
 

 

 

  

* Corresponding author: Prof. Samy A. Hussein, Department of Biochemistry, Faculty of Veterinary Medicine, Benha 

University,  Egypt 

1 

 

Benha Veterinary Medical Journal 38,1 (2020) 1-8 

 

Benha Veterinary Medical Journal 

 

Journal homepage: https://bvmj.journals.ekb.eg/ 
 

Original Paper 

Proanthocyanidin ameliorates ethanol-induced gastric mucosal erosion by 

attenuating inflammatory response, oxidative stress, and apoptosis in rats 

Yakout A. El Senosi1, Mohamed K. Mahfouz1, Samy A. Hussein1, Reem A. Abd el-raouf2 

1 Department of Biochemistry, Faculty of Veterinary Medicine, Benha University,  Egypt 

2 Veterinarian 

ARTICLE INFO ABSTRACT 

Keywords   Gastric ulcer is a common chronic disease in human digestive system. Massive alcohol drinking 

can lead to gastric ulcer. The gastroprotective effect and molecular mechanisms of 

Proanthocyanidin in a rat model of ethanol-induced gastric mucosal erosion were investigated. 
Thirty-five male rats were divided into five equal groups. Group 1 (Control normal): rats received 

no drugs. Group 2 (Early ulcer): rats received absolute ethanol (0.5 ml/100g) orally on empty 

stomach and sacrificed one hour later. Group 3 (Early ulcer + Proanthocyanidin protected): rats 
received proanthocyanidin orally at a dose of (300 mg/kg b. wt/day) for 3 weeks before ethanol 

administration then sacrificed after one hour. Group 4 (Late ulcer): rats received ethanol like group 

2 and sacrificed after 21 days. Group 5 (Late ulcer + proanthocyanidin treated): rats first 
administered ethanol (0.5 ml/100g) and after one-hour proanthocyanidin was administered for 21 

days. A significant increase in stomach L-MDA concentration with marked decrease in CAT 

activity and GSH concentration were observed in gastric erosion-induced rats. However, a 
significant depletion of gastric L-MDA level and marked increase in CAT activity and GSH 

concentration were observed after Proanthocyanidin treatment when compared to ulcerated rats. 

A significant up-regulation of gene expression level of BAX, NF-κB and IL-1β with down-
regulation of Bcl-2 gene were observed in stomach of gastric erosion-induced rats. However, a 

significant down regulation of BAX, NF-κB and IL-1β with up-regulation of Bcl-2 gene were 

observed after proanthocyanidin treatment. Conclusively, proanthocyanidin protects rat gastric 
mucosa against ethanol-induced gastric erosion via anti-inflammatory, anti-apoptotic and anti-

oxidative mechanisms. 
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1. INTRODUCTION 

 
Gastric ulcers are characterized by necrosis, induction of 

oxidative stress and secretion of inflammatory factors (de 

Souza Almeida et al., 2011). The pathogenesis of gastric 

ulcers is based on a multifactorial and complex interaction 

between protective and aggressive factors, including 

mucosal integrity, secretion of gastric acid, Helicobacter 

pylori, free oxygen radicals and excess alcohol consumption 

(Bhattacharya et al., 2007). Disturbing the balance between 

aggressive and protective factors that control cell apoptosis 

and proliferation results in gastric ulceration, which then 

activates the repairing system in the gastric mucosa (Li et al., 

2016). Gastric lesions are resultant of mucosal damage 

produced by several factors and are associated with cellular 

influx, free radical generation, cytokines, and growth 

factors. Acute inflammatory marker, myeloperoxidase 

(MPO), and pro-inflammatory cytokines (tumor necrosis 

factor-alpha [TNF-α], interleukin-6 [IL-6], and IL-1 beta 

[IL-1β]) play a major role in gastric ulceration (Kumar et al., 

2013). 

Ethanol consumption has been shown to be a major cause of 

gastric ulcer. Oxidative stress and depletion of antioxidants 

have been considered a crucial step in alcohol-induced 

mucosal damage. Ethanol treatment induces intracellular 

oxidative stress and produces mitochondrial permeability 

transition and mitochondrial depolarization, which precede 

cell death in gastric mucosal cells. Thus, considering that 

ethanol is involved in the formation of oxidative stress 

generated extracellular and/or intra-cellular (SJ and AJ, 

2015). Administration of ethanol causes gastric necrotic 

damage and subsequent inflammatory cell infiltration and 

reduces the secretion of bicarbonate, gastric mucus, and 

nitric oxide. In addition, ethanol reduces the gastric blood 

flow and induces the oxidative stress by increasing the 

production of malondialdehyde and reducing glutathione 

production (El-Maraghy et al., 2015). 

