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 Abstract  

Objective: to detect the possible cardioprotective effect of Ang-(1-7) in rat model of MI; 

Also, possible role of NO and PGs in this probable cardioprotective effect of Ang- (1-7) 

was studied. Methods: Rats were divided randomly into 6 groups (8 rats each): Group I 

: Control group:, Group II: rats received S.C isoprenaline at a dose of 150 mg/kg/day 

on two consecutive days with an interval of 24 hours between applications, Group III: 

rats received Ang (1-7) (576μg/kg/day) S.C for 6 days after induction of MI ,Group IV: 

in which rats received Ang (1-7) (576μg/kg/day)+ L-NAME in the drinking water (80 

mg/l) for 6days after induction of MI ,Group V: in which rats received Ang (1-7) 

(576μg/kg/day) +Indomethacin 5 mg/kg/day IP for 6 days after induction of MI ,Group 

VI: in which rats received both Ang-(1-7)+ L- NAME and Indomethacin at dose 

mentioned previously. Biochemical, histopathologial , and ECG changes were studied  

Results: ISO –MI group exhibited a significant rise in serum cardiac enzymes and 

disturbed lipid profile, increased myocardial damage score and Caspase3 expression 

when it is compared to the normal group (p<0.001). ECG changes of rat revealed 

elevation ST segment, QT interval prolongation, decrease QRS duration and voltage, and 

accelerated heart rate. Ang-(1-7) caused significant improvement in the studied 

parameters ,while co-infusion of L-NAME and or indomethacin prevent this effect of 

Ang-(1-7) .Combined L-NAME and  indomethacin produce more deleterious effect than 

separate administration of them. Conclusion: Ang-(1-7) is considered one of the 

cardioprotective components of RAS .NO and PGs mediate the action of Ang-(1-7) and 

they may have an additive effect.  
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Introduction  

       Cardiovascular diseases are considered one of 

the most common causes of mortality and 

morbidity all over the world (1). Myocardial 

infarction (MI) is considered among the most 

serious acute lesion affecting the heart, that cause 

hundreds of thousands of deaths annually 

worldwide (2).Thus, the continuous studies about 

the strategies of therapies that can reduce the 

occurrence of this pathology is still mandatory (3). 

       The pathophysiology of MI comprises 

different mechanisms in which RAS play an 

effective role. The RAS are more complex than 

previously known, it has two major types of 

function, according to the type of peptides 

produced ; a proliferative &vasoconstrictor one in 

which the major acting peptide is (Ang II) and an 

anti-proliferative& vasodilator one in which the 

major effector is Ang-(1-7) (4). 

        Since it has been identified, Ang-(1-7) has 

rapidly gained a great position as one of the 

remarkable cardioprotective molecules in RAS 

(5).Ang-(1-7) is an active heptapeptide of the 

RAS; its physiological role are mostly opposite to 

that produced by Ang II. It binds to specific G 

protein coupled receptor named MAS receptor (the 

name is the first 3-surname letters of the patient 

whose tumor cells were used to identify the gene) 

(4). 

        Ang-(1-7) may act either by a direct 

mechanism on its receptor, or indirectly through 

bradykinin potentiation (6),-NO and prostaglandin 

release (7).Also, Ang-(1-7) can inhibit ACE (8),so 

it was  suggested that this heptapeptide could be a 

target to discover new and innovative 

cardioprotective drugs (7). 

       Ang-(1-7) may produce many beneficial 

functions in the heart, including: vasodilation, 

inhibition of cell proliferation, prevention of 

hypertrophy, reducing fibrosis, inhibition of 

thrombosis, and prevention of arrhythmia (8). 

        Following activation of MAS by Ang-(1-7) in 

the heart, the signal transduction pathways are not 

fully characterized, however it may involve release 

of PGs and or NO release or both (4). 

       In contrast to many studies that reported a 

cardioprotective role of Ang-(1–7), it has been 

reported that Ang-(1–7) infusion resulted in 

harmful events occurred in the heart of Sprague 

dawley rats (10). Also, Zhang et al. revealed the 

occurrence of myocardial hypertrophy in rats as a 

consequence of MAS overexpression in 

cardiomyocytes (11). 

      Several studies have proved that NO and PGs 

have an influential role in cardioprotection (12). 

The concentrations of NO and PGs were elevated 

in the infarcted portions of the heart 

(13).Cardioprotective effects of NO include 

decreased apoptosis of cardiomyocytes, decreased 

oxygen consumption and increased   ischemic   

tolerance. In addition, it has been demonstrated 

that NO improved contractile function through 

modulating SR Ca2+-ATPase activity (SERCA), 

RyR, and L-type Ca2+ current (14). 

      L-arginine analogues are widely used 

inhibitors of nitric oxide synthase (NOS) activity 

thus decreasing NO.-In fact, N(ω)-nitro-L-arginine 

methyl ester (L-NAME) comes at the top of the list 

of these analogues (15). 
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     PGs exert their cardioprotective effect through 

inhibiting the production of chemokines in human 

macrophages (16), in addition to inhibition of the 

production of proinflammatory cytokines(17), and 

adhesion molecules (18).These actions of PGs 

ensure that PGs  play a pivotal role prevention of 

inflammation-related cardiovascular diseases(19). 

      Indomethacin has been used as a potent non-

steroidal anti-inflammatory drug that acts through 

inhibition of cyclooxygenase thus preventing the 

production of prostaglandins from arachidonic acid 

(20). 

       So the aim of this work was to determine the 

possible cardioprotective role of Ang-(1-7) in rat 

model of MI; through studying 

electrocardiographic, biochemical and 

histopathological changes in those rats. Also, 

possible role of NO and PGs in this probable 

cardioprotective effect of Ang- (1-7) was studied. 

Materials and Methods 

Chemicals:  

      Angiotensin Fragment 1-7 acetate salt hydrate, 

L-NAME hydrochloride, Indomethacin, 

isoproterenol hydrochloride, Ketamine 

hydrochloride, Xylazine hydrochloride were 

obtained from Sigma Chemical Co., St. Louis, 

MO, USA.  

 Animals: 

      Forty eight adult male SD rats aging 4-6 

months, and weighing between 200-250 g were 

used in the thesis.-Rats were bred and housed in 

the animal house of the Medical Experimental 

Research center (MERC), Mansoura University, 

under standardized environment  (12-hrs light/dark 

cycles and temperature of 24 °C ).They were fed a 

standard chow and had free tap water access. The 

experimental procedures were approved by 

Mansoura Faculty of Medicine research ethics 

committee.  

Study groups: 

      Rats were divided randomly into 6 groups 

(each contain 8 rats ): Group I (Control): normal 

rats, received normal saline (2ml) S.C on two 

consecutive days .Group II (ISO- induced MI): in 

which rats received subcutaneous isoprenaline at a 

dose of 150 mg/kg/day for 2 successive days with 

24 hours interval between the doses(21).Group III 

(ISO- induced MI + Ang-(1-7)): rats received Ang 

(1-7) (576μg/kg/day) S.C for 6 days after 

induction of MI (22).Group IV (ISO- induced MI 

+ Ang-(1-7)  + L-NAME): rats received Ang-(1-7) 

at the same previous dose + L-NAME in the 

drinking water (80 mg/l) for 6days after induction 

of MI (22).Group V (ISO- induced MI + Ang-(1-

7) +Indomethacin): rats received Ang-(1-7) at the 

same previous dose + Indomethacin 5 mg/kg/day 

IP for 6 days after induction of MI(23).Group VI 

(ISO- induced MI + Ang-(1-7) +Indomethacin+ L 

NAME): rats received both Ang-(1-7) +L- NAME 

and indomethacin at the same previous dose (24). 

Recording of ECG 

      For all rats in this study, recording of ECG was 

done at basal day and repeated at the second and 

eighth days after MI induction in all experimental 

rats. Light ether anesthesia was used during ECG 

recording .biopac student lab system (software 

BSL 3.7.5), MP45 ( data acquisition unit), biopac 

electrode lead set x2 and disposable vinyl 
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electrodes, 3 electrodes for each rat were used 

during ECG recording. 

