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Abstract 

Ischemia/reperfusion injury describes the experimentally and clinically prevalent 

finding that tissue  ischemia with inadequate  oxygen followed by successful 

reperfusion initiates a wide and complex array of inflammatory responses that may 

aggravate local injury as well as induce impairment of remote organ function by 

mechanisms that involves oxidative stress, inflammation, and apoptosis.     In this study, 

we investigated the cardio protective  effects of Valsartan in regional ischemia/ reperfusion injury. 

adult male Albino rats were randomized into 4 equal groups. Group (1) sham group: rats underwent the 

same anesthetic and surgical procedure as the control group except ligation of LAD coronary artery , 

Group( 2) control group: rats subjected to regional ischemia for 25 min by ligation of  LAD coronary 

artery and reperfusion for 2 hours ,Group( 3) control vehicle group: rats received (normal saline) 

vehicle of  valsartan  via I.P injection  and subjected to regional ischemia for 25 min and reperfusion 

for 2 hours  , Group( 4) valsartan  treated group : rats pretreated with valsartan 10mg/kg I.P 30 minutes 

before ligation of LAD coronary  artery then subjected to the surgical procedure with ligation of LAD 

for 30 minutes followed by 120 minutes reperfusion. At the end of reperfusion, Heart was divided 

into two parts, the apex for histopathology and the remaining  part used for 

determination of tissue TNF-α,and IL-6 It has been found that Valsartan treated group 

showed significant reduction (P˂ 0.05) in TNFα with respect to the control groups.Histopathology 

study revealed that the treatment with  Valsartan significantly (P˂ 0.05) improved cardiac injury as 

compared with control groups, we concluded that Valsartan reduces inflammatory reaction associated 

with ischemia/reperfusion injury induced by LAD ligation in addition to its reduction for cardiac injury 

induced by ischemia reperfusion. 
 

 جراء نقص ألارواء وإعادتهفي تحسن عضلة القلب  الوقائي للقلب المحتمل  للفالسارتان تأثير 

 .في ذكور الجرذانمن الإصابة الناجمة عن ربط الشريان التاجي   لعضلة القلب

  

.ياسمين علي حسين      سهاد تريجي زامل       يوسف فاضل غالي        .نجاح رايش هادي  

 الخلاصة

يمثل نقص أرواء عضلة القلب واعادة الارواء  مشكلة  ذات صلة سريريه بأن نقص تروية الأنسجة مع عدم 
كسجن  يلنه خهه الااح  يددأ مجمععة واسةة ومةقدة م  الةملنات  الالهاابنة اله  دد تدد  لل  تفاد  كفاية الأ
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الإصابة المحلنة وكذلك تحث عل  خةف وظنفة الاحازة الاخرى  ع  طريق الآلنات اله  تاطع  علناا مثل  

الدور الوقائي المحتمل للفالسارتان في  اجريت هذه الدراسه لمعرفة .الاكسدة  والالهاابات ومعت الهلايا المدرمج

تحسين حالة الاصابة الموضعية بالنقص القلبي بامدادات الدم واعادة الارواء لعضلة القلب الناجمه عن ربط 

تم استخدام اربعة وعشرون ذكرا بالغا من الجرذان  .الشريان التاجي الامامي الايسر النازل في ذكور الجرذان 

مجمععة 1-:متساوية اميعمج اربع  الىتم توزيعهم بصورة عشوائية  وددالبيضاء في هذه الدراسه  السويسريه

ربط :وه  المجمععة الله  مرت بافس ظروف الههدير وخطعات الهجربة لك  ل  تجر  علناا عملنه الهظاهر

ععة الله  تةرخت ال  مجمععة السنطرة)الغنر مةالجة(:وه  المجم-2,الشريان التاجي الامامي الايسر النازل

 ربط الشريان التاجي الامامي الايسر النازلددنقه ع  طريق  73الاصابة القلدنة باقص الارواء الدمع  لمدة 

مذيب   %0.9مجمععة المذيب :وه  المجمععة الله  حقات بمحلعل ملح  -7واعادة الارواء لمدة ساعهن  

ددنقه ع   73لاصابة القلدنة باقص الارواء الدمع  لمدة للفالسارتان داخل تجعيف الدريهعن  و تةرخت ال  ا

المجمععة المةالجة  -4واعادة الارواء لمدة ساعهن   ربط الشريان التاجي الامامي الايسر النازلطريق 

