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Summary

Background: Montelukast is a cysteinyl-leukotriene type 1
(CysLT,) selective receptor antagonist. In recent years, in-
vestigations have shown that montelukast possesses sec-
ondary anti-inflammatory activities and also antioxidant
effects. For this reason, we aimed to determine the possi-
ble effects of montelukast on liver damage in experimental
obstructive jaundice. Methods: 30 Wistar-Albino male rats
were randomized and divided into three groups of 10 ani-
mals each: group |, sham-operated; group I, ligation and
division of the common bile duct (BDL) followed by daily
intraperitoneal injection of 1 ml of saline; group Ill, BDL fol-
lowed by daily intraperitoneal injection of 10 mg/kg mon-
telukast dissolved in saline. The animals were killed on
postoperative day 7 by high-dose diethyl ether inhalation.
Blood and liver samples were taken for examination. Re-
sults: In this study, liver malondialdehyde (MDA) (p =
0.001), myeloperoxidase (p = 0.003), and total sulfhydryl
(SH) (p = 0.009) were found to be significantly different be-
tween the BDL + montelukast and the BDL groups. Plasma
total SH (p = 0.002) and MDA (p = 0.027) values were also
statistically different between these groups. Statistical
analyses of histological activity index scores showed that
the histopathological damage in the BDL + montelukast
group was significantly less than the damage in the con-
trol group (p < 0.05 for all pathological parameters). Con-
clusion: According to the results of this study, montelukast
showed a significant hepatoprotective effect in this experi-
mental obstructive jaundice model, which might be due to
its antioxidant and anti-inflammatory activities.

Ankara, Turkey

Introduction

Patients with jaundice due to extrahepatic biliary obstruction
still experience a high rate of complications and death. Many com-
plications are infectious in nature or related to defects in host de-
fense, and others are systemic [1]. The major complications of un-
treated obstructive jaundice are cholangitis, coagulation defects,
and liver damage progressing to biliary fibrosis and cirrhosis [2].
Surgical procedures for the relief of obstructive jaundice are associ-
ated with high mortality and morbidity rates, mainly due to post-
operative complications such as hepatic failure, sepsis, bleeding,
renal failure, and pulmonary dysfunction [3]. Although the mecha-
nisms of liver damage associated with cholestasis are complex and
multifactorial, bile acid-mediated hepatotoxicity certainly plays a
pivotal role in the pathogenesis of the disease. Oxidative stress and
lipid peroxidation are also involved in the pathogenesis of choles-
tatic liver injury [4].

Montelukast is a prototype, selective, pharmacological antago-
nist of type 1 cysteinyl-leukotriene receptors (CysLTRs). It effec-
tively antagonizes the proasthmatic, proinflammatory, and prim-
ing activities of cysteinyl leukotrienes (CysLTs) and forms part of
numerous international guidelines for asthma therapy. Interest-
ingly, recent evidence suggests that montelukast possesses a range
of secondary anti-inflammatory activities, apparently unrelated to
the antagonism of CysLT;Rs, and also shows antioxidant activity
[5]. The anti-inflammatory and antioxidant effects of montelukast
have been emphasized by many authors. Sener et al. [6] showed
that montelukast is protective against oxidative damage resulting
from reactive oxygen radicals and lipid peroxidation after thermal
injury. Tugtepe et al. [7] concluded that montelukast had protec-
tive effects on the kidney by inhibiting neutrophil infiltration, bal-
ancing the oxidant-antioxidant status and regulating the genera-
tion of inflammatory mediators. Coskun et al. [8] found that mon-
telukast had a marked effect on lung, liver, heart, and kidney tis-
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sues by attenuating or decreasing the myeloperoxidase (MPO)
levels. Mohamadin et al. [9] demonstrated that the administration
of montelukast protects the liver from lipopolysaccharide-induced
oxidative damage.

With reference to the antioxidant and anti-inflammatory prop-
erties, the effects of montelukast on liver damage were evaluated in
this study of an obstructive jaundice model in rats.

