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Recent studies have shown that stimulation of cannabinoid 1 (CB1) receptor reduces the
area of ischemic myocardial necrosis and affects activity of the digestive tract. The aim
of the present study was to check whether the administration of CB1 receptor agonist or
antagonist affects the stress-induced gastric ulceration and development of edematous
pancreatitis. Methods: Experiments were performed on rats. Gastric lesions were
induced by water immersion and restrain stress (WRS). Acute pancreatitis was induced
by cerulein. Prior to WRS or before and during cerulein administration, a natural
endogenous ligand for CB1 receptor, anandamide was administered intraperitoneally at
the dose of 0.8, 1.5 or 3.0 µmol/kg. A synthetic CB1 receptor antagonist, AM 251
(ALEXIS® Biochemicals) was administrated at the dose of 4 µmol/kg i.p. alone or in
combination with anandamide at the dose of 1.5 µmol/kg. Results: Administration of
anandamide reduced gastric lesions and this effect was associated with am increase in
gastric mucosal blood flow and mucosal DNA synthesis; whereas serum level of pro-
inflammatory interleukin-1β was reduced. Treatment with AM 251 aggravated gastric
damage and reversed protective effect of anandamide administration. Opposite effect
was observed in the pancreas. Administration of anandamide increased dose-
dependently the severity of pancreatitis. In histological examination, we observed an
increase in pancreatic edema and inflammatory infiltration. Also, treatment with
anandamide augmented the pancreatitis-induced increase in serum level of lipase,
amylase, poly-C ribonuclease, and pro-inflammatory interleukin-1β; whereas pancreatic
DNA synthesis was reduced. Treatment with AM 251 reduced histological and
biochemical signs of pancreatic damage and reversed deleterious effect of anandamide
in cerulein-induced acute pancreatitis. Conclusions: Activation of CB1 receptors evokes
opposite effects in the stomach and pancreas: in the stomach, exhibits protective effect
against stress-induced gastric mucosal lesions; whereas in the pancreas, increases the
severity of cerulein-induced pancreatitis.
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INTRODUCTION

Cannabinoids are group of oxygen containing aromatic hydrocarbon
compounds, which were primary discovered in marijuana and hashish, herbal
drugs derived from the female plant of Cannabis sativa (1). The main active
constituent of marijuana is δ-9 tetrahydrocannabinol (THC), which was isolated
and synthesized in the 1960s (2). Other important natural cannabinoids present in
marijuana are δ-8 THC, cannabinol and cannabidiol (1). Exogenous and
endogenous cannabinoids produce their biological effects by specific cannabinoid
1 (CB1) and cannabinoid 2 (CB2) receptors and both receptors are members of
the superfamily of G protein coupled receptors (3). CB1 receptor was isolated in
1988 (4) and cloned in 1990 (5); whereas CB2 receptor was cloned in 1993 (6).
CB1 receptors are distributed widely throughout the central peripheral and enteric
nervous system (1). CB2 receptors are located peripherally and are closely linked
with in the immune tissue, predominantly the spleen and macrophages (3).

The demonstration of the presence of cannabinoid receptor in the brain led to
search for endogenous ligand of cannabinoid receptor. In 1992, Dewane et al. (7)
have isolated a compound from water-insoluble fraction of the porcine brain,
which binds to the brain CB1 receptor. This compound was characterized as
arachodonylethanolamide and named �anandamide� based on its chemical
nature and a Sanskrit word �ananda�, meaning bliss (7). Anandamide is the first
of five endogenous cannabinoid receptor agonists that have been identified up to
the present in mammalian tissues. Homo-γ-linolenoylethanolamide,
docosatetraenoylethanolamide, 2-arachidonylglycerol and noladin ether are the
other members of endocannabinoid family (8). They share some structural
similarities, namely they are all polyunsaturated fatty acids/arachidonic acid
derivatives. Endogenous cannabinoids are agonists of CB1 and CB2 receptors,
but they also act on capsaicin-sensitive vanilloid receptor (transient receptor
potential vanilloid 1 � TRPV1) (8).

