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 Abstract 

Objectives: Stress of various patterns has been linked to pathologies of body organs, 

including gastric mucosal damage. The polyphenol Resveratrol (RES) has been reported 

to have anti-ulcer properties against some models of gastric ulcer. However, its effect 

against experimental chronic unpredictable stress (CUS)-induced ulcer per se was not 

studied before. This study aims to investigate the gastric mucosal damage induced by 

CUS, its potential prevention by RES, and the mechanisms of action implicated. 

Methods. Thirty two rats were randomized into 4 groups, 8 rats each: Control, Control+ 

RES, CUS, and CUS+RES. The CUS was applied for 3 weeks, during which the vehicle 

(Normal Saline) or RES (25 mg.kg
-1

) was intraperitoneally administered on daily doses. 

Ulceration index, oxidative, inflammatory and apoptotic parameters were measured. 

Results. CUS induced severe gastric lesions of various extents, with considerable 

erosive microscopic features. There was significant increase in the levels of TBARS, 

TNF-α, IL-6, Bax and caspase-3 with concomitant significant decrease in the levels of 

SOD, GPX, PGE2, and Bcl-2 in CUS rats compared to control rats. Resveratrol 

treatment to CUS stressed rats brought all of these parameters to control levels, and 

remarkably maintained the normal morphology and microscopic architectures of gastric 

tissue. Conclusion. The present data show that supplementation with resveratrol 

ameliorates CUS-induced gastric lesions via its antioxidant, anti-inflammatory and anti-

apoptotic potentials; a promising protective consequence that may demand further 

exploration. 
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INTRODUCTION  

The role of stressful life events in the aetiology of 

various human diseases has been a fertile field of 

research during the last three decades
 1

. It has been 

increasingly recognized that stress is one of the 

important components of several diseases 

including hypertension and coronary heart disease
 

2
, immunosuppression

 3
, metabolic disorders

 4
, 

reproductive dysfunction
 5

, mental depression, 

anxiety, loss of memory, and a host of other organ 

injury diseases
 6
.  

Several studies have reported that stomach is one 

of the main targets of repeated chronic stress
 1

. 

Indeed, different stress-related mucosal 

pathologies have been described in patients, 

including gastric mucosal damage, ulceration, and 

bleeding and were responsible for considerable 

morbidity and mortality in critically ill patients
 7, 8

. 

In animal models, a lot of research has examined 

the effect of stress on the upper gastrointestinal 

tract and enough evidences are there for symptoms 

with chronic stress induced peptic lesions
 9

. 

However, the exact causes for stress-induced 

ulcers are poorly understood
 10

. Several reports 

implicated the possible roles of reactive oxygen 

species (ROS) and lipid peroxdation
 11, 12

, and 

enhanced production of inflammatory mediators
 10

. 

Also, the pro-inflammatory cytokines have been 

identified to activate intrinsic apoptotic pathway 

via induction of the apoptosis executioner protein, 

caspase-3 and inhibition of the anti-apoptotioc 

protein, Bcl2; ultimately resulting in gastric injury 

and apoptosis
 13

. 

 

        In experimental medicine and in order to 

mimic chronic stressful experiences faced by 

human beings in day-to-day life, chronic 

unpredictable stress (CUS) paradigm, with varied 

types and timing of stressors, has been classically 

used in small animals to induce gastric ulcer
 11

. 

Indeed, it was reported that CUS elevated gastric 

mucosal oxidative stress, lipid peroxides, tumor 

necrosis factor-α, and caspase-3 activity
 12, 14

. 

However, in the treatment of gastric ulcer of 

various types, it has been reported that the long 

term use of the most of the anti-ulcer drugs 

available on counters leads to various adverse side 

effects and there is still no complete harmless cure 

for this disease
 15

. Actually, during the past few 

decades, a widespread search has been launched to 

identify new anti-ulcer therapies from natural 

sources, especially those derived from plants
 16

. 

Resveratrol (RES) is a plant-derived polyphenol 

(3,5,4'-trihydroxy-trans-stilbene) that is 

synthesized by a wide diversity of plants, 

including grapes, raspberries, mulberries, 

pistachios and peanuts, in response to stress, 

injury, ultraviolet irradiation and fungal infection 

as part of their defence mechanism
 17

. Resveratrol 

biological functions include antioxidant, anti-

inflammatory and anti-cancer effects
 18, 19, 20, 21

. 

