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ABSTRACT    

Alcohol administration has been widely correlated with gastric injuries involving gastric ulcers. Grape 

seed extract (GSE) is a rich source of phenolics and flavonoids with marked antioxidant and anti-

inflammatory characteristics that might give it a potential impact on the gastric ulcer. Polyphenolics are 

naturally occurring antioxidants that protect our bodies from ROS damage and their intake has probable 

health advantages involving protection from many ailments. Thus, this study intended to illustrate the 

probable protective actions of grape seed extract against alcohol induced gastric ulcers in rats. The total 

phenolics and the total flavonoids content in grape seed extract have been quantified. The total phenolic 

content was found to be 284.11±0.01 mg of gallic acid equivalent (GAE) per g of grape seed extract. 

Meanwhile, the total flavonoid content was 8.02±0.08 mg of quercetin equivalent (QE)/g extract. 

Pretreatment with grape seed extract (100 mg kg
-1

 p.o.) reduced the serious effect of alcohol gastric 

mucosal damage as illustrated by decreasing the size of macroscopic lesions and alleviating the 

histopathologic aberrations. These studies were similar to those applied by the standard antiulcer 

omeprazole. These results could be ascribed to the antioxidant action of grape seed extract as it notably 

restored the gastric catalase level to the normal range. These outcomes highlight the protection effects of 

grape seed extract on the gastric ulcer induced by alcohol. 
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1. INTRODUCTION 

The gastric layers are permanently exposed to 

potentially harmful compounds, gastric acid, and 

enzymes, but the stomach due to bicarbonate 

secretion, growth factors for cellular regeneration 

and circulation and the tight junction composition 

between its cells all these factors could preserve 

its structural and functional safety [1, 2]. 

However, many factors can induce gastric lesions 

when they overcome mucosal defense 

mechanisms. Gastric lesions are mostly due to 

infection with Helicobacter pylori (H pylori), 

nonsteroidal anti-inflammatory drugs (NSAIDs), 

alcohol drinking, and tobacco smoking [3, 4]. 

Intake a lot of ethanol causes necrotic lesions in 
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the mucosal layer of the stomach by producing 

acute hemorrhagic lesions, mucosal edema, 

inflammatory cell infiltration, that lead to 

weakened defensive agents like HCO3
-
 secretion 

and mucus production [5, 6]. Thus, alcohol-

induced gastric injury is a valuable design for the 

estimate of alcohol-induced pathological 

variations in gastric mucosa [6, 7]. The 

mechanisms dependent on alcohol-induced 

gastric ulcers have not been completely known, 

yet. Increasing signals have indicated that 

oxidative stress plays a crucial function in its 

pathogenesis [8, 9]. The experimental form of 

alcohol-induced gastric injury reflects various 

characteristics of the human state and affords a 

way for evaluating factors with latent anti-ulcer 

action beside its linked pathways for gastric 

protection [10]. Agents with antioxidant 

properties were proved to have valuable effects in 

the protection from alcohol-induced gastric 

lesions [10, 11]. Flavonoids are natural 

polyphenolic substances that can protect our 

bodies from ROS-evoked damage and their usage 

has probable advantages involving protection 

from many ailments [8, 12, 13]. The grape seed 

extract of the European red grape is very rich 

with antioxidant phenolics and flavonoids [14]. 

Therefore, the current study aims at investigating 

the potential gastroprotective actions of the grape 

seed extract on the alcohol-induced ulcer. We 

have used the lowest effective grape extract dose 

and numbers of administration that could 

efficiently protect the stomach from gastric 

lesions induced by alcohol according to 

previously mentioned studies [15, 16]. 

2. MATERIAL AND METHODS   

2.1. Animals 

Forty Sprague-Dawley rats (190-210 g). 

Bought from the Institute of National Research, 

Cairo, Egypt all animals kept at a precise 

temperature of 24±2 °C, exposed to 12/12  

h dark-light cycles, and standard pellet diet and 

tap water ad libitum were introduced to them. 

Animal experimental methods implemented in 

agreement with the "ARRIVE" guidelines and 

conformity with U.K. Animals Act, 1986. “The 

Committee of Animal Care and Use” approved 

the current protocol – in advance -, Faculty of 

Pharmacy, Ain Shams University (Approval #: 

180). 