Intragastric administration of ethanol causes severe 

oxidative stress in stomach tissue  by significant inhibition 

of the activity of antioxidant enzymes such as CAT, GPx, 

and SOD (Guzmán-Gómez et al., 2018) Additionally, there 

was a significant increase in the level of MDA (Antonisamy 

et al., 2015), decrease in the gastric level of nitric oxide 

(Abdulla et al., 2010). Pro-inflammatory cytokines such as 
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TNF-α, IL-1β, and IL-6 play important roles in the 

regulation of acute gastric ulcer induced by ethanol 

(Almasaudi et al., 2017). Ethanol let to produce reactive 

oxygen species which prevent the expression of Hsp70 and 

upsurge Bax expression (Hajrezaie et al, 2015). 

Oxidative stress has been implicated in the development of 

Ethanol-induced gastric injury where reactive oxygen 

species generated by activated leukocytes triggers mucosal 

damage through lipid peroxidation and depletion of 

antioxidant defenses such as reduced glutathione, catalase, 

and total antioxidant capacity (Liu et al., 2012). In addition, 

depletion of mucosal cytoprotective moieties, including 

PGE2 and glycoproteins, has been linked to ethanol 

consumption. (Golbabapour et al., 2013). Although the 

mechanisms underlying Ethanol-induced gastric ulcer have 

not been fully elucidated yet, mounting evidence have 

indicated that pro-inflammatory cytokines, oxidative stress, 

and apoptosis play important roles in its pathogenesis (Arab 

et al., 2015). 

An alternative treatment with fewer side effects that also 

reduces the inflammatory response and thereby reduces pain 

is believed to be Grape seed extract, a waste product of wine 

and grape juice industry, contain various chemical 

compounds but the active chief chemical constituents are 

polyphenolic flavanoid called proanthocyanidin (PAs) (Shi 

et al., 2003). Grape seed proanthocyanidin extract (GSPE), 

belongs to flavanoid group is obtained from the seeds of 

Vitis vinifera grapes (red), which contains 95% 

proanthocyanidins (Wren et al., 2002). In vitro studies 

demonstrated that GSPE exhibited superior antioxidant 

activity as compared to vitamin C, E and beta carotene 

(Bagchi et al., 2000). Proanthocyanidins have been shown to 

exert a novel spectrum of biological, pharmacological, 

therapeutic and also chemoprotective properties against 

oxidative stress (Ye et al., 1999) and shown to produce 

protection against ethanol-induced ulcer in rats (Satio et al., 

1998).  

As inflammation and oxidative stress have been reported to 

play an important role in the pathogenesis of gastric 

ulceration, the present study was designed to evaluate the 

gastroprotective effect of proanthocyanidin in a rat model of 

ethanol-induced gastric mucosal erosion. Parameters related 

to gastric oxidative stress, inflammation and apoptosis were 

determined in order to elucidate some of the mechanisms 

behind GSPE gastroprotective effect. 

 

2. MATERIAL AND METHODS 

 

2.1. Experimental animals 

Thirty-five white male albino rats, 4-5 weeks old and 

average body weight 150-170 g were used in the 

experimental investigation of this study. Rats were obtained 

from Laboratory Animals Research Center, Faculty of 

Veterinary Medicine, Benha University. Animals were 

housed in separate metal cages; fresh and clean drinking 

water was supplied ad-libitum. Rats were kept at constant 

environmental and nutritional conditions throughout the 

period of experiment. The animals were left three weeks for 

acclimatization before the beginning of the experiment.  

 

2.2. Chemicals and drugs: 

The chemicals and drugs used in the present study were: 

2.2.1. Proanthocyanidin: 

Proanthocyanidin was manufactured by HANZHONG TRG 

Biotech co. LTD with Molecular formula: C6OH92O6 and 

Molecular Weight: 592.553 g/mol Proanthocyanidin was 

dissolved in DMSO, completed with normal saline  and 

administrated orally using a stomach tube at a dose of 300 

mg/kg body weight per day (Koga et al., 1999). 

