BIOORGANIC &
MEDICINAL
CHEMISTRY

Pergamon

Bioorganic & Medicinal Chemistry 7 (1999) 1737-1741

Effects of Escins Ia, Ib, IIa, and IIb from Horse Chestnuts on
Gastrointestinal Transit and Ileus in Mice

Hisashi Matsuda, Yuhao Li and Masayuki Yoshikawa*

Kyoto Pharmaceutical University, 5 Nakauchi-cho, Misasagi, Yamashina-ku, Kyoto 607-8414, Japan

Received 9 March 1999; accepted 13 April 1999

Abstract—The effects of saponin fraction and its principal constituents escins Ia (1), Ib (2), I1a (3), and IIb (4) from horse chestnuts
on gastrointestinal transit (GIT) and ileus were investigated in mice. Ileus was induced by acetic acid peritoneal irritation or by
laparotomy with manipulation. One hour after the oral administration, the saponin fraction (12.5-100 mg/kg) and 1-4 (12.5-50 mg/
kg, except for 3 at 12.5mg/kg) dose-dependently accelerated GIT. The optimal effects of the saponin fraction (25 mg/kg) occurred
5-240 min (applied intervals between the fraction and the charcoal meal) after the oral administration. The fraction (12.5-100 mg/
kg) and 1-4 (12.5-50 mg/kg, except for 1 and 2 at 12.5mg/kg) dose-dependently prevented the inhibition of GIT induced by the
acetic acid peritoneal irritation. They (12.5-100 mg/kg) also dose-dependently prevented the inhibition of GIT induced by the
laparotomy with manipulation. Desacylescins I (5) and II (6) (50 mg/kg) showed no such effects. These results demonstrated that
the saponin fraction and 1-4 accelerated GIT and prevented the experimental ileus, and indicate that the 21, 22-acyl groups are
essential for the accelerative effects of 1-4. The accelerations of GIT by 1-4 were completely abolished by the pretreatment with
streptozotocin (100 mg/kg, iv), but not by the pretreatment with capsaicin (75 mg/kg in total, sc) or atropine (10 mg/kg, sc). These
results imply that the sympathetic nervous system may be, but neither capsaicin-sensitive sensory nerves nor the cholinergic

mechanism, involved in the accelerations of GIT by escins 1-4. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

The saponin mixture ‘escin’ obtained from the seeds of
the horse chestnut tree, Aesculus hippocastanum L., is
widely used in the therapy of peripheral vascular dis-
orders and in cosmetics for prevention and treatment of
cellulitis. But the isolation and structure elucidation of
saponin constituents in ‘escin’ had been uncharacter-
ized. We recently isolated twelve acylated poly-
hydroxyolean-12-ene 3-O-monodesmosides, escins la
(1), Ib (2), I1a (3), IIb (4), I11a, I1Ib, IV, V, and VI and
isoescins Ia, Ib, and V, from horse chestnuts and deter-
mined their chemical structures.? The principal saponins
(1, 2, 3, and 4 as shown in Fig. 1) have been shown to
have the inhibitory effects on increased blood glucose or
ethanol concentration in oral glucose- or ethanol-loaded
rats, on inflammatory responses in rats and mice, and
on gastric lesions in rats.'”® Furthermore, investigation
of the action modes of them for the hypoglycemic
activity revealed that they potently inhibited gastric
emptying in rats and mice.”-8
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Gastric emptying and gastrointestinal transit (GIT) are
very important functions of the digestive system. Ileus is
the common complication induced by various reasons,
such as laparotomy with manipulation, peritoneal irri-
tation, etc. Precisely because we lack specific therapy,
ileus remains an important clinical problem. Patients
with ileus accumulate gas and secretions leading to
bloating, distention, emesis, and pain. Prokinetic drugs,
including cisapride, metoclopramide, erythromycin, and
octreotide, are commonly used for chronic ileus.
Unfortunately, in advanced cases, no medical therapy
provides impressive relief.® Non-steroidal anti-inflam-
matory drugs, such as indomethacin, are known for
their ability to block the prostaglandins biosynthesis
and they are widely used for postoperative pain. These
medicines are shown to be beneficial in the treatment of
postoperative ileus in rodents.!®!! However, they are
also known to cause undesirable side effects.

