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Abstract

Background: Activation of Renin Angiotensin System
(RAS) is one of the main mechanisms involved in the devel-
opment of stress induced gastric ulcers.

Aim of the Study: This study aimed to examine the effect
of inhibitors of RAS in protection against stress-induced
gastric ulcers and the interplay between RAS and apelin/APJ
system in gastric protection.

Material and Methods: Twenty-four adult male rats were
divided into 4 groups: Control, Cold Restraint Stress (CRS),
Angiotensin Converting Enzyme (ACE) inhibitor + CRS and
Angiotensin II receptor type 1 (AT-1) blocker + CRS. Ulcer
index, PH, acidity and mucin content of gastric fluid were
measured. MDA, NO, PGE2, apelin level, COX-2 and Angi-
otensin 1-7 gene expression assessment were done. Gastric
tissues were assessed histopathologically.

Results: Pre-treatment of rats with either capoten or
micardis for 14 days prior to CRS significantly reduced ulcer
index, gastric acidity, MDA and COX-2 expression; while
PH, gastric acidity, mucin content, NO, PGE2, gastric apelin
level and Angiotensin 1-7 gene expression were significantly
elevated.

Conclusion: Our findings suggest the integration between
apelin/APJ system and RAS in protection against gastric
ulceration.

Key Words: Renin angiotensin system — Apelin — Angiotensin
1-7 — Gastric stress ulcers.

Introduction

STRESS induced gastric ulceration is a common
complication following various stressors such as
anxiety, hemorrhagic shock, burns, sepsis and
trauma. Multiple events share in the pathogenesis
of stress induced gastric mucosal injury including
reduced mucosal blood flow, back diffusion of the
acidic gastric juice to the gastric mucosa, inhibition

Correspondence to: Dr. Nancy F. Samir, The Department of
Physiology, Faculty of Medicine, Cairo University, Egypt

4503

of mucosal prostaglandin synthesis, reduction of
mucin, oxidative stress and inflammation [1].

Angiotensin II (Ang II), the main active com-
ponent of RAS, is one of the major factors involved
in the pathogenesis of stress induced gastric ulcer-
ation through activation of many oxidative and
inflammatory pathways and reduction of gastric
blood flow. These actions are mediated via binding
to angiotensin 1 receptors (AT-1) [2].

Hypertension and its underlying pathology are
considered to be high risk factors for induction of
gastric ulcers, so, it may be of a critical value to
determine the optimal antihypertensive drug that
will reduce such risk [3]. Angiotensin converting
enzyme-1 (ACE-1) inhibitors and AT-1 blockers
are two widely used antihypertensive drugs. They
act via inactivation of RAS; hence they are sug-
gested to have a protective effect against stress
induced gastric ulcers.

Previous studies demonstrated that ACE-1 in-
hibitors, via enhancing production of endogenous
prostaglandins and nitric oxide protect gastric
mucosa against indomethacin induced gastric ulcers
[4] . Furthermore, AT-1 blockers were found to have
a gastroprotective role against indomethacin and
Cold Restraint Stress (CRS) induced gastric ulcers
in rat models [5].

Angiotensin 1-7 (Ang 1-7) is an active metab-
olite of RAS produced by the action of ACE2 on
Ang II. It was found to counteract the effects of
Ang II on stomach by binding to MAS receptors
and improving gastric blood flow [6]. These findings
draw attention to the potential preventive role of
Ang 1-7 against stress induced gastric lesions.
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Apelin receptor (APJ) and apelin, are plentifully
distributed in the gastrointestinal tract (GIT) [7].
It was established that they play key rolesin reg-
ulation of many gastrointestinal and metabolic
functions [g]. A previous study by Nimet et a., [9]
showed that F13A, an APJ receptor antagonist,
augmented the gastric mucosal injury induced by
water immersion and restraint stressin rats. These
results provide a strong evidence for the gastropro-
tective effect of apelin.

