dogs receiving the markers with a
meal gastric emptying was calculated from the formula:

(no. spheroids test — no. spheroids control) 4 100/30

Antagonism of gastroparesis induced by the a,-adrenergic
agonist UK-14304. Beagle dogs (10-15kg) of both sexes
were used. Gastroparesis was induced using the a,-adrenergic
model of gastroparesis (Gullikson et al 1991b). The highly
potent and selective uay-agonist UK-14304 (Cambridge 1981)
was used. Animals were fasted overnight with free access to
water. They received test drugs (VB20B7 and cisapride) by

mouth 1 h before the oral administration of 30 barium sulphate
spheroids. Immediately after, UK-14304, 003 mgkg™!, was
injected subcutaneously. The animals were observed for 5
hours. Gastric emptying was calculated from the formula:

(no. spheroids test — no. spheroids control) x 100/30

Gastric emptying of a radioactive solid/liquid test meal.
Beagle dogs weighing 13-15kg were used. Under halothane
anaesthesia, a Thomas cannula was placed on the greater
curvature of the gastric body at about 10 cm from the pylorus
and brought through the left abdominal wall at 5cm from the
last rib and 10cm from the midline. The solid meal was
prepared with liver from a sheep injected intravenously with
0-4 uCikg~' of [*’Co]cyanocobalamin (Hinder & Kelly
1977). The liquid phase consisted of 100mL of tap water
containing 50 mg of polyethyleneglycol 4000 (PEG), a non-
absorbable water marker with 0-5 uCi of ['*C]PEG. VB20B7
and cisapride were given intravenously 10 min before the meal.
One hour after meal ingestion, the stomach contents were
coliected by gravity, weighed, the volume measured and then
carefully homogenized. Then 2 series of samples (4—5mL)
were rapidly taken. Each sample of the first series was
accurately weighed and introduced into the gamma counter
for [*’Co] determination. The second series was used for ['*C]
determination. The samples were centrifuged (12000
revmin~', 20 min) and 0-5mL of supernatant used for liquid
scintillation counting. Gastric emptying of solids was calcu-
lated from the formula:

gastric emptying (%) = [(Co,-W — C-Wp) x 100)/C,-W  (3)

where C, = counts min ! (g of marked liver introduced into
the meal)™'; W =weight of liver introduced into the meal;
C,=countsmin~"' (g of homogenized gastric contents)™';
W, =weight of contents present in the stomach at time t.
Gastric emptying of liquids was determined using the formula:

gastric emptying (%) = (["*CIPEG; V; — ['*CIPEG, V,)
100/[**C)PEG; V; 4)

where ['*CJPEG; =initial concentration of the liquid phase of
the meal; V;=initial volume of water added;
[14C]PEGt=concentration of homogenized meal at time t;
V= volume of the homogenized meal.

Antiemetic activity in ferrets

Male fitch ferrets weighing 1-1-5kg were used. They were
purchased from Marshall Farm, North Rose, N.Y., USA. The
animals were given free access to cat chow before being used
in the study. Then they were fasted for 24 h with free access to
water and a solid meal was provided 2 h before the beginning
of the assay. VB20B7 and ondansetron were administered
orally 30 min before the intraperitoneal administration of cis-
platinum (15 mgkg ). The animals were housed in individual
cages and observed for 5h. Emetic episodes were defined as a
series of retches or vomits, separated by at least a 5-min
interval.

Central nervous system (CNS) activity
Spontaneous locomotor activity in mice. Male Swiss mice (20—
25 g) were used. After the administration of drugs, mice were
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placed in a black wooden open-topped box (65 x 65 x 45¢cm
height), divided into 4 equal compartments (walls of 30cm),
being thus possible to work with 4 animals simultaneously.
Distance travelled in cm (locomotor activity) was measured by
using a digital VIDEOMEX-V system (Columbus Instruments,
USA) working with the appropriate computer program. After a
75-min period, divided into 5 sessions of 15min, distance
travelled in cm was recorded for each animal.

Rectal temperature in mice. Male Swiss mice (2025 g) were
used. Rectal temperature for each animal was determined using
a digital thermometer (Panlab, Spain) before administration of
test drugs or vehicle. After 40 min, the rectal temperature was
determined again.

Drugs

VB20B7 (2[1-(4-piperonyl)piperazinyllbenzothiazole) was
synthesized at the Department of Organic Chemistry, CIFA,
University of Navarra. Other drugs and chemicals were
obtained from the sources indicated: cisapride (Vita Labora-
tories, Spain), metoclopramide (Delagrange, Spain), cis-plati-
num (Wasserman, Spain), UK-14304 (5-bromo-6-[2-
imidazolin-2-ylamino]quinoxaline bitartrate) (Pfizer, USA),
phenol red (Aldrich, USA), carboxymethylcellulose (Panreac,
Spain), [57Co]cyan0cobalamine (Amersham) and [“*C]JPEG
(New England Nuclear, USA).

