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Abstract

Recent studies suggested that serotonin receptors may be involved in modulating the actions of cholecystokinin (CCK) in the
gastrointestinal tract. The present work was designed to compare the effects of deramciclane, a recently developed serotonin-2
(5-HT,, /2(:) receptor antagonist, and lorglumide, a CCK , receptor antagonist, on exogenous and endogenous CCK-induced pancreatic
enzyme secretion and pancreatic growth, as well as on the emptying of the stomach and the gallbladder. Pancreatic secretory function was
tested while CCK release was evoked by diversion of bile-pancreatic juice in rats. Adaptive growth of the pancreas was induced by
chronic intragastric administration of camostate, a potent synthetic trypsin inhibitor in rats. Gastric emptying of a noncaloric test meal was
investigated in response to intraduodenal intralipid infusion, aso in rats. In fasted mice, gallbladder emptying was examined in response
to intregastric egg yolk administration. In rats, diversion of bile-pancreatic juice from the duodenum stimulated pancreatic amylase
secretion. This action was blocked by deramciclane and by lorglumide. Pancreatic hypertrophy and hyperplasia induced by chronic
camostate administration was also suppressed by both the serotonin- and the CCK-receptor antagonists. Intraduodena administration of
intralipid induced a significant delay in gastric emptying. This effect was inhibited by both deramciclane and lorglumide in rats. In mice,
intragastric administration of egg yolk elicited an accelerated release of bile from the gallbladder. Prior treatment with either deramciclane
or lorglumide abolished this response. Lorglumide was able to inhibit the functional responses elicited by exogenous CCK administration
in both pancreas, stomach and gallbladder, while deramciclane was not effective under such circumstances. Our data show that
deramciclane inhibited the effects of CCK on pancreatic, gastric and gallbladder function when its endogenous rel ease was stimulated, but
did not alter the effects of exogenously administered peptide. These results suggest that serotonin, primarily via 5-HT,, receptors, may
modulate CCK-mediated gastrointestinal functions in rats. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction emptying in different animal species, including humans

(Liddle, 1994). The presence of specific receptors for

It is well known that cholecystokinin (CCK) belongs to
the group of brain-gut peptides: it functions both as a
neuropeptide and as a gut hormone (Dockray, 1989). In the
gut, its primary roles are thought to be the physiological
regulation of pancreatic enzyme secretion and gallbladder
contraction (Chey, 1993). In vivo experiments have shown
that both endogenous and exogenous CCK increases en-
zyme output from the pancreas and stimulates gallbladder
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CCK-like peptides in the mammalian pancreas and gall-
bladder was confirmed in in vitro studies with pancreatic
acini and gallbladder strips, respectively (Liddle, 1994).
Along with its effect on secretion, the ability of CCK
alone, or in combination with secretin, to produce hyper-
plasia and hypertrophy of the exocrine pancreas has been
well documented (Solomon, 1981; Folsch, 1984).
Although the pancreas and the gallbladder are the prin-
cipal target organs of CCK in the gastrointestinal tract,
CCK receptors present throughout the gut (Woodruff and
Hughes, 1991), including smooth muscle of the stomach
(Miller, 1984). It is, therefore, conceivable that CCK has a
physiological role not only in the stimulation of pancreatic
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secretion and gallbladder contraction, but aso in the regu-
lation of gastrointestinal motility. From a physiological
point of view, CCK is probably one of the peptides
involved in the regulation of peristalsis (Mayer, 1994).
Gastric emptying is one of the most important motor
functions in the gut. It limits the rate of absorption of
nutrients and drugs by controlling delivery into the small
intestine. The rate of delivery is modulated by feedback
from nutrients in the small intestine, and by the central
nervous system via the vagus and sympathetic nerves and
the release of a variety of hormones (Mayer, 1994). CCK
delays emptying of the gastric contents in both animals
and humans (Mayer, 1994). In rats, both exogenous and
endogenous CCK delays, while CCK, receptor antago-
nists accelerate gastric emptying (Green et al., 1988;
Scarpignato et al., 1993; Varga and Scarpignato, 1996).