Marijuana has been in use for over 4000 years as a recreational and as
therapeutic drug (9). It has been administered for the treatment of a wide array of
health concerns. The endogenous cannabinoid system is involved in analgesia,
cognition, memory, locomotor activity, appetite, vomiting and immune control
(1). In clinical studies, marijuana or/and cannabinoids has been reported to reduce
an acute (10) and chronic (11) pain. Moreover, treatment with cannabinoids has
been shown to have a therapeutic value in the prevention of nausea and vomiting
caused by anticancer drugs (12, 13), and in the treatment of anorexia (14). Human
trials on the use of cannabinoids in neurological disorders associated with
spasticity, ataxia and muscle weakness, as well as epilepsy are not conclusive,
because very similar symptoms can be caused by cannabinoids itself (1).

Cannabinoids affect immune response machinery and for this reason may
modulate the development of inflammation, infection and tissue damage (1, 15).
Experimental studies have shown that treatment with cannabinoids decreases the
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area of ischemic myocardial necrosis (16), attenuates joint damage in animal
models of arthritis (17) and induces neuroprotection (18).

In the gut, administration of cannabinoids inhibits gastric acid secretion (19)
and small intestinal secretion (20), delays gastric emptying and decreases
gastrointestinal transit (21). Moreover, study performed by Germano et al. (22)
has shown that administration of synthetic CB1 receptor agonist, WIN 55,212-2
inhibits the development of stress-induced gastric ulcer in rats. Similar
cannabinoids-evoked protection has been found in colitis (23, 24). The opposite
effect has been observed in small intestine. Cannabinoids can induce ileitis (25);
whereas administration of cannabinoids receptor antagonists inhibits the
development of indomethacin-induced intestinal ulcers (26).

The aim of our present study was to check whether the administration of a natural
endogenous CB1 receptor agonist, anandamide or CB1 antagonist affects the
development of stress-induced gastric ulcers and cerulein-induced acute pancreatitis.

MATERIALS AND METHODS

Studies were carried out in two separate series on male Wistar rats weighing 220-250 g (the first
series) or 140-160 g (the second series). Animals were housed in cages with wire mesh bottoms,
with normal room temperature and a 12-hour light-dark cycle. The experimental protocol was
approved by the Committee for Research and Animal Ethics of Jagiellonian University.

The first series of studies was performed to evaluate the effect of cannabinoids on gastric ulcers
induced by water immersion and restraint stress (WRS). In the second series, we examined the
influence of cannabinoids on the development of cerulein-induced acute pancreatitis. Rats from the
first series were fasted for 24 h prior to experiment with unlimited access to water. In the second
series, drinking of water and food were available ad libitum.

WRS was induced by rat immobilization in individual cage and immersion in water at 23°C for
3.5 h to the level of xiphoid process as described previously by Takagi et al. (27).

Acute pancreatitis was induced by caerulein (Sigma-Aldrich, Gmbh, Steinheim, Germany)
administered intraperitoneally (i.p.) 5 times with 1 h intervals at a dose of 50 µg/kg per injection.

Both series of studies were carried out on the following experimental groups : [1] control rats
injected with vehicle i.p.; [2-4] rats treated with endogenous ligand for CB1 receptor, anandamide
(CB1 Ki value = 61 nM; CB2 Ki value = 1930 nM; ALEXIS® Biochemicals, San Diego, CA, USA)
at the dose of 0.8, 1.5 or 3.0 µmol/kg/dose i.p.; [5] rats treated with synthetic CB1 receptor
antagonist, AM 251 (Ki = 7.49 nM; ALEXIS® Biochemicals, San Diego, CA, USA) at the dose of
4 µmol/kg i.p.; [6] vehicle-treated rats exposed to WRS or cerulein-induced pancreatitis; [7-9] rats
treated with anandamide at the dose of 0.8, 1.5 or 3.0 µmol/kg/dose i.p. and exposed to WRS or
cerulein-induced pancreatitis; [10] rats treated with AM 251 at the dose of 4 µmol/kg i.p. and
exposed to WRS or cerulein-induced pancreatitis; [11] rats treated with combination of AM 251 (4
µmol/kg/dose i.p.) plus anandamide (1.5 µmol/kg/dose i.p.) and exposed to WRS or cerulein-
induced pancreatitis.

