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In the present study, we investigated whether the antiulcer effects of ni-
mesulide (100 mg kg��) and ranitidine (150 mg kg��) were dependent on the
adrenal cortex hormones. The antiulcer effects of nimesulide and ranitidine
were examined in the indomethacin-induced gastric ulcer model in rats (first
experiment). The mean ulcer areas in the control and ranitidine-treated
groups were 11.1 ± 3.18, 1.4 ± 1.11 mm�, respectively. There was not any
gastric damage in nimesulide-treated group. The mean ulcer area of control
group (second experiment) administered metyrapone and indomethacin was
11.8 ± 9.9, and it measured 2.0 ± 1.41 mm� in ranitidine-given group , while
gastric damage was not observed in nimesulide-administered group. In ad-
renalectomized and indomethacin-treated rats (third experiment), the mean
ulcer area was 17.9 ± 11.5 mm� in the nimesulide group, gastric ulcer was
not seen in ranitidine group. In adrenalectomized rats (fourth experiment),
the mean ulcer areas were 29 ± 14.3, 23 ± 11.2 and 1.3 ± 2.4 mm� in control
group given indomethacin, only nimesulide or indomethacin + ranitidine, re-
spectively. The obtained results indicated that adrenal cortex hormones
played a role in antiulcer effect of nimesulide, but not ranitidine.
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INTRODUCTION

It is known that selective cyclooxygenase-2
(COX-2) inhibitors cause less gastric damage than
non-selective inhibitors [15]. Inhibition of both
cyclooxygenase-1 (COX-1) and COX-2 is required
for formation of gastric damage [13]. Most studies
have demonstrated that both anti-inflammatory and
side-effects of non steroidal anti-inflammatory
drugs (NSAIDs) are dependent on COX inhibition
[22]. Indomethacin, naproxen and ibuprofen, which
inhibit both COX enzymes, obviously produce
damage to gastric tissue [11]. In order to reduce
side-effects of NSAIDs, such as nimesulide, cele-
coxib, rofecoxib, which inhibit selectively COX-2
and cause little damage to gastric tissue, have been
developed in the recent studies. Previous studies in-
dicated that indomethacin, naproxen, ibuprofen and
diclofenac sodium led to gastric damage, while ni-
mesulide did not produce any damage to the sto-
mach of rats [18]. Nimesulide completely pre-
vented indomethacin-induced gastric ulcers in rats
[16]. It has been found that nimesulide prevents
indomethacin-induced gastric ulcer without react-
ing with indomethacin [17]. Nimesulide has also
significantly decreased stress- and ethanol-induced
ulcers [18]. Several studies have indicated that 11-
deoxycorticosterone secreted by adrenal cortex
may have antiulcer action [5].

Bojanowic reported that in patients with gastric
ulcer, plasma glucocorticoid levels were high, and
conversely, plasma mineralocorticoid levels were
low [2]. According to the literature, this data means
that adrenal hormones, especially adrenal cortex
hormones, play a significant role in gastric ulcer
pathogenesis, and whether antiulcer effects of
drugs depend on the adrenal gland or not can be
shown in adrenalectomized rats. The problem
whether antiulcer effect of drugs depends on corti-

costerone or aldosterone can be investigated in rats
administered metyrapone. Metyrapone blocks cor-
ticosterone and aldosterone synthesis by inhibition
of 11-� hydroxylase [3, 4]. The aim of the present
study was to investigate whether the antiulcer ef-
fects of nimesulide, COX-2 selective inhibitor, and
ranitidine, H receptor blocker, depend on adrenal
cortex hormones.

MATERIALS and METHODS

Animals

A total of 66 male albino Wistar rats (190–205 g)
were received from Experimental Animal Labora-
tory of Atatürk University. The animals were allo-
cated to treatment groups prior to initiation of ex-
perimental procedures in this study. They were
housed and fed in the laboratory at 22°C under
standard conditions.

Chemicals

Metyrapone was obtained from Alliance Phar-
maceuticals Ltd. (England); all other chemicals
were purchased from Sigma (Germany). All drugs
were dissolved in distilled water.