Measurement of cardiac enzymes (CK-MB, 

AST ,-ALT , and LDH) 

      Cardiac enzymes were measured using 

commercially available kits according to the 

manufacturer’s instructions. AST, ALT and CK-

MB kits were purchased from bioMérieux 

Diagnostics, Milan, Italy,-while LDH kits were 

purchased from Bayer Diagnostics Ltd., Baroda, 

India. 

Assay of lipid profile 

      The lipid profile measured parameters include 

triglycerides, cholesterol, HDL-CL, and LDL-CL. 

They were determined by using available kits 

according to the manufacturer’s instructions. Kits 

were purchased from Spinreact Company, Sant 

Esteve de Bas, groupGirona, Spain. 

Histopathological examination 

      The cardiac tissues from all rats were washed 

with saline immediately and fixation in 10% 

buffered neutral formalin solution was performed, 

and then embedded in paraffin. The cardiac tissue 

was sectioned and stained with haematoxylin and 

eosin (H&E). The results were classified as no 

changes; +mild (slight cardiomyocyte damage 

with mild degree of inflammation); ++moderate 

(excess cardiomyocyte degeneration in association 

with diffuse inflammation); +++marked (sever 

necrosis with extensive inflammation). According 

to these histopathological changes in myocardium; 

rats were graded into three distinct groups: group 

A (with no histopathological change), group B 

(mild affection) and group C (moderate and/or 

severe affection). 

Immunohistochemical detection of caspase 3 

      Polyclonal antibody of rabbit was used 

(RP096) was purchased from Diagnostic 

BioSystems Owens Drive, Pleasanton, CA.  

Computer Assisted digital image analysis 

(Digital morphometric study): Slides were 

photographed using Olympus® digital camera 

installed on Olympus® microscope with 1/2 X 

photo adaptor, using 20 X objective. The result 

images were analyzed on Intel® Core I3® based 

computer using VideoTest® Morphology® 

software (Russia) with a specific built-in routine 

for area measurement, stain density and descriptive 

geometrical parameters analysis. Five slides from 

each case were prepared, five random fields from 

each slide were analyzed. 

Quantification of Caspase 3 

(Immunohistostaining) 

The software routine of quantification includes: 

1: Image acquiring form the camera using a u-

tech® frame grabber, 2: Enhancing color tones of 

the image depending on the hue of target areas. 3: 

Thresholding of the image at the level of the 

desired hue range to form a binary mask that 

represents target areas, 4: Define binary mask as 

region of interest (ROI). 5: All results were 

exported as.XLS. 

Statistical analysis 

      The obtained data were represented as Mean ± 

SD. Comparison for parametric data was done by 

analysis of variance (ANOVA) followed by 

turkey’s post hoc analysis. P<0.05 was considered 

significant 
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Results  

Effect of Ang-(1-7), Ang-(1-7) +L-NAME, Ang-

(1-7) +Indomethacin Ang-(1-7) +both(L-NAME 

&Indomethacin ) on cardiac enzymes: 

    Cardiac enzymes results are presented in table 

(1). At day 0, cardiac enzymes (CK- MB, LDH, 

AST, and ALT) were not different between all 

groups. At day 2, cardiac enzymes were increased 

significantly in all experimental groups in 

comparison with normal group (p≤ 0.001). At  day 

8, these markers were decreased significantly in 

Ang-(1-7) treated group when compared to ISO 

group as well as to L-NAME, indomethacin, 

combined (L-NAME, indomethacin) treated 

groups (p≤ 0.001).Furthermore cardiac enzymes 

were increased in a significant value in combined 

group in comparison with L-NAME or 

indomethacin groups (p≤ 0.001).  

Effect of Ang-(1-7), Ang-(1-7) +L-NAME, Ang-

(1-7) +Indomethacin Ang-(1-7) +both (L-

NAME &Indomethacin) on lipid profile: 

      Lipid profile results are presented in table (2). 

At day 0, lipid profile results were not different 

between all groups. At day 2, serum Cholesterol, 

TG, LDL-CL were increased significantly in all 

experimental groups when compared with control 

group (p≤ 0.001), while HDL-CL was decreased 

significantly in all experimental groups when 

compared with control group (p≤ 0.001).  

 

 

Table (1): cardiac enzymes in different studied groups at basal, 2 and 8 days. 

 Group 

Days 

NC ISO-MI ISO+Ang-(1-7) ISO+Ang-(1-

7)+L-NAME 

ISO+Ang-(1-

7)+Indomethacin 

ISO+Ang-(1-

7)+both 

CK-

MB(U/L

) 

Basal 20.3±.9 21.07±1.2 21.8±1.7 20.3±1.1 21.5±1.3 21.2±1.3 

 Day2 21.7±1.

4 

212.97±13.57 

€ A 

223.55±5.8 

€ A 

216.87±11.26

€ A 

212±9.2€ A 217.67±9.8€ A 

 Day8 20.8±1.

5 

185.77±19.3 83.67±7.39 

 Ω B D E F 

203.07±4.69 c 202.4±10.4 c 229.5±10.7CDE 

LDH(U/

L) 

Basal 97.15±4

.3 

99.34±1.86 101.67±6.56 94.93±5.6 95.63±2.83 95.92±4.02 

 Day2 97.47±1

.17 

140.03±5.11 

€ A 

136.67±8.31 

€ A 

130.08±15.66 

€ A 

133.83±7.28 

€ A 

135.53±7.12 

€ A 

 Day8 98.48±4

.01 

136.33±4.01 120.87±2.95 

Ω B D E F 

128.81±10.95 

c 

130.35±3.24 

c 

150.45±6.86 

CDE 

AST(U/

L) 

Basal 74.67±2

.7 

77±2.6 81.3±7.8 77.17±4.17 81.34±5.61 80.83±4.96 

 Day2 75.66±3

.67 

120.66±8.64 

€ A 

109.16±3.08 

€ A 

127.85±8.92 

€ A 

129.67 ±2.16 

€ A 

139.53±4.27 

€ A 

 Day8 80.33±5

.85 

108±2 82.2±3.69 

Ω B D E F 

115.17±10.74 

C 

113 ±9.39 

C 

143.3±4.74 

C 

ALT(U/

L) 

Basal 67.7±4.

5 

68.2±5.49 69.5±6.44 68.33±3.08 70±5.65 67.27±3.89 

 Day2 69.5±4.

89 

100±4.04€ A 99.17±3.6€ A 

 

101±3.89€ A 99.89±3.03€ A 102±4.34€ A 

 Day8 69±5.86 98.83±2.71 82.33±1.63 

Ω B D E F 

99.37±2.84 C 98±4.24 C 101.27±3.58 C 

 The results were represented  as mean ± SD,  testes used are One way ANOVA and Turkey’s post hoc  (p≤ 0.05 is considered), NC = 

normal group, ISO=Isoprenaline, Both= L-NAME+ INDOMETHACIN, €=significant in comparison to basal group, Ω = significant 

significant in comparison to 2 days group, # = significant significant in comparison to 8 days group, A = significant vs. NC, B 

significant vs. Iso group, C = significant vs. ang1-7, D= significant vs. L-NAME,E =significant vs indomethacin,F= significant vs 

Both. 
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Table (2): Lipid profile in different studied groups at basal, 2 and 8 days 

 Group 

Days 

NC ISO-MI ISO+Ang-(1-7) ISO+Ang-(1-

7)+L-NAME 

ISO+Ang-(1-

7)+Indomethacin 

ISO+Ang-(1-

7)+both 

Cholesterol

(mg/dl) 

