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Abstract  

  Antiplatelet agents remain the cornerstone treatment in patients with ischemic 

heart diseases, as they decrease the mortality as well as the recurrence of cardiovascular 

complications. This study aimed to assess and compare the possible cardioprotective 

effect of cilostazol, clopidogrel and their combination in experimentally induced 

myocardial ischemia/reperfusion (MI/R) in rats.In this study ninety-six rats were 

divided into six equal groups (each of 16 rats): group 1, control normal received the 

vehicle; group 2, sham-operated and received the vehicle; group 3 (MI/R-treated) where 

myocardial infarction was induced by left coronary artery ligation (LCAL) for 30 min, 

followed by 2 h. reperfusion; group 4 received cilostazol (20 mg/kg, p.o.); group 5 

received clopidogrel (30 mg/kg, p.o.); group 6 received combination of both drugs in 

the same doses. In all treated groups (groups 4, 5 & 6), drugs were administered for 

3days, then they were exposed to MI/R. Results of the present study revealed that MI/R 

injury induced a significant decrease in mean arterial blood pressure (MABP), increase 

in heart rate (HR), elevation in T-wave voltage along with increased infarct size, plasma 

cardiac troponin I (cTnI) level and tumor necrosis factor alpha (TNF-α) and heart 

content ofmalondialdehyde (MDA), consequently with reduction in heart tissue 

glutathione peroxidase (GPx) activity. Cilostazol, clopidogrel or their coadministration 

exerted cardioprotective effect manifested by significant reductions in the T-wave 

voltage, infarct size and cTnI level via enhancement of antioxidant capacity and 

prevention of inflammatory and oxidative stress cascades. Additionally, cilostazol 

increased the HDL and decreased the LDL levels.  It could be concluded that cilostazol 

is an effective cardioprotective agentin treatment of myocardial infarction particularly 

when used as an adjuvant to clopidogrel. 
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Introduction 

Acute myocardial infarction (AMI) is a clinical condition caused by necrosis of 

myocardial tissue due to ischemia, usually by occlusion of a coronary artery with a 

thrombus (Amsterdam et al., 2014). It is considered a global disease burden and a major 

cause of morbidity and mortality worldwide. Its prevalence is continuously increasing 

particularly in advanced countries despite the considerable progress in its management 

(Moran et al., 2014).  

  Reducing myocardial infarct size is the primary goal in patients with AMI and early 

reperfusion of an occluded coronary artery is a well-known and effective strategy to reduce 

ischemia-induced myocardial damage (Cannon and Braunwald, 2012). Moreover, dual 

antiplatelet therapy (DAPT) by aspirin and clopidogrel is the cornerstone medical treatment 

as they decrease the mortality as well as the recurrence of cardiovascular events (Acharji et 

al., 2013). 

Many previous studies have implicated an essential role for reperfusion, in order to 

salvage tissue from inevitable necrosis, however it is considered a double-edged sword, as 

such; restoration of blood flow can provoke further myocardial damage known as ischemia 

reperfusion (I/R) injury. Jennings et al. (1960)documented a landmark study showing that 

reperfusion in AMI accelerates further myocardial injury. Hence, mortality is not only 

associated with deficient coronary circulation but rather with damage consequent to I/R 

(Jang et al., 2010). 

The pathogenesis of I/R-induced myocardial injury involves various factors that can 

provoke further myoca-rdial damage including inflammatory and oxidative stress, 

intracellular Ca overload, apoptotic and necrotic myocytes death (Rohilla et al., 2012). 

Clopidogrel is an oral antiplatelet agent that inhibits the P2Y12 ADP receptor 

subtype on platelets and isused as an adjunct to aspirin in acute coronary syndrome and 

percutaneous coronary intervention patients (Tantry et al., 2013). However, complicated 

thrombotic events still occur after routine DAPT with aspirin and clopidogrel(Sakurai et 

al., 2013). 
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  Cilostazol is a phosphodiesterase-III inhibitor that has an anti-platelet and 

vasodilator activity as ascribed to the increased levels of cyclic AMP in platelets and 

vascular smooth muscle cells (Rondina and Weyrich, 2013). It may attenuate aspirin and 

clopidogrel resistance because its antiplatelet mechanism is quite different (Kim et al., 

2011).It is used for the treatment of peripheral vascular diseases such as intermittent 

claudication and for secondary prevention of brain infarction (Shinohara et al., 2010; 

Rondina and Weyrich, 2013). However, because peripheral arterial disease is frequently 

associated with coronary artery disease, it is important to investigate whether cilostazol is 

also cardio protective. Moreover, little information is available to determine the cardio 

protective effect of adjunctive cilostazol compared with clopidogrel alone in those patients 

(Tanaka et al., 2014). 

