
Prabhavalkar et al.                                                        European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com  

 

620 

 

 

 

GASTROPROTECTIVE ACTIVITY OF BROWN PROPOLIS EXTRACT AGAINST 

ASPIRIN AND ETHANOL- INDUCED GASTRIC ULCERS IN ADULT WISTAR RATS 

BY TARGETING OXIDATIVE STRESS AND PRO-INFLAMMATORY SIGNALING 
 
 

Mrunal Patil and Kedar Prabhavalkar*
 

 

Department of Pharmacology, SVKM‟s Dr. Bhanuben Nanavati College of Pharmacy, Vile Parle, Mumbai, 

Maharashtra, India. 

 

 

 

 

 
Article Received on 20/05/2020                                     Article Revised on 10/06/2020                                  Article Accepted on 01/07/2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 

Gastric ulcer is a common gastrointestinal disorder, 

affecting many people throughout the world. It can be 

defined as damage to the mucosa that ruptures the 

muscle layer and forms an injury followed by 

inflammation.
[1]

 Ulcers can occur in the stomach, where 

they are called as gastric ulcers or they can occur in the 

first portion of the intestine called as duodenal ulcers.
[2]

 

Generally normal gastric mucosa is exposed to various 

offensive factors like increased secretion of hydrochloric 

acid and pepsin, reactive oxygen species, improper 

dietary habits, administration of non-steroidal anti-

inflammatory drugs, consumption of alcohol, stressful 

conditions and infection with Helicobacter pylori 

infection, whereas it decreases the activity of defensive 

factors like mucin, adequate blood flow, nitric oxide, 

prostaglandin secretion, bicarbonate and growth 

factors.
[3]

 This may results from an imbalance between 

defensive factors and offensive factors present in the 

gastric mucosal layer.
[4]

 Gastric ulcers are known to be 

induced by excessive use of several Non-Steroidal Anti-

Inflammatory Drugs (NSAID‟s) like aspirin, 

indomethacin, and ibuprofen.
[5]

 NSAID‟s are responsible 

for the production of gastric ulcers by inhibiting 

prostaglandin synthesis via cyclooxygenase (COX) 

pathway.
[6]

 Prostaglandin plays an important and 

protective role in the production of mucus and secretion 

of bicarbonate, which maintains mucosal blood flow and 

regulates mucosal cell integrity.
[7]

 Thus the suppression 

of production of prostaglandins by NSAIDs leads to the 

gastric mucosal damage and gastric ulcers. The 

mechanism behind NSAIDs -induced gastric ulceration 

includes blocking activity of the cyclooxygenase 

enzymes (COX-1 and COX-2), by NSAIDs, which 

further leads to the decreased mucus and bicarbonate 

secretion, impaired platelet aggregation, decreased 

mucosal blood flow, changes in microvascular structures 

leading to epithelia damage.
[8]

 Increased reactive oxygen 

species (ROS) and lipid peroxidation (LPO) are also 

responsible for gastric mucosal damage.
[9]

 NSAID‟s 

specially those are having chemically acidic nature, can 

exert direct cytotoxic effects on epithelial cells, which 

disrupt surface active phospholipids on the mucosal 

surface thus making the mucosa more susceptible to 
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ABSTRACT 

Aspirin is a commonly prescribed non steroidal anti-inflammatory drug and alcohol is consumed by large number 

of population throughout the world but its prolonged use injures the gastric mucosa. This study was carried out to 

investigate the therapeutic effect of Brown Propolis Extract (BPE) against aspirin and ethanol- induced gastric 

ulcers in Wistar rats. Gastric ulcer was induced by oral administration of aspirin (200 mg/kg/day) for 3 days. 

Pretreatment with BPE (250 and 500 mg/kg bw) was given orally for 10 days. Ranitidine at 50 mg/kg orally was 

used as standard. The various parameters like gastric volume, gastric pH, free acidity, total acidity, ulcer index, 

percent inhibition were estimated for assessment of anti-secretory and gastroprotective effects of BPE. At the 

same time antioxidant parameters like superoxide dismutase (SOD), catalase (CAT) and malondialdehyde (MDA) 

and reduced glutathione (GSH) in addition to that pro-inflammatory parameters such as tumor necrosis factor-α 

(TNF-α), interleukin-1β (IL-1β) were also estimated according to their respective method of estimation using 

analyzing kit. BPE helped in improving the gross morphology, histology and mucous layer of gastric tissue, 

antioxidants and by reducing tissue levels of the lipid peroxidation marker (malondialdehyde) and inflammatory 

mediators. In conclusion, BPE has a therapeutic potential in aspirin and ethanol- induced gastric injury by 

alleviating oxidative stress and inflammation. 
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damage by luminal acid.
[10]

 Ethanol has been commonly 

used as a damaging agent to gastric mucosa for the 

induction of gastric ulcers. Administration of absolute 

ethanol (>99%) has been used as a reproducible method 

to induce gastric mucosal damage in experimental 

animals.
[11]

