
Pharmacophore, 8(6S) 2017, e-1173017, Pages 8 

  
 Pharmacophore  

 
 

ISSN-2229-5402 
 

Journal home page: http://www.pharmacophorejournal.com  

 
 

Corresponding Author: Asghar Tofighi, Email: atofighi2002@yahoo.com 

 
MYOCARDIAL DAMAGE AND THE PROTECTIVE EFFECTS OF 

RESVERATROL AND AEROBIC EXERCISE IN COMBINATION ON 
STRESS OXIDATIVE AND DELETERIOUS CARDIAC FUNCTION IN 
EXPERIMENTAL MODEL OF ACUTE MYOCARDIAL INFARCTION 

 
 

Asghar Tofighi1*, Abbas Ebrahimi Kalan2, Bahram Jamali Qarakhanlou3 

 
1. Dept. of Exercise Physiology and Corrective Movement, Sport Sciences Faculty, Urmia 

University, Urmia, Iran 
2. Dept. of Neurosciences, Faculty of Advanced Medical Sciences, Tabriz University of 

Medical Sciences, Tabriz, Iran 
3. Dept. of Basic Sciences, Paramedical School, Tabriz University of Medical Sciences, 

Tabriz, Iran 
 
 

 

A R T I C L E  I N F O   
 
A B S T R A C T  
 

 
Received:  
  03th Jun 2017 
Accepted: 
  29th Nov 2017 
Available online: 
  14th Dec 2017 
 
 
Keywords: Aerobic Exercise, Resveratrol, 
Oxidative Stress, Myocardial damage 
 
 
 

  
Introduction: Cardiovascular diseases and acute myocardial infarction have been considered as the 
most common alternative in hospitalized patients in developed countries.  The present study aimed 
to evaluate the protective effect of aerobic exercise training and resveratrol supplementation on the 
oxidative stress and apoptosis in the rats with acute myocardial infarction due to isoproterenol 
application.  
Methods: In this study, a total number of 50 male Wistar rats were randomly categorized into five 
groups (n=10): Healthy mice or Control group (C), Isoproterenol group (ISO) that received 
isoproterenol (150 mg/kg body weight), ISO+exercise group(ISO+Ex) that rats ran for eight weeks 
on treadmill, ISO+Resveratrol group(ISO+Res) that animals received 25 mg/kg/bw of resveratrol 
per day for eight weeks and ISO+Exercise+Resveratrol group(ISO+Ex+Res). Isoproterenol 
subcutaneously administrated at the end of procedure on two consecutive days.  Twelve hours after 
the second isoproterenol injection, Electrocardiography pattern were recorded then all animals were 
sacrificed to samples collecting for glutathione peroxidase, malondialdehyde, and apoptosis 
estimation.  
Results: Pretreatment of rats with resveratrol, exercise, and their combination significantly increased 
the levels of glutathione peroxidase activity and decreased malondialdehyde and apoptosis markers 
in comparison with ISO alone-induced rats (P< 0.01). These changes in the ISO+Ex+Res group 
were more than those in ISO+Res and ISO+Ex groups. ECG patterns were close to the normal in 
resveratrol, exercise, and resveratrol+ exercise pretreated rats administered with ISO. 
Conclusion: Regular aerobic exercise and resveratrol strengthen antioxidant defense system and 
attenuate oxidative stress. It appears that pretreatment with a combination of these two interventions 
prevents the destruction of myocytes and development of apoptosis. 
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Introduction 
Cardiovascular disease has been one of the foremost causes of death worldwide recently [1] and according to the World 
Health Organization (WHO), the leading cause by 2020 will be myocardial ischemia, whose common cause is coronary heart 
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disease.[2,3] Common features of cardiovascular conditions known as heart disease risk factors including hypertension as a 
leading cause, dyslipidemia, overweight, and diabetes mellitus (DM) and its glucose intolerance condition contribute in 
increasing the oxidative stress.[1] On the other hand, acute myocardial infarction (AMI) has been one of the most common 
diagnostic criteria in hospitalized patients in developed countries. [5 ]The effect of isoproterenol as a treating drug for AMI 
has been evaluated in an experimental animal model.[6] 
Studies have suggested that MI through the generation of free radicals causes damage to the myocardial cells.[7] Free 
radicals may via damage to lysosome and its wall render the activation of inactive enzymes and destruction of the cells, and 
as a result  influence many of the vital functions of cells. Ultimately, they may result in breaking the hydrogen bonds.[8] By 
breaking bonds between membrane molecules, membrane-bound enzymes are disabled and therefore cell activity is 
disrupted. Damage to DNA may also lead to cell death (apoptosis and necrosis).[9]  
There is sufficient evidence on the benefits of regular exercise in the primary prevention of heart disease. A vast majority of 
long-term prospective researches has shown inactivity to be the main cause of cardiovascular disease.[10, 11] To diminish 
overall mortality related, regular physical activity has been suggested in some researches to be effective as great as fifty 
percent.[12] 
Remarkably, the intensity of physical activity required to outcome in health benefits is less than one might expect.[13] 
Considerable decrease in cardiovascular disease has been noted with as little as sixty minute of walking per week.[14 
]Despite difficulties to separate the effects of physical activity from other lifestyle modifications, the associations observed 
are convincing results of the benefits of physical activity in the primary prevention of cardiovascular disease. Aerobic 
exercise enhances mitochondrial performance through reducing the levels of reactive oxygen species (ROS), increasing the 
synthesis of NO, and reinforcing the mitochondrial biogenesis.[15] Because the effect of resveratrol has been similar to the 
exercise training[16] and as it creates similar adaptations in skeletal and cardiac muscles, treatment with it can also be 
effective like the treatment of heart failure with exercise training.[17-19 ]Resveratrol (3,5,4´- trihydroxystilbene), as a 
polyphenolic extraction of grape skin/seed, the root of Polygonum cuspidatum and red wine is determined to have protective 
effects on multi-targets related to heart diseases.[20] The protective potential of resveratrol against oxidative damage is 
revealed through the upregulation of endogenous cellular antioxidant systems, compared to the direct scavenging activity of 
ROS. Indeed suppressing pro-oxidative genes (such as myeloperoxidase and nicotinamide adenine dinucleotide phosphate 
oxidase) and inducing antioxidative enzymes or substrates of these enzymes including superoxidedismutase (SOD), 
thioredoxin, glutathione peroxidase (GPx), and catalase by resveratrol results in the inhibition of ROS formation.[17, 20] 