داخل تجعيف الدريهعن  ددل  كغ (\ملغ 13) بالفالسارتان : وه  المجمععة الله  حقات بالفالسارتان بجرعة 

ف  نااية .واعادة الارواء لمدة ساعهن   ربط الشريان التاجي الامامي الايسر النازلملنة نصف ساعة م  ع

 . IL-6و  TNF-α الهجربة دس  القلب ال  دسمن  القس  الاعل  لفحص الاسنج والقس  الاسفل لقناس مسهعى
أما الاهائج  الهحك ,ف  مجمععة  (p<0.05)دد ازدادا مةاعيا IL-6و  TNF-αاظارت الاهائج ان المسهعى ال  

الشريان الهاح  الأمام  الاازل الأيسرفقد أظارت أن حمنع دلعب الجرذان  دد  ربط عملنة الاسنجنة بةد

ف    ودد وحد أن المجمععة اله  تلقت الةلاج فالسارتان أظارت انهفاخا كدنرا . (  p<0.05) تضررت مةاعيا

  خلال نهائج هذه الدراسه يظار بأن الفالسارتان  يحس  م مفارنة مع مجمععة الهحك . IL-6و  TNF-αمسهعى 

الشريان الهاح  الأمام  الاازل الأيسر  ربط م  خرر القلب الااتج لدى الجرذان  اله  تةرخت ال  عملنة
       المسددة للإصابة بالاقص القلد  بالإرواء الدمع / اعادة الارواء

Corresponding authorEmail:yas.ali50@yahoo.com 
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Introduction  
   Although restoration of blood flow to 

an ischemic organ is essential to 

prevent irreversible cellular injury, 

reperfusion may enhance tissue injury 

in excess of that produced by ischemia 

alone 
(1)

. Ischemia contributes to the 

pathophysiology of many conditions 

including myocardial infarction, 

peripheral  vascular  insufficiency,  

stroke and hypovolemic shock. The 

major mechanisms of Ischemial 

reperfusion injury are oxidative stress 

(mainly oxygen-free radicals) 

,apoptosis, neutrophil–endothelium 

interactions, and hypercontracture(i.e., 

myocyte Ca2+Over loading) 

,endothelial cell activation with 

microvascular dysfunction,and altered 

myocardial metabolism. Ischemial 

reperfusion injury prompts a release of 

cytokines and other proinflammatory 

mediators  that activate both the 

neutrophils and the coronary vascular  

 

endothelium. Adaptive cellular 

responses activate the innate immune 

system with its Toll-like receptors 

(TLRs )and the complement system as 

well as the adaptive immune system. 

Valsartan is a potent, nonpeptide 

tetrazole derivative and selectively 

inhibits  Angiotensin II Receptor type 

1
(2)

. The selective AT1 receptor 

blocker(ARB)  exerts a variety of 

pleiotropic effects, including anti-

oxidative, anti-apoptotic, and anti-

inflammatory effects
(3)

 .Navalkar et 

al., (2001) found  that  cardioprotective 

effects of valsartan (ARBs) related to 

mechanisms beyond blood pressure 

lowering, anti-inflammation, anti-

atherosclerosis, target organ 

protection
(4)

. 

Valsartan inhibited TLR4 and NF-kB 

expressions concomitant with an 

improvement in myocardial injury, 

such as smaller infarct size, fewer 
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release of myocardial enzymes, and 

proinflammation mediators.Varagic et 

al.,(2008)  suggested  that valsartan  

plays  essential role in the protective 

effects on myocardial I/R injury and 

the possible  protection mechanism is 

due to its anti-inflammation function 

via TLR4/NF-kB signaling pathway
(5)

. 

 Materials And Methods  
A total of 28 adult male albino rats 

weighting (200-250 g) were purchased 

from Animal Resource Center, 

National Center for Drug Control and 

Research. They were housed in the 

animal house of Kufa university/ 

College of Medicine in a temperature-

controlled (25°±1C) room (humidity 

was kept at 60–65%) with alternating 

12-h light/12-h dark cycles and were 

allowed free access to water and chow 

diet until the start of experiments. 

Study Design 

After the two week of acclimatization 

28 rats were randomized into 4 groups, 

7rats in each group as follow:    

In Group I:(Sham ) rats underwent to 

the same anesthetic and surgical 

procedure but without ligation of  Left 

Anterior Descending (LAD). 

