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Abstract— The experiments were performed to determine the 

effect of administering zinc and vitamin E on the gastric mucosa 

of ethanol-induced ulcerogenic rats. Fourty-two adult rats 

comprising both sexes served as subjects. They were shared into 

seven groups I - VII of six rats per group. Drugs were 

administered orally for seven days. Group I - received distilled 

water only; Group II - ethanol 5ml/kg; Group III - 100 mg/kg 

cimetidine  + 5 ml/kg ethanol; Group IV - 100 mg/kg vitamin E + 

5 ml/kg ethanol; Group V – 50 mg/kg zinc gluconate + 5 ml/kg 

ethanol; Group VI - 100 mg/kg vitamin E + 50 mg/kg zinc 

gluconate + 5 ml/kg ethanol; Group VII - 100 mg/kg vitamin E + 

50 mg/kg zinc gluconate only. At the end of the experiment, the 

animals were sacrificed and their stomachs collected and 

examined for lesions, the gastric mucus was estimated and their 

histopathology section analyzed. The results showed that ethanol 

administration caused significant (P < 0.05) increase in the ulcer 

index as indicated in group II (11.9 ± 2.83%) while, the groups 

administered with vitamin E alone (6.0 ± 0.63%) and zinc alone 

(1.2 ± 0.20%) showed significant (P < 0.05) decrease in the ulcer 

index  and the co-administration of the zinc and vitamin E 

further decreased the value (0.9 ± 0.11%) although there was no 

significant difference between the values for zinc alone and the 

co-administration of zinc and vitamin E. Gastric mucus results 

showed that there was significant (P < 0.05) difference between  

groups treated with zinc alone (7.5 ± 0.10 mg dye absorbed/g 

tissue) and vitamin E (2.7 ± 0.40 mg dye absorbed/g tissue) alone 

compared to the negative control group (4.0 ± 0.20 mg dye 

absorbed/g tissue). Thus, it was concluded that zinc and vitamin 

E ameliorated ethanol induced lesions and the gastric mucus as 

observed by the percentage index calculated (Zinc- 89.2% and 

vitamin E- 49.58%) in the ulcerogenic rats. 

Index Terms: Ethanol, zinc, vitamin E, ulcer index, gastric 

mucus, gastric mucosa. 

I. INTRODUCTION 

 

Peptic ulcers are open sores, which develop on the inner 

mucosal lining of the digestive tract; it is the most prevalent 

chronic gastro-intestinal disorder in nature. It occurs mainly on 

the initial portion of the small intestine, oesophagus and 

stomach [1, 2]. Peptic ulcers occur with loss of mucus 

membrane of any part of the gastro-intestinal tract, exposed to 

pepsin or acidic contents of the gastric juice [3]. The 

pathophysiology of ulcer usually involves an imbalance 

between the aggressive and defensive mucosal factors[4]. The 

aggressive factors include hydrochloric acid, pepsin and 

Helicobacter pylori, which are injurious; while, the defensive 

mucosal factors include: mucin, prostaglandin, bicarbonate, 

nitric oxide and growth factors[4, 5, 6]. Gastric mucus consists 

of viscous, elastic adherent and transparent gel formed by 

water and glycoprotein. The protective effects of the mucous 

barrier depend not only on the gel structure, but also on the 

amount or thickness of the layer covering the mucosal surface 

[7]. The gastric mucosa has the ability to resist injury caused 

by endogenous secretions (such as acid, pepsin and bile) and 

by ingested irritants such as alcohol, aspirin and non-steroidal 

anti-inflammatory drugs (NSAIDs); this can be attributed to 

factors involved in mucosal defence [8]. In healthy individuals, 

the digestive tract is coated with a mucous membrane that 

protects the underlying tissue against the highly corrosive 

digestive, hydrochloric acid. If the amount of the acid increases 

or the pH reduces significantly, the acid damages the tissue; 

thus, leading to ulceration [9]. Vitamin E is a major lipid-

soluble antioxidant present in all cellular membranes, which 

protects against lipid peroxidation [10, 11]. It functions as a 

chain-breaking antioxidant by preventing chain initiation and 

propagation of free-radical reactions and lipid peroxidation in 

cell membranes [12]. Thus, Vitamin E can be said to play an 

important role in cell survival by scavenging free radicals and 

other reactive substances [13]. The vitamin has been suggested 

as a universal stabilizer of biological membranes in normal 

oxygen metabolism and peroxidation as well as in metabolic 

disorders, it therefore plays a vital role in the stabilisation of 

cell membranes and maintainance of their permeability [10, 

14]. Vitamin E supplementation significantly lowers lipid 

peroxidation through increased glutathione levels [15]. It is 

involved in nucleic acid and protein metabolism, functions of 
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the mitochondria and regulation of hormone production. It is 