2.2. Chemicals and plant material 

The grape seed extract was procured from 

Hangzhou Joy more Technology Co Ltd, China 

(95 %, purity), while omeprazole was purchased 

from Sigma pharmaceutical, Egypt. For 

standardization of grape seed extract, Folin 

Ciocalteu reagent, methanol (HPLC analytical 

grade), reference standards of quercetin and 

gallic acid were obtained from Merck (St Louis, 

MO, USA). All other compounds were of the 

highest analytical grade. 
 

2.3. Quantification of total phenolics  

A spectrophotometric technique was adopted 

for the assessment of total phenolics in grape 

seed extract using Folin–Ciocalteau reagent [17]. 

The assay was carried out in triplicate. Gallic 

acid was used as a standard at a concentration 

range (80-280 µg/mL) to construct the calibration 

curve. Total phenolic content was expressed as 

mg gallic acid equivalent (GAE)/g grape seed 

extract. 

2.4 Quantification of Total flavonoids  

A spectrophotometric method was conducted 

to assess the total flavonoids content in grape 

seed extract using aluminum chloride reagent 

[17, 18]. The assay was done in triplicate. 

Quercetin was used as a standard (concentration 

range of 5 to 100 µg/mL) to construct a 

calibration curve. The total flavonoid content was 

assessed as mg quercetin equivalent (QE)/g grape 

seed extract. 
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2.5. Induction of gastric ulcer 

Gastric lesions caused using only one 

intragastric dose of absolute ethanol (96%) (5 mL 

kg
-1

) that was given by orogastric intubation as 

illustrated before [8, 11, 19, 20]. The
control 

group was administered an equal volume of 

normal saline rather than alcohol. Animals have 

fasted for 16 h before any treatment with free 

access to water. 
 

2.6. Experimental design 

Rats were randomly assigned to five groups, 

each comprising eight rats (n=8). Group I 

(Control group): normal rats received oral normal 

saline. Group II (alcohol group): administrated a 

single intragastric dose of ethyl alcohol 96% (5 

mL kg
-1

). Group III (standard): received only one 

intragastric dose of alcohol and omeprazole dose 

(40 mg kg
-1

) 1 h prior ulcer induction. Group IV 

(alcohol + grape seed extract) oral grape seed 

extract (100 mg kg
-1

/day) for 6 days and 1 hour 

after the final dose received only one intragastric 

dose of alcohol. Group V (grape seed extract): 

normal rats that received oral grape seed extract 

(100 mg kg
-1

/day) only for 6 days dissolved in 

normal saline.  

2.7. Tissue collection and preparation 

Rats were sacrificed 1 h after alcohol dose and 

their stomachs were surgically removed, the 

opening was made along with the greater 

curvature and the stomachs were rinsed by saline 

to clean them from their contents and blood clots. 

Stomachs dried, scrutinized by microscope for 

any gastric lesion (ulcer index expression) and 

photographed for subsequent assessment of the 

gastric lesions. Then, the stomachs were divided 

into two moieties, one was put in 10% 

formaldehyde in buffered saline for 

histopathologic evaluation while the remaining 

gastric tissue was divided into 3 parts and kept at 

-80 °C for the biochemical requirements. 

2.8. Macroscopic examination   

Each stomach was opened and rinsed with 

saline to look at the morphological alternations 

caused by different treatments. Pictures were 

taken using a high-performance camera. Ulcer 

index was calculated as a mean of ulcer scores. 

The scoring of ulcers was described as follows: 

"0" for the normal colored stomach, "'0.5" for red 

coloration, "1" for spot ulcer, "1.5" for 

hemorrhagic streaks, "2" for ulcer between 3-5 

mm and “3” for ulcer  5 mm. 

2.9. Histopathologic examination 

Stomach tissue samples from the different 

groups were immersed in 10% formalin for 24 h, 

rinsed first with tap water and after that, graded 

series of alcohol (70%, 90% then 96%) to 

dehydrate all tissues, then paraffin beeswax tissue 

blocks were prepared.  The obtained tissue 

sections (4 µm) were fixed on slides and stained 

by hematoxylin and eosin stain for routine 

examination using light microscopy [21]. 

