
 
 
Volume 10 • Number 3 • September 2019 • em00728 

www.jceionline.org  Copyright © 2019 by Authors. Licensee Modestum Ltd., UK. OPEN ACCESS for all. | 1 / 10 

JOURNAL OF CLINICAL AND 
EXPERIMENTAL INVESTIGATIONS RESEARCH ARTICLE 

 

Age-dependent Role of Cilostazol on Cold Restraint Stress-
induced Gastric Ulceration in Female Rats 

Abeer Mohamed Rashad 1*, Gehan Hussein Heeba 2, Somya Hassan Hamad 2 
 
 

1 Department of Pharmacology, 
Faculty of Medicine, Assiut 
University, Egypt 
2 Department of Pharmacology and 
Toxicology, Faculty of Pharmacy, 
Minia University, Egypt 

 

ABSTRACT 
Introduction: Cilostazol (CIL), a phosphodiesterase III inhibitor, is a potent antiplatelet drug 
which possesses vasodilator and anti-inflammatory activity that making it an effective drug in 
gastric ulcer protection.  
Objectives: This study investigated the influence of age on the effects of CIL against cold 
restraint stress (CRS) - induced gastric ulcer in rats.  
Methods: CIL (10 mg/kg/day) was administered orally for 2 weeks to adult and aged female 
rats before CRS-induced gastric ulcer.  
Results: This syudy showed that CIL exhibited gastroprotective effects in both adult and aged 
rats as evidenced by significant decrease in ulcer index, gastric mucosal malondialdehyde level, 
myeloperoxidase activity and tumor necrosis factor-α protein expression with concomitant 
increase in gastric mucosal reduced glutathione level and glutathione peroxidase activity, nitric 
oxide, prostaglandin E2 level, cyclooxygenase-1 and 2 protein expression and gastric juice 
mucin concentration compared to adult and aged CRS rats, respectively. Additionally, the 
histopathological examination results came to confirm the protection afforded by CIL in CRS 
- induced gastric ulcer.  
Conclusion: The possible protective effect of CIL against CRS-induced gastric ulceration in 
both adult and aged rat’s may be explained via its antioxidant and antiinflammatory properties 
and by enhancement of gastric mucus secretion. It could be recommended that CIL is 
considered as a more proper antiplatelet drug for adult and elderly patients who are at risk of 
gastric ulceration. 
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INTRODUCTION 
Stress-induced gastric ulceration is a 

severe damage occurring as a complication 
of exposure to excessive stress, for example, 
burns, organ failure, major surgery and 
sepsis [1]. Cold restraint stress (CRS) is the 
commonly applicable method used for 
induction of acute gastric ulcer in 
experimental animals. Maintenance of blood 
flow is important for the protection of 
gastric mucosa from endogenous and 
exogenous damaging factors and a sudden 
reduction in the gastric mucosal blood flow 
and increased free radical production play 
vital roles in gartric ulcer formation [2]. 

Many previous reports indicated that 
gastric mucosa in aged individuals has 
impaired mucosal defense by decreasing 

mucus, bicarbonate and prostaglandins 
(PGs) production, and reducing of nitric 
oxide synthase (NOS) activity and 
consequently impairing gastric mucosal 
blood flow [3-5].  

Antiplatelet therapy is useful in 
ameliorating the incidence of myocardial 
infarction, cerebrovascular accidents and 
death from vascular causes in individuals 
with thromboembolic diseases [6]. Aspirin 
in low-dose (75-325 mg/day) is most 
commonly used for the primary and 
secondary prevention of vascular 
thrombosis. As a consequence of their action 
on cyclooxygenase (COX) enzymes, aspirin 
and other non-steroidal anti-inflammatory 
drugs (NSAIDs) are associated with upper 
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gastrointestinal (GI) adverse effects, including ulceration 
and bleeding [7]. Moreover, a clinical trial has reported the 
superiority of combined antiplatelet treatment over single 
aspirin administration in preventing thrombotic 
consequences [8]. 
Cilostazol (CIL), antiplatelet drug, acts by inhibition of 
phosphodiesterase (PDE) III which possesses vasodilator, 
anti-oxidant and anti-inflammatory effects [9,10,11]. It was 
first approved for the treatment of intermittent claudication 
(IC) [9]. Accordingly, this study investigated the role of 
cilostazol on CRS-induced gastric ulceration in adult and 
aged rats. In addition, we aimed to evaluate the possible 
mechanisms involved in the effect of this drug. 