 The pathology behind ethanol-induced 

gastric ulcer generally involves three main parameters: 

inflammatory response, oxidative stress and apoptosis.
[12] 

 

In the gastrointestinal tract, the motility of the 

esophagus, stomach, and gut as well as the capacity of 

gut absorption can be severely affected by alcohol 

exposure. It can cause severe mucosal damage and even 

carcinogenesis especially gastric cancer.
[12]

 Ethanol 

causes severe gastric damage by producing several 

instabilities in the gastric mucosal layer such as a 

decreased bicarbonate secretion, gastric blood flow and 

mucus production. Ethanol can stimulate gastric acid 

secretion, resulting in microvascular injuries which 

facilitate vascular permeability, through release of 

gastrin and histamine from sensitive nerve terminals 

present in the gastric mucosa.
[13]

 Ethanol ruptures gastric 

mucosal integrity through exfoliation of cells, which 

leads to increase in mucosal permeability and in 

somehow causes bleeding.
[14]

 Intra-gastric administration 

of absolute ethanol results in severe gastric mucosal 

injury characterized by disturbances in microcirculation, 

mast cell secretary products, inhibition of prostaglandin 

synthesis, reduction in mucus production and reactive 

oxygen species. Neutrophil infiltration in the gastric 

mucosa is also responsible for the production of lesions 

induced by absolute ethanol.
[15]

  

 

Oxidative stress plays a significant role in alcohol-

induced gastric mucosal damage.
[16]

 Ethanol is also 

known to increase cellular oxidative stress and produce 

changes in gastric cell calcium levels.
[17]

 which may lead 

to the pathogenesis of gastric mucosal injury. Ethanol 

directly increases the levels of free radicals that can alter 

the cell structure and function and can also gives its 

direct toxic effects on the gastric mucosa resulting in 

reduced bicarbonate secretion and gastric mucus 

production.
[18] 

 

A number of phytochemicals have shown potent anti-

ulcer as well as gastroprotective activity against several 

ulcer causing agents when they were investigated. The 

epidemiological evidence regarding the consumption or 

use of natural phytochemicals as gastroprotective agents 

showed positive results. Natural products and their 

compounds are highly effective as anti- ulcer agents as 

well as gastroprotectives. Several natural products acts 

by significant suppression of inflammatory cytokines 

like IL-2, TNF-α, COX-2 and nitrosative stress.
[19] 

 

Propolis, this word has been derived from Greek 

literature, where „Pro‟ means „„at the entrance to” and 

„polis‟ means „„community‟‟ or “city‟‟ which means 

defense for hive. Propolis is collected by worker honey 

bees by mixing these secretions with their own saliva and 

enzymatic secretions.
[20]

 Honey bees use these resinous 

secretions as cementing material for sealing the cracks 

and crevices occurring in their hives.
[21,22]

 Apart from 

blocking the cracks, sealing the spaces and smoothening 

the internal walls of their hives, honey bees use this 

propolis as an antiseptic
[23,24,25]

 to protect bees larvae, 

honey and hive from bacterial infections.
[26]

 Currently 

propolis is used as an anti-bacterial, anti-inflammatory, 

anti-viral
[27]

, anti-oxidant, anti-protozoal, anesthetic, anti 

tumoural, anti-cancer, anti-fungal
[28]

, antiseptic, anti-

mutagenic, anti-hepatotoxic in addition to being used for 

cytotoxic activity, etc.
[29] 

 

The aim of this study was to investigate the 

gastroprotective effects of BPE against aspirin and 

ethanol-induced gastric ulcers in Wistar rats using 

ranitidine as a standard drug. In addition, the probable 

mechanism by which BPE showed its efficacy in terms 

of oxidative stress and pro-inflammatory signaling using 

indicators like Malondialdehyde (MDA), Reduced 

glutathione (GSH), Superoxide dismutase (SOD) and 

Catalase activity (CAT), TNF-α and IL-1β. 

 

2. MATERIAL AND METHODS 

2.1. Experimental animals 

Male wistar rats weighing 150-200 g were procured from 

National institute of Biosciences, Pune. Animals were 

housed in Perspex cages at SVKM‟s Animal House 

Facility, Mumbai and maintained under general 

conditions (12h: 12h light/ dark cycle, room temperature 

20-220C, 50-70% humidity). Animals were fed on 

standard food pellets and water ad libitum. Before 

starting an experiment animals were acclimatized for the 

period of one week. The entire experimental protocol 

was reviewed and approved by an Institutional Animal 

Ethics Committee registered under “Committee for the 

purpose of Control and Supervision of Experiments on 

Laboratory Animals” (CPCSEA), Ministry of 

Environment and Forests, Government of India. 

 

2.2. Plant material and chemicals 

Brown Propolis Extract was obtained as a gift sample 

from Pharma Base S.A. Switzerland. Ranitidine was 

obtained as a gift sample from Neon laboratories Ltd. 