Basal 88.05

±4.49 

84.52±3.36 85.82±4.07 86.15±3.43 82.75±4.31 82.42±2.46 

 Day2 84.68

±3.7 

120.08±6.25 

€ A 

105.43±2.7 

€ A 

116.45±11.12 

€ A 

108.41±3.88 

€ A 

119.11±2.8 

€ A 

 Day8 90.76

±4.05 

112.56±5.7 96.98±1.6 

Ω B D E F 

122.23±4.69 

C 

120.3±3.08 C 134.42±3.77 CDE 

TG((mg/dl) Basal 78.85

±5.62 

79.68±4.53 80.48±5.63 81.6±2.97 78.88±5.56 80.02±5.46 

 Day2 79.53

±4.83 

113.23±3.5 

€ A 

96.55±4.02 

€ A 

104.01±3.87 

€ A 

113.73±14.4 

€ A 

115.2±2.7 

€ A 

 Day8 78.32

±1.27 

94.71±0.39 82.81±0.48 

Ω B D E F 

110.45±5.1 C 109.28±3.51 C 128.57±3.66 CDE 

LDL-

CL(mg/dl) 

Basal 23.53

±7.11 

20.1±3.35 21.05±4.29 21.77±4.29 18.23±5.41 17.85±4.73 

 Day2 19.3±

4.56 

69.08±7.45€ 

A 

60.33±4.57€ A 65.47±11.2€ 

A 

66.93 ±2.19€ A 70.7±3.28€ A 

 Day8 26.42

±5.08 

55.56±4.67 31.27±5.43 

Ω B D E F 

59.92±5.59 C 61.4±2.69 C 78.67±3.97 C 

HDL-

CL(mg/dl) 

Basal 48.55

±2.69 

48.63±1.47 48.68±1.42 48.12±2.44 48.75±1.64 48.6±2.14  

 Day2 49.66

±2.74 

30.5±1.6 25.75±2.57€ A 30.08±1.08€ 

A 

28.5±2.74€ A 27±2.73€ A 

 Day8 48.83

±1.66 

32.13±1.74 41.18±1.63 

Ω B D E F 

30.17±1.53 C 31.28±2.56 C 30±1.87 C 

The results were represented  as mean ± SD,  testes used are One way ANOVA and Turkey’s post hoc  (p≤ 0.05 is considered), NC = 

normal group, ISO=Isoprenaline, Both= L-NAME+ INDOMETHACIN, €=significant in comparison to basal group, Ω = significant 

significant in comparison to 2 days group, # = significant significant in comparison to 8 days group, A = significant vs. NC, B 

significant vs. Iso group, C = significant vs. ang1-7, D= significant vs. L-NAME,E =significant vs indomethacin,F= significant vs 

Both. 

At  day 8, serum Cholesterol, TG, LDL-CL were 

decreased significantly  in Ang-(1-7) treated group 

when compared to ISO group as well as to L-

NAME, indomethacin, combined (L-NAME& 

indomethacin)  treated groups (p≤ 0.001) ,also 

HDL-CL was increased significantly in Ang-(1-7) 

treated group when compared to ISO group as well 

as to L-NAME, indomethacin, combined (L-

NAME & indomethacin) treated groups (p≤ 

0.001), Furthermore serum Cholesterol and TG 

were increased significantly in combined group 

when compared to L-NAME, indomethacin 

groups. 

Effect of Ang-(1-7), Ang-(1-7) +LNAME, Ang-

(1-7) +Indomethacin Ang-(1-7) +both(L-NAME 

&Indomethacin) on ECG  parameters(QRS,QT 

intervals, HR, and ST segment) : 

      ECG results are presented in table (3), Fig (1-

3).There was no significant difference in PR 

interval duration among all groups. At day 0, lipid 
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profile results were not different between all 

groups. At day 2, the duration and voltage of QRS 

complex were decreased significantly while there 

was significant increase in QT interval duration, 

HR and S-T segment (p<0.001) in all studied 

groups in comparison with control group (p≤ 

0.001). At day8, the duration and voltage of QRS 

complex were significantly increased while there 

was significant decrease in QT interval duration, 

HR and S-T segment (p<0.001) in Ang-(1-7) when 

compared to ISO group as well as to L-NAME, 

indomethacin, combined (L-NAME, 

indomethacin) treated groups (p≤ 0.001). 

Table (3): ECG changes (PR, QRS, , QT intervals, HR, and ST segment) in different studied groups at 

basal, 2 and 8 days. 

 Group 

Days 

NC ISO-MI ISO+Ang-(1-7) ISO+Ang-(1-

7)+L-NAME 

ISO+Ang-(1-

7)+Indomethacin 

ISO+Ang-(1-

7)+both 

PR 

interval(ms) 

Basal 25.85±

1.84 

24.92±1.04 26.63±2.13 26.83±4.32 25.2±1.66 25.1±1.75 

 Day2 25.42±

1.78 

26.02±1.83 26.53±1.84 26.95±1.94 25.1±2.09 24.8±1.9 

 Day8 26.38±

1.45 

25.77±1.56 25.38±1.52 26.53±1.56 25.62±1.66 26.75±1.64 

QRS 

complex 

(ms) 

Basal 45.5±1

.87 

45.42±3.49 47±2.36 46±3.16 46.5±2.07 45.05±3.13 

 Day2 45.67±

2.07 

37.2±1.04€ A 37.22±1.05€ A 37.2±1.04€ A 36.03±1.04€ A 37.07±.99€ A 

 Day8 45.25±

2.72 

38.33±0.51 45.34±0.76 

Ω B D E F 

39.13±1.55 C 39.83±1.83C 40±1.4 C 

QRS 

complex (uv) 

Basal .35±.0

6 

.39±.03 .44±.03 .39±.03 .37±.03 .36±.05 

 Day2 .39±.0

3 

.24±.008€ A .25±.02€ A .24±.02€ A .27 ±.02€ A .26±.03€ A 

 Day8 .38±.0

3 

.28±.03 .39±.02 

Ω B D E F 

.29±.05 C .3±.02 C .29±.04 C 

QT 

interval(ms) 

Basal 65.92±

4.41 

67.23±2.33 66.83±1.59 64.12±1.52 64.95±.51 66.87±2.22 

 Day2 67.23±

2.32 

75.83±2.14€ A 80±6.32€ A 79.58±6.87€ A 79±3.74€ A 75.83±4.58€ A 

 Day8 65.32±

2.64 

75.17±4.02 69.33±.82 

Ω B D E F 

78.83±5.42 C 80.25±7.03 C 81±2.09 C 

HR (bpm) Basal 198.5±

7.8 

204.5±4.7 198.8±3.97 202.16±7.9 195.83±8.14 200.5±6.77 

 Day2 202.8±

6.11 

313.8±20.8€ A 315±19.14€ A 302.7±19.76€ A 307.5±10.31€ A 305.5±17.21€ A 

 

 

 

Day8 199.5±

7.82 

296.66±13.54 222.6±8.64 

Ω B D E F 

302.5±17.2 C 303.5±10.22 C 318±16.12 C 

ST segment

  

(mV) 

Basal .028±.

009 

.03±.008 .035±.015 .038±.016 .03±.008 .038±.015 

 Day2 .03±.0

09 

.12±.026€ A .12±.021€ A .11±.02€ A .11±.02€ A .11±.013€ A 

 Day8 .03±.0

08 

.12±.025 .07±.034 

Ω B D E F 

.13±.023 C .13±.019 C .13±.014 C 

The results were represented  as mean ± SD,  testes used are One way ANOVA and Turkey’s post hoc  (p≤ 0.05 is considered), NC = 

normal group, ISO=Isoprenaline, Both= L-NAME+ INDOMETHACIN, €=significant in comparison to basal group, Ω = significant 

significant in comparison to 2 days group, # = significant significant in comparison to 8 days group, A = significant vs. NC, B 

significant vs. Iso group, C = significant vs. ang1-7, D= significant vs. L-NAME,E =significant vs indomethacin,F= significant vs 

Both. 
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Effect of Ang-(1-7), Ang-(1-7) +LNAME, Ang-

(1-7) +Indomethacin Ang-(1-7) +both(L-NAME 

&Indomethacin) on myocardial morphology : 

     Pathological finding of different groups are 

represented in table (4). The histopathological 

changes score from all rats of the control group 

was A.-On the other hand, In SO- MI group, about 

63% of rats became score C. The Ang-(1-7) treated 

group exhibited remarkable decrease in the 

damage score  as about 63% of rats became score 

A.In Ang-(1-7) +L-NAME, Ang-(1-7) 