MATERIALS AND METHODS 
Drugs and Chemicals 
Cilostazol (CIL) was obtained from Otsuka 

pharmaceutical company, Egypt. Enzyme-linked 
immunosorbent assay (ELISA) kit for assessment of gastric 
mucosal prostaglandin E2 (PGE2) was provided by 
Elabscience Biotechnology Co., Ltd (Hubei, China). 
Antibodies against cyclooxygenase-1 (COX-1), 
cyclooxygenase-2 (COX-2) and tumor necrosis factor-alpha 
(TNF-α) were purchased from Thermo Fisher Scientific 
(Rockford, USA). β-actin antibodies were purchased from 
Novus Biologicals (Littleton, CO, USA). Other chemicals 
were of analytical grade and were obtained from commercial 
sources. 

Animals 
Adult female Wister rats of 3 months age (weighing 170-

200 g) and aged female Wister rats of 24 months age 
(weighing 250-300 g) were obtained from animal house, 
Assiut University, Assiut, Egypt. Female rats were selected in 
this study to ensure their ageing by stoppage their estrus 
cycle. Animals were used after two weeks of accommodation 
to the animal house conditions (12 h lighting cycle and 25 ± 
2◦ C temperature) and had free access to standard rodent 
chow and water. The animals care was done in accordance 
with the guidelines of the Canadian Council on Animal Care 
(Vol. 1, 2nd ed., 1993, and Vol. 2, 1984, available from the 
Canadian Council on Animal Care, Constitution Square, 
Tower 2, Suite 315, 350 Albert Street, Ottawa, ON K1R 1B1, 
Canada, or on their Web site at www.ccac.ca). 

Experimental Design and Induction of CRS Ulcer 
Adult and aged rats were divided into 4 groups randomly 

(8 rats per each). The first group is the normal control (adult 
control or aged control), in which rats were left freely moving 
in their cages. The second group is served as control CIL 
(adult control CIL or aged control CIL), in which rats were 
left freely moving in their cages and treated with CIL once 
daily for 2 weeks. The third group is an adult or aged CRS 
group, in which rats were exposed to CRS ulcer. The fourth 
group is an adult CRS + CIL or aged CRS + CIL, in which 

rats pretreated with CIL once daily for 2 weeks before CRS 
ulcer. 

CIL was suspended in 2% Arabic gum solution and orally 
(P.O.) given at a dose of 10 mg/kg once daily for 2 weeks in a 
volume of 5 ml/kg [12].  

Twenty four hours before the experiment, rats were 
deprived of food in a mesh-bottomed cages with free access 
to water until the last two hours before the experiment. CRS 
ulcer was induced in rats by fixing the four limbs to a wooden 
board and they were placed in a refrigerator at 4oC for 3 h 
[2]. All experiments were performed during the same time of 
the day to avoid diurnal variations of the reputed gastric 
functions regulators. 

Collection and Analysis of Gastric Juice and Mucosa 
At the end of the experiment animals were sacrificed. The 

rats were dissected and after opening the stomach and the 
gastric juice was collected. The collected gastric juice was 
centrifuged for 15 minutes at 3000 rpm and the supernatant 
was used for determination of gastric mucin concentration 
[13].  

The stomachs were washed with cold saline and the gross 
mucosal lesions were scored that expressed in terms of ulcer 
index (U.I.) as previously described [14]. The gastric mucosa 
was scraped and immediately stored at -80oC for assessment 
of mucosal content of malondialdehyde (MDA) [15], 
myeloperoxidase (MPO) enzyme activity [16], reduced 
glutathione (GSH) [17], glutathione peroxidase activity 
(GPx) [18], nitric oxide (NO) concentration [19] and PGE2 
concentration by using ELISA PGE2 immunoassay kit. 