Previous cardiovascular studies revealed an
antagonistic relationship between Apelin/APJ sys-
tem and RAS. Cardiac apelin was shown to be
upregulated by blocking RAS. Furthermore, apelin
was found to upregulate ACE2 expression, and
antagonize AT 1 R signaling in failing heartsviaa
heterodimerization of APJand AT1R [10]. However,
the interplay between apelin/APJ system and RAS
system in protection against stress induced gastric
ulcers was not previously investigated.

Our work was designed to examine the gastro-
protective effects of the ACE-1 inhibitor (captopril)
and the AT-1 blocker (telmisartan) against cold
restraint stressin male rats. Moreover, we high-
lighted the crosstalk between apelin/APJ system
and RAS in gastroprotection against cold induced
stress ulcers.

Material and Methods

Twenty four adult male albino rats weighing
150-180gm were included in this study. Rats were
bought from the Animal House of Faculty of Med-
icine, Cairo University, Egypt and were located in
aroom at 23°C on an aternating 12:12h light-dark
cycle and had free access to food and water. This
work was carried out in September, 2017 in the
Physiology Department, Faculty of Medicine, Cairo
University.

Rats were randomly divided into four groups
of six animals each. Group 1 (control group): Rats
were pretreated with 2ml/kg/day salinein asingle
oral dose for 14 days; group 2 (cold restraint stress
group; CRS). Group 3: ACE inhibitor (capoten) +
CRS group, the rats were pretreated with capoten
(10mg/kg/day in asingle oral dose) for 14 days
prior to ulcer induction [5]. Group 4 (micardis +
CRS group): Rats were pretreated with micardis
(10mg/kg/day in asingle oral dose) for 14 days
prior to ulcer induction [5] . Captopril (capoten),
Telmisartan (micardis) tablets were purchased from
multipharma (Cairo, Egypt). Ketamine was pur-
chased from sigma (Cairo, Egypt).

At the end of experiment, rats of all groups
were deprived of food for 24h and were housed in
separate cages to diminish coprophagia but free
water drinking was permitted except for the last
hour before pyloric ligation. Pyloric ligation was
applied to rats of all groups as per Debnath et al.,
[11], for further collection of gastric fluid. Rats
were anesthetized by (intraperitoneal injection of
ketamine, 12mg/kg) then their abdomens were
opened, and thread knots were tied around the
pyloric sphincters. The abdomens were closed with
interrupted sutures and garamycin cream was ap-
plied over the wound. The rats were retained in
separate cages and permitted for recovery. After-
wards, rats of all groups except control group were
exposed to CRS.

Acute gastric ulcers were induced by immobi-
lizing the rats via tethering the fore and hind limbs
separately on a wooden board with an adhesive
tape. Lastly, al the rats were reserved at 4-7°C for
two hours [12].

Lastly, all animals were sacrificed by cervical
dislocation and the stomachs were removed after
clamping of the lower ends of both the esophagus
and pylorus. The gastric fluid was collected via an
incision through the greater curvature, for assess-
ment of its PH, free and total acidity and mucin
content. The mucosa was exposed and thoroughly
washed with saline, then, it was placed on aflat
wooden board for gross assessment of gastric
lesions and ulcer scoring. Gastric tissues were
preserved for further assessment of Malondialdy-
hyde (MDA), Nitric Oxide (NO), Prostaglandine
E2 (PGE2), apelin level, Cyclo-Oxygenase 2 (COX-
2) gene expression, Angiotensin 1-7 (Ang 1-7)
gene expression and histopathol ogical assessment.

Assessment of ulcer index: The scoring of ulcer
severity is demonstrated in (Table 1). Ulcer index
is the summation of the number of ulcers multiplied
by their score per stomach.

Ulcer index = 1 X (no. of ulcer of score 1) + 2
X (No. of ulcer of score 2) + 3 X (No. of ulcer of
score 3) + 4 X (no. of ulcer of score 4) [13].