Material and Methods

Animals

Thirty Wistar-Albino male rats, weighing 250 + 25 g, were allowed to adapt
to laboratory conditions for 1 week before experimental use. The animals had
free access to water and standard laboratory chow. They were individually
housed in wire cages under constant temperature (21 + 2 °C) and under a 12-h
light-dark cycle. 12 h before anesthesia, the animals were deprived of food but
had free access to water until 2 h before anesthesia. No enteral or parenteral
antibiotics were administered at any time. Rats that died during the experiment
were excluded from the study and no new rats were included. The procedures
in this experimental study were performed in accordance with the National
Guidelines for the Use and Care of Laboratory Animals, and approval for the
study was granted by the Animal Ethics Committee of Ankara Research and
Training Hospital.

Study Groups

The rats were randomized and divided into 3 groups of 10 animals each:
group I, sham-operated; group II, ligation and division of the common bile duct
(BDL) followed by daily intraperitoneal injection of 1 ml of saline; group III,
BDL followed by daily intraperitoneal injection of 10 mg/kg montelukast dis-
solved in saline. The animals were killed on postoperative day 7 by high-dose
diethyl ether inhalation. Liver biopsy and blood samples were taken for
examination.

Operative Procedure

The animals were anesthetized by intramuscular injection of 30 mg/kg keta-
mine hydrochloride (Ketalar®; Parke-Davis, Istanbul, Turkey) and 5mg/kg
xylazine (Rompun®; Bayer, Istanbul, Turkey). A midline laparotomy was per-
formed under sterile conditions. In the sham-operated group (group I), the
common bile duct (CBD) was freed from the surrounding soft tissue and ma-
nipulated without ligation and transection. In groups II and III, the CBD was
identified in each rat, double-ligated with 5-0 silk, and divided between the lig-
atures. The same surgeon performed all procedures. The abdominal incisions
were closed in two layers with continuous 3-0 silk sutures. The animals were
allowed to feed after the operation.

This experimental model of obstructive jaundice is the most preferred
model which considerably mimics the clinical features of complete obstructive
jaundice in humans. Although there are some conflicts regarding the similarity
of the model to the clinical situation, this model is widely used all over the
world for preclinical experimental studies evaluating the effects of different
treatment modalities on the relief of obstructive jaundice. Even though the
mechanism of liver damage associated with cholestasis is complex and multifac-
torial, oxidative stress and inflammation are two main mechanisms that influ-
ence the degree of liver damage during cholestasis. Thus, oxidative stress pa-
rameters and the degree of pathological inflammation were examined as possi-
ble responsible factors of liver damage in the current study.

Evaluation of Oxidative Stress

The evaluation of oxidative stress parameters was performed in the Depart-
ment of Biochemistry of the Ankara Education and Research Hospital. Liver
biopsy samples were stored at a temperature of —-80 °C until the assays. Tissue
malondialdehyde (MDA), total sulthydryl (SH) levels, and MPO enzyme activi-
ties were measured. Plasma MDA and total SH levels were also evaluated.
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MDA is an indicator of lipid peroxidation and is known to be an index of
tissue injury. MDA levels were calculated by the fluorometric method, as de-
scribed by Wasowicz et al. [10]. After the reaction of thiobarbituric acid
(TBA) with MDA, the reaction product was extracted in butanol and meas-
ured spectrofluorometrically at wavelengths of 525 nm for excitation and
547 nm for emission. 0-5pumol/l 1,1,3,3-tetraethoxypropane solution was
used as a standard. For the measurement of tissue MDA levels, 50 ul of ho-
mogenate were added and introduced into 10-ml glass tubes containing 1 ml
of distilled water. After the addition of 1ml of the solution containing
29 mmol/l TBA in acetic acid and mixing, the samples were placed in a water
bath and heated for 1 h at 95-100 °C. The samples were then cooled, 25 ul of
5 mol/l HCL were added, and the reaction mixture was extracted by agitation
for 5 min with 3.5 ml of n-butanol. After separation of the butanol phase by
centrifugation at 1500 x g for 10 min, the fluorescence of the butanol extract
was measured with a fluorometer (HITACHI F-2500) at wavelengths of
525 nm for excitation and 547 nm for emission. 0-5 umol/I 1,1,3,3-tetraeth-
oxypropane solutions were used as a standard. MDA levels were given
as pmol/g wet tissue.

