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ABSTRACT 

Certain angiotensin receptor blockers (ARBs) possess peroxisome proliferators 

activator receptor gamma (PPAR-γ) activating
 
potency that correlates with their degree of 

lipophilicity. So, the present study was conducted to evaluate the gastro-protective effect of 

telmisartan; the well-established ARB with the highest lipophilicity; on cold-restraint stress 

(CRS) -induced gastric ulcer models in rats, in comparison with other ARBs (candesartan and 

olmesartan), to justify the possible role of PPAR-γ agonistic activity of ARBs in gastro-

protection. Rats were assigned to sham control, cold-restraint stress, telmisartan, candesartan 

and olmesartan pre-treated groups (10 mg/kg each for 15 days). Pre-treatment with 

telmisartan, candesartan or olmesartan for 15 days induced elevation in PPAR-γ mRNA 

associated with an increase in the defensive factors by virtue of its ulcer score, antioxidant 

enzyme activities as well as the prostaglandin E2 (PGE2) level and a decreased in the 

aggressive factors like malondialdehyde (MDA), free acidity, pepsin, myeloperoxidase 

(MPO) activity and TNF-α level. Moreover, telmisartan provided superior gastroprotection to 

candesartan and olmesartan. In conclusion, telmisartan, candesartan and olmesartan could 

protect rats' gastric mucosa from CRS –induced ulcerations most possibly through its anti-

oxidant activity, anti-secretory actions and enhanced mucosal protection. Activation of 

PPAR-γ might be one potential AT1-independent mechanism of action that explains the 

superiority of telmisartan in gastroprotection than candesartan and olmesartan. 

Key words: Cold-restraint stress, Telmisartan, Candesartan, Olmesartan, oxidative   stress,   

                      TNF-α, prostaglandin E2 

 

INTRODUCTION 

Peptic ulcer, encompassing gastric and duodenal ulcers, is the most common 

gastrointestinal tract disorder in clinical practice (Sumbul et al., 2011), and hence, some 

researchers consider it a new plague of the twenty-first century (O'Malley, 2003). Moreover, 

peptic ulcer has been one of the leading causes of gastrointestinal surgery, with high 

morbidity and mortality rates (Sumbul et al., 2011). 

Cold-restraint stress (CRS) is a commonly used and clinically relevant experimental 

model for acute gastric damage (Bregonzio et al., 2003). The pathological basis for the 

development of this lesion has been postulated to be multifactor such as increased gastric acid 

secretion, inhibition of gastric mucosal prostaglandin synthesis, disruption of gastric mucosal 

barrier, reduction of gastric mucosal blood flow, inhibition of gastric mucus and bicarbonate 

secretion (Alsarra et al., 2010; Manas et al., 2010). Another mechanism of gastric damage is 

release of myeloperoxidase enzymes, various cytokines like TNF-α and interleukin 

(Muthuraman and Sood, 2010) and development of oxidative stress (Singh et al., 2008; 

Oyagi et al., 2010). 
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An increasing body of evidence indicates that Angiotensin II (Ang II) has been 

accepted as a fundamental stress hormone in the body (Bregonzio et al., 2008; Zhu et al., 

2011). Most of the established effects of Ang II appear to be mediated through the Ang II type 

1 (AT1) receptor. Angiotensin receptor blockers (ARBs) have been used widely in the clinic 

as antihypertensive agents. More recently, treatment with some ARBs has been found to be 

effective in the treatment of stress-related disorders (Saavedra and Benicky, 2007; Pavel et 

al., 2008). 

In the last few years, it has become evident that the therapeutic effects of PPAR-γ 

ligands reach far beyond their use as insulin sensitizers. PPAR-γ has been implicated as a 

regulator of cellular inflammatory and ischemic responses (Pershadsingh, 2004). It became 

also apparent that the pleiotropic effects of PPAR-γ stimulation included also its protective 

action against gastric mucosal damage; and this protection involved endogenous 

prostaglandins (PG), nitric oxide (NO) and attenuation of the expression and release of pro-

inflammatory cytokines (Wada  et al., 2004; Brzozowski  et al., 2005).  

Certain ARBs possess PPAR- γ activating
 
potency that correlates with their degree of 

lipophilicity (Schupp et al., 2004, 2006). So, PPAR-activating ARBs by their dual functions 

(AT1 receptor antagonism and PPAR-γ activation) are suggested to be efficacious for 

protection against gastric ulcers. 

Telmisartan is a well-established ARB with the highest lipophilicity and affinity 

to
 
PPAR-γ than candesartan and olmesartan (Schupp et al., 2004). Hence, the aim of the 

present study was to evaluate the gastro-protective effect of telmisartan on CRS-induced 

gastric ulcer models in rats, in comparison with other ARBs (candesartan and olmesartan), to 

justify the possible role of PPAR-γ agonistic activity of ARBs in gastro-protection. 

