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A   B   S   T   R   A   C   T 

Zileuton is an active inhibitor of 5-lipoxygenase, it also inhibits leukotrienes (LTB4, LTC4, LTD4, 

and LTE4) formation. It has antioxidant and anti-inflammatory properties which renders it an 

attractive candidate for protection against peptic ulcer. Therefore, this study was performed to assess 

the protective property of this agent against indomethacin (IND)-induced gastric ulceration in 

diabetic rats. A total of 36 adult male albino rats were used in the study and divided into 6 groups 

(6 rats each) into the following groups: normal control group, diabetic control group, diabetic IND 

group (single intraperitoneal injection of 30 mg/kg), diabetic IND/ omeprazole-treated group (40 

mg/kg/day), diabetic IND/ zileuton-treated group (25mg/kg/day), diabetic IND/ omeprazole/ 

zileuton-treated group. The treated drugs were administered 14 days before pyloric ligation and IND 

administration to the diabetic rats. Zileuton pretreatment significantly attenuated the gastric mucosal 

lesions induced by IND administration, decreased the total gastric acidity, and pepsin activity with 

marked attenuation of the gastric mucosal lipid peroxidation and serum tumor necrosis factor alpha. 

In addition, zileuton pretreatment significantly increased the activity of both catalase and superoxide 

dismutase, gastric mucosal levels of nitric oxide and the concentration of mucin in gastric juice in 

comparison to the diabetic indomethacin-treated rats. Furthermore, zileuton pretreatment had 

antiapoptotic effect as evident by immunological study of caspase 3. In conclusion, zileuton can be 

considered a potential therapeutic agent to protect against the major clinical challenge of gastric 

injury in diabetic rats. 
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1. INTRODUCTION

Diabetes Mellitus (DM) is a metabolic disorder 

manifesting with chronic hyperglycemia resulting from 

insulin deficiency or defect in its action, or both. This 

causes several organs, mainly the kidneys, heart, nerves 

and blood vessels to be affected on the long run (Vador 

et al., 2012). DM is characterized by increased reactive 

oxygen species (ROS) and decreased antioxidant levels 

in the body (Hadi and Al Suwaidi, 2007), which may 

increase the prevalence of GIT symptoms (Bytzer et al., 

2002), and make it prone to ulcerogenic agents as 

ethanol, ischemia/reperfusion, stress, and nonsteroidal 

anti-inflammatory drugs (NSAIDs) (Takehara et al., 

1997; Süleyman et al., 2002; Brzozowska et al., 2004). 

Despite all this, low attention has been paid to the 

incidence rate of peptic ulcer in diabetes (Vador et al., 

2012). 

Peptic ulcer is a multifactorial disorder that is 

frequently seen nowadays. Gastric ulcer is an erosion 

in the wall of the GIT due to shedding of inflammatory 

necrotic tissue (Ejam et al., 2015). Gastric lesion is 

considered a result of disturbed balance between 

gastroprotective factors such as mucus, bicarbonate and 

prostaglandins, and gastro-destructive substances. 

Peptic ulcer is caused by stress, Helicobacter pylori 

bacteria, long term NSAIDs therapy, and hereditary 

factor (Fahmy et al., 2015). 

Indomethacin (IND) and other NSAIDs cause 

impairment of the protective factors in humans and 

experimental animals. Their use is accompanied with a 

significant risk of hemorrhage, erosions, and 

perforation of gastric ulcers (Fukushima et al., 2014). 

The molecular basis for the gastric toxicity of NSAIDs 

is mainly due to reduction in prostaglandins synthesis 

due to their non-selective inhibition of cyclooxygenase 

(Laine et al., 2008). It has been reported that NSAIDs 

cause injurious effects on the gastric mucosa through 

ROS activation with consequent ROS-mediated 

oxidation of lipids, proteins, and DNA (Suzuki et al., 
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2011). Zileuton is an active inhibitor of 5-lipoxygenase, 

it also inhibits leukotrienes (LTB4, LTC4, LTD4, and 

LTE4) formation. It is an anti-inflammatory agent most 

commonly used in the treatment of bronchial asthma 

(Wenzel and Kamada, 1996). Among the inflammatory 

mediators, leukotrienes, mainly LTB4, is an activator 

factor and a potent chemotactic for leukocytes. 

Elevated levels of leukotrienes reflect the severity of 

the disease (Lewis and Austen, 1984). This study aimed 

to investigate the effect of zileuton on gastric ulcer and 

its role in gastroprotection in diabetic rats.  

2. MATERIALS AND METHODS 

2.1. Drugs: 

Indomethacin, alloxan monohydrate were 

purchased from Sigma Company, (USA), omeprazole 

was purchased from Gulf pharmacetical industries, 

UAE., zileuton was purchased from Abbott 

Laboratories pharmaceutical company, USA. All other 

chemicals were obtained from commercial sources and 

were of analytical grade. 

2.2. Animals: 

A total of 36 adult male Albino (Sprague dawley 

strain) rats, weighing 170-190 gm, were purchased 

from the National Research Center, Cairo, Egypt. They 

were accommodated to the atmosphere of the animal 

house (45± 5% humidity, 12 h lighting cycle and 25±2 

ºC temperature) for a whole week before the 

experiment and allowed free intake of water and 

standard rodent chow. Procedures involving animals’ 

care and welfare followed the protocols of the Research 

Advisory Ethical Committee of Faculty of Medicine, 

Minia University, Egypt. 

2.3. Experimental design: 

2.3.1. Induction of Diabetes in Rats 

Induction of diabetes in rats followed the 

method described by Lenzen, 2008. Rats were fasted 

overnight before a single intraperitoneal injection of 

alloxan (100 mg /Kg body weight). Alloxan 

monohydrate (2% solution) was freshly prepared by 

dissolving 100 mg alloxan in 5 ml saline. The used dose 

also matched the dose used in our pilot experiment. 

Three days later, fasting basal blood glucose level 

(BGL) of each animal was determined and only rats 

with BGL of 200 mg/100 ml or more were included in 

the study. Blood samples used for determination of 

BGL were collected from the rats’ tail veins. 

2.3.2. Determination of OGTT: 

Two days before the day of sacrifice, an oral 

glucose tolerance test (OGTT) using 2 g/Kg of glucose 

solution was performed after a 12h fasting period. 

Blood glucose concentration from the tail vein was 

measured using the ACCU-CHEK Active blood 

glucose meter (Roche, Mannheim, Germany) at 0, 30, 

60, 90 and 120 min (Whiting et al., 1990). 

2.3.3. Animal grouping: 

Two weeks after alloxan injection, BGL was 

remeasured and rats were divided into six groups (six 

rats in each group): 

· Normal control group: Rats received 2 ml of distilled 

water orally and a single i.p. injection of 1% of Tween 

80. 