Although the accumulated evidences implicate cilostazol in ameliorating oxidative 

stress as well as inflammatory mediators in various studies, the possibility that cilostazol 

may guard against myocardial I/R injury has not yet been fully explored. Therefore, this 

study aimed to assess and compare the possible cardioprotective effect of cilostazol, 

clopidogrel and their combinations on experimentally induced myocardial ischemia 

reperfusion injury in rats. 

Materials and methods 

Animals 

  Ninety-six adult male albino rats (200–220 g) were used in the current study. 

Animals were kept at a constant temperature (23±2 °C), humidity (60 ± 10 %), and a 

light/dark (12/12 h) cycle. Food and water were available ad libitum. Experimental design 

and animal handling were approved by the local authorities at the Faculty of medicine, 

Zagazig University, Egypt (Ethical Committee for Animal Handling at Zagazig University). 

Dugs and Chemicals  

Cilostazolpowder was obtained from Otsuka Co., Egypt, suspended in 2%. arabic 

gum solution and orally administered at a dose of 20 mg/kg in a volume of 5 ml/kg 

(Manickavasagam et al., 2007; Ito et al., 2010).Clopidogrel powder was purchased from 

Sigma Co., Egypt, suspended in 2% arabic gum solution and orally administered at a dose 

of 30 mg/kg in a volume of 5 ml/kg (Ito et al., 2010; Birnbaum, 2014). 

Ethylcarbamate(urethane) was obtained from Prolabo, Paris, given i.p. at a dose of 1.5 gm 

/kg and used for anaesthesiaof rats (Gosh, 1971). All other chemicals used were of the 

highest analytical grades available commercially. 

Experimental design  

Animals were randomly divided into six equal groups (16 rats each) as follows: 

Group 1: Control normal received 2% arabic gum solution orally. 

Group 2: Sham-operated received 2% arabic gum solution orally. 
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Group 3: Rats were subjected to 30 min left anterior descending coronary artery ligation 

(LCAL), followed by 2 h reperfusion (Humphreys et al., 1999) to serve as MI/R group. 

Group 4: Rats received cilostazolat a dose of 20 mg/ kg orally. 

Group 5: Rats received clopidogrelat a dose of 30 mg/kgorally.  

Group 6: Rats received combination of both drugs in the same doses orally. 

In all treated groups, drugs were administered for 3days before being subjected to MI/R. 
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Measurement of  hemodynamic parameters  

The T wave voltages mean arterial blood pressure (MABP) and heart rate (HR) 

were recorded by the use of Power Lab data acquisition and analysis system (AD 

Instruments, Australia) and the data were automatically analyzed and stored in a computer. 

The amount of elevated T wave (in mV) in different groups was recruited as an index of 

myocardial ischemia and was statistically compared. 

Determination of myocardial infarct size 

At the end of 2h reperfusion, eight hearts from each group were removed. The 

entire ventricles were separated from the heart then sliced into 2 mm transverse sections 

thickness and incubated with 1 % triphenyltetrazolium chloride (TTC) stain at 37 °C 

(prepared as 10 mg/mL in a pH 7.4 phosphate buffer) for 20 min to visualize the infarct area 

as described by Nachlas and Schnitka (1963).  Infarcted area was expressed as a 

percentage of total sliced areas (Frantz et al., 2005). 

Blood and tissue collection 

At the end of the experiment, 2 ml blood sample were collected from carotid artery 

via rat arterial polyethylene cannula in heparinized tubes. The samples were centrifuged and 

plasma was used for cTnI, TNF-α and lipoproteins assessment. Hearts of the other eight rats 

of each group were collected, homogenized in the appropriate buffer, the homogenate was 

centrifuged, and the supernatant was used according to the manufacturer's instructions for 

estimation of GPx activity and MDA content of heart. 

The cTnI plasma level was measured with a commercial ELISA kits (CUSABIO, 

China) following the manufacturer's instructions. 

 Plasma levels of TNF-α level was measured with a commercial ELISA kits (R&D 

Systems, USA) following the instructions of the manufacturer. Lipid peroxidation was 

measured by determination of the MDA content by the method of Utley et al. (1967) using 

colorimetric assay kits (Biodiagnostic, Egypt) according to the manufacturer's instructions. 

The GPx activity was assessed usingBiodiagnostic kits (Egypt) by the UV method 

of Paglia and Valentine (1967) and according to the manufacturer's instructions. 

Total cholesterol (TC) and high-density lipoproteins (HDL-C) were estimated in plasma 

enzymatically using Spinreact diagnostic kits (Spain) by Naito’s method (1984) according 

to the manufacturer's instructions. 

The LDL cholesterol (LDL-C) was determined by enzymatic colorimetric method 

using Spinreact diagnostic kits (Spain) by the method of Okada et al. (1998) and according 

to the manufacturer's instructions. 
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Statistical analysis of data 

Data were collected, tabulated and expressed as means ± SEM. Statistical 

comparison between different groups was done using one-way analysis of variance 

(ANOVA), followed by Post-Hoc (least significant difference  “LSD”) tests using SPSS 20 

evaluation version computer program (SPSS Inc., Chicago, IL). Statistical significance was 

established at P≤ 0.05. 

