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Abstract 

Background  

Cholinesterase inhibitors are used for symptomatic treatment of mild to 

moderate Alzheimer’s disease. These drugs have vagomimetic and anti-inflammatory 

properties that could be of interest also with respect to cardiovascular diseases.  

Aim 

The aim of the present work is to assess effects of pretreatment with donepezil 

hydrochloride, one of cholinesterase inhibitors, on acute myocardial infarction induced 

by coronary artery ligation in rats. 

Methods 

Rats were randomly divided into control, sham-operated, untreated-myocardial 

infarction, and donepezil hydrochloride-pretreated myocardial infarction groups. 

Donepezil hydrochloride was administered orally, 1mg/kg/day, for six days then acute 

myocardial infarction was induced in 6
th

 day by ligation of the left anterior descending 

coronary artery. ECG and blood pressure were recorded. Triphenyltetrazolium chloride 

(TTC) stained ventricular slices were examined. The plasma levels of tumor necrosis 

factor-α (TNF-α) and cardiac troponin I (cTnI) were assessed. Catalase activity and 

glutathione levels in the myocardium were determined. 

Results 

Coronary artery ligation increased T-wave voltage with appearance of 

pathological Q-wave, tachycardia, decreased mean arterial pressure and pale areas 

(infarcts) in TTC-stained ventricular slices. The plasma levels of TNF-α and cTnI were 

increased while the myocardial catalase activity and glutathione levels were decreased. 

In donepezil hydrochloride-pretreated group T-wave voltage and heart rate were 

decreased and pathological Q-wave disappeared with decrements in infarct size and 

plasma levels of TNF-α as well as cTnI, while catalase activity and glutathione levels 

were increased in relation to untreated myocardial infarction group. 

Conclusion 

Pretreatment with donepezil hydrochloride decreased myocardial infarct size. 

This effect could be related to its negative chronotropic, anti-inflammatory, and 

antioxidant actions. 
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 Introduction 

 Acute myocardial infarction (AMI) is a global disease and a major cause of 

morbidity and mortality worldwide. Despite major advances in mechanical and 

pharmacological strategies to improve AMI injury, substantial mortality, morbidity, and 

socioeconomic burden still exists (Montecucco et al., 2016). The prevalence of the 

disease is continuously increasing particularly in advanced countries (Moran et al., 2014). 

The disease is usually results from complete occlusion of a coronary artery with a thrombus 

with subsequent necrosis of myocardial tissue (Amsterdam et al., 2014).  Inflammatory 

cellular infiltration and myocardial remodelling occurs after AMI with destructive and 

exudative inflammation, which leads to increase in the necrotic area (Sarapultsev et al., 

2012).  In human patients with myocardial infarction, defective suppression, and 

impaired resolution of inflammation may be important mechanisms in the pathogenesis 

of remodeling and in progression to heart failure (Frangogiannis, 2012) 

Association between Alzheimer Dementia (AD) and multiple cardiovascular risk 

factors such as hypertension, diabetes, atherosclerosis, dyslipidaemia and stroke has 

previously shown (Monacelli et al., 2014). Donepezil hydrochloride, a potent 

cholinesterase inhibitor, has been demonstrated to be effective in improving cognition in 

patients with AD (Winblad et al., 2001). In addition to its effect in AD, the drug 

demonstrated beneficial anti-ischemic actions. Administration of donepezil 

hydrochloride significantly attenuated cerebral infarct volume in experimentally 

induced focal cerebral ischemia (Fujiki et al., 2005) as well as protected from cerebral 

ischemia/reperfusion induced brain injury. These effects resided in the ability of the 

drug to inhibit Ca
2+

 overload as well as its antioxidant action (Wang et al., 2014).  

Normal functioning of the cardiovascular system depends on an adequate 

sympathetic–parasympathetic interaction. A decreased parasympathetic tone is 

detrimental for the myocardium and is associated with a worse prognosis of 

cardiovascular diseases, particularly heart failure secondary to a myocardial infarction 

(Gelpi, 2016). Although, a decreased parasympathetic activity is an independent risk 

factor after AMI, a few studies have investigated an alternative treatment targeting 

parasympathetic dysfunction (Castro et al., 2004). In addition, the use of 

anticholinesterases demonstrated beneficial effects on the cardiovascular system of AD 

patients (Monacelli et al., 2014).   