Treatment protocol

Experiment 1. Effects of nimesulide and ranitidine
on the indomethacin-induced gastric ulcer in intact
animals

In the first experiment, six rats per group (in total
18 rats) were used and the antiulcerogenic effects of
nimesulide and ranitidine were examined in the
indomethacin-induced gastric ulcer model [6].

After a 24-hour fasting, nimesulide at a dose of
100 mg kg&' was given by oral gavage to one group
and ranitidine at a dose of 150 mg kg&' was given
by oral gavage to another group of animals [16].
The control group was administered an equal vol-
ume of distilled water per os. Five minutes after the
administration of the drugs, 20 mg kg&' of indo-
methacin was administered once to all animal
groups by oral gavage. At the end of the experi-
ment, the rats were killed by an overdose of thio-
pental sodium (50 mg kg&') 6 h after indomethacin
administration. After their stomaches were removed,
the ulcer areas were examined macroscopically and
measured in square millimeters, and the cumulative
area of all lesions in a rat served as the measure of
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Fig.1. Effects of nimesulide and ranitidine on the indometha-
cin-induced ulcers. * p < 0.003



gastric damage. The antiulcerogenic effects of ni-
mesulide and ranitidine were compared with that of
control group.

Experiment 2. Effects of nimesulide and ranitidine
on the indomethacin-induced gastric ulcer in mety-
rapone-given rats

In this experiment, six rats per group (in total 18
rats) were used and metyrapone at a dose of 100 mg
kg&' was given by oral gavage to all animal groups
fasted for 24 h. Two hours after the administration
of metyrapone, nimesulide at a dose of 100 mg kg&'

was given by oral gavage to one group and raniti-
dine at a dose of 150 mg kg&' was administered to
another group of animals. Equal volume of distilled
water was administered to the control group per os.
Five minutes after administration of the drugs,
indomethacin at a dose of 20 mg kg&' was given to
all animal groups by oral gavage. The rats were
sacrificed by the same method as mentioned above
6 h after indomethacin administration. Their stom-
achs were removed and the damage areas were
evaluated.

Experiment 3. Effects of nimesulide and ranitidine
on the gastric tissue of adrenalectomized rats

The rats (six rats per group, in total 12 rats)
were adrenalectomized under thiopental sodium
anesthesia (25 mg kg&', ip) [19]. After surgery, ad-
renalectomized rats were supported with 1% NaCl
solution instead of water and pellet food during
seven days. On the eighth day, nimesulide at a dose

of 100 mg kg&' was administered by oral gavage to
one group and ranitidine at a dose of 150 mg kg&'

was given to another group of adrenalectomized
rats. The rats were killed 6 h after the treatment
with the drugs and stomachs were removed. Gastric
mucosal damage has been evaluated by the same
method.

Experiment 4. Effects of nimesulide and ranitidine
on the indomethac-ininduced gastric ulcer in ad-
renalectomized rats

In this experiment, six rats per group (in total
18 rats) were used. Nimesulide at a dose of 100 mg
kg&' was administered by oral gavage to one group
and ranitidine at a dose of 150 mg kg&' was given
to another group of adrenalectomized rats. The
control rats received an equal volume of distilled
water per os. Five minutes after the administration
of the drugs, 20 mg kg&' of indomethacin was
given by oral gavage to all animal groups. The rats
were sacrificed by the procedure described above 6 h
after the last drug administration. Their stomachs
were removed and the lesions were examined by
the same method.

Statistical analysis

The data were expressed as the mean ± SD. The
results were analyzed with Mann-Whitney U-test.
A p value less than 0.05 was accepted as statisti-
cally significant.
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Fig. 2. Effects of nimesulide and ranitidine on the indometha-
cin-induced ulcer in metyrapone-given rats. * p < 0.02
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Fig. 3. Effects of nimesulide and ranitidine on gastric tissue of
adrenalectomized rats. * p < 0.003



Experimental protocols of the present study
were approved by the Ethics Committee of the
Medical Faculty, Atatürk University.

RESULTS

Effects of nimesulide and ranitidine on the

indomethacin-induced gastric ulcer

There were ulcer areas in ranitidine-, indo-
methacin (control)-given group, while no gastric
damage was observed in nimesulide-given group.