Statistical analysis

Unpaired z-tests were used for comparing gastric emptying in
treated and control rats. In studies with fasted beagle dogs, the
number of animals responding with total emptying was ana-
lysed using a 2 x 2 Fisher test, while Student’s ¢-test for paired
values was used to compare control and treatment observations
for each dog canine gastric emptying (dogs with a standard
meal or emptying of a radioactive solid/liquid meal). After
gastroparesis induced by UK-14304, analysis of variance fol-
lowed by Scheffé test was used to determine statistical sig-
nificance between drugs treatment and controls. Spontaneous
motor and changes in rectal temperature in mice were analysed
with a Student’s s-test for paired values.

Results

Gastroprokinetic activity in rats

Gastric emptying of steel spheroids. VB20B7 (5-10mg kg_l,
p.o.) significantly enhanced gastric emptying of steel spheroids
in a dose-dependent manner with a potency practically similar
to cisapride (Table 1). A higher activity for cisapride was only
observed at the intermediate dose tested (7-5mgkg™1).

Gastric emptying of a phenol red suspension. Animals treated
either with cisapride or VB20B7 had a content of phenol red in
the stomach lower than controls, indicating an increase in

Table 1. Effect of VB20B7 and cisapride on gastric emptying of steel spheroids in rats.

Treatment Dose n Gastric emptying EDS0
(mgkg™ p.o.) (%) (mgkg™' p.o.)
Control — 16 30077 —
Cisapride 2:5 10 49.5+58 3-60 (1-89-6-87)
50 10 77-3 +8.7*
7-5 10 89-5 £ 4.1%*
10-0 10 97.0 £ 1.5%*
VB20B7 25 8 422471 4-16 (2-49-6-95)
50 8 750 +2-6*
75 9 73-3+1-4*
10-0 8 92-8 +£4.5%*

Rats given by gavage, 40 one-mm diameter steel spheroids 60min after drugs. *P <0.-05;
**P < 0-01 vs. controls (unpaired t-test). Gastric emptying, means +s.e.m.; ED50, 95% confidence

limits.

Table 2. Effect of VB20B7 and cisapride on gastric emptying of a phenol red suspension in rats.

Treatment Dose n Extinction Gastric emptying
(mgkg ™' p.o.) units (%)
Control — 6 0-82+0-06 —
Cisapride 5 4 0-37 £0-09** 56
VB20B7 5 4 0-62+0-10 24
Control — 5 1-16 £0-22 —
Cisapride 10 4 0-54 £ 0-13* 53
VB20B7 10 5 0-61 £ 0-09* 48
Control — 5 1-04+0-16 —
Cisapride 20 4 0-61 +0-22* 41
VB20B7 20 5 0-63 + 0-22* 39

Drugs given 60 min before phenol red. Animals killed 60 min later. *P < 0-05; **P < 0-01 vs the
corresponding controls (unpaired r-test). Extinction units, mean + s.e.m.
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FIG. 1. Effect of VB20B7 (O) and cisapride (@) on the gastro_plaresis
induced by the «,-adrenergic agonist UK-14303 (W, 0-1mgkg™ s.c.)
in rats. Vehicle only ((J). Data are means:l:s‘le.m. of.4—9 animals.
Prokinetic drugs given by mouth (10mgkg™") 60min before the
administration of 40 steel spheroids (1 mm diameter); UK-14304 was
injected immediately after. *P < 0-05, **P <0-01, ***P <0-001 vs
controls (unpaired #-test).

gastric emptying. Cisapride produced approximately the same
percentage increase at the 3 doses tested (from 5 to
10mgkg™"', p.o.). The effect of VB20B7 at 5mgkg™" did
not reach statistical significance. With higher doses (10—
20mgkg ™", p.o.) the effect of VB20B7 did not substantially
differ from that of cisapride (Table 2).

Antagonism of gastroparesis induced by the os-adrenergic
agonist UK-14304. UK-14304 (0-03-0-1 mgkg ~ ', s.c.) caused
a dose-related inhibition in gastric emptying of steel spheroids.
After the higher dose, gastric emptying in the first 2h was
practically absent, and averaged less than 20% of controls
3—4h after administration. This dose was selected for further
experiments. Cisapride and VB20B7, administered 1h before
the o-agonist, counteracted the delay in gastric emptying
induced by UK-14304. Four hours after UK-14304 adminis-
tration, the effect of the «, agonist was fully antagonized both
by cisapride and VB20B7 (Fig. 1).

Gastroprokinetic activity in dogs
Gastric emptying of radiopaque markers. In fasted animals,
there was a tendency to an all-or-none effect in the emptying
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of barium sulphate spheroids. Results were consequently
expressed as percentage of animals emptying all the markers.
None of the control dogs was able to empty all the markers
over the 2h of the experiment. In the cisapride group, the
effect was practically identical 1 or 2h after drug administra-
tion. The effect of VB20B7 was not dose-related. The results
depicted in Table 3 show that VB20B7 produced a statistically
significant effect in the second hour.