Results 

Effects on the T wave voltage 

As shown in Fig. 1 and photo 1, LCAL significantly (p≤0.05) increased the T wave 

voltage as compared to the control normal group. Meanwhile, administration of cilostazol 

(20 mg/kg), clopidogrel (30 mg/kg) and their combination caused significant (p≤0.05) 

reduction of T wave voltage when compared with that of MI/R group. 

Fig. (1): Effect of pretreatment with cilostazol (20 mg/kg, po), clopidogrel (30 

mg/kg,po) or their combination on the T-wave voltage in experimentally-induced 

myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

* significantly different compared with normal; # significantly different compared with 

MI/R; $ significantly different compared with cilostazol or clopidogrel using one way 

ANOVA, followed by LSD test for multiple comparison between groups at P≤0.05. 
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Combination-treated group at the end of 

reperfusion 
 

Photo (1): Effect of MI/R alone or pretreated with cilostazol (20 mg/kg, p.o.), clopidogrel (30 

mg/kg, p.o.) or their combination on the T-wave voltage in experimentally induced 

myocardial ischemia/reperfusion (MI/R) in male albino rats. 

Effects on the mean arterial blood pressure 

As shown in Fig 2 LCAL decreased significantly (p≤0.05) the MABP as 

compared to the control normal and sham-operated rats. On the other hand cilostazol or 

clopidogrel treatment before LCAL produced insignificant (p≥ 0.05) changes in the 

MABP as compared to the MI/R group at the same time of the experiment. 

 

Fig. (2): Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 mg/kg, 

p.o.) or their combination on MABP in experimentally induced myocardial 

ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 
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* Significantly different compared with normal; # significantly different compared 

with MI/R using one way ANOVA, followed by LSD test for multiple comparison 

between groups at P≤0.05. 

Effects on the heart rate 

As shown in Fig 3 cilostazol treatment for 3 days before the LCAL (20 

mg/kg/day) significantly (p≤0.05) increased the HR as compared to the control normal 

rats.  

The results of the present study revealed that LCAL significantly (p≤ 0.05) 

increased the HR as compared to the control normal and sham-operated groups. On the 

other hand, cilostazol significantly (p≤0.05) increased the HR at all times of the 

experiment. Meanwhile, clopidogrel treatment produced insignificant (p≥ 0.05) change 

in the HR as compared to the MI/R group at the same time of the experiment. 

 

Fig. (3)  Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 mg/kg, 

p.o.) or their combination on the heart rate (HR) in experimentally induced myocardial 

ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

* Significantly different compared with normal using one way ANOVA, followed by 

LSD test for multiple comparisons between groups at P≤0.05. 

Effect on myocardial infarct size 

As shown in Fig 4, photo 2 and graph 2, administration of cilostazol (20 mg/kg), 

clopidogrel (30 mg/kg) and their combination caused significant (p≤0.05) reduction of 
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infarct size by 47%, 40% and 58 %, respectively, when compared with that of MI/R 

group (69 % increase as compared to normal rats). 

 

 

 

Fig. (4): Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 mg/kg, 

p.o.) or their combination on the myocardial infarct size in experimentally induced 

myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

* Significantly different compared with normal; # significantly different compared with 

MI/R; $ significantly different compared with clopidogrel using one way ANOVA, 

followed by LSD test for multiple comparison between groups at P≤0.05. 
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Photo (2): Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 

mg/kg, p.o.) or their combination on the infarct size in rat hearts subjected to 30 min of 

ischemia, followed by 2 h of reperfusion. White areas indicate infarcted tissues using 

triphenyltetrazolium chloride staining. 

Effect on plasma cTnI and TNF-α, & heart MDA content and GPx activity 

Myocardial ischemia for 30 min, followed by 2h reperfusion increased 

significantly (P≤0.05) plasma cTnI, TNF-α and cardiac MDA content and decreased 

cardiac GPx activity compared to control normal group. In contrast, treatment with 

cilostazol (20mg/kg, p.o.), clopidogrel (30 mg/kg, p.o.) and their combination 

significantly (P≤0.05) reduced the elevated plasma cTnI, TNF-α and the MDA content 

and increased the cardiac GPx activity as compared to the MI/R group values (Fig. 

5&6). 