 

 MATERIALS AND METHODS 

 Experimental animals: 

           Fifty adult male albino rats weighing 200 ± 10 g were used in this study. They were 

purchased from the Egyptian Organization for Biological Products and Vaccines (Egypt), and 

allowed free access to food and water ad libitum. They were kept under constant conditions 

with 12/12 h light/dark cycles and left for acclimatization for one week before the start of the 

study. All experimental procedures were approved by the Institutional Animal Care and Use 

Committee in the Suez Canal University. 

Drugs: 

            Telmisartan (Boehringer Co., Germany), Candesartan (Astra Zeneca Co., Egypt) and 

Olmesartan (Sankyo Co., Japan) were used. Telmisartan was given orally once a day by 

gastric tube at a dose of 10 mg/kg (Kakadiya et al., 2010), Candesartan was given orally 

once a day by gastric tube at a dose of 10 mg/kg (Bregonzio et al., 2008) and Olmesartan was 

given orally once a day by gastric tube at a dose of 10 mg/kg (Sukumaran et al., 2010). All 

drugs were dissolved in distilled water and given for 15 days. 

Pyloric ligation was performed to all animals in all groups in order to collect the 

gastric juice; animals were given water but no food for 24 h. before the experiment. Rats were 

anaesthetized with i.p. injection of urethane in a dose of 1.25 mg/kg (Iwamoto et al., 1987). 

Pylorus ligation was performed by a small midline incision below the xiphoid process. Pyloric 

portion of the stomach was lifted slightly and ligated avoiding traction to the pylorus and 

damage to the blood supply. The stomach was replaced carefully, and abdomen was closed by 
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interrupted sutures. During the post-operative period, animals were deprived of both food and 

water (Manas et al., 2010).   

Experimental Protocol 

Rats were randomly divided into 5 groups, 10 per each. Rats were assigned to Sham 

operated control group (received distilled water orally daily for 15 days; on day 16, they were 

subjected to pyloric ligation and were used as normal control group), CRS control group, 

telmisartan, candesartan and olmesartan treated groups (received distilled water, telmisartan, 

candesartan or olmesartan, respectively, orally daily for 15 days; on day 16 all animals were 

underwent pyloric ligation and CRS). 

Induction of gastric ulceration and collection of gastric juice  

Cold-restraint stress was performed to animals in all groups except the sham group. 

Rats were immobilized in individual restraint boxes and immersed up to the depth of the 

xiphoid process in a (4 ± 1°C) water bath for 3.5 h (Dekanski et al., 2009). At the end of this 

period, blood samples were collected via the tail veins, then rats were sacrificed; abdomen 

was opened by the midline incision. The esophageal region was ligated to prevent the loss of 

gastric fluid and the stomach was dissected out. The gastric contents were drained into a small 

beaker. The actual volume of gastric contents was recorded and pH was determined. The 

contents were subjected to centrifugation at 2000 rpm for 10 min. The supernatant was 

subjected to analysis for total acidity and free acidity. 

Assessment of gastric mucosal lesions 

The stomach was removed, inflated with 10 ml saline and fixed with 4% neutral 

formalin for 30 sec. This procedure fixed only the outer layer of the stomach tissue rendering 

the inner lining of the stomach quite smooth, facilitating examination. The stomach was cut 

open along the gastric greater curvature. The gastric mucosa was carefully examined with 10-

time magnifications for the presence of linear breaks (erosions) at the mucosal surface of the 

glandular part to determine the ulcer index (UI). The number and severity of gastric lesions 

were evaluated according to the following rating scale: 0 – no lesion, 1 – mucosal edema and 

petechiae, 2 – from 1 to 5 small lesions (1–2 mm), 3 – more than 5 small lesions or 1 

intermediate lesion (3–4 mm), 4 – 2 or more intermediate lesions or one gross lesion (greater 

than 4 mm) and 5 – perforated ulcers. The sum of the total scores divided by the number of 

animals in the group was expressed as the UI ± S.D. (Dekanski et al., 2009). 

Then, stomach tissues were divided into two portions. The first one was immediately 

frozen at -80°C for the different biochemical assays, while the other part was embedded in 

10%, neutral buffered formalin and processed to perform histopathological assay, where 4-6 

µm thick paraffin sections were subjected to the hematoxyline and eosin stain. 

Biochemical measurements:  

For estimation of the different oxidative stress parameters as well as the antioxidant 

enzyme activities, a part of the stomach (0.25 g) was ice-cooled, homogenized in 2.5 ml 

phosphate buffer saline (PBS; pH 7.4), and then centrifuged at 3000xg for 15 min at 4°C. The 

supernatant was collected and used for: 

Biochemical analysis of oxidative markers:  

Estimation of thiobarbituric acid reactive substance (TBARS) in stomach homogenates as a 

measure of MDA content: 

Lipid peroxidation was done spectrophotometrically (Shimadzu Co, Japan) as 

described by Preuss et al. (1998).  
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Estimation of reduced glutathione (GSH).  

