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	 Background:	 We evaluated the hematological, biochemical, and histopathological effects of Montelukast on pancreatic dam-
age in an experimental acute pancreatitis model created by cerulein in rats before and after the induction of 
pancreatitis.

	 Materials/Methods:	 Forty rats were divided into 4 groups with 10 rats each. The study groups were: the Cerulein (C) group, the 
Cerulein + early Montelukast (CMe) group, the Cerulein + late Montelukast (CMl) group, and the Control group. 
The pH, pO2, pCO2, HCO3, leukocyte, hematocrit, pancreatic amylase, and lipase values were measured in the 
arterial blood samples taken immediately before rats were killed.

	 Results:	 There were statistically significant differences between the C group and the Control group in the values of pan-
creatic amylase, lipase, blood leukocyte, hematocrit, pH, pO2, pCO2, HCO3, and pancreatic water content, and 
also in each of the values of edema, inflammation, vacuolization, necrosis, and total histopathological score 
(P<0.05). When the CMl group and C group were compared, no statistically significant differences were found 
in any parameter analyzed. When the CMe group was compared with the C group, pancreatic amylase, lipase, 
pH, PO2, pCO2, HCO3, pancreatic water content, histopathological edema, inflammation, and total histopath-
ological score values were significantly different between the groups (P<0.05). Finally, when the CMe group 
and the Control group were compared, significant differences were found in all except 2 (leukocyte and pO2) 
parameters (P<0.05).

	 Conclusions:	 Leukotriene receptor antagonists used in the late phases of pancreatitis might not result in any benefit; how-
ever, when they are given in the early phases or prophylactically, they may decrease pancreatic damage.
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Background

Acute pancreatitis (AP) is an inflammatory disorder character-
ized by abdominal pain and elevated levels of pancreatic en-
zymes in the blood, with an annual incidence ranging from 4.9 
to 35 per 100 000 [1]. While most of patients have a mild form 
of this disease, 15–25% develop a severe, necrotizing course 
of the disease, associated with a high complication rate and 
a mortality rate of 15–20% [2].

Experimental pancreatitis was first developed by Claude Bernard 
in 1856 by injecting bile and fatty acids into the pancreatic 
channel. Thereafter, many experimental studies have been per-
formed to explore the physiopathology of pancreatitis [3–8].

This study aimed to investigate whether Montelukast, a selec-
tive cysteinyl leukotriene (CysLT1) receptor antagonist, would 
have a preventive or healing effect in acute pancreatitis as 
measured by hematological, biochemical, and histopatholog-
ical parameters in an experimental acute pancreatitis model 
developed with cerulein in rats.

Material and Methods

This experimental study was performed in the laboratories 
of the Ondokuz Mayis University School of Medicine, Medical 
and Surgical Research Center after obtaining approval from the 
Ondokuz Mayis University School of Medicine Ethics Board for 
Animal Experiments. The study was designed according to the 
Helsinki Declaration. A total of 40 male Sprague-Dawley rats 
weighing 295–325 g were used in the study.

The 40 rats were divided into 4 groups with 10 rats each. The 
study groups were; the Cerulein (C) group, the Cerulein + early 
Montelukast (CMe) group, the Cerulein + late Montelukast (CMl) 
group, and the Control (CO) group. Cerulein (Sigma Chemical, 
USA) was injected subcutaneously in each group except the 
Control group for obtaining pancreatic damage. In the CMe 
group, Montelukast (Bilim İlaç, Istanbul) was injected subcu-
taneously in a dose of 10 mg/kg twice, once at 4 h and once 
at 8 h before the first cerulein dose; and then 20 µg/kg ceru-
lein was subcutaneously injected 4 times at hourly intervals 
between the doses. In the CMl group, the rats were subcuta-
neously injected with cerulein in a dose of 20 µg/kg, 4 times, 
with 1-h intervals between the doses, and then 10 mg/kg 
Montelukast sodium was injected subcutaneously at 4 and 8 
h after the first cerulein dose. In the Control group rats were 
injected subcutaneously with 0.9% NaCl solution in the same 
volume as cerulein (0.2 ml) a total of 4 times at 1-h intervals.

