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 Abstract 
Background: Myocardial infarction (MI) is a necrosis of cardiomyocytes due to 

prolonged myocardial ischemia, the injured heart characterized by activation of the renin-
angiotensin system (RAS). The cardiac effect of enalapril and losartan was determined in 
Isoproterenol (ISO) induced MI rat model. Methods: Twenty-four adult male rats were randomly 
divided into four groups of six rats each, Group-I- Normal rats, group II-ISO (150 mg/kg once 
daily for two successive days), Group-III-Enalapril pretreated, and Group-IV-Losartan pretreated 
rats. Enalapril and losartan were given by gavage at dose 10 mg/kg and 30 mg/kg, respectively 
the treatment started 3 days before ISO injection and continue for 5 days after 2nd ISO dose. 
Results: ISO-induced group showed significant increase in the cardiac enzymes lactate 
dehydrogenase (LDH) and creatine kinase-MB (CK-MB), accompanied with marked decrease in 
the catalase (CAT) and glutathione (GSH)  and Bcl2. Both enalapril and losartan induce 
significant reduction of cardiac enzymes and systolic blood pressure and improve oxidative stress 
which confirmed by reduction of Malondialdehyde (MDA) and elevation of antioxidant enzymes 
and markedly upregulated the expression of Bcl2, Nrf-2 and HO-1. Moreover, Both enalapril and 
losartan reversed the histopathological changes induce by ISO and thus exhibits its 
cardioprotective activity. Moreover, treated rats partially minimize myocardial necrosis and 
interstitial edema. In conclusion: Enalapril and losartan ameliorates oxidative stress, inhibit 
apoptosis and improve cardiac dysfunction by alteration of Nrf2/HO-1 signaling pathway. It also 
reduces cardiac enzymes and improves blood pressure without affection of serum K on short term 
therapy in MI. 
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INTRODUCTION 

Cardiovascular diseases have been 

considered as the most common cause of death 

worldwide and in developed countries during the 

past century; however, now, there is an increase in 

cardiovascular disease rates in low- and middle-

income countries. Coronary heart diseases account 

for 10% to 35% of deaths. One of these diseases is 

MI which occurs due to the prolonged 

myocardium ischemia that end with necrosis of 

myocytes (1). Cardiac arrhythmias in an injured 

myocardium also can result due to reactive oxygen 

species (ROS), ion channels alteration in cell 

membranes and abnormal gap junction channels 

(2). The renin-angiotensin-aldosterone system 

(RAAS) has a significant role in a diversity of 

clinical settings, like MI, atherosclerosis, 

hypertension, left ventricular hypertrophy and 

heart failure. As a consequence, the RAAS 

characterizes a rational beneficial area in the 

controlling of hypertension, renal disease, and 

cardiovascular disease (2). There is an effort to 

improve the acute management of MI through life 

saving interventions such as drug therapies, 

percutaneous coronary interventions and strategies 

to reducing deaths caused by cardiovascular 

diseases.  

Renin angiotensin system antagonizing 

drugs such as angiotensin-converting enzyme 

inhibitors (ACEIs), angiotensin receptor blockers 

(ARBs), and mineralocorticoid receptor 

antagonists (MRAs) have become a most effective 

antihypertensive drugs (3). Telmisartan one of 

ARBs induced marked elevation in the angiotensin 

converting enzyme-2 (ACE-2) gene expressions in 

the myocardium of pressure-overloaded rats and 

also improves hypertrophy of vessels in 

spontaneously hypertensive rats by changing the 

expression of ACE-2 with an obvious reverse of 

extracellular-signal regulated kinase 1/2 (ERK1/2) 

and c- Jun N-terminal kinase (JNK) 

phosphorylation signaling pathways. These results 

conclude that angiotensin (1–7) causes vascular 

dilatation, which antagonizes the vasoconstriction 

mediated by angiotensin II type 1 receptor 

(AT1R), thus result in lowering of blood pressure, 

decrease of cardiac hypertrophy, fibrosis and renal 

problems (4).  