+Indomethacin Ang-(1-7)  about 63%,75% of rats 

respectively became score C. In combined group 

about 87% of rats became score C. Figure (4. a) 

showed the normal architecture of the cardiac 

tissues. Figure (4.b) showed ISO- induced 

myocardium infarction characterized by extensive 

interstitial edema and neutrophil granulocytes in 

the infracted zone, with extensive myofibrillary 

degeneration. Treatment ISO-MI group with Ang-

(1-7) resulted in slight degeneration of 

myocardium (Fig.4c). L-NAME and indomethacin 

produce edema of the interstitial tissue with 

infiltration of neutrophil and moderate muscle 

fiber degeneration(Fig.4d&e) when co-

administrated with Ang1-7,on the other hand 

combined L-NAME and indomethacin(Fig.4f) 

resulted in sever edema of the interstitial tissue  

with marked infiltration of neutrophil indicating 

sever cardiomyocyte damage.-Noteworthy 

combined L-NAME and indomethacin 

administration produced more severe damage of 

myocardium than each one done separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

   

 

Fig 3: ECG graphs at day8 A = Control 

group, B= Iso group, C =ang1-7group, D= 

L-NAME group, E = indomethacin group, 

F= BOTH group 

 

Fig 2: ECG graphs at day2  A = 

Control group, B= Iso group, C =ang1-

7group, D= L-NAME group, E = 

indomethacin group, F= BOTH group 

 

Fig 1: ECG graphs at day 0 A = 

Control group, B= Iso group, C 

=ang1-7group, D= L-NAME 

group, E = indomethacin group, F= 

BOTH group 
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Table (4): The myocardial histopathological damage score in different studied groups 

 Group A Group B Group C 

Normal Control 8 (100%) - - 

ISO-MI - 3(37%) 5(63%) 

ISO+Ang-(1-7)  5(63 %) 3(37%) - 

ISO+Ang-(1-7) +L-NAME  3(37%) 5(63%) 

ISO+Ang-(1-7) +indomethacin  2(25%) 6(75%) 

ISO+Ang-(1-7)+both  1(12.5%) 7(87.5%) 

 
Figure 4: Specimens of the heart showing a) Normal structure of rat myocardium (control group),  b)  Infarcted zone with edema of the 

interstitial tissue  with excess neutrophil indicating sever cardiomyocyte damage (ISO-MI group), c) zone of infarction with edema of 

the interstitial tissue  ,mild infiltration of neutrophil and mild myofibrillary degeneration (ISO+Ang-(1-7)), d) edema of the interstitial 

tissue with moderate infiltration of neutrophil and moderatecardiomyoctes damage  (ISO+ Ang-(1-7) +L-NAME group), e) edema of 

the interstitial tissue with moderate infiltration of neutrophil and moderatecardiomyoctes damage (ISO+ Ang-(1-7) +indomethacin 

group) and f) edema of the interstitial tissue with excessive infiltration of neutrophil and excessive cardiomyoctes damage (ISO+both 

group) (H&E, 200X). 

 

Effect of Ang-(1-7), Ang-(1-7) +LNAME, Ang-

(1-7) +Indomethacin Ang-(1-7) +both(L-NAME 

&Indomethacin) on immunohistochemistry of 

myocardial caspase 3 expression : 

      Caspase 3 results are presented in table (5), and 

fig (5a-f). Caspase 3 was increased significantly in 

ISO-MI group in comparison with control group. 

Caspase 3 was decreased significantly in Ang1-7 

treated group when compared to ISO-MI group as 

well as to L-NAME, indomethacin, combined (L-

NAME& indomethacin) treated groups (p≤ 0.001). 

Caspase 3 increased significantly in combined 

treated group when compared to L-NAME, 

indomethacin groups (p≤ 0.001). 
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Table (5): Comparison of caspase 3(integrated density*106) among different groups 

 Caspase 3  

NC Mean .16±.007 

ISO-MI Mean 49.1±5.7 A 

ISO+ANG1-7 Mean 7.5±1.36  a b d e f 

ISO+ANG1-7+L-NAME Mean 28.9±3.3 a c 

ISO+ANG1-7+INDOMETHACIN Mean 24.9 ±2.9a c 

ISO+ANG1-7+BOTH Mean 54.1± 2.8 c d e 

The results were represented as mean ± SD, testes used are One way ANOVA and Turkey’s post hoc  (p≤ 0.05 is considered), NC = 

normal group, ISO=Isoprenaline, Both= L-NAME+ INDOMETHACIN, a = significant vs. NC, b significant vs. Iso group, c = 

significant vs. ang1-7, d= significant vs. L-NAME,e =significant vs indomethacin,f= significant vs BOTH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Immunohistochemical stained myocardial tissue sections for Caspase3  a)normal control group showing minimal amount of 

caspase 3,b)ISO group showing large amount of caspase 3,c) Ang-(1-7)treated group showing little amount of caspase 3,d) Ang-(1-

7)+LNAME treated group showing large amount of caspase 3, e) Ang-(1-7)+Indomethacin treated group showing large amount of 

caspase 3, f) from Ang-(1-7)+L-NAME+ Indomethacin treated group showing more large amount of caspase 3. Caspase 3 is shown in 

figures (light brown color). 
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Discussion 

This work was designed to study the possible 

cardioprotective effect of Ang-(1-7) in rat 

model of MI, and the prospective role of NO 

and PGs in this probable effect of Ang1-7. 

These effects were investigated on a 

documented rat model of ISO-induced 

myocardial infarction through evaluation of 

cardiac enzyme, lipid profile, ECG changes, 

caspase 3 expression, cardiac tissue 

remodeling(تحذف) and histopathological 

changes. 

The results of the study showed that high dose 

of isoprenaline (150 mg/Kg) induce cardiac 

damage similar to what occurs in acute 

infarction. This is in agreement with Siddiqui 

et al (25) and Asdaq et al  (26). 

The results of the current study showed high 

serum levels of cardiac enzymes in ISO-

treated groups indicating cardiomyocytes 

damage. These results were in line with 

studies before (27,28,29).These results could 

be explained by cytoskeleton disorganization 

(30), cellular damage and loss of functional 

integrity and permeability of cell membrane 

(31). 

Ang-(1-7) treated group showed decreased 

serum levels of cardiac enzymes denoting 

cardioprotective effect of this heptapeptide. 

These finding were in agreement with other 

studies (30, 32, 33).The decrease in these 

cytosolic enzymes may be explained by Ang-

(1-7) ability to reduce oxidative   stress, 

dysfunction of mitochondria, and 

mitochondria-dependent apoptosis (32), thus 

decreasing the size of infarcted area and   

reducing   the   leakage   of enzymes from 

cardiomyocytes (4). 

 However, the decrease in cardiac enzymes 

was not observed when Ang - (1–7) 

administered along with L-NAME and /or 

indomethacin indicating that NO and PGs 

prevent cardiomyocyte damage and 

significantly reduced the size of infarcted area, 

these finding were in agreement with Burley et 

al., (13) and Xiao et al.,(34).These findings 

indicate the cardioprotective effect of Ang - 

(1–7) may involve NO and/or PGs which are 

in accordance with Dias-Peixoto et al (35) and 

Ferreira et al,(36).Noteworthy combined L-

NAME and indomethacin produce more 

deleterious effect than each done separately 

indicating additive effect of NO and PGs. 

It has been demonstrated that the mechanism 

through which NO can preserve 

cardiomyocyte integrity involve vasodilation 

of coronary vessels (23), in addition to 

activation of the PI3K/Akt pathway-which is 

an important cell-surviving pathway-(35).PGs 

hinder cardiomyocyte injury through increase 

the level of cAMP inducing vasodilation of 

coronaries (37). Also, PGs increased [cAMP] 

in cardiomyocytes thus preventing secretion  

of  TNF-α which play a role in  aggravating  

cardiac  injury (34). 
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There was disturbed lipid profile (high serum 

cholesterol, TG, LDL-CL, and decreased 

HDL-CL) in ISO-treated groups denoting 

myocardial injury. These findings were in 

accordance with Shirafkan et al. (38) and Al-

Yaha et al,(39). The mechanism of disturbed 

lipid profile after MI could be explained by 

elevated flux of fatty acids and impaired 

removal of VLDL from the plasma (40), 

excessive production of LDL-CL (38), 

increasing the activity of endothelial lipase 

and soluble phospholipase A2 (41). 