The aim of the present work is to assess effects of pretreatment with donepezil 

hydrochloride, one of cholinesterase inhibitors, on the consequences of AMI induced by 

coronary artery ligation in rats. 

  

http://circres.ahajournals.org/search?author1=Nikolaos+G.+Frangogiannis&sortspec=date&submit=Submit
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Material and methods 

 Drugs 

Donepezil hydrochloride powder: Delta Pharma, Cairo, Egypt; Ethyl Carbamate 

(Urethane) crystals: Prolabo, Paris, France.  

Animals 

 Adult male albino rats weighing 200-220 gm were purchased from the Faculty 

of Veterinary Medicine, Zagazig University, Egypt.  The rats received a standard diet 

and water ad labitum. They were kept under standard humidity, natural light-dark cycle 

and temperature of 22 ± 1°C in plastic cages, and each cage containing 6 rats in animal 

house of Faculty of Medicine Zagazig University. All experimental protocols were 

approved by the Ethics Committee of Zagazig University. 

Experimental design 

  48 male albino rats were randomly divided into 4 equal groups; control, sham 

operated, untreated myocardial infarction, and donepezil hydrochloride-pretreated 

myocardial infarction groups. In the latter group, donepezil hydrochloride was 

administered orally, 1mg/kg/day, dissolved in distilled water for six days then coronary 

ligation was induced 2hours after the last dose. The dose of donepezil hydrochloride 

was equivalent to human dose, 10mg/day, (Winblad et al., 2006) and converted to rat 

dose according to Reagan-Shaw et al. (2008). Other groups received distilled water, 

2ml/rat, p.o., daily. 

Induction of AMI 

 Rats were anesthetized with urethane, 1.75 gm/kg, i.p. (Iwamoto et al., 1987). 

Carotid artery was cannulated to measure arterial blood pressure via a pressure 

transducer and ECG was monitored via subcutaneous stainless-steel electrodes. 

PowerLab (4/35) data acquisition system (ADInstruments, Castle Hill, Australia, Pty 

Ltd.) was utilized for blood pressure and ECG monitoring. Data were analyzed by 

LabChart7 software. After intubation of the trachea, the animals were put on positive-

pressure ventilation (frequency 65–70/min, tidal volume 3 mL), the thoracic cavity was 

opened and 6.0 silk suture was looped under the left descending coronary artery near the 

origin of the pulmonary artery (Zeng et al., 2008). Blood pressure and ECG were 

recorded before and immediately after ligation then 2hours and 4hours thereafter. Sham-

operated rats underwent the identical surgical procedure as described above except 

ligation of the coronary artery. Blood pressure and ECG were recorded in the control 

and sham-operated groups in the same time sequence like coronary ligated groups.  

Measurement of infarction size 

At the end of the study, ventricles of the hearts from six rats of each group were 

separated then sliced into 2 mm transverse sections thickness and incubated in 1 % 

triphenyltetrazolium chloride (TTC) stain at 37 °C (prepared as 10 mg/ml of a pH 7.4 

phosphate buffer) for 20 min to visualize the infarct (pale) areas. The infarct size was 

expressed as infarct area% of total sliced areas (Fishbein et al., 1981). Percent reduction in 

infarct size= (infarct area% of untreated MI group-infarct area% of donepezil pretreated 

group)/ infarct area of untreated MI group x100 was calculated. 
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Assessment of catalase activity and reduced glutathione (GSH) content in the 

myocardium  

Two fragments of the left ventricle muscle from six rats of each group were 

resected. These fragments were weighed and placed separately inside cryotubes 

properly identified and put into container of liquid nitrogen then stored in a freezer at a 

temperature of -80ºC until the analysis. Evaluation of catalase activity was done 

according to Aebi and Bergmeyer (1974), while GSH level was assessed according to 

Sedlak and Lindsay (1968).  

TNF-  and cTnI assessment in serum 

Blood samples were collected from the arterial polyethylene cannula, 

centrifuged at 3000 rpm for 15 minutes. Serum was collected and stored at ˗20°c as 

aliquots for further spectrophotometric determination of TNF-   by a commercial 

ELISA kits (R&D Systems, USA) (Rani et al., 2013) and cTnI; by a commercial ELISA 

kits (CUSABIO, China) (Bertinchant et al., 2003).   

Statistical analysis 

 Data were expressed as means ± SEM. Statistical comparison between different 

groups were made using one-way analysis of variances (ANOVA) followed by Tukey 

post-hoc test for multiple comparison. Statistical significance was set at p value <0.05. 

