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The  aim  of  this  study  which  was  structured  with  the  objective  of  determination  of the  optimum  protective
therapy  against  the  long  term  NSAID  therapy-induced  ulcers  was  to compare  the  gastro-protective  effects
of various  antiulcer  drugs  (ranitidine,  omeprazole,  bismuth  and  misoprostol)  alone  or  in combination  with
each other  in  different  doses  on indomethacin-induced  gastric  ulcers  in rats.

In  this  experimental  study  the protective  effect  of  misoprostol  (100  �g/kg/day  and  10  �g/kg/day
i.g.),  omeprazole  (5 mg/kg/day  and  1.5  mg/kg/day  i.p.), ranitidine  (40  mg/kg/day  and  10  mg/kg/day
i.p.),  bismuth  (70  mg/kg/day  and  15  mg/kg/day  i.g.), combinations  of  misoprostol  (10  �g/kg/day  i.g.)
plus  omeprazole  (1.5  mg/kg/day  i.p.)  and  misoprostol  (10  �g/kg/day  i.g.)  plus  ranitidine  (10  mg/kg/day
i.p.)  are  investigated  on indomethacin  (50  mg/kg/day  s.c.)  induced  gastric  ulcers.  Half  an  hour  before
indomethacin  administration,  each  group  received  the  above  treatment  regimens  for  5  days.  After  5-
day  treatment,  the  rats  were  sacrificed  and  histopathological  and  hematological  examinations  were
performed.  The  following  regimens  were  found  to  be  effective  in the  prevention  of  indomethacin-

induced  gastric  lesions:  100  �g/kg  misoprostol,  10 �g/kg misoprostol,  5 mg/kg  omeprazole,  combination
of  10  �g/kg  misoprostol  plus  1.5 mg/kg  omeprazole  and  10  �g/kg  misoprostol  plus  10  mg/kg  ranitidine.
The  prevention  rates  achieved  by  these  treatments  were  71.4%,  50%,  47.6%,  52.4%  and  50%,  respectively.  As
a result  of this  study,  misoprostol  and  omeprazol  were  found  to  be  effective  in  protection  against  NSAID-
induced  gastric  problems;  while,  ranitidine  and  bismuth  were  not.  Also,  the  combinations  of  these  agents
were not  found  to have  additive  or synergistic  effects.
. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely
sed for their analgesic, antipiretic and antiinflammatory effects
Cooke, 1996). Gastrointestinal (GI) symptoms are the most com-

on  adverse events associated with NSAID therapy (Ehsanullah et
l., 1988; Singh, 1998). Gastric ulcers, bleeding and perforation are
erious side effects which are observed in long term NSAID therapy.
hronically administrated NSAIDs induce clinically significant gas-
ric mucosal damage by two mechanisms: direct mucosal irritation
nd prostaglandin inhibition.

In the literature there are some experimental models of long

erm NSAID therapy-induced gastric ulcers in animals (Kolbasa et
l., 1988; Wallace and McKnight, 1993). Animal models consisting
f repeated administration of indomethacin are found both macro-
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scopically and microscopically similar to NSAID-induced ulcers in
man  (Wallace and McKnight, 1993).

Four different drugs are recently used for the prevention of
GI side effects of NSAIDs: histamine H2 receptor blockers, proton
pump inhibitors (PPI), sucralfat and misoprostol (Agrawal, 1995).
In the literature there are different reports concerning the pro-
tective effect of drugs in NSAID-induced ulcers. Although various
studies showed that misoprostol has better protective effects when
compared with other drugs (Agrawal, 1995; Brooks and Day, 1991;
Cooke, 1996; Gabriel et al., 1993), PPIs were found to be more effec-
tive in other studies (Brown and Yeomans, 1999; Steen et al., 1999;
Yeomans, 1999). The clinical use of misoprostol is restricted due to
its high cost and intolerable side effects (Cooke, 1996). Therefore,
we investigated the effects of the combination of low dose miso-
prostol (10 �g/kg i.g.) with low dose ranitidine (10 mg/kg/day i.p)
or omeprazole (1.5 mg/kg/day i.p.) in the present study.