 

Fig. (5): Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 mg/kg, 

p.o.) or their combination on plasma cTnI and TNF-α level in experimentally induced 

myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

* Significantly different compared with normal; # significantly different compared with 

MI/R; $ significantly different compared with cilostazol or clopidogrel using one way 

ANOVA, followed by LSD test for multiple comparison between groups at P≤0.05. 
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Fig (6A): Effect of MI/R alone or MI/R treated with cilostazol (20 mg/kg, p.o.), 

clopidogrel (30 mg/kg, p.o.) or their combination on MDA content in experimentally 

induced myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

 * significantly different compared with normal; # significantly different compared with 

MI/R; $ significantly different compared with cilostazol or clopidogrel using one way 

ANOVA, followed by LSD test for multiple comparison between groups at P≤0.05. 

 

Fig. (6B): Effect of MI/R alone or MI/R treated with cilostazol (20 mg/kg, p.o.), 

clopidogrel (30 mg/kg, p.o.) or their combination on cardiac GPX activity in 

experimentally-induced myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

 * significantly different compared with normal; # significantly different compared with 

MI/R; $ significantly different compared with clopidogrel using one way ANOVA, 

followed by LSD test for multiple comparison between groups at P≤0.05. 
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Effect on plasma lipoproteins levels 

As shown in Fig. 7, treatment with cilostazol (20 mg/kg, p.o.) for 3 days either alone 

or when combined with clopidogrel significantly (P≤0.05) increased plasma HDL-C and 

significantly (P≤0.05) decreased plasma LDL-C levels as compared to the control normal 

group. 

 

Fig. (7): Effect of pretreatment with cilostazol (20 mg/kg, p.o.), clopidogrel (30 mg/kg, 

p.o.) or their combination on TC, HDL-C and LDL-C levels (mg/dl) in experimentally 

induced myocardial ischemia/reperfusion (MI/R) in male albino rats.  

Data represent the means of eight experiments ± SEM. 

*significantly different compared with normal, sham-operated, MI/R and clopidogrel-

treated groups using one way ANOVA, followed by LSD test for multiple comparison 

between group at P≤0.05. 

Discussion 

Coronary arteries occlusion induces myocardial necrosis leading to myocardial 

infarction and the primary goal of treatment in those patients is reducing the infarct size. 

Early reperfusion of an occluded coronary artery is a well-known and effective strategy to 

reduce ischemia-induced myocardial damage and salvage tissue from inevitable necrosis 

(Marchant et al., 2012). At the same time, antiplatelet agents are the main pharmacological 

treatment in those patients, as they decrease the mortality as well as the recurrence of 

cardiovascular events (Acharji et al., 2013). 

However, reperfusion of ischemic myocardium is considered a double-edged sword, 

as such; restoration of blood flow can provoke further myocardial damage known as 

ischemia reperfusion (I/R) injury (Jennings et al., 1960; Marchant et al., 2012). The 

pathogenesis of I/R –induced myocardial injury involves various factors that lead to further 

myocardial damage including inflammatory and oxidative stress mediators leading to 

apoptotic and necrotic myocytes death (Rohilla et al., 2012). 
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The results of the present study demonstrated that LCAL produced significant 

myocardial necrosis in rats evidenced by marked elevation of the T-wave voltage after the 

MI/R in relation to the normal control. Oral pretreatment with cilostazol, clopidogrel or 

their combination significantly decreased the elevated T-wave amplitude after the MIR in 

relation to MI/R control denoting that both drugs has anti-ischemic effects and combination 

of both drugs has a synergistic cardioprotective effect. 

As regard the HR recordings, the results of the present work revealed that, LCAL, 

significantly increased the HR in relation to the normal control and then reperfusion 

significantly decreased it towards the normal level . 

Concerning the effects of cilostazol, clopidogrel and the combination of both drugs on 

the HR after MI/R, the results of the present study revealed that clopidogrel did not produce 

any significant changes in the HR recordings before and after the MI/R procedure. 

Meanwhile it was evident in this study that cilostazol either alone or when combined with 

clopidogrel significantly increased the HR before and after the MI/R. 

The accelerating effect of cilostazol on the HR is coinciding with that of Woo et al. 

(2002) who detected increase the HR about 6 h after administration of cilostazol in a study 

that was done to correlate between the peak plasma level of the drug and its cardiovascular 

effects in healthy individuals. In addition, this increased HR following cilostazol 

administration was in the same line of that had been reported by Cheng (1999) in that 

cilostazol is contraindicated in patients with severe heart failure because of this detrimental 

effect on the heart. 

Furthermore, the accelerated HR induced by cilostazol shown in our results is 

coinciding with the data mentioned by Toyonaga et al. (2000) in that; animal and human 

studies on cilostazol showed increased HR, myocardial contractile force, ventricular 

automaticity, and conductivity in the AV node leading to ventricular arrhythmias due to its 

ability to increase levels of cAMP. 

