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protective effect of angiotensin (1-7) against stress induced 
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ABSTRACT
To assess the gastro-protective potential of the angiotensin (Ang-) (1-7) on the gastric secretion and ulcera-
tion induced by cold restraint stress (CRS) in adult male rats and the possible contribution of nitric oxide and 
prostaglandin E2. Rats were pylorically ligated and divided randomly into the following groups (8 rats each): 
control, cold-restraint stressed (CRS), stressed Ang-(1-7) treated, stressed L-NNA-Ang-(1-7) treated, stressed 
Indo-Ang-(1-7) treated groups. Our results revealed that Ang-(1-7) pre-treatment proved to be protective against 
development of ulcerative lesions in CRS model as evidenced by histological examination and the reduction of 
the ulcer index and this could be mediated through reduction of free and total acidity and pepsin concentration 
of gastric secretion with signifi cantly decreased lipid peroxidation and increased the gastric protective nitric ox-
ide and prostaglandin E2 levels. Furthermore, Ang-(1-7) pre-treatment has anti-apoptotic effect, evident by its 
down-regulation of the CRS induced over-expression of the gastric caspase 3. In addition, the gastro-protective 
effects of Ang-(1-7) were signifi cantly attenuated by co-administration with L-NNA or indomethacin. In conclu-
sion, Ang-(1-7) can be considered a potential therapeutic agent to protect against the major clinical challenge 
of gastric injury resulting from stress. Nitric oxide and prostaglandin E2 seem to contribute to the Ang-(1-7)’s 
gastro-protective effect (Tab. 2, Fig. 5, Ref. 35). Text in PDF www.elis.sk.
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Introduction

The circulating Renin-angiotensin system (RAS) is a well-
recognized hormonal system, which plays an important role in 
control of the cardiovascular system and extracellular fl uid volume. 
More recently, it has been recognized that local RAS is present in 
most organs, including the gastrointestinal tract. The components 
of local RAS are present in the stomach, small intestine, colon, 
pancreatic islets, and liver (1).

The Angiotensin (1-7) is an important component of the RAS 
(2). Ang-(1–7) is a downstream peptide gen erated from angioten-
sin I through three known enzymes neprilysin (NEP), thimetoli-
gopeptidase (TOP), and prolyloligopeptidase (POP)). Ang. I is 
quickly degraded to Ang-(1-7) in the rat stomach and the formation 
of Ang-(1-7) may even precede Ang. I conversion to Ang. II (3). 

Gastrointestinal tract is one of the areas, where the role of ni-
tric oxide (NO) is studied and results are controversial. In the 

gastrointestinal tract (GIT), NO participates in the modulation of 
the smooth musculature tone, such as the regulation of intestinal 
peristalsis, gastric emptying and antral motor activity. It also regu-
lates acid and gastric mucus secretion, alkaline production and is 
involved in the maintenance of mucosal blood fl ow (4). On the 
other hand, gastric mucosal integrity requires the continuous gen-
eration of prostaglandin E2 (PGE2), which is crucial for the protec-
tion against ulcerogenic and necrotizing agents (5).

Gastric epithelium is often attacked by physical, chemical 
or microbiological agents acting from the gastric lumen. Among 
the numerous injurious luminal agents and irritants of both ex-
ogenous and endogenous origin, the stomach is a site of massive 
production and concentration of reactive oxygen species (ROS), 
far higher than other tissues or biological fl uids. ROS provoke 
severe changes at the cellular level leading to cell death because 
of their extreme reactivity (6).

There is not a single cause for peptic ulcer, but the exact ae-
tiology is the presence of imbalance between aggressive factors 
(e.g., acidity, pepsin, infl ammation and oxidative stress) and de-
fensive factors (e.g., mucus, bicarbonate and GMB fl ow) (7). So, 
the present work was a trial to evaluate the role of Ang-(1-7) in the 
pathophysiologic mechanisms of experimentally induced gastric 
ulceration caused by cold-restraint stressed (CRS). In addition, the 
possible involvements of nitric oxide and prostaglandins as targets 
for the ulcer-protective action of Ang-(1-7) were investigated by 
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testing the effect of exogenous Ang-(1-7) against stress ulcero-
genesis in the presence of nitric oxide synthase (NOS) inhibitor, 
Nω-nitro-L-Arginine (L-NNA) and non-selective cyclo-oxygenase 
(COX) inhibitors (Indomethacin). 