2.2.2. Absolute ethyl alcohol: It was manufactured by 

SIGMA-ALDRICH Pharmaceutical Chemicals co. 3050 

Spruce Street and St Louis; Germany. 

 

Induction of gastric erosion: 

Rats were fasted for 18 hours and allowed free access of 

water prior to the oral administration of ethanol for induction 

of gastric erosion at a dose level of 0.5ml/100 g of rat (Li et 

al., 2016) 

 

2.3. Animal grouping: 

Rats were randomly divided into five main equal groups, 

each group contained 7 rats, placed in individual cages, and 

classified as follow:  

Group 1 (Control Normal group): Rats received no drugs, 

served as control non-treated for all experimental groups.   

Group 2 (Early ulcer non-treated group): Rats received 

absolute ethanol (0.5ml/100g rat) orally on empty stomach 

and sacrificed one hour later after ethanol administration  

Group 3 (Proanthocyanidin protected group): Rats received 

proanthocyanidin (300 mg/kg body weight/day) orally for 

21 successive days prior to ethanol administration. One hour 

after administration of ethanol the animals were sacrificed 

Group 4 (Late ulcer non-treated group): Rats received 

absolute ethanol (0.5 ml/100g rat) on empty stomach and 

were left free and sacrificed 21 days later after ethanol 

administration.  

Group 5 ( Late ulcer + Proanthocyanidin treated group): Rats 

first administered absolute ethanol (0.5 ml/100g rat) on 

empty stomach at the first day of experiment then after one 

hour, proanthocyanidin was administered (300 mg/kg body 

weight/day) for 21 successive days then sacrificed.  

 

2.4. Sampling: 

Gastric tissue specimen was collected from all animal 

groups (control and experimental groups) once after the end 

of 3 weeks. 

2.4.1. Gastric tissue for biochemical analysis: 

After 21 days of treatment with proanthocyanidin, the rats 

were sacrificed by cervical decapitation. The stomach was 

quickly removed, and opened along the greater curvature 

using a scrapper, cleaned by rinsing with cold saline and 

stored at -20 °C for subsequent biochemical analysis. 

Briefly, gastric tissues were cut, weighed, and minced into 

small pieces, homogenized with a glass homogenizer in 9 

volume of ice-cold 0.05 mM potassium phosphate buffer 

(pH 7.4) to make 10% homogenates. The homogenates were 

centrifuged at 6000 rpm for 15 minutes at 4 °C then the 

resultant supernatant was used for the determination of L-

Malondialdehyde (L-MDA) concentration and catalase 

(CAT) enzyme activity. Also, 0.2 gm of stomach tissues 

were minced into small pieces homogenized with a glass 

homogenizer in 0.4 ml of 25% metaphosphoric acid (MPA) 

(ref. No.: 253-433-4, Sigma-Aldrich, Germany), then 1.4 

mL of distilled water was added, mixed and incubated for 1 
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hour and centrifuged for 10 min at 3000 rpm then the clean 

supernatant was removed and used for determination of 

GSH concentration. 

 

2.4.2. Gastric tissue for molecular analysis:  

At the end of experiment, rats gastric tissues were 

immediately excised and frozen in liquid nitrogen and then 

in -80 °C until used for Pro apoptotic protein (BAX), B cell 

lymphoma-2(Bcl-2), Nuclear factor kappa B (NF-κB) and  

Interleukin-1β (IL-1β) gene expression analysis by qPCR. 

 

2.4.3. Gastric tissue for histopathological examination:   

Gastric tissue specimens were taken from different parts of 

the stomach for histopathological examination. The 

specimens were preserved in 10% buffered neutral formalin. 

The fixed tissue was rinsed in tap water, dehydrated through 

graded series of alcohols, cleared in xylene, and embedded 

in paraffin wax. 5 μm thick sections were cut and stained 

with hematoxylin and eosin (H&E) (Bancroft and Stevens, 

1996) and then the tissues were examined and evaluated by 

light microscopy. 

 

2.5. Analysis: 

2.5.1. Biochemical analysis: 

Gastric tissue L-MDA, CAT and GSH were determined 

according to the methods described by Ohkawa el al. (1979), 

Aebi (1984) and Beutler et al. (1963), respectively. 