In the first series of studies, anandamide and/or AM 251 were administered once, 30 or 40 min
before exposure to WRS, respectively. In the second, anandamide and/or AM 251 were
administered twice. The fist dose of anandamide and/or AM 251 was injected 30 min and 40 min
before the start of cerulein administration, respectively; the second dose was administered after next
3 h. Eight animals were used in each experimental group, in each series of the study.
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Immediately after 3.5 h of WRS or last injection of cerulein, animals were anesthetized with
ketamine (50 mg/kg i.p., Bioketan, Vetoquinol Biowet, Gorzów Wielkopolski, Poland). Abdominal
cavity was opened and gastric mucosal or pancreatic blood flow was measured by a laser Doppler
flowmeter using PeriFlux 4001 Master monitor (Perimed AB, Järfälla, Sweden), as described
previously (28). Data were presented as percent of control value obtained in saline treated control
rats without exposure to WRS or cerulein.

After the measurement of gastric mucosal or pancreatic blood flow, arterial blood was taken
from aorta and serum was collected and frozen at -60°C. In both series of studies, we determined
serum concentration of pro-inflammatory interleukin-1β (IL-1β). Additionally, in animals from the
second series, we measured serum activity of pancreatic enzymes: lipase, amylase and poly-C
ribonuclease, as an index of the severity of acute pancreatitis.

In animals from the first series of studies, the number and the area of lesions in the oxyntic
mucosa were measured, using computerized planimeter (Morphomat, Carl Zeiss, Berlin, Germany)
as described previously (29). The stress-induced lesion was defined as a round or linear mucosal
black or red defect of at least 0.1 mm in diameter.

The rate of DNA synthesis, as an index of tissue vitality and ability to the regeneration, was
determined in gastric mucosa of animals from the first series of studies, and in pancreatic tissue of
animals from the second series. Gastric mucosa scraped from the oxyntic gland area or the portion
of minced pancreatic tissue were incubated at 37°C for 45 min in 2 ml of medium containing 8
µCi/ml of [3H]thymidine ([6-3H]thymidine, 20-30 Ci/mmol; Institute for Research, Production and
Application of Radioisotopes, Prague, Czech Republic), as described in details previously (30). The
rate of DNA synthesis was expressed as [3H]thymidine disintegrations per minute per microgram
DNA (dpm/µg DNA).

Serum concentration of IL-1β was measured using the commercial BioSource Cytoscreen rat IL-
1β kit (BioSource International, Camarillo, California, USA) based on ELISA. Serum lipase and
amylase activity was determined with a Kodak Ectachem DT II System analyzer (Eastman Kodak
Company, Rochester, NY, USA) using a commercially available LIPA and AMYL DT Slides (Vitros
DT Chemistry System, Johnson & Johnson Clinical Diagnostic, Inc., Rochester, NY, USA). Serum
poly-C specific ribonuclease activity was determined using Warsaw and Lee�s procedure (31),
employing polycytidylic acid (poly-C) as a ribonuclease substrate, as described previously (32).

Morphological examination of pancreatic tissue, obtained from animals from the second series
of study, was performed in hematoxilin and eosin stained slides as describe previously in details
(33). Slides were examined by two experienced pathologists without knowledge of the treatment
given (four slides per animal). The histological grading of pancreatic edema, leukocyte infiltration,
vacuolization of acinar cells, hemorrhages and necrosis was made using a scale ranging from 0,
while lack of changes to 3 for maximal expression of alterations. Results have been expressed as a
predominant histological grading in each experimental group of animals.

Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by
Tukey�s multiple comparison test using GraphPadPrism (GraphPad Software, San Diego, CA,
USA). Results are expressed as mean ± S.E.M. Differences were considered to be statistically
significant when P was less than 0.05.

RESULTS

The first series of experiments

Treatment with vehicle, anandamide or AM 251 in rats without exposure to
WRS did not induce any gastric mucosal damage (Fig. 1). Exposure to WRS
resulted in appearance of multiple erosions of gastric mucosa. The mean lesion
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area in saline-treated control rats reached 7.8 ± 0.2 mm2. Administration of
anandamide alone significantly and dose-dependently reduced the ulcer area;
whereas pretreatment with AM 251 significantly increased gastric mucosal
damage induced by WRS. Administration of AM 251 before treatment with
anandamide significantly reversed protective effect of anandamide against WRS-
induced gastric ulcers.