Results were analyzed using the Statistical Package for the Social Sciences, version 17 

(SPSS Software, SPSS Inc., Chicago, USA).   

Results 

Effect of donepezil hydrochloride on myocardial infarct size  

In the control and sham operated groups, the myocardial tissue stained with TTC 

and appeared crimson red. In the myocardial infarction groups, infarcted areas appeared 

pale in color. The area % of infarction in the untreated myocardial infarction group was 

51.164.20, which significantly decreased to 37.152.74 in donepezil hydrochloride-

pretreated group with a percent reduction approached 27%. (Table 1& Figure 1) 

Table 1: Effect of pretreatment with DH on myocardial infarct size in coronary ligated 

male albino rats (n=6).  

Groups  Control  Sham operated Untreated-MI DH-pretreated 

MI 

Myocardial 

infarct size (%) 

0 0 51.164.20* 37.152.74*
#
 

Percent 

reduction in 

infarct size 

- - - 27% 

Data represent mean area % of infarctionSE. 
*
Significant with respect to control and 

sham operated groups, 
#
significant with respect to untreated MI group.  MI: myocardial 

infarction. DH: donepezil hydrochloride. n=number of rats in each group.  
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Figure 1: Scanned images of TTC-stained ventricular slices from control (A) and sham-

operated (B) groups as well as untreated (C) and donepezil-pretreated (E) infarction 

groups. Stars refer to the pale areas of infarction. 

Effect of donepezil on ECG recording 

Coronary artery ligation produced appearance of pathological Q-wave and significant 

increase in T-wave voltage in the untreated group (0.220.011, 0.230.013 

and0.240.012 recorded immediately, 2 and 4 hours after ligation respectively) in 

relation to that before ligation (0.060.002) in the same group as well as to control 

(0.070.005, 0.050.002 and 0.070.004) and sham operated (0.060.004, 0.070.005 

and 0.050.003) groups. Pretreatment with donepezil hydrochloride before coronary 

ligation significantly reduced T-wave voltage (0.130.012, 0.120.009 and 0.140.011) 

in relation to the untreated myocardial infarction group with absence of pathological Q-

wave. (Table 2 and Figures 2& 3) 

Table 2: T-wave voltage (mV) in control, sham operated, untreated MI, and DH-

pretreated MI male albino rats (n=12). 

Groups  Control  Sham operated Untreated-MI DH-pretreated 

MI 

Before ligation 0.060.004 0.070.005 0.060.002 0.070.002 

Immediately 

after ligation 
0.070.005 0.060.004 0.220.011* 0.130.012*

#
 

2 hours after 

ligation 
0.050.002 0.070.005 0.230.013* 0.120.009*

#
 

4hours after 

ligation 
0.070.004 0.050.003 0.240.012* 0.140.011*

#
 

Data represent meanSE of T-wave voltage (mV). *Significant with respect to 

control and sham operated groups as well as to the respective mean value before 

ligation, 
#
significant with respect to untreated MI groups as well as to the respective 

mean value before ligation. MI: myocardial infarction. DH: donepezil hydrochloride. 

mV: milli-Volt 

A B 
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Figure 2: ECG from untreated-myocardial infarction group before (A) then 

immediately after coronary artery ligation (B) and 2 hours (C) as well as 4 hours (D) 

thereafter. Pathological Q-wave is prominent in ECG at time 0, 2, and 4hours after 

ligation (B, C, and D respectively). 

 

Figure 3: ECG from donepezil hydrochloride-pretreated myocardial infarction group 

before (A) then immediately after coronary artery ligation (B) and 2 hours (C) as well as 

4 hours (D) thereafter. 