GSH was measured spectrophotometrically (Shimadzu Co, Japan) according to the 

method of Ellman (1970).           

 Estimation of superoxide dismutase (SOD) activity. 

  SOD activity was assayed in stomach homogenate spectrophotometrically (Shimadzu 

Co, Japan) using SOD assay kits (Bio-Diagnostic, Egypt) as described by Marklund (1992).  

Estimation of catalase (CAT) activity. 

  The activity of CAT was determined in stomach homogenate spectrophotometrically 

using CATA assay kits (Bio-Diagnostic, Egypt) as reported by Aebi (1984).  

Biochemical analysis of gastric juice 

Estimation of pH, total and free acidity of gastric juice: 

The gastric juice was collected, centrifuged, and the clear supernatant was analyzed 

for pH as well as total and free acidity using the method of Kulkarni (1999). Briefly, one ml 

of gastric juice supernatant was diluted to 10 ml using distilled water. The solution was 

titrated against 0.01 N sodium hydroxide using topfer's reagent as an indicator till the colour 

became orange.  The volume of NaOH corresponds to free acidity. Then, 2 to 3 drops of 

phenolphethalin solution were added, and titration was continued until a definite red ting 

reappears. Again, the total volume of alkali added was noted as it corresponded to the total 

acidity. Acidity was calculated by using the formula: 

 Acidity = volume of NaOH x concentration of NaOH / volume of sample  

Estimation of Pepsin activity 

Pepsin activity was measured by the method of Debnath et al. (1974). Briefly, one ml 

of diluted gastric juice was mixed with 2% haemoglobin solution in 0.06M HCl and incubated 

for 20 min. Then, 0.6 M ice cold trichloroacetic acid was added. Later, the solution was 

centrifuged and the supernatant was mixed with Reagent C (alkaline copper sulphate solution) 

and Reagent E (diluted Folin reagent), and the optical density was measured at 610 nm 

against a blank of distilled water. 

Estimation of prostaglandin E2 (PGE2) 

Gastric mucosa was scrapped, homogenized in 2 ml normal saline containing 0.1 M 

dithiothreitol and centrifuged at 2000 g for 10 min at room temperature. The supernatant was 

used for determination of PGE2 level by enzyme-linked immunosorbent assay (ELISA) using 

PGE2 immunoassay kit (R&D Systems, USA) (Heeba et al., 2009). 

Estimation of TNF-α. 

Stomach tissues were homogenized using 0.1 M phosphate buffer (pH 7.4) containing 

0.05% (w/v) sodium azide at 4°C. Homogenates were sonicated for 20 sec. and centrifuged 

(2000g for 10 min. at 4°C). The resulting supernatants were used for assaying TNF-α level 

using ELISA (BioSource Europe S.A. Belgium) as described by Mizutani et al. (2003). 

Estimation of myloperoxidase (MPO) activity: 

Assay of MPO activity was described by Mizutani et al., (2003). Briefly, stomach 

tissue samples (0.5 gm) were homogenized in 10 ml of homogenization buffer (pH 4.7) [0.1 

mol/L NaCl, 0.02 mol/L NaPO4 and 0.015 mol /L EDTA] and centrifuged at 260 x g for 10 

min.; pellets underwent hypotonic lysis in 0.2% NaCl solution followed 1 min. later by 

addition of an equal volume of solution containing (1.6% NaCl and 5% glucose). After further 
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centrifugation, the pellet was then suspended in 50mM phosphate buffer pH 5.4; containing 

0.5% hexadecyltrimethylammonium bromide (HETAB). One milliliter aliquots of the 

suspension were frozen and thawed three cycles in liquid nitrogen, then centrifuged for 15 

min. at 3000g. The pellet was discarded. MPO activity was assayed by measuring the change 

in optical density at 450nm using tetramethylbenzidine, as a substrate (1.5mmol/L) and H2O2 

(0.5mmol/L). Results were expressed as MPO relative units /100mg tissue. One unit of MPO 

activity was defined as the quantity of enzyme degrading 1 mmol peroxide at 25
o
C. The 

activity of purified known human neutrophil MPO was used as a standard (Sigma Chemical 

Co, USA). 

RT-PCR for detection of PPAR-γ mRNA.  

Total RNA was isolated from gastric tissues using RNA extraction kit (Qiagen, 

Germany). The concentration of the extracted RNA was measured by NanoDrop ND-1000 

(NanoDrop Tech., Wilmington, USA). Specific primers for rat PPAR- γ cDNA fragment: 

Sense: 5' TTTTCAAGGGTGCCAGTTTC3', Antisense: 5' CTGTGACAATCTGCCTGAG3' 

were used according to the published rat PPAR- γ cDNA sequence (accession No. AF156665 

(Zhang et al., 2010) and -actin primers sense: 5'-ATGGATGATGATATCGCCGCG-3' 

antisense 5'-TGAAGGTAGTTTCGTGGATGC-3' were used. PCR was performed using one 

step RT-PCR kit (Qiagen, Germany). Cycling parameters for amplifying RT products were as 

follows: 94 °C 45 s, 58 °C 45 s, 72 °C 45 s , for 30 cycles, and then extended at 72 ◦C for 

another 5 min. After amplification, PCR products (product size 501) were electrophoresed on 

1.2% agarose gel, stained with ethidium bromide, and photographed by using the gel 

documentation system (Bio Doc Analyze, Biometra).  