Interestingly, RES was shown to protect gastric 

tissue against the oxidative stress in cholestatic 

rats
 22

.  

         Taken in consideration the promising anti-

ulcer activity of RES, this study aimed at 

investigating whether RES exhibits any protective 

effects against CUS-induced gastric lesions in rats, 

and to further investigate the mechanisms by 

which it exerts such effects considering oxidative 

stress, lipid peroxidation, inflammatory mediators 

and key markers of apoptotic pathways. 
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MATERIALS AND METHODS  

Drugs and chemicals 

         Resveratrol is only commercially available as 

the trans-isomer (trans-resveratrol), and the stable 

and pharmacologically active form of RES was 

purchased from Sigma-Aldrich (St. Louis, MO, 

USA). RES was prepared by dissolving in a saline 

solution (0.9 % NaCl) of 20% 

hydroxypropylcyclodextrin (American Maize-

Products Co., Hammond, IN, USA) to the desired 

final volume used in the experimental procedure. 

Assay kits for determination of thiobarbituric acid 

reactive substances levels (TBARS, Cat. No. 

10009055) and for determination of superoxide 

dismutase (SOD, Cat. No. 706002) and 

gluthathion peroxidise (GPx, Cat. No. 703102) 

activities were purchased from Cayman Chemical 

(Ann Arbor, MI, USA). Enzyme-linked 

immunosorbent assay (ELISA) kits for 

determination the levels of caspase 3 (Cat. No. 

R5814), inducible nitric oxide synthase (iNOS, 

Cat. No R6663), and Bcl-2 (Cat. No. R6813) were 

purchased from STZ ELISA company, USA. 

ELISA kit for determination the levels of 

interleukin 6 (IL-6, Cat. No. ELR-IL6-001) was 

purchased from RayBio, MO, USA. ELISA kits 

for determination levels of tumor necrosis factor- 

alpha (TNF-α, Cat. No. ab46070), and 

prostaglandine E2 (PGE2, Cat. No. ab133021) 

were purchased from Abcam, Cambridge, MA, 

USA.  

 

Animals 

         Thirty two adult male Wistar that are 8 

weeks of age and weighing 230±10 g were used 

for the experiments. The animals were obtained 

from the animal house of the College of Medicine, 

King Khalid University, Abha, Saudi Arabia 

where they were fed standard rat pellets and 

allowed free access to water before the 

experiment. They were housed at a controlled 

ambient temperature of 23±2 °C and 50±10 % 

relative humidity, with 12-h light/12-h dark cycles. 

Experiments were performed with the approval of 

the Biomedical Research Ethics Committee at 

King Khalid University, Abha, Saudi Arabia 

(REC. No. 2014-06-09), and all procedures were 

performed according to the Guide for the Care and 

Use of Laboratory Animals
 23

. 

 

Experimental approach 

         After one week adaptation period, rats were 

randomly assigned to 4 groups, 8 rats each, and 

were distributed in their corresponding cages (4 

per cage, 2 cages for each group) and treated as 

follows: The first group is the control group 

(Control) that received normal saline containing 

20% hydroxypropylcyclodextrin (1 ml.kg
-1

 i.p.) as 

vehicle. The second group is the resveratrol-

treated control group (Control+RES) that received 

RES  (at a dose of 25 mg.kg
-1

 i.p.). The third group 

is the Chronic unpredictable stress (CUS) group 

that were exposed to CUS protocol (as detailed 

below) and received normal saline containing 20% 

hydroxypropylcyclodextrin (1 ml.kg
-1

 i.p.). The 

fourth group is the (CUS+RES) group that were 

exposed to CUS (as detailed below) with a 

concomitant daily dose of RES (25 mg.kg
-1

 i.p.). 

The CUS procedure and RES treatments were 

carried out for consecutive 21 days on daily dose 

in the rat groups, as appropriate. The dose selected 

for RES was based on previous studies that 

demonstrated safely its antioxidant and anti-
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apoptotic consequences in various disease 

conditions
 24

.  