Heme oxygenase-1 (HO-1) is the rate-

limiting enzyme which mediates the degradation 

of heme to biliverdin through a reaction that 

produces carbon monoxide and releases iron (5). 

HO-1 is strongly elevated by exposure to oxidative 

stress and shows cytoprotective effects via the 

anti-proliferative, anti-inflammatory,  and anti-

apoptotic actions (6). nuclear factor erythroid 2-

related factor 2 (Nrf2) a key transcription factor, 

plays an important role in the synthesis of 

endogenous antioxidant enzymes against oxidative 

stress. Several reports have demonstrated that Nrf2 

protects cardiomyocytes against oxidative stress 

through increasing detoxification pathways and 

antioxidant potentials (7,8). Several studies 

demonstrated that ISO induce overproduction of 

free radicals which modulate redox signaling 

pathway like Nrf2/ HO-1 to protect myocardium 

from induced damage or injury which mediated by 

enhancing oxidative status (9,10). Our present 

work evaluated the role of RAS in MI induced by 

isoproterenol and effects of its block by ACEIs 

and ARBs on progression of MI. Moreover, we 

compared between two types of treatment and 

evaluate their efficacy in control of MI via altering 
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Nrf2/HO-1 redox signaling pathway. 

Materials and methods 

Experimental animals: Data will be attained from 

laboratory-based studies by adult Male Sprague 

Dawley rats aged 3 to 4 months and weighing 

nearly 150-180g from medical experimental 

research center (MERC), Faculty of Medicine, 

Mansoura University, Egypt. Rats were kept in 

polypropylene cages, acclimated at standard 

environmental conditions of 25 ± 2°C, 50 ± 15% 

humidity, and a natural light-dark cycle having 

free access to standard pellet diet and tap water ad 

libitum. This study was carried out in agreement 

with the national and international guidelines for 

the care and use of animals. Our Local Committee 

of Animal Care and Used approved this protocol 

(Code number R.19.09.630). 

Drugs and chemicals: Isoproterenol hydrochloride 

(ISO) was purchased from Sigma-Aldrich (St. 

Louis, USA), Losartan (Merk Sharp and Dohme, 

UK) and enalapril tablets (Mulit-Apex for 

pharmaceutical industries, Egypt). Both losartan 

and enalapril were dissolved in distilled water. 

 Induction of ISO-induced MI in rat model: ISO 

is non-specific β-adrenergic receptors agonizing 

drugs that cause marked stressful activation in 

myocardium that lead to necrosis in the cardiac 

muscles and depletion of its energy reserve stores. 

Irreversible cellular damage and necrosis result 

from a complex biochemical and structural 

changes. Rats were received ISO (150 mg/kg) 

intraperitoneally for 2 consecutive days 

with 24 hours intervals (11).  

Experimental protocol: Twenty-four adult male 

Sprague Dawley rats will be divided into 4 groups 

(6 rats each):  

1. Group I- Normal rats were intraperitoneally 

injected with saline  

2. Group II- Isoprenaline group received ISO 

150 mg/Kg twice with 24 hrs interval  

3. Group III- Enalapril (10 mg/kg, orally 

starting 3 days before ISO injection and 

continue for 5 days after 2nd ISO dose) (12). 

4. Group IV- Losartan (30 mg/kg, orally starting 

3 days before ISO injection and continue for 5 

days after 2nd ISO dose)(13).  

Blood pressure measurement: Systolic blood 

pressure (SBP) of all experimental animals was 

measured before induction of MI (basal) and at 3, 

and 5 days after induction of MI. This blood 

pressure was measured in Physiology Department, 

Faculty of Medicine, Mansoura, University, 

Mansoura, Egypt by blood pressure monitor (ML 

125 NIBP, AD Instruments, Australia) from the 

tail of conscious rats using the tail-cuff technique. 

The average of at least three measurements of 

blood pressure was calculated each occasion.  