Statistical analysis: 

Results were collected and expressed as means ± SD. Results were analyzed using the 

Statistical Package for the Social Sciences, version 15 (SPSS Software, SPSS Inc., Chicago, 

USA). One-way analysis of variance (ANOVA) followed by Duncan’s post-hoc test was used 

to test the significance of the difference between quantitative variables. P value ≤ 0.05 was 

used as criterion of significance. 

 

RESULTS 

Effect of various pretreatments on oxidative stress  

Table1. showed that CRS exposure induced oxidative stress in stomach homogenates 

in the form of significant increase (P ≤ 0.05) of MDA content associated with significant (P ≤ 

0.05) reduction in SOD, GSH and CAT activities in comparison with the sham control group. 

These deleterious effects associated with CRS exposure were improved by treatment with 

telmisartan, candesartan or olmesartan in comparison with CRS control group (P ≤ 0.05). It 

was obvious that, telmisartan administration was associated with significant reduction in these 

oxidative markers in comparison to those afforded by candesartan and olmesartan treatment 

(P ≤ 0.05); indicating that telmisartan offered more protective effects than candesartan or 

olmesartan. 
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Table 1. Effect of telmisartan, candesartan, and olmesartan on MDA, & GSH contents, as 

well as SOD, and CAT activities in CRS-induced gastric ulceration.              

Groups 
Sham 

control 

Cold-
restraint 
stress. 

Telmisartan 
treated 

Candesartan 
treated 

Olmesartan 
treated 

MDA 
(nmol/g 
protein) 

4.88 ± 1.3 
 

19.8  ± 2.3 
*
 9.2 ± 1.8 

#
 12.3 ± 1.7

 #
† 15.3 ± 3.8

 #
 † 

GSH  
(µmol/g 
protein) 

 
5.58 ± 1.2  

 
2.21 ± 0.98

 

*
 

 
4.88 ± 1.27 

#
 

 
3.78 ± 1.01

# 
† 

 
3.27 ± 0.62 

# 
† 

SOD 
(U/mg 

protein) 

67.16 ± 15.9 23.8 ± 10.8
*
 58.2 ± 14.9 

#
 43.3 ± 10.0

 # 
† 33.8  ± 6.0

# 
† 

CATA 
(U/mg 

protein) 

 
20.7 ± 5.7 

 
7.2 ± 2.05

*
 

 
17.4 ± 2.8

 #
 

 
12.0 ± 2.4

 # 
† 

 
11.03 ± 1.8

# 
† 

n = 10, Values are presented as means ± SD
 

*
 Significantly different from sham control group P ≤ 0.05 

#
 Significantly different from cold-restraint stress control group P ≤ 0.05 

† Significantly different from telmisartan treated group P ≤ 0.05 

Effect of various pretreatments on the gastric juice analysis  

Cold- restraint stress led to a significant elevation (P ≤ 0.05) in total, free acidity and 

pepsin activity as well as significant reduction in pH of gastric juice in comparison with the 

sham control group. Treatment with telmisartan, candesartan or olmesartan significantly (P ≤ 

0.05) reduced total, free acidity and pepsin activity as compared to the non-treated group. 

Additionally, telmisartan had a more ameliorating effect on the increased pepsin activity than 

candesartan or olmesartan (Table 2). 

Table 2. Effect of telmisartan, candesartan, and olmesartan on pH, total acidity, free acidity 

and pepsin activities in CRS-induced gastric ulceration.              
 

 

n = 10, Values are presented as means ± SD
 

*
 Significantly different from sham control group P ≤ 0.05 

#
 Significantly different from cold-restraint stress control group P ≤ 0.05 

† Significantly different from telmisartan treated group P ≤ 0.05 
 

Effect of various pretreatments on TNF-α levels and MPO activities 

Cold-restraint stress induced a significant elevation in the TNF-α concentration and 

MPO activities (P ≤ 0.05) as compared to the sham control group. These changes were 

Groups Sham control 
Cold-restraint 

stress. 
Telmisartan 

treated 
Candesartan 

treated 
Olmesartan 

treated 
PH 2.37 ± 0.47 

 
1.76 ± 0.42

*
 

2.36 ± 0.60 
#
 

 
2.25 ±0.79 

#
 

2.11 ± 0.43
 #
 

 

Total acidity 
(mq /l) 

59.8 ± 8.9 
 

83.3 ±16.6
*
 67.1 ± 8.8

 #
 70.4 ± 10.3

#
 72.3 ± 11.35

 #
 

Free acidity 
(mq/l) 

37.8 ± 9.2 
 

65.8 ± 7.8 
*
 48.1 ± 9.4 

#
 51.3 ± 9.4

 #
 53.3 ± 9.4 

#
 

Pepsin 
activity 
(µg/ml) 

4.4 ± 0.9 8.1 ± 1.12
 *
 4.7 ± 1.18

 #
 5.52 ± 0.6

 # 
† 6.2 ± 1.14

 # 
† 
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significantly ameliorated by treatment with telmisartan, candesartan or olmesartan. It was 

obvious that, protection offered by telmisartan treatment was more than those of candesartan 

and olmesartan (Table 3). 