 

Unpredictable chronic stress (CUS) protocol 

         This protocol was applied to the third (CUS) 

and the fourth (CUS+RES) groups of rats. A set of 

recognized chronic unpredictable mild stressors 

were used to induce gastric lesions in rats
 25

. Those 

stressors include: Cage tilting and damp sawdust 

for 24 h (200 ml of water per individual cage, 

which is enough to make the sawdust bedding 

wet), Noises for 1h (alternative periods of 60 dBA 

noise for 10 min and 10 min of silence), 

Swimming in 4 °C cold water for 5 min, Exposure 

to an experimental room heat at 50 °C for 5 min, 

Food deprivation for 48 h, Water deprivation for 

24 h, Tail clamp for 1 min, Unpredictable shocks 

(15 MA, one shock/5 s, 10 s duration), and 

Restricted movement for 4 h. One stressor was 

applied per day, and the whole chronic stress 

procedure lasted for 3 weeks with a completely 

random order. On the other hand, the Control and 

the (Control+RES) groups were housed 

undisturbed in another experiment room under the 

standard conditions.  

 

Assessment of gastric tissue lesions  

         Six hours after the last treatment on day 21 

of the experimental protocol, the rats were 

humanely sacrificed, under diethyl ether 

anaesthesia, by decapitation. Each stomach was 

surgically removed and opened along the greater 

curvature, and the gastric juice was collected for 

determination of pH and gastric acidity. Then, 

each stomach was directly washed with ice-cold 

saline and examined for macroscopic mucosal 

lesions. The gastric mucosal damage was 

expressed in terms of ulcer index (UI) according to 

an established equation
 26, 27

. It depends on the 

calculation of a lesion index by using of a 0-to-3 

scoring system based on the severity of each 

lesion. The severity factor was defined according 

to the length of the lesions: severity factor 0 = no 

lesions, severity factor 1 = lesions < 1 mm length, 

severity factor 2 = lesions 1-4 mm length, and 

severity factor 3 = lesions > 4 mm length. The 

lesions score for each rat was calculated as the 

number of lesions in the rat multiplied by their 

respective severity factor. The UI for each group 

was taken as the mean lesion score of all the rats in 

that group. The percentage of protection by 

resveratrol was calculated using this equation
 28

: 

The percentage of protection = ((the CUS group 

UI – the resveratrol treated CUS group UI) / (the 

CUS group UI)) x 100. 

 

Analysis of gastric juice 

        Gastric juice collected from each animal was 

centrifuged at 3000 rpm for 10 min to remove any 

solid debris. Samples of gastric juice were 

analyzed for hydrogen ion concentration by pH 

titration with 0.1N NaOH solutions
 29, 30

.  

 

Histopathological studies 

         Specimens from gastric tissues (5µm 

thickness) from all experimental groups were fixed 

in 10 % neutral buffered formalin, dehydrated in 

ascending concentrations of ethylalcohol (70-100 

%), and then prepared using standard procedures 

for Hematoxylin and Eosin staining, before being 

evaluated using light microscope.  
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Gastric homogenates preparation and 

biochemical analysis 

         Parts of the stomachs obtained from the rats 

in all groups were freshly washed with phosphate 

buffered saline (PBS), pH 7.4. Then they were 

homogenized with an ultrasonic homogenizer in 

cold phosphate buffer, pH 7.4, containing 

ethylenediaminetetraacetic acid (EDTA). The 

supernatant obtained was distributed in separate 

tubes and stored at –70 °C for later determination 

of the levels of: the anti-apoptotioc protein Bcl-2, 

the apoptosis executioner protein caspase 3, 

prostaglandin E2 (PGE2), inducible nitric oxide 

synthase (iNOS), nitrate, nitrite, interleukin 6 (IL-

6), tumor necrosis factor- alpha (TNF-α), and 

thiobarbituric acid reactive substances (TBARS), 

and the activities of superoxide dismutase (SOD) 

and superoxide dismutase (GPx); appropriately 

according to manufacturer’s instructions.  

 

RNA extraction and RT-PCR 

        Established published sequences of PCR 

primers used for the detection of Bax, p53 and β-

actin were used
 31, 32

. Total RNA was extracted 

from the frozen parts of gastric tissue (30 mg) 

using an RNeasy Mini Kit (Qiagen Pty. Ltd., 

Victoria, Australia) according to manufacturer’s 

directions. The concentration of total RNA was 

measured by absorbance at 260 nm using a 

UV1240 spectrophotometer (Shimadzu, Kyoto, 

Japan). The purity was estimated by the 260 / 280 

nm absorbance ratio. Single-strand cDNA 

synthesis was performed as follows: 30 µl of 

reverse transcription mixture contained 1 µg of 

DNase I pretreated total RNA, 0.75 µg of oligo d 

(T) primer, 6 µl of 5x RT buffer, 10 mM 

dithiothreitol, 0.5 mM deoxynucleotides, 50 U of 

RNase inhibitor, and 240 U of reverse 

transcriptase (Invitrogen). The RT reaction was 

carried out at 40 °C for 70 min followed by heat 

inactivation at 95 °C for 3 min. The tested genes 

and the internal control (β-actin) were amplified 

by PCR using 2 µl RT products from each sample 

in a 20 µl reaction containing Taq polymerase 

(0.01 U.ml
-1

), dNTPs (100 mM), MgCl2 (1.5 mM) 