Recent studies have suggested that 5-HT,; and 5-HT,
receptor antagonists are able to inhibit the pancreatic secre-
tory response to endogenous CCK stimulation (Li and
Owyang, 1996a; Li et al., 1996b). Furthermore, serotonin
and serotonin receptor immunoreactivities have also been
demonstrated in the pancreas, stomach and intestine
(Bonhaus et al., 1995; Kuemmerle et a., 1995; Kirchgess-
ner et a., 1996; Sha et al., 1996; Berger and Fehér, 1997),
but their physiological role is not completely understood.
Deramciclane is a novel anxyolitic compound (Gacsalyi et
al., 1988) that has been reported to have marked affinity
for both 5-HT,, and 5-HT,. receptors (Gacsalyi et a.,
1988, 1996, 1997). It has been clearly shown that deramci-
clane is a 5-HT, receptor antagonist both at central and
peripheral locations (Gacsalyi et al., 1988, 1996, 1997). In
the present investigation, the effect of deramciclane was
evaluated on CCK-induced changes of gastrointestinal
function in several experimental models in rats and mice.
Endogenous CCK release was induced in four different,
well-characterised ways: diversion of bile-pancreatic juice
from the duodenum (Louie et al., 1986; Varga et a.,
1991); intragastric administration of camostate, a potent
releaser of endogenous CCK (Goke et al., 1986; Douglas
et al., 1990); intraduodenal intralipid infusion (Holzer et
a., 1994); and intragastric egg yolk administration
(Makovec et a., 1987a,b; Gully et a., 1993). The func-
tional activity of the pancreas, stomach and gallbladder
was measured and the modulatory effect of deramciclane
and the CCK, receptor antagonist lorglumide was com-
pared.

2. Materials and methods
2.1. Pancreatic secretory studies

Male Wistar rats weighing 280—360 g were used. They
were purchased from LabTech Kft (Hungarian branch of

Charles River Europe) and were used at least one week
after their arrival at the laboratory. The animals were

housed at constant temperature (24°C) and under a 12 12-h
light cycle and were fed on standard rat chow at libitum.

Rats were prepared and maintained as previously de-
scribed (Varga et al., 1991; Reidelberger et al., 1994).
Briefly, under pentobarbital (40 mg/kg intraperitoneally)
anaesthesia a Gregory-type gastric cannula was implanted
in the forestomach. An indwelling catheter (PE-50) was
inserted into the jugular vein. Both cannulas were tun-
nelled to the neck under the skin. Two other catheters
(PE-50) were used to cannulate the bile-pancreatic duct at
its entry into the duodenum, and to insert a cannula into
the duodenum 2 cm distal to the pylorus. These catheters
were exteriorised through the abdominal wall. After
surgery, the animals were placed into Bollman-type cages.
Bile-pancreatic and duodenal cannulas were connected be-
tween experiments in order to recirculate bile-pancreatic
juice. Rats received lactated Ringer’s solution at 0.8 ml /h
intravenously and were fed intragastrically with a semi-ele-
mental liquid diet (daily 2 ml /h for 10 h, 1 ml = 1 kcdl,
Pepti-2000 LF, EGIS-Nutricia, Budapest) through the gas-
tric cannula. Experiments were carried out between the 3rd
and 7th postoperative days, starting 8-10 h after comple-
tion of intragastric feeding. Bile-pancreatic juice was col-
lected in 30-min periods. Pre-collected donor bile-pan-
creatic juice, pooled and diluted 1:1 with 0.15 M NaCl,
was infused into the duodenum a 2.0 ml/h. During
bile-pancreatic juice diversion, 0.15 M NaCl was infused
into the duodenum at the same rate. Each experiment
started with three 30-min basal periods, and basal secretion
was regarded as the average of the second and third
periods. When rats received different treatments in a given
experiment, each rat received each treatment once on
different days, and the order of the treatments was ran-
domised within each experiment. Individual rats did not
necessarily receive all treatments in a given set of experi-
ments. The volume of bile-pancreatic juice was measured
gravimetrically. Amylase activity was measured according
to the method of Bernfeld (Bernfeld, 1955), using maltose
as a standard. Amylase output was calculated and ex-
pressed as units per 30-min collection period (1 U=1
pwmol maltose,/min).