required for normal functions of the immune system and 

control of aggregation of platelets [16]. Gastro-intestinal 

mucosal cells rely on both luminal and bloodstream sources for 

their nutrition. Some nutrients and essential micronutrients are 

proposed to promote gastro-intestinal mucosal integrity 

include; amino acids (glutamine and arginine), vitamin A and 

zinc [17]. Zinc is a micronutrient, an essential trace element for 

humans, animals and plants [18, 19].  It is involved in 

numerous aspects of cellular metabolism and is required for the 

catalytic activity of several enzymes [20]. Zinc is not an 

antioxidant, but may limit oxidant-induced damages in several 

ways, some of which include; protection against vitamin E 

depletion , stabilization of membrane structure and restriction 

of endogenous free radical production [18, 21]. Alcohol  break-

down  in the liver results in the formation of molecules, whose 

further metabolism in the cells leads to increased generation of 

reactive oxygen species(ROS) [22]. Alcohol stimulates the 

activity of enzymes called cytochrome P450s, which contribute 

to free-radical generation and also reduces the levels of agents, 

capable of eliminating ROS such as selenium, zinc and vitamin 

E [23]. Ethanol being a necrotizing agent damages the 

superficial epithelial layers and inhibits the release of mucosal 

prostaglandins [6, 24]. The mechanism of ethanol-induced 

gastric lesions is varied, including the depletion of gastric 

mucus content, damaged mucosal blood flow and mucosal cell 

injury [25]. The aim of the present study was to determine the 

extent which zinc and vitamin E could protect the gastric 

mucosa of ethanol-induced ulcerogenic rats from damage. The 

degree of damage was observed by the ulcer-index and the 

histopathological studies conducted. 

II. MATERIALS AND METHODS 

Experimental Animals and Management 

Fourty-two adult male and female Wistar rats weighing 

between 150-200 g  served as subjects and were obtained from 

Department of Pharmacology, Faculty of Pharmaceutical 

Sciences, Ahmadu Bello University, Zaria. They were housed 

in well-ventilated cages and maintained under standardized 

laboratory conditions at temperature ranging between 24-26oC 

and a 12-hr light/ 12-hr dark cycle. The rats were given access 

to commercial laboratory diet and water ad libitum.  

Animal Grouping 

The rats were assigned equally into seven groups, 

consisting of six rats each (n = 6). They were administered 

with drugs orally for seven days as follows: Group I – 

(Control) recieved distilled water only; Group II – recieved 5 

ml of absolute ethanol only [26]; Group III – recieved 

cimetidine (Surelife Pharmaceutical Company, Nigeria) at 100 

mg/kg body weight and ethanol [27]; Group IV – recieved 

vitamin E(Archy’s International Health Supplies and Services, 

Baltimore, Maryland, USA) (100 mg/kg) [28] and ethanol (5 

ml); Group V – recieved zinc gluconate (Good ‘N Natural®, 

Bohemia, New York 11716, USA) (50 mg/kg) [29] and ethanol 

(5 ml); Group VI - recieved vitamin E (100 mg/kg) and zinc 

gluconate + ethanol (5 ml). [28, 29]; Group VII - recieved 

vitamin E (100 mg/kg) and zinc gluconate only [28, 29]. After 

the treatment, ulcer was induced with absolute ethanol. One 

hour afterwards, the animals were sacrificed under chloroform-

induced anaesthesia [30]. 

 

Gastric Ulcer-induction by Absolute Ethanol 

The rats were fasted for 48 hours before the 

commencement of the experiment as described by Abdulla et 

al. (2010) [31], but they were allowed free access to drinking 

water up till 2 hours before being sacrificed. Gastric ulcer was 

induced by orogastric intubation of absolute ethanol (5 ml/kg 

body weight) according to the method described by Mahmood 

et al. (2010) [32].  

