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Intraperitoneal administration of salicylate dose-dependently prevents
stress-induced ulcer formation in rats. A. GEPDIREMEN, H. SÜLEYMAN,
Pol. J. Pharmacol., 2003, 55, 209–212.

Stress has an important role in the induction of gastroduodenal injury. It
was reported that oxygen free radicals played a role in the pathogenesis of
this injury. Although some other antioxidant compounds and calcium chan-
nel blockers were examined in ulcer models, salicylate has not been tested
for its gastroprotective effect in ulcer models by now. In the present study,
intraperitoneal administration of 10, 25 and 50 mg/kg of salicylate dose-de-
pendently prevented ulcer formation in obligatory immobilization model in
rats. This protective effect of salicylate was found more potent than that of
ranitidine for all doses tested. As expected, peroral (by gavage) administra-
tion of salicylate at 50 mg/kg exacerbated the ulcer score, in comparison
with the control.
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INTRODUCTION

Aspirin irreversibly acetylates cyclooxygenase,
thus inactivating this enzyme and blocking prosta-
glandin synthesis. Aspirin is rapidly deacetylated
by esterases in the body, yielding salicylate, which
has anti-inflammatory, antipyretic, and analgesic
effects [8]. The upper gastrointestinal side effects
of aspirin are also largely the result of prostaglan-
din suppression in the gastrointestinal tract. Non-
steroidal anti-inflammatory drugs (NSAID) cause
endoscopically visible peptic ulcers in up to 20–25%
of patients on chronic NSAID therapy [15]. On the
other hand, salicylate has a well-known antioxidant
property. Hydroxyl free radicals, which are gener-
ated via the iron-catalyzed Haber-Weiss reaction
[2], or alternatively, via nitric oxide-related mecha-
nisms [7], react with salicylate and generate 2,3-
and 2,5-dihydroxybenzoic acids (DHBAs). The
formation of DHBAs after systemic administration
of salicylate is used as an index of &OH generation
in many tissues [13]. The free radical scavenging
properties of quercetin, �-tocopherol, nifedipine
and tetracycline in ethanol-induced gastric mucosal
injury were tested and found to have cytoprotective
and gastric ulcer healing action [16]. Melatonin,
a potent antioxidant compound, was found to cause
a significant reduction in gastric ulceration induced
by restraint immobilization at low temperatures
[10]. Involvement of oxygen free radicals in the
pathogenesis of stress-induced gastric mucosal in-
jury has been shown. Extracellular glutathione and
its interorgan metabolism was demonstrated to play
a critical role in the protection of gastric mucosa,
particularly when animals were challenged with
various stressors [9]. Glutathione had also decreas-
ing effect of the extent of ethanol-induced macro-
scopic injury to the mucosa of the gastric body and
the antrum [11]. In the present study, we tested an-
other potent antioxidant, salicylate, administrated
ip in a stress ulcer model in rats.

MATERIALS and METHODS

Obligatory immobilization method was applied
to investigate the effect of salicylate in rats in
which ulcer was produced by exposing the animals
to stress. This work was carried out according to
bioethical standards. Experiments were performed
on 48 male albino Wistar rats weighing 200–220 g.
The rats were divided into 6 groups (every group

contained 8 rats) and placed in cages. The rats were
fasted and allowed to drink only water for 18 h.
First group was administered 1 ml of distilled water
ip, and the other groups were administered 10, 25,
50 mg/kg of salicylate (Sigma Co. St. Louis, USA),
50 mg/kg of ranitidine (Deva Co. Istanbul, Turkey)
ip, and 50 mg/kg of salicylate perorally (gavage)
dissolved in the same volume (1 ml for each ani-
mal) of distilled water. One hour after drug admini-
stration, the animals were kept for 24 h in a prone
position, at room temperature. Finally, the animals
were sacrificed with 70 mg/kg of thiopental sodium
(Abbott Co. Istanbul, Turkey) ip, and their stomachs
were immediately removed. The ulcerative zones
were macroscopically evaluated and ulcerative foci
were examined on a clear acetate paper. The data
were translated to the percentage of total gastric
area for each rat. Antiulcer effects of salicylate was
compared with ranitidine and control group.

The results were statistically evaluated with
t-test for independent samples, and with Mann-
Whitney U-test, and p < 0.05 was accepted as sta-
tistically meaningful.