Collection of blood samples and harvesting heart: 

Blood samples were obtained from ophthalmic 

veins from all groups with halothane light 

anesthesia before induction of MI (basal) and at 3, 

and 5 days after induction of MI. From collected 

blood sample, the serum was separated by 

centrifuging the blood at 3500 for 10min, for 

estimating cardiac enzymes (CK–MB and LDH) 

and potassium (K) levels. At the end of the 

experiment, rats were sacrificed with a high dose 

of sodium thiopental (120 mg/Kg) and the chest 

was opened and the heart was rapidly removed. 

Later, the cardiac muscle was dissected into 3 

parts; the small part weighted and preserved for 

determination of oxidative stress markers. The 

second part was placed in RNAlater Stabilization 
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Solution (ThermoFisher Scientific) at 4°C 

overnight before being stored at −80°C until 

isolation of total RNA and subsequent RT-PCR 

meanwhile, the last part was preserved in 10% 

neutral formalin for subsequent histological 

examination.  

Assay of the cardiac enzymes: Using commercial 

kits according to labeled instructions, cardiac 

enzymes CK-MB (bioMe´rieux Diagnostics, 

Milan, Italy) and LDH (Bayer Diagnostics Ltd., 

Baroda, India), serum K (bioMe´rieux Diagnostics, 

Milan, Italy) were measured.  

Estimation of oxidative stress markers: Cardiac 

homogenate was used to assess the levels of 

Malondialdehyde (MDA), catalase (CAT) and 

glutathione (GSH) by colorimetric kits brought 

from Bio-Diagnostics, Giza, Egypt according to 

labeled instructions.  

Detection of mRNA of Bcl2, Nrf2 and HO-1 by 

RT-PCR in cardiac tissues: Total RNA was 

extracted from cardiac tissue and purity and 

concentration was assessed. From the RNA 

template; cDNA was synthesized by reverse 

transcription. All the manipulations were carried 

out according to the kit instructions. The 

corresponding primers (Table I) were added, and 

the expression of Bcl2, Nrf2 and HO-1 genes was 

assessed by RT-PCR. GAPDH was used as the 

internal reference. The procedures of RNA 

extraction and cDNA synthesis were done in Nile 

Center for Experimental Research, Mansoura, 

Egypt.  

Table (I): RT-PCR primer sequences: 

Gene name Primer sequences 

Bcl-2 Forward: 5′-TGAACCGGCATCTGCACAC-3′ 

Reverse: 5′-CGTCTTCAGAGACAGCCAGGAG-3′ 

Nrf2 Forward: 5′-CATTTGTAGATGACCATGAGTCGC-3′ 

Reverse: 5′-GCTCCATGTCCTGCTGTATGC-3′ 

HO-1 Forward: 5′-TCACCTTCCCGAGCATCGAC-3′ 

Reverse: 5′-TCACCCTGTGCTTGACCTCG-3′ 

GAPDH Forward: 5′-ATGGCACCGTCAAGGCTGAG-3′ 

Reverse: 5′-TGTCAGGTACGGTAGTGACG-3′ 

  

Histopathological examination: The part of the 

heart fixed in formalin was processed in paraffin 

blocked then slides were processed and stained 

with hematoxylin and eosin (H&E). An expert 

pathologist examined the slides for myocardial cell 

necrosis, interstitial edema and inflammatory cells 

infiltrates via light microscope. The degree of 

myocardial damage was scored as follow: no 

changes; + or mild damage = focal myocyte 

damage or little multifocal degeneration with 

slight degree of inflammatory process; ++ or 

moderate damage =extensive myofibrillary 

degeneration and/or diffuse inflammatory process 

and +++ or marked = necrosis with obvious 

diffuse inflammatory process. All studied rats were 

subdivided into 3 groups: group A (absent 

histopathological change), group B (little 
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histopathological change) and group C (moderate and/ or marked histopathological changes).  

Statistical analysis: Statistical analysis was done 

using SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). 

The statistical significance was done by one-way 

analysis of variance (ANOVA) followed by 

Dunnet’s comparison test. The values were 

expressed as mean ± SEM and p < 0.05 was 

considered significant. 