Materials and methods

Animals
Forty adult male albino (Sprague dawley strain) rats, of av-

erage weight 150–180 gm, about 4 months old, were used in the 
present study. Rats were purchased from the National Research 
Centre, Cairo, Egypt. All rats were housed in groups of eight in 
stainless steel cages that offered adequate space for free movement 
and wandering (40 cm x 40 cm x 25 cm). They were fed with com-
mercial rat chow and left freely wandering in their cage for two 
weeks with normal hour’s dark: light cycle for acclimatization be-
fore starting the experiment. All the experimental procedures were 
in accordance with our institutional guidelines. The ethics of the 
protocol were approved by The Laboratory Animals’ Maintenance 
and Usage Committee of Faculty of Medicine, Minia University.

Induction of gastric ulceration  
At  the end of the experiment, rats were deprived of food for 

24 h prior to the experiment in mesh-bottomed cages to minimize 
coprophagia, but allowed free access to water (8). Pyloric ligation 
was carried out under light ether anaesthesia according to the pre-
vious method described by Alumets et al (9). After pyloric ligation, 
the animals were immediately restrained by fi xing the four limbs 
to a wooden board and placed in a refrigerator at 4 °C for 3 hours 
to induce cold-restraint stressed (CRS) ulcer (10). All experiments 
were performed at the same time of the day to avoid variations 
due to diurnal rhythms of putative regulators of gastric functions.

Experimental procedures
Rats were randomly divided into the following groups (8 

rats each):

1) Control group (C); in which rats received no treatment and 
were left freely wandering in their cages for 3 hours after being 
subjected to pyloric ligation.

2) CRS group; in which rats received no treatment before 
exposure to CRS.

3) Stressed Ang-(1-7) treated group; in which rats were treated 
by Ang-(1-7) (6.5 mg/kg, i.p) (Sigma, USA) (11) one hour before 
exposure to CRS.

4) Stressed L-NNA–Ang-(1-7) treated group; in which the rats 
were treated by Ang-(1-7) (6.5 mg/kg, i.p.) thirty minutes after 
being treated by L-NNA (20 mg/kg, i.p) (Sigma, USA) (12) and 
after another thirty minutes rats were exposed to CRS. 

5) Stressed Indo-Ang-(1-7) treated group; in which the rats 
were treated by Ang-(1-7) (6.5 mg/kg, i.p) thirty minutes after be-
ing treated by indomethacin (5 mg/kg /i.p) (Sigma, USA) (13) and 
after another thirty minutes rats were exposed to CRS. 

Three hours after pyloric ligation, the rats were anesthetized 
by light ether anaesthesia, and blood samples were taken from the 
jugular vein. Then their stomachs were removed, opened along 
the greater curvature and the gastric content of each stomach was 
collected. The stomachs were washed with ice-cold saline and ex-
amined for gross gastric mucosal lesions using a magnifi ed lens 
by an observer not aware of the experiment. 

Assessment of gastric mucosal lesions
The gastric mucosal lesions were expressed in the form of ul-

cer index (U.I.) according to the method of Robert et al (14) and 
the preventive index of a given drug was calculated according the 
method previously described by Hano et al (15).