· Diabetic control group: A single I.P dose of 100mg/kg 

alloxan was given to rats to induce diabetes. 

· Diabetic IND group: a single i.p dose of 30 mg/kg 

IND in 1% Tween 80 was given to the diabetic rats to 

induce gastric ulcer (Khattab et al., 2001). 

· Diabetic IND /omeprazole- treated group: rats 

pretreated with 40 mg/kg omeprazole orally, two 

weeks before IND-induction in diabetic rats 

(Almasaudi et al., 2015). 

· Diabetic IND /zileuton- treated group: rats pretreated 

with 25 mg/kg, zileuton, orally two weeks before 

IND-induction in diabetic rats (Chen et al., 2013). 

· Diabetic IND/ omeprazole/ zileuton- treated group: 

rats pretreated with 40 mg/kg omeprazole and 25 

mg/kg zileuton, orally two weeks before IND-

induction in diabetic rats. 

2.3.4. Pyloric ligation: 

Pyloric ligation was done before IND 

administration to allow for collection of gastric juice. 

Rats were fasted for 24 hours and kept in mesh-based 

cages, to decrease faecal consumption. They were 

given water, freely, except for the last hour before the 

experiment (Bregonzio et al., 2003). Performing the 

experiment at a fixed time of the day excludes diurnal 

variations in gastric function regulation. a midline 

incision of the rat abdomen was done under ether 

anaesthesia. The pyloric sphincter was ligated with a 

silk ligature, to collect the gastric juice, trying to keep 

intact the blood supply. The incision was sutured and 

the animals recovered from light anaesthesia (Alumets 

et al., 1982). 

2.4. Gastric mucosal lesions assessment: 

Three hours after pyloric ligation, rats were 

sacrificed using diethyl ether. Their stomachs were 

removed, incised along the greater curvature, and 

collection of the gastric content was done. The 

stomachs were washed with ice-cold saline. 

Examination of the gastric mucosal lesions was done 

by the pathologist. Ulcer index (U.I.) was an expression 

of the gastric mucosal lesions (Robert et al., 1968). The 

length of the lesions correlated to the severity factor. It 

was measured from 0 to 3 according to this score: 0; 
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means no petichae or erosion, 1; means only petichae 

or erosion <1 mm, 2; means lesion size is 1-5 mm or 3; 

means lesion >5 mm. The U.I. for each group was 

measured as the mean score of the lesion of all the rats 

in that group. The preventive index (P.I.) of a given 

drug was calculated according to the equation of Hano 

et al., 1975: 

Preventive index (%) = UI Control – UI Treated\UI 

Control × 100 

2.5. Gastric juice analysis: 

Gastric juice from each rat was collected, 

centrifuged at 1000 rpm for 10 min and then we 

measured the volume of the supernatant. It was then 

used to measure pepsin activity, mucin and total acid 

concentrations: 

2.5.1. Pepsin activity determination: 

Pepsin activity is the major factor involved in 

gastric secretion proteolytic activity. It was determined 

by a modified spectrophotometric method (Sanyal et 

al., 1971). It was represented by the amount of liberated 

tyrosine in micro mole per 1 ml of gastric juice per 

minute using 1:100 diluted gastric juice and 2% bovine 

serum albumin in 0.01 NHCL as substrate. 

2.5.2. Determination of total gastric acidity: 

Total gastric acidity was determined according 

to the method described by Hara et al., 1991. Total 

acidity was determined by titrating 1.0 ml gastric juice 

with 0.01 N sodium hydroxide (NaOH) using 

phenolphthalein which serves as the indicator and was 

expressed as mEq/3h. 

2.5.3. Mucin concentration determination: 

Mucin concentration was determined according 

to the method described by Winzler, 1955. It depends 

on determination of the hexose component of mucin, 

based on the reaction of carbohydrate in concentrated 

sulfuric acid with orcinol to give a colored product 

measured colorimetrically. 

2.6. Biochemical study: 

· Malondialdehyde (MDA) level of gastric mucosa was 

measured according to the thiobarbituric acid method, 

previously described by Uchiyama and Mihara 1978. 

· NO (nitric oxide) content was measured as total 

nitrite/nitrate, which are the stable degradation 

products of nitric oxide; this was by using copperized 

cadmium for reduction of nitrate into nitrite, finally, 

a colour develops with Griess reagent in acidic 

medium (Sastry et al., 2002) 

· Catalase (CAT) (Biodiagnostic, cairo, Egypt) activity 

was estimated based on the colorimetric method of 

Aebi, 1984. 

· Serum tumor necrosis factor (TNF-α) was measured 

by enzyme linked rat TNF-𝛼 ELISA kit (Ray- 

Biotech, Inc., GA, USA) according to supplier’s 

instructions. 

· SOD (superoxide dismutase) activity was estimated 

using SOD colorimetric kits (Biodiagnostic, cairo, 

Egypt). 

2.7. Histological Examination: 

The gastric Specimens were fixed in 10% 

neutral-buffered formalin and embedded in paraffin 

wax. Tissue sections 5-6μm thickness were obtained 

and deparaffinized. Some sections were stained with 

hematoxylin and eosin (H&E) (Bancroft and Gamble, 

2008) 

The immunohistochemical detection of caspase 

3 expression was determined according to the 

manufacturer’s protocol (Lab Vision Corporation, 

USA). Sections were de-paraffinized with xylene, 

hydrated with ethanol, and then treated with 3% 

hydrogen peroxide for 30 min to inactivate endogenous 

peroxides. It was then washed in phosphate-buffered 

saline (PBS) solution. Perform heat mediated antigen 

retrieval with citrate buffer p H for 20 min in 

microwave and then allow cooling. After rinsing in 

PBS, primary antibody was incubated overnight at 

40˚C using caspase-3 primary antibody (Polyclonal 

rabbit antibody), then washed with PBS before 

applying the biotinylated secondary antibody for 30 

min and incubated with the streptavidin-biotin complex 

reagent for 30 min. A brown color was developed with 

3, 3-diaminobenzidine tetra-hydrochloride for 5 min, 

then washed in distilled water, counterstained using 

haematoxylin, dehydrated, cleared in xylene, mounted, 

and covered slip was put. Each staining batch included 

both positive and negative control sections. In negative 

control, primary antibody was omitted and replaced by 

PBS (Côté et al, 1993). 

Caspase-3 semi-quantitative scoring was done 

by determining immunoreactivity under light 

microscope magnification 40x; 200x for each group. 

The intensity of the staining was grouped as (0= 

negative), (1=weak), (2=moderate) and (3=strong). 