Previously, we have demonstrated that several oleanolic
acid glycosides accelerated GIT and prevented the ileus
induced by peritoneal irritation and laparotomy with
manipulation.'?> In this report, we investigated the
effects of the saponin fraction, escins la—IIb (1-4), their
alkaline-hydrolyzed products desacylescins I (5) and 11
(6) on GIT and ileus in mice. We also examined the
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Figure 1. Chemical structures of escins Ia (1), Ib (2), IIa (3), and IIb
(4) and desacylescins I (5) and 11 (6).

effects of 1-4 on GIT in streptozotocin-, capsaicin-, and
atropine-pretreated mice, and discuss the roles of the
sympathetic nervous system (SNS), capsaicin-sensitive
sensory nerves and the cholinergic mechanism in these
effects.

Results and Discussion

The effects of saponin fraction, its principal saponins
(escins Ia (1), Ib (2), Ila (3), and 11b (4)), their alkaline-
hydrolyzed products (desacylescins I (5) and II (6)), and
reference drugs (metoclopramide and indomethacin) on
GIT are summarized in Table 1. One hour after the oral
administration, the saponin fraction (12.5-100 mg/kg)
and 14 (12.5-50mg/kg) dose-dependently accelerated
GIT by 14.9-46.5% (Table 1: Normal). But desacy-
lescins I (5) and II (6) (50 mg/kg) did not. Metoclopra-
mide (25-50mg/kg) also accelerated GIT by 23.9-
25.4%. Indomethacin tended to inhibit GIT. Our pre-
vious study showed that 1-4 inhibited the rate of gastric
emptying.”® In contrast, they accelerated GIT in the
present study. These results indicate that 1-4 accelerate
GIT by accelerating small intestinal transit.

The duration of the GIT acceleration by the saponin
fraction (25 mg/kg) is shown in Figure 2. The optimal
effects occurred 5-240min (applied intervals between
the fraction and the charcoal meal) after the oral
administration of the fraction. The maximal accelera-
tion by 46.5% was achieved by 60 min following the
administration, and the effect persisted for 240 min, and
disappeared by 300 min.

The intraperitoneal injection of 1% acetic acid (0.2mL/
mouse) potently inhibited GIT (Table 1: Ileus by

AcOH). The saponin fraction (12.5-100 mg/kg) and 1-4
(12.5-50 mg/kg) dose-dependently prevented the inhibi-
tion, except for 1 and 2 at 12.5mg/kg. The reference
drugs, metoclopramide (50mg/kg) and indomethacin
(5-25mg/kg), also prevented the inhibition. The lapar-
otomy with manipulation also induced the inhibition of
GIT (Table 1: Ileus by operation). The saponin fraction
and 1-4 (25-100mg/kg) as well as reference drugs,
metoclopramide (50mg/kg) and indomethacin (5—
25mg/kg), prevented the inhibition. But 5 and 6 (50
mg/kg) did not. These results suggest that the saponin
fraction and 1-4, but not 5 and 6, prevent the experi-
mental ileus.

In this study, escins la—IIb (1-4) accelerated GIT in
normal mice, and prevented the ileus induced by peri-
toneal irritation or laparotomy with manipulation. But
desacylescins I (5) and II (6) (50mg/kg) showed no
effect. These results indicate that the 21, 22-acyl groups
are important for the effects of 1-4.

SNS plays an important role in the modulation of gas-
trointestinal motility. Abdominal nociceptive stimula-
tion and major trauma is usually followed by reflex
inhibition of gastrointestinal motility. The gastro-
intestinal motility is inhibited by both sympathoa-
drenergic and vagal reflexes which may be elicited by
nociceptive stimulation of the peritoneum.'3"!> The
afferent pathways from the abdomen are mediated via
sympathetic fibers to the spinal cord and ascending
spinal pathways.'# The vagal efferents inhibiting gastric
motility are shown to be mediated by nonadrenergic
and noncholinergic fibers.!® Ileus in response to surgery
or peritoneal irritation is partly due to activation of a
neural reflex, and the efferent limb seemed to involve
sympathetic adrenergic neurons.!” Surgically and peri-
toneal irritation-induced ileus are known to activate an
extrinsic inhibitory nervous control of gastrointestinal
motility.!® Hyperactivity of the sympathetic nervous
system, which may be elicited by nociceptive stimulation
of the peritoneum, plays a prominent role in the genesis
of postoperative ileus.!3!516-19 Sympathetic activation
may enhance the synthesis of prostaglandins (PGs).2°
PGs may be involved in the gastric emptying and the
control of the contractions of gastrointestinal smooth
muscle.?"23 Hyperglycemia in STZ-induced hypoinsuli-
nemic rats reduced the activity of SNS.>* Previous study
showed that both of the inhibitions of gastric emptying
in mice and the gastroprotections against ethanol-
induced gastric mucosal lesions in rats by 1-4 were
markedly attenuated by the pretreatment with STZ.5:12
In this study, the GIT accelerations by 1-4 were also
markedly attenuated in STZ-pretreated mice (Table 2).
Furthermore, 1-4 prevented the inhibition of GIT
induced by the peritoneal irritation or by the lapar-
otomy with manipulation. These results imply that all of
their inhibitions of gastric emptying, gastroprotections,
and GIT accelerations are mediated via the similar
pathway, and the mechanism of SNS may be involved.