The data of the present study demonstrated 

improvement of lipid profile in Ang-(1-7) 

treated group in the form of increased level of 

HDL-CL with decreased level of total 

cholesterol, TGs, and LDL-CL suggesting 

potent antioxidant property of Ang-(1-7)   ,  

which  guard   against oxidative  damage of 

cardiomyocytes and  preserve integrity of cell 

membrane thereby improving cell viability. 

These finding were in harmony with Zhao et 

al.,(42), Santos et al., (9) and Santos et 

al.,(43). 

It was proved that the mechanisms account for 

regulation of lipid metabolism by Ang-(1-7) 

include the vasodilation which stimulates the 

clearance of HDL particles by the liver (9), 

and increases the cholesterol transport. Also, 

Ang-(1-7) increases the expression adipose 

lipid-binding protein that is involved in 

esterification of fatty acids (43).  

Co-infusion of L-NAME and or indomethacin 

with Ang-(1-7) prevent  the effect of Ang-(1-

7) on lipid profile  indicating that Ang-(1-7) 

action is mediated through NO or PGs or both 

(44,45,46). 

          The biochemical changes of the current 

work were supported by ECG finding. 

         ISO-treated groups   showed disturbed 

ECG parameters in the form of increased heart 

rate, shortened durations of QRS complex, R-

R intervals, and prolongation of QT interval 

with no change in PR interval. There was also 

significant elevation in the ST segment and 

decreasing QRS complex amplitude. These 

changes of ECG segments are a definite 

criterion for diagnosis of MI-(47), indicating 

ischemic necrosis, disturbance of myocyte 

membrane integrity(48), and generation of 

oxidative stress, highly toxic oxygen derived 

free radicals (27) that produces many 

physiological and functional changes in heart 

(49). 

          The QT interval prolongation is caused 

by cardiac vagal dysfunction and indicates 

cardiac toxic potential (49).ST-segment 

elevation indicating consecutive loss of 

cellular membrane fluidity and permeability 

(50).  

           Increased heart rate and reduced RR 

interval reflect myocardial edema, it causes 

dysfunction of myocardium (51).It may occur 

as   a sequence of decreased mitochondrial 
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energetic as well as impaired Ca+2 transport 

leading to intracellular Ca+2 overload (52). 

         Noteworthy, we observed that ang1-7 

treated group showed cardioprotective effect 

of this heptapeptide evidenced by decreased 

the effect of ISO on heart rate , in addition to 

significant restoration of QRS complex 

(duration and voltage), R-R interval and QT 

interval duration, beside decreased ST 

segment elevation as compared to ISO group. 

Restoring these parameters indicates that Ang-

(1-7) has a role in maintaining integrity of 

cellular membrane; because of its ability to 

minimize the decrease in action potential 

duration, as well as suppressing the expression 

of Ca+2 channel and outward K+ channel 

(53).Thus Ang-(1-7) has the ability to change 

ion channel and calcium handling protein 

expression such as SERCA and ryanodine 

receptors (54). In addition Ang-(1-7) activates 

the Na+-k+ pump, hyperpolarizes the 

cardiomyocytes and modulate the propagation 

of impulse  (55), resulting in modulation of 

cardiac function such as excitability and 

contractility through affecting excitation-

contraction coupling (56).  

       On the other hand co-infusion of L-

NAME and or indomethacin with Ang-(1-7) 

reverse this cardioprotective effect of  Ang-(1-

7) indicating that Ang-(1-7) action is mediated 

through NO (57,58) or PGs (59) or both (7).  

      The cardioprotective effect of NO could be 

explained by the fact that NO increased the 

level of cGMP ,regulating Ca 2+ homeostasis 

thus  affecting the  genesis  of  the  cardiac  

action  potentials and guard against cardiac 

arrhythmias(60),such effect is supported by 

ability of NO  to inhibit of responsiveness to 

sympathetic stimulation (61).Also, PGs could 

activate ATP-sensitive  k+   channels  In  the 

heart resulting in   decreased  intracellular  

Ca+2 ,  prevention  of  mitochondrial  Ca+2     

overload  and preservation  of  the  myocardial  

energy status (62).  

            ECG changes were confirmed by 

pronounced pathological changes in the 

myocardium. Lobo Filho et al., (21) and Li et 

al., (63) reported that ISO-induced marked 

necrosis, fibrosis, and degeneration of 

cardiomyocytes with neutrophil infiltration 

and edema of interstitial tissue. In agreement 

with these studies, results of the current work 

demonstrated these finding in ISO treated 

group, while Ang-(1-7) treated group 

exhibited reduction in the damaged area 

caused by ISO administration. These finding 

were in agreement with Marques et al., (3) and 

Gomes et al., (64).  

These results could be explained by the anti-

inflammatory properties of Ang-(1-7)(65).In 

addition, Ang-(1-7) increases VEGF (a marker 

of angiogenic cells), and stimulates bone 

marrow–derived cardiovascular progenitor 

cells suggesting that Ang-(1-7) stimulates the 

generation of new capillaries and promotes 

cardiac regeneration after MI (66),thereby 
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reducing the infarcted size (67) .On the other 

hand; administration of L-NAME and or 

indomethacin along with Ang-(1-7) prevent 

this cardioprotective effect  of Ang-(1-7) 

indicating that Ang-(1-7) action is mediated 

through NO (68) or PGs (45) or both (69). 

     These data can be explained by anti-

inflammatory effect of NO via inhibition of 

proinflammatory cytokines (70), beside its role 

in prevention of oxidative stress damage (71), 

PGs has an inhibitory effect on the neutrophil 

function, in addition to regulation of the 

release of cytokines in macrophages, Also, 

PGs could stimulate the production of 

hepatocyte growth factor in non-

cardiomyocytes which has a growth-

promoting effect on various types of cells 

(34).  

       As regard to Caspase-3 expression, the 

current study revealed that the expression of 

Caspase-3 protein was increased in ISO-MI 

group. This result is in line with Li et al., (63) 

and  Zidar et al., (72).  

The stimulation of the apoptotic cascade leads 

to cleavage of caspase -3. The peptide end of 

active caspase -3 represents a new epitope that 

is not present in normal cells. So, the detection 

of this novel epitope has been proved to be a 

unique, specific and sensitive indicator of 

apoptosis (72). 

The data of the present study clearly 

demonstrated that Ang-(1-7) decreases 

caspase 3 activity in infarcted rats that is in 

line with Meneses et al., (73) and Liu et al., 

(74) denoting the remarkable role of Ang-(1-

7) in decreasing the size of infarcted area and 

prevention of apoptosis .These observations 

can be clarified by ability of Ang-(1-7) to 

reduce mitochondrial   dysfunction,   oxidative   

stress, and mitochondria-dependent apoptosis 

(32). 

 However, the decrease in caspase -3 activity 

was   not observed when Ang - (1–7) 

administered along with L-NAME and /or 

indomethacin. This observations suggests that 

the cardioprotective effect of Ang - (1–7) may 

involve NO and/or PGs (36, 69). 

These finding could be explained by the 

antiapapoptotic effect of the NO/cGMP/PKG 

pathway that results in regulation of Ca+2 

homeostasis, in addition to inhibition of 

caspases3,9  by S-nitrosylation of the 

catalytic-site these of caspases (42).Beside, 

PGs act through  prevention of mitochondrial  

Ca+2    overload  , preservation  of  the  

myocardial  energy status  ,and prevention of 

oxidative stress induced damage(62). 

   In conclusions Ang-(1-7) is one of the 

cardioprotective components of RAS. This 

action of Ang-(1-7) is mediated through NO 

and PGs where they have synergistic effect. 

NO and PGs mediated Cardioprotective effect 

of Ang-(1-7)thought to be due to vasodilation 

of coronaries, anti-inflammatory, antioxidant 

effect, preserving cell permeability and gap 
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junction function, decreasing caspase 3 

expression in the myocardium . 