Staining extent was scored as 0 (0%), 1 (1–25%), 2 

(26–50%), 3 (51–75%), and 4 (76–100%) according to 

the percentage of cells staining positive for active 

caspase 3. The sum of the intensity and extent of scores 

was calculated to estimate the final average staining 

scores (0–7). This scoring system was according to 

Kafa and co-workers, 2009. A positive control consists 

of one of our tissue specimens treated with 

Staurosporine to induce apoptosis. 
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2.8. Photography 

We photographed slides using an Olympus 

digital camera. We used an Olympus (U.TV0.5XC-3) 

light microscopy. Images were processed using Adobe 

Photoshop. 

2.9. Statistical analysis 

Data were represented as means ± standard 

errors of the mean (SEM). Graph pad Prism 5 software 

was used to perform the statistical analysis and we used 

one-way analysis of variance (ANOVA) test to do the 

significant difference between different groups, 

followed by Tukey-Kramar post hoc test for multiple 

comparisons with a value of P ≤ 0.05 considered 

statistically significant. 

3. RESULTS 

3.1. Effect of omeprazole, zileuton either solely or in 

combination on OGTT: 

Alloxan caused a significant increase in blood 

glucose level, compared to the normal control group. 

Zileuton, omeprazole, either solely or in combination 

caused significant decrease in blood glucose level in 

comparison to the diabetic control group at 0, 30, 60, 

90 and 120 minutes showing evident improvement in 

OGTT (Figure 1). 

3.2. Effect of omeprazole, zileuton either solely or in 

combination on ulcer index and preventive index 

Diabetic control group showed significant 

increase in ulcer index, compared to the normal control 

group. IND administration induced a high ulcer index 

when compared to the normal and diabetic control 

group. Additonally, omeprazole, zileuton either solely 

or in combination showed significant protection against 

IND-induced gastric ulcer in diabetic rats (Table 1). 

3.3. Effect of omeprazole, zileuton either solely or in 

combination on total acidity of the gastric 

secretion, pepsin activity and mucin 

concentration 

Zileuton, omeprazole and their combination 

significantly attenuated the gastric mucosal lesions 

induced by IND administration, which was 

accompanied by significant reduction of the gastric 

total acidity, decrease in pepsin activity with significant 

increase in the gastric juice mucin concentration (Table 

2). 

3.4. Effect of omeprazole, zileuton either solely or in 

combination on tissue oxidatve stress 

parameters (MDA, CAT, SOD and NO) 

Indomethacin and diabetic control rats showed 

significant elevation in gastric MDA with reduction in 

gastric CAT, SOD and NO levels when compared to 

normal control group. Meanwhile, zileuton solely or in 

combination with omeprazole significantly improved 

these parameters when compared with diabetic control 

and diabetic IND- treated groups (Table 3) (Figure 2A). 

3.5. Effect of omeprazole, zileuton either solely or in 

combination on serum TNFα 

Zileuton, omeprazole and their combination 

significantly decreased the level of TNFα as compared 

to diabetic control and diabetic IND- treated groups 

(Figure 2B). 

3.6. Effect of omeprazole, zileuton either solely or in 

combination on gastric mucosal histological 

changes: 

Sections of the normal control group showed the 

normal appearance of the gastric mucosa with short pits 

lined by pale columnar mucus secreting cells leading 

into long glands which contain bright pink partial cell 

(Figure 3A). However, diabetic control group showed 

infiltration by neutrophil cells with necrosis and 

shedding of the superficial mucosal layer forming 

erosion with dilated congested blood vessels (Figure 

3B). Examination of gastric mucosa of the diabetic 

IND-treated group showed shedding of the mucosa 

forming sharply demarcated ulcer with wide area of the 

hemorrhage and infiltration of acute inflammatory cells 

in the form of neutrophil in all layers of the gastric wall 

(Figure3C). 

On the other hand, microscopic picture of either 

zileuton or omeprazole -treated groups showed mild 

degree of the inflammation and infiltration by acute 

inflammatory cells in the form of neutrophil and 

macrophage as compared with IND- treated group 

(Figure 3D, 3E). In addition, zileuton in combination 

with omeprazole-treated group appeared near normal 

control group with non-significant minimal 

inflammatory infiltration (Figure 3F). 

3.7. Effect of omeprazole, zileuton either solely or in 

combination on gastric mucosal caspase 3 

expression 

The caspase 3 immunohistochemical-stained 

sections of the control group showed negative 

expression in gastric mucosa (Figure 4A). Meanwhile 

diabetic control group showed mild to moderate 

expression (Figure 4B). In the IND -treated group, 

moderate to strong expression was noticed in gastric 

mucosa (Figure 4C). The caspase 3 

immunohistochemical- stained sections of zileuton, 

omeprazole and their combination-treated groups 

showed mild expression (Figure 4D, 4E, 4F). 
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Table (1): Effect of omeprazole, zileuton either solely or in combination on ulcer index and preventive index: 

                                                                             Groups 

Parameters 
Ulcer index 

(mm) 
Preventive index 

Normal control group 0.60 ± 0.42 97.2% 

Diabetic control group a10.60± 0.67 50.9% 

Diabetic IND group ab 
21.60 ± 0.51 0 

Diabetic IND/omeprazole- treated group bc
1.4± 0.24 93.5% 

Diabetic IND/zileuton -treated group bc
2.1 ± 0.40 90.3% 

Diabetic IND/omeprazole/zileuton -treated group bc
0.90 ± 0.42 95.8% 

significant b, (P < 0.05) normal control groupdifference from significant aResults represent the mean ± S.E.  (n= 6). 

; (IND: (P < 0.05) IND groupdiabetic significant  difference from  c,(P < 0.05) difference from diabetic control group

Indomethacin). 

 

 

 

Table (2): Effect of omeprazole, zileuton either solely or in combination on total acidity of the gastric secretion, 

pepsin activity and mucin content: 

                                                                     Groups 

Parameters 

Total acidity 

(mEq/3h) 

Pepsin activity 

μg/ml tyrosine)( 

Mucin content 

(mg % hexose) 

Normal control group 48.67 ± 3.32 119.50 ± 4.26 105.17 ± 2.63 

Diabetic control group a70.09± 1.98 a167.45± 2.09 a76.34 ± 1.89 

Diabetic IND group ab 
96.00 ± 3.37 

ab 
194.50 ± 4.31 

ab
44.33 ± 3.19 

Diabetic IND/omeprazole- treated group bc
55.67± 4.16 

bc
128.17 ± 4.39 

bc
92.33± 2.46 

Diabetic IND/zileuton -treated group ac 
60.67 ± 3.42 

abc
143.67 ± 6.20 

abc
89.67 ± 3.18 

Diabetic IND/omeprazole/zileuton-treated group bc
49.00 ± 4.40 

bc
130.71 ± 5.67 

bc
97.5± 5.37 

Results represent the mean ± S.E.  (n= 6).  

asignificant difference from normal control group(P < 0.05), bsignificant  difference from diabetic control group 

(P<0.05), c significant difference from diabetic IND group (P < 0.05); (IND: Indomethacin). 