Arterial blood samples were taken under anesthesia in all rats 
12 h after the first cerulein injection and the rats were killed 

afterwards. Pancreatic tissue was totally excised for histopath-
ological examination by laparotomy, and arterial blood sam-
ples were taken immediately before rats were killed for mea-
surement of the pH, pO2, pCO2, HCO3, leukocyte, hematocrit, 
pancreatic amylase, and lipase values. Resected pancreatic tis-
sue, divided in 2 groups with approximately 1 cm3 tissue, was 
excised from the tail of the pancreas to measure the pancreat-
ic water content. The rest of the pancreatic tissues were histo-
pathologically evaluated for edema, inflammation, vacuoliza-
tion, and necrosis. Each parameter received a score from 0 to 
4, and a total histopathological score was calculated.

Statistical analysis

The data were encoded, then transmitted to a computer and an-
alyzed using the SPSS15.0 (USA) statistics program. Descriptive 
characteristics of the data are expressed as mean ± standard 
deviation. The Mann-Whitney U test was used to compare 
the groups. Statistical significance was considered as P<0.05.

Results

Biochemical findings

Amylase and lipase were analyzed in all groups because 2 of 
the enzymes that are released during pancreatitis from the 
acinar cells during AP are amylase and lipase, and their con-
centration in the serum is used to confirm the diagnosis [9].

Pancreatic amylase and lipase values were found to be signif-
icantly increased in the C group, CMe group, and CMl group 
compared with the Control group (P<0.05). Pancreatic amylase 
and lipase values in the CMe group were found to be signifi-
cantly decreased compared to the C group (P<0.05). Pancreatic 
amylase and lipase values were similar in the CMl group and 
C group, with no statistically significant differences.

Hematological findings

Leukocyte values were observed to be significantly increased 
in the C group and CMl group compared to the Control group 
(P<0.05), but there were no significant differences in the CMe 
group compared to the Control group. Hematocrit values were 
found to be significantly increased in the C, CMe, and CMl 
groups compared to the Control group (P<0.05). No significant 
differences were found between the C, CMe, and CMl groups 
for leukocyte and hematocrit values.

Blood gas analysis

The pH, HCO3, and pCO2 values were significantly different 
in the C, CMe, and CMl groups compared to the Control group 
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(P<0.05). There were significant differences in the pO2 values in 
the C and CMl groups compared to the Control group (P<0.05), 
while they were similar in the CMe and Control groups. When 
the C and CMe groups were compared, there were statistically 
significant differences in all pH, HCO3, pCO2, and pO2 values 

(P<0.05). There were no statistically significant differences in 
pH, HCO3, pCO2, or pO2 between the C and CMl groups. These 
results show that Montelukast given before cerulein has posi-
tive effects on blood gases; however, Montelukast given after 
cerulein has no significant effect on blood gases in pancreatitis.

Findings of pancreatic water content

Since an increase in the water content of the pancreas would 
be expected in acute pancreatitis due to inflammation and 
edema, pieces of tissues from the tail of the pancreas were 
taken to evaluate this hypothesis. Pancreatic water content 
was found to be significantly increased in the C, CMe, and CMl 
groups compared to the Control group (P<0.05).

Pancreatic water contents were found to be significantly de-
creased in the C and CMe groups (P<0.05), while they were 
similar in the C and CMl groups, with no statistical differenc-
es between them.

Histopathological findings

Pancreatic tissues were totally resected for histopathological 
examination in all rats after being killed and were evaluated 
using the Schönberg Pancreatitis Scoring Index, which gives 
scores from 0 to 4 for edema, inflammation, vacuolization, 
and necrosis [10]. The Schönberg Pancreatitis Scoring Index 
is shown in Table 1.