Table 3. Effect of telmisartan, candesartan, and olmesartan on TNF-α concentration and MPO 

activities in CRS-induced gastric ulceration.   
            

Groups Sham control 

Cold-

restraint 

stress. 

Telmisartan 

treated 

Candesartan 

treated 

Olmesartan 

treated 

TNF-α 

(ng/ g protein) 
21 ± 7 204  ±  34

*
 59  ±  14

 #
 72 ±   21

# 
† 107 ±  22

 # 
† 

MPO 

(U/100 mg tissue) 
0.35  ± 0.09 

 

2.88 ± 1.11
*
 

 

0.94 ± 0.24
 #
 

 

1.5 ± 0.32
 #
† 

 

1.72 ± 0.25
 # 

† 

 

n = 10, Values are presented as means ± SD
 

*
 Significantly different from sham control group P ≤ 0.05 

#
 Significantly different from cold-restraint stress control group P ≤ 0.05 

† Significantly different from telmisartan treated group P ≤ 0.05 

Effect of various pretreatments on PGE2 concentration 

Fig.1. showed that, CRS control group exhibited significant (P ≤ 0.05) reduction in 

PGE2 concentration in comparison to sham control group. However, treatment with 

telmisartan, candesartan or olmesartan significantly (P ≤ 0.05) restored PGE2 level as 

compared to the non-treated group. Additionally, it was obvious that telmisartan had the 

superiority in restoring PGE2 concentration than candesartan and olmesartan. 

 

Fig.1. Effect of telmisartan, candesartan, and olmesartan on PGE2 (ng/g wet tissue) in CRS- 

induced gastric ulceration. Values are expressed as means ± S.D. (n= 10), analyzed by 

one-way ANOVA followed by Duncan multiple comparisons test. 
*
 p≤0.05 compared 

to sham control group. 
# 

p≤0.05 compared to  cold-restraint stress group. † p≤0.05 

compared to telmisartan treated group. 
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Effect of various pretreatments on the gastric mucosal lesion formation 

Gastric histopathological results verified the serological results. Fig.2-Ib showed that, 

CRS control group exhibited macroscopic gastric mucosal lesions, that was confined to the 

glandular part of the stomach with petechial bleeding, associated with widespread damage of 

the surface epithelium with many cells sloughed off into the gastric lumen, moderate 

lymphocytic inflammatory infiltrate of the lamina propria , moderate congestion, and mild 

hypertrophy of the muscle layer (Fig. 3b). These mucosal lesions were accompanied by 

significant (P ≤ 0.05) elevation in mean ulcer index in comparison with the sham control 

group (Fig.2-II). These deleterious effects associated with CRS exposure were ameliorated by 

treatment with either telmisartan (Fig.2-Ic, 3c), candesartan (Fig.2-Id, 3d) or olmesartan (Fig.2-

Ie, 3e). It was obvious that treatment with telmisartan was associated with significant (P ≤ 

0.05) reduction of mean ulcer index than candesartan and olmesartan (Fig.2-II). 

Effect of various pretreatments on PPAR- γ mRNA 

As seen in Fig. 4, PPAR- γ mRNA levels were decreased in stomach homogenates of 

CRS rats (Lanes 5-6) as compared to the Sham control group (Lanes 1). Treatments with 

telmisartan (Lanes 7-8), candesartan (Lanes 3-4) or olmesartan (Lane 2) induced elevation in 

PPAR- γ mRNA levels.  -actin mRNA expression for each sample was used as internal 

control. The effect of telmisartan in such elevation was more evident than that of both 

candesartan and olmesartan. 
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Fig.2. (I): Gastric mucosal lesions of the glandular portion of the stomach induced by CRS in 

a: sham control group, b: CRS control group, c: telmisartan treated group, d: 

candesartan treated group, and e: olmesartan treated group. 