 

 

 

Table (3): Effect of omeprazole, zileuton either solely or in combination on gastric mucosal MDA, CAT, SOD 

activities: 

                                                                   Groups 

 

Parameters 

MDA 

(nmol/gwet 

tissue) 

 CAT (nmol

consumed/g 
2

O
2

H

tissue/min) 

SOD  

(μg /mg protein) 

Normal control group 22.83 ± 2.10 53.33 ± 3.13 182.67± 3.94 

Diabetic control group a74.89±3.09 a31.56± 1.98 a101.05± 4.87 

Diabetic IND group a
88.67 ± 5.46 

a 
28.50 ± 2.70 

a
90.00± 8.56 

Diabetic IND/omeprazole- treated group bc
33.00 ± 2.85 

bc
49.67± 3.04  

bc
160.09 ± 13.17 

Diabetic IND/zileuton -treated group bc
34.67 ± 2.16 

bc
43.16 ± 3.77 

bc
168.33 ± 6.85 

Diabetic IND/omeprazole/zileuton -treated group bc
29.33 ± 2.37 

bc
50.62 ± 3.05 

bc
173.33 ±6.40 

Results represent the mean ± S.E.   (n= 6).  
asignificant difference from normal control group (P<0.05), bsignificant difference from diabetic control group 

(P<0.05), csignificant difference from diabetic IND group (P<0.05); IND: Indomethacin; MDA: malondialdehyde; 

CAT: catalase; SOD: superoxide dismutase. 
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Figure 1: Effect of omeprazole, zileuton either solely or in combination on OGTT in diabetic rats 

Results represent the mean ± S.E.  (n= 6). a Significant difference from normal control group (P < 0.05), bsignificant 

difference from diabetic control group (P < 0.05), c significant difference from diabetic IND group (P < 0.05); (IND: 

Indomethacin); OGTT: oral glucose tolerance test. 

Diabetic control group and diabetic IND group are significant from normal control group; diabetic IND/ omeprazole, 

diabetic IND/ zileuton and diabetic IND/ omeprazole/ zileuton- treated groups are significant from diabetic control 

group and diabetic IND group 

 

 

 

 

 
Figure 2 A: Effect of omeprazole, zileuton either solely or in combination on gastric mucosal NO in indomethacin –

induced gastric ulceration in diabetic rats. 

Results represent the mean ± S.E.  (n= 6).  

asignificant difference from normal control group (P<0.05), bsignificant difference from diabetic control group (P < 

0.05), c significant difference from diabetic IND group (P < 0.05); (IND: Indomethacin); NO: nitric oxide 
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Figure 2 B: Effect of omeprazole, zileuton either solely or in combination on serum TNFα in indomethacin –induced 

gastric ulceration in diabetic rats. 

Results represent the mean ± S.E.  (n= 6). asignificant difference from normal control group (P<0.05), bsignificant 

difference from diabetic control group (P < 0.05), csignificant difference from diabetic IND group (P < 0.05);  

(IND: Indomethacin); TNFα: tumour necrosis factor alpha 
 

 
Figure 3: A photomicrograph of gastric tissue of: Normal control group (A), Diabetic control group (B), Diabetic 

IND group (C), Diabetic IND / omeprazole group (D), Diabetic IND / zileuton group (E), Diabetic IND/ omeprazole/ 

zileuton group (F) stained by H&E showing (A); Normal appearance of the gastric mucosa with short pits lining by 

pale columnar mucus secreting cells leading into long glands which contain bright pink partial cell. (B); Infiltration 

by neutrophil cells with necrosis and shedding of the superficial mucosal layer forming erosion with dilated congested 

blood vessels. (C); Shedding of the mucosa forming sharply demarcated ulcer with wide area of hemorrhage and 

infiltration by acute inflammatory cells in the form of neutrophil in all layers of the gastric wall. (D, E); Mild degree 

of inflammation and infiltration by acute inflammatory cells in the form of neutrophil and macrophage. (F); Near 

normal control group with non significant minimal inflammatory infiltration. (IND: Indomethacin) (Magnification 

x40;x200 for each group). 
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Figure 4: A photomicrograph of gastric tissue of: Normal control group (A), Diabetic control group (B), Diabetic 

IND group (C), Diabetic IND / omeprazole group (D), Diabetic IND / zileuton group (E), Diabetic IND/ omeprazole/ 

zileuton group (F) stained for caspase 3 showed (A); negative expression in gastric mucosa. (B); mild to moderate 

expression. (C); moderate to strong expression. (D, E, F); mild expression in gastric mucosa. (IND: Indomethacin) 

(Magnification x40; x200 for each group). 

 
 

4. DISCUSSION 

D.M. is widely spread metabolic disease with 

numerous common complications like intestinal 

enteropathy and gastric paresis. Much attention should 

be paid to the incidence of gastric ulceration in diabetic 

patients. These ulcers may be severe leading to 

gastrointestinal bleeding (Pradeepkumar et al., 2011). 

Peptic ulcer is considered as an inflammatory 

debilitating illness characterized by a high rate of 

recurrence which creates a load on the patient himself 

and on the economy of the society (Russo and Brutti, 

2007). 

The aim of our study was to evaluate the 

gastroprotective effect of each of omeprazole and 

zileuton, alone and combined against indomethacin-

induced gastric ulcer in diabetic rats. 

In our study, A model of gastric ulcer was 

induced in rats by intraperitoneal injection of IND. Our 

study showed that IND caused remarkable increase in 

total gastric acidity, pepsin activity, and ulcer index. 

This may be attributed to its effect on increased ROS 

production; stimulation of lipid peroxidation; induction 

of apoptotic cascade and inhibition of prostaglandin 

synthesis following the increased free radicals, which 

harm the cellular constituent and impair prostaglandin 

production (Bech et al., 2000). Decreased 

prostaglandin synthesis causes ulcer deterioration and 

perforation due to acid production and impaired 

gastroprotection (Inas et al., 2011; Nasadyuk and 

Sklyarov, 2013). 

In Our results, IND caused elevation of MDA 

levels, and decreased enzymatic activity of catalase and 

SOD enzymes. Catalase, SOD and other anti-oxidant 
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enzymes are affected by the overproduction of free 

radicals (El-Missiry et al., 2001). This is because the 

rates of free radical formation and scavenging capacity 

are in equilibrium. Any disproportion between them 

results in oxidative stress and in turn cellular functions 

disruption (Chattopadhyay et al., 2006). Thus, any 

agent which prevents the oxygen free radical damage 

should act as a mucosal shield (Hawkins and Hanks, 

2000). 