Western Blot Assay 
Gastric mucosal tissue samples were homogenized in 

lysis buffer (20 mMTris-HCl pH 7.5, 50 mM 2-
mercaptoethanol, 5 mM EGTA, 2 mM EDTA, 1% NP40, 
0.1% SDS, 0.5% deoxycholic acid, 10 mMNaF, 1 mM PMSF, 
25 mg/mL leupeptin, 2 mg/mL aprotinin) and protein 
concentrations were determined using Bradford dye-
binding method [20]. For immunoblotting, aliquots of lysate 
were mixed with a loading buffer containing 2-
mercaptoethanol (at 100 ºC for 10 min) then loading on 10% 
SDS-PAGE. Following SDS-PAGE separation, proteins were 
transferred to PVDF membrane. Membranes were blocked 
in TBST containing 5% non-fat milk for 1 h at room 
temperature. Membrane strips were incubated with primary 
antibodies (diluted 1:1000) overnight at 4 ºC. Following 
excessive washing, membrane strips were incubated with 
anti-rabbit IgG (1:5000; Cell Signaling Technology Inc., 
USA) conjugated with horseradish peroxidase for 1 h. 
Protein bands were detected by a chemiluminescence 
method and densitometry measurements were made using 
Image J software (freeware; www.rsbweb.nih.gov/ij). 

Histolopathological Examination 
Gastric specimens were taken from all groups and were 

fixed in formalin 10%. Paraffin sections were prepared and 
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stained with Haematoxylin and Eosin. The histopathological 
examination was undertaken by light microscopy. 

Statistical Analysis 
Results were presented as means ± standard error of the 

mean (SEM) and were analyzed using one-way analysis of 
variance (ANOVA) followed by the post analysis test for 
statistically significant difference. P values < 0.05 were 
considered significant. GraphPad Prism® was used for 
statistical calculations (Version 7.00, GraphPad Software, 
San Diego California USA, www.graphpad.com). 

RESULTS 
Effect of CIL on CRS-induced Gastric Lesions in 

Adult and Aged Rats 
Results revealed that CRS produced ulcerative lesions in 

the glandular portion of the stomach and a significant (p 
<0.05) increase was observed in the U.I in both adult (41.40 
± 2.86) and aged (48.15 ± 3.82) CRS rats compared to control 

adult (0.810 ± 0.001) and control aged (0.920 ± 0.001) rats, 
respectively with more significant increase in aged CRS rats 
compared to adult CRS group (Figure 1). In contrast, 
pretreatment with CIL showed a significant (p <0.05) 
decrement in U.I. in both adult (22.38 ± 1.13) and aged 
(27.03 ± 1.61) CRS rats compared to their respective CRS 
groups, respectively (Figure 1). 

Effect of CIL on Gastric Mucosal Oxidative Stress 
Parameters in Adult and Aged Rats 

CRS significantly (p <0.05) increased gastric mucosal 
MDA concentration and MPO activity while, significantly (p 
<0.05) decreased glutathione peroxidase activity and 
reduced glutathione concentration in both groups compared 
to control adult and aged rats, respectively (Figure 2). Also, 
the results denoted that there is more significant effect in 
aged CRS rats compared to adult CRS group. Furthermore, 
the findings in Figure 2 indicated that CIL pretreatment 

 
Figure 1. Effect of CIL on CRS-induced gastric lesions in adult and aged rats 
Figure shows original captured images displaying ulcers or injuries in the mucous membrane area in adult and aged control rats (A and B, respectively), adult and aged control 
CIL rats (C and D, respectively), adult and aged CRS-induced gastric ulcer rats (E and F, respectively), adult and aged CRS + CIL rats (G and H, respectively) and representative 
bar chart of ulcer score in all groups (I).  
Data are mean ± SEM of 6 rats. 

*Significantly different from normal control rats at p < 0.05.  

οSignificantly different from adult CRS rats at p < 0.05.  

●Significantly different from aged CRS rats at p < 0.05.   
#Significantly different from adult CRS +CIL rats at p < 0.05. 
CRS: Cold restraint stress; CIL: Cilostazol. 
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alleviated these parameters with less significant (p <0.05) 
improvement in aged CRS + CIL rats compared to adult CRS 
+ CIL group. 