Administration of anandamide or AM 251 was without significant effect on
gastric mucosal blood flow in rats without exposure to WRS (Fig. 2). Exposure
to WRS reduced gastric mucosal blood flow by 50.3%. Treatment with
anandamide alone partly, but significantly reversed this effect. On the other hand,
pretreatment with AM 251 prior to WRS increased the WRS-induced reduction
in gastric mucosal blood flow, but this result was statistically insignificant.
Pretreatment with AM 251 abolished the anandamide-evoked improvement of
gastric blood flow in rats exposed to WRS.

In vehicle-treated control rats without exposure to WRS, serum concentration
of pro-inflammatory IL-1β reached a value 67.3 pg/ml (Fig. 3). Administration of
anandamide or AM 251 alone was without significant effect on this parameter in
these rats. Exposure to WRS led to almost twofold increase in serum
concentration of IL-1β. Treatment with anandamide attenuated the WRS-evoked
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Fig. 1. Effect of administration of anandamide (A) (0.3, 1.5 or 3 µmol/kg) and/or treatment with
AM 251 (4 µmol/kg) on the area of water immersion and restrain stress (WRS)-induced gastric
lesions. Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. WRS alone; bP<0.05 vs.
WRS + A 1.5.
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Fig. 2. Effect of water immersion and restrain stress (WRS), administration of anandamide (A) (0.3,
1.5 or 3 µmol/kg) and/or treatment with AM 251 (4 µmol/kg) on gastric mucosal blood flow. Mean
± S.E.M. N=8 rats in each experimental group. aP<0.01 vs. control (C); bP<0.05 vs. WRS alone;
cP<0.05 vs. WRS + A 1.5.
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Fig. 3. Effect of water immersion and restrain stress (WRS), administration of anandamide (A) (0.3,
1.5 or 3 µmol/kg) and/or treatment with AM 251 (4 µmol/kg) on serum interleukin-1β
concentration. Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. control (C);
bP<0.05 vs. WRS alone; cP<0.05 vs. WRS + A 1.5



increase in serum concentration of IL-1β, and this effect was statistically
significant after anandamide used at the dose of 1.5 and 3.0 µmol/kg.
Administration of AM 251 significantly increased serum level of IL-1β in rats
exposed to WRS, as well as markedly reversed the anandamide-evoked decrease
in IL-1β in these rats.

In vehicle-treated control rats without exposure to WRS, gastric mucosal
DNA synthesis reached a value of 43.7 ± 2.0 dpm/µg DNA (Fig. 4). Treatment
with anandamide or AM 251 was without effect on gastric mucosal DNA
synthesis in rats without exposure to WRS. Exposure to WRS reduced gastric
mucosal DNA synthesis by 43%. Treatment with anandamide at the dose of 1.5
and 3.0 µmol/kg partly, but significantly reversed the WRS-induced decrease in
gastric mucosal DNA synthesis. In rats exposed to WRS, administration of AM
251 tended to reduce gastric mucosal DNA synthesis, but this effect was
statistically insignificant. On the other hand, pretreatment with AM 251 abolished
the anandamide-evoked increase in gastric DNA synthesis in rat exposed to WRS.

The second series of experiments

In vehicle treated control rats, pancreases did not show macroscopically and
at light microscopic level any tissue alteration (Table 1). Also, administration of
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Fig. 4. Effect of water immersion and restrain stress (WRS), administration of anandamide (A) (0.3,
1.5 or 3 µmol/kg) and/or treatment with AM 251 (4 µmol/kg) on gastric mucosal DNA synthesis.
Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. control (C); bP<0.05 vs. WRS
alone; cP<0.01 vs. WRS + A 1.5



AM 251 did not affect morphology of pancreatic tissue in rats without induction
of pancreatitis. In some animals treated with anandamide alone, we observed
minimal pancreatic edema without any additional histological alteration. In the
rest of rats treated with anandamide without induction of acute pancreatitis,
morphological features were as in control group. Administration of cerulein
caused acute edematous pancreatitis in all rat tested. The pancreas was grossly
swollen and enlarged with a visible collection of edematous fluid. At light
microscopic level, prominent interlobular and moderate intralobular edema
(grade 3 and 2) was accompanied with scarce perivascular inflammatory
leukocyte infiltration. Vacuolization was observed in more than 50% of acinar
cells. No necrosis or hemorrhages was observed. Treatment with anandamide,
before and during administration of cerulein, increased the pancreatitis-induced
pancreatic edema and inflammatory leukocyte infiltration; whereas
administration of AM 251 reduced the cerulein-evoked pancreatic edema and
vacuolization of pancreatic acinar cell. Additionally pretreatment with AM 251
inhibited the anandamide-evoked aggravation of pancreatic tissue damage in rats
with acute pancreatitis.