Total SH levels are found to be lower in injured tissues when compared with
normal tissues. Total SH groups were measured spectrophotometrically using
the method of Sedlak and Lindsay [11]. Aliquots of 250 pl of the supernatant
fraction of the tissue homogenate were mixed in 5-ml test tubes with 750 pl of
0.2 M Tris buffer, pH 8.2, and 50 ul of 0.01 M 5,5-dithiobis(2-nitrobenzoic
acid) (DTNB). The mixture was brought up to 5ml with 3,950 pl of absolute
methanol. A reagent blank (without sample) and a sample blank (without
DTNB) were prepared in a similar manner. The test tubes were stoppered with
rubber caps, the color was developed for 15 min, and the reaction mixtures
were centrifuged at approximately 3,000 x g at room temperature for 15 min.
The absorbance of supernatant fractions was given at 412nm in a spectro-
photometer.

MPO is an enzyme that has specific activity in neutrophils and is widely
used as an enzyme marker for the degree of neutrophil infiltration. MPO activ-
ity was assayed spectrophotometrically by determining the decomposition of
hydrogen peroxide, using o-dianisidine as the hydrogen donor. Tissue samples
of approximately 50 mg were taken, weighed, and homogenized three times for
30 sat4°Cin I mlof ice-cold 0.5% hexadecyltrimethylammonium bromide in
50 mmol/l phosphate buffer (pH 6). The homogenate was subjected to three
freeze/thaw cycles and centrifuged for 15 min at 40,000 x g. MPO activity was
determined by the addition of 0.1 ml of the supernatant to 2.9 ml of 50 mmol/l
phosphate buffer containing 0.167 mg/ml o-dianisidine dihydrochloride and
0.0005% hydrogen peroxide. The change in absorbance at 460 nm over a 5-min
period was measured at 25 °C. The data were expressed as the change in ab-
sorbance/min/g wet weight [12].

Histopathological Examination

The histopathological analyses were performed in the Department of Pa-
thology of Aksaray Hospital. For light microscopy analyses, the samples were
obtained from the liver and fixed in 10% neutral buffered formaline solution for
2 days. The tissues were washed in running water and dehydrated with increas-
ing concentrations of ethanol (50, 75, 96, 100%). After dehydration, the speci-
mens were put into xylene to obtain transparency and then infiltrated with and
embedded in paraffin. The embedded tissues were cut into 5-um thick sections
using a Leica RM 2125 RT microtome and stained with hematoxylin & eosin (H
& E) and trichrome. The histopathological examinations were performed with a
light microscope (Olympus, BX51TF) by a pathologist blinded to the study de-
sign. Inflammatory activities and fibrosis were evaluated semiquantitatively ac-
cording to the modified histological activity index (HAI) described by Ishak
[13, 14].

The scoring scales of the pathological findings are given in table 1.

Statistical Analysis

Data analysis was performed using the Statistical Package for Social Sciences
(SPSS) version 15.0 for Windows (SPSS Inc., Chicago, IL, USA). All variables
were normally distributed around the mean. Data were presented as mean +
standard deviation. Differences between the groups were evaluated by one-way
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analysis of variance (ANOVA) or Kruskal-Wallis variance analysis, whichever
was appropriate. When the p values from the variance analysis were statistically
significant, the Tukey’s honestly significant difference test or Kruskal-Wallis
multiple comparison test was used to determine which group was different
from the others. A p value of <0.05 was considered to be statistically
significant.

Results

General
Two rats from group II (BDL) and 2 from group III (BDL +
montelukast) died during the study period.