Effect of CIL on Gastric Mucosal COX-1 & 2 Protein 
Expressions in Adult and Aged Rats 

The result of this study illustrated a significant (p <0.05) 
elevation in the gastric mucosal COX-1 & 2 protein 
expression following CRS induction in both adult and aged 
groups compared to their respective control groups. This 
increase was more significant in aged CRS - induced group 
compared to adult CRS group (Figure 3). However, 
pretreatment with CIL produced a significant (p <0.05) 
increase in COX-1 & 2 protein expression in adult and aged 
CRS + CIL groups compared to their respective CRS - 
induced groups. This increase was more significant (p <0.05) 
in aged CRS + CIL group compared to adult CRS + CIL 
group (Figure 3). 

Effect of CIL on Gastric Mucosal NO and PGE2 

Contents and Gastric Juice Mucin Concentration in 
Adult and Aged Rats 

From Figure 4, it was clear that CRS produced a 
significant reduction in the gastric mucosal content of NO 
and PGE2 and in the gastric juice mucin level in both adult 
and aged groups CRS - rats compared to their respective 
control groups. Moreover, a significant decline was observed 
in these parameters in aged CRS group compared to adult 
CRS group. 

On the contrary and as shown in Figure 4, pretreatment 
with CIL produced a significant (p <0.05) elevation in these 
parameters in adult and aged CRS + CIL rat groups 
compared to their respective CRS groups with less significant 
(p <0.05) rise in these parameters in aged CRS + CIL group 
compared to adult CRS + CIL group. 

 
Figure 2. Effect of CIL on gastric mucosal MDA (A), MPO (B), GPx (C) and GSH (D) in CRS-induced gastric ulcer in adult and aged rats 
Data are mean ± SEM of 6 rats. 

*Significantly different from normal control rats at p < 0.05.  

οSignificantly different from adult CRS rats at p < 0.05.  

●Significantly different from aged CRS rats at p < 0.05.  
#Significantly different from adult CRS +CIL rats at p < 0.05. 
CRS: Cold restraint stress; CIL: Cilostazol. 
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Figure 3. Effect of CIL on gastric mucosal COX-1 & 2 protein expression in CRS-induced gastric ulcer in adult and aged rats.  
Data are mean ± SEM of 6 rats 
*Significantly different from normal control rats at p < 0.05. 
οSignificantly different from adult CRS rats at p < 0.05.  
●Significantly different from aged CRS rats at p < 0.05.  
#Significantly different from adult CRS +CIL rats at p < 0.05.  
CRS: Cold restraint stress; CIL: Cilostazol. 

 
Figure 4. Effect of CIL on gastric mucosal NO (A) and PGE2 (B) concentrations and gastric juice mucin content (C) in CRS-induced gastric 
ulcer in adult and aged rats 
Data are mean ± SEM of 6 rats. 
*Significantly different from normal control rats at p < 0.05. 
οSignificantly different from adult CRS rats at p < 0.05. 

●Significantly different from aged CRS rats at p < 0.05. 
#Significantly different from adult CRS +CIL rats at p < 0.05. 
CRS: Cold restraint stress; CIL: Cilostazol. 
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Effect of CIL on Gastric Mucosal TNF-α Protein 
Expression in Adult and Aged Rats 

CRS significantly (p <0.05) augmented the gastric 
mucosal TNF-α protein expression in adult and aged CRS 
groups compared to their respective control groups with a 
more significant rise in aged CRS group compared to adult 
CRS group (Figure 5). In contrast, CIL pretreatment showed 
a significant reduction in TNF-α protein expression in CRS 
+ CIL adult and aged groups compared to their respective 
CRS groups with less significant (p <0.05) diminution in 
aged CRS + CIL group compared to adult CRS + CIL group. 

Histopathological Results 
Representative photomicrographs display normal 

thickness of the gastric mucosa of control adult and aged rats 
(Figure 6A & B, respectively) and in control adult and aged 
rats received CIL (Figure 6C & D, respectively). On the other 
hand, The histological examinations of both adult and aged 
CRS groups showed disruption of the gastric gland 
superficial region with large deep wide mucosal ulcer and 
inflammation (Figure 6E & F, respectively). Pretreatment 
with CIL ameliorated the gastric mucosal damage and 
inflammatory responses with small shallow mucosal ulcer in 

both adult and aged CRS + CIL groups (Figure 6G & H, 
respectively). 