and buffer (50 mM Tris-HCl). PCR reactions 

consisted of a first denaturing cycle at 97 °C for 5 

min, followed by a variable number of cycles of 

amplification, consisting of denaturation at 96 °C 

for 30 sec, annealing for 30 sec, and extension at 

72 °C for 1 min. A final extension cycle of 72 °C 

for 15 min was included. Annealing temperature 

was adjusted for each target: 60 °C for p53, and 55 

°C for Bax and β-actin. A control reaction without 

reverse transcriptase was included for every 

sample of RNA isolated to verify the absence of 

contamination. PCR products (10 µl) were 

electrophoresed on 2% agarose gels containing 

100 ng.ml
-1

 ethidium bromide, and photographed 

with a Polaroid camera under ultraviolet 

illumination. Gel images were scanned, and the 

bands for Bax, p53, and β-actin were quantified 

using the myImageAnalysis Software, Thermo 

Scientific, USA
 33

. Bax and p53 intensities were 

normalized to those of the corresponding β-actin 

band intensity for each sample. 

 

Statistical analysis 

        Statistical analyses were performed using the 

GraphPad Prism 6 statistical software package 

(GraphPad Software Inc., La Jolla, CA, USA). 

Data are expressed as means with their standard 

Deviation (means ± SD). Normality and 

homogeneity of the data were confirmed before 
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ANOVA, and differences among the experimental 

groups were assessed by One Way ANOVA 

followed by post hoc Tukey’s test. Values were 

considered significantly different at p < 0.05. 

 

RESULTS 

1. Macroscopic and acidity changes in the 

stomach: 

There were no gastric lesions or haemorrhage in 

the stomachs of both the control and resveratrol 

(RES) treated groups of animals (Fig. 1 upper 

panel A & B). On the contrary, chronic 

unpredictable stress (CUS) caused severe gastric 

mucosal damage characterized by observable 

mucosal lesions, including petechial lesions and 

haemorrhage bands of different sizes (Fig. 1 upper 

panel C). The CUS rats have a remarkably high 

ulcer index (UI), with a concomitant decrease in 

the gastric juice pH of more than 55 % when 

compared to gastric juice pH of control or RES-

treated groups (Fig. 1 lower panel A & B). Pre-

treatment with RES offered a significant protection 

against CUS-induced gastric lesions as apparent in 

the experimental rats that received RES as a 

concomitant drug with the stress protocol (Fig. 1 

upper panel D), and the high percentage of 

protection by RES was associated with a 

restoration of normal gastric juice pH levels (Fig. 

1 lower panel A & B). 

 

2. Microscopic histopathological changes in the 

stomach: 

Gastric histological sections stained with 

haematoxylin and eosin from the control group 

(Fig. 2 A & Aꞌ) and RES treated control group 

(Fig. 2 B, & Bꞌ) showed normal architecture and 

revealed no gastric mucosa injuries. Conversely,  

 Figure (1). Assessment of gastric lesions in all experimental 

groups. Upper panel (I): The morphological changes in 

stomachs of all groups of rats showing large hemorrhagic 

ulcerated areas of different lengths in CUS group of rats (C), 

and absence of lesions areas in the control (A), Control+ RES 

(B), and CUS+RES (D) rats. Lower panel (II): The numerical 

values of gastric ulcer index (A), and gastric juice pH (B) in 

all groups of rats. Values are expressed as mean ± SD (n=8 in 

each group). (a) Significantly different compared to Control 

group. (b) Significantly different compared to Control+RES 

treated group. (c) Significantly different when to CUS group. 

Analysis was done by One Way ANOVA with post hoc 

Tukey’s Test, and values were considered significantly 

different at p < 0.05. CUS: Chronic unpredictable stress. RES: 

Resveratrol. UI: Ulcer index. 