In control vehicle-infused rats, serum activity of lipase (Fig. 5), amylase (Fig.
6) and poly-C ribonuclease (Fig. 7) reached 59.2 ± 3.9, 3594 ± 167 and 167.3 ±
18.9 U/l, respectively. In rats without induction of pancreatitis, administration of
anandamide or AM 251 did not affect serum activity of these pancreatic enzymes.
Cerulein administered for 5 h induced acute pancreatitis and significantly
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EDEMA INFLAMMATORY VACUOLIZATION NECROSIS HEMORRHAGES
(0-3) INFILTRATION (0-3) (0-3) (0-3) (0-3)

CONTROL 0 0 0 0 0

A 0.3 0-1 0 0 0 0

A 1.5 1 0 0 0 0

A 3.0 0-1 0 0 0 0

AM 251 0 0 0 0 0

CIP 2 1 3 0 1

CIP+A 0.3 2 1-2 3 0 0

CIP+A 1.5 2-3 2 3 0 0

CIP+A 3.0 2-3 2 3 0 0

CIP+AM 251 1-2 1 2-3 0 0

CIP+AM 251+A 1.5 2 1-2 3 0 0

Table 1. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) or treatment with AM 251 (4 µmol/kg/dose) on morphological signs of pancreatic
damage.

Numbers represent the predominant histological grading in each experimental group.
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Fig. 5. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) and/or treatment with AM 251 (4 µmol/kg/dose) on serum activity of lipase. Mean
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Fig. 6. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) and/or treatment with AM 251 (4 µmol/kg/dose) on serum activity of amylase. Mean
± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. control (C); bP<0.05 vs. CIP alone;
cP<0.05 vs. CIP + A 1.5.



increased serum activity of lipase, amylase and poly-C ribonuclease. Pretreatment
with anandamide additionally and markedly increased serum activity of these
pancreatic enzymes in rats with cerulein-induced pancreatitis; whereas
administration of AM 251 significantly reduced serum activity of lipase, amylase
and poly-C ribonuclease in rats with acute pancreatitis. Additionally, pretreatment
with AM 251 partly reversed the anandamide-evoked increase in serum activity
of theses enzymes in rats with acute pancreatitis.

Treatment with any doses of anandamide or AM 251 was without any
significant effect on pancreatic blood flow in rats without acute pancreatitis (Fig.
8). Administration of cerulein reduced pancreatic blood flow by 51.2% when
compared to vehicle-infused control rats. Treatment with anandamide, AM 251 or
combination of AM 251 plus anandamide did not significantly affect pancreatic
blood flow in animals with cerulein induced pancreatitis.

In control rats infused with vehicle, serum IL-1β concentration was 65.3 ± 3.2
pg/ml (Fig. 9). Treatment with anandamide or AM 251 was without a significant
effect on serum level of IL-1β in rats without induction of acute pancreatitis.
Cerulein caused an increase in serum IL-1β concentration to a value of 186.5 +
7.8 pg/ml and this increase was enhanced by all doses of anandamide.
Administration of AM 251 led to a significant reduction in the caerulein-induced
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Fig. 7. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) and/or treatment with AM 251 (4 µmol/kg/dose) on serum activity of poly-C
ribonuclease. Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. control (C); bP<0.05
vs. CIP alone; cP<0.05 vs. CIP + A 1.5.
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Fig. 9. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) and/or treatment with AM 251 (4 µmol/kg/dose) on serum concentration of pro-
inflammatory interleukin-1β. Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs.
control (C); bP<0.05 vs. CIP alone; cP<0.05 vs. CIP + A 1.5.



increase in serum IL-1β concentration, as well as partly reduced the anandamide-
evoked increase in serum IL-1β in rats with acute pancreatitis.

In vehicle-treated control rats, pancreatic DNA synthesis reached 67.5 ± 2.4
dpm/µg DNA (Fig. 10). Treatment with any dose of anandamide or AM 251 did
not significantly affect pancreatic DNA synthesis in animals treated with vehicle.
In rats with caerulein-induced pancreatitis, pancreatic DNA synthesis was
reduced by 37%. In this group of animals, treatment with anandamide partly
reversed the caerulein-induced fall in pancreatic DNA synthesis. Administration
of AM 251 alone was without effect on pancreatic DNA synthesis in rats with
pancreatitis, but AM 251 administered in combination with anandamide
significantly inhibited the anandamide-evoked increase in incorporation of
[3H]thymidine to pancreatic DNA.