 

2.5.2. Molecular analysis 

Total RNA was isolated from stomach tissue of rats using 

RNA extraction kit (Thermo Scientific, Fermentas, #K0731) 

according to the manufacturer’s protocol. Following 

determination of RNA concentration and purity by Quawell 

nanodrop Q5000 (USA), 5 mg of total RNA from each 

sample was reverse transcribed using Revert Aid H minus 

Reverse Transcriptase. The produced cDNA was used as a 

template to determine the relative expression of Pro 

apoptotic protein (BAX), B cell lymphoma-2 (Bcl-2), 

Nuclear factor kappa B (NF-κB) and  Interleukin-1β (IL-1β) 

genes using Step One Plus real time PCR system (Applied 

Biosystem, USA) and gene specific primers. The reference 

gene, βactin, was used to calculate fold change (FC) in target 

genes expression. The thermal cycling conditions, melting 

curves temperatures, and calculation of relative expression 

was done. For the treated groups, assessment of 2-ΔΔCt 

determined the fold change in gene expression relative to the 

control. 

 

2.6. Statistical Analysis: 

All the data were expressed as means± SE. The statistical 

significance was evaluated by One-way analysis of variance 

(ANOVA) using SPSS, 18.0 software, 2011 and the 

individual comparisons were obtained by Duncan's multiple 

range test (DMRT). Values were considered statistically 

significant when p<0.05. 

 
Table 1 Forward and reverse primers sequence for real time PCR 

Gene Forward primer 

(/5 ------ /3) 

Reverse primer 

(/5 ------ /3) 

Bax ACACCTGAGCTGACCTTG AGCCCATGATGGTTCTGATC 

Bcl-2 AGTACCTGAACCGGCATCTG CATGCTGGGGCCATATAGTT 

IL-1β CACCTCTCAAGCAGAGCACAG GGGTTCCATGGTGAAGTCAAC 

NF-κβ CCTAGCTTTCTCTGAACTGCAAA GGGTCAGAGGCCAATAGAGA 

β-actin ACCCACACTGTGCCCATCTA CGTCACACTTCATGATG 

 

3. RESULTS  

 
Effect of proanthocyanidin administration on gastric tissue 

L-MDA, CAT and GSH of ethanol-induced gastric ulcer in 

male rats is presented in table (2). Gastric L-MDA 

concentration significantly increased, while CAT activity 

and GSH concentration significantly decreased in ethanol-

induced gastric ulcerative rats in both early ulcer (after one 

hour) and late ulcer (after 21 days) when compared with the 

normal control group. Proanthocyanidin administration to 

ethanol-induced gastric ulcer rats exhibited a significant 

decrease in gastric L-MDA concentration, and significant 

increase in CAT activity and GSH concentration as 

compared to untreated early ulcer and late ulcer groups. 

Effect of Proanthocyanidin administration on the relative 

mRNA gene expression levels of BAX, Bcl-2, NF-κB and 

IL1β in stomach of ethanol-induced gastric erosion in rats is 

shown in table (3). The obtained qPCR results revealed a 

significant up-regulation of BAX, IL-1β and NF-kβ gene 

expression levels with significant down-regulation of  Bcl-2 

gene expression level in stomach of ethanol-induced gastric 

ulcerative rats (G2 early ulcer  and G4 late ulcer ) as 

compared to control normal group (G1). This expression was 

significantly downregulated with upregulation of Bcl-2 gene 

expression level following administration of 

proanthocyanidin either before (G3) or after (G5) induction 

of ulcer, with lower expression in protected group (G3). 

 
Table 2 Effect of proanthocyanidin administration on gastric tissue L-MDA, GSH concentrations and CAT activity of ethanol-induced gastric mucosal erosion 

in male rats 
Animal groups L-MDA (nmol/ g. tissue) CAT (u/g. tissue) GSH  (mg /g. tissue) 

Group Ι: Normal control 1.51e ± 0.14 0.933a ± 0.04 4.48a ± 0.32 

Group II: Early ulcer group 10.20b ± 0.52 0.392d ± 0.02 1.19d ± 0.12 

Group ΙII: Early ulcer + proanthocyanidin protected 2.83d ± 0.25 0.763b ± 0.03 3.25b ± 0.28 

Group IV: Late ulcer group 12.29a ±  0.73 0.370d ± 0.03 0.81d ± 0.05 

Group V: Late ulcer + proanthocyanidin treated 4.82c ± 0.4 0.640c ± 0.02 1.75c ± 0.14 

Data are presented as (Mean ± S.E).  Mean values with different superscript letters in the same column are significantly different at (P≤0.05). 
 