Effect of donepezil hydrochloride on heart rate and mean arterial pressure (MAP) 

Prior to coronary artery ligation, donepezil hydrochloride significantly (P0.05) 

decreased heart rate to 24119 in relation to control, sham operated and untreated 

myocardial infarction groups (29215, 28519 and 28218 respectively). Coronary 

artery ligation significantly (P0.05) increased heart rate to 36020, 35522 and 

A B 

  

C D 
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35818 recorded immediately, 2 and 4 hours after ligation respectively in the untreated 

myocardial infarction  group in relation to control (290±13, 280±17 and 288±12) and 

sham operated (292±11, 286±13 and 285±15) groups. In donepezil hydrochloride-

pretreated group, the heart rate was insignificantly changed after coronary ligation in 

relation to control and sham groups, while significantly (P0.05) decreased (279±15, 

283±11 and 280±10) in respect to untreated (36020, 35522 and 35818) infarction 

group. (Figure 4)  

Donepezil pretreatment produced insignificant change in MAP (87±6.2) in relation to 

control, sham operated and untreated myocardial infarction (91±7.4, 88±6.1 and 

89±5.8) groups. Coronary artery ligation significantly (P0.05) decreased MAP both in 

the untreated (67±4.5, 70±5.9 and 66±4.1) and donepezil-pretreated (66±4.1, 68±5.4 

and 64±4.5) infarction groups recorded immediately, 2 and 4 hours after coronary 

ligation respectively in relation the control (89±3.6, 90±5.8 and 91±4.6), and sham 

operated (87±4.1, 90±5.5 and 90±5.1) groups. (Figure 5) 

 

Figure 4: Heart rate in the control, sham operated, untreated MI, and DH pretreated MI 

groups. 
#
 Significant with respect to control, sham operated and untreated MI groups, * 

Significant with respect to control, sham operated and DH-pretreated MI groups. MI: 

myocardial infarction, DH: donepezil hydrochloride, BPM: beat per minute. 
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Figure 5: Mean arterial pressure in control, sham operated, untreated MI, and DH 

pretreated MI groups. *Significant with respect to control and sham operated groups. 

MI: myocardial infarction, DH: donepezil hydrochloride, MAP: Mean Arterial Pressure. 

Effect of donepezil on reduced glutathione content and catalase activity in the 

myocardium  

Coronary artery ligation significantly reduced glutathione content and catalase 

activity in the myocardium (186±147& 1.2±0.15 respectively) in the untreated 

infarction group in relation to control (277±17& 2.8±0.22), and sham operated 

(270±15& 2.6±0.19) groups. Donepezil pretreatment produced significant increase in 

reduced glutathione content and catalase activity (235±21& 2.4±0.2 respectively) in the 

myocardium in relation to untreated myocardial infarction group. (Figures 6& 7) 

 

Figure 6: Reduced glutathione content (µg) in control, sham operated, untreated MI, 

DH pretreated MI groups. * Significant with respect to control, sham-operated, and DH-

pretreated MI groups. 
#
P0.05% versus control, sham operated and untreated MI 

groups. MI: myocardial infarction, DH: donepezil hydrochloride. GSH: reduced 

glutathione. 
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Figure 7: Catalase activity (mmol/min.gm) in control, sham operated, untreated MI, 

DH pretreated MI groups. * Significant with respect to control, sham-operated, and DH-

pretreated MI groups, 
#
significant with respect to untreated MI group. MI: myocardial 

infarction, DH: donepezil hydrochloride. 

Effect of donepezil on serum levels of TNFα and cTnI 

 In the untreated myocardial infarction group the serum levels of both TNFα and 

cTnI had significantly (P0.05) increased (55±1.2 and 142±12 respectively) in relation 

to control (7.2±0.3& 18±1.3), and sham operated (6.4±0.4 and 21±1.4) groups. 

Donepezil pretreatment produced significant (P0.05) decrease in TNFα and cTnI levels 

(35±2.8 and 61±3.7 respectively) in relation to untreated myocardial group. (Figures 8& 

9) 

 

Figure 8: Tumor necrosis factor (TNF-α) serum levels (pg/ml) in control, sham 

operated, untreated MI, DH pretreated MI groups. * Significant with respect to control, 

sham-operated, and DH-pretreated MI groups. 
#
 Significant with respect to control, 

sham operated and untreated MI groups. MI: myocardial infarction, DH: donepezil 
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Figure 9: Cardiac Troponin I (cTnI) serum levels (pg/ml) in control, sham operated, 

untreated MI, DH-pretreated MI groups. * P0.05% versus control, sham-operated, and 

DH-pretreated MI groups. 
#
P0.05% versus control, sham operated and untreated MI 

groups. MI: myocardial infarction, DH: donepezil hydrochloride. 