This study was  structured with the objective of determina-

tion of the optimum protective therapy against the long term
NSAID therapy-induced ulcers. With this objective, in this study, we
aimed to compare the gastro-protective effects of various antiulcer
drugs (ranitidine, omeprazole, bismuth and misoprostol) alone or

dx.doi.org/10.1016/j.etp.2010.09.007
http://www.sciencedirect.com/science/journal/09402993
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Table 1
Prophylactic treatment protocols.

Groups Prophylactic treatment protocol

I-C Indomethacin 50 mg/kg s.c.
M-T1 Indomethacin 50 mg/kg s.c. + Misoprostol 100 �g/kg i.g.
M-T2 Indomethacin 50 mg/kg s.c. + Misoprostol 10 �g/kg i.g.
O-T1 Indomethacin 50 mg/kg s.c. + Omeprazole 5 mg/kg i.p.
O-T2 Indomethacin 50 mg/kg s.c. + Omeprazole 1.5 mg/kg i.p.
R-T1 Indomethacin 50 mg/kg s.c. + Ranitidine 40 mg/kg i.p.
R-T2 Indomethacin 50 mg/kg s.c. + Ranitidine 10 mg/kg i.p.
B-T1 Indomethacin 50 mg/kg s.c. + Bismuth 70 mg/kg i.g.
B-T2 Indomethacin 50 mg/kg s.c. + Bismuth 15 mg/kg i.g.
MO-T  Indomethacin 50 mg/kg s.c. + Misoprostol 10 �g/kg i.g. + Omeprazole 1.5 mg/kg i.p.
MR-T Indomethacin 50 mg/kg s.c. + Misoprostol 10 �g/kg i.g. + Ranitidine 10 mg/kg i.p.
C  Normal saline 0.5 ml  s.c.
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n = 10 for each group; s.c.: subcutaneous; i.g.: intragastric; i.p.
R:  ranitidine; B: bismuth; C: control.

n combination with each other in different doses on indomethacin-
nduced gastric ulcers in rats.

. Materials and methods

.1. Animals

Wistar albino rats of both sexes, weighing 200–250 g and
pproximately of the same age were obtained from the animal
ouse of Marmara University, Faculty of Medicine. The experimen-
al animals were maintained under standard laboratory conditions
ith alternating light and dark cycles of 12 h each. During the

tudy they were allowed to take standard laboratory food pellets
nd water ad libitum and were housed in suitable and adequate
onditions that fulfill the animal house instructions. The experi-
ental protocol was approved by Marmara University, Faculty of
edicine Experimental Animals Research Ethics Committee (Reg.
o. 32.2000.mar).

.2. Drugs

Indomethacin (Deva Drug Company, Turkey), misoprostol (Ali
aif Drug Company, Turkey) and omeprazole (Losec®, Astra,
urkey), ranitidine (Ulcuran®, Abfar, Turkey), colloidal bismuth
ubcitrate (Denol®, Eczacibasi, Turkey) were used.

.3. Vehicle

Indomethacin was homogenized in 20 ml  saline containing one
rop of Tween 80. Omeprazole and ranitidine was dissolved in their
pecific solvent solutions ready for injection. Misoprostol and bis-
uth subcitrate were dissolved in a sufficient amount of distilled
ater.

.4. Experimental procedure

Rats were randomly divided into 12 groups and each group had
0 rats. Experiments were initiated following a 24 h fasting with
ater ad libitum. Gastric ulcerations were induced according to the
ethod described by Kolbasa et al. (1988) by subcutaneous (s.c.)

ndomethacin (50 mg/kg) administration for 5 consecutive days.
rophylactic treatment protocols for each group were as shown in
able 1. All antiulcer drug regimens were administered half an hour

efore indomethacin administration. Indomethacin was adminis-
ered by subcutaneous injection, while, omeprazole and ranitidine
ere injected intraperitoneally and, misoprostol and bismuth were

dministered via orogastric tube.
peritoneal; I: indomethacin; M:  misoprostol; O: omeprazole;

2.5. Histopathological examination

To assess the presence and extent of indomethacin-induced gas-
tric lesions the animals were sacrificed at the end of the treatment
period (at 6th day); laporatomy was  performed to excise the stom-
ach out including part of the duodenum (Eastwood and Quimby,
1982).