Capsaicin-sensitive afferent neurons innervate the
digestive tract.>2% Capsaicin has been systematically
used to ablate all capsaicin-sensitive C fibers to produce
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Table 1. Effects of the saponin fractions, escins Ia (1), Ib (2), I1a (3), and IIb (4) and descaylescins I (5) and II (6) on GIT in mice*
GIT (%) GIT (%) GIT (%)
Treatment Dose (mg/kg, po) N Normal N Ileus by AcOH N Tleus by operation
Control — 11 47.5£33 10 12.2+0.9 8 21.7+£2.3
Saponin fraction 5 10 55.4+3.0 10 17.8+2.7 —
12.5 10 61.1+2.5% 10 27.4+£2.5% 8 21.4+23
25 10 69.6£1.9%* 10 32.7+2.7% 8 31.9+£3.9%
50 10 63.2+3.4* 10 35.1+£1.3* 8 35.34£2.3*
100 10 66.3+3.9%* 10 40.1+1.9* 8 42.243.1%
Control — 12 51.0+£2.3 12 14.5+1.3 10 20.9+1.7
Escin Ia (1) 12.5 10 58.8+1.4* 10 14.1+£1.3 8 30.3+1.5*
25 10 61.0+1.6* 10 24.5+1.6 8 36.4+2.2%
50 10 62.9 4 1.4** 10 28.4+1.6** 8 36.8 £2.1%*
Escin Ib (2) 12.5 10 59.9+1.9* 10 149+1.1 8 35.94+3.9%
25 10 65.7+£2.3%* 10 26.1+£3.1% 8 39.54+2.1%
50 10 66.1£2.8** 10 33.14£2.9% 8 39.4+£2.9%*
Control — 12 50.2+2.1 12 13.1+1.3 10 22.5+1.1
Escin Ila (3) 12.5 10 57.7+3.0 10 24.3+£2.8% 8 30.8+2.2%
25 10 65.8£2.6"* 10 30.4+ 1.8 8 41.0+ 1.3
50 10 66.3+£1.7"* 10 41.0+3.8* 8 39.6+1.0**
Escin 1Ib (4) 12.5 10 60.9+2.2* 10 25.24£2.5% 8 30.9+£2.2
25 10 66.3£2.5% 10 33.3+£1.4 8 39.0+£1.9**
50 10 69.7+2.8** 10 36.8+1.8** 8 40.5+1.4*
Desacylescin I (5) 50 10 50.1£2.6 10 14.6+1.2 8 25.0+2.4
Desacylescin 11 (6) 50 10 48.7+1.9 10 13.6+1.3 8 243+2.1
Control — 10 47.2+3.1 10 14.0£0.8 10 21.8+£2.2
Metoclopramide 12.5 8 54.0+2.5 8 13.6+1.5 8 22.8+2.1
25 8 58.54+2.7* 8 143+1.3 8 24.4+2.8
50 8 59.2+£2.7%* 8 21.4+£1.9* 8 33.4+£1.8**
Indomethacin 5 8 422424 8 25.5+2.5% 8 35.0£2.0*
12.5 8 40.6£3.0 8 23.4+£2.8%* 8 36.9+£2.2%*
25 8 38.2+3.6 8 32.1+£2.3* 8 38.4+1.6*

4 Values represent the means + SEM.
® Significantly different from the control group, *p <0.05, **p <0.01.
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Figure 2. Effects of saponin fraction on GIT in mice at different times.
The saponin fraction was given orally at different times (5-300 min)
prior to administration of the charcoal meal. GIT was determined
30min after the charcoal meal. Plots represent the mean with SEM.
(N=10). Significantly different from the control group, **p <0.01.