In the first experiment, the effect of deramciclane and
lorglumide on bile-pancreatic juice diversion-stimulated
amylase secretion was investigated. Six different treatment
groups were formed (n=7-10): group 1, vehicle (1%
methylcellulose in saling, 0.3 ml /rat i.v.); group 2, bile-
pancreatic juice diversion from the duodenum; group 3,
diversion + lorglumide (10 mg/kg); group 4, diversion
+3 mg,/kg deramciclane; group 5, diversion +10 mg/kg
deramciclane; and group 6, diversion +30 mg/kg deram-
ciclane. Bile pancreatic juice diversion was continued dur-
ing periods 4—7. Deramciclane and lorglumide were ad-
ministered intravenously 5 min before the start of bile
pancreatic juice diversion.

In another set of experiments the action of lorglumide
and deramciclane was tested on CCK-8-induced pancrestic
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amylase secretion (n=7-9). A dose of CCK (200
pmol /kg h) that induces submaximal stimulation of pan-
creatic enzyme secretion (O’'Rourke et al., 1989) was
administered for 120 min after three basal periods. Vehi-
cle, lorglumide (10 mg/kg) or deramciclane was given
intravenously 5 min before CCK-8 (200 nmol /kg h i.v.).
In this experiment only one dose of deramciclane (30
mg/kg) was tested. Otherwise, the experimental condi-
tions were identical to those of the previous experiments.

2.2. Trophic studies with the pancreas

Six groups of intact rats (n = 10-10; initial body weight
150-170 g) were used. They were treated with the follow-
ing compounds for five days: group 1 with saline, group 2
with camostate (200 mg/kg, once daily, intragastrically by
gavage), group 3 with camostate and 3 mg,/kg deramci-
clane, group 4 with camostate and 10 mg,/kg deramci-
clane, group 5 with camostate and 30 mg,/kg deramci-
clane, and group 6 with camostate + lorglumide (10
mg/kg). Deramciclane and lorglumide were administered
intraperitoneally twice daily, 15 min before and 3 h after
the proteinase inhibitor. Animals were killed after an
overnight fast on the sixth day.

The pancreas was carefully trimmed free of fat, mesen-
tery and lymph nodes, weighed, and homogenized in buffer
(pH 8.0) of the following composition (mM): Tris—HClI
100, KCI 100, and CaCl, 20. Trypsin and amylase activi-
ties were then measured in the homogenate. Amylase
activity was measured as described above (Bernfeld, 1955),
while trypsin was estimated by a spectrophotometric
method (Hummel, 1959) after activation of trypsinogen
(Solomon et al., 1978). The tissue DNA content was
determined by the method of Labarca and Paigen (Labarca
and Paigen, 1980). Caf thymus DNA was used as a
standard.

2.3. Gastric emptying

Under pentobarbital (40 mg/kg i.p.) anaesthesia a Gre-
gory-type gastric cannula was implanted in the forestom-
ach of rats (Varga et a., 1995, Varga and Scarpignato,
1996). An indwelling catheter (PE-50) was inserted into
the jugular vein, and another cannula (PE-90) was inserted
into the duodenum 2 cm distal to the pylorus. Both cannu-
las were tunnelled to the neck under the skin. Experiments
were started after at least one week of recovery, during
which time the animals became adapted to restraint for
some hours twice a week in Bollman-type cages. The
duodenal cannulas were filled with petroleum jelly be-
tween experiments.