In control dogs receiving the radiopaque markers after a
standard solid meal, there was only a moderate emptying of
radiopaque markers over the observation period, averaging
approximately 30%. At variance with the results in dogs not
receiving a digestible meal there was a graded drug effect.
Both drugs increased gastric emptying but there was a high
dispersion of results and only VB20B7 produced a statistically
significant effect (Table 4).

Antagonism of gastroparesis induced by the oj-adrenergic
agonist UK-14304. Pilot experiments showed that dogs receiv-
ing UK-14304, 0-1 mg kg~ ' subcutaneously, exhibited a pro-
found sedation along with emetic episodes. After a lower dose,
0-03mgkg !, the sedation was only moderate and all of the
radiopaque markers remained in the stomach for at least 5h. In
5 out of the 7 animals treated with VB20B7, there was already
some emptying of the spheroids in the second hour. Total
gastric emptying occurred in 2 of these animals in the fourth
hour. With cisapride, the gastroparesis induced by UK-14304
was only moderately attenuated in one of the animals, no effect
being apparent in the other dogs. The results obtained are
depicted in Fig. 2.

Gastric emptying of a radioactive solid/liquid test meal.
VB20B7, 0-2mgkg ™" intravenously, significantly increased,
compared with controls, gastric emptying of solid and liquid
phases. With a higher dose, 1mgkg™', the acceleration of
emptying of the solid phase was no longer apparent while that
of the liquid phase was augmented. Cisapride only tended to
increase significantly the evacuation of solids, but not of
liquids with the lower dose tested, 0-2mgkg ™' (Table 5).

Antiemetic activity in ferrets

Cis-platinum, 15mgkg™"' intraperitoneally, induced in the
ferret a potent emetic response characterized by retches and
vomiting. The first emetic episodes in control animals started
approximately 90 min after cis-platinum. Most retches were
seen within the 120-180-min period and vomiting within the
90-120-min period after cis-platinum administration. The

Table 3. Effect of VB20B7 and cisapride on gastric emptying of radiopaque markers

in fasted beagle dogs.

Treatment Dose n Animals with total emptying (%)
(mgkg™' p.o.) 1h Zh
Control — 16 0 0
Cisapride 05 7 14.3 14.3
1.0 7 28-6 28.6
20 6 16-7 167
VB20B7 025 7 42.8 57-1*
0.5 7 57.1* 57-1*
1 7 286 57-1*

Drugs were given 1h before the administration by gavage of 30 barium sulphate
spheroids. *P < 0-05 vs control (Fisher 2 x 2 test).
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FiG. 2. Effect of VB20B7 (@, 0-5mgkg™') and cisapride (M,
1mgkg ") on the gastroparesis induced by the x,-adrenergic agonist
UK-14304 () (0-03 mgkg'1 s.c.) in fasted beagle dogs. Data are
means +s.e.m. of 6-7 animals. Prokinetic drugs given by mouth
60 min before administration of radiopaque spheroids; UK-14304
was injected immediately after. *P <0.05 vs controls (one-factor
analysis of variance followed by Scheffé test).

maximum inhibitory effect of VB20B7 (10 mg kg~ ! p.o.) was
reached within the 120-150-min period (60-6% and 92-9% for
retches and vomiting, respectively) and was statistically sig-
nificant. Ondansetron (0-5mgkg ™', p.o.) fully protected all of
the animals, no retches or vomiting being observed in any
treated ferret.

CNS activity
Spontaneous motor activity in mice. High doses of VB20B7,
20mgkg ™" intraperitoneally or 200mgkg~" orally, did not
modify spontaneous motor activity in mice while identical
doses of cisapride produced a highly significant reduction
(Table 6).

A highly significant decrease in spontaneous motor activity
was also found when cisapride was injected intracerebroven-
tricularly (5-10pug per mouse) and the activity recorded
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between 5 and 20 min after the intracerebroventricular injec-
tion. Identical doses of VB20B7 dit not produce any significant
reduction in motor activity (Table 6).

Rectal temperature in mice. Cisapride and metoclopramide,
especially the latter drug, produced a profound decrease in
rectal temperature when given at the high dose of 100 mgkg ™"
intraperitoneally. An identical dose of VB20B7 did not change
the rectal temperature of mice (Table 7).

Discussion

The results of the present work show that VB20B7 stimulates
gastric emptying of solids and liquids in rats, in physiological
conditions and in a situation of drug-induced gastroparesis.
Lower doses of this new drug also accelerate gastric emptying
in dogs.