(II): Effect of telmisartan, candesartan, and olmesartan on ulcer index in CRS- induced 

gastric ulceration. Values are expressed as means ± S.D. (n= 10), analyzed by one-way 

ANOVA followed by Duncan multiple comparisons test. 
*
 p≤0.05 compared to sham control 

group. 
# 

p≤0.05 compared to cold-restraint stress group. † p≤0.05 compared to telmisartan 

treated group. 
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Fig.3. The histopathological picture of the gastric tissues from the experimental groups stained with 

hematoxylin & eosin (H&E).  a:  Sham control group showed intact mucosal lining, normal 

appearing gastric glands ,with no erosions or ulceration and normal muscle layer. b: While 

stressed rats revealed widespread damage of the surface epithelium with many cells sloughed 

off into the gastric lumen  , moderate lymphocytic inflammatory infiltrate of the lamina 

propria , moderate congestion, and mild hypertrophy of the muscle layer. Treatment with 

telmisartan was nearly similar to normal control group except that there was a light edema and 

mild hypertrophy of the muscle layer (c). Treatment with candesartan showed intact mucosal 

lining with no erosions or ulceration, moderate endocrine cell hyperplasia, mild edema and 

minimal lymphocytic inflammatory inilftrate (d). On the other hand, treatment with 

olmesartan showed mild congestion and superficial mucosal erosion with mild lymphocytic 

inflammatory infiltrate of the lamina propria (e). (H & E 40 ×). 
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a) 

 

 

 

 
 

 

b) 

 

 

 

 

 

Fig.4. (a) β-Actin mRNA expression for each sample was used as internal control. (b) 

Expression of PPAR- γ mRNA. Total RNA from stomach homogenate of CRS-

induced gastric ulceration in rats was subjected to RT-PCR to evaluate PPAR- γ 

mRNA expression. 100 bp marker, lane 1; Sham control, lane 2;  Olmesartan treated , 

lane 3,4; Candesartan treated, lane 5,6; cold-restraint stress, lane 7,8; telmisartan 

treated. 

 

DISCUSSION 

The importance of stress erosions, which are reported worldwide, has stimulated 

considerable research because of the serious consequences of illness. From the experimental 

point of view, the use of restraint of small mammals has become the most popular method for 

producing acute stress ulcers in the stomach. It represents a tool to explain the importance of 

emotion and anxiety as factors in the evolution of human peptic ulcer. Therefore, in the 

current study, we used CRS-induced gastric ulcer models in rats to justify the possible role of 

PPAR-γ agonistic activity and the dual functions of PPAR-activating ARBs in gastro-

protection. 

In the present study, rats exposed to CRS developed hemorrhagic lesions in the 

stomach that was assessed histo-pathologically by the ulcer index. This is accompanied by a 

significant increase of pro-inflammatory TNF-α. The patho-physiological basis for the 

development of this lesion has been postulated to be multifactorial such as increased gastric 

acid secretion, inhibition of gastric mucosal PG synthesis, disruption of gastric mucosal 

barrier, inhibition of gastric mucus and bicarbonate secretion (Li et al., 2006; Dekanski et al., 

2009), and free radicals formation (Brzozowski et al., 2007; Konturek et al., 2009; 

Bogdanova et al., 2010). 

It is well known that the pathogenesis of stress-induced gastric lesions includes the 

generation of reactive oxygen species (ROS) that seem to play an important role, namely due 

to generation of lipid peroxides, accompanied by impairment of antioxidative enzyme activity 

of cells (Agnihotri et al., 2007; Banerjee et al., 2008;  Muthuraman and Sood , 2010; 

Venkat et al., 2011).  Our findings strongly support the hypothesis that oxidative stress, 

increased lipid peroxidation and depletion of antioxidant defenses are of critical importance in 

the pathogenesis of gastric mucosal injury in CRS-induced gastric ulcer. In agreement with 

previous studies, Tandon et al., 2004; Govindarajan et al., 2006; Chakraborti et al., 2007; 

Dekanski et al., 2009; Mei et al., 2011 , we have observed a rise in MDA levels and 

depletion in antioxidant enzymes pool, as is evident to the declined activity of SOD, CATA, 

and GSH.  

M      1      2       3      4      5     6      7      8 M   1   2    3   4   5   6    7    8    9   10 
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Moreover, increased total acidity and proteolytic activity associated with reduction in 

the gastric juice pH values were observed in the present study and were correlated with the 

progressive development of ulcers, as indicated by increased ulcer index. These were in 

harmony with li et al., (2006) and Dekanski et al., (2009) who emphasized that, gastric acid 

can mediate acute gastric mucosal lesions induced by the stress ulcers, and that UI was 

negatively related with pH value. Additionally, stress is probably accompanied by release of 

histamine which in turn increases gastric secretion and causes disturbance of gastromucosal 

macrocirculaion, alteration in motility and reduced production of mucous. Vagal activity has 

been suggested as the main factor in stress induced ulceration, as it stimulates HCl in the 

stomach through the action of acetylcholine (ACh) acting through muscuranic receptors. 

During stress vagal activity was upregulated, resulting in the production of more acid. Further 

stress also causes mast cell degranulation. They concluded that, stasis of acid due to stress and 

over production of gastric acid increased volume are important factors involved in ulcer 

formation (Xie et al., 2005; Chaturvedi et al., 2007; Venkat et al., 2011). 