RESULTS

Stress-induced ulcer was produced in rats using
obligatory immobilization method. Hyperemia on
the gastric mucosa of the control group was more
pronounced than that observed in the salicylate
(10, 25 and 50 mg/kg, ip)- and ranitidine (50 mg/kg
ip)-administered groups. Salicylate administration
at 50 mg/kg by gavage, was found to increase ulcer
score in comparison with the control group as
expected. Ulcers were distributed homogenously
throughout the gastric surface, forming rounded,
oval and irregular mucosal defect with various size
and depth. Surrounding tissues of ulcer areas were
edematous. As seen in Figure 1, mean percentage
of ulcer area in relation to total gastric area was:
16.13 ± 2.4 in the control, 6.18 ± 1.8 in ranitidine
(50 mg/kg, ip)-treated group, and 6.0 ± 1.5, 4.7 ±
1.8 and 2.38 ± 1.2 after ip salicylate treatment at
10, 25 and 50 mg/kg, respectively. Peroral admini-
stration of salicylate at 50 mg/kg, was found to
worsen ulcer formation in comparison with the
control group, and ulcer area constituted 26.2± 2.7
% of total gastric area in this group.

Intraperitoneal salicylate administration dose-
dependently prevented the stress-induced ulcer for-
mation in rats, and all its doses were found more
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effective than 50 mg/kg of ranitidine. The most ef-
fective ip dose of salicylate was 50 mg/kg, while
peroral administration of salicylate at 50 mg/kg
worsened ulcer formation.

DISCUSSION

Stress has an important role in the induction of
gastroduodenal injury [12]. It was reported that
oxygen free radicals played a role in the pathogene-
sis of this injury [14]. Despite some antioxidant
compounds were found to have a healing effects in
stress ulcer models [10, 16], there has been not
much data on effectiveness of salicylate, a very po-
tent antioxidant, in this model of ulcer, by now.
Normally, prostacyclin (PGI ) inhibits gastric acid
secretion, whereas PGE and PGF � stimulate syn-
thesis of protective mucus in both the stomach and
small intestine. In the presence of aspirin, these
prostanoids are not formed, resulting in increased
gastric acid secretion and diminished mucus pro-
tection [8]. This effect may be caused by local ac-
tion of aspirin and salicylate on the gastric mucosal
cells. Cyclooxygenase inhibitors such as acetylsali-
cylic acid, indomethacin and sodium meclofena-
mate abolish high-dose DPPE-induced gastropro-

tection, whereas sodium salicylate, a lipooxygena-
se inhibitor, does not [5]. In the present study, when
we administered salicylate by gavage, stress-indu-
ced ulcer formation was exacerbated. On the other
hand, parenteral administration of salicylate dose-
dependently prevented the stress-induced ulcers in
rats, and this effect was found more potent than that
of ranitidine.

The antiulcer activities of various selective and
non-selective calcium antagonists have been widely
studied [3]. Nifedipine and cimetidine were found
equally effective in reducing gastric mucosal ulcer-
ation in stress-induced gastric ulcers in rats, and the
effect was dose-dependent [1]. The exact mecha-
nism by which, oxygen radicals may cause gross
gastric mucosal injury is unclear. Oxidants readily
react with polyunsaturated fatty acids, proteins
containing sulfur amino acids and nucleic acids.
This may alter vital membrane properties and dam-
age the barrier capabilities of epithelia and endo-
thelia [6]. Oxidants are generated in cell mitochon-
dria by activation of generator cell receptors. Fol-
lowing that, increases in intracelluar calcium levels
activate constitutive nitric oxide synthase and it
produces nitric oxide and L-citrulline from L-argi-
nine [4]. Intracellular calcium elevation has a pivo-
tal role in this cascade. Blocking stress-induced
gastric ulcers by several calcium channel blockers
may be a clue for the role of oxidant generation in
this model in rats. That hypothesis becomes stronger
in the light of successful blockade of stress-induced
ulcer by several antioxidants such as quercetin, �-to-
copherol, nifedipine, tetracycline, melatonin and
glutathione [10, 11, 16]. Gastroprotective effect of
parenteral salicylate, probably originated from its
antioxidant property. It was found that, besides so-
dium salicylate and high doses of aspirin in peroral
administration, other salicylate-type drugs such as
diflunisal, 4-aminosalicylic acid, 2,4-dihydroxyben-
zoic acid and methyl salicylate, and several non-
acidic compounds such as proquazone, benzydami-
ne and paracetamol were gastroprotective in etha-
nol-induced rat gastric injury, and this protection
was found independent of prostaglandin formation
[17].

Accordingly, ip salicylate might produce its
stress ulcer preventing effect by the same mecha-
nism in the present study. Peroral administration of
salicylate exacerbated stress-induced ulcers in rats
as expected. This effect might result from the
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blockade of the local prostaglandin synthesis in
epithelia and endothelia of gastric tissues.
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