Before experiments, the animals were fasted overnight
and placed in Bollman-type cages. After the gastric can-
nula was opened, the stomach was rinsed with warmed

saline and the experiments were started after at least 30
min. A 0.9 M NaCl solution containing phenol red (0.6
g/1) was used as noncaloric liquid test meal. 3 ml of
pre-warmed (37°C) test meal were dowly (20 s) instilled
into the stomach via a plastic catheter passed through a
rubber plug fixed to the gastric cannula. Five minutes later
the cannula was opened by removing the plug and the
remaining gastric content was collected by gravity in
graduated tubes. The stomach was then rinsed with 3 ml
saline and the washing solution was added to the recovered
gastric content. The phenol red concentration in the mix-
ture was then measured spectrophotometrically at 560 nm
by adding 0.1 N NaOH and the total amount of the marker
recovered from the stomach was calculated. The data for
emptying are expressed as percentages of liquid emptied
over 5 min.

In the first set of experiments, the effect of intralipid, in
concentrations capable of releasing endogenous CCK
(Holzer et al., 1994), on the gastric emptying of liquids
was assessed. To this end, 0.9% saline or intralipid (5, 10
or 20%) was perfused intraduodenally at a rate of 0.1
ml /h (n=6-7). The tota volume of perfusate was 1.5
ml. Perfusion started 10 min before instillation of the
noncaloric meal and continued throughout the measure-
ment of gastric emptying.

In the second set of experiments, the action of vehicle
(1% methylcellulose in saline), deramciclane and lorglu-
mide on the 20% intralipid-induced delay in gastric empty-
ing was studied. Vehicle (3 ml /rat), deramciclane (3, 10
and 30 mg/kg) or lorglumide (10 mg/kg) was given
intragastrically 30 min before the meal (n = 7-10).

In the third set of experiments, the action of lorglumide
was tested on the CCK-8-induced delay in gastric empty-
ing (n=7-7). Vehicle or lorglumide (10 mg/kg, i.g.) was
given intragastrically 30 min before the meal. The CCK-8
(10 nmol /kg h) infusion was started 10 min before instil-
lation of the noncaloric meal and continued throughout the
measurement of gastric emptying. In this experiment, the
animals did not have a duodena cannula, and the stomach
was rinsed with 5 ml saline (instead of 3 ml) during
collection of the fluid remaining in the stomach. Other-
wise, the experimental conditions were identical to those
of the previous experiments.

2.4. Gallbladder emptying

Male NMRI mice (22-30 g; LabTech Kft, Charles
River Europe) were fasted for 24 h before the experiments,
but tap water was available ad libitum. The animals were
randomly divided into 4-6 groups (8—12 animals/group)
on each experimental day. They were treated with the test
compound or the vehicle p.o. 45 min before either ora
administration of 0.5 ml 30% freshly prepared egg yolk
suspended in 0.4% methylcellulose solution or subcuta-
neous injection of CCK-8. Control animals were treated
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Fig. 1. Effect of deramciclane and lorglumide on bile-pancreatic juice
diversion- and exogenous CCK-8-stimulated pancreatic amylase secretion
in rats. (A) Bile-pancreatic juice diversion. The antagonists and saline
were given after three basal collection periods as indicated by the arrow;
Saline (@); VEH (O) = vehicle; 3 DER (v), 10 DER (O) and 30 DER
(#)=deramciclane at 3, 10 and 30 mg/kg doses, respectively; 10 LOR
(a)=lorglumide at 10 mg/kg. Values are means+ S.E.M.; (n= 7-10).
(B) CCK-8 stimulation. The antagonists and saline were given after three
basal collection periods as indicated by the arrow; Saline (@); VEH
(O) = vehicle; 30 DER (v)=deramciclane a 30 mg/kg; 10 LOR
(a)=lorglumide at 10 mg/kg. Values are means+ S.E.M. (n= 7-9).

with vehicle instead of egg yolk or CCK-8. Mice were
killed by cervical didlocation 15 min later and the gallblad-
der was quickly removed and weighed.

