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INTRAPERITONEAL ADMINISTRATION OF SALICYLATE
DOSE-DEPENDENTLY PREVENTS STRESS-INDUCED
ULCER FORMATION IN RATS
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Intraperitoneal administration of salicylate dose-dependently prevents
stress-induced ulcer formation in rats. A. GEPDIREMEN, H. SULEYMAN,
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, o-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
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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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SALICYLATE IN STRESS-INDUCED ULCER
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Fig. 1. The effects of salicylate (SA) administered ip at 10, 25
and 50 mg/kg or per os 50 mg/kg, and ranitidine (Ran) 50 mg/kg
ip on stress-induced gastric ulcer formation. # and * p < 0.03,
** p<0.01 and *** p < 0.005 in respect to control

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, o.-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.

REFERENCES

. Al-Mashhadani WM., Karim K.H., al-Taie R.I., al-

Zahawi H.M.: Nifedipine versus cimetidine in preven-
tion of stress-induced gastric ulcers in rats. Eur. J.
Pharmacol., 1991, 192, 117-121.

. Aust S.D., Chignell C.F., Bray T.M., Kayanaraman B.,

Mason R.P.: Contemporary issues in toxicology: free
radicals in toxicology. Toxicol. Appl. Pharmacol.,
1993, 120, 168-178.

. Birg N.A.: The clinico-histochemical validation of the

differential use of calcium antagonists in gastroduode-
nal ulcers. Terapeut. Arkh., 1994, 66, 48-51.

. Faraci F.M., Brian J.E.: Nitric oxide and the cerebral

circulation. Stroke, 1994, 25, 692-703.

. Glavin G.B., Gerrard J.M.: Characterization of the

gastroprotective effects of N,N-diethyl-2-[4-(phenyl-
methyl)phenoxy]-ethanamine hydrochloride, a non-
H1/non-H2 histamine antagonist. Digestion, 1990, 47,
143-148.

. Halliwell B., Gutteridge J.M.C.: Free Radicals in

Biology and Medicine, Clarendon, Oxford, 1985.

. Hammer B., Parker W.D. Jr., Bennett J.P. Jr.. NMDA

receptors increase OH radicals in-vivo by using nitric
oxide synthase and protein kinase C. NeuroReport,
1993, 5, 72-74.

. Harvey R.A., Champe P.C.: Pharmacology, Lippin-

cott-Raven, New Jersey, 1997.

. Hirota M., Inoue M., Ando Y., Hirayama K., Morino

Y., Sakamoto K., Mori K., Akagi M.: Inhibition of

10.

11

12.

13.

14.

15.

16.

17.

A. Gepdiremen, H. Siileyman

stress-induced gastric injury in the rat by glutathione.
Gastroenterology, 1989, 97, 853—-859.

Khan R., Morley B.S., Daya S., Potgieter B.: The ef-
fect of melatonin on the formation of gastric stress le-
sion in rats. Experienta, 1990, 46, 88—89.

. Loguercio C., Taranto D., Beneduce F., del Vecchio

Blanco C., de Vincentiis A., Nardi G., Romano M.:
Glutathione prevents ethanol-induced gastric mucosal
damage and depletion of sulfhydryl compounds in hu-
mans. Gut, 1993, 34, 161-165.

Mac Dermott B.L.: Understanding Basic Pharmacolo-
gy, F.A. Davis, Philadelphia, 1994.

Obata T., Yamanaka Y.: Intracranial microdialysis of
salicylic acid to detect hydroxyl radical generation by
monoamine oxidase inhibitor in the rat. Neurosci.
Lett., 1995, 188, 13-16.

Pieri C., Marra M., Moroni F., Recchioni R.: Mela-
tonin: a proxyl radical scavenger more effective than
vitamin E. Life Sci., 1994, 55, 271-276.

Silverstein F.E.: Improving the gastrointestinal safety
of NSAIDs. The development of misoprostol — from
hypothesis to clinical practice. Digest. Dis. Sci., 1998,
43, 447-458.

Suzuki Y., Ishihara M., Segami T., Ito M.: Anti-ulcer
effects of antioxidants, quercetin, alpha-tocopherol,
nifedipine and tetracycline in rats. Jpn. J. Pharmacol.,
1998, 78, 435-41.

Trautmann M., Peskar B.M., Peskar B.A.: Aspirin-
like drugs, ethanol-induced rat gastric injury and mu-
cosal eicosanoid release. Eur. J. Pharmacol., 1991,
201, 53-58.

