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Background/aims: The effects of anti-ulcerogenic drugs are dependent on the increase in prostaglandin production and reduction
in leukotriene production in the gastric mucosa. Montelukast is an anti-asthmatic drug, a selective reversible cysteinyl leukotriene
D4 receptor antagonist. In this study, we aimed to evaluate the anti-ulcerogenic effect of montelukast and to investigate the relati-
onship between its anti-ulcerogenic effect and polymorphonuclear leukocyte infiltration in the gastric tissues. Materials and Met-
hods: Male Sprague-Dawley rats were separated into five groups. Distilled water (control group), famotidine (40 mg/kg), and mon-
telukast (5, 10 and 20 mg | kg) were given orally (gavage). Thirty minutes later, indomethacin (25 mg/kg) was administered to all
the groups. Six hours later, the animals were sacrificed by decapitation. The ulcer indexes for each stomach and the ulcer inhibiti-
on rates for each group were calculated, and the stomachs were later evaluated histopathologically (polymorphonuclear leukocyte
infiltration). Results: Ulcer inhibition rates were as follows: famotidine 96.14% and montelukast 59.96%, 72.65% and 76.97% (5,
10 and 20 mg | kg, respectively). Montelukast (10 and 20 mg/kg) showed effects similar to those of famotidine histopathologically.
Conclusions: In this study, it was observed that there was a relationship between the anti-ulcerogenic effect of montelukast and
polymorphonuclear leukocyte infiltration in the gastric mucosa, and montelukast behaved as an anti-ulcerogenic drug both macros-
copically and microscopically.
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Montelukastin anti-iilserojenik etkisinin indometazinle olusturulan
deneysel iilser modelinde histopatolojik olarak degerlendirilmesi

Amag: Antiiilserojenik ilaglarin etkileri mide mukozasinda prostoglandin iiretiminin artisina ve lokotrien iiretiminin azalmasina
baglidir. Montelukast selektif reversibil sisteinil lokotrien D4 reseptor antagonisti, antiastmatik bir ilactir. Bu ¢alismada, mon-
telukastin antiiilserojenik etkisi ve bu etkisinin polimorfniikleer lokosit infiltrasyonu ile iligkisi aragtirimistir. Gere¢ ve Yontem:
Erkek Sprague-Dawley sicanlar bes gruba ayrildi. Gruplara distile su (kontrol grubu), famotidin (40 mg/kg) ve montelukast (5- 10
ve 20 mg/kg) agiz yoluyla verildi. 30 dakika sonra biitiin gruplara yine agiz yoluyla indometazin (25 mg/kg) uygulandi. 6 saat
sonra, denekler sakrifiye edildi. Her mide igin iilser indeksleri ve her grup icgin tilser inhibisyon oranlar: él¢iildii, daha sonra mide
dokulart histopatolojik olarak (polimorfoniikleer lkosit infiltrasyonu) degerlendirildi. Bulgular: Ulser inhibisyon oranlart famo-
tidin i¢in 96.14%, 5-10 ve 20 mg/kg montelukast i¢in sirastyla 59.96%, 72.65% ve 76.97% bulundu. Montelukast (10-20 mg/kg)
histopatolojik olarak famotidine benzer etkiler gosterdi. Sonu¢: Bu c¢alismada, montelukastin antiiilserojenik etkisi ile mide
mukozasindaki polimorfoniikleer lokosit infiltrasyonu arasinda bir iligski oldugu gozlenmigtir ve montelukast hem makroskopik
olarak hem de mikroskopik olarak antiiilserojenik bir ila¢ gibi davranmuigtir.

Anahtar kelimeler: Montelukast, indomethazin, mide ulseri, polimorfonikleer l0kosit
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INTRODUCTION

Montelukast is a selective leukotriene (LT) D4 re-
ceptor antagonist, anti-asthmatic and anti-inflam-
matory drug that interferes directly with LT pro-
duction (5-lipoxygenase inhibitors) (1,2). LTs are
lipoxygenase pathway products of arachidonic
acid metabolism. They can be classified according
to their chemical structures and biological activiti-
es into two classes: the dihydroxy leukotriene
(LTB4) and the cysteinyl LTs (CysLTs). LTB4 has
been known as a potent chemo-attractant media-
tor of inflammation; it stimulates neutrophil che-
motaxis, chemokinesis and adherence to endothe-
lial cells, and activates neutrophils, leading to re-
lease of enzymes and mediators and degranulati-
on (3). The CysLTs are also intimately involved in
changes within the vasculature, and LTC4 and
LTD4 cause vasoconstriction (4-6).