Mumbai. Aspirin was obtained as a gift sample from The 

Andhra Sugars Limited, Tanuku, Andhra Pradesh, India 

and Absolute Ethanol was also obtained as a gift sample 

from Research-Lab Fine Chem Industries, Mumbai. 

 

2.3. Preparation of drug solution  

Brown Propolis Extract and aspirin were homogeneously 

suspended in 1% carboxymethylcellulose (1% CMC) 

solution and standard drug Ranitidine was dissolved in 

normal saline. The drug solution was freshly prepared 

just before each dosing session. Vehicle (1% CMC) and 

drugs were administered orally (p.o.). 
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2.4. Phytochemical analysis of the extract  

The preliminary phytochemical screening of the obtained 

Brown Propolis Extract (BPE) was carried out in order to 

determine the presence of alkaloids, carbohydrates, 

flavonoids, glycosides, proteins, tannins, terpenoids, 

coumarins, saponins according to standard procedures.
[30]

 

 

2.5. Acute toxic study 

Brown Propolis Extract was studied for its acute toxicity 

in Wistar rats (170–200 g) by a fixed dose method as per 

OECD guideline No. 420, 2001. Brown Propolis Extract 

was administered at the dose 5, 50, 300, 2000 and 5000 

mg/kg body weight, to determine mortality rate and 

animals were observed for 14 consecutive days.
[30]

 

 

2.6. Experimental design 

Animals were divided into following groups, each group 

contains six rats. Pre-treatment with the different doses 

of BPE was given. The extract was administered orally 

once daily using oral feeding tube of 18 gauge with the 

ad libitum provision of food and water throughout the 

experimental period. 

 

2.7. Antiulcer activity of BPE in aspirin-induced gastric ulceration in wistar rats. 

Group I Control Group 

Group II Vehicle group -- 1% carboxymethylcellulose (CMC) solution 

Group III Negative Control -- Aspirin (200 mg/kg/day) 

Group IV Standard -- Ranitidine (50mg/kg) + Aspirin (200 mg/kg/day) 

Group V Brown Propolis Extract (250 mg/kg) + Aspirin(200 mg/kg/day) 

Group VI Brown Propolis Extract (500 mg/kg) + Aspirin (200 mg/kg/day) 

 

2.8. Antiulcer activity of BPE in ethanol-induced gastric ulceration in Wistar rats. 

Group I Control Group 

Group II Vehicle group -- 1% carboxymethylcellulose (CMC) solution 

Group III Negative Control -- Ab. Ethanol (1.0 ml/animal) 

Group IV Standard -- Ranitidine (50mg/kg) + Ab. Ethanol (1.0 ml/animal) 

Group V Brown Propolis Extract (250 mg/kg) + Ab. Ethanol (1.0 ml/animal) 

Group VI Brown Propolis Extract (500 mg/kg) + Ab. Ethanol (1.0 ml/animal) 

 

3. INDUCTION OF ULCER 

3.1. Aspirin-induced gastric ulcer 

Aspirin induced gastric ulcer model was chosen for the 

investigation of anti-ulcerative activity. Treatment drug, 

BPE was given once daily for 10 consecutive days. BPE 

was administered in two doses i.e. 250 mg/kg and 500 

mg/kg in order to investigate its efficacious dose. Aspirin 

was given once daily at a dose of 200 mg/kg for last 

three days i.e. from day 8 to day 10.
[31]

 

 

Experimental protocol 

After acclimatization, rats were randomly divided into 

six groups with six animals (n=6) in each group. Group I 

served as normal control group while group II received 

only vehicle i.e. 1% CMC solution for 10 days. Rats 

from group V and VI were orally pretreated with Brown 

Propolis Extract while group IV was pretreated with 

Ranitidine (50 mg/kg) for 10 consecutive days. Then 

starting from day 8 to day 10, Aspirin (200 mg/kg) was 

administered to group III, IV, V, VI. On day 10, twenty 

four hour fasted animals were sacrificed five hour after 

the last dose of aspirin and their stomachs were removed 

and gastric juice was collected and it was then opened 

along with a greater curvature for the determination of 

gastric lesions. The severity of gastric damage was then 

scored. 

 

3.2. Ethanol-induced gastric ulcer 

Ethanol induced gastric ulcer model was chosen for the 

investigation of gastroprotective activity. Treatment 

drug, Brown Propolis Extract was administered in two 

doses i.e. 250 mg/kg and 500 mg/kg in order to 

investigate its efficacious dose. Brown Propolis Extract 

was administered one hour prior to ethanol.
[32]

 

 

Experimental protocol 

After acclimatization, rats were randomly divided into 

six groups with six animals (n=6) in each group. Group I 

served as normal control group while group II received 

only vehicle i.e. 1% CMC solution for 10 days. Rats 

were fasted for 48 hrs, water was withheld 2 hrs before 

the commencement of experiment. Rats from group V 

and VI were orally pretreated with Brown Propolis 

Extract while group IV was pretreated with Ranitidine 

(50 mg/kg) one hour prior to Absolute Ethanol (1 

ml/animal). One hour after the dose of absolute ethanol, 

animals were sacrificed and their stomachs were 

removed and gastric juice was collected and it was then 

opened along with a greater curvature for the 

determination of gastric lesions. The severity of gastric 

damage was then scored. 