 

  Conversely, sections obtained from CUS rats 

showed severe mucosal erosions and disruption of 

the surface epithelium, with necrotic lesions 

penetrating deeply into mucosa and reaching the 

muscularis mucosa, as well as extensive edema 

and leucocytes infiltration of submucosal layer 

(Fig. 2 C & Cꞌ). Normal gastric architecture was 

superbly preserved in the CUS rats that were 

administered with RES(Fig.2D&Dꞌ). 
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 Figure (2). Photomicrographs of gastric tissues obtained from 

all experimental groups (HE stain, left panel at x200 and right 

panel at x400 of the square area of the corresponding tissue). 

The control group (A) and the control+RES group (B) show 

normal gastric architecture with gastric pits and gastric glands 

and no injuries to the gastric mucosa are seen. On the 

contrary, the CUS group (C) shows severe mucosal erosion 

and sever disruption of the surface epithelium with apoptotic 

and necrotic lesions penetrating deeply into mucosa, as well 

as extensive submucosal oedema and leucocytes infiltration. 

The CUS+RES group (D) remarkably shows normal 

architectures of gastric mucosa with intact layers and no 

pathologies of the surface epithelium or the submucosal 

tissues. HE: Haematoxylin and eosin. CUS: Chronic 

unpredictable stress. RES: Resveratrol.  

 

3. Gastric oxidative stress and nitrosative stress 

parameters: 

        Significant decrease in the levels of 

thiobarbituric acid reactive substances (TBARS), 

with a concomitant increase in the activity of 

superoxide dismutase (SOD), and no change in the 

levels of GPx were observed in the RES treated 

group as compared to control group. However, in 

the CUS group, a substantial significant 2.5 folds 

increase in the levels of TBARS, and significant 

decrease in both SOD and GPx activities were 

detected, indicating increased gastric lipid 

peroxidation and oxidative stress during CUS. The 

levels of TBARS, SOD activity, and GPx activity 

returned to their normal control levels when the 

CUS rats were treated with RES, revealing a 

potent antioxidant activity of RES (Fig. 3). On the 

other hand, the results did not show any significant 

changes, between all of the four experimental 

groups of rats, in the levels of inducible nitric 

oxide synthase (iNOS), nitrate, nitrite, or the 

nitrate/nitrite ratio. 

 
Figure (3). Levels of thiobarbituric acid reactive substances 

(TBARS; A), activity of superoxide dismutase (SOD; B), and 

activity of glutathione peroxidase (GPx; C) in the gastric 

tissue homogenates of all experimental groups of rats. Values 

are expressed as mean ± SD (n=8 in each group). (a) 

Significantly different compared to Control group. (b) 

Significantly different compared to Control+RES treated 

group. (c) Significantly different when to CUS group. 

Analysis was done by One Way ANOVA with post hoc 

Tukey’s Test, and values were considered significantly 

different at p < 0.05. CUS: Chronic unpredictable stress. RES: 

Resveratrol. 
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4. Gastric inflammatory markers: 

As shown in Figure 4, no significant change in the 

gastric tissue homogenates levels of interleukin-6 

(IL-6) but significant decrease in the levels of 

tumor necrosis factor alpha (TNF-α) were seen in 

RES treated rats compared to control group. 

Considerable significant elevations of TNF-α and 

IL-6 levels were detected in the CUS group by 93 

% and 116 %, respectively. On the other hand, 

significant decreases in the gastric levels of TNF-α 

and IL-6 were seen in the CUS rats treated with 

RES compared with CUS group. The percentage 

improvements in the levels of IL-6 and TNF-α in 

this CUS-RES groups of rats were 92 % and 95 %, 

respectively, demonstrating the anti-inflammatory 

effect of RES (Fig. 4 A&B). Indeed, resveratrol 

administration to control rats (control+RES) did 

not alter the levels of prostaglandin E2 (PGE2) as 

compared to control group. However, the synthesis 

of mucosal PGE2 was markedly (48 %) 

suppressed in rats challenged with CUS, compared 

to the normal control rats. Adequately, 

contemporaneous treatment of rats with RES 

during CUS resulted in 84 % improvement in the 

levels of PGE2 as compared to CUS rats (Fig. 4 

C). 