a sensory pathway-specific ablation in rats and mice.?®
Hormones, such as corticotropin-releasing factor and
secretin, inhibit gastric emptying via capsaicin-sensitive
afferent neurons.3%3! Both of the inhibitions of gastric

emptying in mice and the gastroprotections against
ethanol-induced gastric mucosal lesions in rats by 1-4
have been also shown to be involved in the capsaicin-
sensitive sensory nerves.®!2 But capsaicin-sensitive
afferent neurons do not participate in the physiologic
control of gastrointestinal propulsion.!” The peritoneal
irritation-induced ileus was not affected by perivagal
capsaicin treatment.3? In the present study, the GIT
accelerative effects of 1-4 were not attenuated in the
capsaicin-pretreated mice (Table 2). The result suggests
that, differently from the action mechanism on gastric
emptying, capsaicin-sensitive sensory nerves are not
involved in the GIT accelerative effects of 1-4.

Muscarinic receptor agonists, such as carbachol, accel-
erate GIT.3? Atropine is a selective antagonist of mus-
carinic receptors. Basal GIT was decreased in mice
treated with atropine as shown in Table 2. 1-4 still
accelerated GIT in atropine-pretreated mice, as com-
pared with the control. The result suggests that the
cholinergic mechanisms could not be involved in the
GIT accelerative effects of 1-4.

In conclusion, the results in this study demonstrated
that the saponin fraction and escins la—IIb (1-4) accel-
erated GIT in normal mice and prevented the ileus
induced by peritoneal irritation or laparotomy with
manipulation. As concerns structural requirements of
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Table 2. Effects of escins Ia (1), Ib (2), I1a (3) and IIb (4) on GIT in capsaicin-, STZ-, or atropine-pretreated mice®

GIT (%)

Treatment Dose (mg/kg, po) N STZ-pretreated mice Capsaicin-pretreated mice Atropine-pretreated mice
Normal (naive mice) — 8 50.3+£2.7 49.0+2.6 49.6+2.8**P
Control — 10 54.1+24 438+1.4 33.0+1.8

Escin Ia (1) 25 10 50.2+2.4 54.4+1.8* 54.8 £2.6*

Escin Ib (2) 25 10 51.5+£3.2 61.2+3.3* 51.6+£2.8

Escin I1a (3) 25 10 50.3+3.3 62.2+£4.2%" 56.0+2.8"*

Escin IIb (4) 25 10 498 +1.7 59.1+£3.1% 54.0 +3.6"

2 Values represent the means £ SEM.
® Significantly different from the control group, *p <0.05, *p <0.01.

1-4, the 21, 22-acyl groups are necessary for the effects.
Though their action mechanisms are still unclear, SNS
may be involved. The involvement of SNS and other
mechanisms need to be studied further. It is worthy to
study their therapeutical effect in the prevention and
treatment of the inhibition of GIT, including ileus, in
clinic.

Experimental

Materials

The saponin fraction and escins Ia (1), Ib (2), I1a (3),
and IIb (4) were isolated from the seeds of A. hippocas-
tanum L., and desacylescins 1 (5) and II (6) were
obtained by alkaline hydrolysis of 1 and 3, as described
in previous reports.?> Other reagents were purchased
from Wako Pure Chemical Industries, Japan.

Animals

Male ddY mice, weighing 27-30 g, were purchased from
Kiwa Laboratory Animal Co., Ltd., Japan. The animals
were maintained at a constant temperature of 23 +2°C
and were fed a standard laboratory chow (MF, Oriental
Yeast Co., Ltd., Japan) for a week. The animals were
fasted for 18-20h prior to experiments, but were sup-
plied with water ad libitum. The saponins were dis-
solved in phosphate buffered saline (PBS), and
metoclopramide and indomethacin were suspended in
5% acacia/PBS solution, and the solution was orally
administered at 10 mL/kg in each experiment, while the
vehicle was administered orally at 10 mL/kg in the cor-
responding control group.

Measurement of GIT in normal mice

A charcoal meal containing a solution of 1.5% carboxy-
methyl cellulose sodium salt (CMC-Na) and 5% char-
coal as a marker was intragastrically given (0.2mL/
mouse) to conscious mice. Thirty minutes later, mice
were sacrificed by cervical dislocation. The abdominal
cavity was opened, and the gastrointestinal tract was
removed. The traveled distance of the marker was
measured and expressed as a percentage of the total
length of the small intestine from pylorus to caecum.
The test samples were given orally by means of a

metal orogastric tube 5, 60, 120, 180, 240 or 300 min
prior to the administration of the charcoal meal,
respectively.