 

3.3. Determination of gastric volume, gastric acidity 

and gastric lesions 

The gastric mucosal layer of the stomach was viewed 

under a magnifying lens (10×) to evaluate the gastric 

ulcers. The ulcerated areas were counted and scored 

using the method described by Kulkarni. The score was 

graded as: 0- Normal colouration, 0.5- Red colouration, 

1.0- Spot ulcers, 1.5- Haemorrhagic streaks, 2.0- Deep 

ulcers- 3.0- Perforations.
[30]
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Mean Ulcer Index (MUI) was calculated as total sum of 

ulcer scores assigned to gastric lesions. Percentage of 

ulcer inhibition was calculated by using the formula:   

Inhibition=(MUIcontrol-MUItest)÷MUIcontrol × 100%. 

 

After sacrifice, rat stomach was removed and the gastric 

content was collected. The gastric volume was measured 

by measuring cylinder (10 ml). The stomach was opened 

along the greater curvature and gastric content was 

drained into a centrifuge tube. The resultant solution was 

centrifuged at 3000 rpm for 10 min and the supernatant 

was collected. The pH of gastric juice was determined 

using a pH meter. Collected supernatant was used for the 

determination of free acidity and total acidity. Free 

acidity and total acidity of collected gastric juice was 

estimated by titrating gastric juice with 0.01 N NaOH, 

using Topfer‟s reagent and phenolphthalein as indicator. 

0.01 N NaOH was prepared and poured into the burette. 

Collected gastric content was poured in a beaker 

containing 50 ml of distilled water. From this solution, 

25 ml of gastric juice was pipette out in a conical flask 

and two to three drops of Topfer‟s reagent was added for 

the estimation of free acidity. Prepared NaOH was 

titrated against the acidic gastric content and observed 

until yellow coloration was obtained. The total volume of 

NaOH used was noted and free acidity was calculated.
[33] 

 

The above mentioned procedure was repeated for 

estimation of total acidity using phenolphthalein as an 

indicator. In this experiment, the color change was from 

colorless to pink and the total volume of alkali added 

was recorded for total acidity. 

 

3.4. Evaluation of antioxidant activity 

The stomach samples from the rats were homogenized in 

a 50 mM Tris–HCl buffer (pH 7.4) containing 1.15% 

potassium chloride, followed by centrifugation of the 

homogenate at 10,000 rpm for 15 min at −4 °C. The 

supernatant was collected to allow estimation of Lipid 

peroxidation or Malondialdehyde (MDA), Reduced 

glutathione (GSH), Superoxide dismutase (SOD) and 

Catalase activity (CAT). 

 

Measurement of malondialdehyde (MDA) 

Lipid peroxidation was measured as malondialdehyde 

(MDA) according to the method described by Ohkawa et 

al. To each 0.5 mL supernatant, 0.5 mL phosphate buffer 

(0.1 M, pH 8.0) and 0.5 mL 24% TCA was added. The 

resulting mixture was incubated at room temperature for 

10 min, followed by centrifugation at 2000 rpm for 20 

min. An aliquot of 1 mL of the resulting supernatant was 

mixed with 0.25 mL 0.33% TBA in 20% acetic acid and 

the resulting mixture boiled at 95 °C for 1 h. The 

resulting pink colored product was cooled and the 

absorbance was read at 532 nm.
[33]

 

 

Estimation of reduced glutathione (GSH) 

Reduced glutathione (GSH) was determined using the 

method described by Beutler. 1 mL of collected 

supernatant was added to 0.5 mL Ellman‟s reagent (10 

mM), followed by addition of 2 mL phosphate buffer. 

And then produced yellow colored solution was read at 

412 nm against a blank containing 3.5 mL phosphate 

buffer. In a similar way, a series of standards were 

prepared. The amount of GSH was expressed as μg/mg 

protein.
[33]

 

 

Estimation of superoxide dismutase (SOD) 

The supernatant was collected for superoxide dismutase 

(SOD) activity by using the method described by Misra 

and Fridovich.
[32]

 Aliquots of 2.5 mL buffer, 30 mM 

EDTA, and 300 μL 2 mM pyrogallol were added to 200 

μL of the lysate. Any increase in absorbance was 

recorded at 420 nm for 3 min using a spectrophotometer. 