 

5. Gastric levels of Bcl-2 and caspase 3 proteins 

The levels of the apoptosis executioner protein 

caspase 3 did not show any noteworthy change 

between the control and the RES treated control 

groups (Fig. 5 B). Interestingly, RES 

administration to control rats significantly 

enhanced the levels of the anti-apoptotioc protein 

Bcl-2 (Fig. 5 A). On the other hand, the levels of 

Bcl-2 were significantly (61 %) lowered and the 

levels of caspase 3 were tremendously (205 %) 

elevated in the gastric homogenates of CUS rats as 

compared to control rats, endorsing CUS-provoked 

apoptosis (Fig. 5 A & B).  

 
Figure (4). Levels of interleukin 6 (IL-6; A), tumor necrosis 

factor-α (TNF-α; B), and prostaglandin E2 (PGE2; C) in the 

gastric tissue homogenates of all experimental groups of rats. 

Values are expressed as mean ± SD (n=8 in each group). (a) 

Significantly different compared to Control group. (b) 

Significantly different compared to Control+RES treated 

group. (c) Significantly different when to CUS group. 

Analysis was done by One Way ANOVA with post hoc 

Tukey’s Test, and values were considered significantly 

different at p < 0.05. CUS: Chronic unpredictable stress. RES: 

Resveratrol. 
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Co-administration of RES during CUS ameliorated 

the CUS-provoked apoptosis and normalized the 

levels of both proteins to their control values (Fig. 

5 A & B).  

 

 

Figure (5). Levels of Bcl-2 (A) and caspase 3 (B) in the 

gastric tissue homogenates of all experimental groups of rats. 

Values are expressed as mean ± SD (n=8 in each group). (a) 

Significantly different compared to Control group. (b) 

Significantly different compared to Control+RES treated 

group. (c) Significantly different when to CUS group. 

Analysis was done by One Way ANOVA with post hoc 

Tukey’s Test, and values were considered significantly 

different at p < 0.05. CUS: Chronic unpredictable stress. RES: 

Resveratrol. 

 

6. Gastric levels of p53 mRNA and Bax mRNA: 

Figure 6 shows the transcriptional changes of 

gastric tissue p53 and Bax mRNAs in all groups of 

rats. All tested transcripts were detected, and RT-

PCR resulted in fragments similar in size to those 

expected. The levels of the β-actin transcript 

remained reasonably constant in all groups. In the 

control groups of rats that received the vehicle or 

RES, p53 mRNA and Bax mRNA were barely 

detectable and have similar level of expressions, 

correspondingly. However, it is noteworthy that 

the levels p53 mRNA and Bax mRNA increased 

several folds in the CUS rats. The Bax mRNA but 

not the P53 mRNA was significantly reduced upon 

treatment of CUS rats with RES, nevertheless both 

of them remained higher than those expressed in 

the control group (Fig. 6). 

 

 Figure (6). Semiquantitative reverse transcription PCR 

products and relative expression of gastric tissue mRNA of 

p53 and Bax in reference to β actin mRNA (housekeeping 

gene). The RT-PCR products obtained from all groups were 

separated by 2 % agarose gel electrophoresis with 100 ng.ml-1 

ethidium bromide. (L) Ladder, (1) Control, (2) Control+ RES, 

(3) CUS, (4) CUS+RES, and (5) Negative control in which 

reverse transcriptase was omitted. The relative density of 

images, normalized to β actin, were analyzed by 

myImageAnalysis Software, Thermo Scientific, USA. Values 

are expressed as mean ± SD (n=8 in each group). (a) 

Significantly different compared to Control group. (b) 

Significantly different compared to Control+RES treated 

group. (c) Significantly different when to CUS group. 

Analysis was done by One Way ANOVA with post hoc 

Tukey’s Test, and values were considered significantly 

different at p < 0.05. CUS: Chronic unpredictable stress. RES: 

Resveratrol. 

 

 

DISCUSSION  

 This study used the chronic unpredictable 

stress (CUS) protocol, which has been widely used 

in small animals to induced gastric ulcer as a 

justifiable paradigm to demonstrate similar 
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mechanisms of stress-induced gastric injury like 

that of human. Supporting the stress-induced 

gastric injury previously reported in literature
 1, 11, 

12
, a major outcome of the current study showed 

that CUS for consecutive 21 days induced severe 

gastric lesions in rats as manifested by the 

microscopic and macroscopic evidences. The 

fundamental mechanisms by which CUS induced 

gastric lesions in this study are increased lipid 

peroxidation, oxidative stress, acid secretion and 

inflammation with a concomitant enhancement of 

gastric apoptosis and necrosis. The unique 

outcome of the current study is the first 

experimental demonstration of a complete remedy 

of CUS-induced gastric lesions by intraperitoneal 

administration of Resveratrol (RES) via reversing 

the CUS-triggered pathways that induced ulcer. 