VB20B?7 facilitated gastric emptying in rats, both of solids
(steel spheroids) and liquids (phenol red suspension). Both
VB20B7 and cisapride showed a dose-related effect on gastric
emptying of solids but not of liquids. Differences in the effect
of compounds on gastric emptying of solids and liquids are
probably due to different emptying patterns since liquid
emptying is regulated by tonic contractions of the proximal
part of the stomach, whereas the peristaltic activity of the distal
part (antrum) is responsible for solid emptying (Minami &
McCallum 1984; McCallum et al 1988; Gullikson et al 1991a).

VB20B7 also enhanced gastric emptying of radiopaque
markers in fasted beagle dogs whereas cisapride only produced
a weak effect that did not reach statistical significance. In these
experiments, drug treatment usually produced a non dose-
related all-or-none pattern of gastric emptying. Moreover, drug
effect was not linear with time, particularly in the case of
cisapride which only produced some gastric emptying in the
first hour of the observation period. Like in healthy subjects
and in patients with gastroparesis (Feldman & Smith 1987),
emptying of indigestible solids in fasted dogs does not allow
simple statistical analysis. The experiments were repeated in
the same beagle dogs following a standard solid meal in an
attempt to mimic normal physiological conditions. In this new
situation, animals showed a gradual gastric emptying over the

Table 4. Effect of VB20B7 and cisapride on gastric emptying of radiopaque markers in beagle dogs

with a standard meal.

Treatment Dosle n Gastric emptying (%)
(mgkg™ p.o.)
1h 2h
Control — 11 112+3-6 29-1+6-6
Cisapride 05 3 7-8+4-5 24.5+78
1.0 4 25-8+10-4 475+ 14.7
2.0 4 4924284 5174270
40 5 2734152 50-7+£20-7
VB20B7 0-1 3 16-7+15.0 3224193
025 6 21-7+£16:0 67-2+£20.7*
05 4 55-0+7-3* 67-5+5.5%
1.0 4 400+ 3-6* 55-0+4-0

Drugs given 1h before the administration by gavage of 30 barium sulphate spheroids. Gastric
emptying was calculated individually as % change (meanzs.e.m.) in emptying over own control.

*P < 0-05 vs controls (paired #-test).
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Table 5. Effect of vehicle, VB20B7 and cisapride on gastric empty-
ing of a radioactive solid or liquid meal.

Table 7. Effect of VB20B7, metoclopramide and cisapride on rectal
temperature in mice.

1

Dose (mgkg™ " i.v.) Gastric emptying (%) Treatment Dose . Temperature (°C)
(mgkg™ ip.)
Solid meal Liquid meal Baseline Treatment
Vehicle — 32+5 275 Vehicle — 38241016 3792+0-14
VB20B7 02 39+ 4* 33+6* Metoclopramide 100 3874+ 0-05 33.56 £ 0-58**
Cisapride 02 38+4 2742 Cisapride 100 38.86 +0-08 35.86 1 0-44**
VB20B7 100 38.93 4+ 0-03 38.08+0-32
Vehicle — 3245 275
VB20B7 1.0 3547 37 £5* Data are means+s.e.m. of 5 mice. Temperature recorded before
Cisapride 1.0 34+7 28+4 treatment and 40 min after treatment. **P < 0-01 vs the corresponding

VB20B7 and cisapride were administered intravenously, 10min
before the meal and determinations were carried out 60 min later.
*P < 0-05 vs controls (Student’s ¢ test for paired values). Data are
means +s.e.m., n=38.

Table 6. Effect of VB20B7 and cisapride on spontaneous locomotor
activity in mice.

Treatment Dose® n Motor activity
(cm travelled)
Control — 8 581711042
Cisapride 20 (i.p.) 6 1498 + 90***
VB20B7 20 (i.p.) 8 5225+ 877
Control — 7 5219+ 335
Cisapride 200 (p.o.) 8 222 3 69%**
VB20B7 200 (p.o.) 8 4616719
Control — 5 4580 + 235
Cisapride 5 (i.c.v.) 5 1145 £ 93%**
10 (i.c.v.) 5 870 £ 45%**
VB20B7 5 (i.c.v) 5 4213+390
10 (i.cv) 5 4992 1410

Doses given inmgkg ™' (i.p. and p.0.) or in ug (mouse) ™' (i.c.v.).
Motor activity recorded for 75min. Data are meants.e.m.
**¥*P < 0-001 vs the corresponding controls (paired r-test).