DISCUSSION 
Previous studies have documented several important 

abnormalities including changes in the structural and 
functional properties of the gastric mucosa and GI tract in 
aged people [3,5]. It has been disclosed that aging is an 
independent risk factor for the development of NSAID-
induced gastric ulceration [21]. This study investigates the 
protective effect of CIL on experimentally-induced gastric 
ulceration in adult and aged female rats.  

The significant increase in the U.I in aged rats subjected 
to CRS compared to adult CRS rats suggested that the aged 
group was more susceptible to peptic ulcer than adult group. 
The findings of this study are in agreement with the 
previously reported data of SEO et al. (2012) [4] who 
indicated that the susceptibility to injury by a variety of 
damaging agents is increased by aging with impairment of 
the healing of gastric ulcerations. In addition, many studies 
reported that the gastric mucosa of aged individuals has 
noticeable structural and functional abnormalities compared 
to the gastric mucosa in young people [21,22]. Pre-treatment 
with CIL ameliorated the U.I and produced a potential 

 
Figure 5. Effect of CIL on gastric mucosal tumor necrosis factor-alpha (TNF-α) protein expression in CRS-induced gastric ulcer in adult 
and aged rats 
Data are mean ± SEM of 6 rats. 

*Significantly different from normal control rats at p < 0.05. 
οSignificantly different from adult CRS rats at p < 0.05.  

●Significantly different from aged CRS rats at p < 0.05.  
#Significantly different from adult CRS +CIL rats at p < 0.05. 
CRS: Cold restraint stress; CIL: Cilostazol. 
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protective effect in both adult and aged CRS rats compared 
to CRS model in adult and aged rats, respectively. These 
findings are in accordance with that of Ohba et al. (2006) [23] 
who reported that CIL alleviated water-immersion stress-
induced gastric inflammation and injury by decreasing the 
production of proinflammatory cytokines. 

The oxidative stress-induced damage, incurred during 
gastric ulcer, may be related to the accumulation of reactive 
oxygen species (ROS) with subsequent destruction of 
epithelial basement membrane [24]. In the current study, the 
gastric mucosal content of MDA and MPO were increased, 
while GSH level and GPx activity were decreased in adult and 
aged CRS rats compared to their control groups with more 
significant changes in aged CRS rats compared to adult CRS 
rats. This finding suggests that the stomach in aged rats was 
already susceptible condition to oxidative stress and 
coincides with that obtained by Laine et al. (2008) [25] who 
reported that ROS have been known to be a major risk factor 
in tissue damage and aging. Pre-treatment with CIL reversed 
these oxidative changes and suppressed most of the 
damaging effects induced by CRS. The results obtained in the 
present study are in harmony with the previously reported 
data that indicated the anti-oxidant effects of CIL in several 
experimental models [10,11]. CIL inhibited lipid 

peroxidation and ameliorated gentamicin - induced 
oxidative stress possibly by its free radical scavenging 
property and/or by increasing the activity of the endogenous 
antioxidants [26]. Additionally, Da Motta and de Brito 
(2016) [27] reported that CIL decreased lipid peroxidation 
and improved glutathione level in hypercholesterolemic rats. 

The findings of the current study showed that CIL 
increased gastric mucosal expressions of both COX-1 and 
COX-2 in adult and aged CRS rats compared to CRS model 
in adult and aged rats, respectively. Such data indicated that 
there is cooperation between COX-1 and COX-2 to produce 
significant contributions to the gastric mucosal defense by 
CIL. These results are, to some extent, in agreement with the 
data obtained by Tanaka et al. (2007) [28] who demonstrated 
that mild stress protects against CRS-induced gastric 
ulceration by PGs derived from both COX-1 and COX-2 
through activation of phospholipase A2. Furthermore, 
Amagase et al. (2014) [29] revealed that PGs derived from 
COX-1 play an important role in the gastric mucosal defense 
during CRS. On the contrary, it has been reported that COX-
2 plays a crucial role in gastric mucosal defense [30]. 
Moreover, these results can be explained in the light of the 
published report indicating that COX-2 is important for the 
proliferation of epithelial cell, re-epithelization and 

 
Figure 6. Photomicrographs of the rat gastric mucosa in adult and aged control rats (A and B, respectively), adult and aged control CIL 
rats (C and D, respectively), adult and aged CRS-induced gastric ulcer rats (E and F, respectively), and adult and aged CRS + CIL rats (G 
and H, respectively). 
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reconstruction of gastric glands during the repair of gastric 
ulcer [31]. 