Additionally, the positive chrono-tropic effects of cilostazol were in accordance with 

Kodama et al. (2003) who reported that cilostazol significantly increased the HR, and 

recommended usage of the drug safely to selected patients with third degree atrioventricular 

block over a short term therapy. In addition, these results supported the hypothesis 

described by Atarashi et al. (1998) and Kishida et al. (2001) who concluded that cilostazol 

had a beneficial positive chronotropic effect mediated by improvement of conductivity in 

the atrioventricular node and increase of coronary blood supply caused by dilatation of the 

vessels. In addition, they recommended the therapeutic utility of cilostazol in patients with 

bradyarrhythmias. 

However, the accelerating effect of cilostazol on the HR was conflicting with those of 

Bai et al. (2011) who stated that cilostazol pretreatment in a MI/R model in rabbits did not 

produce significant difference in the HR. Nevertheless, we could explain this conflict in 

results by the difference in the species and dosages used. In addition, Manickavasagam et 

al. (2007) showed that 3-days oral pretreatment with cilostazol (20 mg/kg/d) in rats before 

coronary artery occlusion and reperfusion produced insignificant differences in the heart 

rate. 
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In the present study, staining the heart with TTC after MI/R injury showed severe 

myocardial infarction evidenced by increasing the size of the infarcted tissue. This finding 

was supported by Zhang et al. (2013) and Chen et al. (2014) who induced acute MI in rats 

by LCAL followed by reperfusion and reported that in viable myocardium, TTC was 

converted by dehydrogenase enzymes to formazan, (a red pigment) that stained the tissue 

dark red and non-viable infarcted myocardium that did not take up the TTC stain remained 

pale in color. 

According to Hallén (2012) the extent of myocardial damage is closely related to 

prognosis. Therefore, determination of infarct size is the strongest determinant in prognosis 

of ischemic heart disease. In our study, the infarct size was significantly reduced after 

cilostazol or clopidogrel pretreatment compared to the MI/R group, indicating a protective 

effect against ischemia/reperfusion injury. Moreover, the coadministration of cilostazol and 

clopidogrel produced a more significant decrease in the infarct size compared to that 

pretreated with clopidogrel alone. 

Tang et al. (2013) supported these results in a rat model of MI/R and showed that 

MI/R resulted in significant myocardial infarcts and clopidogrel pretreatment, significantly 

reduced the percentage of the infarcted area. 

Additionally, the results of the current study are compatible with those of 

Manickavasagam et al. (2007) who showed that cilostazol reduced the infarct size in rat 

hearts stained by TTC after MI/R and they explained this ischemic reduction by increased 

activation of endothelial nitric oxide synthetase (eNOS) with subsequent  stimulation of NO 

production. 

Furthermore, Bai et al. (2011) demonstrated that cilostazol pretreatment significantly 

reduced the infarct size in a rabbit model of MI/R. They attributed such reduction in infarct 

size of cilostazol to its ability to increase myocardial levels of adenosine and NO in addition 

to attenuating superoxide production and opening the mitochondrial KATP channels. They 

also concluded that cilostazol might be a new strategy for the treatment of coronary heart 

disease. 

The results of the current work were also supported by a study conducted by Ito et al. 

(2010) to evaluate and compare the effects of anti-platelet agents with different mechanisms 

of action; cilostazol, and clopidogrel on brain infarction. Moreover, they hypothesized that 

the cilostazol reducing effect on brain infarct size was due to increasing release of 

endogenous vasodilator substances from the brain endothelium such as NO and PGI2 

leading to enhanced cerebral blood flow in the ischemic region and protection against 

endothelial dysfunction after ischemic injury.In contrast to our results, Ito et al. (2010) 

showed that clopidogrel (3mg/ kg) failed to mitigate infarct size, regardless of their evident 

inhibitory effects on platelet aggregation. We could explain that conflict with our results by 

the lower dosage of clopidogrel used in their study and the differences in the animals used 

as they used hypertensive rats.  

Cardiac troponins T and I are the preferred markers for myocardial injury as they have 

the highest sensitivities and specificities for the diagnosis of acute myocardial infarction 

(Christenson and Christenson, 2013). The extent of cTnI elevation strongly correlates 
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with infarct size, thus providing indication for the prognosis following an infarction (Ahmet 

and Yesim, 2015).The results of the present study demonstrated that LCAL produced 

significant myocardial necrosis in rats evidenced by marked increase in the plasma levels of 

cTnI, which is in consistence with those results of Doods and Wu (2013) and Zhang et al. 

(2015) who demonstrated that cTnI is a highly sensitive and specific biomarker of acute 

myocardial infarction. On the other hand our results revealed that, cilostazol or clopidogrel 

administration before MI/R significantly reduced the cTnI compared to the MI/R group 

reflecting their cardioprotective effects. Meanwhile, coadministration of both drugs 

produced a synergistic decrease in the cTnI more than each drug alone.These results are in 

accordance with that of Wang et al. (2010) and Mohamed et al. (2014), who reported that 

the antiplatelet therapy could have an important effect in improving the outcomes in 

patients with acute MI undergoing primary percutaneous coronary intervention.  