2 hours of the observation period. Both drugs enhanced gastric
emptying of fed dogs. VB20B7 showed a more marked effect
than cisapride, that produced again an increase in gastric
emptying which did not reach statistical significance. It has
been reported that under physiological conditions the control
mechanisms of gastric emptying in dogs may not be markedly
accelerated by cisapride (Wulschke et al 1986) and it seems
that prokinetic drugs only accelerate emptying in the dog when
gastroparesis is present (Gullikson et al 1991a). Since the dose-
response curve for the effect of cisapride on gastric emptying
in this model was bell-shaped, it should not be expected in
principle that higher doses would promote a more marked
emptying. Stimulation of antral motility may elicit inhibitory
reflexes reducing gastric motility and this may result in a
failure to accelerate gastric emptying (Wulschke et al 1986).
Interestingly, VB20B7 was also able to increase gastric emp-
tying in the dog in physiological conditions. These results may
be of particular relevance since dogs are probably a better
model for man with regard to gastrokinesis (e.g. review by
Ford & Clarke 1993). Even though emptying of radiopaque
markers has not been frequently used, to our knowledge, for
the study of prokinetic drugs in dogs, this method has been

controls (paired #-test).

extensively used in studies in humans since it is a simple and
highly sensitive procedure for evaluating gastric motor dys-
function and the effect of prokinetic agents (Bertrand et al
1980; Feldman & Smith 1987; Kawagishi et al 1993).

Prokinetic drugs like cisapride clearly stimulate gastric and
intestinal contractions in dogs and normal healthy subjects, but
gastric emptying may not be enhanced (Wulschke et al 1986;
Edwards et al 1987). It was therefore of interest to induce
gastroparesis pharmacologically in rats and in dogs (Muller-
Lissner et al 1986; Gullikson et al 1991b) in order to demon-
strate clearly the effects of prokinetic benzamides on gastric
emptying. Use of the a,-adrenergic canine model of gastro-
paresis has permitted the demonstration of the gastrokinetic
activity of benzamides, such as renzapride (Gullikson et al
1991b). The highly potent and selective o,-adrenoceptor ago-
nist UK-14304 (Cambridge 1981) was able to induce a situa-
tion of gastroparesis in rats and in dogs with a complete
inhibition of gastric emptying. VB20B7 reversed gastroparesis
in both animal species while cisapride was more effective in
rats but lacked any apparent effect on gastric emptying in dogs.
It could be supposed that the reversion of gastroparesis induced
by VB20B7 was due to an a,-receptor antagonism. However,
in other experiments (not shown) performed in the electrically
stimulated longitudinal muscle myenteric plexus, VB20B7
failed to antagonise the inhibitory effect of the «,-adrenoceptor
agonist clonidine. The results obtained with cisapride in dogs
with gastroparesis are not in keeping with those reported by
Gullikson et al (1991a), although this discrepancy may come
simply from the use of a non-nutrient solid (i.e. barium sul-
phate beads) in the present study. Control mechanisms for
emptying of indigestible solids are obviously very different
from those operating in the emptying of solid food (Hinder &
Kelly 1977; Feldman et al 1984; Kawagishi et al 1993).

In most studies with prokinetic drugs, non-nutrient solids
and liquids that do not initiate a true digestive state have been
used to measure gastric emptying, which is known to be
affected by both the amount and the composition of meals
(Mizuta et al 1990; Gullikson et al 1991a). Consequently, the
enhancement of gastric emptying of solid and liquid radio-
active meals was also studied. VB20B7 accelerated gastric
emptying of both solid and liquid meals whereas cisapride only
tended to modify significantly gastric emptying of the solid
meal. Like in the previous study with radiopaque spheroids, a
loss of effect was found by increasing the dose of both
VB20B?7 and cisapride. This appears to be a general finding for
several prokinetic compounds (e.g. Rizzi et al 1994) and is
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most likely due to a strong effect on the amplitude of antral
contractions, preventing antral filling from the gastric body
(Schuurkes 1990). However, it should also be noted that in
dogs with Thomas cannulas the physiological control of
emptying by the intestine has been eliminated.

The enhancement of contractile activity in the upper gas-
trointestinal tract by prokinetic benzamide drugs has been
demonstrated to be cholinergically-mediated (Wulschke et al
1986; Bermiidez et al 1990). Thus, an increase in acetylcholine
release in the myenteric plexus of the gut has been described
for metoclopramide (Kilbinger et al 1982), cisapride
(Schuurkes et al 1985), BRL 24924 (Sanger 1987) and AS-
4370 (Yoshida et al 1989). VB20B7 appears to be a 5-HT,
receptor agonist in the periphery (Ramirez et al 1996) and a
stimulation of this receptor leads to an activation of the enteric
cholinergic neurons (Ramirez et al 1994). This mechanism of
action has previously been suggested by Gullikson et al (1993).
However, the enhancement of gastric motility may be via
separate pathways, not involving 5-HT) ;3 4 receptors, at least
in the canine antrum (De Ridder & Schuurkes 1993).