 

III. DETERMINATION OF GASTRIC ULCER 

PARAMETERS 

A.  Determination of Ulcer Index 

The gastric lesions were evaluated according to the method 

described by Nwafor et al. (1996) [33], where the ulcer lesions 

observed as elongated black-red lines parallel to the long axis 

of the stomach were scored according to the severity of the 

ulcer as follows; 

0 = No ulcer 

1 = Haemorrhagic and slightly dispersed ulcers less than 2 

mm in length 

2 = One ulcer, haemorrhagic and up to 5 mm length 

3 = More than one ulcer, each up to 5 mm in length 

4 = One ulcer above 5 mm in length 

5 = More than one ulcer above 5mm in length 

The ulcer index (UI), defined as the severity of damage 

caused by an ulcer-inducing agent, was then calculated using 

the following formula: 

UI= UA/TA x 100 

Where UA= Ulcer area of stomach mucosa 

TA= Total area of stomach mucosa  

 

B. Determination of Preventive Index 

The preventive index (PI), which is the degree of protection 

offered by a treatment against ulcer-causing agent, was 

calculated using the formula as described by Hano et al., 1976 

[34]: 

PI = [{MUI control - MUI treated}/MUI control] x 100 

Where MUI = mean ulcer index 

C.  Determination of Gastric Mucus 

The mucus of the gastric wall was determined by the 

method of Corne et al., (1974) [35] as modified by Al-Mofleh 

et al., (2006 [36]). Briefly, the glandular segments of the 

stomach was weighed and transferred into a solution of 0.1% 

w/v Alcian blue in 0.16 M sucrose solution, buffered with 0.05 

M Sodium acetate at pH 5. The tissue was stained for two 

hours after which the excess dye was rinsed twice successivly 

with 0.25 M sucrose for 15 min, and subsequently for 45 min. 

The dye complexed with the gastric mucus was then extracted 

with 10 ml of 0.5 M MgCl2 ,  and was shaken intermittently for 

one minute at 30-min intervals for 2h. The extract (4 ml) was 

then shaken with equal volume of diethylether. The emulsion 

obtained was then centrifuged at 3600 rpm for 10 minutes and 
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the absorbance of the aqueous layer was recorded at 580 nm. 

The quality of the dye extracted per gram of wet glandular 

tissue was then calculated. 

D. Histological Evaluation of Gastric Lesions  

Histological evaluation was carried out by method of 

Culling (1974) [37]. Specimens of the gastric walls of each rat 

were fixed in 10% buffered-formalin and processed in a 

paraffin tissue processing machine. Sections of the stomach 

were made at a thickness of 5 μm and stained with 

haematoxylin and eosin for histological evaluation and viewed 

at a magnification of x 100 [38].  

 

E. Statistical Analysis 

Data obtained were expressed as mean ± standard error of 

the mean (Mean ± SEM). The obtained data were subjected to 

one-way analysis of variance (ANOVA), followed by 

Duncan’s multiple range test using statistical package for social 

sciences (SPSS) version 17.0. Values of P < 0.05 were 

considered significant. 

 

IV. RESULTS 

The ulcer index obtained following the induction of ulcer 

by ethanol in the negative control group was 11.9 ± 2.83%, and 

the index was significantly (P < 0.05) reduced to 6.0 ± 0.63% 

and 0.9 ± 0.11% in rats administered with zinc and ethanol 

alone and zinc, vitamin E and ethanol combined, respectively. 

The index was lower in zinc-treated ulcerogenic rats, when 

compared respectively to the index obtained in ethanol-induced 

ulcerogenic rats. In cimetidine-treated rats, the index was 

significantly (P < 0.05) higher than that recorded in zinc-

treated ulcerogenic rats or zinc, vitamin E and ethanol-treated 

rats. Vitamin E showed the highest ulcer index in ulcerogenic 

rats when compared respectively to either cimetidine group or 

any other group.  

The result of the gastric mucus of the stomach of the rats 

expressed in terms of mg dye absorbed per g of tissue is 

presented in Table 1 below. Again, zinc-treated rats had a 

higher value of gastric mucus (7.5 ± 0.10 mg dye absorbed/g of 

tissue) than in ulcerogenic rats, treated with vitamin E alone 

(2.7 ± 0.40 mg dye absorbed/g of tissue) or the combination of 

zinc and vitamin E (6.9 ± 0.50 mg dye/g of tissue) or 

cimetidine (3.6 ± 0.10 mg dye /g of tissue). The gastric mucus 

value obtained in ulcerogenic rats treated with a combination 

of zinc plus vitamin E (6.9 ± 0.50 mg dye/g of tissue) did not 

differ (P > 0.05), when compared with that recorded in 

ulcerogenic rats treated with zinc alone (7.5 ± 0.10 mg dye/g of 

tissue). Treatment of the ulcerogenic rats with vitamin E alone 

gave the lowest gastric mucus value of 2.7 ± 0.40, and this 

value was significantly (P < 0.05) the lowest, when compared 

to that recorded in any other group. The highest gastric mucus 

value was recorded in zinc plus vitamin E-treated normal 

group; with 12.3 ± 1.30 mg dye/g of tissue.This value was 

significantly (P < 0.05) higher  than any other value of gastric 

mucus obtained in the groups, including the normal control 

group which had gastric mucus value of 5.5 ± 0.90 mg dye/g of 

tissue. 

