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INTRODUCTION 

Gastric ulcer is one of the major gastrointestinal disorders, 

which occurs due to an imbalance between the offensive 

(gastric acid secretion) and defensive (gastric mucosal 

integrity) factors.1,2 The incidence of peptic ulcer is 

increased due to stress, smoking, alcohol, Helicobacter 

pylori and ingestion of non-steroidal anti-inflammatory 

drugs (NSAID).3-5 It has been suggested that reactive 

oxygen species (ROS), primarily super-oxide anions, 

hydroxyl radicals, and lipid peroxides, are the harmful 

species known to cause the gastric ulcer development6. To 

scavenge ROS, gastric cells have several enzymatic and 

non-enzymatic antioxidants including catalase (CAT), 

superoxide dismutase (SOD), glutathione peroxidase 

(GPx), endogenous glutathione (GSH) and sulfhydryl 

groups (NPSH), but excessive generation of ROS enhance 

lipid peroxidation and depletes these antioxidants 

enzymes.6-9 

There are many different experimental models of gastric 

ulcer induction, including ethanol and acetic acid2. Using 

such animal models, researchers simulate conditions to 
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which humans may be exposed and, as a result, develop 

gastric ulcers. Ethanol is known as a cause of gastric 

damage by altering protective factors, including 

decreasing mucus production and blood circulation within 

the mucosa.10 In addition, the gastric damage caused by 

ethanol may be due to the generation of reactive species, 

decreased cell proliferation, and an exacerbated 

inflammatory response.11,12 

The prevention or cure of peptic ulcers is one of the most 

important challenges confronting medicine nowadays, as 

it is certainly a major human illness affecting nearly 8%-

10% of the global population, of which 5% suffer from 

gastric ulcers.13 Gastric ulcer therapy faces a major 

drawback because most of the drugs currently available in 

the market show limited efficacy against gastric diseases 

and are often associated with severe side effects.14,15 

Controlling the formation of reactive species and secretion 

of gastric acid are essential for the treatment of these 

pathologies. In this context, medicinal plants containing a 

wide variety of antioxidants, such us phenolic acids, 

flavonoid, coumarins, tannins and terpenoids compounds, 

are some of the most attractive sources of new drugs and 

have been shown to produce promising results in the 

treatment of gastric ulcers.16-19 

Quercetin is a bioflavonoid found in many plants. It is 

widely distributed in edible fruits and vegetables.4 It is 

weakly toxic drug and has been used in the treatment of 

allergy, bee sting and ulcer with no serious side effects in 

adults.20 It is a very strong antioxidant, prevents oxidant 

injury and cell death by several mechanisms such as 

scavenging oxygen free radicals.6,7 Its antioxidant 

potential is four times that of vitamin E8. It is potent 

inhibitor of lipid peroxidation.9-11 It is also a proton pump 

inhibitor.10 Because of these properties of quercetin this 

scientific study is undertaken to evaluate its 

antiulcerogenic property in albino rats. 

METHODS 

Plant collection and authentication of leaves 

The seeds of quercetin was procured from Mumbai region 

in the month of September-October (2017-18) and air-

dried at room temperature (28±2ºC) for a one week. 

Preparation of crude extract 

Seeds of quercetin were shade dried and coarsely 

powdered by using grinder mixer. The powdered material 

was macerated in sufficient quantity of distilled water with 

small quantity of chloroform to prevent fungal growth and 

kept for 7 days. During maceration it was shaken twice 

daily. On seventh day it was filtered, and the filtrate was 

concentrated on water bath (45oC) to remove the solvent 

and to get sticky brown coloured extract i.e. aqueous 

extract of quercetin (AEQR). The extractive value of the 

extract was 16%. 

Experimental animals 

The study was conducted on Albino rats (Wistar) of 200-

250g and maintained under standard conditions (room 

temperature 24-27oC and humidity 60-65%) with 12h light 

and dark cycle. The food in the form of dry pellets (Amrut 

Lab., hyd) and water were available ad libitum. The animal 

experiments were approved by the ethics committee of the 

institute. 

Chemicals and drugs 

Ethanol (Yashchem, pune), Aspirin (Research lab, 

Mumbai), Ranitidine (Cipla, Mumbai), Sucralfate (Dr. 