Acknowledgments 

we would like to acknowledge dr.Samah 

Awad, veterinary doctor, Faculty of Medicine, 

Mansoura University, for the animal handling 

and sampling technique. 

 

References 

1)Kassiri,Z., Zhong, J.,  Guo D.,  et al:Loss 

of angiotensin-converting enzyme 2 

accelerates maladaptive left ventricular 

remodeling in response to myocardial 

infarction,” Circulation:Heart Failure.vol. 2, 

no. 5, pp. 446–455, 2009.  

 2) Ambrose, J. A., & Singh, M: 

Pathophysiology of coronary artery disease 

leading to acute coronary 

syndromes. F1000prime reports, 7, 2015. 

3)Marques, F. D., Melo, M. B., Souza, L. E., 

Irigoyen, M. C. C., Sinisterra, R. D., de 

Sousa, F. B., ... & Santos, R. A: Beneficial 

effects of long-term administration of an oral 

formulation of Angiotensin-(1–7) in infarcted 

rats. International Journal of 

Hypertension, 2012. 

4)Santos, R. A. S., Sampaio, W. O., 

Alzamora, A. C., Motta-Santos, D., Alenina, 

N., Bader, M., & Campagnole-Santos, M. J: 

The ACE2/Angiotensin-(1–7)/MAS Axis of 

the Renin-Angiotensin System: Focus on 

Angiotensin-(1–7). Physiological 

reviews, 98(1), 505-553, 2017. 

5) Danilczyk, U., & Penninger, J. M: 

Angiotensin-converting enzyme II in the heart 

and the kidney. Circulation Research, 98(4), 

463-471, 2006. 

6) Santos, R. A., Campagnole-Santos, M. J., 

& Andrade, S. P: Angiotensin-(1–7): an 

update. Regulatory peptides, 91(1-3), 45-62, 

2000. 

7)Almeida, A. P., Frabregas, B. C., 

Madureira, M. M., Santos, R. J. S., 

Campagnole-Santos, M. J., & Santos, R. A. 

S:Angiotensin-(1-7) potentiates the coronary 

vasodilatatory effect of bradykinin in the 

isolated rat heart. Brazilian Journal of Medical 

and Biological Research, 33(6), 709-713, 

2000. 

8) Roks, A. J., van Geel, P. P., Pinto, Y. M., 

Buikema, H., Henning, R. H., de Zeeuw, D., 

& van Gilst, W. H: Angiotensin-(1–7) is a 

modulator of the human renin-angiotensin 

system. Hypertension, 34(2), 296-301, 1999. 

9) Santos, C. F., Santos, S. H., Ferreira, A. 

V., Botion, L. M., Santos, R. A., & 

Campagnole-Santos, M. J: Association of an 

oral formulation of angiotensin-(1–7) with 

atenolol improves lipid metabolism in 

hypertensive rats. Peptides, 43, 155-159, 2013 

10) Velkoska, E., Dean, R. G., Griggs, K., 

Burchill, L., & Burrell, L. M:Angiotensin-

(1–7) infusion is associated with increased 



 Abdullah et al                                                                                                                                           238 

 

blood pressure and adverse cardiac 

remodelling in rats with subtotal 

nephrectomy. Clinical science, 120(8), 335-

345, 2011. 

11)Zhang, T., Li, Z., Dang, H., Chen, R., 

Liaw, C., Tran, T. A., ... & Adams, J. W: 

Inhibition of Mas G-protein signaling 

improves coronary blood flow, reduces 

myocardial infarct size, and provides long-

term cardioprotection. American Journal of 

Physiology-Heart and Circulatory 

Physiology, 302(1), H299-H311, 2011. 

12- Ng, H. H: Vasoprotective actions of 

relaxin in the vascular system (Doctoral 

dissertation),2016. 

13- Burley, D. S., Ferdinandy, P., & Baxter, 

G. F: Cyclic GMP and protein kinase‐G in 

myocardial ischaemia‐reperfusion: 

opportunities and obstacles for survival 

signaling. British journal of 

pharmacology, 152(6), 855-869, 2007. 

14- Strijdom, H., Chamane, N., & Lochner, 

A: Nitric oxide in the cardiovascular system: a 

simple molecule with complex 

actions. Cardiovascular journal of 

Africa, 20(5), 303-310, 2009. 

15 Kopincová, J., Púzserová, A., & 

Bernátová, I: L-NAME in the cardiovascular 

system–nitric oxide synthase 

activator?. Pharmacological Reports, 64(3), 

511-520, 2012. 

16-Takayama K, Yuhki K, Ono K, Fujino 

T, Hara A, Yamada T, Kuriyama S, Karibe 

H, Okada Y, Takahata O, Taniguchi T, 

Iijima T, Iwasaki H,Narumiya S, Ushikubi 

F: Thromboxane A 2 and prostaglandin F 2 

mediateinflammatory tachycardia. Nat Med. 

11:562–566, 2005. 

17- Nataraj C, Thomas DW, Tilley SL, et 

al: Receptors for prostaglandin E2 that 

regulate cellular immune responses in the 

mouse. J Clin Invest .108: 1229-35, 2001. 

18- Morichika T, Takahashi HK, Iwagaki 

H, et al: Effect of prostaglandin E2 on 

intercellular adhesion molecule-1 and B7 

expression in mixed lymphocyte reaction. 

Transplantation 75: 2100-05, 2003. 

19- Degousee, N., S. Fazel, D. Angoulvant, 

E. Stefanski, S. C. Pawelzik, M. Korotkova, 

S. Arab, P. Liu, T. F. Lindsay, S. Zhuo, et 

al : Microsomal prostaglandin E2 synthase-1 

deletion leads to adverse left ventricular 

remodeling after myocardial 

infarction. Circulation. 117: 1701–1710, 2008. 

20- Lucas, S: The pharmacology of 

indomethacin. Headache: The Journal of 

Head and Face Pain, 56(2), 436-446, 2016. 

21) Lobo Filho, H. G., Ferreira, N. L., 

Sousa, R. B. D., Carvalho, E. R. D., Lobo, P. 

L. D., & Lobo Filho, J. G:Experimental 

model of myocardial infarction induced by 

isoproterenol in rats. Brazilian Journal of 

Cardiovascular Surgery, 26(3), 469-476, 2011. 



 Angiotensin 1-7 and Myocardial Infarction                                                                                          239 
 

 
 

22) Benter, I. F., Yousif, M. H., Al-Saleh, F. 

M., Chappell, R. R. M. C., & Diz, D. I: 

Angiotensin-(1-7) Blockade Attenuates 

Captopril-or Hydralazine-Induced 

Cardiovascular Protection in Spontaneously 

Hypertensive Rats-Treated with L-

NAME. Journal of cardiovascular 

pharmacology, 57(5), 559,2011. 

23) Liao, X., Wang, L., Yang, C., He, J., 

Wang, X., Guo, R., ... & Feng, J: 

Cyclooxygenase mediates cardioprotection of 

angiotensin-(1-7) against 

ischemia/reperfusion-induced injury through 

the inhibition of oxidative stress. Molecular 

medicine reports, 4(6), 1145-1150, 2011 

24) Grobe, J. L., Mecca, A. P., Mao, H., & 

Katovich, M. J: Chronic angiotensin-(1–7) 

prevents cardiac fibrosis in DOCA-salt model 

of hypertension. American Journal of 

Physiology-Heart and Circulatory 

Physiology, 290(6), H2417-H2423, 2006. 

25)Mohd Aftab Siddiqui, Juber Akhtar, 

H.H. Siddiqui, Badruddeen, Usama Ahmad, 

Ahmed Abdullah Khan: Isoprenaline: A tool 

for inducing myocardial infarction in 

experimental animal, IJRRPASVol.6 Issue.1 

Pg:1318-1326, 2016. 

26) Syed Mohammed Basheeruddin Asdaq, 

Mohammed Naseeruddin 

Inamdar:Pharmacodynamic Interaction of 

Captopril with Garlic in Isoproterenol-induced 

Myocardial Damage in Rat.Phytother. Res. 24: 

720–725, 2010.  