Discussion 

  Experimental myocardial infarction is induced by sequential administration of 

subcutaneous isoproterenol or an electrocautery technique applied to the epicardial 

surface as well as coronary artery ligation (Patten and Hall-Porter, 2009). Clinically, 

coronary artery occlusion induces myocardial necrosis leading to AMI. The primary goal of 

treatment in these patients is reducing the infarct size (Marchant et al., 2012). The present 

study utilized the left anterior descending coronary artery ligation method to induce 

myocardial infarction in rats. Coronary artery ligation produced AMI evidenced by (1) 

significant elevation of the T-wave voltage with appearance of pathological Q-wave in 

ECG, (2) pale areas (infarcts) in TTC-stained ventricular slices, and (3) elevation in plasma 

level of cTnI in relation to control and sham operated groups. Q-wave myocardial 

infarction was associated with larger infarct size and lower left ventricular ejection 

fraction (Delewi et al., 2013). The myocardial infarct size was assessed by TTC-

staining of ventricular slices and correlated with the plasma level of cTnI. The viable 

myocardium can convert TTC by dehydrogenase enzyme to formazan (a red pigment) that 

stained the tissue crimson red. Non-viable (infarcted) myocardium lacks dehydrogenase 

enzyme so remains pale in color (Chen et al., 2014). The extent of cTnI elevation strongly 

correlates with infarct size, thus provides indication for the prognosis following myocardial 

infarction (Ahmet and Yesim, 2015).  

 ECG of donepezil-pretreated infarction group showed absence of pathological 

Q-wave as well as decrements the T-wave voltage. Area percentage of infarction and the 

plasma level of cTnI were decreased in relation to untreated myocardial infarction group. 

These findings revealed the anti-ischemic effects of donepezil. Experimental studies on the 

effect of donepezil on myocardial infarction are scarce. Arikawa et al. (2011) found 

that pretreatment with donepezil reduced the risk of left ventricular free wall rupture 

during the acute phase of myocardial infarction and chronic intervention with the drug 

played a beneficial role in suppressing long-term cardiac remodeling after myocardial 

infarction in mice. Moreover, Li et al. (2013) demonstrated that donepezil 

administration markedly improved the long-term survival of rats with chronic heart 

failure induced by extensive myocardial infarction. They found that pretreatment with 

the drug lowered the levels of plasma arginine vasopressin, brain natriuretic peptide, 
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catecholamine, and tissue pro-inflammation markers. In the same context, the combined 

treatment with donepezil and losartan prevented the progression of cardiac dysfunction 

and improved the long-term survival of rats with extensive myocardial infarction (Li et 

al., 2014).  

  Prior to coronary artery ligation, the heart rate was decreased in donepezil-

pretreated group in relation to control, sham, and untreated myocardial infarction 

groups. In the latter group, coronary artery ligation increased the heart rate with 

decrements in mean arterial pressure. However, in donepezil-pretreated group the heart 

rate did not increase after coronary artery ligation, while the mean arterial pressure was 

decreased relation to control, and sham operated groups. These results are in agreement 

with Li et al. (2014) who concluded that parasympathetic activation by donepezil 

significantly reduced heart rate but did not affect mean blood pressure. The negative 

chronotropic effect of donepezil hydrochloride depends on cholinesterase inhibition in 

the heart with subsequent cholinergic activation (Nenasheva et al., 2013).  Clinically, a 

prospective study using donepezil hydrochloride in patients with Alzheimer’s disease 

reported that, the drug produced a significant reduction in heart rate (Bordier et al., 

2006). The negative chronotropic effect of donepezil hydrochloride with subsequent 

reduction of the myocardial oxygen requirements might contribute in the occurred 

reduction of the infarct size.   

 In the present study, AMI decreased catalase activity and reduced glutathione 

content in the myocardial tissue. Free radical scavenger enzymes, such as catalase, are 

the first line of defense against oxidative injury. During AMI, superoxide radicals 

modulate the activity of catalase, resulting in reduced activity of this enzyme and 

accumulation of superoxide radicals, with consequent damage to the myocardium 

(Saravanan and Prakash, 2004).  Reactive oxygen species are generated in the early 

stages of AMI, and glutathione is involved in reducing free radical hydrogen peroxide, 

with decreased levels of glutathione in this period. Glutathione is important in 

protecting the myocardium against damage by free radicals and a reduction in its levels 

can compromise recovery after periods of ischemia (Stanely et al., 2009). Catalase 

activity and glutathione content in donepezil hydrochloride-pretreated group were 

significantly increased in relation to untreated myocardial infarction group. Attenuation 

of oxidative stress by donepezil pretreatment could decrease myocardial damage and 

infarct size after coronary artery ligation. These results are in agreement with Umukoro 

et al. (2014) who found that donepezil hydrochloride decreased oxidative stress via 

inhibition of glutathione depletion induced by scopolamine and lipopolysaccharide in 

mice brain. Moreover, Saxena et al. (2008) found that tacrine and donepezil, beside 

inhibition of acetylcholinesterase, also suppress oxidative stress in streptozotocin 

amnesic mice 

 
The results of the present study showed that left coronary artery ligation increased 

the serum levels of TNF-α. Indeed, the increased level of this proinflammatory cytokine in 