Analysis of the gastric juice
The gastric juice collected after opening the stomachs was cen-

trifuged at 1000 g for 10 minutes to remove any solid debris and 
the volume of the supernatant was measured. The supernatant was 
then analysed for determination of pH according to the method of 
Hara et al (16), free and total acid concentrations were estimated 

Parameters
Groups

Control CRS Stressed Ang- (1-7) Stressed L-NNA-Ang- (1-7) Stressed Indo-Ang- (1-7)
Volume (ml/3 h) 2.5±0.1 1.4±0.1a 2.4±0.1b 1.9±0.02abc 1.8±0.1abc

pH 3.4±0.2 1.2±0.2a 3.2±0.05b 2.8±0.1abc 2.6±0.1abc

F.A.C. (mEq/L) 17.5±1.1 68.4±2.5a 20.5±1.4b 46.8±1.4abc 49.3±1.5abc

T.A.C. (mEq/L) 36.5±1.2 88.4±2.1a 40.5±1.5b 63.8±1.8abc 68.3±1.7abc

Pepsin (μg/ml tyrosin) 138.7±2.3 225±5.4a 143.4±2.1b 162.2±2.2abc 165±2.1abc

Data represent the as the mean ± S.E.M. of 8 rats in each group. a – signifi cantly different from control group; b – signifi cantly different from CRS, c – signifi cantly different 
from Ang-(1-7) treated group, p ≤ 0.05. F.A.C.:  Free Acid Concentration; T.A.C.: Total Acid Concentration.

Tab. 1. Effect of the cold restraint stress with or without treatment on the gastric juice parameters in pyloric ligated rats.

Groups % incidence M.S.S. M.U.S. U.I. P.I. (%)
Control 0 0 0 0 0
CRS 100 0.5 2.0 12.5 -
Stressed Ang-(1-7) 16 0.1 0.16 1.86 85.1
Stressed L-NNA-Ang-(1-7) treated 33 0.31 0.6 4.21 66.3
Stressed Indo-Ang-(1-7) treated   35 0.36 0.8 4.66 63.3
M.S.S. – Mean Severity Score, M.U.S. – Mean Ulcer Score, U.I. – Ulcer Index, P.I. – Preventive Index 

Tab. 2. Effect of the cold restraint stress with or without treatment on ulcer profi le in pyloric ligated rats.
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by using the method of Pratha et al (17) and pepsin concentrations 
were determined by a modifi ed spectrophotometric method (18). 

Biochemical analysis of gastric mucosa
The stomach of each rat was divided into the two parts: one 

part was immersed in IND (10 μg/ml) for 20 minutes to inhibit 
further formation and release of PGs and then stored at –80 ○C. 
Subsequently, the gastric mucosa was scraped, homogenized in 2 
ml normal saline containing 0.1 M dithiothreitol and centrifuged 
at 2000 g for 10 minutes at room temperature. The supernatant 
was analysed for determination of prostaglandin content (PGE2) 

by enzyme-linked immunosorbent assay (ELISA) using PGE2 as-
say kit (R&D Systems, USA). The other part of gastric mucosa 
was also scraped, homogenized in cold potassium phosphate buf-
fer (0.05 M, pH 7.4) and centrifuged at 2000 g for 10 minutes at 
4○C. The supernatant was kept at – 80○C for subsequent measure-
ment of lipid peroxides and nitric oxide using colorimetric assay 
kit according to the recommendations of the manufacturer (Bio-
diagnostic, Egypt). 

Histological examination
Specimens were fi xed in 10 % neutral-buffered formalin, de-

hydrated, cleared, and embedded in paraffi n wax. Tissue sections 
of 5–6 μm thickness were obtained and deparaffi nised. Some sec-
tions were stained with hematoxylin and eosin (19). For immuno-
histochemical detection of Caspase 3 expression, Ultra Vision 
ONE HRP polymer detection system (Thermo Fisher Scientifi c 
Inc./Lab Vision, Fremont, CA, USA) was used according to the 
manufacturer’s protocol. The slides were then counterstained, de-
hydrated, and mounted (20).

Statistical analysis
Data were represented as means ± standard errors of the mean 

(SEM). Statistical analysis was performed using Graph pad Prism 
5 software and signifi cant difference between groups was done by 
one-way ANOVA followed by Tukey–Kramar post hoc test for 
multiple comparisons with a value of p ≤ 0.05 considered statisti-
cally signifi cant.