    

        In the pathogenesis of gastric ulcers, the 

increase in gastric acidity and hydrogen ions are 

considered the most aggressive factors involved in 

CUS-induced ulcer
 34

. In the present study, 

significant decrease in pH value of gastric juice 

was observed in stressed rats as compared to 

control rats. This increase in gastric acidity is 

undoubtedly due to increased production of 

hydrochloric acid (HCl). During chronic stress, 

several mechanisms such as over secretion of 

histamine and stimulation of the stomach acid 

secretion both sympathetically and 

parasympathetically were attributed to contribute 

in increasing secretion of HCl
 35

. Indeed, central 

sympathetic activation is invariably associated 

with stress
 36

. 

 

        Prostaglandin E2 (PGE2) was shown to have 

protective effects against various gastric injury 

models
 37

. Previous reports have shown that PGE2 

is capable to maintain mucosal blood flow, 

stimulate mucus and bicarbonate secretion, 

improve the resistance of epithelial cells to injury 

induced by cytotoxins, and inhibit leukocyte 

recruitment
 38, 39

. In the current study, the 

significant decreased measured levels of PGE2 

during chronic stress suggest the inhibitory roles 

of CUS on PGE2 synthesis and hence concealing 

its entire antiulcer protective action, and 

eventually provoking gastric ulcer. Moreover, and 

parallel to decreased PGE2 levels, activation of 

sympathetic nervous system by stress is usually 

associated with arteriolar vasoconstriction, thus 

reducing blood flow to the stomach, while 

activation of parasympathetic nervous system 

enhances gastric motility and muscular contraction 

leading to vascular compression with consequent 

mucosal ischemia
 40

. Consequently, in both cases 

and following the ischemic event, superoxide 

anion (O2
-
) leakage from mitochondrial electron 

transport chain is triggered, which further 

augments hydrogen peroxide (H2O2) and hydroxyl 

radical (OH
-
) production and hence increasing 

tissue oxidative stress. Overproduction of reactive 

oxygen species (ROS) results in oxidative damage, 

including lipid peroxidation, protein oxidation, and 

DNA damage, which can lead to cell death
 41

. 

Indeed, oxidative stress resulting in these 

mechanisms in the gastric mucosa has proved to be 

an important element in the development and 

progression of epithelial necrosis and mucosal 

ulceration
 42

. 

 

        Gastric mucosal inflammation is too 

implicated to be involved in the pathogenesis of 

various gastric mucosal injuries
 43

. It has been 
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reported that overexpression of interleukin-6 (IL-

6) and tumor necrosis factor alpha (TNF-α)  are 

leading factors mediating neutrophil infiltration of 

gastric mucosa which further exacerbates ROS 

production
 44

 through increased activity of 

neutrophils NADPH oxidase
 45

. In agreement to 

this, a previous study showed positive correlation 

between the level of pro-inflammatory cytokines 

and ROS in a model of gastric ulcer and concluded 

that a decrease of ROS production caused 

decreased mucosal neutrophil infiltration and 

hence decrease ulcer index
 46

. In agreement, the 

current study revealed increased levels of gastric 

IL-6, TNF-α and thiobarbituric acid reactive 

substances (TBARS) with a concomitant decrease 

in the activities of superoxide dismutase (SOD) 

and glutathione peroxidase (GPx). Taking 

together, the present study supports the suggestion 

that local gastric ROS generation could be an 

initiating or triggering event in the early phase of 

CUS-induced gastric mucosal injury
 47

. On the 

other hand, previous studies documented that nitric 

oxide (NO) is considered as a gastroprotective 

factor, when released from gastric epithelium in 

smaller amounts
 48

. In the stomach, NO is mainly 

produced by cNOS and iNOS enzymatic pathways
 

49
. NO synthase and NO act to maintain mucosal 

integrity through modulating various functions 

such as mucus secretion, bicarbonate secretion, 

and mucosal blood flow
 50, 51

. NO has also been 

reported protect against gastric damage by 

promotion of PGE2 synthesis
 52

. In the present 

study, CUS did not show any changes in the levels 

of iNOS or nitrate/nitrite levels, indicating that the 

decrease in the levels of PGE2 or the increase in 

ROS occurs independently of NO. 