In Group II:control group ; rats 

underwent Myocardial ischemia for 30 

minutes by ligation of (LAD) & 

reperfusion fore 2 hr. 

In Group:III : (vehicle group):rats 

pretreated with normal saline(vehicle 

for  Valsartan  ) was given 

intraperitoneal  injection at 30 minutes 

before ligation of  LAD & reperfusion 

fore 2 hr   

In Group:IV (Valsartan pretreated I/R 

group) rats pretreated via Valsartan 

10mg/Kg/ dissolved in saline 

solution
(6)

  intraperitoneal injection at 

30 minutes before ligation of  LAD & 

reperfusion fore 2 hr. bosentan 

prepared immediately before injection. 

 

 

Surgical ligation of the LAD  
  All rats were anesthetized by 

intraperitoneal (IP) injection of 100 

mg/kg ketamine and 5 mg/kg xylazine 
(7)

 . After intubation of  the trachea by a 

20 fg cannula and the endotracheal 

tube was connected tightly to the 

ventilation machine. The ventilation 

rate was fixed from 120-135 

breath/minute with tidal volume 20 

ml/kg body weight, with 100% 

oxygen. The intercostal muscle layer 

was gradually cut with micro fine 

scissors After that the pericardium was 

opened the left ventricle was visible , 

the LAD was ligated with an 8-0 

Prolene suture. The chest wall was 

closed and at the end of reperfusion 

time, the animal was re-anesthetized by 

(IP) mixture of 100 mg/kg ketamine 

and 5 mg/kg xylazine and the chest 

was re-opened then the right ventricle 

was punctured with a syringe needle so 

that about 3 ml of blood was aspirated 

for later blood analysis. After that, the 

heart was isolated and divided into 2 

pieces , the apical part used for 

histological examination and the basal 

was used for measuring the tissue 

parameters . 

Samples Collection  
  At the end of reperfusion, blood was 

collected from the ventricles at the 

apical side. Hearts were cut from their 

main arteries (aorta and pulmonary 

artery), rinsed with normal saline to 

remove any blood, and stored in deep 

freeze (-20˚C to -80˚C).  

The ventricles were cut from the 

atrioventricular junction and divided 

into two parts, lower (apical) and upper 

parts. The apical parts of the heart was 

further divided into two parts, one part 

used for apoptosis study while the 

other part was fixed in 10% formalin 

and processed by routine histological 

methods and embedded in paraffin 

blocks 
(8).

 For subsequent histological 
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examination, 5μm-thick horizontal 

sections were cut and stained with 

haematoxylin-eosin (H&E). 

Samples Preparation  

Preparation of Sample for TNF-α 

and IL-6 
The upper parts of the ventricles were 

washed with cold normal saline to 

remove any blood, stored in deep 

freeze (-20˚C), and then homogenized 

with  high intensity liquid processor in 

1:10 (w/v) phosphate buffered saline 

that contain 1% triton X-100 and 

protease inhibitor cocktail (15). The 

homogenate was centrifuged with 

2,500 g at 4˚Ċ for 20 min. The 

supernatant was collected and used in 

TNF-α determination.  

Statistical Analysis 
  Statistical analyses were performed 

using SPSS 20.0 for windows 7 (IBM, 

USA). Data were expressed as mean 

±SEM unless otherwise stated. One 

way Analysis of Variance (ANOVA) 

was used for multiple comparisons 

among all groups. In all test; P˂ 0.05 

was considered statistically significant. 

Results  

Valsartan reduced myocardial 

inflammatory response 

The levels of myocardial cytokines 

(TNF-α and Il-6) were found to be 

significantly elevated (P˂ 0.05) in 

control group (II) and control vehicle 

(III) compared with sham group (I). At 

the same time, cardiac cytokine(TNF-α 

and Il-6)  were significantly decreased 

(P˂ 0.05) in Valsartan treated group 

(IV) with respect to both control and 

control vehicle groups, (Figure 1) and 

(Figure 2). 
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Figure 1: Mean cardiac level of TNF-α  in (pg/mg).   * vs. sham 

group, 
ѱ

 vs. control vehicle group  

* * 

 

Figure (2): mean of  myocardial  IL-6  level (pg/mg) .* vs. sham 

group, 
ѱ

 vs. control vehicle group . 