The ulcers were of various size and depth, oval,
round, or irregularly shaped. They were distributed
throughout the gastric mucosa. Margins of ulcers
were demarcated. Hyperemia was more significant
in indomethacin-treated rats than in ranitidine- and
nimesulide-treated rats. As seen in Table 1, the
mean ulcer area was 11.1 mm in indomethacin-
treated rats and 1.4 mm in the ranitidine-treated
rats (Fig. 1).

Effects of nimesulide and ranitidine on the

indomethacin-induced ulcers in the metyrapo-

ne-given rats

The treatment of the rats with nimesulide did
not produce gastric ulcer. The mean ulcer area was
2 mm in the rats given ranitidine, while it was
11.8 mm in the control group (indomethacin-given
animals) (Tab. 2, Fig. 2).

Effects of nimesulide and ranitidine on the gas-

tric tissue of adrenalectomized rats

Gastric damage and obvious hyperemia were
determined in all of the rat groups receiving nime-
sulide. The mean ulcer area was 17.9 mm . The ul-
cer zones were not observed in the ranitidine-
treated rats (Tab. 3).

Effects of nimesulide and ranitidine on the

indomethacin-induced ulcers in adrenalecto-

mized rats

The mean ulcer areas were 23, 1.3, and 29 mm 

in the nimesulide-, ranitidine-, indomethacin (con-
trol)-given groups, respectively (Tab. 4, Fig. 3).

DISCUSSION

The antiulcer effects of nimesulide and raniti-
dine were investigated in the model of indo-
methacin-induced gastric ulcer. Additionally, it was
examined whether adrenal gland hormones have
any role in the antiulcer action of nimesulide and
ranitidine.

In the first series of experiments, the antiulcer
action of nimesulide (100 mg kg&') and ranitidine
(150 mg kg&') was tested in the indomethacin–in-
duced ulcer model. The findings of the experiment
were surprising. There were no ulcer lesions in the
group given nimesulide, while the ulcer area in ani-
mals administered ranitidine and indomethacin
(control group) was 1.4 mm and 11.1 mm , re-
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spectively. Nimesulide, when given alone, did not
cause ulcer in intact rats [18]. Our former studies
indicated that nimesulide was also an agent that
prevented ethanol- and stress-induced ulcers
[16–18]. It was observed that nimesulide prevented
indomethacin-induced ulcers when administered at
high doses like 100, 300 and even 500 mg kg&'

[17]. It is interesting that nimesulide completely
prevents indomethacin-induced ulcers. Also raniti-
dine prevents potently indomethacin-induced ul-
cers. The results obtained in the present study have
indicated that nimesulide, which is an anti-
inflammatory drug, has also antiulcer effect. Nime-
sulide reduces HCl secretion [7] but it has been
found that this action is not mediated via histamine
H receptor [20].

In our preliminary study, we observed that rani-
tidine increased carrageenan-induced inflamma-
tion; however, ranitidine decreased antiinflamma-
tory effect of nimesulide when administered to-
gether with nimesulide. These data showed that the
mechanisms of antiulcer action of both drugs may
be different. As mentioned in the Introduction,
plasma mineralocorticoid levels in patients with
gastric ulcer decrease, while plasma glucocorticoid
levels in these patients increase.

Taking these data into consideration, in the sec-
ond series of experiments, we investigated whether
aldosterone, a strong mineralocorticoid, plays a ro-
le in antiulcer action of nimesulide. Metyrapone is
known as a drug that blocks the synthesis of al-
dosterone and corticosterone [3, 4]. In this series of
the experiments, the effects of nimesulide and rani-
tidine were investigated in indomethacin-induced
ulcers in rats administered metyrapone. The results
showed that nimesulide completely prevented
indomethacin-induced ulcers in the rats adminis-
tered metyrapone, too. Also the antiulcer effect of
ranitidine was significant. The results showed that
aldosterone and corticosterone did not play a role
in the prevention of indomethacin-induced ulcers
and they also had no effect in the mechanism of
antiulcer action of nimesulide and ranitidine. Ni-
mesulide and ranitidine prevented indomethacin-
induced ulcers in both intact and metyrapone-given
rats. In the first series of the experiments, ulcer area
was 11.1 mm in control group given only indo-
methacin. However, indomethacin-induced ulcer
area was 11.8 mm in the other control group given
metyrapone. Metyrapone inhibits considerably con-
version of 11-deoxycorticosterone to corticosterone