Measurement of GIT in peritoneal irritated mice

The peritoneal irritation was induced by a modification
of the method described by Riviere et al.3?> Acetic acid
saline solution (1%, 0.2mL/mouse) was peritoneally
injected 30min after the oral administration of the
samples. The charcoal meal was administered 30 min
after the injection of acetic acid. GIT was determined as
described above.

Measurement of GIT in laparotomized and manipulated
mice

The postoperative ileus was induced as the method
described by De Winter et al.>* Briefly, the mice under-
went an operation under ether anesthesia. In contrast
with pentobarbital anesthesia, cther anesthesia was
chosen, whose effect on gastrointestinal motility
approximately lasted for only 1h after the induction of
the anesthesia.> The abdominal cavity was opened, and
then the small intestine and caecum were gently pulled
out of the abdominal cavity and unfurled like a fan on
two sterile gauzes covering the abdomen of the mouse.
After 5min of gentle manipulation, the small intestine
and caecum were replaced in the abdominal cavity and
the surgical wound was sutured. After the operation, the
mice were allowed to recover for 60 min. Test samples
were given orally 30min before the operation. The
charcoal meal was administered 65 min after the opera-
tion. GIT was determined as described above.

Measurement of GIT in STZ-induced hyperglycemic
mice

STZ (100 mg/kg, dissolved in 10 mL citrate buffer (pH
4.2), iv) was administered to the 20-h fasted mice. Four
weeks later, blood samples were collected from the
retro-orbital sinus under the unfasted condition. Serum
glucose levels were determined by the glucose-oxidase
method (kit reagent: Glucose Cll-test Wako, Wako
Pure Chemical Industries). Mice with a serum glucose
level above 600 mg/dL, considered to be diabetic, were
used in this study. The charcoal meal was administered
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60 min after the oral administration of the samples. GIT
was determined as described above.

Measurement of GIT in capsacin-pretreated mice

Capsaicin solution was prepared in a solution contain-
ing 99.5% ethanol, Tween 80, and saline (2:1:7, v/v/v).
Mice were anesthetized with sodium pentobarbital
(30mg/kg, ip), and treated with increasing doses of
capsaicin for 2 consecutive days (25 and 50 mg/kg, sc) to
deplete neuropeptides in primary afferent neurons as a
modification of the method described previously.?’ To
counteract any respiratory impairment associated with
administration of capsaicin, the mice were pretreated
with aminophylline (10 mg/kg, dissolved in 5mL saline,
im) 30 min before capsaicin injection. After 14 days, the
efficiency of capsaicin pretreatment was verified by the
corneal chemosensory test which consists of monitoring
the wiping reflex to ocular instillation of a drop of 0.1%
NH,4OH solution. None of the capsaicin-pretreated
mice showed a wiping response, indicating effective
ablation of primary sensory afferents, whereas wiping
reflex was present in vehicle-pretreated mice. The char-
coal meal was administered 60min after the oral
administration of the samples. GIT was determined as
described above.

Measurement of GIT in atropine-pretreated mice

Atropine sulfate (10 mg/kg, dissolved in saline, sc) was
injected into the back of the mice 30 min before the
administration of the samples. The charcoal meal was
administered 60 min after the administration of the
samples. GIT was determined as described above.

Statistics

Values were expressed as means+ SEM. One-way ana-
lysis of variance following Dunnett’s test for multiple
comparison analysis was used for statistical analysis.
Probability (p) values less than 0.05 were considered
significant.

References

1. Yoshikawa, M.; Harada, E.; Murakami, T.; Matsuda, H.;
Wariishi, N.; Yamahara, J.; Murakami, N.; Kitagawa, I.
Chem. Pharm. Bull. 1994, 42, 1357.

2. Yoshikawa, M.; Murakami, T.; Matsuda, H.; Yamahara, J;
Murakami, N.; Kitagawa, [. Chem. Pharm. Bull. 1996, 44, 1454.
3. Yoshikawa, M.; Murakami, T.; Yamahara, J.; Matsuda, H.
Chem. Pharm. Bull. 1998, 46, 1764.

4. Matsuda, H.; Li, Y.; Murakami, T.; Ninomiya, K.; Araki,
N.; Yoshikawa, M.; Yamahara, J. Bioorg. Med. Chem. Lett.
1997, 7, 1611.