As indicated in the Introduction, VB20B7 was a weak 5-HT3
receptor antagonist. Consistent with this modest activity,
VB20B7 was scarcely effective as an antagonist of cis-plati-
num- induced emesis. Even though VB20B7 was not directly
compared with cisapride, it seems that the latter drug is a more
potent antiemetic (Gullikson et al 1991a). Obviously, the slight
antagonist activity of VB20B7 at 5-HTj; sites does not appear
to account at all for the prokinetic effect of this drug. Admit-
tedly, 5-HT; receptor antagonists are able to promote gastric
emptying in rats but not in dogs or in humans (Nielson et al
1990; Schiavone et al 1990; Eglen et al 1993). Cisapride was
more potent than VB20B7 as an antagonist at 5-HT; receptors
of the guinea-pig ileum (Ramirez et al 1996). S-HT; receptor
antagonists such as tropisetron or granisetron not only do not
stimulate but inhibit antral contractile activity in dogs
(Gullikson et al 1991a). It is then possible to speculate that
5-HT; receptor antagonism may determine the comparatively
lower effect of cisapride in the studies of gastric emptying in
dogs.

Dopamine is known to suppress gastric motility by inhi-
biting the release of acetylcholine from the nerve terminals
via stimulation of dopamine D, receptors (Kusunoki et al
1985). In binding assays, VB20B7 even at a 10™*M con-
centration had no affinity at the [3H]spiperone-1abelled D,
receptors of rat cortical membranes whereas cisapride had a
relative high affinity at this site, with an IC50 of 0-68 uM
(Monge et al 1994), a result in agreement with previous data
(Yoshida et al 1991). The decrease in spontaneous locomotor
activity of mice induced by high doses of cisapride and not by
the same doses of VB20B7 may be a consequence of the
differential activity of both drugs at central dopamine D,
receptors. Since qualitatively identical results were obtained
after intracerebroventricular administration of the drugs, these
data suggest that the lack of effect VB20B7 is not a con-
sequence of a poor penetration of the blood-brain barrier.
Another effect associated with D, receptor antagonism is the
decrease of rectal temperature. Cisapride, and more markedly
metoclopramide, produced a significant decrease whereas
VB20B7 did not produce any effect when administered at the
same high dose.

In conclusion, VB20B7 is a prokinetic agent whose effects

are possibly mediated through an agonist activity at peripheral
5-HT, receptors. Its pharmacological profile is partially dif-
ferent from that of cisapride as it lacks any affinity at dopamine
D, receptors. From the clinical point of view, VB20B7 may be
a gastrokinetic agent similar to cisapride.

Acknowledgements
This study was supported by VITA, S.A. The authors would
like tc thank Ms. Sandra Lizaso for expert technical assistance.

References

Bermiidez, J., Dunbar, A., Sanger, G. J.,, Tumer, D. H. (1990)
Stimulation of canine gastric motility by BRL 24924, a new gastric
prokinetic agent. J. Gastrointest. Motil. 2: 281-286

Bertrand, J., Metmann, E. H, Danquechin Dorval E., Rouleau, P.,
D’Hueppe, A., Itti, R., Philippe, L. (1980) Etude du temps d’éva-
cuation gastrique de repas normaux au moyen de granules radio-
opaques. Applications cliniques et validation. Gastroenterol. Clin.
Biol. 4: 770-776

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

Buchheit, K. H.,, Gamse, R., Bertholet, A., Buscher, H. H. (1989)
Antagonists at serotonergic 5-HTj; receptors increase gastric empty-
ing of solids and liquids in the rat. Gastroenterology 96: A63

Cambridge, D. (1981) UK-14304, a potent and selective a,-agonist for
the characterisation of a-adrenoceptor subtypes. Eur. J. Pharmacol.
72: 413415

Camilleri, M., Brown, M. L., Zinsmeister, A. R. Malagelada, J-R.
(1985) Cisapride corrects the impaired small bowel transit of chyme
in chronic intestinal pseudoobstruction (abs). Gastroenterology 88:
1340

Cohen, M. L., Bloomquist, W., Gidda, J. S., Lacefield, W. (1990) LY
277359: a potent and selective 5-HT; receptor antagonist without
gastroprokinetic activity. J. Pharmacol. Exp. Ther. 254: 350-
355

Costall, B., Gunning, S. J., Naylor,R. J., Tyers, M. B. (1987) The effect
of GR 38032F, a novel 5-HT; receptor antagonist on gastric
emptying in the guinea-pig. Br. J. Pharmacol. 91: 263-264

Craig, D. A., Clarke, D. E. (1990) Pharmacological characterization of
a neuronal receptor for 5-hydroxytryptamine in guinea-pig ileum
with properties similar to the S5-hydroxytryptamine, receptor. J.
Pharmacol. Exp. Ther. 252: 1378-1386

De Ridder, W. J. E., Schuurkes, J. A. J. (1993) Cisapride and 5-
hydroxytryptamine enhance motility in the canine antrum via
separate pathways, not involving S-hydroxytryptamine, 5 3 4 recep-
tors. J. Pharmacol. Exp. Ther. 264: 79-88