and then aldosterone by blocking 11-�-hydroxylase.
Inhibition of 11-�-hydroxylase also restrains the
formation of cortisol from deoxycortisol. Cortisol
inhibition stimulates ACTH secretion and the fol-
lowing 11-deoxycorticosterone production. ACTH
stimulates the secretion of 11-deoxycorticosterone,
but inhibition of 11-�-hydroxylase by metyrapone
cannot stimulate the secretion of aldosterone and
corticosterone [12, 14].

In the third series of the experiments, the effects
of nimesulide and ranitidine on gastric tissues were
investigated in adrenalectomized rats, and surpris-
ing results were obtained. In control group and
ranitidine-given group, no damage was observed in
the stomachs of adrenalectomized rats, whereas
a number of ulcer areas were established in the
stomachs of nimesulide-given rats. The mean ulcer
area in nimesulide-treated group was 17.9 mm .
This mean was by 6.8 mm bigger than damage
area produced by indomethacin in intact rats.

In the fourth series of the experiments, the ef-
fects of nimesulide and ranitidine on indo-
methacin-induced ulcers were investigated in ad-
renalectomized rats. The results showed that ul-
cerogenic effect of indomethacin was increased in
adrenalectomized rats and the mean ulcer area was
29 mm in indomethacin-given rats (control group).
Nimesulide could not prevent indomethacin-indu-
ced ulcer in adrenalectomized rats. The effect of ni-
mesulide in adrenalectomized rats was very inter-
esting. In our study, ranitidine had antiulcer effect
in all experiments. Namely, ranitidine could pre-
vent indomethacin-induced ulcers significantly in
both intact and adrenalectomized rats, whereas ni-
mesulide could prevent indomethacin-induced ul-
cers only in intact animals.

Ranitidine prevented indomethacin-induced ul-
cers in adrenalectomized rats, but nimesulide was
ineffective, and even nimesulide led to damage to
the gastric tissues of adrenalectomized rats. There-
fore, it can be suggested that a signal originating
from adrenal gland has a significant role in ulcer
prevention.

It was shown that rofecoxib and celecoxib in-
creased indomethacin-induced ulcers in a study of
Laudanno et al. [10]. This means that there is no di-
rect parallelism between the degree of COX inhibi-
tion and gastrointestinal system damage by NSAIDs.
Nimesulide at minimal dosages shows selectivity
to COX-2 and its selectivity is lost at higher, thera-
peutic dosages [8].
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It is known that HCl has a significant role in ul-
cer pathogenesis. In a study of Boger, deoxycorti-
costerone reduced the level of HCl and pepsin, but
ACTH enhanced their levels [1].

In our preliminary study, nimesulide also pre-
vented completely indomethacin-induced ulcers in
carvedilol (10 mg kg&')-given rats. Carvedilol (at
1–10 mg kg&') antagonizes the effects of adrenaline
and noradrenaline by blocking �- and �-adrenocep-
tors [9, 21]. It is known that adrenaline and nor-
adrenaline mediate their effects via �- and �-adre-
noceptors. Consequently, it is understood that
adrenaline and noradrenaline do not take part in the
antiulcer effects of nimesulide. The oral form of ni-
mesulide has been forbidden in many countries, but
the elucidation of the mechanism of its antiulcer
action will support solving ulcer pathogenesis.

The obtained results indicated that adrenal
gland hormones had a role in the antiulcer effect of
nimesulide, but these hormones were not cortico-
sterone, aldosterone, cortisol, adrenaline, nora-
drenaline. The antiulcer effect of ranitidine was not
dependent on adrenal gland hormones. Does 11-de-
oxycorticosterone play an important role in the
antiulcer effect of nimesulide? Further studies are
required to answer this question.
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