Studies have shown that resveratrol is the chelator of transition metallic copper which is involved in free radicals’ generation 
and lipid peroxidation.[21] 
The prevention is one of the most cost-effective and practical approaches in medical sciences and currently, there is an 
attempt to shift the attention from the modern treatment options in cardiovascular diseases towards the prevention of these 
diseases. The aim of present study was the evaluation of protective effects of aerobic exercise training and resveratrol 
supplementation on the oxidative stress and apoptosis in the rats with AMI due to isoproterenol application. Moreover, here 
combinational treatments are used to increase the beneficial effects and reduce the adverse events. 
 
Materials And Methods 
Animals 
Fifty male Wistar rats (8-10 weeks old and initial body mass of 180-200 g) were obtained from the laboratory animals of 
Tabriz University of Medical Sciences, Tabriz, Iran. They were kept in standard laboratory conditions under natural light 
and dark cycle. The rats were fed usual diet and water. All the experimental procedures were conducted according to the 
protocols approved by the Animal Care Committee of Tabriz University of Medical Sciences. 
Experimental design 
Animals were divided into five groups and each group consisted ten rats as follows (n= 10): Control (C), Isoproterenol 
(ISO), Resveratrol+ISO (Res+ISO), exercise+ISO (Ex+ISO), and Exercise+Resveratrol+ISO (Ex+Res+ISO). 
Experiment 1(Pretreatment with Resveratrol in ISO+Res groups): animals were orally administered ISO+Res (Nutrabio Co., 
25 mg/kg/day of body weight, for a period of 8 weeks). ISO was injected subcutaneously 24 hours after last Resveratrol 
administration. 
Experiment 2: ISO+Ex groups were trained as mentioned in treadmill exercise protocol and ISO was injected 
subcutaneously 24 hours after last exercise bout. 
Experiment 3 (Exercise and Resveratrol in ISO+Ex+Res group): administration of Resveratrol started on the first day of 8-
week training period. The first dose of ISO was administered 24 hours after the last session of exercise and Resveratrol 
gavages. 
Resveratrol supplementation 
Resveratrol dose was selected according to previous studies.[22,23] The resveratrol produced by the American company of 
Nutrabio (Nutrabio, USA) was used with pharmacological grade and purity of 99.87% and in the form of aqueous solution. 
Resveratrol solution was administered by daily gavage, for eight weeks. The resveratrol dose of 25 mg/kg/day of body 
weight for each rat [22,23] was between 0.5 to 1 mL of resveratrol solution.  
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In order to homogenize the gavage stress, C, ISO and Ex+ISO groups received the same amount of physiologic serum via 
gavage. 
Treadmill exercise protocol 
Rats were run on a motorized treadmill, at room temperature, for eight weeks, 5 days/week, 30 min/day at a speed of 20-25 
m/min up to a 5% grade.[24] The length of the training sessions was progressively increased from 15 min duration at 10 m. 
min-1 with a 5% grade, so that in the closing stages, it reached to 30 min duration at 22 m. min-1 (Table 1). Furthermore, 
before the start of exercise training, it was considered a warm-up for 5 min at 5 m. min-1 for rats and a cool-down at the same 
rate. This protocol was designed progressively, based on the scientific principles of ASCM Association.[25] In order to 