Oxidative Stress

The mean levels of the oxidative stress parameters of the liver
(MDA, MPO, and total SH) and plasma (MDA and total SH) are
summarized in table 2. Liver MDA (p = 0.001), MPO (p = 0.003),
and total SH (p = 0.009) were significantly different between the
BDL + montelukast and the BDL groups. Plasma total SH (p =
0.002) and MDA (p = 0.027) values were also statistically different
between these groups. When oxidative stress parameters were eval-
uated, there was no significant difference between the sham and
the BDL + montelukast groups (p > 0.05).

Histopathological Results

The typical histopathological changes are presented in figures
1-3. For each group, one demonstrative subject was selected and
different panels of the figures (a—c or a-d) were achieved from dif-
ferent areas of the same subject with different magnifications.

In the sham group (group I), hepatocytes were extended radially
from the central vein to the periphery and had one or two polygonal
nuclei. The sinusoids between the hepatocytes were normal and the
bile ducts were localized in the periphery of the portal area (fig. 1).

In the control group (group II), inflammation of portal areas,
focal inflammation of lobular areas, scattered necrosis, confluent ne-
crosis, and proliferation of bile ducts were very prominent (fig. 2).

In the BDL + montelukast group (group III), although there was
a proliferation of bile ducts in portal areas, this proliferation was
significantly less than that detected in group II. Focal inflammation

Table 1. Scoring scale of fibrosis and liver damage

Table 2. Oxidative stress parameters of liver and
plasma

Pathological findings Scores
No fibrosis 0
Fibrosis of some portal areas without fibrous septae 1
Fibrosis of some portal areas with fibrous septae 2
Fibrosis in portal areas, sparse porto-portal (P-P) bridging 3
fibrosis
Fibrosis in portal areas and dense (P-P) and porto-central 4
(P-C) bridging fibrosis
Dense P-P and P-C bridging fibrosis and sparse nodules 5
(incomplete cirrhosis)
Complete cirrhosis 6
Severity of liver damage Scores
No damage 0
Mild 1
Moderate 2
Severe 3
Group I (sham) Group II (BDL) Group IIT (BDL
(n=10) (n=28) + montelukast)
(n=8)
MDA, tissue (Umol/g tissue) 43.92 +9.69* 115.14 + 12.74° 64.51 + 11.03"
Total SH, tissue (umol/g protein) 52.78 £9.18% 29.36 + 6.17%> 48.46 +10.22>
MPO, tissue 0.04 + 0.20° 0.12 +0.06*° 0.06 + 0.02°
MDA, plasma (umol/l) 2.09 +0.31° 4.09 +1.22b 2.63 + 0.86°
Total SH, plasma (pmol/1) 54.55 +10.45% 21.32 + 6.44%0 50.48 + 8.65°

aSignificantly different, sham vs. BDL group.
bSignificantly different, BDL vs. BDL + montelukast group.
BDL = Bile duct ligated; MDA = malondialdehyde; MPO = myeloperoxidase; SH = sulthydryl.

Fig. 1. Group I:
Terminal branch of the
portal vein (pv), termi-
nal branch of the hepatic
artery (a), bile duct
(marked with arrow).

a, b Portal area: Bile
ducts and branches of
the hepatic artery
located at the periphery
of the portal vein.

¢ Hepatocytes with one or two polygonal nuclei (H & E, x400).

Montelukast and Obstructive Jaundice
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Fig. 2. Group II: Histopathological changes in
the portal areas (a-d). Significant bile duct prolif-
eration in the portal areas, swelling of hepatocytes,
and sinusoidal dilatation (H & E, x100, x100, x200,
x200).

Fig. 3. Group III: His-
topathological changes
in the portal areas (a—c).
Bile duct proliferation

in the portal areas, swell-
ing of hepatocytes, and
congestion of portal
veins (H & E, x100,
%200, x400).