Results 

Figure 1 revealed that there was a 

significant reduction of systolic blood pressure 

when comparing enalapril treated group (p <0.002) 

and losartan treated group (p <0.006) with ISO 

group in basal conditions but this effect is not 

evident after 3 or 5 days. Also, this effect is 

evident when comparing both pretreated group (p 

<0.001) with negative control rats. 

Administration of ISO resulted in marked 

decrease in the level of both GSH and catalase 

with significant increase in the level of MDA 

when compared with normal rats. On the other 

hand, losartan improve significantly antioxidant 

status through elevation of GSH (p<0.001) and 

increase of catalase (p<0.001) and reduce 

significantly lipid peroxiding marker (MDA) 

(p<0.004) when comparing to positive control 

group. Meanwhile, these changes are not evident 

with enalapril as belong the three above 

parameters Table 1.  

In Figure 2 administration of ISO showed 

a significant increase in the concentrations of 

cardiac enzymes CK-MB in isoprenaline group 

when compared with control negative group. Both 

enalapril and losartan induce significant reduction 

of this cardiac enzyme which was significant 

increase in ISO group after 3 days (p<0.001, p 

<0.001 respectively) and 5 days (p<0.001, p 

<0.001 respectively).  

Also, in Figure 3 a significant increase in 

the level of LDH was noticed in rats treated with 

ISO when compared to control rats. Pretreatment 

of rats with enalapril and losartan induce 

significant reduction of LDH after 3 days (p < 

0.001, p< 0.001   respectively) and 5 days (p< 

0.001, p < 0.001 respectively). However, these 

effects on cardiac enzymes were not evident 

initially at start of therapy. 

The serum level of K was measured for 

rats of all experimental groups as it demonstrated 

in Figure 4, all medication doesn’t produce any 

significant changes in serum K either initially or 

after 3 or 5 days of medications. 

Table (1): Effect of enalapril and losartan on GSH, Catalase and MDA: 

 GSH 

(mg/g tissue) 

Catalase 

(U/g tissue) 

  MDA 

(nmol/g tissue) 

Normal group 222.73±5.2 17.87±0.91 2.02±0.06 
ISO group 19.94±1.4p2 4.2±0.3 p2 18.6±1.6 p2 
Enalapril treated group 31.27±2.6p2 4.1±0.12p2 19.98±2.1p2 
Losartan treated group 76.62±2.5p1, p2 7.7±0.57p1, p2 10.71±1.02p1, p2 

Test used: One-way ANOVA followed by Dunnet comparison test. Values expressed as means ± SEM.P1 significance vs 
isoprenaline group,P2 significance vs negative group. 
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Figure (1): Effect of enalapril and losartan on systolic blood pressure (mmHg). Test used: One-way ANOVA followed by Dunnet 
comparison test. Values expressed as means ± SEM.P1 significance vs isoprenaline group,P2 significance vs negative group. 

 
Figure (2): Effect of enalapril and losartan on CK-MB (U/L). Test used: One-way ANOVA followed by Dunnet comparison test. Test 
used: Values expressed as means ± SEM.P1 significance vs isoprenaline group,P2 significance vs negative group. 

 
Figure (3): Effect of enalapril and losartan on LDH (U/L). Test used: One-way ANOVA followed by Dunnet comparison test. Values 
expressed as means ± SEM.P1 significance vs isoprenaline group,P2 significance vs negative group. 
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Figure (4): Effect of enalapril and losartan on serum K (meq/dl). Test used: One-way ANOVA followed by Dunnet 
comparison test. Values expressed as means ± SEM.P1 significance vs isoprenaline group,P2 significance vs negative 
group. 
 

Effect of ACEIs and ARBs on myocardial 

morphology in ISO-induced MI: 

Table 2 demonstrated scoring of 

myocardial damage in most of rats from the 

normal control group was A, while it was C in ISO 

group and B in both Enalapril and losartan 

pretreated groups. As regard histopathological 

examination, Figure 5B & C showed that 

administration of ISO resulted in MI in the rats 

leading to an infarcted area with edema of the 

interstitium together with excessive inflammatory 

cells infiltration and myofibrillary degeneration. 