It was found also in our results that IND caused 

decreased mucin concentrations. Similarly, Naito et al., 

1995 reported that IND decreased the mucin secretion, 

causing back diffusion of hydrogen ions and decreasing 

the protective capacity of the mucosal membrane 

against physical damage. Mucin is the gastric mucus 

coat thought to be important in protecting gastric 

mucosa against ulcerogens and in facilitating the repair 

of the damaged gastric epithelium. Thus, by several 

mechanisms; it acts as a barrier protecting against 

hydrogen ions back diffusion. During peristalsis, it 

decreases the gastric wall friction (Sevak et al., 2002). 

On the other hand, mucus acts as an antioxidant 

reducing the mucosal injurious effect of oxygen free 

radicals (Repetto and Liesuy, 2002). The protective 

effect of the mucus arises from its gelatinous 

consistency and its thickness covering the mucosal 

shell (Penissi and Piezzi, 1999). 

Data of the current study showed that IND 

decreased gastric mucosal NO level significantly, when 

compared to the control group. This finding was in 

accordance with that of Lanas et al., 2000 and Cadirci 

et al., 2007. Nitric oxide is an endogenous protective 

factor through its adjustment of alkaline secretion, 

gastric motility and preservation of mucus content 

(Samini et al., 2002). Besides, NO can protect against 

lipid peroxide products (Hogg and Kalyanaraman, 

1999), modulate gastric acid levels, and maintain blood 

flow in gastrointestinal tissues (Martín et al., 2001), 

Additionally, it has a role in prostaglandin synthesis 

and therefore can protect gastric tissues from NSAID 

damage (Salvemini et al., 1993). A mutual interaction 

was found to exist between NOS and cyclooxygenase 

(COX) enzymes. NO donors were shown to enhance 

COX activity whereas NOS inhibitors blocked PGE2 

production. This may explain the decrease in mucosal 

NO by IND administration as observed in our study. 

In this study, IND significantly increased serum 

TNF-α, when compared to the control group. This 

coincided with the finding of Katary and Salahuddin, 

2017 who reported that gastric tissue levels of 

proinflammatory cytokines such TNF-α, IL-1β and IL-

6 increased as well as gastric level of anti-inflammatory 

cytokine IL-10 decreased by IND. On the other hand, 

the up-regulatory action of IND to serum TNF-α may 

be responsible for the decrease in mucosal NO. This 

finding was in agreement with the reported results of 

Bauer et al., 1997 who recorded that TNF-α strongly 

inhibited constitutive NO, which mostly performed its 

protective effect on the stomach through cytokine 

production modulation. Tumour necrosis factor is a 

proinflammatory cytokine released by macrophages 

whose levels rise in ulcerative stress (Hamaguchi et al., 

2001). It increases gastric mucosal infiltration by 

neutrophils (Wei et al., 2003) and the expression of 

inducible nitric oxide (Calatayud et al., 2001). TNF-α 

levels are directly proportionate to incidence of gastric 

ulceration (Sugimoto et al., 2007) and vice versa 

(Kwiecien et al., 2002). 

In this study, omeprazole was used as a standard 

drug for treatment of ulcer in diabetic rats as it is a drug 

of choice in treatment of peptic ulcer. Our study proved 

that omeprazole treatment showed protection against 

indomethacin- induced gastric ulcer in diabetic rats, as 

seen from its effect on decreasing ulcer index, 

significant reduction in the gastric total acidity, and 

pepsin activity with significant increase in the gastric 

mucin concentration. Moreover, it significantly 

improved tissue oxidative stress parameters (MDA, 

CAT, SOD, NO), compared to the non-treated 

ulcerated -diabetic rats. And significantly decreased the 

level of serum TNF. These results were coincident with 

results of other published studies which proved its 

gastroprotective effect (Ketuly et al., 2013; Sidahmed 

et al., 2013; Almasaudi et al., 2015). 

Our current data proved that zileuton improved 

the ulcer index, gastric juice total acidity and pepsin 

activity, improved mucin concentration, oxidative 

stress, NO and TNF-α significantly in ulcerated 

diabetic rats. This was most probably related to its 

antioxidant and anti-inflammatory effects. The current 

study was in line with Hadi et al., 2013 who reported 

that zileuton retarded the progression of atherosclerosis 

via down regulation of the inflammatory and oxidative 

pathways. This was also similar to the results of 

Isikdemir et al., 2014 who found that zileuton treatment 

prevented the augmentation in MDA levels in a torsion 

detorsion injury model in rats. Similarly, 

Alabbassi, 2015 showed that zileuton reduced 

the levels of interleukin-1β and TNF-α. This was 

reported to decrease oxidative stress in amiodarone 

induced pulmonary fibrosis in rats. Moreover, 

Genovese et al., 2008 stated that treatment of mice with 

zileuton reduced the spinal cord inflammation and 

tissue injury, neutrophil infiltration, TNF-α. 

On the other hand, zileuton decreased the 

activity of NF-κB and reduced the expression of iNOS. 

Also, NF-κB regulated the expression of iNOS and 

other inflammatory mediators, attenuation of iNOS 

expression and NO production demonstrated a 

protective role (Tu et al., 2010). 
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In our findings, both omeprazole and zileuton 

combined together succeeded to achieve a 

gastroprotective effect against IND-induced ulcer in 

diabetic rats as shown from decreased gastric acidity, 

reduced pepsin activity, increased mucin concentration, 

decreased ulcer index, improved oxidative parameters, 

reduced TNF-α levels, and amelioration of the 

histological findings towards normal. 

Histological studies of the gastric mucosa 

revealed that IND induced a mucosal ulceration, 

leukocytic infiltration, congested blood vessels, 

necrotic epithelium and denuded basal lamina. This 

effect on mucosal oxidative stress and histological 

derangement was in accordance with the reports of 

Valcheva-Kuzmanova et al., 2007. Zileuton either 

alone or in combination with omeprazole, had 

protective effect against IND-induced inflammatory 

infiltration and congestion at the ulcer sites. Its gastro-

protective potential is most probably through the 

scavenging of the free radicals, inhibition of the lipid 

peroxidation and increased prostaglandin synthesis as 

previously stated by Hadi et al., 2013. 

Gastric ulcer healing is a complex process, 

which involves cell proliferation and apoptosis 

(Sánchez-Fidalgo et al., 2004). We examined caspase-

3 activation, which is taken as an index of apoptotic cell 

death, in ulcerated tissues. In IND-treated group, there 

was an increase in caspase-3 activation. However, 

either zileuton or omeprazole pretreatment or their 

combination in ulcerated-diabetic rats showed 

reduction in the caspase-3 expression. This was 

coincident with the results of Shi et al., 2013 who 

suggested that zileuton reduced brain damage and 

neuronal apoptosis by inhibition of caspase-1 and the 

regulation of caspase-3. 