Table 3. Mean pathological scores of the groups

Pathological findings Group I (sham) Group II (BDL) Group III (BDL
(n=10) (n=28) + montelukast)
(n=8)
Periportal/periseptal interface hepatitis 0.00 + 0.00° 2.62 + 1.06*° 0.87 +0.33°
Confluent necrosis 0.00 % 0.00° 3.25 + 0.46%> 1.25 +0.81°
Focal lytic necrosis/apoptosis 0.00 % 0.00° 2.87 £ 0.64*" 1.12 + 0.69°
Portal inflammation 0.30 + 0.08° 2.62 +0.74*b 1.50 + 0.72°
Fibrosis 0.00 % 0.00° 437 +0.74*0 2.25+1.28°
Liver damage 0.30 + 0.00° 3.00 + 0.92%0 0.87 +0.35°

3Significantly different, sham vs. BDL group.
bSignificantly different, BDL vs. BDL + montelukast group.

areas, inflammation of portal areas, and necrotic areas occurred to
a much lesser extent (fig. 3).

The mean scores of the HAI of the groups are given in table 3.
When statistical analyses of the HAT scores were performed, it was
found that the histopathological damage in the BDL + montelukast
group was significantly less than the damage in the control group
(p < 0.05 for all pathological parameters).
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Discussion

Leukotrienes (LTs) are bioactive proinflammatory molecules
that are produced by the 5-lipoxygenase pathway from arachidonic
acid in many cell types, including epithelial cells, fibroblasts, myo-
blasts, smooth muscle cells, basophils, eosinophils, neutrophils,
macrophages, and lymphocytes [15]. The liver plays a key role in
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the synthesis and metabolism of LTs. Human studies have shown
that CysLTs are involved in the pathogenesis of alcohol intoxica-
tion, bile duct obstruction, hepatitis B, hepatorenal syndrome, liver
cirrhosis, and other diseases. Furthermore, experimental data indi-
cate that CysLTs production is increased in CCly-induced hepatop-
athy, alcoholic hepatopathy, lipopolysaccharide-induced liver in-
jury, hepatic ischemia/reperfusion (I/R) injury, liver cirrhosis, and
liver allograft rejection [16].

In recent years, several lines of evidence have emerged implicat-
ing CysLTs as possible mediators of cholestasis. It was originally
proposed that the ability of CysLTs to increase vascular permeabil-
ity in microcirculation caused hepatic edema, leading to cholestasis
due to an increased resistance to bile flow. This is supported by the
observation that in guinea pigs, the CysLTs cause plasma extrava-
sation around the bile ducts. In rats, a similar effect is produced by
the synergistic action of leukotriene D, (LTD,4) and prostaglandin
E, (PGE,). At high doses, leukotriene C, (LTC,) exerts a cholestatic
effect on the isolated rat liver, whereas LTC, increases bile salt ex-
cretion at low doses [17].

LT modifiers are a new class of drugs that include 5-lipoxygenase
selective inhibitors (zileuton) and CysLT receptor antagonists (such
as montelukast, zafirlukast, pranlukast) which were introduced into
clinical practice in 1995. CysLT} receptor antagonists are now largely
used in the treatment of asthma and allergic pathologies. Among
them, montelukast has shown the best efficacy and safety profile, and
has become the most widely studied anti-LT compound [15].

Montelukast is a prototype, selective, pharmacological antago-
nist of CysLTRs. It effectively antagonizes the proasthmatic, pro-
inflammatory, and priming activities of CysLTs and forms a part of
numerous international guidelines for asthma therapy [5]. In par-
ticular, LTDy, is the most potent bronchoconstricting agent on a
molar basis, but CysLTs also have chemoattractant properties for
many inflammatory cells (mainly eosinophils), effects on vascular
permeability, mucous secretions, and sensory nerve activation, and
are responsible for a part of the pathophysiology of asthma [18].

Interestingly, recent evidence suggests that montelukast pos-
sesses a range of secondary anti-inflammatory activities, apparently
unrelated to the antagonism of CysLT Rs. These include inhibition
of the enzymes 5-lipoxygenase, histone acetyltransferase (HAT),
and adenosine 3’,5’-cyclic monophosphate (cAMP) phosphodies-
terase, as well as interference with purinergic P,Y receptors and
inhibition of eosinophil adhesion to vascular endothelium and mi-
gration. These CysLT;R-independent anti-inflammatory mecha-
nisms of action of montelukast may be particularly effective in
controlling the corticosteroid-insensitive neutrophils [5].