Histopathological examination: The gastric
tissue samples were fixed in 10% formalin, inserted
in paraffin wax, sectioned then stained with hema-
toxylin and eosin for histopathological study be-
neath the light microscope.

Measurement of gastric fluid acidity, pH and
mucin content: The gastric content was collected
in acentrifuge tube and centrifuged for 10 minutes
at 1,000rpm. The pH of this solution was recorded
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with the help of apH meter [14] and the mucin
concentration was measured in the supernatant
[15]. One mL of supernatant was diluted up to 10mL
with distilled water then it was titrated against

0.01N NaOH using Topfer's reagent until the
solution was colored into orange. The volume of
NaOH required was considered as an equivalent
to the free acidity. Titration was continued till

solution got back pink. The quantity of NaOH
needed was considered as a correspondent to the
total acidity [16].

Measurement of gastric MDA level: Gastric
tissue sample was homogenized in ImL PBS, pH
7.0, with micropestle in a microtube. 20% TCA
was added to tissue homogenate to precipitate the
protein and centrifuged. Supernatants were gathered
and Thiobarbituric Acid (TBA) solution was added
to them. After boiling for 10 minutes in water
bath, the absorbance was calculated and viathe
standard curve the concentration of MDA was
measured [17].

Measurement of gastric no level: The level of
NO was assessed by a colorimetric technique ac-
cording to the method of Montgomery and Dymock
[18] . Thistechnique depends on that, in acid medi-
um and in the existence of nitrite the formed nitrous
acid diazotize sulphanilamide, the product is cou-
pled with N-(1-naphthyl) ethylenediamine. The
resulting azo dye has a bright reddish- purple color
which can be measured at 540nm. Then no level
was calculated via the standard curve.

Measurement of gastric PGE2: The evaluation
of gastric PGE2 content is done via the competitive
inhibition enzyme immunoassay procedure. The
micro titer plate has been pre-coated with a goat-
anti-rabbit antibody. Standards or samples are
added to the suitable micro titer plate wellswith
a specific antibody for PGE2 and Horseradish
Peroxidase (HRP) conjugated PGE2 and incubated,
afterward substrate solutions are added to each
well. The reaction is completed by adding the
sulphuric acid solution and the color ateration is
measured spectrophotometrically at a wavelength
of 450nm [19].

Measurement of gastric apelin level: The assay
of apelin level employs the quantitative sandwich
enzyme immunoassay technique. Antibody specific
for APLN has been pre-coated onto a microplate.
Standards and samples are pipetted into the wells
and any APLN present is bound by the immobilized
antibody. After removing any unbound substances,
a biotin-conjugated antibody specific for APLN
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is added to the wells. After washing, avidin conju-
gated Horseradish Peroxidase (HRP) is added to
the wells. Following awash to remove any unbound
avidin-enzyme reagent, a substrate solution is
added to the wells and color develops in proportion
to the quantity of APLN bound in the initial step.
Then the color intensity is measured spectro-
photometrically at a wavelength of 450nm. The
concentration of apelin is then determined by
comparing the OD of the samples to the standard
curve [20].

Measurement of gastric Angl-7 and COX-2
gene expression by quantitative real-time polymer-
ase chain reaction (QRT-PCR): Angl-7 and COX-
2 gene expression were detected using (QRT-PCR).
Briefly, total RNA was extracted from frozen tissue
samples using TRIzol (Invitrogen) following the
manufacturer's protocol extracted RNA and was
quantified by spectrophotometer. 2ug of total RNA
were reverse transcribed in 0.05M Tris-HCI pH
8.3, 40mM KCI, 7mM MgCI2 buffer containing
0.05ug of random hexamers, ImM dNTPs mix,
0.05U/l RNase inhibitor and 200U/l murine leuke-
miavirus reverse transcriptase M-MLV. Samples
were incubated for 10min at 70C and then 60min
at 37C. Inactivation of the reverse transcriptase
was achieved by heating the samples at 95C for
10min. Real-time RT-PCR for quantitative assess-
ment of MRNA expression was performed on step
one plus, reaction contained SYBR Green Master
Mix (Applied Biosystems, USA), gene-specific
forward and reverse primers (10 M) ®DNA and
nuclease-free water. the sequences of PCR primer
pairs used for each gene are shownin (Table 2).
With cycling conditions (10min at 95°C followed
by 40 cycles of 15 sat 95°C and 60s at 60°C). The
level of expression of each target gene was nor-
malized relative to the expression of GAPDH
mMRNA in that sample using the ACt method. Rel-
ative differences in gene expression among groups
were determined using the comparative Ct (AACt)
method and fold expression was calculated as
2 AACt, where AACt represents ACt values nor-
malized relative to the mean ACt of control sa-
mples[21].