AMI coincides with the acute inflammatory response that could aggravate the necrosis and 

irreversible vascular endothelial cell injury as well as complement activation and free 

radical generation (Li et al., 2011). The inflammatory reaction could aggravate myocardial 

injury and increase the infarct size after ischemia (Zeng et al., 2012). Moreover, TNF-α 

could promote cardiomyocyte apoptosis via metalloproteinases activation and impairment 

of expression of their inhibitors (Steffens et al., 2009), as well as regulating products that 
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stimulate inflammation such as NF-κB and COX-2 (Domitrovic et al., 2011). The present 

findings demonstrated that pretreatment with donepezil hydrochloride significantly reduced 

the plasma levels of TNF-α in relation to untreated myocardial infarction group. These 

results could confirm the anti-inflammatory and anti-apoptotic effects of donepezil.  

 Indeed, Yuan et al. (2015) reported that donepezil hydrochloride inhibited the 

release of cytokines (TNF- α, IL-1β, IL-6 and IL18) and myocardial apoptosis in rats 

with ischemia reperfusion injury through alpha7 nicotinic acetylcholine receptor (α7-

nAChRs)-dependent mechanism. The cholinergic anti-inflammatory pathway has been 

reported to acts on α7-nAChRs expressed on immune cells especially monocytes and 

macrophages (Fujisawa et al. 2010). Moreover, donepezil was reported to reduce intra- 

and extracellular matrix metalloproteinase-9-related acute inflammatory tissue injury in 

the infarcted myocardium, thereby reduces the risk of left ventricular free wall rupture 

during the acute phase of myocardial infarction (Arikawa et al., 2014). Jiang et al. 

(2013) demonstrated that donepezil hydrochloride attenuated the inflammatory reaction 

in experimental autoimmune encephalomyelitis in mice.
 
Furthermore, cholinergic 

activation was found to attenuate systemic inflammatory responses by inhibiting the 

production of pro-inflammatory cytokines from activated macrophages and other 

immune cells (Pavlov and Tracey, 2006). 

 In the present study, attenuation of the acute inflammatory tissue injury 

following AMI by donepezil could contribute in infarct size reduction. Indeed, 

cholinesterase inhibition with subsequent cholinergic activation was found to prevent 

the loss of functional gap junction channels in the heart and protect against ischemia-

induced lethal arrhythmias (Ando et al., 2005). Moreover, cholinergic activation could 

protect cardiomyocytes against hypoxia through the phosphatidylinositol 3-

kinase/Akt/hypoxia inducible factor-1α (PI3K/Akt/HIF-1α) pathway (Kakinuma et al., 

2005). HIF-1α is the major transcription factor activated to mediate adaptive responses 

under hypoxia and an important target modulating apoptosis resistance (Semenza, 

2010).  

Conclusion 

 Pretreatment with donepezil hydrochloride reduced myocardial infarct size in 

coronary artery ligation-induced myocardial infarction. This effect could be attributed to its 

bradycardiac and antioxidant actions as well as attenuation of myocardial inflammation.   
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احتشاء عضلة القلب الحاد في  من عىاقبيخفف يذ ردونبيزيل هيذروكلى

 ركىرالجرران البيضاء

 للسيذ الذكتىر

 أحود أحود عجد السو٘ع

 مـــــــــــــــــــن

السقبزٗق جبهعخ –كل٘خالطت الجشرٕ - الاكلٌ٘٘ك٘خ قسن الفبرهبكْلْج٘ب  

عراض الخف٘فخ الٔ الوعزدلخ لورض السُابٗور  ُا ٍ الأيّٗاخ رسزخدم هضجطبد الكْل٘ي اسز٘رٗس فٔ علاط الأ