The activity of SOD was expressed as μg/mg protein.
[33]

 

 

Estimation of catalase activity (CAT) 

The method to determine the catalase (CAT) activity was 

based on the measurement of hydrogen peroxide 

consumption in the studied sample, as described by 

Chance and Oshino (1971), with adaptations. The 

supernatant was collected as described above and 2 μl 

was added to 191 μl of phosphate buffer. This mixture 

was read in the spectrophotometer, and 7 μl of hydrogen 

peroxide was added. The reaction was read at 240 nm for 

2 min, and the data was expressed as the CAT 

activity/mg of proteins. The protein content was 

determined using bovine serum albumin as a standard, 

according to the method described by Bradford 

(1976).
[33]

 

 

3.5. Evaluation of pro-inflammatory parameters 

Determination of IL-1β levels 

Stomach samples were rinsed in Phosphate buffer Saline 

(PBS) (pH 7.4) to remove excess blood, Weighed and 

stored at -800c before homogenization. Tissues were 

minced homogenize them in PBS (pH 7.4) with a glass 

homogenizer on ice. Thaw at 2-80c or freeze at -200c. 

Centrifuge at 2000-3000 rpm for approximately 20 

minutes. Further procedure was carried as per the 

instructions given in commercial available ELISA kit by 

Krishgen Biosystems. Optical density of each well was 

determined immediately using a microplate reader set to 

450 nm within 30 min after adding the stop solution. 

 

Determination of TNF-α levels 

Stomach samples were rinsed in Phosphate buffer Saline 

(PBS) (pH 7.4) to remove excess blood, Weighed and 

stored at -800c before homogenization. Tissues were 

minced homogenize them in PBS (pH 7.4) with a glass 

homogenizer on ice. Thaw at 2-80c or freeze at -200c. 

Centrifuge at 2000-3000 rpm for approximately 20 

minutes. Further procedure was carried as per the 

instructions given in commercial available ELISA kit by 

Krishgen Biosystems. Optical density of each well was 

determined immediately using a microplate reader set to 

450 nm within 30 min after adding the stop solution. 
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3.6 Histopathology of stomach samples  

Stomach was excised, washed and cleaned with 0.9% 

saline and kept in 10% neutral Formalin and given for 

histopathological examination by staining with 

Haematoxylin and Eosin (H & E). 

 

3.7. Statistical analysis  

The statistical evaluation will be performed with the help 

of GraphPad Prism version 8.0.1. for 64 bit Windows. 

All the evaluation data will be compared to access the 

statistical significance using One-way ANOVA 

(Analysis of Variance). The data will be represented as 

mean ±SEM values. 

 

4. RESULTS 

4.1 Phytochemical analysis of the extract 

The BPE was analyzed for different phytochemical 

constituents as per standard procedure at institute 

laboratory and the results are given in Table 1. 

 

Table 1: Phytochemical analysis of BPE. 

Sr No. Phytochemicals Tests BPE 

1. Flavonoids 

Shinoda test 

Sulphuric acid test 

Lead acetate test 

+ 

+ 

+ 

2. Tannins 

Lead acetate test 

FeCl3 test 

Dil. Iodine solution test 

- 

+ 

+ 

3. Phenols 
FeCl3 test 

Potassium dichromate 

+ 

+ 

4. Glycosides 
Libermanns test 

Foam test 

- 

+ 

5. Steroids Libermanns test - 

6. Alkaloids 

Dragendorff‟s test 

Mayer‟s test 

Hager‟s test 

Wagner‟s test 

+ 

+ 

+ 

+ 

 

4.2 Acute oral toxicity study  

All animals were alive and showed no any visible signs 

of toxicity in higher doses. No any behavioral changes 

were found in animals. No change was observed in 

animal body weight. Thus the median lethal dose was 

considered to be greater than 2000 mg/kg body weight. 

4.3. Ulcer index, ulcer inhibition and gastric lesions 

Aspirin and ethanol induced ulcers observed clearly in 

the negative control groups, whereas standard drug 

ranitidine and BPE treated groups showed the relatively 

normal structure (Figs. 1 and 2).  

 

 
Figure 1: Macroscopic examination of aspirin induced gastric ulcers. 
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Figure 2: Macroscopic examination of ethanol induced gastric ulcers. 

 

The effects of BPE on ulcer index and inhibition are 

reported in Table 2 and 3 for both aspirin and ethanol 

induced gastric ulcer groups respectively. Ulcer index in 

the ulcer control group was significantly (p< 0.001) 

increased as compared to the control group. The severity 

of gastric ulcers in models was significantly (p< 0.001) 

reduced by pretreatment with BPE. However, in 

ranitidine pretreated group, maximum inhibition was 

observed, which was comparable to the 500 mg/kg BPE. 

 

4.4. Gastric volume and gastric acidity 

The effects of BPE on gastric volume, gastric pH, free 

acidity and total acidity are reported in Table 2 and 3 for 

both aspirin and ethanol induced gastric ulcer groups 

respectively.  