5. Matsuda, H.; Li, Y.; Murakami, T.; Ninomiya, K.; Yama-
hara, J.; Yoshikawa, M. Biol. Pharm. Bull. 1997, 20, 1092.

6. Matsuda, H.; Li, Y.; Yoshikawa, M. Eur. J. Pharmacol.
1999, in press.

7. Matsuda, H.; Murakami, T.; Li, Y.; Yamahara, J.; Yoshi-
kawa, M. Bioorg. Med. Chem. 1998, 6, 1019.

8. Matsuda, H., Li Y., Murakami, T., Yamahara, J., Yoshi-
kawa, M. Eur. J. Pharmacol. 1999, 368, 237.

9. Yamada, T. Handbook of Gastroenterology, in Approach
to the patient with ileus or obstruction; Lippincott-raven: New
York, 1998; pp 83.

10. Pairet, M.; Ruckebusch, Y. J. Pharm. Pharmacol. 1989, 41,
757.

11. Kelley, M. C.; Hocking, M. P.; Marchand, S. D. Am. J.
Surg. 1993, 165, 107.

12. Li, Y., Matsuda, H., Yoshikawa, H. Bioorg. Med. Chem.
1999, 7, 1201.

13. Dubois, P. G.; Weise, V. K.; Kopin, 1. J. Ann. Surg. 1973,
178, 781.

14. Furness, J.; Costa, M. Med. Biol. 1974, 52, 82.

15. Glise, H.; Lindahl, B.-O.; Abrahamsson, H. Scand. J.
Gastroenterol. 1980, 15, 673.

16. Sjoqvist, A.; Hallerbédck, B.; Glise, H. Dig. Dis. Sci. 1985,
30, 749.

17. Holzer, P.; Lippe, 1. T.; Holzer-Petsche, U. Gastroenterol.
1986, 91, 360.

18. Livingston, E. H.; Passaro, E. P. Dig. Dis. Sci. 1990, 35,
121.

19. Sagrada, A.; Fargeas, M. J.; Bueno, L. Gut 1987, 28, 955.
20. Kuratani, K.; Kodama, H.; Yamaguchi, 1. J. Pharmacol.
Exp. Ther. 1994, 271, 695.

21. Stein, J.; Zeuzem, S.; Uphoff, K.; Laube, H. Prostaglandins
1994, 47, 31.

22. Sanders, K. M. Am. J. Pharmacol. 1978, 234, E209.

23. Thor, P.; Konturek, J. W.; Konturek, S. J.; Anderson, J.
H. Am. J. Physiol. 1985, 248, G353.

24. Young, J. B.; Einhorn, D.; Landsberg, L. Diabetes 1983,
32 (Suppl. 1), 26A.

25. Cervero, F.; McRitchie, H. A. Brain Res. 1982, 239, 283.
26. Gamse, R. Naunyn-Schmiedeberg’s Arch. Pharmacol. 1982,
320, 205.

27. Hayes, A. G.; Skingle, M.; Tyers, M. B. Neuropharmacol.
1981, 20, 505.

28. Lembeck, F.; Skofitsch, G. Naunyn-Schmiedeberg’s Arch.
Pharmacol. 1982, 321, 116.

29. Barrachina, M. D.; Martinez, V.; Wang, L.; Wei, J. Y.;
Taché, Y. Proc. Natl. Acad. Sci., USA 1997, 94, 10455.

30. Coskun, T.; Bozkurt, A.; Alican, I.; Kurtel, H.; Yegen, B.
C. Regul. Pept. 1997, 69, 113.

31. Raybould, H. E.; Holzer, H. Eur. J. Pharmacol. 1993, 250,
165.

32. Riviere, P. J. M.; Pascaud, X.; Chevalier, E.; Junien, J. L.
J. Pharmacol. Exp. Ther. 1994, 270, 846.

33. Izzo, A. A.; Mascolo, N.; Carlo, G. D.; Capasso, F. Eur. J.
Pharmacol. 1994, 271, 31.

34. De Winter, B. Y.; Boeckxstaens, G. E.; De Man, J. G;
Moreels, T. G.; Herman, A. G.; Pelckmans, P. A. Eur. J.
Pharmacol. 1998, 344, 71.

35. Bueno, L.; Ferre, J. P.; Ruckebusch, Y. Am. J. Dig. Dis.
1979, 23, 690.