فبصادح أٗةاب ف٘واب ٗزعلاق  ٌشاب  العصات الئابصر ّهةابيح الالزِبثابد الزاٖ ٗوكاي أى ركاْى  ادللِب خصابص  هشابثَِ 

 ثأهراض القلت ّالأّع٘خ الدهْٗخ 

يًّج٘سٗل ُ٘درّكلْٗد علٔ احزشبء عةلخ القلت الئبي الوئدس ثرثط الشرٗبى  رأص٘رِدف الجئش الٔ يراسخ ٗ الهذف:

 الزبجٖ فٖ  كْرالجر اى الج٘ةبء 

هجوْعابد هزسابّٗخك كال هجوْعاخ  8جر ا أث٘ةب رن رْزٗعِن عشْاص٘ب الأ  84اسزخدم فٖ ُ ا الجئش عدي الطرق: 

 جر ا:21رئزْٕ علٔ 

 أٗبم 6الوجوْعخ الأّلٔ )الةبثطخ(: ّرن إعطبؤُب هبء هقطر ثبلفن ْٗه٘ب لودح 

أٗبم صن رن عول جراحخ لِاب يّى رثاط 6الوجوْعخالضبً٘خ )الجراحخ الصْرٗخ(: رن إعطبؤُب هبء هقطر ثبلفن ْٗه٘ب لودح 

 الشرٗبى الزبجٖ 

 أٗبم صن رن رثط الشرٗبى الزبجٖ الأٗسر  6)الاحزشبء(: ّرن إعطبؤُب هبء هقطر ثبلفن ْٗه٘ب لودح الوجوْعخالضبلضخ 

أٗابم 6هجن/كجان ثابلفن ْٗه٘اب لوادح  2الوجوْعخالراثعخ )الوعبلجخ ثبلدًّج٘سٗل(: أعط٘ذ الفئراى يًّج٘سٗل ُ٘درّكلْٗد 

 قجل رثط الشرٗبى الزبجٖ الأٗسر 

لت ّق٘بش ضاطط الادم ّحجان الاحزشابء فاٖ القلات ّكا ا ق٘ابش هسازْٓ ررّثاًْ٘ي فٔ كل الوجوْعبد رن عول رسن ق

زآْ الجلْرابصْ٘ى فأ عةالخ بفخ الأ فبعل٘اخ إًاسٗن كزابل٘س ّ هئك ثبلاضاصالوالفاب فأ ال-عبهل ًخار الاْرمّ I-القلت

 القلت 

هاع هِاْر    -Tجاخأّضئذ الدراسخ أى رثط الشرٗبى الزبجٖ أحدس زٗبيح  ّ يلالخ إحصابص٘خ فاٖ فْلاذ هْ النتائج:

فٖ رسان القلات هاع زٗابيح فأ هعادت ضارثبد القلات ّحجان الاحزشابء ّكا لب هسازْٓ ررّثاًْ٘ي الورض٘خ  Qهْجخ 

   ثٌ٘واب لاْحا اًخفابض فأ ضاطط الادم ّ ًقا  فبعل٘اخ إًاسٗن كزابل٘س ّ صالوفأ ال الفاب-عبهل ًخار الاْرمّ I-القلت

ى الوعبلجخ ثادًّج٘سٗل ُ٘درّكلْٗاد قاد أحادصذ اًخفبضاب  ّ هسزْٓ الجلْربصْ٘ى فٔ عةلخ القلت  كوب ثٌ٘ذ الدراسخ أ

فاٖ رسان القلات هاع عادم زٗابيح هعادت ضارثبد الورضا٘خ  Qّعدم هِاْر هْجاخ  T-يلالخ إحصبص٘خ فٖ فْلذ هْجخ

عبهال ًخار ّ I-القلت ثعد رثط الشارٗبى الزابجٖك كواب أيد الأ ًقا  حجان الاحزشابء ّكا ا هسازْٓ ررّثاًْ٘ي القلات

 زْٓ الجلْربصْ٘ى كزبل٘س ّهئ   ثٌ٘وب لْحا زٗبيح فٔ ًشب  إًسٗن الفب-الْرم

حجان احزشابء عةالخ القلات ّقاد ٗعاسٓ  لاب لوٌاع زٗابيح هعادت ضارثبد القلات  قلليًّج٘سٗل ُ٘درّكلْٗد الخلاصة: 

 ثبلاضبفخ لزأص٘رٍ الوةبي للاللزِبة ّالاكسدح 

 