Results

• The results clearly demonstrated that exposure of the rats to 
CRS signifi cantly lowered the volume and pH of gastric juice, 
which was accompanied by a signifi cantly higher gastric juice 
free and total acidity and the pepsin activity as compared to the 
control rats (Tab. 1). In addition, there was a signifi cant higher 
level of gastric mucosal lipid peroxidase, with lower levels of 
NO and PGE2 as compared to the control group (Figs 1, 2, 3). 
Subjecting the rats to CRS was also associated with a high ulcer 
index reaching 12.5 (Tab. 2).

• Pre-treatment of CRS rats with Ang-(1-7) proved to be protective 
against development of ulcerative lesions as evidenced by the de-
crease in the ulcer index to 1.86 and achieving preventive index 
85.1 % (Tab. 2). In addition, Ang-(1-7) pre-treatment showed 
lower levels of gastric juice free and total acidity and the pepsin 

Fig. 1. Lipid peroxidase level in the different studied groups. Data 
represent the as the mean ± S.E.M. of 8 rats in each group. a – signifi -
cantly different from control group; b – signifi cantly different from 
CRS, c – signifi cantly different from Ang-(1-7) treated group, p ≤ 0.05.

Fig. 2. Nitric oxide (NO) level in the different studied groups. Data 
represent the as the mean ± S.E.M. of 8 rats in each group. a – signifi -
cantly different from control group; b – signifi cantly different from 
CRS, c – signifi cantly different from Ang-(1-7) treated group, p ≤ 0.05.

Fig. 3. Prostaglandin E2 (PGE2) level in the different studied groups. 
Data represent the as the mean ± S.E.M. of 8 rats in each group. a – sig-
nifi cantly different from control group; b – signifi cantly different from 
CRS, c – signifi cantly different from Ang-(1-7) treated group, p ≤ 0.05.
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Fig. 4. A) A photomicrograph of control group gastric fundic mucosa showing gastric pits (↑) and long straight tubular fundic glands. Mus-
cularis mucosa (m), Submucosa (sm), and muscularis externa (Ml). B) A photomicrograph of CRS group showing large ulcerated area fi lled 
with necrotic tissue (black arrow) spanding the whole thickness. Notice areas of hemorrhage (green arrow). C) A photomicrograph Stressed 
Ang-(1-7) group showing erosion of the superfi cial part of the gastric mucosa and exfoliated cells (arrow). D) A photomicrograph of Stressed 
L-NNA-Ang-(1-7) group showing distortion of the glands with exfoliation of epithelial cell and ulceration of the surface mucosa (arrow) ex-
tending slightly into the muscularis mucosa (m). Inset higher magnifi cation showing degenerated and detached from their basement membrane 
x400. E) A photomicrograph of Stressed Indo-Ang-(1-7) treated showing large ulcerated area of fundic mucosa with exfoliation of epithelial 
cell (arrow). H&EX100

A B C

D E

A B C

D E

Fig. 5. A Photomicrograph of the fundic gland of immunostained for caspase 3 of A) The control group gastric fundic mucosa showing negative 
expression B) CRS group showing high positive expression in the ulcerated area. Notice the immunopositive cells shrunken and separated from 
the basement membrane (inset) C) Stressed Ang-(1-7) group showing mild expression among the fundic cells (*) and high expression in the 
exfoliated cells (arrows). Inset showing higher magnifi cation of the immunopositive cells. D) Stressed L-NNA-Ang-(1-7) group showing moder-
ate expression in the fundic epithelial cells. Inset showing higher magnifi cation of the immunopositive cells E) Stressed Indo-Ang-(1-7) treated 
group showing high positive expression in the ulcerated area. Inset showing higher magnifi cation of the immunopositive cells. x100 Insets x400 
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activity with higher gastric volume and pH as compared to non-
treated CRS group (Tab. 1). At the same time, pre-treatment CRS 
group with Ang-(1-7) signifi cantly lowered the gastric mucosal 
lipid peroxidase level, but with higher levels of NO and PGE2 
as compared to non-treated CRS group (Figs 1, 2, 3).