The results in the present study showed that ischemia and the ensuing reperfusion 

injury induced a significant increase in the plasma levels of the proinflammatory cytokine 

TNF-α. These results are in consistent with Li et al. (2011) and Zeng et al. (2012).The 

increased TNF-α induced by MI/R injury also coincides with those of Frangogiannis et al., 

(2002) who stated that the reperfusion of ischemic tissue induces an acute inflammatory 

response leading to necrosis and irreversible vascular endothelial cell injury, which induces 

complement activation and free radical generation, triggering a cytokine cascade initiated 

by TNF-α release. This inflammatory reaction is necessary for healing, scar formation in 

one hand, and can aggravate myocardial injury after ischemia on the other hand. 

Similarly, Berthonneche et al. (2004) revealed that TNF-α level increased at 15 min 

following ischemia demonstrating that ischemia initiates the myocardial inflammatory 

response leading to rapid local production of TNF-α and they demonstrated that the 

proinflammatory cytokine TNF-α modulate cardiovascular function by a variety of 

mechanisms. Steffens et al. (2009) added that TNF-α depresses myocardial contractility by 

uncoupling β-adrenergic signaling, increasing cardiac nitric oxide and peroxynitrite, or 

altering intracellular calcium homeostasis. TNF-α may also induce structural changes in the 

failing myocardium, such as cardiomyocyte hypertrophy, interstitial fibrosis, and dilation. 

Additionally, TNF-α may promote cardiomyocyte apoptosis; it may also activate 

metalloproteinases and impair the expression of their inhibitors, possibly contributing to 

cardiac remodeling. 

TNF-α promotes cellular inflammatory response by self-amplification and induction 

of the expression of other proinflammatory cytokines. It is known to have potent ability to 

attract leukocytes to inflammatory sites, enhancing reactive species generation. 

Furthermore, it seems to be responsible for regulating products that stimulate inflammation 

such as NF-κB and COX-2 (Domitrovic et al., 2011). 

In our research, both cilostazol and clopidogrel offered additional cardioprotective 

effects by attenuating the increase in the TNF-α level as compared to the MI/R animals. The 

most significant decrease in the TNF-α level occurred when the two drugs are 

coadministered. Therefore, we hypothesized that the protective effects of cilostazol and 

clopidogrel against myocardial I/R injury may be attributed, at least in part, to the 

suppression of the inflammatory response via the inhibition of pro-inflammatory cytokines. 
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Consistent with the aforementioned results Tang et al. (2013) showed that MI/R 

injury significantly increased the level of serum TNF-α and pretreatment with clopidogrel 

significantly reduced this elevated TNF-α level. Hadi et al. (2013) also showed that 

clopidogrel significantly reduced TNF-α levels compared to atherogenic control group in a 

rabbit model of atherosclerosis. 

Furthermore, coinciding with these results are those of Sheu et al. (2012) who 

showed that cilostazol, clopidogrel or the coadministration of both drugs decreased 

inflammation in rat critical limb ischemia by decreasing the TNF-α mRNA expressions. 

In the present work, myocardial I/R injury induced a significant increase in lipid 

peroxidation markers, reflected by the increased levels of MDA in the MI/R group 

compared to the control group.Concomitant to the increased MDA formation, a significant 

decrease in the activities of the antioxidant enzyme, GPx, was observed following 

myocardial I/R injury, denoting damage to the endogenous antioxidant system induced by 

MI/R injury and confirmed the damage to cardiomyocytes during ischemia/reperfusion. 

Notably, the finding that GPx activity was decreased by I/R has been reported by Zhang et 

al. (2011) who reported that reperfusion of ischemic myocardium is accompanied by the 

development of oxidative stress and the generation of reactive oxygen species (ROS), 

which play a key role in the oetiopathogenesis of reperfusion injury. The interaction 

between ROS and cell membrane lipids leads to lipid peroxidation and generation of a 

cytotoxic product, namely, MDA, which in turn leads to membrane disruption, myocardial 

cell damage, cardiac dysfunction and irreversible tissue injury. These events occur with 

concurrent reduction of certain key endogenous self-defense antioxidant compounds such 

as GPx.  

Additionally, Han et al. (2014) had reported that the decline in these endogenous 

antioxidant enzymes activities causes poor functional recovery of myocardium and cardiac 

tissue injury after I/R. Therefore, I/R injuries are the outcome of imbalance between the 

formation of oxidants (ischemic factors) and the availability of endogenous antioxidants 

(defensive factors) in the heart. 

Zhang et al. (2010) confirmed that I/R generates oxygen-derived free radicals, which 

cause lipid peroxidation, and may result in additional tissue damage, including 

cardiomyocyte apoptosis. Malondialdehyde is one of the end products of lipid peroxidation, 

and it is accepted as a marker of ROS-mediated lipid peroxidation of cell membranes in 

increased systemic oxidative stress.  