Meanwhile, cardiac muscle obtained from 

enalapril and losartan treated rats showed mild to 

moderate necrosis of the myocardium with edema 

of the interstitium Figure 5D & E. 

Table (2): The number of rats with different scores of myocardial damages in different groups  

 Score A Score B Score C 

Normal group 5 1 0 

ISO group 0 2 4 

Enalapril treated group 1 3 2 

Losartan treated group 1 3 2 

 

Figure 6A showed the relative expression 

of Bcl2 in the myocardium of all experimental rats 

by RT-PCR. Myocardial expression of ISO group 

showed significant decrease (p< 0.001) of Bcl2 

when compared with normal group. However, 

there was significant improvement of Bcl2 of both 

treated groups either enalapril (p<0.005) and 

losartan (p <0.001) when compared to ISO group.  

The myocardial expression of HO-1 and 

Nrf2 in all experimental rats was displayed in 

Figure 6B and 6C respectively. The expression of 
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Nrf2 and HO-1 were significantly upregulated 

(<0.001) in rats induced with ISO when compared 

with control negative group. On comparison with 

ISO-induced, the expression of Nrf2 and HO-1 

was furthermore upregulated (<0.001) in rats 

pretreated with enalapril and losartan. 

 
 
Figure (5): Histopathological examination of heart specimens. A) control negative group showing normal structure of 
cardiac muscle. B) isoprenaline group showing infarction area with edema of the interstitium (black arrows), marked 
myofibrillary degeneration (red arrows) and marked neutrophil infiltration (blue arrows). C) isoprenaline group showing 
infarction area with edema of the interstitium (black arrows), marked myofibrillary degeneration (red arrows) and marked 
neutrophil infiltration (blue arrows). D) Enalpril treated rats showing interstitial edema (black arrows) and little 
myofibrillary degeneration (red arrows). E) Losartan treated rats showing interstitial edema (black arrows) and little 
myofibrillary degeneration (red arrows) (H&E, 400X) 
 

 
Figure (6): Effect of enalapril and losartan on myocardial relative  expression of A) Bcl2 , B) HO-1 and C) Nrf2. Test 
used: One-way ANOVA followed by Dunnet comparison test. Values expressed as means ± SEM.P1 significance vs 
isoprenaline group,P2 significance vs negative group. 
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Discussion  

The renin angiotensin system (RAS) 

adjusts comprehensive sets of functions in 

different organs like the circulatory system and 

kidneys. It plays an important role in regulating 

extracellular volume, arterial blood pressure and 

tissue perfusion. Moreover, RAS improves the 

dynamic control of vascular function during health 

and disease (14).  

Angiotensinogen is a protein synthesized 

by liver and catalyzed by renin to form angiotensin 

I (Ang I) that was converted into Ang II by the 

angiotensin converting enzyme (ACE). Also, 

ACE2 can hydrolyzes Ang I into Ang-(1–9) and 

Ang II into Ang-(1–7) and endopeptidases 

metabolize Ang I into the Ang-(1–7) (15). MI 

upregulates all components of cardiac RAS and 

activates an order of cellular and molecular events 

that initiated by a robust inflammatory response. 

Prolonged inflammation can impair repair of 

cardiac muscle and lead to heart failure (16,17). 

Ang II triggers numerous intracellular signaling 

pathways which involved in inflammation, 

fibrogenesis, oxidative stress and cell death. In 

addition, Ang II controls the expression of many 

bioactive molecules, which responsible for 

pathological cardiac remodeling and impairing 

cardiac function in experimental animals and 

patients (18). Post-MI ventricular remodeling is 

structural and functional changes in the heart due 

to injury of myocardium. This process of 

remodeling is induced by activation of 

neuroendocrine system, myocardial stretch and the 

activation of the local tissue RAS (19). Therefore, 

continuous elevation of Ang II leads to progressive 

and irreversible cardiac remodeling (20).  