 

 

 

 

Table 3 Effect of proanthocyanidin administration on the relative expression of BAX, Bcl-2, IL-1β and NF-κβ gene levels in stomach of ethanol-induced gastric 

mucosal erosion in male rats 
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Animal groups Pro apoptotic protein (BAX) Anti-apoptotic protein (Bcl-2) Interleukin 1β (IL-1β) Nuclear factor kappa beta (NF-κβ) 

FC Mean S.E. FC Mean S.E. FC Mean S.E. FC Mean S.E. 

Group Ι: Normal control  1.00c 0.05 1.00a 0.06 1.00d 0.07 1.00e 0.06 

Group II: Early ulcer group 2.58a 0.13 0.22d 0.03 8.28a 0.34 3.78b 0.19 

Group ΙII: Early ulcer + proanthocyanidin protected 1.64b 0.1 0.77b 0.03 1.88c 0.12 2.03d 0.11 

Group IV : Late ulcer group    2.91a 0.12 0.18d 0.02 8.88a 0.36 4.86a 0.21 

Group V: Late ulcer + proanthocyanidin treated 1.93b 0.11 0.56c 0.02 4.89b 0.2 3.03c 0.17 

FC: Fold change. Means within the same column carrying different superscript letters are significantly different at (P≤ 0.05). 
Histopathological examination 

The examined stomach mucosa of control normal rats 

revealed no histopathological changes (Fig. 1a). 

Multifocally, there was necrosis of the surface epithelium 

characterized by shrunken, hyper-eosinophilic cytoplasm 

with pyknotic nuclei were observed in stomach of early ulcer 

non-treated rats (Fig. 1b). The region of stomach mucosa 

showed normal histological appearance like control group. 

Occasionally, variable sized erosions were observed in the 

mucosa of stomach of PGSE protected rats (Fig. 1c). 

Multifocally, there were marked areas of erosions primarily 

affecting the surface and deep mucosa. These erosive areas 

characterized by necrosis and loss of the surface epithelium 

with presence of necrotic debris in the gastric lumen of late 

ulcer non-treated rats (Fig. 1d). Rarely, small erosions were 

observed in stomach of PGSE treated rats characterized by 

necrosis and loss of the surface epithelium. No erosions or 

ulcers affecting the middle and deep mucosa were observed 

(Fig. 1e). 

 

 
Fig. 1 Microscopic pictures of rat stomach in control and treated groups. (a) Stomach of control rats (Group 1) showed normal histological appearance of surface epithelium (FE), mucous 

neck cells (MC) parietal cells (PC) and chief cells (CC). H&E stain x 400. (b) Stomach of early ulcer non-treated rats (Group 2), showing necrosis of the surface epithelium characterized by 

shrunken, hyper eosinophilic cytoplasm with pyknotic nuclei (arrow). H&E stain x 400. (c) Stomach of Proanthocyanidin protected rats (Group3), showing erosions in the mucosa. H&E 

stain x 100. (d) Stomach of late ulcer non-treated rats (Group 4), showing erosion characterized by necrosis and loss of the surface epithelium with presence of necrotic debris in the gastric 

lumen. H&E stain x 200. (e) Stomach of Proanthocyanidin treated rats (Group 5), showing small erosion characterized by necrosis and loss of the surface epithelium. H&E stain x 400. 
 

4. DISCUSSION 

 
In recent times, it has been revealed that ethanol-induced 

lipid peroxidation and oxidative stress has a major role in the 

pathogenesis of acute gastric injuries. The production of 

reactive oxidative species (ROS) in gastric mucosal tissue 

continues at a normal level, due to the equilibrium between 

pro-oxidant and antioxidant systems. Conversely, the 

equilibrium is altered in many circumstances, including 

drinking alcohol (Antonisamy et al., 2016). The obtained 

results indicated that gastric L-MDA concentration 

significantly increased and gastric CAT activity, GSH 

concentration significantly decreased in ethanol-induced 

gastric ulcerative rats in both early ulcer and late ulcer. 

Ethanol exposure causes significant rises of MDA level, and 

reductions in SOD, CAT, and GSH-px activities (Paulrayer 

et al., 2017). Ethanol is commonly used to induce ulcers in 

experimental rats; ethanol leads to intense gastric mucosal 

damage, directly and indirectly through such mediators as 

reactive oxygen species (ROS) and cytokines  (Abdel-Salam 

et al., 2001). The cells of the gastrointestinal tract have an 

antioxidant defense system that is capable of preventing the 

cytotoxicity of ROS through mechanisms that involve the 
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action of enzymes and compounds with the potential to 

scavenge free radicals and prevent their destructive action. 