 

The gastric juice volume was significantly increased (P < 

0.001) in the negative group when compared against 

normal control group. The group pretreated with 250 

mg/kg BPE produced no significant decrease in gastric 

juice volume but standard treated group (ranitidine 50 

mg/kg) and BPE (500 mg/kg) treated group showed 

significant decrease (p< 0.01 and p< 0.05 respectively) in 

total gastric volume as compared to negative group while 

BPE (500 mg/kg) treated group showed not much 

significant (p< 0.01) difference when compared against 

normal control group. 

 

The gastric pH was significantly decreased (P < 0.001) in 

the negative group when compared against normal 

control group. The group pretreated with 250 mg/kg BPE 

produced no significant increase in gastric pH but 

standard treated group (ranitidine 50 mg/kg) and BPE 

(500 mg/kg) treated group showed significant increase 

(p< 0.001 and p< 0.01 respectively) in gastric pH as 

compared to negative group while BPE (500 mg/kg) 

treated group showed not much significant (p< 0.01) 

difference when compared against normal control group. 

 

 

Table 2: Effect of BPE in aspirin induced gastric ulcer in wistar rats. 

Group 
Gastric volume 

(ml) 
Gastric pH 

Free Acidity 

(Meq/L) 

Total Acidity 

(Meq/L) 
Ulcer Index 

% 

inhibition 

I  2.733 ± 0.1282 3.487 ± 0.297 29.53 ± 2.890  45.66 ± 2.298 - - 

II  3.553 ± 0.092 4.017 ± 0.060 27.53 ± 1.331  47.06 ± 1.469 - - 

III 4.667 ± 0.246*** 1.270 ± .131*** 63.70 ± .704***  85.10 ± .743*** 73.36 ± 1.928*** - 

IV  3.533 ± 0.095## 3.335 ± 0.186### 34.88 ± .136###  48.59 ± .8218### 26.51 ± 0.6878### 61.36 

V 4.195 ± 0.357*** 1.998 ± 0.157*** 51.01 ± .830***#  73.69 ± 2.721***## 56.67 ± 2.046 22.75 

VI 3.783 ± 0.107**# 2.445 ± 0.200**## 45.78 ± .458**### 55.33 ± 2.831*### 35.42 ± 1.953 51.72 
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Table 3: Effect of BPE in ethanol induced gastric ulcer in wistar rats. 

Group 
Gastric volume 

(ml) 
Gastric pH 

Free Acidity 

(Meq/L) 

Total Acidity 

(Meq/L) 
Ulcer Index 

% 

inhibition 

I 2.717 ± 0.1851 3.835 ± 0.1645 17.81 ± 1.479 46.60 ± 4.885 - - 

II 3.000 ± 0.1693 4.102 ± 0.1371 16.57 ± 0.2438 40.68 ± 0.7376 - - 

III 4.733 ± 0.1892*** 1.517 ± 0.1672*** 34.88 ± 3.136*** 86.10 ± 4.028*** 72.22 ± 1.444*** - 

IV 2.767 ± 0.2140### 3.660 ± 0.2371### 19.77 ± 1.574 ### 59.86 ± 1.053*### 32.96 ± 2.381### 52.93 

V 3.807 ± 0.1774**## 2.365 ± 0.1549***# 27.43 ± 1.608** 71.02 ± 1.026 ***## 51.36 ± 3.915 45.96 

VI 3.633 ± 0.1382*# 2.817 ± 0.1558**### 24.75 ± 1.154 ## 63.54 ± 1.730**### 34.44 ± 1.717 51.35 

 

Values are represented as mean ± SEM (n=6). Data was analysed by using one way analysis of variance (ANOVA) 

followed by Tukey’s Multiple Comparison Test; significance is denoted by ; * p< 0.05, **p< 0.01, ***p< 0.001 when 

compared against Normal control group and # p< 0.05, ## p< 0.01, ### p< 0.001 when compared with negative 

group.  

 

Free acidity was found to be significantly increased (P < 

0.001) in the negative group when compared against 

normal control group. The group pretreated with 250 

mg/kg BPE produced not much significant decrease 

(p<0.05) in free acidity but standard treated group, 

ranitidine (50 mg/kg) and BPE (500 mg/kg) treated 

group showed significant decrease (p< 0.001 and p< 

0.001 respectively) in free acidity as compared to 

negative group while BPE (500 mg/kg) treated group 

showed not much significant (p< 0.01) difference when 

compared against normal control group. 

 

Total acidity was found to be significantly increased (P < 

0.001) in the negative group when compared against 

normal control group. The group pretreated with 250 

mg/kg BPE produced significant decrease (p<0.01) in 

total acidity but standard treated group (ranitidine 50 

mg/kg) and BPE (500 mg/kg) treated group showed 

significant decrease (p< 0.001 and p< 0.001 respectively) 

in total acidity as compared to negative group while BPE 

(500 mg/kg) treated group showed not much significant 

(p< 0.05) difference when compared against normal 

control group. 

 

4.5. Evaluation of antioxidant activity 

The effect of BPE on MDA, GSH, SOD and CAT were 

shown in Fig. 3 and 4 for aspirin and ethanol-induced 

gastric ulcer groups. 