Non-steroidal anti-inflammatory drugs (NSAIDs)
are widely used in the treatment of pain, fever and
inflammation, and cause gastric ulcers. The ulce-
ration induced by indomethacin and NSAIDs is at-
tributed mainly to the biosynthesis of cytoprotecti-
ve prostaglandin resulting in overproduction of
LTs and other products of the 5-lipoxygenase
pathway (7). These agents break the mucosal bar-
rier, provoke an increase in gastric mucosal per-
meability to H+ and Na+ ions and a drop in the
transmucosal potential difference, and induce the
formation of erosions and ulcers (8,9). Other major
factors include a decrease in the secretion of mu-
cus, an inhibition of bicarbonate secretion, a re-
duction in the mucosal blood flow (10), an alterati-
on in microvascular structures and microvascular
injury (11), an increase in acid and pepsinogen
secretion, and neutrophil infiltration (12). Neut-
rophil infiltration into the gastric mucosal tissues
is a critical process in the pathogenesis of a vari-
ety of gastric ulcers. A relationship between the
anti-oxidant and anti-ulcerogenic effects of monte-
lukast was shown in our previous study (13). The
purpose of the present study was to investigate
the relationship between the gastroprotective ef-
fect of montelukast and polymorphonuclear leu-
kocytes (PMNL) infiltration in the gastric tissues.

MATERIALS AND METHODS

Montelukast (Merck Sharp & Dohme, Turkey), fa-
motidine (Nobel A.S., Turkey) and indomethacin
(Merck Sharp & Dohme) were used, and all of
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them were given orally (gavage) with a metal oro-
gastric tube. Indomethacin, montelukast and fa-
motidine were dissolved in distilled water.

The male Sprague-Dawley rats (150-200 g) used in
the study were obtained from the Animal Labora-
tory of the Pharmacology Department (Atatirk
University, Medical Faculty, Erzurum). The ani-
mals were housed under standard laboratory con-
ditions. Food was withdrawn 24 hours (h) before
the experiment, but the animals were allowed fre-
e access to water. Experiments were in accordan-
ce with the recommendations from the Declarati-
on of Helsinki and the internationally accepted
principles in the care and use of experimental ani-
mals.

The effects of montelukast on PMNL infiltration
in an ulcer model produced by indomethacin were
investigated (14). Animals were separated into fi-
ve groups as follows: control (distilled water - 5
ml/kg), famotidine (40 mg/kg), and montelukast
(5-10-20 mg/kg). Distilled water, famotidine and
montelukast were given orally, and 30 minutes
(min) later, indomethacin (25 mg/kg—per oral) was
administered to all the groups. Six hours later, the
animals were sacrificed by decapitation. The sto-
machs were removed, then opened along the great
curvature and washed with tap water to remove
the gastric contents, and examined under a dissec-
ting microscope with square-grid eyepiece to as-
sess ulcer formation. For each stomach, ulcerated
and total areas were measured in mm2. The ulcer
indexes (Uls) for each stomach were calculated
using the following formula:

Ul = [Ulcerated area / Total stomach area] X 100, and

the anti-ulcerogenic activity (AUA) for each group
was calculated by the following formula:

AUA (%) = [ (UIgonrroL-Ulrgearen / Ulcontror) 1 X 100.

The stomachs were fixed in 10% formalin solution
and routinely processed for paraffin embedding.
From each sample, 4 Im-thick sections were obtai-
ned and stained with hematoxylin-eosin for evalu-
ation. Intramucosal PMNLs infiltration was sco-
red in 10 separate microscopic fields (X 40 high po-
wer field [hpf]): score 0=PMNLs <10%; score 1=
PMNLs 10-50%; score 2= PMNLs 50-75%; and
score 3= PMNLs >75%.
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All data were expressed as mean + standard error
of the mean (SEM). A value of p<0.05 was conside-
red to be statistically significant. Uls of the groups
were analyzed by one-way analysis of variance
(ANOVA) and post-hoc LSD test. The histological
scores were statistically analyzed using the Krus-
kal-Wallis test, and differences between the gro-
ups were evaluated using the Mann-Whitney U
test.

RESULTS

Montelukast and famotidine showed protective ef-
fects on indomethacin-induced ulcer (Table 1). The
anti-ulcerogenic effect of famotidine was 96.14%
(p=0.000) in comparison to the control group. The
AUAs presented by montelukast at 5, 10 and 20
mg/kg doses were 59.96% (p=0.000), 72.65%
(p=0.000) and 76.97% (p=0.000), respectively. Alt-
hough famotidine showed more AUA than monte-
lukast, the difference was not statistically signifi-
cant.

According to PMNL infiltration in gastric tissues,
famotidine and montelukast caused a decrease in
the PMNL count (Table 1, Figures 1A, B, C, D and
E). It seemed as if montelukast (10 and 20 mg/kg)
was more effective than famotidine, but these dec-
reases were not statistically significant. Among all
groups of the study, PMNL infiltration was the le-
ast with 10 mg/kg dose of montelukast. In compa-
rison to the famotidine group, the statistical diffe-
rence was 0.058.

DISCUSSION

The present study evaluated both macroscopically
and microscopically the gastroprotective effects of
different doses of montelukast on indomethacin-
induced gastric damage in rats. The results were
compared these those obtained with famotidine as

a classic anti-ulcerogenic drug, and montelukast
presented gastroprotective effects.