Another important factor responsible for gastric injury is the weakening of defensive 

mucosal barrier. The essential criterion, which determines the status of mucosal defense 

barrier against the offensive assault of acid-pepsin, is the quantity of gastric mucus secretion. 

Increased mucus secretion by the gastric mucosal cells can prevent gastric ulceration by 

several mechanisms, including lessening stomach wall friction during peristalsis and acting as 

an effective barrier to the back diffusion of hydrogen ions (li et al., 2006; Martin and 

Wallace, 2006;  Saxena et al., 2011). PGE2 is a well-established mediator in gastric mucosal 

defense and repair as it maintain the integrity of the gastric mucosa by stimulating secretion of 

the mucus and bicarbonate,  modulating mucosal blood flow (Heeba et al., 2009; Mabrouk 

et al., 2009; Venkat et al., 2011) and inhibiting the neutrophil-mediated free radicals 

generation (Banerjee et al., 2008).  Stress is associated with weakening of defensive mucosal 

barrier, thus exposing the stomach to assault of ulcerogens (Brzozowski et al., 2007, 2008; 

Saxena et al., 2011). In the present study concurrent with previous observations (Chaturvedi 

et al., 2007; Dekanski et al., 2009), CRS-induced gastric ulcer was associated with inhibition 

of gastric mucosal PGE2 synthesis. 

There is growing evidence that the components of renin– angiotensin system are 

present in many organs, including the stomach (Carl-McGrath et al., 2009). Ang II, the most 

active factor in this system, is a major stress hormone that, in the last few years has been 

implicated as the main causative factor in stress- induced gastric ulceration (Bregonzio et al., 

2008), causing induction of oxidative stress (Cai et al., 2003) and activation of inflammatory 

cascades, which is responsible for further gastric mucosal injury (Bregonzio et al., 2004). It 

was believed that, AT1 receptor stimulation by Ang II during stress is a major factor in the 

production of gastric injury. Under these conditions, feedback regulatory mechanisms that 

could include stimulation of synthesis and release of the injury-protective PGE2 are not 

sufficient to prevent stress- and Ang II-induced gastric damage unless AT1 receptors are 

blocked (Bregonzio et al., 2003). 

In consistent with findings from previous studies that evaluated AT1 receptors  

blockers and their role in CRS- induced gastric ulceration  (Bregonzio et al., 2003, 2004, 

2008; Saavedra and Benicky , 2007;  Pavel et al., 2008; Merai et al., 2009), our results 

demonstrate that pretreatment with AT1 receptor antagonist dramatically decreases the 

number of ulcerations produced by CRS, protecting the gastric mucosa from stress-induced 

injury, and that this ulcer protective activity arises from their effects on both offensive and 

defensive factors. The mechanism of their gastro-protective activity may be attributed to the 

reduction in free radical generation, and lipid peroxidation, inhibition of the pro-inflammatory 

cascade, reduction in MPO activity and suppression of acid and pepsin levels along with 
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strengthening of the gastric mucosal defense by preserving the protective mechanisms, 

including PGE2 level. 

Moreover, our results demonstrate that, telmisartan seems to provide superior 

gastroprotection to candesartan that affords more gastroprotection in comparison to 

olmesartan. Other mechanisms independent of the AT1 receptor blockade are responsible for 

this superior antioxidant, anti-inflammatory activities and anti-ulcerogenic effects of 

telmisartan. Telmisartan was known by its high affinity and partial agonistic effect at PPAR-γ 

that was attributed to its high lipophilicity (Benson et al., 2004; Schupp et al., 2006; Fouad 

et al., 2010). Schupp and his colleagues , (2004); Ernsberger and Koletsky in (2007) 
emphasized that, PPAR-activating potency of certain ARBs correlates with their degree of 

lipophilicity to obtain sufficiently high penetration rates to bind to intracellular PPAR-γ and 

exert selective PPAR modulators (SPPARM) activity (Schupp et al., 2005). PPAR-γ 

activation is added to the gastroprotective effects of telmisartan by opposing the oxidative 

stress and inflammatory cascades induced by Ang II (Fouad et al., 2010). Moreover, previous 

studies emphasized that PPAR-γ activation is associated with downregulation of AT1R that 

consequently attenuates the cellular response to Ang II (Imayama et al., 2006; Yousefipour 

et al., 2007; Zhao et al., 2008). So, the dual function of telmisartan (AT1 receptor antagonism 

and PPAR activation), results in more complete inhibition of the Ang II. The gastroprotective 

role of PPAR-γ activation were justified by Brzozowski et al., 2005; Fouad et al., 2010; 

Konturek et al., 2010; Morsy et al., 2010. 

In conclusion, the present findings demonstrate that telmisartan, candesartan and 

olmesartan protected rats' gastric mucosa from CRS–induced ulcerations most possibly 

through their anti-oxidant activity, anti-secretory actions and enhanced mucosal protection. 