Reddys lab, Mumbai), Carboxy methyl cellulose (CMC), 

Trichloroacetic Acid (Research lab, Mumbai), Phenol 

reagent (Research lab, Pune), Bovine albumin serum 

(Research lab. fine Chem Industries, Mumbai), Std. phenol 

solution (Research lab, Pune), Conc. HCL (Research lab. 

Fine Chem Industries, Mumbai), NAOH (Research lab. 

Fine Chem Industries, Mumbai) were used in the study. 

Toxicity studies 

The acute toxicity study was done as per the OECD 

guidelines (407). The compounds were Administered 

orally in different doses, where 24h toxicity was recorded 

to identify the toxic dose. No mortality and no signs of 

toxicity were found at the dose of 5000mg/kg body weight 

of AEQR. Therefore, it might be considered that AEQR 

have an LD50 value above 5000mg/kg. Two doses 

500mg/kg and 1000mg/kg were selected for present study. 

Experimental design 

Gastric cytoprotection methods (ethanol induced ulcers) 

Albino rats (Wistar) of 200-250g are maintained under 

standard conditions (room temperature 24-27oC and 

humidity 60-65%) with 12h light and dark cycle. The food 

in the form of dry pellets (Amrut Lab., Hyd) and water 

were available ad - libitum. Rats of either sex were 

randomly divided in to 5 groups of 6 animals in each 

group. 

• Group-I: Normal control 

• Group-II: Ulcerated control (1ml ethanol, p.o.) 

• Group-III: Sucralfate (400mg/kg) 

• Group-IV: AEQR (500mg/kg, p.o.) 

• Group-V: AEQR (1000mg/kg, p.o.) 

Thirty minutes after the test or reference drug or the 

control vehicle treatment, 1 ml of ethanol was orally 

administered to each rat. After 1h the rats were euthanised 

with excess of anesthetic ether and stomach was cut open 

along the greater curvature, cleared of residual matter with 

saline and the inner surface was examined for ulceration. 

Ulcer index and % ulcer protection were calculated by 

using the methods described earlier.8,9 
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Aspirin-induced gastric mucosal damage 

Albino rats (Wistar) of 200-250g were selected, and fasted 

for 36h. Rats of either sex, were randomly divided in to 5 

groups of 6 animals in each group. 

• Group-I: Normal control 

• Group-II: Ulcerated control (1% CMC, 5ml/kg, p.o.) 

• Group-III: Ranitidine (50mg/kg) 

• Group-IV: AEQR (500mg/kg, p.o.) 

• Group-V: AEQR (1000mg/kg, p.o.) 

After 30 min, aspirin suspended in 1% CMC in water 

(20mg/ml) at a dose of 500mg/kg was administered orally 

to all the animals and 4h later, the animals were sacrificed. 

The stomach was removed and open along the greater 

curvature. The number of ulcer spots in the glandular 

portion of the stomach were counted in both control and 

drug treated animals and the ulcer index was calculated.10-

12 

Pyloric ligation method 

In this method albino rats were fasted in individual cages 

for 24h. Care was being taken to avoid coprophagy. Rats 

of either sex were randomly divided in to 5 groups of 6 

animals in each group. 

• Group-I: Normal control 

• Group-II: Ulcerated control (1% CMC, 5ml/kg, p.o.) 

• Group-III: Ranitidine (30mg/kg) 

• Group-IV: AEQR (500mg/kg, p.o.) 

• Group-V: AEQR (1000mg/kg, p.o.) 

AEQR or reference drug or control vehicle was 

administered 30 min prior to pyloric ligation. 

Under light ether anesthesia, the abdomen was opened, and 

the pylorus was ligated. The abdomen was then sutured. At 

the end of 4h after ligation, the animals were sacrificed 

with excess of anesthetic ether, and the stomach was 

dissected out. Gastric juice was collected, and its volume 

was measured. The glandular portion was then exposed 

and examined for ulceration. Ulcer index was 

determined.8,12-14  

RESULTS 

In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant reduction of volume of gastric acid secretion 

when compared with other treatment groups. 