Dianat et al. (2014) demonstrated that antioxidant enzymes are essential in keeping 

the physiological functions and play a fundamental role in coping with oxidative stress from 

endogenous or exogenous sources. Several antioxidant enzymes, such as GPx function 

synergistically to provide a line of defense against oxidative damage under a variety of 

stressful conditions, including I/R injury. Therefore, treatment with pharmacological agents 

with the ability to enhance the activities of antioxidant enzymes, or the enforced 

overexpression of antioxidant enzymes by using gene transfer approaches represents a 

potential therapeutic option to attenuate tissue damage induced by MI/R injury. The 

cilostazol reducing effect on infarct size coincided with the results of a study conducted by 

Lee et al. (2005) in a cerebral ischemia/ reperfusion model in rats. They showed that 
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cilostazol decreased the infarct size and that efficacy of cilostazol in this model was largely 

attributed to mechanisms other than anti-platelet effects and improved cerebral blood flow 

in the ischemic region. They concluded also that, cilostazol has pleiotropic effects other 

than anti-platelet and vasodilatory actions. For example, cilostazol suppressed lipid 

peroxidation in the cerebral spinal fluid after subarachnoid hemorrhage in rat, as shown by 

decreasing the malondialdehyde contents. Cilostazol also inhibited the production of 

intracellular ROS and apoptotic death, since reduction of oxidative stress by cilostazol 

contributed to protection from the brain injury that follows ischemia. 

In further support to these reports, the present work showed an increase in GPX 

activity in cilostazol-treated animals compared to MI/R counterparts. Hence, cilostazol by 

increasing expression of GPx reverted oxidative damage induced by MI/R and prevented 

cellular death documented in this investigation. The present results also showed that 

cilostazol protected the tissues against myocardial I/R-induced injury. This was 

demonstrated by the effectiveness of cilostazol on arresting lipid peroxidation, indicated by 

a decrease in MDA levels compared to the MI/R group. 

Meanwhile clopidogrel offered a tissue protection against MI/R only by decreasing 

MDA level compared to the MI/R group without affecting the antioxidant enzyme GPx. 

Moreover, coadministration of both drugs produced enhanced decrease in the MDA levels 

and increase in the GPx activity in comparison to each drug alone.  

Concerning the effects of cilostazol, clopidogrel or the coadministration of both drugs 

on lipoproteins levels in the current study during the treatment period and after the MI/R, it 

was noticed that clopidogrel did not produce any significant changes in the lipoproteins 

levels compared to that in the control normal rats. Meanwhile, pretreatment with cilostazol 

either alone or when combined with clopidogrel significantly increased the HDL-C levels 

and reduced the LDL-C levels as compared to the MI/R group. 

Regarding cilostazol effect on lipoproteins Kim et al. (2014) showed that cilostazol 

alone didn’t lead to a significant decrease in the total- and LDL-cholesterol levels in mice 

fed with hypercholesterolemic diet for weeks. However, when it was combined with a lipid-

lowering drug probucol, cilostazol significantly decreased TC and LDL-C. In the same line, 

Elam et al. (1998) and Lee et al. (2001) denoted insignificant effects of cilostazol on LDL-

C in rats. However, along with our results it didn’t affect the total cholesterol levels in these 

animals. In the same line of our results are those of Chi et al. (2008) who showed that 

cilostazol has beneficial effects on plasma lipids producing a 10% increase in the beneficial 

HDL-C levels in rats. 

In agreement with our study, Mohamed et al. (2014) revealed that the serum levels of 

TC and triglycerides were significantly elevated in hypercholesterolemic rats with acute MI 

and clopidogrel pretreatment did not lead to a significant reduction in their 

levels.Contradictory to our results was a study conducted by Sirinivas et al. (2008) to 

assess the antiatherosclerotic effect of clopidogrel in rats. They noticed that clopidogrel 

significantly reduced the TC and LDL-C in a high fat (atherogenic) diet fed rats. This 

controversy with our results can be attributed to the differences in the diet used in that study 

as they fed the animals a high fat (atherogenic) diet for weeks. 
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In conclusion, cilostazol and clopidogrel combinations are better than each drug 

alone in decreasing the severity of the MI/R injury by decreasing the ischemic markers and 

lipid peroxidation parameters, augmenting endogenous antioxidants, and hence, protect 

myocardium against MI/R-induced oxidative stress injuries. Moreover, cilostazol was 

proved to be an important therapeutic agent for limiting the severity and functional deficits 

associated with myocardial I/R injury. Therefore, we recommend the combination of both 

drugs as a cardioprotective treatment against MI/R injury. Moreover, further experimental 

and clinical studies are required to confirm our results; and data reported in our study may 

represent a key for delivery of novel drugs, which participate in planning a new strategy in 

management of ischemic heart diseases. 
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 انعربيانمهخص 