Each of the histopathological score values of edema, inflam-
mation, vacuolization, necrosis, and total histopathological 
scores were found to be significantly increased in the C, CMe, 
and CMl groups compared to the Control group (P<0.05). When 
the C and CMe groups were compared, the values of edema, 
inflammation, and total histopathological scores were signif-
icantly decreased in the CMe group (P<0.05). There were no 
significant differences in the vacuolization and necrosis scores 
between the CMe and C groups. When C and CMl groups are 
compared, no statistically significant differences were found 
in the edema, inflammation, vacuolization, and total histo-
pathological scores between the groups. Total histopatholog-
ical scores (n=10), graphic comparison of histopathological 

Edema 0 None

1 Diffuse enlargement in interlobular septae

2 �1 (+) Diffuse enlargement in interlobular 
septae

3 �2 (+) Diffuse enlargement in interacinar 
septae

4 �3 (+) Diffuse enlargement in interacinar 
septae 

Inflammation 0 None

1 Around the ductus

2 �Inside the parenchyma (in <50% of the 
lobules)

3 �Inside the parenchyma (in 51-75% of the 
lobules)

4 �Inside the parenchyma (in >75% of the 
lobules)

Vacuolization 0 None

1 Periductal (<5%)

2 Focal (5–20%)

3 Diffuse (21–50%)

4 Severe (>50%)

Necrosis 0 None

1 1-4 necrotic cells*

2 5–10 necrotic cells

3 11–16 necrotic cells

4 >16 necrotic cells

Table 1. Schönberg Pancreatitis Scoring Index.

* In microscopic field.

Control C CMe CMl

Edema 3 31 23 31

Inflammation 1 34 28 33

Vacuolization 0 19 16 19

Necrosis 0 10 7 11

Total histopathological score 4 94 74 94

Table 2. Total histopathological scores according to the groups (n=10 in each group).
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Figure 1. �Pancreatic tissue under light microscopy at various magnifications. (A) Ductus (arrows) and Langerhans islands (L) between 
acini in normal pancreatic tissue in the Control group, HE, ×400. (B) Inflammation and enlargement in the interlobular 
septum due to edema in the CMe group, HE, ×200. (C) Inflammation in the interlobular septum (narrow arrows) and necrotic 
changes in the acini (thick arrows) in the CMe group, HE, ×400. (D) Vacuolization (arrows) and necrosis in the pancreas in the 
C group, HE, ×400. (E) Pancreatic necrosis and inflammation in the C group, HE, ×400. (F) Inflammation in the peripancreatic 
fat tissue (steatitis) in the CMl group, HE, ×40.
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scores according to the groups, and light microscopy views of 
tissue samples are shown in Table 2 and Figure 1, respectively.

Discussion

Cerulein, a decapeptid, is isolated from the skin of an amphib-
ian named Hyla (an Australian frog) [11,12]. A cholecystoki-
nin-pancreozymin analog, cerulein was first used by Lampel 
and Kern to produce experimental acute interstitial pancre-
atitis in rats in 1977 [13].

Maximal pancreatic damage occurs at 12 h after subcutane-
ous or intraperitoneal administration of cerulein [14–17]. We 
administered cerulein subcutaneously 4 times in a dose of 20 
micrograms/kg at hourly intervals and we killed the rats at 12 
h after the first cerulein dose. The formation of acute pancre-
atitis was observed in all 10 rats in the group in which only 
cerulein was administered both macroscopically and histo-
pathologically. Severe edema, inflammation, vacuolization of 
intermediate severity, and minimal acinar necrotic damage oc-
curred in all rats. These histopathological changes were eval-
uated according to the Schönberg pancreatitis scoring index 
and edema, inflammation, vacuolization, and necrosis were 
scored from 0 to 4 [10]. The degree of damage was assessed 
according to the total score.