The stomach of each animal was  opened along the greater cur-
vature, emptied of its contents, washed with stream water and
stored in 10% formalin solution until the day of the examination
(Bauer et al., 1986; Kuwayama et al., 1991; Segami et al., 1996). For
light microscopic evaluation skin tissue samples were fixed in 10%
formaldehyde and processed routinely for embedding in paraffin.
Paraffin sections were stained with Hematoxylin and Eosin to indi-
cate histological degeneration (Wang et al., 1989; Kuwayama et al.,
1991).

The size of lesions was measured using a light microscope and
were graded according to the scoring system which was struc-
tured using various methods mentioned in the literature (Jiranek
et al., 1989; Lee et al., 1996; Schmassmann et al., 1998). The scor-
ing system used was  as follows: (0) without lesion, (1) mild edema
and rare erosions, (2) common erosion and necrosis, (3) ulcer with
<2 mm diameter, (4) ulcer with 2–4 mm diameter, and (5) ulcer
with >4 mm  diameter.

2.6. Hematological examination

Blood samples were taken from the animals’ tail veins to mea-
sure pre- and post-treatment hematocrit and hemoglobin levels
(Zeller et al., 1998).

2.7. Statistical analysis

All results were expressed as mean ± standard deviation (SD).
Differences between ulcer scores among groups were analyzed
using one-way ANOVA followed by Dunnett’s multiple compari-
son tests as the post hoc test. The significance of the difference
between the pre- and post-treatment hematocrit and hemoglobin
levels was  compared using independent t-test. A p-value <0.05 was
considered as statistically significant.

3. Results

Histopatologic properties of normal gastric mucosa with of
the rats administered normal saline (0.5 ml  s.c.) was  as shown

in Fig. 1a. The I-C group, expressing the indomethacin-induced
gastric ulcer model, had a mean (SD) ulcer score of 4.2 (1.0)
(Fig. 1b). Significantly differences in the mean (SD) ulcer scores
were found between the following groups and the I-C group:
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Fig. 1. (a) Normal gastric mucosa of normal saline (0.5 ml, s.c.) administered rats. (b) Deep and severe gastric ulcer formation observed in indomethacin (50 mg/kg; s.c.)
administered rats. (c) Recovery of gastric mucosa of the misoprostol (100 �g/kg; i.g.) treated rats. (d) Mild gastric ulcerations and erosion in a half area of mucosa observed
i .) and omeprazole (1.5 mg/kg; i.p.) and omeprazole (5 mg/kg; i.p.) alone treated rats. (e)
M  Severe gastric ulcer view representative of the omeprazole (1.5 mg/kg/day i.p.) alone,
r .g.) alone treated rats. Hematoxylin–Eosin staining; original magnifications: 125×.
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Table 2
The pre- and post-treatment hemoglobin levels of different groups.

Groups Pre-treatment Post-treatment

I-C 13.66 ± 0.467 6.43 ± 0.631*

M-T1 13.88 ± 0.711 7.38 ± 0.895*

O-T1 14.20 ± 0.981 7.23 ± 0.759*

R-T1 14.17 ± 0.826 6.70 ± 0.680*

B-T1 13.87 ± 0.760 7.18 ± 0.865*

C 14.12 ± 0.571 14.30 ± 0.602

I-C: 50 mg/kg indomethacin; M-T1: 100 �g/kg misoprostol; O-T1: 5 mg/kg omepra-
zole; R-T1: 40 mg/kg ranitidine; B-T1: 70 mg/kg bismuth; C: control, 0.5 ml  normal
saline.

* p < 0.05 when compared with the pre-treatment levels.

Table 3
n  misoprostol (10 �g/kg; i.g.) alone and combination with ranitidine (10 mg/kg i.p
oderate gastric ulcerations in bismuth (70 mg/kg/day i.p.) alone treated rats. (f)

anitidine (40 mg/kg/day and 10 mg/kg/day i.p.) alone and bismuth (15 mg/kg/day i

-T1 (100 �g/kg misoprostol; 1.2 ± 1.6), M-T2 (10 �g/kg miso-
rostol; 2.1 ± 1.8), O-T1 (5 mg/kg omeprazole; 2.2 ± 1.5), MO-T
10 �g/kg misoprostol plus 1.5 mg/kg omeprazole; 2.0 ± 1.6) and