• Co-administration of L-NNA or indomethacin with Ang-(1-7) 
before exposure to CRS signifi cantly increased the gastric mu-
cosal ulceration and increased the ulcer index to 4.21 and 4.66 
as compared to the stressed Ang-(1-7) group and preventive 
index declined to 66.3 % and 63.3 %, respectively (Tab. 2). In 
addition, these co-administrations signifi cantly lowered the gas-
tric juice volume, pH, gastric mucosal NO and PGE2 levels as 
compared to the control and to the stressed Ang-(1-7) groups, 
but they were still signifi cantly higher than in the non-treated 
CRS as shown in Table 1 and Figures 2 and 3. Moreover, there 
were signifi cantly higher levels in the gastric juice free and to-
tal acidity, pepsin concentration and the gastric mucosal lipid 
peroxidase as compared to the control and stressed Ang-(1-7) 
groups, but there were still signifi cantly lower than the non-
treated CRS group (Tab. 1, Fig. 1).

• Examinations of sections of the fundus of stomach of control rats 
showed that the wall of the fundus of the stomach was formed 
of 4 classic layers namely, mucosa, submucosa, musculosa and 
serosa. The mucosa was occupied by simple branched tubular 
fundic gland (Fig. 4A). In the CRS group, large ulcerated area 
fi lled with necrotic tissue and areas of hemorrhage appeared 
spanning the whole thickness of the fundic wall (Fig. 4B). Small 
eroded areas of the superfi cial area of the fundic mucosa with 
exfoliation of some epithelial cells were observed in Stressed 
Ang-(1-7) (Fig. 4C), while in the Stressed L-NNA-Ang-(1-7) 
treated group the eroded area extend to the muscularis mucosa 
(Fig. 4D). In the Stressed Indo-Ang-(1-7) treated group, large 
ulcerated area of fundic mucosa with exfoliation of epithelial 
cell was noticed expanding the mucosa (Fig. 4E). 

• Immunohistochemical results for caspase revealed a negative 
caspase 3 reaction in the epithelial cells of the fundic gland 
of the control group (Fig. 5A). Very strong caspase 3 positive 
reaction was observed in the cytoplasm of most of the fundic 
epithelial cells of the CRS group (Fig. 5B). In the Stressed Ang-
(1-7) group, few epithelial cells of the fundic gland showed faint 
reaction while strong reaction was noticed in the exfoliated cells 
(Fig. 5C). Moderate reaction was noticed in the cytoplasm of the 
fundic epithelial cells of the Stressed L-NNA-Ang-(1-7) treated 
group (Fig. 5D). Still strong reaction was observed in the eroded 
area of the Stressed Indo-Ang-(1-7) treated group (Fig. 5 E).

Discussion

Stress is a common contributor to development of peptic ulcer 
in humans. CRS is frequently used and clinically relevant experi-
mental model for induction of acute gastric ulcer (5). The present 
study was an attempt to evaluate the possible gastro-protective 
effect of the Ang-(1-7). Since the discovery of Ang-(1-7) in 1976, 
the presence of this hectapeptide has been detected in brain, blood 
vessels, heart, kidney, liver, and stomach. Ang-(1-7) acting via its 

own G protein-coupled receptor (GPCR) called Mas Receptor ex-
hibit the vasodilatory, antihyper tensive and cardio-protective (1). 

The data of the present study clearly demonstrated that CRS 
induced evident ulcers, which are in accordance with the observa-
tions of several researchers (21, 4). This occurs by enhancing the 
aggressive factors with severe extensive gastric damage as shown 
in our histological examination that can be explained by many 
causes. First, CRS in the present study signifi cantly increased the 
gastric acidity, proteolytic activity with concomitant reduction in 
the volume of gastric juice as compared to control group, which 
is likely to be due to increase in the sympatho-adrenal activity, 
which occurs during stress (22). 

Second, CRS signifi cantly increased the gastric mucosal lipid 
peroxides level, as compared to the control group, which is in 
agreement with other investigators (21). This increase in the lipid 
peroxidation is a result of the elevation in the oxidative stress and 
ROS induced by stress. In addition, the reduction in gastric muco-
sal blood (GMB) fl ow occurring with stress increases malondial-
dehyde (MDA) level (23). 