Hotter et al. identified increased edema and polymorphonu-
clear infiltration in the pancreas of rats that were given leu-
kotriene infusion in hematoxylin eosin staining [18]. Folch et 
al. demonstrated increased leukotrienes in an experimental 
model of acute pancreatitis [19].

Leukotrienes cause diffusion of plasma fluid from postcapil-
lary venules to the tissues, leading to edema (chylous asci-
tes). They exert this effect through the activation of receptors 
specific to themselves [20–24]. After the role of the leukot-
rienes in the pathogenesis of acute pancreatitis became un-
derstood, experimental studies were performed using cyste-
inyl leukotriene receptor antagonists in the treatment of acute 
pancreatitis, or used in decreasing severity of or preventing 
acute pancreatitis [25].

Hirano reported that pranlukast, a cysteinyl receptor antago-
nist, decreased pancreatic edema in rats and found decreased 
pancreatic edema and vacuolization in the histopathological 
evaluation, a decreased microvascular leak, and also a de-
creased amylase level in rats with pranlukast administration 
before pancreatitis development with cerulein compared to the 
control group [26]. Oruc et al., in a different study performed 
with another leukotriene receptor antagonist, zafirlukast, re-
ported results contradictory to those of Hirano. According to 
Oruc, a marked increase in the total histopathological score 

and fat necrosis were observed in the group that was given 
zafirlukast, but amylase levels were not significantly differ-
ent [27]. In a study by Ozkan et al., oxidative tissue damage 
occurring during acute pancreatitis decreased when monte-
lukast was given just before the creation of acute pancreati-
tis with cerulein [28].

Because the results of the experimental pancreatitis studies 
performed with leukotriene receptor antagonists conflict, and 
because there seems to be an obvious need for new studies 
to clarify the matter, we evaluated the effects of administra-
tion of a cysteinyl leukotriene receptor antagonist, montelu-
kast, before and after the induction of pancreatitis on the he-
matologic, biochemical, and histopathological parameters of 
pancreatic damage in an experimental acute pancreatitis mod-
el induced with cerulein in rats. This was also tested on oth-
er gastrointestinal pathologies, such as mesenteric ischemia 
and pilonidal disease [29–32].

We analyzed the effects of montelukast before and after ad-
ministering cerulein in different groups. Leukotriene receptor 
antagonist administration has never been performed after 
cerulein in pancreatic models, differentiating this study from 
that of Ozkan et al. The biochemical values and histopatholog-
ical scores in the group in which montelukast was given be-
fore cerulein were similar to the results of Hirano and Ozkan, 
and significantly different from the values and scores of the 
group in which only cerulein was given. However, it is not pos-
sible to interpret these results as showing a preventive ef-
fect of montelukast on the induction of pancreatitis, because 
there were also significant differences between the montelu-
kast and control group. Thus, the induction of acute pancre-
atitis was not prevented by montelukast. However, the histo-
pathological score of the pancreatitis was significantly lower 
than the group with no montelukast administration, showing 
that the severity of pancreatitis decreased. However, in the 
group with montelukast administration after cerulein, there 
were no significant differences in biochemical or histopatho-
logical parameters compared to the cerulein group. According 
to these results, it can be stated that leukotriene receptor an-
tagonist administration after the development of acute pan-
creatitis has no effect on the prognosis of acute pancreatitis.

Conclusions

The results of our study, when histopathological, biochemi-
cal, hematologic, and pancreatic water content measurements 
are taken into account, show that leukotriene receptor an-
tagonists, used in the late phases of acute pancreatitis, have 
no effect in treating or decreasing the severity of acute pan-
creatitis. Although the leukotriene receptor antagonists used 
before the induction of acute pancreatitis do not prevent the 
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development of pancreatitis, in fact, they decrease the severity 
of pancreatitis that develops later. Use of leukotriene receptor 
antagonists in the early phases of pancreatitis to decrease the 
severity of the disease, or prophylactic use before procedures 
that carry the risk of pancreatitis (e.g., ERCP), is promising.
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