* * 
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Histopathological Findings 
  A cross- section of heart tissue 

obtained from the sham group showed 

normal cardiac structure (score 0); no 

interstitial edema, no diffuse 

myocardial cell swelling and necrosis, 

no neutrophils infiltration, no 

hemorrhage, no capillary compression 

and no evidence of apoptosis. There 

was statistically significant difference 

between control group and sham group 

(P˂ 0.05) and the total severity scores 

of control group showed  that 28.6% of 

the group had severe cardiac 

injury(score3), 28.6% had   moderate 

cardiac injury(score 2)  and 42.8% had   

a highly severe cardiac injury(score 4). 

There was statistically insignificant 

difference between control group (II) 

and control vehicle (III) and the total 

severity scores of control vehicle group 

(III) showed injury showed that 14.3% 

of the group had moderate cardiac 

injury, 57.1% had  severe cardiac 

injury and 28.5%  had  a high severe 

cardiac injury. Treatment of Rat with 

Valsartan improved cardiac injury 

significantly (P˂ 0.05) as compared 

with control vehicle (III) group and the 

total severity scores of this group 

showed  that 14.3% of the group had 

no damage(score0)  and 57.1% had 

mild cardiac injury (score 1)  and 

28.5% had moderate cardiac 

injury(score 2)  , As shown in figure 

(3). 

 

Figure  3. Component bar chart the relative frequency of different histopathology 

grading of abnormal heart changes among the four experimental groups. 
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Figure (4) section from the cardiac tissue from the sham group clarifying the 
normal  architecture . This section was stained with H&E (X 40). 

Figure (5): section for the cardiac tissue from the active control group 
showing sever hemorrhage ,interstitial edema and neutrophil 
infiltration.The section stained with Haematoxylin and Eosin (X 40) 
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Figure(8):  section for the cardiac tissue from the Valsartan treated group. 
The section show mild cardiac injury. the section  stained with 

Haematoxylin and Eosin (X 40) 

Figure (7): section of cardiac tissue for the control vehicle group    showed   
hemorrhage,heavy neutrophil infiltration , odema and necrosis.The section stained with 

Haematoxylin and Eosin (X 40) 
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 Discussion 
   As show in the results, pretreatment  

with Valsartan (group IV) significantly 

(P˂ 0.05) reduced the inflammatory 

cytokine (TNF-α ,IL-6)levels when 

compared to the control group (II) and 

control vehicle group (III). 

Valsartan is ARB, angiotensin II type 1 

receptor involved in TNF-α 

Production. In the rat, early, short-term 

AT 1 receptor blockade limited post-

infarct cardiac TNF-a production and 

diminished myocardial alterations 

observed after myocardial infarction 

.Also, Valsartan inhibited TLR4 and 

NF-κB expressions concomitant with 

an improvement in myocardial injury, 

such as smaller infarct size, fewer 

release of myocardial enzymes, and 

proinflammation mediators. These 

findings suggest that valsartan plays a 

pivotal role in the protective effects on 

myocardial I /R injury. This protection 

mechanism is possibly due to its anti-

inflammation function via TLR4/NF-

κB signaling pathway . 

 

Wu et al.( 2001) found that Valsartan 

attenuated the expression of MCP-1, 

TNF-alpha, IL-6, IL-1beta, and 

infiltration of leukocytes and 

macrophages in the injured arteries
(9)

.  
The  present  study is in  agreement 

with Wu et al.( 2013) Valsartan 

inhibited of NF-κB translocation to 

nucleus and decreased plasma TNF-α 

levels
(10)

 . 

Li etal.,(1999) observed that the effect 

of Ang II were significantly attenuated 

by a specific AT1R blocker, indicating 

and that it is the AT1R activation 

mediates the pro- apoptotic effects of 

Ang II
(11).

                                                                                              

Treatment of rat with valsartan  improved 

cardiac injury significantly as compared with 

control group and the total severity scores 

mean of this group showed a mild cardiac 

injury. 

Wu et al. (2013) demonsterated  that 

The ratio of ischemia-reperfusion 

induced infarct size was  significantly 

reduced in the Valsartan treated  

group
(10)

 . 
Yang  et al. (2009)  showed  that 

valsartan caused  significantly less 

severe myocardial  injury and  

inflammatory cells  infiltration
(12)

. 
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