Hepatic inflammation is an important feature of cholestatic
liver disease in both humans and experimental animals. The in-
flammatory features of obstructive cholestasis include portal tract
edema, neutrophil infiltration in the portal tracts, proliferation of
the biliary epithelial cells, and portal tract fibrosis [19]. Moreover,
biliary obstruction in rats has been reported to result in a signifi-
cant depression of the phagocytic function of the reticuloendothe-
lial system [20, 21]. When histopathological analyses were made in
the current study, it was found that inflammation of portal areas,

Montelukast and Obstructive Jaundice

focal inflammation of lobular areas, piecemeal necrosis, confluent
necrosis, and proliferation of bile ducts were very prominent in the
control group (fig. 2). In the BDL + montelukast group (group III),
although there was a proliferation of bile ducts in the portal areas,
this proliferation was significantly less than that detected in group
II. Focal inflammation areas, inflammation of portal areas, and ne-
crotic areas were much less (fig. 3). Statistical analyses of HAI
scores showed that the histopathological damage in the BDL +
montelukast group was significantly less than the damage in the
control group (p < 0.05 for all pathological parameters). These re-
sults demonstrated that treatment with montelukast ameliorated
the negative effects of obstructive jaundice on liver histology.

Obstruction of the biliary tree, either intrahepatic or extrahe-
patic, induces a characteristic pattern of early and late liver mor-
phological features that can be attributed to the evolution of an in-
flammatory response [19]. In addition to the changes in bilirubin
and bile salt metabolism as well as in the enterohepatic circulation,
there are several alterations in other critical functions of the liver
after biliary obstruction [4]. Although the mechanism of the bile
salt-induced damage has not been elucidated exactly, inflammatory
cell infiltration, accumulation of hydrophobic bile acids, endotox-
emia, changes of the mitochondrial permeability transition, and
the deleterious effect of oxygen free radicals are possible factors re-
sponsible for cholestatic liver injury [1].

Reactive oxygen species include superoxide anions, hydroxyl
radicals, hydrogen peroxide, and hydroxyethyl radicals, and are
generated from a variety of insults such as drug and toxin metabo-
lites, I/R, cholestasis, and alcohol metabolism. Reactive oxygen
species are involved in the necrosis and apoptosis of hepatocytes,
and contribute to hepatic stellate cell activation. Bile acids cause
oxidative damage by stimulating the generation of oxygen free rad-
icals from mitochondria as well as promoting their release from
neutrophils and macrophages [4]. Padillo et al. [22] found that bile
duct obstruction induced intense oxidative stress with depletion of
different molecules and enzymes with antioxidant properties, and
that melatonin reduced the liver injury observed in experimental
cholestasis. Baron et al. [23] concluded that the detergent action of
bile salts was responsible for the solubility of plasma membranes
and cell death, which in turn might lead to oxidative stress, glu-
tathione (GSH) oxidation, and lipid peroxidation. Ljubuncic et al.
[24] evaluated the extrahepatic tissue damage in cholestatic liver
disease and found that experimental cholestasis was associated
with increased lipid peroxidation in the kidney, brain, and heart.

In the present study, tissue MDA, total SH levels, and MPO en-
zyme activities and also plasma MDA and total SH levels were eval-
uated for the determination of oxidative stress and the degree of
neutrophil infiltration.