NO is a potent vasorelaxant mediator involved in the 
control of gastric blood flow and contributes to the 
maintenance of gastric mucosal integrity [32]. It was evident 
that the gastroprotective effect of NO mostly due to the 
maintenance of blood flow around the ulcer and increase 
PGE2 production [33]. In addition, PGs are potent 
vasodilator cytoprotective factors in gastric mucosa that 
stimulate mucus and biocarbonate secretion, maintain 
mucosal blood flow and regulate mucosal repair [30]. The 
findings of this study revealed that the gastric mucosal NO 
and PGE2 concentrations and gastric juice content of mucin 
were reduced in both adult and aged CRS rats compared to 
control groups with more significant decrease in aged CRS 
group compared to adult CRS group. Both experimental and 
clinical studies had reported impairment in gastric mucosal 
defenses by aging as indicated by decrease in bicarbonate, 
mucus and PGs secretion, reduced NOS activity and reduced 
blood flow [22,33]. Moreover, Saber and Bayumi (2016) [34] 
indicated that elderly people have a decreased mucosal PGE2 
concentration compared to adults. Our results also indicated 
that CIL increased gastric mucosal NO and PGE2 
concentrations and gastric juice content of mucin in rats 
compared to adult and aged CRS groups. NO was indicated 
to enhance PGE2 biosynthesis via a cGMP-independent 
mechanism in vivo. It is possible to adopt that NO may 
regulate the biosynthesis and the release of PGE2 in the 
gastric mucosa after its injury [33]. Furthermore, NO not 
only recovers mucosal blood flow but also plays an essential 
role in encouraging mucus secretion that is one of the 
constitute of the primary gastric mucosal defense 
mechanism [35]. Therefore, it could be stated that increasing 
gastric mucosal level of NO by CIL lead to increased mucosal 
blood flow and consequently, increased production of gastric 
mucosal PGE2 and gastric juice mucin content.  

The significant increase in gastric mucosal expression of 
TNF-α in aged CRS group compared to adult CRS group 
suggests the finding that the stomach in aged rats is exposed 
to more susceptible condition of inflammations than 
younger age. Similar results were found in a previous study 
which indicated that protein expressions of TNF-α and 
interleukin-1β (IL-1β) in the gastric mucosa were increased 
with age [5]. Another study demonstrated that chronic 
inflammation is considered as an important risk factor 
underlying aging and age-related diseases [3]. CIL produced 
significant inhibition in the expression of TNF-α in both age 
levels, suggesting a possible anti-inflammatory role of CIL 
which has been demonstrated in previous studies [23,36]. 
CIL decreased stress-induced gastric mucosal inflammation 
and injury via suppressing the concentrations of MPO, IL-1β 
and TNF-α on water-immersion stress-induced gastric 
mucosal lesions [23]. Moreover, Mendes and his co-workers 
(2009) [36] indicated that CIL inhibits inflammation and 

fibrosis in sponge-induced peritoneal adhesion in rats via 
inhibition of TNF-α production.  

The histopathological results revealed that pretreatment 
with CIL produced a structural integrity of the gastric 
mucosa and supported to the indicative mechanism of action 
of CIL. Although CIL produced significant protection in 
both adult and aged rats, it is noteworthy that its protection 
observed in aged rats was significantly lower than that 
observed in adult group and this could be attributed to the 
expected natural abnormalities in aged gastric mucosa. As 
mentioned previously, these abnormalities may include 
impairment of gastric mucosal defense (reduction of 
bicarbonate and prostaglandin production), increasing 
susceptibility to the injury by damaging agents and reduction 
of the therapeutic efficacy of anti-ulcer drugs [21,22]. 

CONCLUSIONS 
Overall, the results of the present work delineate a 

gastroprotective role for CIL against CRS-induced gastric 
ulcer in both adult and aged rats. Moreover, the protection 
afforded by CIL appears to stem from its augmentation of the 
gastric mucosal defense by its anti-oxidant and anti-
inflammatory effects. 
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