In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant reduction of free acidity when compared with 

other treatment groups. 

In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant reduction of volume of pepsin content when 

compared with other treatment groups. 

Table 1: Effect of AESO on volume and pH of gastric 

content in pylorus ligated rats. 

Treatment groups 

(mg/kg) 

Volume of 

gastric juice (ml) 

pH of 

gastric juice 

Normal control 1.17±0.04 3.85±0.04 

Ulcerated control 5.26±0.12 1.95±0.65 

Ranitidine 

(30mg/kg) 
3.91±0.61 2.48±0.05 

AEQR (500mg/kg) 4.03±0.65 3.94±0.08 

AEQR (1000mg/kg) 4.32±0.16 3.23±0.10 

Values are expressed as Mean±SEM. *p<0.05, **p<0.01, as 

compared with ulcerated control using one way ANNOVA 

followed by Dunnet test 

Table 2: Effect of AEQR on free acidity and total 

acidity in pylorus ligated rats. 

Treatment group 

(mg/kg) 

Free acidity 

(meq/L/100gm) 

Total acidity 

(meq/L/100gm) 

Normal control 9.16±0.60 27.41±0.68 

Ulcerated control 37.33±1.80 74.14±1.70 

Ranitidine 

(30mg/kg) 
14.41±0.31 27.46±0.76 

AEQR (500mg/kg) 24.66±0.66 68.06±0.72 

AEQR (1000mg/kg) 22.60±0.93 39.83±1.10 

Values are expressed as Mean±SEM. *p<0.05, **p<0.01, as 

compared with ulcerated control using one way ANNOVA 

followed by Dunnet test 

In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant reduction ulcerative index when compared with 

other treatment groups. 

Table 3: Effect of AESO on pepsin content in pylorus 

ligated rats. 

Treatment (mg/kg) Pepsin content (mcg/ml) 

Normal control 0.88±0.02 

Ulcerated control  5.56±0.65 

Ranitidine (30mg/kg)  2.39±0.65 

AEQR (500mg/kg)  4.97±0.09 

AEQR (1000mg/kg) 3.33±0.24 
Values are expressed as Mean±SEM. *p<0.05, **p<0.01, as 

compared with ulcerated control using one way ANNOVA followed 

by Dunnet test 

Table 4: Effect of AEQR on ulcer index and % gastro 

protection in pyrolus ligated rats. 

Treatment group 

(mg/kg) 

Ulcer index 

(Mean±SEM) 

% Gastro 

protection 

Normal control - 100 

Ulcerated control  4.7±0.29 - 

Ranitidine (30mg/kg) 1.88±0.11 60 

AEQR (500mg/kg)  4.21±0.11 29.70 

AEQR (1000mg/kg) 2.35±0.15 62 
Values are expressed as Mean±SEM. *p<0.05, **p<0.01, as 

compared with ulcerated control using one way ANNOVA followed 

by Dunnet test 
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In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant effect on ulcer index and % gastro protection 

when compared with other treatment groups. 

Table 5: Effect of AESO on ulcer index and % gastro 

protection in aspirin induced gastric lesion in rats. 

Treatment group 

(mg/kg) 

Ulcer index 

(Mean±SEM) 

% Gastro 

protection 

Normal control - 100 

Ulcerated control  2.25±0.21 - 

Ranitidine (30mg/kg) 0.45±0.11 80 

AEQR (500mg/kg)  2.25±0.07 38.39 

AEQR (1000mg/kg) 0.95±0.15 74.77 

Values are expressed as Mean±SEM. *p<0.05, **p<0.01, as 

compared with ulcerated control using one way ANNOVA 

followed by Dunnet test 

In this study AEQR (500mg/kg), AEQR (1000mg/kg) has 

significant effect on ulcer index and % gastro protection 

when compared with other treatment groups. 

Table 6: Effect of AESO on ulcer index and % gastro 

protection in ethanol induced gastric ulcer in rats 

Treatment group 

(mg/kg) 

Ulcer index 

(Mean±SEM) 

% Gastro 

protection 

Normal control - 100 

Ulcerated control  4.72±0.07  

Ranitidine (30mg/kg) 1.2±0.29 74.57 

AEQR (500mg/kg)  2.99±0.21 58.33 

AEQR (1000mg/kg) 2.16±0.11 65.27 

DISCUSSION 

Ethanol-induced gastric mucosal damage was seen in the 

glandular portion of stomach as elongated red streak. The 

fore-stomach or rumen (non-glandular portion) was spared. 