27) Acikel, M., Buyukokuroglu, M. E., 

Erdogan, F., Aksoy, H., Bozkurt, E., & 

Senocak, H: Protective effects of dantrolene 

against myocardial injury induced by 

isoproterenol in rats: biochemical and 

histological findings. International journal of 

cardiology, 98(3), 389-394, 2005. 

28) Ahmed, K. M., Rana, A. C., & Dixit, V. 

K: Effect of Calotropis procera latex on 

isoproterenol induced myocardial infarction in 

albino rats. Phytomedicine, 11(4), 327-330, 

2004. 

29- Vimal, V., & Devaki, T: Linear 

furanocoumarin protects rat myocardium 

against lipidperoxidation and membrane 

damage during experimental myocardial 

injury. Biomedicine & 

pharmacotherapy, 58(6-7), 393-400, 2004. 

30) Agrawal, V., Gupta, J. K., Qureshi, S. 

S., & Vishwakarma, V. K: Role of cardiac 

renin angiotensin system in ischemia 

reperfusion injury and preconditioning of 

heart. Indian heart journal, 68(6), 856-861, 

2016. 

31) Farvin, K. S., Anandan, R., Kumar, S. 

H. S., Shiny, K. S., Sankar, T. V., & 

Thankappan, T. K : Effect of squalene on 

tissue defense system in isoproterenol-induced 

myocardial infarction in rats. Pharmacological 

research, 50(3), 231-236, 2004. 



 Abdullah et al                                                                                                                                           240 

 

31)Gürgün, C., Ildızlı, M., Yavuzgil, O., 

Sin, A., Apaydın, A., Çınar, C., & 

Kültürsay, H: The effects of short term statin 

treatment on left ventricular function and 

inflammatory markers in patients with chronic 

heart failure. International journal of 

cardiology, 123(2), 102-107, 2008. 

32) Pachauri, P., Garabadu, D., Goyal, A., 

& Upadhyay, P. K: Angiotensin (1–7) 

facilitates cardioprotection of ischemic 

preconditioning on ischemia–reperfusion-

challenged rat heart. Molecular and cellular 

biochemistry, 430(1-2), 99-113, 2017. 

33) Lei, Z. Y., Huang, Y. S., Xiao, R., 

Zhang, B. Q., & Zhang, Q: Effects of 

angiotensin (1-7) and enalaprilat on function 

of isolated rat heart perfused by burn 

serum. Zhonghua shao shang za zhi= 

Zhonghua shaoshang zazhi= Chinese journal 

of burns, 25(3), 180-183, 2009. 

34) Xiao, C. Y., Yuhki, K. I., Hara, A., 

Fujino, T., Kuriyama, S., Yamada, T., ... & 

Narumiya, S. : Prostaglandin E2 protects the 

heart from ischemia-reperfusion injury via its 

receptor subtype EP4. Circulation, 109(20), 

2462-2468, 2004. 

35) Dias-Peixoto, M. F., Santos, R. A., 

Gomes, E. R., Alves, M. N., Almeida, P. W., 

Greco, L.,& Guatimosim, S: Molecular 

mechanisms involved in the angiotensin-(1-

7)/Mas signaling pathway in 

cardiomyocytes. Hypertension, 52(3), 542-

548, 2008. 

36) Ferreira, A. J., Santos, R. A., Bradford, 

C. N., Mecca, A. P., Sumners, C., Katovich, 

M. J., & Raizada, M. K: Therapeutic 

implications of the vasoprotective axis of the 

renin-angiotensin system in cardiovascular 

diseases. Hypertension, 55(2), 207-213, 2010. 

37) Katsumata, Y., Shinmura, K., Sugiura, 

Y., Tohyama, S., Matsuhashi, T., Ito, H., ... 

& Urade, Y : Endogenous prostaglandin D2 

and its metabolites protect the heart against 

ischemia–reperfusion injury by activating 

Nrf2. Hypertension, HYPERTENSIONAHA-

113, 2013. 

38) Shirafkan, A., Marjani, A., & Zaker, F: 

Serum lipid profiles in acute myocardial 

infarction patients in Gorgan. Biomedical 

Research, 23(1), 119-124, 2012. 

 39)Al-Yahya, M. A., Mothana, R. A., Al-

Said, M. S., El-Tahir, K. E., Al-Sohaibani, 

M., & Rafatullah, S:Citrus medica “Otroj”: 

attenuates oxidative stress and cardiac 

dysrhythmia in isoproterenol-induced 

cardiomyopathy in rats. Nutrients, 5(11), 

4269-4283, 2013. 

40) Dyerberg, J., Bang, H. O., & Nielsen, J. 

A: Plasma lipids and lipoproteins in patients 

with myocardial infarction and in a control 

material. Journal of Internal 

Medicine, 187(1‐6), 353-363. 



 Angiotensin 1-7 and Myocardial Infarction                                                                                          241 
 

 
 

41) Ansell, B. J., Watson, K. E., Fogelman, 

A. M., Navab, M., & Fonarow, G. C. (2005). 

High-density lipoprotein function: recent 

advances. Journal of the American College of 

Cardiology, 46(10), 1792-1798, 1970. 

42) Zhao, P., Li, F., Gao, W., Wang, J., Fu, 

L., Chen, Y., & Huang, M: Angiotensin1-7 

protects cardiomyocytes from 

hypoxia/reoxygenation-induced oxidative 

stress by preventing ROS-associated 

mitochondrial dysfunction and activating the 

Akt signaling pathway. Acta 

histochemica, 117(8), 803-810, 2015. 

43) Santos, S. H. S., Braga, J. F., Mario, É. 

G., Pôrto, L. C. J., da Glória Rodrigues-

Machado, M., Murari, A., ... & Santos, R. 

A. S: Improved lipid and glucose metabolism 

in transgenic rats with increased circulating 

angiotensin-(1-7). Arteriosclerosis, 

thrombosis, and vascular biology, 30(5), 953-

961, 2010. 

44) Ren, Y., Garvin, J. L., & Carretero, O. 

A: Vasodilator action of angiotensin-(1-7) on 

isolated rabbit afferent 

arterioles. Hypertension, 39(3), 799-802, 

2002. 

45) Iyer, S. N., Yamada, K., Diz, D. I., 

Ferrario, C. M., & Chappell, M. C: 

Evidence that prostaglandins mediate the 

antihypertensive actions of angiotensin-(1-7) 

during chronic blockade of the renin-

angiotensin system. Journal of cardiovascular 

pharmacology, 36(1), 109-117, 2000. 

46) Muñoz, M. C., Giani, J. F., & Dominici, 

F. P: Angiotensin-(1-7) stimulates the 

phosphorylation of Akt in rat extracardiac 

tissues in vivo via receptor Mas. Regulatory 

peptides, 161(1-3), 1-7, 2010. 

47) Kela AK, Reddy LP, Thombre DP: 

E.C.G. findings in normal rats and  after   

administration   of   isoproterenol.   Ind   J   

Physiol  Pharmacol;24(2):84-90,1980. 

48)Yadav CH, Akhtar M, Khanam R.  

isoproterenol toxicity induced ECG 

alterations in wistar rats: role of histamine H3 

receptor agonist imetit. Int J Pharm Pharm Sci 

, 6(5):654-658, 2014.  

49)Teodorescu, C., Reinier, K., Uy-

Evanado, A., Navarro, J., Mariani, R., 

Gunson, K., ... & Chugh, S. S: Prolonged 

QRS duration on the resting ECG is associated 

with sudden death risk in coronary disease, 

independent of prolonged ventricular 

repolarization. Heart Rhythm, 8(10), 1562-

1567, 2011. 

50) Punithavathi, V. R., & Stanely Mainzen 

Prince, P: The cardioprotective effects of a 

combination of quercetin and α‐tocopherol on 

isoproterenol‐induced myocardial infarcted 

rats. Journal of biochemical and molecular 

toxicology, 25(1), 28-40, 2011. 