Many experimental and clinical data 

indicate an essential role of the RAS in the setting 

of acute MI, at the acute phase of MI, there is a 

vigorous elevation in the level of Ang II and its 

receptor expression in both circulation and/or 

infarct tissues (21,22). Ang II acts through type 1 

(AT1) and type 2 (AT2) receptors. Both AT1 and 

AT2 receptors are universally expressed in the 

heart and AT1 mediates most of the 

pathophysiological actions of Ang II. Through its 

action on these receptors; Ang II is able to activate 

several intracellular signaling pathways that lead 

to inflammation, oxidative stress, fibrogenesis, cell 

death and differentiation and regulates gene 

expression of a widespread range of bioactive 

elements, eventually leading to pathological 

cardiac remodeling (23).  

Therefore, the aim of the present study 

was to evaluate the effect of RAS on rats with 

ISO-induced MI by comparing pretreatment with 

ACEs enalapril (50mg/kg, body weight) and ARBs 

losartan (10mg/kg, body weight). Furthermore, we 

hypothesized that Nrf2/HO-1 signaling pathway 

induction by enalapril and losartan could improve 

the cardiac functions in ISO-induced MI  

Myocardial necrosis is the hallmark of 

acute MI that lead to leak of creatine kinase (CK)-

MB and lactate dehydrogenase (LDH) that are 

used as biochemical biomarkers in diagnosis (24). 

During this study, an increase in serum level of 

cardiac enzymes reflects the alterations in plasma 

membrane permeability as a response to β-

adrenergic stimulation which induced by 

administration of ISO. In contrary, rats pretreated 

with enalapril and losartan showed marked 

reductions of these cardiac enzymes that appears 
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on third day and continues along fifth day without 

a significant alteration of K level. 

Endogenous antioxidants (GSH and 

catalase) and lipid peroxidation product (MDA) 

were measured to confirm the myocardial 

oxidative stress after administration of ISO. 

Isoproterenol produce significant decrease in the 

level of GSH and catalase accompanied with 

significant elevation of MDA when compared with 

control rats. This finding explained by ISO 

produce quinones which react with oxygen to 

generate superoxide anions and H2O2, which have 

damaging effects in cells (25). ISO induced 

oxidative stress can be characterized by reduction 

of myocardial catalase and GSH along with a rise 

in myocardial MDA level. Our results demonstrate 

that pretreatment with ACEs and ARBs have anti-

oxidative effects in ISO-induced MI; enalapril and 

losartan prevented the elevation in MDA and 

decrease in the level of GSH and catalase. These 

results are in agreement with Shree et al. (26) that 

report a significant ameliorating effect of losartan 

on variety of parameters like glutathione, 

glutathione peroxidase, superoxide dismutase, and 

catalase and inhibitory effect on lipid peroxidant 

malondialdehyde. Oxidative stress plays an 

important role in development and progression of 

MI, this indicates that both enalapril and losartan 

have antioxidant effect against ISO-induced MI. 

ISO-induced myocardial necrosis is also 

confirmed by histopathological findings. ISO-

treated heart showed the features of severe 

inflammation, the inflammatory cells infiltration 

between the myocardial fibers with interstitial 

edema and areas of myocytolysis. These all 

changes were previously reported in various ISO-

induced MI models (27,28). However, cardiac 

muscle of rats pretreated with enalapril and 

losartan showed mild to moderate necrosis of the 

myocardium with edema of the interstitium. 

Multiple evidence found that cell 

apoptosis is important in the pathogenesis and in 

remodeling of MI. several researches have 

investigated the apoptotic pathway in ISO-induced 

MI (29,30). The results show that administration of 

ISO in rats resulted in upregulation of the 

expressions of myocardial pro-apoptotic signaling 

proteins, while the expression of anti-apoptotic 

Bcl-2 undergo down-regulation. In consistent with 

previous observations our results showed 

significant decrease in the level of Bcl2 in ISO 

treated rats when compared with control negative 

rats.  Bcl-2 is an anti-apoptotic member of the Bcl-

2 family, by scavenging oxygen-free radicals 

inside the cells and repressing the release of 

cytochrome C into the cytoplasm, which play 

important roles in the regulation of the apoptotic 

pathway (31). Our results suggested that the 

pretreatment with enalapril and losartan, the level 

of Bcl-2 increased in the myocardial tissues of MI 

rats compared with the ISO group. 