The major anti-oxidative enzyme is SOD, which catalyzes 

the dismutation of O2 into less noxious H2O2, which is 

further degraded by catalase or GSH-Px (Brzozowski et al., 

2001). The decreases in the amounts of the GSH-Px and 

glutathione reductase (GR) enzymes and the antioxidant 

compound glutathione (GSH), associated with the elevation 

of MPO production, support an important role for oxidative 

stress in the pathogenesis of ethanol-induced gastric ulcers 

(Rozza et al., 2014). An unrestrained intake of alcohol may 

result in an imbalance between offensive and defensive 

factors of stomach and lead to gastric ulcer. Therefore, 

ethanol-stimulated gastric lesions model is commonly used 

to investigate the pathogenesis of gastric ulceration and 

evaluate the gastroprotective effect of drugs (Wu et al., 

2018), the authors also showed a marked increase of MDA 

level and decrease of SOD, GSH, and CAT levels in rats 

after ethanol exposure. Also, Zheng et al., (2016) proved that 

ethanol-induced (MDA) overproduction. The gastric ulcer 

caused by ethanol is related to high production of reactive 

oxygen species (ROS), which can trigger oxidative stress by 

inhibiting the effects of antioxidants including glutathione 

(GSH), superoxide dismutase (SOD), and catalase (CAT) 

(Rezaie et al., 2007). GSH, SOD, and CAT are vital 

endogenous antioxidants which protect bio membrane from 

oxidative damage by scavenging ROS. GSH is considered as 

an antioxidative barrier which protects the gastric mucosa 

against oxidative stress caused by free radicals and 

peroxides (Brzozowski et al., 2004) It also coordinates with 

some other antioxidant enzymes then alleviates oxidative 

damage. CAT can scavenge ROS by triggering the rapid 

conversion of peroxyl radical (H2) into water and oxygen 

(Wong et al., 2013). MDA is a metabolite for oxidative stress 

which is generated by unsaturated fatty acids through ROS-

activated lipid peroxidation. Thus, MDA is deemed as the 

biomarker of lipid peroxidation and used to quantify and 

identify oxidative stress (Ibrahim et al., 2016). Ethanol 

exposure results in a rush of activated neutrophil infiltration 

into the site of injury, leading to the damage of the gastric 

mucosa by increasing the production of pro-oxidative and 

pro-inflammatory enzymes and free radicals, resulting in 

oxidative stress (Chatterjee et al., 2007). (Park et al., 2008) 

reported that ethanol administration depleted the gastric 

GSH, GPx and TAC antioxidant defenses which scavenge 

free radicals and prevent their noxious effects.  

  In the current study PGSE administration to ethanol- 

induced gastric ulcerated rats exhibited a significant 

decrease in gastric L-MDA concentration and significantly 

increased GSH concentration and CAT activity as compared 

to ulcerated untreated groups. GSPE acted on the expression 

of Heme Oxygenase-1 (HO-1) protein as a non-stressful 

stimulant, which led to the gastroprotective effect as due to 

the presence of HO-1, which was induced, carbon monoxide 

dilates the blood vessels and suppresses the aggregation of 

platelets. Thus, it plays a role in increasing the blood flow in 

the gastric mucosa (Kim et al., 2013), the authors also 

showed that pretreatment with GSPE in indomethacin (IND) 

-induced gastric mucosal injury in rats elevated GSH 

concentration compared to disease control group. The 

present finding was corroborated with the reports  of (Abbas 

and Sakr, 2013) who reported that, GSE have a protective 

effect against IND-induced gastric ulcers through prevention 

of lipid peroxidation, increase of GSH, significantly 

decreased the gastric ulcer index, MDA, and TNF, increase 

antioxidants (superoxide dismutase, catalase, and 

glutathione peroxidase) activities of radical scavenging 

enzymes, prostaglandin (PGE2) generation, and anti-

inflammatory activity. Also, El-Shitany and Eid, (2017) 