avoid possible stress effects, no electric shock was ever applied to animals in either group during the exercise training. All of 
the animals were sacrificed 48 hours after their last exercise bout. 
    

Table 1. Regular aerobic exercise protocol 
  Week 

 Adaptatio
n 1 2 3 4 5 6 7 8 

Speed (m. min-1) 5-10 10 10 14 14 18 18 22 22 
Duration (min) 10 15 15 20 20 25 25 30 30 

Slope (%) 5 5 5 5 5 5 5 5 5 
 
Induction of experimental myocardial infarction 
Twenty-four hours after completion of 8-week protocol, all animals received subcutaneous injection of isoproterenol (Sigma 
Company) at a dose of 150 mg/kg body weight diluted in 2 mL of saline on two consecutive days with an interval of 24 
hours between applications.[26] In addition, in order to standardize the infusion stress for the control group, only 2 mL 
normal saline was injected. 
Electrocardiography  
Twelve hours after the second isoproterenol injection and fasting, the rats were anesthetized by the intraperitoneal injection 
of a mixture of ketamine (50 mg/kg of body weight) and xylazine (10 mg/kg of body weight) at the end of experiments. The 
Electrocardiogram (ECG) patterns were recorded by power lab (AD instruments 4/30, Australia). The heart rate was 
determined using the R-R interval and to ensure the infarcted rats, ST segment elevation or depression and Q wave inversion 
were considered as the indicators of MI.[27,28] 
Measurement of oxidant and antioxidant markers’ activity 
After separation of tissue samples from the non-infarcted cardiac muscle, the samples were placed in liquid nitrogen and 
kept at -70°C. After homogenization and centrifugation, GPx activity was measured according to the Bradford method using 
Randox kits.[29] The enzymatic activity of antioxidant defense systems was calculated and recorded in the units of mg 
protein (U/mg Protein).  
After being homogenized, MDA activity was measured by Uchiyama method using the spectrophotometer.[30] MDA values 
were recorded in nm/mg protein. 
Quantification of apoptosis 
To detect the apoptotic cells, TUNEL method was conducted using the In Situ Cell Death Detection Kit, POD (Roche, 
Germany), according to the manufacturer’s instructions with some modifications.[31] To this end, the apical cardiac muscle 
was isolated and fixed in 10% formalin buffered solution. After homogenizing the cardiac tissue with phosphate buffer, it 
was centrifuged at 1000 ×g for 15 min at 4°C. After stabilizing the samples in 10% formalin, the tissue sections (4 μm in 
thickness) were prepared for TUNEL staining. Briefly, the tissue sections were dewaxed and rehydrated by heating at 58°C, 
followed by washing in xylene and rehydrating through graded series of ethanol and double distillated water. Then, the 
sections were incubated for 30 min at 21°C –37°C with proteinase K working solution (20 μg/ml in 10 mmol/l Tris-Cl, pH 
7.6). Ultimately, the tissue sections were stained with toluidine blue.[32, 33] For the quantitative analysis of apoptotic cells, 
the number of apoptotic cells was determined randomly in 5 microscopic fields and their average was expressed as ratio of 
apoptotic cells to the total left ventricular cells. 
Statistical analysis 
Descriptive data (means±SEM) were calculated for each dependent variable. Normality of the data was confirmed by 
Shapiro-Wilk test. Overall group differences were analyzed using one-way analysis of variance (ANOVA). When 
appropriate, post hoc analyses were conducted using Tukey test. A P value of <0.05 was considered statistically significant. 
 