Satistical analysis:

Analysis was performed with SPSS software
package (Version 17). The data was expressed as
mean = SD, with avalue of p<0.05 considered
stetistically significant. Statistical evaluation was
performed by one-way analysis of variance (ANO-
VA) followed by post hoc test for multiple com-
parisons of means [22].
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Table (1): Score of ulcer severity.

Score  Features

0 * No ulcer.

1 « Pin point ulcer and changes limited to superficial
layers of mucosa.

2 * Ulcer lessthan Imm in size.

3 * Ulcer more than Imm but less than 2mm in sizes.

4 * Ulcer more than 2mm or perforation of ulcer.

Table (2): Primers of Angiotensin 1-7 and COX-2.

Angiotensin 1-7 « Forward primer: 5-TTCCCCCAAAGGC
CAAGTCCCA-3
* Reverse primer: 5-GAGGCTGCCCTGG
CTTCTGTC-3

COX-2 » Forward primer: 5-GTGGGATGACGA
GCGACTG-3
* Reverse primer: 5-CCGTGTTCAAGG

AGGATGG-3

Results

Effect of pretreatment with capoten or micardis
on ulcer index in rats subjected to CRS:

The results of the present work showed that
ulcer index was significantly elevated (p<0.001)
in CRS group compared to control group. Both
capoten and micardis administration for 14 days
prior to ulcer induction; significantly reduced ulcer
index compared to non treated CRS group ( p<
0.001). Worthwhile, we didn't notice any significant
difference in ulcer index results neither between
both drug groups nor between them and the control
group. These resultsindicate that both drugs exerted
marked protective effects against CRS (Table 3).

Effect of pretreatment with capoten or micardis
on the the PH, acidity and mucin content of gastric
fluid in rats subjected to CRS:

Assummarized in (Table 3), CRSresulted in
asignificant reduction in the PH of gastric fluid
and asignificant elevation in the total and free
gastric acidity (p<0.001) compared to control
group. On the other hand, pretreatment of rats with
capoten or micardis showed a significant increase
in PH and a significant attenuation of both total
and free gastric acidity (p<0.001) compared to non
treated group. Interestingly, these parameters
showed insignificant difference between micardis
and capoten pretreated groups. Furthermore, there
was no significant difference between the control
group and both drugs groups.

Moreover, the mucin content of gastric fluid
showed a significant reduction in CRS group com-

pared to control group. A significant improvement
in mucin content was noticed in both capoten and
micardis groups compared to CRS group. This
improvement was partial and there was still a
significant difference between both drug groups
and control group (p<0.05). On the other hand,
there was no significant difference between both
drugs groups.

Effect of pretreatment with capoten or micardis
on oxidative stress and inflammatory markersin
gastric tissues of rats subjected to CRS

Asobserved in Fig. (1), CRS induced a signif-
icant increase (p<0.001) in MDA (marker of oxi-
dative stress) compared to control group. On the
other hand, the results showed a significant reduc-
tion (p<0.001) in NO and PGE2 (anti-inflammatory
markers) together with a significant increase
(p<0.001) in COX2 gene expression in CRS group
compared to control. Pretreatment of rats with
either capoten or micardis before exposure to CRS
resulted in a significant reduction (p<0.001) in
MDA and COX2 gene expression leading them
towards control. While NO and PGEZ2 results re-
vealed a significant increase (p<0.001) in pretreated
groups compared to CRS non treated group. In
spite of the significant improvement of oxidative
stress and inflammatory makers measured in this
study, we still observe a significant difference
(p<0.001) between drug groups and control. Again,
comparing results of capoten with micardis group
revealed no significant difference.