Nrf2 is a nuclear transcriptional factor 

which has an important role in the regulation of 

redox homeostasis by increase expression of 

antioxidant and detoxifying enzyme. Under 

physiological conditions, the Nrf2 form a complex 

with its negative regulator-Kelch-like ECM 

associated protein (Keap1) as an inactive form 

(Nrf2–Keap1 complex reside in the cytoplasm) 

and during stimulation this complex degraded by 

the proteasome (32). Under pathological condition 

or oxidative stress such as induced by ISO, the 

Nrf2 broke down from the Nrf2–Keap1 complex to 

released-active form and translocate from 
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cytoplasm to nucleus and bound with antioxidant 

response element (ARE) regions and subsequently 

upregulate the expression of antioxidant and 

detoxifying enzyme genes to protect the cells from 

further damage (33). Previous reports 

demonstrated that ISO can induce oxidative stress 

accompanied by modulation of Nrf2/HO-1 

signaling pathway to protect myocardium by 

enhancing anti-oxidant activity (9,10). In 

agreement with these previous findings, our results 

showed an increase in the expression of Nrf2 

observed in rats induced with ISO when compared 

with normal rats as a defense mechanism to lower 

the oxidative stress. Hence, in the current work, 

rats pre-treated with enalapril and losartan before 

ISO-induced MI showed furthermore expression of 

Nrf2 was observed in the rats pretreated with 

enalapril and losartan when compared with ISO 

group.  

HO-1 has cytoprotective properties such as 

anti-oxidative, anti-apoptotic and anti-

inflammatory effects (34). It has been confirmed 

that increase expression of HO-1 in animals 

reduced infarct size, ventricular remodeling, 

enhanced endothelial function, induced 

angiogenesis and restored cardiac metabolism 

(35). Our study demonstrated that ISO induce 

significant elevation in the expression of HO-1, 

this effect might be due to oxidative stress induced 

by ISO. In line with this hypothesis, Hu et al.(36) 

found that ISO could be induced injury in multiple 

organs and cells in response to a variety of stimuli, 

such as oxidative stress and myocardial 

ischemia/reperfusion (I/R). Also, activation of β1-

adrenoreceptors by ISO causes significant increase 

in cyclic adenosine monophosphate (cAMP), 

which in turn activates protein kinase A (37), and 

stimulates phosphoinositide 3-kinase (PI3K) and 

p38 mitogen activated protein kinase (MAPK) 

activity. Activated PI3K and p38MAPK make the 

Nrf2 to move to the nucleus, where binding of 

Nrf2 to the ARE promoter site, leads to the 

upregulation of HO-1 gene expression (38). We 

found that the expression of HO-1 was furthermore 

upregulated in rats pretreated with enalapril and 

losartan when compared with ISO group. Our 

results are in correspondence with the outcome of 

Kim et al. (39) as well as Wang et al. (40), they 

both demonstrated that pretreatment with losartan 

enhance the expression of Nrf2 and HO-1 levels in 

chronic renal diseases and cavernous nerve injury 

in rats. Therefore, we demonstrated that enalapril 

and losartan can modulate the Nrf2/HO-1 

signaling pathway and thus increase the expression 

of antioxidant thereby endorsing its 

cardioprotective activity. 

 

Conclusion 

Our study provides evidence that ACEIs 

(Enalapril) and ARBs (Losartan) ameliorates 

oxidative stress, inhibit apoptosis and improve 

cardiac dysfunction in MI by regulating bioactive 

markers like HO-1 and Nrf2. It also reduces 

cardiac enzymes and improves blood pressure 

without alteration of serum level of K on short 

term therapy. 
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