Results 
Rats’ physiological characteristics including age, heart rate, body weight, heart weight, and heart weight/bw are given in 
Table 2. The results showed that exercise and resveratrol significantly decreased heart rate and body weight in Ex and 
Ex+Res groups as compared to ISO group. Additionally, heart weight and heart weight /bw in ISO group significantly 
increased in comparison to all groups. 
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ECG 
ECG patterns in different groups of rats are shown in Figure 1. Rats in the control group did not show any alteration in ECG 
patterns. In contrast, in treated rats with ISO (150 mg/kg), pathological Q waves along with elevated ST segments were 
observed. These changes were close to the normal in Res, Ex, and Res+ Ex pretreated rats, administered with ISO. 
 

A: Control group 
B: ISO group                 C: Res group 
D: Ex group                   E: Res + Ex group 

Antioxidant markers’ activity 
The results showed that having injected ISO, GPx activity was significantly decreased in comparison with control rats (P< 
0.01). Daily pretreatment with resveratrol (25 mg/kg), exercise, and their combination for a period of eight weeks increased 
GPx activity compared with ISO alone-induced rats.  

 

Stress oxidative and apoptosis 
According to the results, obtained infusion of ISO after a period of eight weeks also significantly increased MDA (P< 0.01). 
After the oxidative stress as well, severe apoptosis was established in ISO rats which was significantly comparable with that 
in control rats. Rats pretreated with resveratrol, exercise, and their combination significantly showed decreased levels of 
these markers in comparison with ISO alone-induced rats (P< 0.01). 
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Discussion 
Increased oxidative stress is involved with an imbalance between risen ROS production and reduced antioxidant systems. 
Reduced levels of antioxidant enzymes such as catalase, GPx, and superoxide dismutase lead to MI.[34] High-induced 
oxidative stress in the heart is one of the key events that may contribute in MI induced by isoproterenol.[35] 
In the current study, subcutaneous injection of ISO (150 mg/kg) on two consecutive days with an interval of 24 hours 
decreased GPx and increased MDA activity and apoptosis variations. In this regard, Lobo Filho et al in 2011 showed that the 
induction of MI with isopropranol reduced GPx, catalase activity, and histopathological variations.[26] 
The isoproterenol-induced myocardial harm has been described by several mechanisms.  
 It seems an unbalance in oxygen supply in cardiomyocytes leads to myocardial hyperfunction through the increase of both 
chronotropism and inotropism along with hypotension in the coronary arteries.[36] On the other hand, a rise in intracellular 
Ca++ overcharge is also demanded.[37] Additionally, the activation of adenylate cyclase enzyme depends on Ca++.[38] 
Isoproterenol originated metabolic products and so oxidative stress does not mean free radicals’ genesis.[39] 
Moreover, mechanisms responsible for myocardial damage caused by ischemia are yet unknown. Nevertheless, numerous 
studies in this field indicate that several factors dependent upon each other including decreased cellular ATP, production of 
ROS, accumulation of hydrogen ions, producing nitrogen active species (RNS), increasing calcium, calpain and leukocyte 
activities inside the cell are involved in this damage. Overall, these factors increase cell damage and consequently lead to 
it.[40-43] 
Studies have shown that factors such as age, excessive exercise, and reduced antioxidants cause increased oxidative stress in 
the heart and therefore possibly lead to the development of apoptosis.[44,45] 
In the present study, we showed that pretreatment with exercise, resveratrol, and combination of resveratrol and exercise 
increased GPx activity in ISO treated rats. Moreover, pretreatment with abovementioned interventions led to a decrease in 
MDA activity and apoptosis variations in the rats. These findings corroborated some other studies.[46-52] 
It was shown that both active lifestyles and exercise training decreased the development of heart failure in individuals with 