Tissue malondialdehyde (MDA) levels were found to be 

significantly increased (P < 0.001) in the negative group 

when compared against normal control group. The group 

pretreated with 250 mg/kg BPE produced not much 

significant decrease (p<0.01) in tissue malondialdehyde 

(MDA) levels but standard treated group (ranitidine 50 

mg/kg) and BPE (500 mg/kg) treated group showed 

significant decrease (p< 0.001 and p< 0.001 respectively) 

in tissue malondialdehyde (MDA) levels as compared to 

negative group while BPE (500 mg/kg) treated group 

showed not much significant (p< 0.05) difference when 

compared against normal control group.  

  

Reduced Glutathione (GSH) levels were found to be 

significantly decreased (P < 0.001) in the negative group 

when compared against normal control group. The group 

pretreated with 250 mg/kg BPE produced significant 

decrease (p<0.001) in reduced glutathione (GSH) levels 

and also standard treated group (ranitidine 50 mg/kg) and 

BPE (500 mg/kg) treated group showed significant 

decrease (p< 0.001 and p< 0.001 respectively) in reduced 

glutathione (GSH) levels as compared to negative group 

while BPE (500 mg/kg) treated group showed not much 

significant (p< 0.05) difference when compared against 

normal control group. 
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Figure 3: Antioxidant activity of BPE in aspirin induced gastric ulceration in wistar rats. Values are represented 

as mean ± SEM (n=6). Data was analysed by using one way analysis of variance (ANOVA) followed by Tukey’s 

Multiple Comparison Test; significance is denoted by ; * p< 0.05, **p< 0.01, ***p< 0.001 when compared against 

Normal control group and # p< 0.05, ## p< 0.01, ### p< 0.001 when compared with negative group. 

 

 
Figure 4: Antioxidant activity of BPE in ethanol induced gastric ulceration in wistar rats. Values are represented 

as mean ± SEM (n=6). Data was analysed by using one way analysis of variance (ANOVA) followed by Tukey’s 

Multiple Comparison Test; significance is denoted by ; * p< 0.05, **p< 0.01, ***p< 0.001 when compared against 

Normal control group and # p< 0.05, ## p< 0.01, ### p< 0.001 when compared with negative group. 

 

Superoxide dismutase (SOD) levels were found to be 

significantly decreased (P < 0.001) in the negative group 

when compared against normal control group. The group 

pretreated with 250 mg/kg BPE produced no significant 

decrease in superoxide dismutase (SOD) levels but 

standard treated group, ranitidine (50 mg/kg) and BPE 

(500 mg/kg) treated group showed significant decrease 

(p< 0.001 and p< 0.01 respectively) in superoxide 

dismutase (SOD) levels as compared to negative group 

while BPE (500 mg/kg) treated group showed not much 

significant (p< 0.05) difference when compared against 

normal control group. 

Catalase (CAT) levels were found to be significantly 

decreased (P < 0.001) in the negative group when 

compared against normal control group. The group 

pretreated with 250 mg/kg BPE produced no significant 

decrease in catalase (CAT) levels but standard treated 

group, ranitidine (50 mg/kg) and BPE (500 mg/kg) 

treated group showed significant decrease (p< 0.01 and 

p< 0.05 respectively) in catalase (CAT) levels as 

compared to negative group while BPE (500 mg/kg) 

treated group showed not much significant (p< 0.05) 

difference when compared against normal control group. 
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4.6. Evaluation of pro-inflammatory parameters 

The effect of IL-1β and TNF-α were shown in Fig. 5 and 6 for aspirin and ethanol-induced gastric ulcer groups. 

 

 
Figure 5: Effect of BPE on pro-inflammatory biomarkers in aspirin induced gastric ulceration in Wistar rats. 

Values are represented as mean ± SEM (n=6). Data was analysed by using one way analysis of variance (ANOVA) 

followed by Tukey’s Multiple Comparison Test; significance is denoted by ; * p< 0.05, **p< 0.01, ***p< 0.001 when 

compared against Normal control group and # p< 0.05, ## p< 0.01, ### p< 0.001 when compared with negative 

group. 

 

 
Figure 6: Effect of BPE on pro-inflammatory biomarkers in ethanol induced gastric ulceration in Wistar rats. 

Values are represented as mean ± SEM (n=6). Data was analysed by using one way analysis of variance (ANOVA) 

followed by Tukey’s Multiple Comparison Test; significance is denoted by ; * p< 0.05, **p< 0.01, ***p< 0.001 when 

compared against Normal control group and # p< 0.05, ## p< 0.01, ### p< 0.001 when compared with negative 

group. 

 

TNF-α levels were elevated in negative control group. 

BPE 250 mg decreased TNF-α levels as compared to 

negative control group. Significant decrease in TNF-α 

level was seen at dose of BPE 500 mg/kg. Standard drug, 

ranitidine, also showed significant decrease in TNF-α 

level. 