Edwards, C. A., Holden, S., Brown, C., Read, N. W. (1987) Effect of
cisapride on the gastrointestinal transit of a solid meal in normal
human subjects. Gut 28: 13-16

Eglen, R. M,, Lee, C.-H., Smith, W. L.,. Johnson, L. G, Whiting, R. L.,
Hedge, S. S. (1993) RS 42358-197, a novel and potent 5-HT;
receptor antagonist, in vitro and in vivo. J. Pharmacol Exp. Ther.
266: 535-543

Feldman, M., Smith, H. J. (1987) Effect of cisapride on gastric
emptying of indigestible solids in patients with gastroparesis dia-
beticorum. A comparison with metoclopramide and placebo. Gas-
troenterology 92: 171-174

Feldman, M., Smith, H. J., Simon, T. R. (1984) Gastric emptying of
solid radiopaque markers: studies in heaithy subjects and diabetic
patients. Gastroenterology 87: 895-902

Ford, A. P. D. W,, Clarke, D. E. (1993) The 5-HT, receptor. Med. Res.
Rev. 13: 633-662

Gullikson, G. W., Loeffler, R. F., Virifia, M. A. (1991a) Relationship of
serotoniny receptor antagonist activity to gastric emptying and
motor-stimulating actions of prokinetic drugs in dogs. J. Pharmacol.
Exp. Ther. 258: 103-109



GASTROKINETIC ACTIVITY OF VB20B7 73

Gullikson, G. W., Virifia, M. A,, Loeffler, R. F., Erwin, W. D. (1991b)
Alpha-2-adrenergic model of gastroparesis: validation with renza-
pride, a stimulator of motility. Am. J. Physiol. 261: G426-G432

Gullikson, G. W., Virifia, M. A., Loeffler, R. F., Yang, D.-C., Godstin,
B., Wang, S.-X., Moummi, C., Flynn, D. L., Zabrowski, D. L.
(1993) SC-49518 enhances gastric emptying of solid and liquid
meals and stimulates gastrointestinal motility in dogs by a 5-
hydroxytryptamine, receptor mechanism. J. Pharmacol. Exp. Ther.
264: 240-248

Harrington, R. A., Hamilton, C. W., Brogden, R. N, Linkewich, J. A,,
Romankiewicz, J. A., Heel, R. C. (1983) Metoclopramide: an
updated review of its pharmacological properties and clinical use.
Drugs 25: 451-494

Hinder, R. A, Kelly, K. A. (1977) Canine gastric emptying of solids
and liquids. Am. J. Physiol. 233: E335-E340

Jacoby, H. L, Brodie, D. A. (1967) Gastrointestinal actions of meto-
clopramide. Gastroenterology 52: 676-684

Jian, R., Ducrot, F., Piedeloup, C., Mary, J. Y., Najean, Y., Bernier, J.
J. (1985) Measurement of gastric emptying in dyspeptic patients:
effect of a new gastrokinetic agent (cisapride). Gut 26: 352-358

Kawagishi, T., Nishizawa, Y., Okuno, Y., Sekiya, K., Morii, H. (1993)
Effect of cisapride on gastric emptying of indigestible solids and
plasma motilin concentration in diabetic autonomic neuropathy.
Am. J. Gastroenterol. 88: 933-938

Kilbinger, H., Kruel, R., Pfeuffer-Friederich, I., Wessler, 1. (1982) The
effects of metoclopramide on acetylcholine release and on smooth
muscle response in the isolated guinea-pig ileum. Naunyn-Schmie-
deberg’s Arch. Pharmacol. 319: 231-238

Kilpatrick, G. J., Bunce, K. T., Tyers, M. B. (1990) 5-HTj receptors.
Med. Res. Rev. 10: 441-475

King, F. D., Sanger, G. J. (1988) Gastrointestinal motility enhancing
agents. Ann. Rep. Med. Chem. 23: 201-203

Kusunoki, M., Taniyama, K., Tanaka, C. (1985) Dopamine regulation
of [*H]-acetylcholine release from guinea-pig stomach. J. Pharma-
col. Exp. Ther. 234: 713-719

Lederer, P. D., Ellermann, A., Schmidt, H., Ernst, V., Lux, G. (1985)
Effect of cisapride on sigmoid motility in healthy subjects and in
diabetic enteropathy with constipation. Gastroenterology 88: 1468

McCallum, R. W., Prakash, C., Campoli-Richards, D. M., Goa, K. L.
(1988) Cisapride: a preliminary review of its pharmacodynamic and
pharmacokinetic properties, and therapeutic use as a prokinetic
agent in gastrointestinal motility disorders. Drugs 36: 652-681

Megens, A. A. H. P., Awouters, F. H. L., Niemegeers, C. J. E. (1991)
General pharmacology of the four gastrointestinal motility stimu-
lants bethanechol, metoclopramide, trimebutine and cisapride. Arz-
neim. Forsch. 41: 631-634