Furthermore, telmisartan seems to provide superior gastroprotection than candesartan and 

olmesartan. Activation of PPAR-γ might be one potential AT1-independent mechanism of 

action that explains this superiority. 
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 ثتذت انمعذة انمستحونميسارتان عهى قرحلأ وأانىقائى نتهميسارتان ونكنذيسارتان  انذور

 انتمثيم انجيني نبروتيهانماء انبارد فى انجرران : تأثير ستخذاو ٳجهاد انعصبى انمحذث ببالٳ 

 جاما -مستقبلاث انبيروكسيزوو انمتكاثرة انمنشطت 
 

منى كمال تىفيق
*

  

    
*
 كليح الطة خاهعح قٌاج السْيس -قسن الأدّيح  

 

القذسج علٔ ذحفيض هسرقثلاخ الثيشّكسيضّم الوركاثشج خاصيح سيي ذورلك تعط غالقاخ هسرقثلاخ الأًديْذٌ

ذن ذصوين الذساسح الحاليح فقذ . ّلزا ّهحثرِا لِا ّذشذثػ ُزٍ الخاصيح توقذاس إًدزاب ُزٍ الغالقاخ للذُْى ،خاها -الوٌشطح

غالقاخ هسرقثلاخ هدوْعح  فٔ ىًدزاب للذُْلإل قذسج ّهحثح الرأثيش الْقائٔ لعقاس ذلويساسذاى " الزٓ يوثل أعلٔ رقيينل

ّ أكاًذيساسذاى )للذُْى ّهحثح خشٓ الأقل إًدزاتاً غالقاخ هسرقثلاخ الأًديْذٌسيي الأهقاسًح تقذسج  الأًديْذٌسيي "

ّذقيين دساسح  تِذف ثح تالٳخِاد العصثٔ الوحذز تالواء الثاسد فٔ الدشراى ، ّرلكذعلٔ قشحح الوعذج الوسرح (ّلويساسذاىأ

لْقايح هي قشذ علٔ ا خاها -وسرقثلاخ الثيشّكسيضّم الوركاثشج الوٌشطحل جحفضالوهقذسج غالقاخ هسرقثلاخ الأًديْذٌسيي 

 .الوعذج

ذن إحذاز القشحح تِا عي الرٔ ّالثاًيح ، الودوْعح الأّلٔ ُٔ العاتطح  : ذن ذقسين الدشراى إلٔ خوس هدوْعاخ

ذن إعطاؤُا دّاء ذلويساسذاى فقذ الأخشٓ الثلاز الودوْعاخ  ، أهاسد غشيق الٳخِاد العصثٔ الوحذز تالواء الثا

 ( عي غشيق الفن لوذج خوسح عشش يْها قثل إحذاز قشحح الوعذج تِا . ن/ يْهيا/كدنهد 01ّلويساسذاى )أّكاًذيساسذاى ّ 

أدٓ وسح عشش يْها قذ لوذج خّلويساسذاى أّظحد الٌرائح أى العلاج تكل هي الرلويساسذاى أّ الكاًذيساسذاى أّ الأ

كاى لَ ذأثيشهلحْظ علٔ شذج ، كوا خاها  -ٳلٔ صيادج الروثيل الديٌي لثشّذيي هسرقثلاخ الثيشّكسيضّم الوركاثشج الوٌشطح

 ّالاًضيواخ الوعادج للأكسذج  كل هي الوروثلح فٔ هسرْٓلعْاهل الذفاعيح ل دُْشٓتالٳسذفاع ال ّعذد قشذ الوعذج ّرلك

ألفا -عاهل الٌخش الْسهي، الاًخفاض الولحْظ للعْاهل العذّاًيح الوروثلح فٔ هسرْٓ  الوالًْذُيذ  هع، E2الثشّسراخلاًذيي 

لثشّذيي هسرقثلاخ  اً خيٌي لْحع أى العلاج ترلويساسذاى قذ أحذز ذوثيلاً قذ ُّزا ّهسرْٓ الثثسيي. ، الويالْتيشّكسيذيض، 

ديٌي ّالرأثيش الْقائٔ لكل هي كاًذيساسذاى الللوعذج أفعل هي الروثيل  قائياً اً ّخاها ّذأثيش -الثيشّكسيضّم الوركاثشج الوٌشطح

 ّلويساسذاى.أأّ 

ّلويساسذاى علٔ القشحح أ كاًذيساسذاى أّ ذلويساسذاى أّخلصد الٌرائح الٔ فعاليح الرأثيش الْقائٔ لكل هي  ّلقذ

وحفض لوسرقثلاخ كالرأثيش الْقائٔ لرلويساسذاى  أفعليحهع  ثح تالٳخِاد العصثٔ الوحذز تالواء الثاسد فٔ الدشراى ،ذالوسرح

 .خاها -الثيشّكسيضّم الوركاثشج الوٌشطح

 