R-T (10 �g/kg misoprostol plus 10 mg/kg ranitidine; 2.1 ± 1.7)
p < 0.05) (Fig. 1c and d). No significant difference was  observed
etween other groups (O-T2, R-T1, R-T2, B-T1, B-T2) and the I-

 group (p > 0.05; Fig. 1e and f). The ulcer scores of the groups
hich were histopathologically evaluated were as shown in

ig. 2.
Hematocrit and hemoglobin levels were evaluated in groups I-

, M-T1, O-T1, R-T1, B-T1 and C. The pre-treatment hematocrit and
emoglobin levels were similar for all groups (p > 0.05). When the
re-treatment hematocrit and hemoglobin levels were compared
ith the post-treatment levels, statistically significant reductions

ere observed for the groups I-C, M-T1, O-T1, R-T1 and B-T1

p < 0.05); while, the pre- and post-treatment levels were similar for
he control group (C; 0.5 ml  normal saline; s.c.; p > 0.05). Pre- and

ig. 2. Effect of different treatment regimens on ulcer scores in rats. M-T1:
00 �g/kg i.g. misoprostol; M-T2: 10 �g/kg i.g. misoprostol; O-T1: 5 mg/kg i.p.
meprazole; O-T2: 1,5 mg/kg i.p. omeprazole; R-T1: 40 mg/kg i.p. ranitidine; R-T2:
0  mg/kg i.p. ranitidine; B-T1: 70 mg/kg i.g. bismuth; B-T2: 15 mg/kg i.g. bismuth;
O-T: 10 �g/kg i.g. misoprostol + 1,5 mg/kg i.p. omeprazole; MR-T: 10 �g/kg i.g.
isoprostol + 10 mg/kg i.p. ranitidine; I-C: 50 mg/kg s.c.; values are expressed as
ean (standard deviation); *p < 0.05 when compared with controls.

The pre- and post-treatment hematocrit values of different groups.

Groups Pre-treatment Post-treatment

I-C 43.60 ± 1.17 23.70 ± 2.58*

M-T1 44.00 ± 1.15 26.10 ± 3.75*

O-T1 44.30 ± 1.95 25.50 ± 2.84*

R-T1 44.20 ± 1.81 24.80 ± 3.85*

B-T1 43.50 ± 1.43 24.60 ± 4.09*

C 44.80 ± 1.48 45.30 ± 1.77

I-C: 50 mg/kg indomethacin; M-T1: 100 (g/kg misoprostol; O-T1: 5 mg/kg omepra-
zole; R-T1: 40 mg/kg ranitidine; B-T1: 70 mg/kg bismuth; C: Control 0.5 ml  normal

saline.

* p < 0.05 as compared with pre-treatment value.

post-treatment hematocrit and hemoglobin levels were as shown
in Tables 2 and 3.

4. Discussion

In the literature there are many studies on the treatment of
NSAID-induced gastric ulcers; however, only a few studies exam-
ine the prevention of these ulcers. Therefore, we planned this study

with the aim of comparing the effects of different antiulcer drugs
with different doses and as combinations in the prevention of
NSAID-induced gastric ulcers.
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In our study the protective effects of misoprostol was found to be
ose-related. This finding was in accordance with other studies in
he literature that were conducted on experimental animals (Bauer
t al., 1986) and healthy volunteers (Jiranek et al., 1989).

In the literature, there are various studies assessing the effi-
acy of omeprazole in prevention of NSAID-induced GI problems.
n one of these studies, Ekstrom et al. (1996) evaluated the protec-
ive effect of daily 20 mg  omeprazole administration in comparison
ith placebo in patients taking NSAIDs with a history of peptic ulcer

nd dyspepsia. They found that omeprazole provided effective pro-
ection by relieving symptoms of NSAID-induced peptic ulcer and
yspepsia. In an other study conducted on 20 volunteers receiving
50 mg  aspirin four times daily for 2 weeks, Cooke (1996) reported
hat 40 mg  omeprazole provided more effective protection than
lacebo in the healing of both gastric or duodenal mucosa dam-
ge. In their study which was similar to ours in terms of treatment
uration and indomethacin doses, Lee et al. (1996) assessed the
rotective effects of omeprazole comparing the treatment group
hich received 40 mg/kg s.c indomethacin + 40 mg/kg omeprazole

or 4 days with the control group which received only 40 mg/kg
.c indomethacin for 4 days. They assessed the difference between
roups in terms of mucosal damage and prostaglandin production
nd found that omeprazole decreased the production of gastric
lcers by more than 80%.