This may be due to squamous epithelium that covers its 

surface.5 The ulcer lesions were confined to the mucosal 

crests, and this may be due to the presence of these folds at 

the time of exposure to ethanol.6 Ethanol- induced damage 

to gastric mucosa is associated with a significant 

production of free radicals, leading to increased lipid 

peroxidation.7 This causes damage to cell membranes. 

 In present study, pre-treatment with quercetin in the dose 

of 50mg/kg reduced total score, ulcer incidence and ulcer 

index as compared to control group (I A). The p value was 

<0.001 (highly significant). 

Quercetin is a flavonoid and has potent lipid peroxidation 

inhibiting property.10,11 As lipid peroxidation is suggested 

to be one of the important mechanisms of Ethanol induced 

gastric ulcer, quercetin probably acts by inhibiting the lipid 

peroxidation.  

Even though ranitidine pre-treated animals (I B) showed 

significant reduction in total score, ulcer incidence and 

ulcer index as compared to control group (I A) (p <0.05), it 

was inferior when compared to quercetin pre-treated group 

(p <0.05). This indicates the superiority of quercetin over 

ranitidine in preventing ethanol-induced gastric mucosal 

damage.  

Ranitidine acts by blocking H2 receptors and thus inhibits 

gastric acid secretion. Ethanol-induced ulcers occur 

instantaneously irrespective of the acid content in the 

stomach. As the mechanism of gastric mucosal damage by 

ethanol is different, H2 blockers are only partially effective 

in inhibiting ethanol-induced gastric mucosal damage. This 

finding correlates with the study conducted by Robert et 

al.11 

Normal amount of gastric acid is also necessary for the 

development of gastric ulcers produced by NSAIDs. In the 

present study, in indomethacin-induced gastric ulcer 

model, the total score, ulcer incidence and ulcer index in 

ranitidine pre-treated animals (II B) were significantly 

reduced as compared to control group (II A) (p <0.01). As 

the H2 blockers reduce the gastric acid secretion, they are 

effective in preventing the gastric mucosal damage 

produced by NSAIDs. In quercetin pre-treated animals (II 

C) even though the total score, ulcer incidence and ulcer 

index were significantly reduced when compared to control 

group (p <0.01), the total score and ulcer index were only 

slightly higher as compared to ranitidine pre-treated group 

(statistically not significant; p >0.05). So, the protection 

given by quercetin against indomethacin-induced gastric 

mucosal damage is nearly comparable to that by ranitidine.  

In a study conducted by Rao CV et al, quercetin 

significantly decreased the acid and pepsin output of 

gastric contents.11 In another study conducted by Elango V 

et al, quercetin was shown to inhibit the proton pump and 

increase the synthesis of local prostaglandins.3,10 Thus it 

appears that quercetin exert its gastric mucosal protection 

against indomethacin-induced lesions by decreasing acid 

and pepsin content of the stomach and by increasing local 

prostaglandin synthesis. In another study, Yoshikawa et al, 

reported the role of active oxygen species and lipid 

peroxidation in the pathogenesis of gastric mucosal injury 

induced by indomethacin.8,11 As quercetin is a potent 

inhibitor of lipid peroxidation, it prevents indomethacin-

induced gastric mucosal damage.  

In present study quercetin has been found to be better than 

ranitidine in preventing ethanol induced gastric mucosal 

damage and nearly equally effective as ranitidine in 

preventing indomethacin-induced gastric mucosal damage 

(Table 1 to Table 5). 

CONCLUSION 

In conclusion, it appears that quercetin possess anti-

ulcerogenic principles like flavanoids, phenolic compound 

and caratinoid. These phytoconstituents provides 

protection against gastric mucosal damage induced by 

pylorus ligation, aspirin and ethanol, through inhibition of 
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gastric acid, pepsin, histamine and free radical and 

stimulation of mucus secretion. 
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