Minami, H., McCallum, R. W. (1984) The physiology and pathophy-
siology of gastric emptying in humans. Gastroenterology 86: 1592—
1610

Mizuta, H., Kawazoe, Y., Ogawa, K. (1990) Gastrointestinal absorp-
tion of chlorothiazide: evaluation of a method using salicylazosul-
fapyridine and acetaminophen as the marker compounds for
determination of the gastrointestinal transit time in the dog.
Chem. Pharm. Bull. 38: 2810-2813

Monge, J. A., Pefia, M. C., Palop, J. A., Calderd, J. M., Roca, J,,
Garcia, E., Romero, G., Del Rio, J., Lasheras, B. (1994) Synthesis of
2-piperaziny! benzothiazole and 2-piperazinyl benzoxazole deriva-
tives with 5-HTsantagonist and 5-HT, agonist properties. J. Med.
Chem. 37: 1320-1325

Muller-Lissner, S. A., Fraas, C., Hartl, A. (1986) Cisapride offset
dopamine-induced slowing of fasting gastric emptying. Dig. Dis.
Sci. 31: 807-810

Nielson, O. H., Hvid-Jacobsen Lund, P., Langohlz, E. (1990) Gastric
emptying and subjective symptoms of nausea: lack of effect of 5-
hydroxytryptamine; receptor antagonists on gastric emptying.
Digestion 46: 89-96

Pinder, R. M., Brogden, R. N., Sawyer, P. R., Speight, T. M., Avery, G.
S. (1976) Metoclopramide: a review of its pharmacological proper-
ties and clinical use. Drugs 12: 81-90

Ramirez, M. J., Cenarruzabeitia, E., Del Rio, J., Lasheras, B. (1994)
Involvement of neurokinins in the non-cholinergic response to
activation of 5-HT; and 5-HT, receptors in guinea-pig ileum. Br.
J. Pharmacol. 111: 419424

Ramirez, M. J., Garcia-Garayoa, E., Romero, G., Monge, A., Roca, J.,
Del Rio, J., Lasheras, B. (1997) VB20B7, a novel 5-HT-ergic agent
with gastrokinetic activity. I. Interaction with 5-HT; and 5-HT,4
receptors. J. Pharm. Pharmacol. 49: 58-65

Rizzi, A., Sagrada, A., Schiavone, A., Schiantarelli, P., Cesana, R.,
Schiavi, G. B., Ladinsky, H., Donetti, A. (1994) Gastroprokinetic
properties of the benzimidazolone derivative BIMU1, an agonist at
5-hydroxytryptamine4 and antagonist at 5-hydroxytryptamine3
receptors. Naunyn Schmiedebergs Arch. Pharmacol. 349: 338-345

Roca, A. J., Pefia, C., Monge, A., Romero, G., Garayoa, E., Del Rio, J.,
Lasheras, B. (1994) VB20B7 a novel gastrokinetic agent with 5-HT,
receptor agonist and 5-HT; receptor antagonist properties. Neuro-
gastroenterol. Motil. 6: 149

Sanger, G. J. (1987) Increased gut cholinergic activity and antagonism
of 5-hydroxytryptamine M-receptors by BRL-24924: Potential clin-
ical importance of BRL-24924. Br. J. Pharmacol. 91: 77-87

Schiavone, A., Volonte, M., Micheletti, R. (1990) The gastrointestinal
motor activity of benzamide derivatives is unrelated to 5-HT;
receptor blockade. Eur. J. Pharmacol. 187: 323-329

Schuurkes, J. A. J. (1990) Effects of cisapride on gastric motility. Z.
Gastroenterol. 28 (Suppl. 1): 27-30

Schuurkes, J. A. J., Van Nueten, J. M., Van Daele, P. G. H., Reytjens,
A. ], Janssen, P. A. J. (1985) Motor-stimulating properties of
cisapride on isolated gastrointestinal preparations of the guinea-
pig. J. Pharmacol. Exp. Ther. 234: 775-783

Waulschke, S., Ehrlein, H. J., Tsiamitas, C. (1986) The control mechan-
isms of gastric emptying are not overriden by motor stimulants. Am.
J. Physiol. 251: G744-G751

Yoshida, N., Ito, T., Karasawa, T., Itoh, Z. (1991) AS-4370, a new
gastrokinetic agent, enhances upper gastrointestinal motor activity
in conscious dogs. J. Pharmacol. Exp. Ther. 257: 781-787

Yoshida, N., Omoya, H., Oka, M., Furukawa, K., Ito, T., Karasawa, T.
(1989) AS-4370, a novel gastrokinetic agent free of dopamine D,
receptor antagonist properties. Arch. Int. Pharmacodyn. Ther. 300:
51-67