What seemed interesting was that zileuton, 

either solely or in combination with omeprazole also 

caused significant decrease in blood glucose level as 

shown by the results of OGTT, in comparison to the 

diabetic control group which showed a significant 

increase in blood glucose level. May be the reason 

behind this was its anti-oxidant and anti-inflammatory 

effects which may have helped in amelioration of blood 

glucose level. 

5. CONCLUSION 

Zileuton proved to have a gastroprotective effect 

against indomethacin-induced gastric ulcer in diabetic 

rats. The gastroprotective role of zileuton may be 

attributed to its enhancement of the gastric mucosal 

barrier and decrease in acid secretory parameters. In 

addition, it was found to increase the mucosal nitrite 

level, anti-inflammatory, antioxidant and anti-apoptotic 

activities. Zileuton may be of future benefit in peptic 

ulcer diseases which proved to be more prevalent in 

diabetic patients. Moreover, Further studies can go into 

the details of the effect of zileuton on lowering blood 

glucose level and study the exact mechanisms behind 

these findings. 

Conflict of Interests 

The authors declare that there is no conflict of interests 

regarding the publication of this paper. 

Funding 

This study was not supported by any grants from 

funding agencies in the public, commercial, or profit 

sectors. 

6. REFERENCES 

Aebi, H., 1984. Catalase in vitro. Methods in 

enzymology, 105, 121-126. 

Alabbassi, M. G., 2015. The possible protective effects 

of zileuton against pulmonary fibrosis induced by 

amiodarone in male rats. Journal of Natural 

Sciences Research, 5 (2). 

Almasaudi, S.B., El-Shitany, N.A., Abbas, A.T., 

Abdel-dayem, U.A., Ali, S.S., Al Jaouni, S.K. and 

Harakeh, S., 2015. Antioxidant, anti-inflammatory, 

and antiulcer potential of manuka honey against 

gastric ulcer in rats. Oxidative medicine and cellular 

longevity, vol 2016. 

Alumets, J., Ekelund, M., Håkanson, R., Hedenbro, 

J., Rehfeld, J.F., Sundler, F. and Vallgren, S., 

1982. Gastric acid response to pylorus ligation in 

rats: is gastrin or histamine involved? The Journal 

of physiology, 323(1), 145-156. 

Bancroft, J.D. and Gamble, M. eds., 2008. Theory and 

practice of histological techniques. 6th edition, 

Churchill Livingstone, 310-314. Elsevier Health 

Sciences. 

Bauer, H., Jung, T., Tsikas, D., Stichtenoth, D.O., 

FRÖLICH, C. and Neumann, C., 1997. Nitric 

oxide inhibits the secretion of T‐helper 1‐and T‐
helper 2‐associated cytokines in activated human T 

cells. Immunology, 90(2), 205-211. 

Beck, P.L., Xavier, R., Lu, N., Nanda, N.N., Dinauer, 

M., Podolsky, D.K. and Seed, B., 2000. 
Mechanisms of NSAID-induced gastrointestinal 

injury defined using mutant mice. 

Gastroenterology, 119(3), 699-705. 

Bregonzio, C., Armando, I., Ando, H., Jezova, M., 

Baiardi, G. and Saavedra, J.M., 2003. Anti-

inflammatory effects of angiotensin II AT 1 

receptor antagonism prevent stress-induced gastric 

injury. American Journal of Physiology-

Gastrointestinal and Liver Physiology, 285(2), 414-

423. 



Walaa Yehia Abdelzaher et. al. 

11 
 

Brzozowska, I., Targosz, A., Sliwowski, Z., Kwiecien, 

S., Drozdowicz, D., Pajdo, R., Konturek, P.C., 

Brzozowski, T., Pawlik, M., Konturek, S.J. and 

Pawlik, W.W., 2004. Healing of chronic gastric 

ulcers in diabetic rats. Journal of physiology and 

pharmacology, 55(4), 773-790. 

Bytzer, P., Talley, N.J., Hammer, J., Young, L.J., 

Jones, M.P. and Horowitz, M., 2002. GI symptoms 

in diabetes mellitus are associated with both poor 

glycemic control and diabetic complications. The 

American journal of gastroenterology, 97(3), 604. 

Cadirci, E., Suleyman, H., Aksoy, H., Halici, Z., 

Ozgen, U., Koc, A. and Ozturk, N., 2007. Effects of 

Onosma armeniacum root extract on ethanol-

induced oxidative stress in stomach tissue of rats. 

Chemico-Biological Interactions, 170(1), 40-48. 

Calatayud, S., Barrachina, D. and Esplugues, J.V., 

2001. Nitric oxide: relation to integrity, injury, and 

healing of the gastric mucosa. Microscopy research 

and technique, 53(5), 325-335. 

Chattopadhyay, I., Bandyopadhyay, U., Biswas, K., 

Maity, P. and Banerjee, R.K., 2006. Indomethacin 

inactivates gastric peroxidase to induce reactive-

oxygen-mediated gastric mucosal injury and 

curcumin protects it by preventing peroxidase 

inactivation and scavenging reactive oxygen. Free 

radical biology and medicine, 40(8), 1397-1408. 

Chen, W.J., Liaw, S.F., Lin, C.C., Lin, M.W. and 

Chang, F.T., 2013. Effects of zileuton on airway 

smooth muscle remodeling after repeated allergen 

challenge in brown Norway rats. Respiration, 86(5), 

421- 429. 

Côté A, Da Silva R, Cuello AC., 1993. Current 

protocols for light microscopy 

immunocytochemistry. In: Cuello AC (Ed). 

Immunohistochemistry II: John Wiley & Sons, 

Chichester; 1993: 147-168. 

Ejam, A.H., Albayati, N.J., Ewadh, M.J. and Al-

Kaffaji, H.A., 2015. Histopathological assessment 

of antiulcerogenic effect of montelukast against 

acetylsalicylic acid induced gastric ulcer in male 

rabbit. Medical Journal of Babylon, 12(2). 

El-Missiry, M.A., El-Sayed, I.H. and Othman, A.I., 

2001. Protection by metal complexes with SOD-

mimetic activity against oxidative gastric injury 

induced by indometacin and ethanol in rats. Annals 

of clinical biochemistry, 38(6), 694-700. 

Fahmy, S.R., Amer, M.A. and Al-killidar, M.H., 2015. 
Ameliorative effect of the sea cucumber Holothuria 

arenicola extract against gastric ulcer in rats. The 

Journal of Basic & Applied Zoology, 72, 16-25. 

Fukushima, E., Monoi, N., Mikoshiba, S., Hirayama, 

Y., Serizawa, T., Adachi, K., Koide, M., Ohdera, 

M., Murakoshi, M. and Kato, H., 2014. Protective 

effects of acetaminophen on ibuprofen-induced 

gastric mucosal damage in rats with associated 

suppression of matrix metalloproteinase. Journal of 

Pharmacology and Experimental Therapeutics, 

349(1), 165-173. 