Three separate experiments were performed. In the first
experiment, the dose—response effect of deramciclane

(0.3-30 mg/kg) on egg yolk-stimulated gallbladder emp-
tying was tested. In the second one, the inhibitory action of
lorglumide (1-10 mg/kg) was investigated under similar
conditions. Finaly, in the third experiment, the effects of
deramciclane (30 mg/kg) and lorglumide (10 mg/kg)
were studied on gallbladder emptying stimulated by 1
rg/kg CCK-8.

2.5. Evaluation of data

All data are presented as means+ S.E.M. In secretory
experiments cumulative amylase output over basal secre-
tion was calculated during the first 90 min after treatment
for each rat. Basal secretion was regarded as the average of
the second and third collection periods. One-way analysis
of variance (ANOVA) followed by Student—Newman—-Ke-
uls multiple comparisons test were used to evaluate statisti-
cal significance. This analysis was performed by using the
InStat program (GraphPad Software, San Diego, CA) run-
ning on an IBM PC.

2.6. Drugs

CCK-8 (Research Plus, Bayonne, NJ) was dissolved in
saline containing 0.2% bovine serum albumin (Sigma St.
Louis, MO). Intrdipid (20%, Kabivitrum) was diluted in
physiological saline. Camostate (compound marked FOY -
305, Ono Pharmaceuticals, Osaka, Japan) and lorglumide
(RBI) were dissolved in saline. Deramciclane (EGIS Phar-
maceuticals) was suspended daily in a solution containing
0.4—1% methylcellulose (Methocell F4M, Dow Chemical,
USA). Fresh solutions of each compound were prepared
each experimental day.

3. Results

3.1. Pancreatic enzyme secretion in rats

Diversion of bile-pancreatic juice from the duodenum
resulted in a significant increase in pancreatic amylase

Table 1
Effect of deramciclane and lorglumide on bile-pancreatic juice diversion-stimulated pancreatic amylase secretion in rats

Mean + SEM. Difference Difference

vs. saline vs. diversion alone

Sdine —0.7 £ 0.659 - -
Diversion 3.188 + 0.815 P <0.05 -
Diversion +10 mg,/kg LOR 0.579 + 0.929 NS P <0.05
Diversion +3 mg/kg DER 2.763 + 0.827 P <0.05 NS
Diversion + 10 mg,/kg DER 3.092 + 0.913 P <0.05 NS
Diversion + 30 mg/kg DER —0.233+0.913 NS P <0.05

Diversion = diversion of bile-pancreatic juice from the duodenum; LOR = lorglumide, DER = deramciclane; NS = not significant.
Data represent cumulative amylase output (minus basal) for collection periods 4 through 6.
Basal secretion was determined as the average of the 2nd and 3rd periods (depicted in Fig. 1A).
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Table 2
Effect of deramciclane and lorglumide on CCK-stimulated pancreatic amylase secretion in rats

Mean + SEM. Difference Difference

vs. saline vs. CCK-8 aone

Sdine —0.813 + 0.295 - -
CCK-8 3.516 + 0.753 P<0.01 -
CCK-8 +10mg,/kg LOR 0.154 + 1.021 NS P <001
CCK-8 +10 mg/kg DER 1.947 + 0.809 P <0.05 NS

LOR = lorglumide, DER = deramciclane; CCK-8: 200 pmol /kg h i.v. infusion; NS = not significant.
Data represent cumulative amylase output (minus basal) for collection periods 4 through 6.
Basal secretion was determined as the average of the 2nd and 3rd periods (depicted in Fig. 1B).

secretion (cumulative secretory response: 3.19 + 0.81
kU /90 min) in rats (Fig. 1A and Table 1). The two lower
doses of deramciclane (3 and 10 mg/kg) did not modify
this effect of diversion. On the contrary, 30 mg,/kg deram-
ciclane and 10 mg/kg lorglumide, given intravenously,
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Fig. 2. Effect of deramciclane and lorglumide on 5-day camostate treat-
ment-evoked changes in pancreatic weight (A) and tissue DNA content
(B) in rats. Black columns: camostate treatment; VEH = vehicle; 3 DER,
10 DER and 30 DER = deramciclane a 3, 10 and 30 mg/kg doses,
respectively; 10 LOR = lorglumide at 10 mg/kg. Vaues are means+
SEM. (n=10-10). "P <0.05, " “P <0.01 vs. Sding; ** P < 0.01 vs.
camostate alone (VEH).