stated that Proanthocyanidin pretreatment reduced 

indicators of oxidative stress in the liver, including nitric 

oxide (NO) and malondialdehyde (MDA). It also increased 

the antioxidants, reduced glutathione (GSH) concentration, 

glutathione peroxidase (GPx), superoxide dismutase (SOD), 

and catalase (CAT) activities in the liver. GSP protects cells 

from damage by controlling the oxidative damage by 

reducing the tissue injury and maintains antioxidant status 

and reduces the release of pro-inflammatory mediators 

(Aysun et al., 2008). Moreover, (Liu et al., 2016) showed 

that GSPE increased the expression of Nuclear factor 

erythroid 2-related factor 2 (NRF2) and its target antioxidant 

genes superoxide dismutase and catalase and decreased the 

production of malondialdehyde and hydrogen peroxide in 

the liver of mice exposed to perfluorooctanoic acid.  

A significant up-regulation of Bax, IL-1β and NF-κβ gene 

expression levels with significant down-regulation of Bcl-2 

gene were observed in stomach of ethanol-induced gastric 

ulcerative rats. Enhanced apoptotic death of gastric 

epithelial cells has been partly implicated in ethanol-induced 

gastric mucosal injury (Ye et al., 2013). Inflammatory 

signals along with oxidative stress have been reported to 

instigate the expression of several genes responsible for 

cellular death by apoptosis (Mei et al., 2012). Apoptosis is 

initiated by pro-apoptotic signals such as Bax (Abdel wahab, 

2013) which promote the release of Cyt C from the 

mitochondria to the cytosol, with following activation of 

caspase-9 and yet caspase-3, the major tormentor caspase 

(Luo et al., 2013). Bax promotes apoptosis (Emily et al., 

2001), while Bcl-2 inhibits this process. Apoptosis may be 

caused by an imbalance in the expression of Bcl-2 family 

antiapoptotic proteins and apoptotic Bax proteins in stress 

ulcers (Konturek et al., 1999). As confirmed with (Wang et 

al., 2018) who reported that, gene expression of caspase-3 

and Bax were significantly upregulated in the ethanol group 

compared with the control group, while the expression of 

Bcl-2 was significantly down regulated. 

Moreover, chronic excessive alcohol intake also increases 

the level of inflammatory cytokines, such as TNF-α, IL-1β, 

and IL-6 (Wang et al., 2016). The release of these cytokines 

is mainly associated with the activation of toll-like receptor 

4 (TLR4) and its downstream nuclear factor kappa B (NF-

κB), which remains the key inflammatory pathway playing 

a vital role in alcohol-induced acute liver disease model (Lee 

et al., 2015). The present finding was corroborated with the 

reports of (Almasaudi et al., 2016) who reported that 

treatment of rats with ethanol caused a significant increase 

in plasma TNF-α, IL-1β, and IL-6 levels  as compared to the 

control group. Also, (Liu et al., 2017) showed that, in 

contrast to the normal control group, the concentrations of 

the proinflammatory factors IL-1β, TNF-α and IL-6, were 

significantly higher in the ethanol-challenged mice. 

Nuclear factor-κB (NF-κB) is a transcription factor that 

regulates the transcription of DNA to control the expression 

of protein-encoding genes for numerous biological 

processes. Due to the response with the existence of cellular 

stimuli, the inflammatory signaling is activated resulting in 
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the transcribing proinflammatory genes thereby generating 

proinflammatory mediators and cytokines including nitric 

oxide (NO), cyclooxygenase-2 (COX-2), inducible nitric 

oxide synthase (iNOS), interleukin 6 (IL-6), interleukin 1β 

(IL-1β), tumor necrosis factor alpha (TNFα), and 

prostaglandin (PGE2) (Fard et al., 2015). LPS activates the 

signaling pathway such as NF-κB via the stimulation of Toll-

like receptor 4 (TLR4) which consequently releases 

proinflammatory cytokines including IL-1B, TNFα, and IL-

6 and mediators such as NO and PGE2 (Arulselvan et al., 

2016). In a normal/resting state without the presence of any 

threat, the NF-κB subunit p65 is in the cytoplasm in an 

inactive form allied with an inhibitory protein, IκBα. On the 

other hand, when threat such as LPS is detected, a cascade 

reaction takes place that results in the phosphorylation and 

degradation of IκB. The complex degradation consequence 

is the release of the cytoplasmic NF-κB- p65 to be 

translocated into the nucleus and binds to the enhancer 

elements of target genes thereby encouraging the 

transcription of the target proinflammatory genes 

(Muniandy et al., 2018). Ethanol reduced cytoplasmic p65 

NF-κB while increased nuclear p65 NF-κB, indicating that 

ethanol stimulated nuclear translocation of p65 NF-κB. 