Genovese, T., Rossi, A., Mazzon, E., Di Paola, R., 

Muià, C., Caminiti, R., Bramanti, P., Sautebin, L. 

and Cuzzocrea, S., 2008. Effects of zileuton and 

montelukast in mouse experimental spinal cord 

injury. British journal of pharmacology, 153(3), 

568-582. 

Hadi, H.A. and Al Suwaidi, J., 2007. Endothelial 

dysfunction in diabetes mellitus. Vascular health 

and risk management, 3(6), 853. 

Hadi, N.R., Mohammad, B.I., Almudhafer, A., Yousif, 

N. and Sultan, A.M., 2013. Monteleucast and 

Zileuton Retard the Progression of Atherosclerosis 

via Down Regulation of the Inflammatory and 

Oxidative Pathways. Journal of Clinical and 

Experimental Cardiology, 4(250), 2. 

Hamaguchi, M., Watanabe, T., Higuchi, K., 

Tominaga, K., Fujiwara, Y. and Arakawa, T., 

2001. Mechanisms and roles of neutrophil 

infiltration in stress-induced gastric injury in rats. 

Digestive diseases and sciences, 46(12), 2708-

2715. 

Hano, J., Bugajski, J. and Danek, L., 1975. Effect of 

adrenergic blockade on gastric secretion altered by 

catecholamines in rats. Archivum immunologiae et 

therapiae experimentalis, 24(4), 507-524. 

Hara, N., Hara, Y., Natsume, Y. and Goto, Y., 1991. 

Gastric hyperacidity and mucosal damage caused 

by hypothermia correlate with increase in GABA 

concentrations of the rat brain. European journal of 

pharmacology, 194(1), 77-81. 

Hawkins, C. and Hanks, G.W., 2000. The 

gastroduodenal toxicity of nonsteroidal anti-

inflammatory drugs. A review of the literature. 

Journal of pain and symptom management, 20(2), 

140-151. 

Hogg, N. and Kalyanaraman, B., 1999. Nitric oxide 

and lipid peroxidation. Biochimica et Biophysica 

Acta (BBA)-Bioenergetics, 1411(2), 378-384. 

Inas, Z.A., Hala, A.K. and Gehan, H.H., 2011. 
Gastroprotective effect of Cordia myxa L. fruit 

extract against indomethacin-induced gastric 

ulceration in rats. Life Science Journal, 8(3), 433-

445. 



The Role of Zileuton in Indomethacin- Induced Gastric Ulceration in Pyloric- Ligated Diabetic Rats 

12 
 

Isikdemir, F., Kurcer, Z., Dengiz, G.O., Sipahi, E.Y., 

Banoglu, Z.N., Baba, F., Acikgoz, S. and Kelek, S., 

2014. Effects of montelukast and zileuton on 

testicular torsion/detorsion injury in rats. 

Andrologia, 46(1), 59-64. 

Kafa, I.M., Uysal, M., Bakirci, S. and Ayberk, K.M., 

2009. Sepsis induces apoptotic cell death in 

different regions of the brain in a rat model of 

sepsis. Acta neurobiologiae experimentalis, 70(3), 

246-260. 

Katary, M.A. and Salahuddin, A., 2017. 
Gastroprotective Effect of Vanillin on 

Indomethacin-Induced Gastric Ulcer in Rats: 

Protective Pathways and Anti-Secretory 

Mechanism. Journal of Clinical and Experimental 

Pharmacology, 7(232), 2161-1459. 

Ketuly, K.A., Hadi, A.H.A., Golbabapour, S., 

Hajrezaie, M., Hassandarvish, P., Ali, H.M., 

Majid, N.A. and Abdulla, M.A., 2013. Acute 

toxicity and gastroprotection studies with a newly 

synthesized steroid. PloS one, 8(3), e59296. 

Khattab, M.M., Gad, M.Z. and Abdallah, D., 2001. 
Protective role of nitric oxide in indomethacin-

induced gastric ulceration by a mechanism 

independent of gastric acid secretion. 

Pharmacological research, 43(5), 463-467. 

Kwiecien, S., Brzozowski, T. and Konturek, S.J., 2002. 
Effects of reactive oxygen species action on gastric 

mucosa in various models of mucosal injury. 

Journal of Physiology and Pharmacology, 53(1), 

39-50. 

Laine, L., Takeuchi, K. and Tarnawski, A., 2008. 
Gastric mucosal defense and cytoprotection: bench 

to bedside. Gastroenterology, 135(1), 41-60. 

Lanas, A., Bajador, E., Serrano, P., Fuentes, J., 

Carreño, S., Guardia, J., Sanz, M., Montoro, M. 

and Sáinz, R., 2000. Nitrovasodilators, low-dose 

aspirin, other nonsteroidal antiinflammatory drugs, 

and the risk of upper gastrointestinal bleeding. New 

England Journal of Medicine, 343(12), 834-839. 

Lenzen, S., 2008. The mechanisms of alloxan-and 

streptozotocin-induced diabetes. Diabetologia, 51: 

216-226 

Lewis, R.A. and Austen, K.F., 1984. The biologically 

active leukotrienes. Biosynthesis, metabolism, 

receptors, functions, and pharmacology. Journal of 

Clinical Investigation, 73(4), 889. 

Martín, M.J., Jiménez, M.D., Motilva, V., 2001. New 

issues about nitric oxide and its effects on the 

gastrointestinal tract. Current Pharmaceutical 

Design 7, 881-908. 

Naito, Y., Yoshikawa, T., Matsuyama, K., Yagi, N., 

Arai, M., Nakamura, Y., Nishimura, S., Yoshida, 

N. and Kondo, M., 1995. Effects of oxygen radical 

scavengers on the quality of gastric ulcer healing in 

rats. Journal of clinical gastroenterology, 21, 82-86. 

Nasadyuk, C. and Sklyarov, A., 2013. Thymohexin 

exhibits cytoprotective effect in experimental 

gastric lesions in rats both through the inhibition of 

inducible nitric oxide synthase and reduction of 

oxidative mucosal damage. Regulatory peptides, 

180, 50-57. 

Penissi, A.B. and Piezzi, R.S., 1999. Effect of 

Dehydroleucodine on Mucus Production (A 

Quantitative Study). Digestive Diseases and 

Sciences, 44(4), 708-712. 

Pradeepkumar Singh, L., Vivek Sharma, A. and 

Swarnakar, S., 2011. Upregulation of collagenase‐
1 and‐3 in indomethacin‐induced gastric ulcer in 

diabetic rats: role of melatonin. Journal of pineal 

research, 51(1), 61-74. 