Another study which comparatively assessed the effects of
isoprostol and omeprazol on indomethacin-induced gastric

lcers in rats found that misoprostol completely reversed the gas-
ric lesions; while, omeprazole failed to fully reverse the effect
f indomethacin on granulation tissue maturation (Arisawa et al.,
006).

In this study we found that misoprostol at both doses produced
ffective protection; while, omeprazole had significant protective
ffects only at high doses. This result complies with various others
n the literature.

Arroyo et al. (2000) found that ranitidine had no protective effect
n indomethacin induced corpus and antrum gastric lesions, how-
ver in the same study ebrotidine and omeprazole significantly
revented indomethacin induced gastric lesions.

In our previous study which aimed to compare effect of Gly-
yrrhiza glabra (liquorice) root decoction vs. omeprazole and
isoprostol for the treatment of aspirin-induced gastric ulcers in

ats, misoprostol was found to be significantly protective according
o histopathological observations (Sancar et al., 2009).

When considering the lesions formed in the stomach, ranitidine
nd colloidal bismuth subcitrate, at either dose were not found to
rovide adequate protection.

In one of the few studies assessing the efficacy of bismuth in
SAID-induced ulcers, Konturek et al. (1987),  found that colloidal
ismuth subcitrate was rather effective in protection against ulcer
ormation.

In our study, the following regimens were found to be effec-
ive in preventing indomethacin-induced gastric lesions: 100 �g/kg

isoprostol, 10 �g/kg misoprostol, 5 mg/kg omeprazole, combi-
ation of 10 �g/kg misoprostol plus 1.5 mg/kg omeprazole and
0 �g/kg misoprostol plus 10 mg/kg ranitidine. The prevention
ates achieved by these treatments were 71.4%, 50%, 47.6%, 52.4%
nd 50%, respectively. The ulcer scores in groups treated with ran-
tidine, bismuth and low dose omeprazole were not found to be
ifferent from those of the indomethacin group; therefore, the effi-
acy of these regimens was  not enough to prevent indomethacin
nduced ulcers.

In the literature there are studies reporting the beneficiary

ffects of omeprazole in NSAID-induced ulcers. Hawkey et al.
1998) compared the ulcer healing and protective effects of 20 mg
meprazole, 40 mg  omeprazole and 800 �g misoprostol in 935
atients who had to receive NSAIDs chronically. They reported no
logic Pathology 64 (2012) 339– 343

difference among the groups by means of ulcer healing; while,
at the maintenance dose of 20 mg,  omeprazole provided a more
effective protection than misoprostol. Also, they observed that
omeprazole was  well-tolerated by patients.

In their study conducted on 541 patients who had to receive
NSAIDs continuously, Yeomans et al. (1998),  reported that ulcer
healing and protective effects of both 20 mg  and 40 mg  doses of
omeprazole were better than that was observed at twice daily ran-
itidine administration.

Misoprostol is generally considered as not very favorable due
to its high cost and side effects. Although, side effects would
be decreased in lower doses, gastroprotective effects would also
reduce in a dose related manner. Therefore, in our study we tested
omeprazole and ratinidine both separately and in combinations
with misoprostol. The results obtained showed that the protective
effect of 10 �g/kg misoprostol alone was similar to those achieved
by combinations.

Post-treatment hemoglobin and hematocrit levels were lower
than those measured before the treatment; this could be due to the
NSAID-induced blood loss in the animals. Recorded decrease rates
in both parameters were not significantly different among groups.
However, the lowest decrease was  obtained in the misoprostol
100 �g/kg group. Thus, we can say that, although not statistically
significant, the effects of misoprostol in prevention of GI hemor-
rhage was  greater than other drugs

The results of this study suggest that while misoprostol and
omeprazole may  be effective in protection against NSAID-induced
gastric problems, ranitidine and bismuth may  not. Also, combining
the lower doses of these drugs would not result in any additive or
synergistic effect.
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