2.10. Determination of mucosal mucin content  

Mucosal mucin content was assessed in tissue 

homogenate using a specific ELISA kit (catalog 

#: MBS076266, MyBioSource, USA) based on 

the quantitative sandwich technique. The results 

were expressed as µg/mg protein. 
 

2.11. Determination of oxidative and 

inflammatory biomarkers  

Catalase activity was assayed according to the 

manufacturer instructions (catalog #: CA-2516, 

Biodiagnostics, Giza, Egypt). Briefly, 50 µL of 

tissue homogenate (10% w/v) was added to an 

identified amount of H2O2. Then, the reaction 

was stopped with a catalase inhibitor after 

precisely 1 min. The remaining H2O2 reacts with 

two reagents:  3,5-dichloro-2-hydroxybenzene 

sulfonic acid (DHSB) and 4- aminophenazone to 

form a pink color detected at 510 nm whose  
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intensity is inversely proportional to the amount 

of catalase in the sample. Catalase activity was 

expressed as U/mg protein. Reduced glutathione 

(GSH) content was measured according to the 

kit's instructions (catalog #: GR-2510, 

Biodiagnostics, Giza, Egypt), based on the 

reduction of 5,5`dithiobis (2 - nitrobenzoic acid) 

(DTNB) with glutathione (GSH) to produce a 

yellow compound. Optical density was measured 

at 405 nm. The results were expressed as 

nmol/mg protein. 

Nitric oxide concentration - as a biomarker 

linking both oxidative stress and inflammation - 

was determined in gastric tissue homogenate 

using a biochemical kit (catalog #: NO-2532, 

Biodiagnostics, Giza, Egypt). The assay depends 

on the formation of azo dye between nitrous acid, 

sulphanilamide, and N-(1–naphthyl) 

ethylenediamine that can be measured 

colorimetrically at wavelength 540 nm. The 

results were expressed as nmol/mg protein. 

Moreover, the inflammatory cytokine 

Interleukin-6 (IL-6) was measured by a specific 

ELISA kit (catalog #: BMS625, Thermo Fisher 

Scientific, Austria), based on the quantitative 

sandwich technique. The results were expressed 

as pg/mg protein. 
 

2.12. Protein content detection 

Protein contents were determined using the 

BCA protein assay kit (Biovision Inc, USA).
 

2.13. Statistical analysis 

Normally distributed data analyzed with one-

way ANOVA using Tukey’s post hoc test. Non-

parametric data were analyzed with Kruskal 

Wallis followed by Dunn test. All statistical 

analyses were done using GraphPad Prism 

software (version 8, ISI® software, USA). 

Statistical significance was accepted at a p<0.05. 

The results were presented as mean ± SEM.  

3. RESULTS 

3.1. Total phenolics and total flavonoids 

content of grape seed extract 

In the current study, the total phenolics and 

the total flavonoids content in grape seed extract 

were quantified as gallic acid and quercetin 

equivalents, respectively. The total phenolic 

content in grape seed extract was found to be 

284.11±0.01 mg of gallic acid equivalent (GAE) 

per g of grape seed extract. The total flavonoid 

content in grape seed extract was 8.02±0.08 mg 

of quercetin equivalent (QE)/g powdered plant 

material. Results observed herein were consistent 

with previous reports [22-24]. 

3.2 Macroscopic examination of the gastric 

mucosa of rats treated with alcohol 

Macroscopic reflection indicated that pre-

treatment with grape seed extract (100 mg kg
-1

) 

(Fig. 1 and Table 1) or omeprazole (Fig. 1C) 

considerably reduced gastric mucosal injuries 

compared to the alcohol-treated group, where 

showed longed bloody streaks injuries ranging 

from 1-6 mm in length (Fig. 1B). The normal 

control group displays the normal morphology of 

stomach tissue without any injuries (Fig. 1A). 

Ethanol-induced significant increase in the ulcer 

score compared to the control group, while 

pretreatment with grape seed extract significantly 

attenuated this effect. There was no significant 

difference between grape seed extract and 

omeprazole.
 

3.3. Effect of pretreatment with grape seed 

extract on mucosal mucin content in alcohol-

treated rats 

Alcohol-induced a significant decrease in 

mucin levels by 64% as compared to the control 

group. These levels were reverted by grape seed 

extract (100 mg kg
-1

) pretreatment that increased 

mucin levels by 55% compared to the alcohol-

treated rats (table 1).  