Repetto, M.G. and Llesuy, S.F., 2002. Antioxidant 

properties of natural compounds used in popular 

medicine for gastric ulcers. Brazilian journal of 

medical and biological research, 35(5), 523-534. 

Robert, A., Nezamis, J.E. and Phillips, J.P., 1968. 
Effect of prostaglandin E1 on gastric secretion and 

ulcer formation in the rat. Gastroenterology, 55(4), 

481. 

Russo, P. and Brutti, C., 2007. Proton pump inhibitors 

and hospital discharge rates for gastrointestinal 

events in Italy: a national ecological study. Clinical 

therapeutics, 29(4), 751-758. 

Salvemini, D., Misko, T.P., Masferrer, J.L., Seibert, 

K., Currie, M.G. and Needleman, P., 1993. Nitric 

oxide activates cyclooxygenase enzymes. 

Proceedings of the National Academy of Sciences, 

90(15), 7240-7244. 

Samini, M., Moezi, L., Jabarizadeh, N., Tavakolifar, 

B., Shafaroodi, H. and Dehpour, A.R., 2002. 
Evidences for involvement of nitric oxide in the 

gastroprotective effect of bromocriptine and 

cyclosporin A on water immersion stress-induced 

gastric lesions. Pharmacological research, 46(6), 

519-523. 

Sánchez-Fidalgo, S., Martín-Lacave, I., Illanes, M. 

and Motilva, V., 2004. Angiogenesis, cell 

proliferation and apoptosis in gastric ulcer healing. 

Effect of a selective cox-2 inhibitor. European 

journal of pharmacology, 505(1), 187-194. 

Sanyal AR, Denath OK, Bhattacharya SK, Gode KD, 

1971: The effect of cyproheptadine on gastric 

acidity. In: Pfeiffer CJ (ed). Peptic ulcer. 



Walaa Yehia Abdelzaher et. al. 

13 
 

Scandinavian University Books, Munksgaard, 

Copenhagen. p. 312-318. 

Sastry, K.V.H., Moudgal, R.P., Mohan, J., Tyagi, J.S. 

and Rao, G., 2002. Spectrophotometric 

determination of serum nitrite and nitrate by 

copper-cadmium alloy. Analytical biochemistry, 

306(1), 79-82. 

Sevak, R., Paul, A., Goswami, S. and Santani, D., 

2002. Gastroprotective effect of β 3 adrenoceptor 

agonists ZD 7114 AND CGP 12177A in rats. 

Pharmacological research, 46(4), 351-356. 

Sharma, A.K., Mazumdar, S.N. and Mahajan, M.P., 

1996. A Convenient Trans Diastereoselective 

Synthesis of 3-Butadienylazetidinones and Their 

Diels− Alder Cycloaddition Reactions. The Journal 

of Organic Chemistry, 61(16), 5506-5509. 

Shi, S.S., Yang, W.Z., Tu, X.K., Wang, C.H., Chen, 

C.M. and Chen, Y., 2013. 5-Lipoxygenase inhibitor 

zileuton inhibits neuronal apoptosis following focal 

cerebral ischemia. Inflammation, 36(6), 1209-1217. 

Sidahmed, H., Abdelwahab, S.I., Mohan, S., Abdulla, 

M.A., Mohamed Elhassan Taha, M., Hashim, 

N.M., Hadi, A.H.A., Vadivelu, J., Loke Fai, M., 

Rahmani, M. and Yahayu, M., 2013. α-Mangostin 

from Cratoxylum arborescens (Vahl) Blume 

demonstrates anti-ulcerogenic property: a 

mechanistic study. Evidence-Based 

Complementary and Alternative Medicine, 2013. 

Sugimoto, M., Furuta, T., Shirai, N., Nakamura, A., 

Xiao, F., Kajimura, M., Sugimura, H. and 

Hishida, A., 2007. Different effects of 

polymorphisms of tumor necrosis factor‐alpha and 

interleukin‐1 beta on development of peptic ulcer 

and gastric cancer. Journal of gastroenterology and 

hepatology, 22(1), 51-59. 

Süleyman, H., Akçay, F. and Altinkaynak, K., 2002. 
The effect of nimesulide on the indomethacin-and 

ethanol-induced gastric ulcer in rats. 

Pharmacological research, 45(2), 155-158. 

Suzuki, H., Nishizawa, T., Tsugawa, H., Mogami, S. 

and Hibi, T., 2011. Roles of oxidative stress in 

stomach disorders. Journal of clinical biochemistry 

and nutrition, 50(1), 35-39. 

 

 

 

 

 

 

Takehara, K.O.J.I., Tashima, K.I.M.I.H.I.T.O. and 

Takeuchi, K.O.J.I., 1997. Alterations in duodenal 

bicarbonate secretion and mucosal susceptibility to 

acid in diabetic rats. Gastroenterology, 112(2), 418-

428. 

Tu, X.K., Yang, W.Z., Wang, C.H., Shi, S.S., Zhang, 

Y.L., Chen, C.M., Yang, Y.K., Jin, C.D. and Wen, 

S., 2010. Zileuton reduces inflammatory reaction 

and brain damage following permanent cerebral 

ischemia in rats. Inflammation, 33(5), 344-352. 

Uchiyama, M. and Mihara, M., 1978. Determination 

of malonaldehyde precursor in tissues by 

thiobarbituric acid test. Analytical biochemistry, 

86(1), 271-278. 

Vador, N., Jagtap, A.G. and Damle, A., 2012. 
Vulnerability of gastric mucosa in diabetic rats, its 

pathogenesis and amelioration by Cuminum 

cyminum. Indian journal of pharmaceutical 

sciences, 74(5), 387. 

Valcheva‐Kuzmanova, S., Krasnaliev, I., Galunska, 

B. and Belcheva, A., 2007. Influence of dl‐alpha‐
tocopherol acetate on indomethacin‐induced gastric 

mucosal injury in rats. Autonomic and Autacoid 

Pharmacology, 27(3), 131-136. 

Wei, X.M., Heywood, G.J., Di Girolamo, N. and 

Thomas, P.S., 2003. Nicorandil inhibits the release 

of TNFα from a lymphocyte cell line and peripheral 

blood lymphocytes. International 

immunopharmacology, 3(12), 1581-1588. 

Wenzel, S.E. and Kamada, A.K., 1996. Zileuton: the 

first 5-lipoxygenase inhibitor for the treatment of 

asthma. Annals of Pharmacotherapy, 30(7-8), 858-

864. 

Whiting, P.H., Thomson, K.J., Saunders, N.J. and 

Simpson, J.G., 1990. The effects of cyclosporin A 

on glucose homeostasis and the kidney in the 

normal rat. Journal of experimental pathology 

(Oxford, England), 71(2), 245. 

Winzler, R.J., 1955. Determination of serum 

glycoproteins. Methods of Biochemical Analysis, 2, 

279-311. 

 