 

IL-1β levels were elevated in negative control group. 

BPE 250 mg did not decrease IL-1β levels as compared 

to negative control group. Significant decrease in IL-1β 

level was seen at dose of BPE 500 mg/kg. Standard drug, 

ranitidine, also showed significant decrease in IL-1β 

level. 

 

4.7. Histological findings 

Microscopic examination of gastric mucosa of rats in 

aspirin and ethanol induced ulcer group revealed 

occurrence of epithelial erosion, separation and 

exfoliation of cells lining gastric pit, inflammatory 

infiltrates and suffusion of blood into the mucosa. Pre-

treatment with single administration of BPE alleviated 

the injury caused by aspirin and ethanol and its 

restorative effect matched that of ranitidine except mild 
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suffusion of blood where ranitidine was more effective 

than BPE. The results are shown in Figs. 7 and 8. 

 

 

 

 
Figure 7: The histological evaluation of effect of BPE on gastric mucosal staining in aspirin induced gastric ulcer 

in Wistar rats. 

 

 
Figure 8: The histological evaluation of effect of BPE on gastric mucosal staining in ethanol induced gastric 

ulcer in Wistar rats. 

 

5. DISCUSSION 

The pathogenic effects of both the models of 

gastrointestinal ulcers have been established to include 

increased secretion of gastric acid, which resulted in 

increased gastric volume, reduced pH, and increased 

total acidity, acid output and ulcer index. Findings from 

this study showed that in aspirin as well as ethanol 

induced ulcer rats, the BPE pretreated groups (250 and 

500 mg/kg) produced a significant decrease in acid 

output, free acidity, total acidity, and volume of gastric 

content with a corresponding increase in pH compared to 

the ulcer control group. This decrease in gastric juice 

volume in the BPE pretreated groups may be due to a 

decrease in acid production as evidenced from the gastric 

juice total acidity. This is an indication that BPE contains 

some biological compounds that reduce the acidity of 

gastric secretions which had been increased by aspirin 

and ethanol. 

 

From this study, the results showed that BPE can 

significantly prevent the gastric damaging effects of 

aspirin by protecting the mucosa with a significant 

decrease in ulcer index, and an increase in mucus 

production in comparison to the ulcer control group. This 



Prabhavalkar et al.                                                        European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com  

 

630 

observed cytoprotection offered by the extract may be 

mediated by strengthening of the mucosal barrier (gastric 

mucus restoration) through increase in prostaglandin 

synthesis, enabling it to resist the toxic effects of aspirin. 

Also, a consensus has reached that ethanol inflicting 

gastric ulcer primarily attributes to oxidative stress. 

Reactive oxygen species (ROS) is responsible for 

oxidative stress.
[34]

 When ethanol stimulates gastric 

mucosa, excessive ROS would generate including 

superoxide anions, hydroxyl radical and hydrogen 

peroxide and strike the in vivo balance between oxidation 

and anti-oxidation.
[17]

 The level of lipid peroxidation in 

gastric tissue was determined by MDA, a metabolite for 

oxidative stress. On the other hand, GSH, SOD and CAT 

constitute an endogenous antioxidant system and can be 

applied to scavenge excessive oxygen-derived free 

radicals and maintain them at physiological levels.
[35]

 In 

this study, pre-treatment with BPE showed a significant 

decrease in MDA and an increase in GSH, SOD and 

CAT, as compared with ulcerated group, indicating that 

BPE exerted potent gastric protection by alleviating 

oxidative stress in aspirin as well as ethanol induced 

gastric ulcer model.  

 

Histological evaluation revealed that the gastric mucosa 

is protected and infiltration of leucocytes into the 

submucosa is inhibited or reduced in rats pretreated with 

BPE. The gastric mucosa is otherwise extensively 

damaged by aspirin and ethanol, leading to increased 

infiltration of neutrophils into the submucosa. 

Inflammatory mediators are mainly formed by 

neutrophils that can release free radicals, which are 

harmful to cells and tissues. A decrease in infiltration of 

neutrophils into ulcerated gastric tissue enhances gastric 

ulcer healing in rats. Gastric ulcer healing in rats is 

inhibited by oxygen-free radicals released by neutrophils 

that infiltrated into ulcerated gastric tissues This 

inhibition of leucocyte infiltration by BPE into the 

submucosa suggests that the extract may possess anti-

inflammatory properties, which could also play a role in 

gastric ulcer prevention. 

 

6. CONCLUSION 

In conclusion, the study suggests that BPE possesses 

significant gastroprotective effects against aspirin as well 

as ethanol induced gastric ulcers in rats. The observed 

gastroprotective effect might be possibly due to its 

antisecretory, cytoprotective and antioxidative 

properties. Our findings may have beneficial application 

in the management of gastric mucosal ulcers associated 

with aspirin and ethanol -induced gastric ulceration. 
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