almost completely counterbalanced the secretory response
to diversion (cumulative secretory responses: —0.23 + 0.59
KU /90 min, and 0.68 + 0.92 kU /90 min, respectively;
Fig. 1A and Table 1).

As expected, exogenous CCK (200 pmol /kg h) also
stimulated pancreatic enzyme secretion. In this case, ad-
ministration of 10 mg/kg lorglumide completely abolished
the stimulatory action of the peptide, while 30 mg/kg
deramciclane did not significantly modify the effect of
CCK (Fig. 1B and Table 2).

3.2. Pancreatic growth in rats

All tissue parameters given are normalised to unit body
weight. As previously described, chronic administration of
camostate increased the weight of the pancreas, as well as
the pancreatic DNA content (Fig. 2). Lower doses of
deramciclane (3 and 10 mg/kg) did not modify these
effects of camostate. At a dose of 30 mg/kg, deramciclane
and lorglumide inhibited the camostate-induced increase in
pancreatic weight and DNA content (Fig. 2). Camostate
treatment also stimulated the pancreatic trypsin content
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Fig. 3. Effect of deramciclane and lorglumide on intralipid-evoked accel-
eration of gastric emptying in rats. Black columns: 20% Intralipid infu-
sion; VEH = vehicle; 3 DER, 10 DER and 30 DER = deramciclane at 3,
10 and 30 mg/kg doses, respectively; 10 LOR = lorglumide at 10
mg/kg. Values are means+ S.EE.M. (n=7-10). * “P < 0.01 vs. Saline;
**P <0.01 vs. intralipid alone (VEH).
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(P < 0.01), an effect that was abolished by both 30 mg/kg
deramciclane and 10 mg/kg lorglumide. No significant
changes were observed, however, in pancreatic amylase
content among the different experimental groups (data not
shown).

3.3. Gastric emptying in rats

Five min after ingtillation of physiological saline into
the rat stomach, 32 + 4% of the fluid was recovered.
When intralipid (5, 10 and 20%) was given intraduode-
nally together with the test meal, it delayed gastric empty-
ing in a concentration-dependent manner (data not shown).
For further studies, we used a 20% intralipid infusion
because this dose induced the most pronounced effect.
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MC

egg yolk

Fig. 5. Effect of deramciclane on egg yolk-evoked acceleration of gall-
bladder emptying in mice. Black columns: egg yolk i.g.; VEH = vehicle;
0.3-30 DER = deramciclane at 0.3—30 mg/kg doses, respectively. Val-
ues are means+ S.EM. (n=8-12). “P < 0.05 vs. Saline; “P < 0.05 vs.
egg yolk alone (VEH).
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Fig. 6. Effect of lorglumide on egg yolk-evoked acceleration of gallblad-
der emptying in mice. Black columns: egg yolk i.g.; VEH = vehicle;
1-10 LOR = lorglumide at 1-10 mg/kg doses, respectively. Values are
means+SEM. (n=8-12). P <0.05 vs. Sadline; P <0.05 vs. egg
yolk alone (VEH).

In the next set of experiments, 20% Intralipid infusion
into the duodenum resulted in a delay in gastric emptying
(Fig. 3). The two lower doses of deramciclane (3 and 10
mg/kg) did not affect this action of intralipid. On the
contrary, 30 mg/kg deramciclane and lorglumide, given
intragastrically, significantly inhibited the delay induced
by the lipid. It is worth mentioning, however, that none of
these compounds was able to completely counterbalance
the intralipid-induced delay in gastric emptying (Fig. 3).