 There was no significant difference between the 

effect of omeprazole and the grape seed extract. 
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Fig. 1. Macroscopic examination of the gastric mucosa. (A) Normal control group, (B) alcohol-induced ulcer group, (C) 

omeprazole (40 mg/kg) pretreated group, (D) grape seed extract (100 mg kg-1) pretreated group. (E) grape seed extract only 

treated group 

Table 1. Effect of pretreatment with grape seed extract on ulcer score and mucin content in an experimental model 

of gastric ulceration induced by alcohol 

Group Ulcer score 
Mucin content 

µg/mg protein 

(A) Control 0 (0, 0) 102 ± 5.9 

(B) Alcohol-induced ulcer 4
a
 (1.5, 3.7) 36

 a
 ± 2.8 

(C) Omeprazole pretreated  1.9
b
 (0.6, 1.7) 72

 a,b
 ± 2.5 

(D) Grape seed extract (100 mg 

kg
-1

) pretreated. 

1.2
b
 (0, 0.9) 59

 a,b
 ± 3.1 

(E) Grape seed extract only 

treated 

0 (0, 0) 97
b
 ± 6.5 

Data of ulcer score are presented as medians and interquartile range and analyzed by using Kruskal Wallis followed by Dunn as a 

post-hoc test. Data of mucin levels were expressed as mean ± SEM and were analyzed using one-way ANOVA followed by 

Tukey as post hoc test. a and b; statistically significant from control and alcohol groups, respectively at p<0.05 
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3.4. Effect of the grape seed extract on 

stomach histological features  

Gastric tissues from a group of rats kept as a 

control did not show any histopathological 

modification and the histological structure of 

mucosa, submucosa, muscularis and serosa 

showed normal as presented in (Fig. 2A). In 

contrast, alcohol-treated rats showed focal 

necrosis, ulceration, and hemorrhage in the 

mucosal layer associated with edema and few 

inflammatory cells infiltration in the submucosa 

while the muscularis and serosa were intact (Fig. 

2B). Groups pretreated with omeprazole (Fig. 

2C) or grape seed extract (100 mg kg
-1

) (Fig. 2D) 

showed mild edema with few inflammatory cell 

infiltrations in the submucosa. 
 

 

Fig. 2. Effect of pretreatment with grape seed extract on the alcohol-induced histological alternation of the gastric tissue. 

Photomicrographs of haematoxylin and eosin-stained sections of the stomach from the control group (A), control  (B), alcohol-

treated group (C), omeprazole-pretreated group (40 mg kg-1) (D) grape seed extract-pretreated group (100 mg/kg) and (E),  grape 

seed extract only-treated group. with 40x magnification power. (H= haemorrhage, E= oedema, N= necrosis)  

 

3.5 Effect of pretreatment with grape seed 

extract on the biomarkers of oxidative stress 

and inflammation in alcohol-treated rats 

As indicated in (Fig. 3A & 3B), ethanol-

induced oxidative alterations in gastric tissue as 

manifested by the significant (3-fold) rise of 
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catalase enzymatic activity and depletion of GSH 

content by 83%, as compared to the 

corresponding control group. These effects were 

ameliorated by grape seed extract (100 mg kg
-1

) 

pretreatment that decreased catalase activity by 

62.8% and increased GSH content by 2.6 folds 

compared to the alcohol-exposed rats. Moreover, 

nitric oxide was assessed as nitrite concentration 

as an important biomarker of oxidative stress and 

inflammation that plays a vital role in ulcer 

healing. As shown in (Fig. 3C), ethanol 

significantly decreased nitrite concentration by 

about 66% in comparison to the control group. 

On the contrary, pretreatment with by grape seed 

extract (100 mg kg
-1

) significantly raised nitrite 

concentration by about two folds, compared to 

the ethanol-exposed group. Gastric tissue 

inflammation was further confirmed by the 

significant increase of the cytokine "IL-6" by 

more than two folds, compared to the control 

animals as displayed in (Fig. 3D). Again, 

pretreatment with grape seed extract (100 mg kg
-

1
) significantly ameliorated such effect by about 

50% compared to the ethanol-exposed group. 
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Fig. 3. Effect of pretreatment with grape seed extract on: (A) CAT activity, (B) GSH content, (C) Nitric Oxide assessed as nitrite 

concentration and (D) IL-6 concentration, in an experimental model of gastric ulceration induced by alcohol.  