The preventive index, expressed as a percentage and a 

measure of the efficacy of the supplements used in comparison 

with the mean ulcer index of the negative control (ethanol), is 

presented in Table 1. The highest preventive ratio of 92.44% 

was recorded in rats administered with both zinc and vitamin 

E, and this value was closely followed by 89.92% recorded in 

ulcerogenic rats treated with zinc. The least preventive ratio of 

49.58% was obtained in ulcerogenic rats administered with 

vitamin E. 

Histological evaluation of the ethanol-induced gastric 

lesions in the ulcer control group (without treatment) showed 

gross extensive damages to the gastric mucosa. The damages 

included disruption of the epithelium, necrosis of the mucosa, 

with leucocyte infiltration of the mucosal layer (Plate B). Rats 

treated with zinc, vitamin E and zinc plus vitamin E had 

comparatively better protection of the gastric mucosa as 

evidenced by the reduction in the ulcerated area, reduced or 

absence of necrosis and leucocytic infiltration (Plate C-F). 

Plates A and G show normal gastric mucosa, and with 

treatment, (Zinc + Vitamin E) respectively.  

V. DISCUSSION 

The result of the present study is in agreement with the 

established finding that absolute ethanol is commonly used for 

induction of ulcer and it leads to intense gastric mucosal 

damage [39, 40, 41, 42] . Although the proximate mechanism 

underlying the induction of gastric mucosal damage was not 

elucidated in the present study, previous studies suggest that 

the ethanol-induced injury to the gastro-intestinal mucosa starts 

with microvascular injury, which includes disruption of the 

vascular endothelium and resulting in increased vascular 

permeability, oedema formation and epithelial lifting [43]. The 

result of the present study demonstrated that zinc alone was 

more protective against gastric mucosa damage, induced by 

ethanol than vitamin E alone. The protection induced by 

vitamin E was the least as evidenced by a higher ulcer index, 

compared to that of zinc. This result is in agreement with the 

finding of Ismail et al. (1999) [44], who suggested that vitamin 

E accelerates healing of gastric lesions, but may not prevent the 

formation of ethanol-induced lesions. The findings of the 

present study showed that zinc alone was more protective than 

both vitamin E alone and even the conventional anti-histaminic 

drug, cimetidine, an H2-receptor antagonist (H2-blocker). The 

least ulcer index of 0.9 ± 0.11%, obtained in the group treated 

with a combination of the two antioxidants, vitamin E and zinc, 

may be as a result of the ability of both zinc and vitamin E to 

stabilize the membrane [45]. Thus, the combination increased 

the potency of the action of the two antioxidants, resulting in 

synergestic effects. Both the normal and, in particular, the 

antioxidant control showed that neither the distilled water nor 

any of the two antioxidants administered exerted any 

deleterious effect on the gastric mucosa. This observation may 

be responsible for the lack of ulcer index (0%) obtained in both 

control groups. 

Although the proximate mechanism of action of zinc and 

vitamin E in reducing the damages caused by ethanol on the 

gastric mucosa which resulted in ulcer was not investigated in 

the present study, zinc and vitamin E have been established as 

potent antioxidant agents, involved in the protection of 
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cytomembranes from injury [29, 46, 47]. Furthermore, zinc, 

which is an essential trace element, is a component of some 

antioxidants in the body, including zinc-superoxide dismutase 

[46]. Zinc-superoxide dismutase is involved in the dismutation 

of superoxide radical, subsequently converted to water by the 

glutathione peroxidase [45, 48, 49]. The finding of the present 

study demonstrated that ROS are, apparently, involved, at least 

in part, in the mechanism underlying the ulcerogenesis [7] 

since administration of antioxidants ameliorated the ulcer index 

in rats, especially a combination of vitamin E and zinc. This 

finding is of practical application. Individuals with ulcer may, 

therefore, benefit from the administration of zinc and/or 

vitamin E and, especially, a combination of the two 

antioxidants. By implication, a rational supplementation with 

vitamin E and diets rich in zinc may be protective against 

ulcerogenesis. Such supplements include oysters, red meat, 

organ meats. Others are liver, beans, nuts, seafood such as crab 

and lobster; whole grains, cereals, almonds, pumpkin seeds, 

sunflower seeds; and some natural zinc sources, which are: 