Exogenous CCK (10 nmol /kg h) aso induced a delay
in the emptying of the noncaloric test meal. In this case,
administration of 10 mg/kg lorglumide completely abol-
ished the action of the peptide while 30 mg,/kg deramci-
clane did not modify it (Fig. 4).
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Fig. 7. Effect of deramciclane and lorglumide on CCK-evoked accelera-
tion of gallbladder emptying in mice. Black columns= CCK-8 at 1
ng/kg dose; VEH = vehicle; 30 DER = deramciclane at 30 mg/kg; 10
LOR = lorglumide at 10 mg/kg. Values are means+ S.E.M.; (n=9-12).
"P < 0.05 vs. saling; " P < 0.05 vs. CCK-8 alone (VEH).
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3.4. Gallbladder emptying in mice

Intragastric egg yolk administration decreased gallblad-
der weight in fasted mice from 15.7 + 1.5t0 5.9 + 0.9 mg.
Deramciclane dose dependently antagonised the effect of
egg yolk and the gallbladder weight was restored to the
level of the vehicle-treated group after doses of 10 and 30
mg/kg (Fig. 5). Lorglumide had similar effects at some-
what lower doses (Fig. 6). Exogenous CCK-8 (1 pg/kg)
accelerated the emptying of gallbladders in fasted mice
also. The effect of CCK-8 was partially antagonised by
lorglumide at 10 mg/kg, but deramciclane at 30 mg/kg
was without an effect (Fig. 7).

4. Discussion

In the present investigation, we compared the effect of
two bioactive substances, the serotonin receptor antagonist
deramciclane and the CCK, receptor antagonist lorglu-
mide, on exogenous and endogenous CCK -stimulated pan-
creatic amylase secretion and pancreatic growth, as well as
on modulation of the emptying of the stomach and the
gdlIbladder.

Pancreatic function in rats is known to be regulated by a
negative feed-back loop that is essentially controlled by
inhibition of CCK release by intraduodenal protease activ-
ity (Lu et ., 1989; Miyasaka et al., 1989; Li et al., 1995).
Indeed, we found that the diversion of bile-pancreatic juice
from the duodenum induced a marked pancreatic secretory
response in rats. Lorglumide, at a dose (10 mg/kg) which
blocked CCK-stimulated enzyme secretion, abolished the
secretory response to diversion of bile-pancreatic juice,
indicating that CCK-like peptides mediate this process in
the pancreas. Our results are in agreement with previous
studies which suggest that the pancreatic secretory re-
sponse to diversion is mediated mainly by CCK (Louie et
al., 1986). The two lower doses of deramciclane did not
affect significantly the diversion-induced release of amy-
lase. The highest dose of the compound, however, signifi-
cantly inhibited the effect of diversion, and the magnitude
of inhibition was similar to that evoked by CCK receptor
blockade with lorglumide. Under our experimental condi-
tions, CCK-8 infusion significantly increased pancreatic
amylase secretion. This action was completely blocked by
the CCK, receptor antagonist. Deramciclane, applied at
the same dose that inhibited the actions of endogenous
CCK, did not significantly affect the amylase response to
exogenous CCK. Our findings suggest that the site of
action of deramciclane is not at the level of pancreatic
CCK, receptors. This is in good agreement with recent
reports that the 5-HT, receptor antagonist ketanserin is
able to inhihit the pancreatic secretory response to endoge-
nous CCK stimulation in rats (Li and Owyang, 1996a; Li
et a., 1996b).