DISCUSSION

Previous study has shown that pretreatment with WIN 55,212,-2, a synthetic
agonist of CB1 receptor inhibits the development of stress-induced gastric ulcer
in rats (22). Our present study confirms and extends this observation.
Anandamide is a natural agonist for both CB receptors, but its affinity for CB1
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Fig. 10. Effect of cerulein-induced pancreatitis (CIP), anandamide (A) administration (0.3, 1.5 or 3
µmol/kg/dose) and/or treatment with AM 251 (4 µmol/kg/dose) on pancreatic DNA synthesis.
Mean ± S.E.M. N=8 rats in each experimental group. aP<0.05 vs. control (C); bP<0.05 vs. CIP
alone; cP<0.05 vs. CIP + A 1.5.



receptors (Ki = 61 nM) is markedly higher than for CB2 receptors (Ki = 1.93 µM)
(8). In our study, we have found that pretreatment with anandamide protects
gastric mucosa against lesions evoked by WRS. This gastroprotective effect has
been associated with the preservation of gastric mucosal blood flow and gastric
mucosal DNA synthesis. Gastric blood flow plays an important role in the
protection and healing of gastric mucosa (34). Blood flow supplies the mucosa
with oxygen and bicarbonates, and removes hydrogen ions, carbon dioxide and
toxic agents diffusing from the gastric lumen. Mucosal ischemia contributes to
gastric ulceration in various clinical and experimental conditions; whereas
hyperemia protects gastric mucosa against damaging agents (34, 35). In our
present study, exposure to WRS reduced gastric mucosal blood flow; whereas
treatment with anandamide markedly reversed this effect of WRS. This
observation indicates that gastroprotective effect of anandamide involves the
preservation of gastric mucosal blood flow. However, it is not clear whether the
anandamide-evoked preservation of gastric mucosal blood flow is a mechanism
or result of mucosal protection. The relationship between gastric mucosal blood
flow and gastric mucosal damage seems to be bidirectional. Improvement of
gastric mucosal blood flow reduces gastric mucosal damage, but also the
reduction of gastric lesions leads to improvement of gastric mucosal circulation.

The rate of DNA synthesis is an index of tissue vitality and ability to
regeneration. Several reports demonstrated that after exposure to stress the gastric
mucosa exhibits a decrease in cell proliferation and DNA synthesis (36, 37). The
same effect has been observed in our present study. Additionally, we have found
that pretreatment with anandamide partly reversed the WRS-induced fall in
gastric mucosal DNA synthesis. This finding is an additional evidence that
anandamide exhibits gastroprotective effect against stress ulcers.

Interleukin-1β is a well-known mediator of acute inflammation and plays a
crucial role in the release of other members of pro-inflammatory cytokine cascade
(38). Interleukin-1β stimulates the synthesis and release of inflammatory
mediators such as TNF-α, PAF, prostaglandins and pro-inflammatory interleukins
(38, 39). The essential role of interleukin-1β in inflammatory process is
evidenced by the observation that administration of interleukin-1β receptor
antagonist prevents the release of pro-inflammatory mediators and reduces the
severity of inflammation and tissue damage (39). These data are in agreement
with our present observation that exposure to WRS leading to gastric mucosa
damage increases the serum level of interleukin-1β. Additionally we have found
that protective effect of anandamide against stress-induced gastric lesions
involves inhibition of the release of interleukin-1β.

The integrity of the gastric mucosa depends upon the balance between
damaging and protective factors. It is of interest that pretreatment with AM 251,
a selective CB1 receptor antagonist, significantly increased the area of gastric
lesions and serum concentration of interleukin-1β in rats exposed to WRS.
Additionally, administration of AM 251 before treatment with anandamide
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markedly increased gastric mucosal damage evoked by WRS, as well as increased
the serum level of pro-inflammatory interleukin-1β and decreased the gastric
mucosal blood flow and gastric DNA synthesis. These observations indicate that
endogenous cannabinoids are involved in the protection of gastric mucosa against
damage evoked by WRS and gastroprotective effect of anandamide is strictly
dependent on the stimulation of CB1 receptors.