MDA is widely used as a marker for the peroxidation of w3 and
w6 fatty acids, measured by the chemical determination of TBA re-
active substances (TBARS). It is an indicator of lipid peroxidation
and known to be an index of tissue injury [25]. In the current study,
liver and plasma MDA levels were higher in the control group than
in the sham and montelukast groups. These results show that mon-
telukast reduced tissue injury and lipid peroxidation.
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MPO, a member of the heme peroxidase-cyclooxygenase super-
family, is abundantly expressed in neutrophils and to a lesser ex-
tent in monocytes and a certain type of macrophages. Evidence has
emerged that MPO-derived oxidants contribute to tissue damage
as well as to the initiation and propagation of acute and chronic
vascular inflammatory disease. MPO is an enzyme that has a spe-
cific activity in neutrophils and is widely used as an enzyme marker
for the degree of neutrophil infiltration [26]. In the current study,
tissue MPO activity was high in the control group when compared
with the sham and montelukast groups. In other words, the treat-
ment with montelukast reduced the tissue MPO activity, and this
process might be considered as a lesser degree of tissue injury and
less neutrophil infiltration.

GSH is a cysteine-containing tripeptide that is abundant in
most eukaryotic cells. Most of the functions of GSH depend upon
its cysteine residue, which participates in several types of reactions
including displacement, nucleophilic addition, and thiol-disulfide
exchange. GSH helps to maintain cellular SH residues in a reduced
state. GSH also reacts with free radicals generating glutathionyl.
Although the physiological significance of protein glutathionyla-
tion has not been fully assessed, it is currently believed that the ad-
dition of GSH to protein SH prevents excessive oxidation and
thereby preserves protein integrity and function under conditions
of oxidative stress. GSH and total SH levels are found to be lower
in injured tissues when compared with normal tissues [27]. Simi-
larly, in the current study, total SH levels were low in the control
group and high in the montelukast group.

When the oxidative stress parameters analyzed in the current
study are evaluated globally, it can be concluded that montelukast
has evident antioxidant properties and that the beneficial effects of
montelukast on liver injury might be partly due to its antioxidant
effects.

The anti-inflammatory and antioxidant effects of montelukast
have been emphasized by many authors. Sener et al. [6] showed
that montelukast is protective by means of a neutrophil-dependent
mechanism against oxidative damage resulting from reactive oxy-
gen radicals and lipid peroxidation after thermal injury. Tugtepe et
al. [7] concluded that montelukast had protective effects on the
kidney tissue of pyelonephritic rats by inhibiting neutrophil infil-
tration, balancing the oxidant-antioxidant status, and regulating
the generation of inflammatory mediators.

Coskun et al. [8] investigated the effects of montelukast on anti-
oxidant enzymes and proinflammatory cytokines on the heart,
liver, lungs, and kidneys in a rat model of cecal ligation and punc-
ture-induced sepsis. Montelukast had a marked effect on attenuat-
ing or decreasing the MPO level of lung, liver, heart, and kidney
tissues dose-dependently and on decreasing the lipid peroxide
(LPO) levels of these tissues except kidney tissue. The lung tissue
was most protected by montelukast under sepsis conditions.

Mohamadin et al. [9] demonstrated that the administration of
montelukast protects the liver from lipopolysaccharide-induced
oxidative damage, as evidenced by decreased liver marker enzymes,
LPO, protein oxidation, and neutrophilic infiltration markers as
well as an increased antioxidant cascade.
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Gideroglu et al. [28] investigated the role of montelukast so-
dium on neutrophil infiltration and flap survival. Improved flap
survival was observed in the rat group that had been treated with
montelukast, and this result was associated with decreased neutro-
phil infiltration and a balance in the oxidant-antioxidant activity
status.

There are a number of prior studies that have shown the poten-
tial beneficial effect of montelukast in various liver disease models.
Ozkan et al. [29] assessed the possible protective effect of montelu-
kast on hepatic I/R injury in rats. They found that the administra-
tion of montelukast alleviated the I/R-induced liver injury and im-
proved the hepatic structure and function. They concluded that
montelukast might have a potential therapeutic value with its anti-
inflammatory and antioxidant properties in protecting the liver
against oxidative injury due to I/R [29]. Similarly, in the present
study it was shown that montelukast had a hepatoprotective effect
in an obstructive jaundice model, and it was concluded that this
effect of montelukast might be due to its antioxidant and anti-in-
flammatory effects. In another study, Steib et al. [30] stated that
treatment with montelukast for 10 days resulted in an impressive
reduction in the basal portal pressure and an attenuation of the
Kupffer cell-dependent increase in portal pressure. According to
these results, they decided that montelukast might be of therapeu-
tic benefit for patients with portal hypertension.