Goke et al. (1986) first showed that chronic stimulation
of endogenous CCK release by camostate, a proteinase
inhibitor, stimulated pancreatic enzyme secretion and in-
duced pancreatic hypertrophy and hyperplasia. Subsequent
studies have confirmed the initial observations. In our
study, the ability of lorglumide to reduce the trophic effect
of the proteinase inhibitor is in accordance with data from
previous investigations showing that CCK, receptor an-
tagonists (namely devazepide, lorglumide and dexloxiglu-
mide) are able to counterbalance the pancreatic secretory
and growth-promoting effects of exogenous or endogenous
CCK in rodents (Wisner et al., 1988; Schmidt et al., 1989;
Scarpignato et a., 1989; Douglas et a., 1990; Varga et 4.,
1998). The two lower doses of deramciclane did not affect
the pancreatic growth induced by camostate. At the same
time, the highest dose of the compound significantly inhib-
ited the trophic action of the proteinase inhibitor, and the
magnitude of inhibition was similar to that evoked by
CCK receptor blockade.

In both animals and humans, inhibition of gastric emp-
tying by CCK and related peptides involves a drop in
intragastric pressure, due to the relaxation of the proximal
stomach, and contraction of the antropyloric region, where
the peptide decreases the motility index and the basal
electric rhythm (Bertaccini, 1982). Intestinal lipid has been
shown to inhibit gastric emptying, and this process is
mediated in part by CCK (Mayer, 1994; Holzer et al.,
1994). We aso found that intraduodena lipid infusion
delayed gastric emptying. This action of lipid was inhib-
ited, but not completely blocked, by the CCK, receptor
antagonist lorglumide. Lorglumide, applied at the same
dose, completely inhibited the actions of a high dose of
exogenous CCK-8 (inducing a similar delay in emptying
as lipid infusion). Therefore, our data are in line with the
previous observation that the effect of intralipid on gastric
motility is mediated by other mediators as well (Holzer et
al., 1994). The two lower doses of deramciclane did not
affect significantly the CCK-induced delay. The highest
dose of the compound significantly inhibited the action of
intralipid, and the degree of inhibition was similar to that
evoked by CCK receptor blockade. Whether this action of
deramciclane on gastric emptying is due to its inhibitory
effect of CCK release, or to other unrelated mechanisms,
needs further investigation.

The stimulatory effect of egg yolk on gallbladder emp-
tying has been demonstrated in severa studies (Makovec
et a., 1987ab; Gully et al., 1993), and it has been shown
that this stimulation is mediated by activation of CCK ,
receptors (Makovec et al., 1987ab; Gully et al., 1993). In
the present work, we confirmed that both exogenous CCK
and endogenous CCK stimulate gallbladder motility. We
also found that endogenous CCK-mediated actions were
inhibited by both deramciclane and lorglumide in a dose-
dependent manner. In contrast, exogenous CCK-mediated
actions were inhibited only by lorglumide but not by the
serotonin receptor antagonist. Therefore, the effect of the
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serotonin receptor antagonist in mice shows characteristics
similar to those seen in rats on pancreatic function and
gastric emptying. In addition, our data suggest that mice
are more sensitive to deramciclane administration than
rats, because the compound was active at 10 mg/kg in
mice and only at 30 mg/kg in rats.

In conclusion, our results suggest that both the 5-
HT 4 soc receptor antagonist deramciclane and the CCK ,
receptor antagonist lorglumide are able to modulate four
physiological functions that involve the release of endoge-
nous CCK in rodents: pancreatic enzyme secretion, pancre-
atic growth, gastric emptying and gallbladder motility. The
stimulation of pancreatic amylase secretion by exogenous
CCK administration was inhibited by lorglumide, but not
by deramciclane. Therefore, the mechanism of inhibitory
action of deramciclane probably involves the inhibition of
endogenous CCK release. Furthermore, this effect is medi-
ated via 5-HT,, receptors, as was also suggested by Li and
Owyang (1996a) and Li et a. (1996b). In addition, the
compound may also inhibit cholinergic-peptidergic trans-
mission, which is also important for maintaining basal
pancreatic secretion and mediating pancreatic secretory
responses to different stimuli (Louie et al., 1986; Lu et al.,
1989; Miyasaka et al., 1989; Li et a., 1995). Although the
exact mechanism of action of deramciclane is not known,
our observations provide evidence that serotoninergic path-
ways are involved in the regulatory actions of CCK in the
gastrointestinal tract.
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