Moreover, the signifi cant reduction of gastric mucosal NO and 
PGE2 levels in CRS rats can contribute to reduced mucosal blood 
fl ow by the vasoconstriction response, which leads to increase the 
production of free radicals, enhanced lipid peroxidation, impair-
ment of anti-oxidizing enzyme activity and the increased genera-
tion of pro-infl ammatory cytokines, such as TNF-α (24). 

In the present study, pre-treatment with Ang-(1-7) signifi cantly 
reduced the gastric ulcer index, gastric mucosal MDA level with 
concomitant increase in gastric mucosal concentrations of PGE2 
and NO in comparison with the CRS group. In addition, there was 
an improvement in the severe gastric damages that were observed 
by the histological examination. The protective effect of Ang-(1-7) 
in our study against ulcer development might be due to its effect 
on gastric juice acid concentration and proteolytic activity. The 
inhibitory effect of Ang-(1-7) on the gastric acidity was suggested 
to be due to stimulation of gastric Mas receptor that lead to inhi-
bition of H+, K+ ATPase activities and subsequent decreased acid 
secretion and increased gastric pH (25).

Another explanation of the protective effect of Ang-(1-7) pre-
treatment may be due to its anti-oxidative effect as evidenced by 
decreasing the gastric mucosal lipid peroxides level, which is in 
accordance with the previous study of Liao et al (26). This effect 
can be also suggested to be due to stimulation of the gastric Mas 
receptor that leads to increased superoxide dismutase (SOD) ac-
tivity, one of the most signifi cant antioxidant systems function-
ing as a ROS scavenger. Another possible cause of antioxidant 
effect of Ang-(1-7) is increased NO/NOS ratio by stimulating 
NOS and increasing NO release by gastric Mas receptor stimula-
tion (25) as observed in our study. Szlachcic et al (27) reported 
that Ang-(1-7) markedly decreased the expression and release of 
pro-infl ammatory cytokines IL-1b and TNF-a suggesting that the 
anti-infl ammatory properties of Ang-(1-7) may contribute to its 
protective activity. 

Nitric oxide is a well-established mediator in the gastric mu-
cosal defence and repair (28). NO modulates several elements of 
the gastric mucosal defence, including blood fl ow, neutrophil ad-
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hesion and mucus secretion. The effect of NO is, at least partially, 
mediated by an increase in cGMP content, and cGMP is normally 
broken down rapidly by phosphodiesterase-type 5 (6). 

In the present study, the role of NO in the gastroprotective ac-
tivity of Ang-(1-7) was evaluated by using L-NNA, NOS inhibitor. 
L-NNA pre-treatment signifi cantly decreased the gastroprotec-
tive activity of Ang-(1-7) against CRS, evident in our measured 
parameters and histological examination. L-NNA pre-treatment 
inhibited the restoration of stress-induced decrease in NO level 
by Ang-(1-7) pre-treatment. Since NO is the endothelium derived 
relaxing factor, reduction of its level might contribute to reduced 
mucosal blood fl ow by the vasoconstriction response with a sub-
sequent gastric damage (29). 

In addition, L-NNA pre-treatment signifi cantly decreased the 
gastric mucosal PGE2 as compared to Ang. (1-7) treated group. This 
effect can be explained by reduction of NO synthesis by L-NNA, 
which leads to attenuation of COX with subsequent decreased 
PGs synthesis, and it is possible to accept that NO might regulate 
the release and/ or the biosynthesis of PGE2 in the stomach after 
damage (24). Based on these fi ndings, increased production of 
NO could be a potential target for the gastroprotective effect of 
Ang-(1-7) in this study.