Apart from these studies on the beneficial effects of montelu-
kast on hepatic I/R injury and portal hypertension models, mon-
telukast was also used for the improvement of hepatic fibrosis in
cholestatic rats. Wasowicz et al. [10] induced cholestasis and sub-
sequent fibrosis by CBD ligation and resection in rats for 5 weeks.
Montelukast (10 mg/kg) was administered orally for 34 days. The
authors showed that a treatment with montelukast reversed the
pathological biochemical parameters and ameliorated the histo-
pathological changes that were induced by bile duct ligation. Al-
though this study investigated the effects of montelukast in ob-
structive jaundice, the focus of the present article was slightly dif-
ferent. In the present study, the effects of montelukast were inves-
tigated in an acute period of obstructive jaundice whereas
Wasowicz et al. [10] investigated the effects of montelukast on he-
patic fibrosis in cholestatic rats, i.e. the chronic phase of obstruc-
tive jaundice. In the long-term evolution, experimental cholestasis
models develop hepatomegaly with a marked ductular prolifera-
tion and fibrosis; however, loss of normal liver architecture, typi-
cal of cirrhosis, is seldom found [19]. In contrast, in the present
study the antioxidant and anti-inflammatory effects of montelu-
kast were investigated in the early stage of obstructive jaundice.
This is the reason of the relatively short observation period (7
days) of the present study.

Immediately after complete bile duct obstruction in rats, an in-
tense increase (60%) in biliary ductal pressure is produced, and
this is quickly followed by pathological extracellular matrix
changes. The cholestatic liver involves both parenchymal (hepato-
cytes and cholangiocytes) and non-parenchymal cells (sinusoidal
endothelial cells, Kupffer cells, and hepatic myofibroblasts), as
well as blood cells that migrate to the liver interstitium. Neutro-
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phils are key components of the initial inflammatory response to
liver cholestatic injury. In experimental extrahepatic cholestasis,
neutrophil interstitial infiltration occurs in early phases, 3 days
after BDL [19].

In the early stage of BDL, the insufficient supply of oxygen suf-
fered by the liver, related to hemodynamic alterations, as well the
incorrect use of oxygen derived from bile salt hepatotoxicity con-
stitute the essential factors that induce the reduction of hepatic en-
ergy metabolism. It is clearly known that there is a strong correla-
tion between experimental obstructive jaundice and oxidative
stress [19].

The experimental obstructive jaundice model used in the pre-
sent study is an irreversible obstruction model which does not fully
simulate the clinical course of obstructive jaundice in humans.
However, this model is widely used in the literature for the evalua-
tion of pathophysiology and the treatment of experimental ob-
structive jaundice [31-34]. Thus, we preferred to use this model in
the current study. This choice might be accepted as the main limi-
tation of our study.

In the study performed by Wasowicz et al. [10], montelukast
was administered orally for 34 days. In our experience, some dif-
ficulties, such as daily orogastric intubation or standardization of
drug doses, might be encountered during oral administration of
the drugs to the rats. Although the oral administration of mon-
telukast might be more realistic, we preferred to give montelukast
intraperitoneally due to the above mentioned difficulties. In the
literature, there are some studies to be found in which montelu-

kast was given intraperitoneally [6, 16]. However, this administra-
tion route might be accepted as another limitation of the present
study.

The results of the present study showed that montelukast allevi-
ated the secondary effects (due to oxidative stress and inflamma-
tion) of obstructive jaundice but it had no effect on the alleviation
of jaundice itself.

Montelukast can be used for treatment in different organ disor-
ders through the independent mechanisms of its action. In the cur-
rent study, montelukast showed a significant hepatoprotective ef-
fect in the experimental obstructive jaundice model, which can be
considered to be due to its antioxidant and anti-inflammatory ac-
tivities. However, further studies are needed to evaluate the exact
mechanism of the hepatoprotective effect of montelukast.
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