 انجرران ركور في تجريبيا   انمحذثت انقهبيت انجهطت عالج في بكهوبيذوجريم مقاروت –نسيهوستازول انوقائى انتأثير

 انبيضاء

 نهسادة انذكاتره

 احًد يحًدعثدهللا دعاء -خطاب يُُزهاسًاعُم  - احًديحجىب نُهً –كايم  يحًد انسُد

 مـــــــــــــــــــــــــه

 انشقاسَق جايعح  –انطة انثشزٌ  كهُح –االكهُُُكُح  جُاانفارياكىنى قسى

ذعرثز يضاداخ انصفائح انديىَح حجز انشاوَح فٍ عالض يزض قصىر انشزَاٌ انراجٍ واحرشاء انقهة نًا 

نها يٍ دور فعال فٍ ذقهُم َسثح انىفُاخ وانًعاَاج يٍ هذِ األيرزاض. ججزَرد هرذِ اندراسرح تهردي ذقُرُى دور دوائرٍ 

ل وكهىتُدوجزَم فٍ انىقاَح يٍ هذِ األيزاض. ذضًٍ انثحرس كرذنأ جشرز انجًرن ترٍُ انردوائٍُ فرٍ حًاَرح سُهىسراسو

 انقهة يٍ قصىر انشزَاٌ انراجٍ واحرشاء انقهة تعد حدوز االرذىاء.

يجًىعرراخ يرسرراوَح كررم يجًىعررح ذحرررىٌ عهررً  9جررز ا جتُضررا ذررى ذقسررًُها  نررً 69واسرررمدو فررٍ هررذا انثحررس عرردد 

 جز ا:69

 ذى  عطاؤها يذَثاخ األدوَح. ىعح األونً )ضاتطح سهثُح(: انًجً

 انًجًىعحانصاَُح )ضاتطح َجاتُح(: حُس ذى عًم جزاحح نها دوٌ رتظ انشزَاٌ انراجٍ وذى  عطاؤها يذَثاخ األدوَح.

 ج ساعرٍُ.دقُقح شى فأ انزتظ نحدوز ارذىاء نًد 03انصانصح: وقد ذى فُها رتظ انشزَاٌ انراجٍ األَسز نًدج  انًجًىعح

 يجى/كجى. 03انزاتعح: حُس جعطُد انجز اٌ دواء سُهىسراسول  انًجًىعح

 يجى/كجى.03حُس جعطُد انجز اٌ دواءكهىتُدوجزَم  انمايسح: انًجًىعح

 انسادسح: وفُها ذى  عطاء اندوائٍُ يعا تُفس انجزعاخ انساتقح. انًجًىعح

انسادسح نهجز اٌ عٍ طزَق انفى تاسرمداو األَثىتح انًعدَح وقد جعطُد األدوَح فً انًجًىعاخ انزاتعح و انمايسح و 

 جَاو قثم رتظ انشزَاٌ انراجٍ وحدوز االرذىاء. 0نًدج 

وقد جوضحد اندراسح جٌ رتظ انشزَاٌ انراجٍ شى  حداز االرذىاء جحدز سَادج  و دالنح  حصائُح فٍ كم يٍ ارذفرا  

عايم َمز انىرو جنفا و Iنقهة وكذنأ يسرىي ذزوتىٍَُ انقهة انكهزتُح فٍ رسى انقهة وحجى االحرشاء فٍ ا T يىجح 

 .xويانىَدَاندهاَد.  تًُُا نىحظ اَمفاض فٍ فاعهُح  َشَى جهىذاشُىٌ تُزوكسُداس

كهىتُدوجزَم يُفزدٍَ جو يعا قد جحدز اَمفاضرا  و دالنرح  حصرائُح  كًا تُُد اندراسح جٌ  عطاء دوائٍ سُهىسراس و

وحجرى االحرشراء فرٍ انقهرة وكرذنأ يسررىي ذزوترىٍَُ انقهرة  انقهرة رسرى انكهزتُرح فرٍ   Tفٍ كم يٍ ارذفا  يىجرح 

انرذٌ يرٍ انًًكرٍ جٌ  xجنفا ويانىَدَاندهاَد.  تًُُا نرىحظ سَرادج َشراط  َرشَى جهىذاشُىَثُزوكسرُداسعايم َمز انىرو و

ذِ األدوَرح يرٍ هرذِ األيرزاض َكىٌ عٍ طزَق ذعضُد انقدرج عهً يُن األكسدج واالنرهاب يًا َفسز اندور انىاقٍ نهر

 انمطُزج انسانف  كزها.

كهىتُدوجزَم نهًا ذأشُز واقرٍ فرٍ حًاَرح انقهرة يرٍ االحرشراء  ذثٍُ يٍ هذِ اندراسح جٌ دوائٍ سُهىسراسو انخالصت:

 خاصح   ا اسرمديا يعا.