We previously showed the anti-ulcerogenic and
anti-oxidant activities of montelukast in the same
ulcer model (13). In this study, we aimed to deter-
mine the relationship between the anti-ulceroge-
nic effects and PMNL infiltration into the gastric
mucosa.

Indomethacin- and other NSAIDs-induced ulcer
formations are known to be related with the inhi-
bition of cyclooxygenase, which prevents prostag-
landin biosynthesis, which in turn inhibits the re-
lease of mucus, a defensive factor against gastro-
intestinal damage (15), and also decreases the blo-
od flow in gastric mucus (10). Gastric ulcer results
from an imbalance of the interactive process of ag-
gressive and defensive factors in the stomach. Rec-
ruitment and activation of neutrophils in the gas-
tric mucosa are crucial in indomethacin-induced
gastric injury, and gastric mucosal damage reac-
hes the highest point at six hours (16). In our
study, animals were sacrificed after six hours, gas-
tric samples were evaluated histopathologically,
and both montelukast and famotidine decreased
the PMNL infiltration in comparison to the control
group; these decreases were statistically signifi-
cant in the montelukast (10 and 20 mg/kg) and fa-
motidine groups. In this study, an interesting fin-
ding was that it seemed as if famotidine was the
most gastroprotective drug according to the UI,
but montelukast at 10 and 20 mg/kg doses was
histopathologically more effective than famotidine
according to PMNL infiltration.

Our previous study (13) and the study of Sener et
al. (17) had shown that pretreatment with monte-
lukast prevented the increase in myeloperoxidase
(MPO) activity. MPO is an essential enzyme for
normal neutrophil function, and is also an index of
neutrophil infiltration. Neutrophils are a good so-
urce of LTs, and it is possible that LTs released by

Table 1. Effects of montelukast on indomethacin-induced ulcer model in rats

Groups Ulcerated Ulcer index (%) Anti-ulcerogenic PMNL infiltration
animal (Mean+SEM) activity (%) (score)
Control (distilled water) 5 ml/kg 6/6 8.08+0.48 - 3.00+0.00
Famotidine 40 mg/kg 4/6 0.31+0.14* 96.14 2.00+0.37 *
Montelukast 5 mg/kg 6/6 3.23+0.81* 59.96 2.50+0.34
Montelukast 10 mg/kg 4/6 2.21+0.80* 72.65 1.00+0.26 **
Montelukast 20 mg/kg 6/6 1.86+0.37* 76.97 1.33+0.33 **

For ulcer index, * p=0.000; in comparison with the control group (post-hoc LSD test).
For PMNL infiltration, * p=0.022, ** p=0.002; in comparison with the control group (Mann-Whitney U test).

PMNL: Polymorphonuclear leukocyte.
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the neutrophils contribute to the damage by their
vasoconstrictive effect (18,19). Since we previously
determined MPO activity in gastric tissue with
montelukast, we did not determine MPO activity
in this study. In our previous study, the MPO ac-
tivity in the stomach tissues of the indomethacin
group had increased in comparison with that oc-

Montelukast and ulcer

Figure 1. Pathological localization of PMNLSs in the muscularis
mucosa in the rat gastric tissues.

(A) Control group (only indomethacin) showed significant
PMNL infiltration in muscularis mucosa and interglandular are-
a and severe inflammation; (B) famotidine 40 mg/kg + indomet-
hacin group showed PMNL infiltration in muscularis mucosa
and mild inflammation; (C) montelukast 5 mg/kg + indometha-
cin group showed moderate inflammation; (D) montelukast 10
mg/kg + indomethacin group showed mild inflammation and a
few leukocytes; and (E) montelukast 20 mg/kg + indomethacin
group showed PMNL infiltration in perivascular area, and
mild/moderate inflammation. Images are magnifications with
hematoxylin-eosin (H&E) X40.

curring in the tissues of healthy rats. The activity
levels of these enzymes had been alleviated with
each dose of montelukast, acting counter to the in-
domethacin. In the previous study, we did not de-
termine the MPO activity of famotidine in gastric
tissues, but we determined that ranitidine caused
an increase in this enzyme activity. It has been re-
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ported that the release of MPO from gastric cells
is another indication of the degree of ulceration,
with NSAIDs such as indomethacin also exerting
their effects via inhibition of MPO pathways (20).
Tissue MPO from the antioxidant enzymes has be-
en in widespread use as an index of neutrophil in-
filtration in various gastric injuries (11,21). Neut-
rophils are considered to be a major effector cell in
the tissue damage occurring in several inflamma-
tory diseases (18,19). Activated neutrophils are
known to cause tissue injury through the produc-
tion and release of reactive oxygen metabolites
and cytotoxic proteins (e.g. proteases, MPO, lacto-
ferrin) into the extracellular fluid (19,22).
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