Data are presented as mean ± SEM (n=6) where: a and b; statistically significant from control and alcohol groups, respectively at 

p<0.05 using one-way analysis of variance (ANOVA) followed by Tukey as a post-hoc test.  
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4. DISCUSSION 

Medicinal plants are the origin of some 

familiar antiulcer medications such: liquorice 

(dehydroglycerrizinic acid), Emblica Officinalis 

(embline), and Terminalia chebula [25]. The 

current study was carried out to illustrate the 

gastroprotective effect of grape seed extract on 

the gastric ulcer models primarily caused by 

oxidative stress, focus on its potential antioxidant 

and anti-inflammatory actions. The grape seed 

extract is a mixture of biologically active 

polyphenolic compounds including flavonoids 

and oligomeric proanthocyanidins [25, 26]. 

Various properties of grape seed extract have 

been presented in many experimental studies 

such; vasodilator, anticarcinogenic, antiallergic, 

anti-inflammatory, antibacterial, antiviral, and 

immunomodulator in addition to its ROS 

scavenging and antioxidant characteristics [27]. 

The alcohol-induced gastric lesion is a main 

experimental model frequently used for the 

preclinical estimate of factors with potential 

gastroprotective activity because alcohol has 

been listed as a higher cause of gastric ulcer [10, 

11]. It was observed that alcohol consumption 

modified the gastric mucosa and submucosa and 

caused some lesions. These lesions are co-

occurred by edema, epithelial and vascular cell 

alteration, leucocytes infiltration of the 

submucosal layer, and necrosis. Our results are in 

line with preceding reports using alcohol as an 

inducer of the peptic ulcer [28]. Numerous 

mechanisms are associated with the progression 

of alcohol-induced mucosal lesions [29]. The 

effect of alcohol on gastric mucosa could be due 

to the disturbed balance between gastric mucosal 

defensive and destructive agents [30]. Alcohol 

causes induce microcirculatory disturbance with 

hypoxia, linking to the overproduction of ROS 

[30]. Pretreatment with grape seed extract 

protects from gastric lesions caused by alcohol 

consumption and provided the decline of  

morphological and histopathological observed 

marks. Oxidative stress, identified by an 

imbalance between oxidants and antioxidants in 

partiality of oxidants, guides to disturbance of 

redox signaling and physiological function [31]. 

ROS formed under oxidative stress is associated 

with to damage all cellular bio-molecules (sugars,  

lipids, polynucleotides, and proteins,) [32]. Thus, 

various defense systems have been activated 

intracellularly to inhibit unrestrained ROS 

extension. These systems involve nonenzymatic 

molecules (glutathione, antioxidant vitamins like 

C, and E, and many antioxidants existing in diets) 

besides enzymatic scavengers of ROS. Enzymes 

like superoxide dismutase (SOD), catalase 

(CAT), and glutathione peroxidase (GPX) are the 

most popular protection systems [33]. Catalase is 

an endogenous antioxidant enzyme, prevents cell 

damage induced by ROS [34]. We noted in the 

current study that alcohol intoxication induced 

alteration in catalase activity. Alcohol 

administration produced oxidative imbalance 

through various pathways including the 

production of ROS [35]. In this study, alcohol 

elevated the activity of catalase enzyme that 

might be increased as a compensatory 

mechanism due to increased levels of ROS [32].  

The previous results suggest that grape seed 

extract might represent a promising 

pharmacological drug in gastric ulcer treatment, 

in a manner comparable to that exerted by 

omeprazole, with potential antioxidant properties. 

Conclusion 

In conclusion, the present study provides 

evidence for the therapeutic effects of the grape 

seed extract on alcohol-induced gastric ulcers in 

which it acts as a gastroprotective agent before 

ulcer induction. Further studies may be done to 

determine the optimum therapeutic dose of grape 

seed extract, which poses the highest effect and 

the lowest side effects.
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