Effect of pretreatment with capoten or micardis
on apelin level and angiotensin 1-7 gene expression
in gastric tissues of rats subjected to CRS:

Fig. (2) showed that apelin level and Ang 1-7
gene expression were significantly decreased ( p<
0.001) in CRS group compared to control. While
pretreatment with either capoten or micardis; caused
asignificant increase (p<0.001) in both parameters
compared to CRS group. Interestingly, apelin level
showed a non significant difference in both drug
groups compared to control. However, Ang 1-7
gene expression was still significantly lower
(p<0.001) compared to control value. Lastly, results
of both drug groups were incomparable.

Histopathological changes in the studied groups:

Both macroscopic and microscopic pictures of
CRS group showed marked changes indicating
gastric mucosal injury; while capoten and micardis
pretreated groups, revealed evident protection
against CRS as shown in Figs. (3,4).
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Table (3): Effect of pre-treatment with capoten or micardis on ulcer index, PH, gastric acidity and mucin
content of the gastric fluid in rats subjected to CRS.

Parameter Group Control CRS Capoten + CRS ~ Micardis + CRS
Ulcer index 2.67£2.66 32.67+9.03* 3.33+2.88# 3+3.35#

PH 3.53+0.29 1.43+0.28* 3.2+0.36# 3.23£0.28#
Total gastric acidity (mEq/L) ~ 17.73+1.896  50.97+5.996* 23.62+3.84# 2445+3.11#
Free gastric acidity (mEq/L) 9.72+0.54 21.3543.93* 11.62+1.98# 12.68+1.96#
Mucin content ( g/ tissue) 3.53£0.29 1.43£0.28* 3.02+0.31#A 2.99£0.29#A

Values are represented as mean * SD (n=6/group).
* . Means significantly different compared to control group (»<0.001).
# : Means significantly different compared to CRS group (p<0.001).

: Means significantly different compared to control group (p<0.05).
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Fig. (1): (A): MDA (nmol/gm tissue). (B): NO ( gnol/gm tissue). (C): PGE2 (Pg/gm tissue). (D): COX2 gene expression in the
four studied groups (n=6).

Each vertical bar represents the mean * SD.
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Fig. (2): (A): Apelin (ng/gm tissue), (B) Ang 1-7 gene expression in the four studied groups (n=6).
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*: Means significantly different compared to control group (p<0.001). #: Means significantly different compared to CRS group (»<0.001).
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(A) B

© D)
Fig. (3): Gross picture of gastric mucosa of (A): Control. (B): CRS. (C): Capoten + CRS and (D): Micardis + CRS groups.

A) B)

© D)

Fig. (4): Microscopic picture of gastric mucosa of the studied groups stained with H & E (200X original magnification).
(A): Control group: Shows intact gastric mucosa with no evidence of inflammation. (B): CRS group: Shows
ulceration of gastric mucosa (continuous arrow) with underlying acute inflammatory cellular infiltration of lamina

propria (interrupted arrow). (C): Capoten + CRS, and (D): Micardis + CRS groups: Show gastric wall with
unremarkable pathological changes.
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Discussion

In the present study, we exposed the pyloric
ligated immobilized rats to cold stress which re-
sulted in gastric ulceration. The ulcer index, total
acidity and MDA level of the stomach were signif-
icantly elevated with significant reduction in gastric
mucin, PGE2 and NO content of the gastric mu-
cosa compared to control group. It was reported
that stress-induced excessive secretion of gastric
acid and its stasis; are essential for the devel op-
ment of stress ulcers [23] . Exposure to cold leads
to severe impairment of gastric mucosal blood
flow and decreased mucus secretion [24,25]. Also
stress encourages oxygen-derived free radicals
formation which in turn provokes ischemic tissue
damage [26] .