 

        The current study is showing, for the first 

time, that CUS induced both apoptosis and 

necrosis in rat’s gastric tissue as approved by the 

molecular and histopathological evidences. This 

novel finding has shown the activation of intrinsic 

apoptotic pathway to be a common death pathway 

of the gastric mucosa cells in CUS. In general, two 

major pathways can induce apoptotic cell death; 

the intrinsic, mitochondrial, pathway involves 

Bax/Bcl-2, cytochrome C and caspase-9, and the 

extrinsic, death receptor, pathway is involved Fas 

and caspase-8 protein. Both pathways converge to 

a final apoptosis execution step which includes 

caspase 3. Caspase 3 is considered to be a major 

executioner protease which is essential for 

apoptotic death in mammalian cells
 53

. On the other 

hand, p53 is a tumor suppressor protein which can 

activate both extrinsic and intrinsic pathways of 

apoptosis
 54

. It has been reported that when there is 

an irreparable and severe DNA damage, p53 

induces the expression of Bcl-2 pro-apoptotic 

family members: Bax, Puma and Noxa, resulting 

in shifting of the balance towards intrinsic pro-

apoptotic effects
 55

. In the current study, CUS 

resulted in a significant increase in the gastric 

caspase 3 levels and enhanced mRNA levels of 

P53 and Bax genes. Also, there was a significant 

decrease in the gastric levels of Bcl-2. Although, 

These finding suggests an CUS activation of the 

intrinsic pathway of apoptosis, the components of 

the extrinsic pathway activated by TNF-α could be 

also involved in this apoptotic pathway and  

further studies is required. However, as noticed in 

the above discussion, the diversity of different 

pathways underlying stress-induced gastric ulcer, 

and the complex nature of pathways participating 

in healing always make the treatment a 
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complicated challenge
 56

. It is well accepted that 

maintaining equilibrium between aggressive and 

defensive factors is always a critical objective in 

ulcer management. In the current study, RES 

intraperitoneal administration completely 

protected the gastric tissue from CUS-induced 

ulcer. The data shows complete reversal of all 

major pathways involved in CUS induced ulcer by 

RES via potent antioxidant, anti-inflammatory and 

interestingly, anti-apoptotic protective effects. 

Findings of the present study are similar to those 

obtained by previous research which showed that 

RES treatment supported antioxidant defences and 

to reduce oxidative gastric damage in cholestatic 

rats
 22

. Additionally, RES were reported to have 

both protective and therapeutic effects on 

oxidative gastric damage by suppressing pro-

inflammatory cascades, including the activation of 

pro-inflammatory cytokines, accumulation of 

neutrophils and release of ROS in acetic acid--

induced gastric ulcer
 57

. However, interestingly, the 

current study is the first that shows that RES 

protects against CUS-induced apoptosis. Given 

that normal levels of Bcl-2 and caspase 3 and 

normal expression levels of both p53 and Bax in 

the gastric tissue of normal rats treated with RES, 

it seems that RES main mechanism of action is 

due to inhibition of oxidative stress-induced 

apoptosis rather than regulating the levels of these 

apoptotic and anti-apoptotic proteins per se. 

Indeed, It has been reported that high levels of 

ROS provoke p53 levels, and disrupt the cells 

inner and outer mitochondrial membranes, 

relocating Bax, and induce the release of the 

cytochrome c, and activates caspase 9 and 3 

resulting in cell apoptosis
 58

.   

 

        However, the current data are not in complete 

agreement with those reported by Brzozowski and 

colleagues
 49, 50

 who showed that RES treatment 

delay healing of gastric ulcer induced by ischemia-

reperfusion and acetic acid by reducing PGE2 

synthesis via specific inhibition of cyclooxygenase 

(COX)-1. In those studies, RES treatments were 

applied intragastrically, which may be the reason 

for the lack of its facilitatory effect on the healing 

of gastric ulcer as observed in the present study 

were RES treatments were given intraperitoneally. 

Supporting to this, unlike Brzozowski studies, 

RES did not affect PGE2 levels in the control rats 

and significantly decreased its levels in the ulcer 

group of rats. 

 

        In conclusion, the present study investigated 

the gastric mucosal damage in a rat model of 

chronic unpredictable stress (CUS), and shows that 

supplementation with the polyphenol resveratrol 

successfully offers a protective effect against 

CUS-induced gastric ulcer. The mechanisms of 

resveratrol ameliorative action entail potent 

antioxidant, anti-inflammatory, and anti-apoptotic 

effects. 
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