Ethanol also enhanced IκB-α phosphorylation and decreased 

the levels of IκB-α. These results indicated that ethanol 

exposure activated NF-κB signaling (Wang et al., 2015), 

when NF-κB activity is regulated by reactive oxygen species 

(ROS) (Pelucchi et al., 2011). Also, Wang et al., (2015) 

stated that ethanol may stimulate the NF-κB pathway by 

inducing ROS production. The present finding was 

corroborated with the reports of (Szabo et al., 2007) who 

reported that prolonged alcohol exposure resulted in an 

increase in NF-κB and TNFα production in response to 

TLR4 stimulation with LPS and (Yoo et al., 2018), who 

stated that exposure to ethanol significantly increased gastric 

NF-κB, Cox2, and inos mRNA expression levels. 

In the current study the obtained qPCR results revealed a 

significant downregulation of Bax, IL-1β and NF-κβ gene 

expression levels with significant upregulation of  Bcl-2 

gene expression level in stomach of ethanol-induced gastric 

ulcerative rats following administration of Proanthocyanidin 

either before or after induction of ulcer. The antioxidant 

effects of GSPE are seen in the blood vessels and tissue in 

the submucosal layer, which eventually suppresses the 

ischemia reperfusion injury caused by the inflammatory 

actions of the neutrophils and vascular local inflammation. 

This is assumed to suppress the progression of apoptosis and 

cellular damage. (Kim et al., 2013). The present finding was 

corroborated with the reports of (El-Shitany and Eid, 2017), 

who reported that Proanthocyanidin administration 

downregulated the expression of the apoptotic marker Bax, 

while upregulated the antiapoptotic marker Bcl-2. Also, 

(Nazima et al., 2015) stated that GSP treatment 

downregulated gene expression caspase-3, and Bax and 

upregulated Bcl-2 protein expression. Moreover, Liu et al., 

(2016) showed that PGSE treatment up-regulated the 

expression of anti-apoptotic protein Bcl-2 and down-

regulated the expression of pro-apoptotic proteins Bax and 

p53, with a reduction of activity of caspase-3 in the liver of 

perfluorooctanoic acid (PFOA)-treated mice. 

Grape seed proanthocyanidin extract was shown to inhibit 

the NF-κB signaling pathway, reducing the expression levels 

of TNF-α, p-IKKα/β, p-IκBα, and the translocation of NF-

κB to the nucleus of colonic epithelial cells (Li et al., 2011). 

GSPE-treated mice had fewer TLR4-expressing cells in their 

synovium in comparison to those that were not treated with 

GSPE. This suggests that GSPE inhibits TLR4 expression in 

the synovium in vivo. TLR4 ligation leads to the activation 

of a downstream transcription factor, NF-κB, which is linked 

by MyD88, a key adaptor protein in TLR4-NF-κB signaling 

(Kim et al., 2018). The authors also showed that GSPE 

treatment diminishes the phosphorylation of IκBα and 

inhibits nuclear translocation of p65 and p50 NF-κB 

subunits. The results indicate that GSPE inhibits NF-κB 

activation through the suppression of IκBα phosphorylation 

in addition to MyD88. (Rajput et al., 2019) also reported that 

GSPE blocked the phosphorylation of NF-κB and the 

degradation of IκBα protein, which was the primary protein 

to activate NF-κB. Moreover, (Hu et al., 2019) showed lower 

levels of IKKα, IKKβ, NF-κBp65, and NF-κBp50 mRNA 

and protein in the groups pretreated with GSPE with higher 

levels of IκB-α than that in the arsenic groups. 

 

5. CONCLUSION 

 
These findings suggest that oral treatment with 

Proanthocyanidin shows a significant gastroprotective 

effects in ethanol induced gastric erosion models confirmed 

by antioxidant and anti-inflammatory activities. Also, the 

gastroprotective effect of Proanthocyanidin might be 

mediated by adjustment of inflammatory mediators, 

apoptosis and increasing antioxidants as well as attenuating 

oxidant/antioxidant imbalance. Moreover, Proanthocyanidin 

administration may have the potential as an alternative 

treatment for gastric ulcer because of its cytoprotective and 

anti-inflammatory effects. 
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