Our study demonstrated that treatment with
either capoten or micardis for 14 days prior to
exposure to CRS significantly improved the gastric
ulcer index, reduced the gastric acidity, MDA and
COX2 gene expression and elevated the gastric
mucin, NO and PGE2 content. It iswell established
that prostaglandins have various anti-ulcerogenic
effects as they lead to increase in gastric mucin
production, proliferation of gastric mucosa, angio-
genesis, and play arolein regulation of gastric
acid secretion [27]. Moreover, no was recoghized
to inhibit gastric acid secretion and play avery
crucial rolein gastric ulcer healing through va-
sodilatation and improving gastric blood flow [2g].

Garrison et a., [29] documented that the mode
of action of capoten, is probably through reinforce-
ment of the gastric mucosal barrier and improving
the blood flow viainhibition of Ang Il formation.
The decrease of gastric acidity by capoten may be
due to the presence of a sulfhydryl group in the
capoten [30] or through increased gastric PGE2
[31]. As capoten is a competitive inhibitor to Kini-
nase I, so, it causes arise in plasmabradykinin
level which will increase the production of pros-
taglandins. Also capoten displays an antioxidant
activity through scavenging free radicals and
impeding lipid peroxidation and MDA produc-
tion [31].

The protective effect of micardisin CRS model
istwo folds; AT 1 receptor blocker [32] and PPAR-
y stimulator [33]. Activation of PPAR-y improves
gastric circulation through the increased production
of no [34], increases mucin content of gastric mu-
cosa and stimulation of glutathione production
which acts as cofactor in some steps of PGs syn-
thesis [35]. Moreover, previous studies demonstrated
the anti-inflammatory effects of PPAR-y agonist
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viainhibition of pro-inflammatory cytokines pro-
duction such as TNF-a, IL-1R, and IL-6 and over
expression of heat shock protein 70 [34].

The literature provides strong evidence regard-
ing the gastroprotective effect of apelin as described
above. A previous immunohistochemical study
revealed that apelin, produced by parietal cells,
acts as a negative regulator of gastric acidity. It
binds APJ receptors on enterochromaffin like cells
and inhibits histamine release; hence decreasing
gastric acidity [36].

It has been reported that apelin/APJ system
antagonizes actions of Ang Il by many mechanisms.
Apelin stimulates heterodimerization of APJand
AT1 receptors, thereby, it downregulates the detri-
mental actions of ang |1 mediated via AT1 receptor
[37]. Also, apelin was found to upregulate ACE2
expression that acts on ang |1 liberating the active
metabolite Ang 1-7 [38]. Ang 1-7 antagonizes Ang
Il actions through its anti-inflammatory, anti-
proliferative, anti-fibrotic and anti-apoptotic effects
[39] . Previous studies showed that pretreatment of
rats subjected to cold restrained stress by Ang 1-
7 decreased gastric acidity and protected gastric
mucosa against ulceration. This gastroprotective
effect was attributed to the increase in gastric blood
flow, no and PGE2 together with decreased oxida-
tive stress and the pro-apoptotic factor caspase 3
[40,41] .

Interestingly, the present work reported that
the gastroprotective effects induced by inhibition
of RAS either by the ACE-1 inhibitor (capoten) or
the AT-1 blocker (micardis) were associated with
asignificant increasein apelin level and Ang 1-7
gene expression. Our results together with previous
studies suggest the protective role of apelin against
gastric injury. This gastroprotective effect could
be partly mediated viaincreasing the gene expres-
sion of Ang 1-7.

In conclusion, this work provides strong evi-
dence regarding the gastroprotective effects of
ACE-1 inhibitors and AT-1 blockers against CRS
induced ulcers. Further, our study highlights the
crosstalk between RAS and apelin/APJ system in
protection against gastric ulceration.
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