Received: March 12, 2002; in revised form: June 17, 2002.

212

Pol. J. Pharmacol., 2003, 55, 209-212



	CONTENTS
	OBITUARY Œ Professor Jerzy Maj, M.D., Ph.D. (1922Œ2003).
	OBITUARY Œ Dr. Anna Czyrak (1957Œ2003).
	REVIEW Œ Significance of dysfunctional glutamatergic transmission for the development of psychotic symptoms.


	Ma³gorzata Pietraszek	133
	Synergistic effect of SCH 58261, an adenosine A2A receptor antagonist, and L-DOPA on the reserpine-induced muscle rigidity in rats.
	Jadwiga Wardas	155

	Lack of changes in cortical [3H]-muscimol binding in rats sensitized to nicotine-induced enhancement of dopamine metabolism.
	Halina Sienkiewicz-Jarosz, Agnieszka I. Cz³onkowska, Ma³gorzata Lehner, Piotr Maciejak, Marek Siemi¹tkowski, Janusz Szyndler, Aleksandra Wis³owska, Ma³gorzata Zienowicz, Andrzej Bidziñski, Wojciech Kostowski, Adam P³a�nik	165

	Influence of AIDA on certain behaviors in rats subjected to experimental hypoxia.
	Agnieszka Nadlewska, Halina Car, Ró¿a J. Wiœniewska, Konstanty Wiœniewski	171

	Role of nitric oxide in anticonvulsant effects of benzodiazepines in mice.
	
Sylwia Talarek, Sylwia Fidecka	181


	Study on the influence of potent inhibitors of neuronal nitric oxide synthase on the antinociceptive and anticonvulsant activity of benzodiazepines in mice.
	Sylwia Fidecka	193

	Influence of nifedipine, nitrendipine and verapamil at low concentration on antipyrine metabolism examined by extracorporeal rat liver perfusion.
	Adam Szel¹g, Jan Magdalan, Maria Rutkowska, Wojciech Dziewiszek, Ma³gorzata Trocha, Ma³gorzata Rzepka, Ma³gorzata Pieœniewska, Lidia Fereniec	203

	Intraperitoneal administration of salicylate dose-dependently prevents stress-induced ulcer formation in rats.
	Akçahan Gepdiremen, Halis Süleyman	209

	Effects of amiloride and bumetanide on ion transport in the caecum of rabbit.
	
Danuta I. Kosik-Bogacka, Boles³aw Banach, Tomasz Tyrakowski, Alina Koz³owska, Sylwia Koz³owska	213

	Effect of amiloride and bumetanide on ionic currents in the epithelium of caecum from starved rabbits.
	Danuta Kosik-Bogacka, Boles³aw Banach, Tomasz Tyrakowski	221

	Induction of caspase 3 and modulation of some apoptotic genes in human acute promyelocytic leukemia HL-60 cells by carboplatin with amifostine.
	Marek Mirowski, Marek Ró¿alski, Urszula Krajewska, Ewa Balcerczak, Wojciech M³ynarski, Ryszard Wierzbicki	227

	Differential effect of betulin and betulinic acid on cytokine production in human whole blood cell cultures.
	Barbara Zdzisiñska, Wojciech Rzeski, Roman Paduch, Agnieszka Szuster-Ciesielska, Józef Kaczor, Katarzyna Wejksza, Martyna Kandefer-Szerszeñ	235

	Comparison of the effects of azathioprine and its novel non-mercaptopurine analog on antibody response in rabbits.
	Pituitary adenylate cyclase-activating polypeptide (PACAP)-evoked increase in cyclic AMP production in chick cerebral cortex: lack of a role of the protein kinase C pathway.
	Jolanta B. Zawilska, Pawe³ Niewiadomski, Jerzy Z. Nowak	245


	Metabolism of lidocaine by liver microsomes from streptozotocin-diabetic rats.
	
Barbara Gawroñska-Szklarz, Dawid Musial, Marek Dro�dzik, Bartosz Paprota	251

	PRELIMINARY COMMUNICATIONS
	Desensitization of H2-like histamine receptors stimulating cyclic AMP formation in the chick cerebral cortex.
	Paulina Sêdkowska, Jolanta B. Zawilska, 
Jerzy Z. Nowak	255


	Investigations of anti-inflammatory and analgesic activities of prednisolone solid dispersion prepared with skimmed milk.
	Nefise O. Sahin, Tadeusz Librowski	261

	Note to contributors	315