The next interesting finding of our present study is observation that in contrast
to results obtained in the stomach, pretreatment with anandamide increases the
severity of cerulein-induced pancreatitis. Treatment with anandamide prior to
administration of cerulein increased pancreatic tissue damage and increased
serum concentration of pro-inflammatory interleukin-1β and serum activity of
pancreatic enzymes. Opposite effect was observed after administration of AM
251, a selective CB1 receptor antagonist. Pretreatment with AM 251 inhibited the
development of cerulein-induced acute pancreatitis, as well as reversed the
injurious effect of anandamide in this model of acute pancreatitis. Our
observation that stimulation of CB1 receptors during induction of acute
pancreatitis enhances the severity of this disease is in agreement with study
performed by Matsuda et al. (40). They have found that administration of CB1
receptor antagonist prolongs the survival of rats with severe necrotizing acute
pancreatitis evoked by injection of sodium taurocholate into the bilio-pancreatic
duct. Also clinical case report indicates that cannabis may induce acute
pancreatitis (41).

Our present study has indicated that pretreatment with anandamide protects
gastric mucosa; whereas in the pancreas increases the severity of acute
pancreatitis. The mechanism of different effects of CB1 receptor activation in
these both organs remains unknown and needs further studies to elucidate. We can
speculate that deleterious effect anandamide in the pancreas may depend on the
influence of cannabinoids on capsaicin-sensitive sensory nerves. These nerves
co-express CB1 and capsaicin-sensitive vanilloid (TRPV1) receptors to a very
high degree (42), and cannabinoids act on both these receptors (8). CB1 receptors
are negatively coupled to calcium channels; whereas vanilloid receptors open
cation channels. Anandamide was found to be considerably more potent in
inhibiting calcium mobilization than in activating vanilloid receptors (8).
Stimulation of CB1 receptors abolishes the capsaicin-induced increase in
intracellular calcium in sensory nerves (43), as well as cannabinoids may directly
inhibit capsaicin-sensitive nerves by dephosphorylating and desensitizing
vanilloid receptor 1 (TRPV1) via calcium calcineurin mechanism (44).
Capsaicin-sensitive sensory nerves are involved in the maintenance of tissue
integrity. In the pancreas, a stimulation of these nerves (45, 46) or administration
of its main neurotransmitter, CGRP (46, 47), prior to induction of acute
pancreatitis, attenuates the pancreatic damage; whereas deactivation of sensory
nerves increases the severity of pancreatitis (46, 48). For this reason, it is most
likely that anandamide-evoked inhibition of capsaicin-sensitive nerves is
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responsible for the aggravation of pancreatic damage in cerulein-induced acute
pancreatitis.

Capsaicin-sensitive sensory nerves are also implicated in gastric mucosa
protection. Stimulation of these nerves by low doses of capsaicin reduces the
formation of gastric lesion induced by acid-dependent and acid-independent
ulcerogens (49) and capsaicin-sensitive nerves are involved in gastric adaptation
to repeated stress (50) or aspirin (51) insults. Inhibition of sensory nerves by
cannabinoids should increase gastric mucosal damage. However, in our present
study we have observed that administration of anandamide reduces the area of
gastric lesions evoked by WRS. It is most likely that deleterious effect of sensory
nerves inhibition is balanced and reversed by the influence of cannabinoids on
gastric acid secretion. Gastric acid plays an essential role in the development of
gastric ulcers and inhibition of gastric acid secretion is a main mechanism of
gastroprotection evoked by proton pump inhibitors (52, 53) and blockers of H2
receptors (54), as well as a reduction in gastric acid secretion is involved in
gastroprotective effects of prostaglandins (55) or EGF (56). On the other hand,
numerous studies have shown that cannabinoids inhibit gastric acid secretion (19,
57, 58) and for this reason gastroprotective effect of anandamide seems to be
dependent on inhibiting gastric acid secretion.

Finally, our present study demonstrates that anandamide through CB1 receptor
activation exhibits opposite effects on the maintenance of tissue integrity in the
stomach and pancreas. In the stomach anandamide exhibits protective effect
against stress-induced gastric mucosal lesions; whereas in the pancreas, increases
the severity of cerulein-induced pancreatitis.
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