51) Coppola, G., Carità, P., Corrado, E., 

Borrelli, A., Rotolo, A., Guglielmo, M., ... & 



 Abdullah et al                                                                                                                                           242 

 

Novo, S: ST segment elevations: always a 

marker of acute myocardial infarction?. indian 

heart journal, 65(4), 412-423,2013. 

52) Madias, J. E: Low QRS voltage and its 

causes. Journal of electrocardiology, 41(6), 

498-500, 2008. 

53) Liu, E., Yang, S., Xu, Z., Li, J., Yang, 

W., & Li, G: Angiotensin-(1–7) prevents 

atrial fibrosis and atrial fibrillation in long-

term atrial tachycardia dogs. Regulatory 

peptides, 162(1-3), 73-78, 2008. 

54) Mckinney, C. A., Fattah, C., Loughrey, 

C. M., Milligan, G., & Nicklin, S. A: 

Angiotensin-(1–7) and angiotensin-(1–9): 

function in cardiac and vascular 

remodelling. Clinical science, 126(12), 815-

827, 2014. 

55) De Mello, W. C: Angiotensin (1-7) re-

establishes impulse conduction in cardiac 

muscle during ischaemia-reperfusion. The role 

of the sodium pump. Journal of the Renin-

Angiotensin-Aldosterone System, 5(4), 203-

208, 2004. 

56) de Moraes, P. L., Kangussu, L. M., 

Castro, C. H., Almeida, A. P., Santos, R. A., 

& Ferreira, A. J : Vasodilator effect of 

Angiotensin-(1-7) on vascular coronary bed of 

rats: role of Mas, ACE and ACE2. Protein and 

peptide letters, 24(9), 869-875, 2017. 

57) Abwainy, A. A., Babiker, F., Akhtar, S., 

& Benter, I. F: Endogenous angiotensin-(1-

7)/Mas receptor/NO pathway mediates the 

cardioprotective effects of pacing 

postconditioning. American Journal of 

Physiology-Heart and Circulatory 

Physiology, 310(1), H104-H112, 2015. 

58) Pinheiro, S. V. B., e Silva, A. C. S., 

Sampaio, W. O., de Paula, R. D., Mendes, 

E. P., Bontempo, E. D., ... & Bleich, M: 

Nonpeptide AVE 0991 is an angiotensin-(1–7) 

receptor Mas agonist in the mouse 

kidney. Hypertension, 44(4), 490-496, 2004. 

59) Gurzu, B., Costuleanu, M., Slatineanu, 

S. M., Ciobanu, A., & Petrescu, G:Are 

multiple angiotensin receptor types involved 

in angiotensin (1-7) actions on isolated rat 

portal vein?. Journal of the Renin-

Angiotensin-Aldosterone System, 6(2), 90-95, 

2005. 

60) Tamargo, J., Caballero, R., Gomez, R., 

& Delpon, E: Cardiac electrophysiological 

effects of nitric oxide. Cardiovascular 

research, 87(4), 593-600, 2010. 

61) Seddon, M., Shah, A. M., & Casadei, B. 

(2007). Cardiomyocytes as effectors of nitric 

oxide signalling. Cardiovascular 

research, 75(2), 315-326. 

62) Bouchard, J. F., Chouinard, J., & 

Lamontagne, D: Participation of 

prostaglandin E2 in the endothelial protective 

effect of ischaemic preconditioning in isolated 

rat heart. Cardiovascular research, 45(2), 418-

427, 2000. 



 Angiotensin 1-7 and Myocardial Infarction                                                                                          243 
 

 
 

63) Li, H., Xie, Y. H., Yang, Q., Wang, S. 

W., Zhang, B. L., Wang, J. B., ... & Hu, J: 

Cardioprotective effect of paeonol and 

danshensu combination on isoproterenol-

induced myocardial injury in rats. PloS 

one, 7(11), 2012 

64) Gomes, E. R., Lara, A. A., Almeida, P. 

W., Guimarães, D., Resende, R. R., 

Campagnole-Santos, M. J., ... & 

Guatimosim, S. Angiotensin-(1-7) Prevents 

Cardiomyocyte Pathological Remodeling 

Through a Nitric Oxide/Guanosine 3′, 5′-

Cyclic Monophosphate–Dependent 

Pathway. Hypertension, 55(1), 153-160, 2010. 

65) Qi, Y., Shenoy, V., Wong, F., Li, H., 

Afzal, A., Mocco, J., ... & Katovich, M. J: 

Lentivirus‐mediated overexpression of 

angiotensin‐(1–7) attenuated 

ischaemia‐induced cardiac 

pathophysiology. Experimental 

physiology, 96(9), 863-874, 2011. 

 

66) Wang, Y., Qian, C., Roks, A. J., 

Westermann, D., Schumacher, S. M., 

Escher, F., ... & Tschöpe, C:Circulating 

rather than cardiac angiotensin-(1-7) 

stimulates cardioprotection after myocardial 

infarction. Circulation: Heart Failure, 3(2), 

286-293, 2010. 

67) Durik, M., van Veghel, R., Kuipers, A., 

Rink, R., Haas Jimoh Akanbi, M., Moll, G., 

... & Roks, A. J:The effect of the thioether-

bridged, stabilized angiotensin-(1–7) analogue 

cyclic ang-(1–7) on cardiac remodeling and 

endothelial function in rats with myocardial 

infarction. International journal of 

hypertension, 2012. 

68) Wiemer, G., Dobrucki, L. W., Louka, F. 

R., Malinski, T., & Heitsch, H: AVE 0991, a 

nonpeptide mimic of the effects of 

angiotensin-(1–7) on the 

endothelium. Hypertension, 40(6), 847-

852,2002. 

69) Castro, C. H., Santos, R. A., Ferreira, 

A. J., Alenina, N., Bader, M., & Almeida, A. 

P: Evidence for a Functional Interaction of the 

Angiotensin-(1–7) Receptor Mas with At and 

At Receptors in the Mouse 

Heart. Hypertension, 46(5), 871, 2005. 

70) Chakrabarti, S., Chan, C. K., Jiang, Y., 

& Davidge, S. T: Neuronal nitric oxide 

synthase regulates endothelial 

inflammation. Journal of leukocyte 

biology, 91(6), 947-956, 2012.  

71) Hu, L., Wang, J., Zhu, H., Wu, X., 

Zhou, L., Song, Y., ... & Wang, Y: Ischemic 

postconditioning protects the heart against 

ischemia–reperfusion injury via neuronal 

nitric oxide synthase in the sarcoplasmic 

reticulum and mitochondria. Cell death & 

disease, 7(5), 2017 

72) Zidar,n., Zvezdana Dolenc-Stražar . 

Jera Jeruc  . Dušan Štajer: 

Immunohistochemical expression of activated 



 Abdullah et al                                                                                                                                           244 

 

caspase-3in human myocardial infarction. 

Virchows Arch .448: 75–79, 2004 

73) Meneses, C., Morales, M. G., Abrigo, J., 

Simon, F., Brandan, E., & Cabello-

Verrugio, C: The angiotensin-(1–7)/Mas axis 

reduces myonuclear apoptosis during recovery 

from angiotensin II-induced skeletal muscle 

atrophy in mice. Pflügers Archiv-European 

Journal of Physiology, 467(9), 1975-1984, 

2015. 

74) Liu, Y., Li, B., Wang, X., Li, G., Shang, 

R., Yang, J., ... & Zhang, C: Angiotensin-(1–

7) suppresses hepatocellular carcinoma growth 

and angiogenesis via complex interactions of 

angiotensin II type 1 receptor, angiotensin II 

type 2 receptor and Mas receptor. Molecular 

Medicine, 21(1), 626, 2015. 

Abbreviation 

Protein Kinase B Akt 

N(ω)-nitro-L-arginine methyl ester L-NAME 

Mitogen-activated protein kinase MAP kinase 

Ang- (1-7) receptor, G protein–coupled receptor MAS 

sarco/endoplasmic reticulum Ca2+-ATPase SERCA 

 

https://en.wikipedia.org/wiki/Sarcoplasmic_reticulum
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/ATPase