bran, grains and fodder yeast  [46, 50, 51]. The supplements 

and foods may be gastro-protective and, thus ameliorate the 

adverse effects of ulcer in individuals consuming large 

quantities of alcohol or ulcer-induced by other sources. The 

result of the present study demonstrated that agents acting on 

H2-receptors may be partly responsible for the induction of 

ulcer in individuals with the disease, and it agreed with the 

finding of Iyyam Pillai et al. (2010) [7] that ROS also play a 

significant role in ulcerogenesis. 

The result of the gastric mucus value and preventive ratio 

showed that zinc alone was more protective than vitamin E, 

and that a combination of zinc and vitamin E all the more gave 

a better protection. The finding is in agreement with the results 

of Banos and Bulbena (1989) [52] and Bandyopadhyaly and 

Bandyopadhyaly (1997) [53], who showed that zinc reduces 

acid secretion and increases mucus secretion. The result 

obtained in the present study has further demonstrated that zinc 

and/or vitamin E protect gastric cells from injuries, particularly 

the combination of the two antioxidants. The present result, 

which showed that the least preventive index and gastric mucus 

value were obtained in rats administered with vitamin E, agree 

with the finding of Ismail et al. (1999) [44], that palm vitamin 

E alleviated ethanol-induced gastric lesions. Therefore, zinc 

alone or its combination with vitamin E, and not vitamin E 

alone, may be more therapeutic in action than vitamin E alone 

or even cimetidine, with gastric mucus value of 3.6 ± 0.10 mg 

dye/g tissue and preventive ratio of 73.11%. The result of the 

present study has shown that either zinc alone or its 

combination with vitamin E has a more potent therapeutic 

effect in gastric ulcer, induced by ethanol than even cimetidine, 

the conventional anti-histaminic agent (positive control). It is 

worth noting that the antioxidants which are less toxic, readily 

available than cimetidine gave a better therapeutic effect in 

ulcerogenic rats than the conventional anti-histaminic agent, 

cimetidine. The present study has, therefore, shown that, not 

only that the antioxidants are more potent, but also that their 

combination exerted a synergestic effect. 

The induction of gastric ulcer by ethanol in the present 

study agrees with the previous findings that the alcohol 

produces necrotic lesions in the gastric mucosa by its direct 

toxic effect, by reducing the secretion of bicarbonates and 

production of mucus [41, 54]. This observation was supported 

by the decrease in the damage, obtained following treatment 

with zinc and vitamin E. Thus, oral administration of absolute 

ethanol is noxious to the stomach as it affects the gastric 

mucosa topically by disrupting its barrier and provoking 

pronounced microvascular changes within few minutes of 

administration [55]. Furthermore, the result of the present study 

agreed with the findings of Jelski et. al. [56], which showed 

that ethanol produces linear haemorrhagic lesions, extensive 

sub-mucosal oedema, mucosal friability, inflammatory cell 

infiltration, and epithelial cell loss in the stomach. Thus, the 

supplements exerted cytoprotective effects on the gastric 

mucosa. 

VI. CONCLUSION 

In conclusion, vitamin E and zinc, in the form of nutritional 

supplements, exerted protective effect against ethanol-induced 

ulcer. The combination of zinc and vitamin E gave the highest 

protective ratio, indicating a higher potential as a means of 

protection against gastric ulcer 
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A) Photomicrograph of  the normal gastric mucosa and 

submucosa of the rats given distilled water only; B) 

Photomicrograph showing extensive  damage to the apical 

mucosa, characterized by severe damage to the epithelium  

with marked erosion, necrosis of the mucosal cells and 

leucocyte infiltration of the mucosa; C) photomicrograph 

showing less severe damage to the gastric mucosa, with lesser 

degree of erosion and destruction of the surface mucosal cells 

and leucocyte infiltration; D) Photomicrograph showing  mild 

damage to the gastric mucosa of the rats with infiltration of 

cells and slight necrosis; E) Photomicrograph showing mild 

erosion of the gastric mucosa with  necrosis of cells ; F) 

Photomicrograph showing mild damage to the surface mucosal 

cells with infiltration of cells with leucocytes; G) 

Photomicrograph showing normal mucosal layer without 

damage; (H and E stain, x 100) 
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