Endogenous PGs are involved in the maintenance of mu-
cosal integrity and blood fl ow. PGs also protect mucosa against 
potentially noxious agents. Moreover, PGs seem to stimulate the 
secretion of bicarbonate and mucus, inhibit the acid secretion, as 
well as regulate the mucosal cell turnover and repair in the stom-
ach mucosa. Gastric mucosa of ulcer patients tends to generate 
smaller amounts of PGs of E and I series. This suggests that the 
insuffi cient production of protective PGs may play a primary role 
in the pathogenesis of gastric ulcer (23).

Therefore, in order to investigate the role of PGs in the gas-
troprotection offered by Ang-(1-7), rats were pre-treated with in-
domethacin, non-selective cyclooxygenase (COX) inhibitor, with 
Ang-(1-7) and then subjected to CRS. The results showed that pre-
treatment with indomethacin attenuated the protection afforded 
by Ang-(1-7) against CRS as evidenced by our biochemical and 
histological parameters. In addition, the result of the present work 
showed a marked reduction in NO level in the indomethacin pre-
treated group. This is attributed to the ability of indomethacin to 
up-regulate the endothelin-1 that leads to decrease production of 
gastric mucosal NO (30).

The involvement of PG in the anti-ulcer activity of Ang-(1-7) 
was further confi rmed by direct measurement of the gastric PGE2 
level in control, CRS and Ang-(1-7) pre-treated CRS groups. The 
results showed that CRS decreased the PGE2 level in gastric mu-
cosa to that of control, whereas Ang-(1-7) repeated pre-treatment 
increased the PGE2 level and this effect can be explained by stimu-
lation of Mas receptor by Ang-(1-7), which leads to activation of 
PG/COX pathway (31). 

The maintenance of gastric mucosal integrity depends on the 
interplay between epithelial cell proliferation and apoptosis. Apop-
tosis has recently been suggested as a causative factor for cold 
restrained stress-induced gastric ulcer. Caspase-3, a key mediator 
for execution of apoptosis [programmed cell death], is involved 

in apoptotic cell death in stress-induced ulcer (32). As shown in 
our immunological examination, the cold restrained stress re-
sulted in a dramatic activation of caspase-3, while the expression 
of cleaved caspase-3 was markedly decreased by the Ang-(1-7) 
pre-treatment by inhibiting the mitogen-activated protein kinase 
(MAPK)/NF-κB pathway (33). On the contrary, Ang-(1–7) has 
also been reported to induce apoptosis in circulating fi brocytes 
and human lung cancer cells. Thus, the anti-apoptotic effect of 
Ang-(1–7) is dependent on the cell type (34).

Previous studies have shown that NO either endogenously 
produced or exogenously applied in physiologically relevant con-
centrations acts as an endothelial cell survival factor, so NO sig-
nalling pathway largely contributes to the anti-apoptotic effect of 
Ang (1–7) (35) as evidenced in our study by increased caspase 
3 expression in L-NNA and indomethacin pre-treatment groups.

In conclusion, current results demonstrated that the patho-
genesis of gastric ulcer appears to be multifactorial depending on 
protective and aggressive factors. The gastroprotective effect of 
Ang. (1-7) was consistently accompanied by increased gastric mu-
cosal blood fl ow, reduction in all acid parameters, and reduction in 
lipid peroxides. The mechanisms of Ang. (1-7) induced protection 
against ulceration were mediated by activation of NO/NOS and PG/ 
COX systems that were proved in our study by administrating L-
NNA (non-selective nitric oxide inhibitor) or indomethacin (COX 
inhibitor) before Ang. (1-7). Another explanation of the protective 
effect of Ang. (1-7) may be due to the anti-oxidant effect against 
induced oxidative stress, which is evidenced by marked attenu-
ation in lipid peroxides level and also its anti- apoptotic effect.

Despite providing the effects of Ang-(1-7) therapy against 
ulcer development, this study has the limitation that the focus on 
the functional data and infl ammatory markers did not include a 
mechanistic investigation into Ang-(1-7) mechanism of action in 
providing gastric protection. This will open the door for further 
future studies to prove its mechanisms in action. In addition, fur-
ther studies in experimental animals and humans are warranted to 
further determine the thera peutic effi cacy of Ang-(1-7) in various 
gastrointestinal disorders.
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