heart diseases.[53] Recently, a systematic review concluded that aerobic exercise would cause improved reverse ventricular 
remodeling in patients with stable heart failure and enhance their exercise capacity.[23,53,54]  Furthermore, resveratrol 
therapy can be effective like exercise training in the treatment of heart failure, as proven in several studies.[17-19] 
Kanamori et al reported that dosages of resveratrol (5 and 50 mg/kg/day) did not show any difference between the treatment 
groups in apoptosis index compared with the sham group after the end of protocol. Jin et al, Xu et al, and Ahmadi Asl et al 
also reported unchanged antioxidant defense system, oxidative stress indices, and apoptosis which were in contrast with our 
results.[55-58] Some possible factors such as age, sex, race, types of exercise training protocols, environment, as well as 
type and dose of drugs and supplements in above studies are involved in this contradiction. 
The study of Kanamori et al showed that  the expression of antioxidant proteins and the activity of pro-survival enzymatic 
pathways by resveratrol through the upregulation of  AMPK and cardiac autophagy possibly was unchanged by resveratrol 
treatment.[57]  The post-ischemic activation of Akt  as the activator of survival kinase pathways  and the effects of 
resveratrol was shown to be preconditions for the heart.[59] Moreover, cardiac NO production was likely involved since L-
NAME blocked the ability of resveratrol to improve or recover the process of  post-ischemic damages.[59] 
ECG is gold standard for the early diagnosis of MI. The main criteria in MI diagnosis are the cardiac necrosis and the 
evolving pattern of ECG-abnormalities.[35] 
Experimental models of MI in animals with ISO have approved ECG-changes. Determined abnormalities of ECG patterns 
such as risen heart rate[60] were detected in ISO-induced rats compared to normal rats. Physiopathological indicative signs 
of ischemia are the manifestation of Q waves and ST segment elevation related to myocardial necrosis accelerated possibly 
by ISO. ST elevation may be concluded by cell membrane loss.[60] Mentioned elevation of Q waves and ST segment in the 
region of MI was occurred in patients with severe heart disease and ischemia.[35] Prabhu and Devi in line with our results 
reported parallel ECG alteration in ISO induced animal models. In the mentioned study, ECG pattern approved that the 
combination of diosgenin and exercise were more effective.[35,61] Exercise and diosgenin treatment continuously improved 
the protective effects on heart; this amplified positive change may be due to the elimination of unwanted side effects. There 
is relatively further demand for the development of efficacy of non-toxic and safe cytoprotective remedies and drugs for the 
prevention of cardiovascular diseases. In vivo lipid peroxidation has been considered as one of the fundamental deteriorative 
reactions of cellular mechanisms in myocardial injuries.  
 
Conclusion  
Overall, this study showed that resveratrol is able to prevent cardiac functional abnormalities induced by AMI. As oxidative 
stress contributes in ischemic damage, resveratrol protects heart against oxidative stress production after ischemia caused by 
isoproterenol by reducing the production of superoxide and lipid peroxides, and activating antioxidant defense system. 
Beside resveratrol administration, exercise is one of the hopeful protective elements of cellular function for progressing 
defense mechanisms against oxidative stress in MI condition.  
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Table 2. Characteristics of rats in different groups 
 Groups 
 C ISO ISO+Res ISO+Ex ISO+Ex+Res 

N 10 10 10 10 10 
Age (week) 8-10 8-10 8-10 8-10 8-10 
Heart Rate 

(b.p.m) 
336±22 382±27# 370±24# 357±23#* 352±15#* 

Body weight (g) 345±32 364±33# 352±35 342±28* 338±31* 
Heart weight (g) 1.14±0.15 1.22±0.19# 1.19±0.23 1.12±0.25 1.09±0.17* 

Heart weight 
/BW 0.003±0.002 0.003±0.01# 0.003±0.001 0.003±0.002 0.003±0.002 

 
Results are expressed as Mean±SEM for (n= 10) each group. *P< 0.05 when compared with ISO, #P< 0.05 when compare to 
C. Based on the table, exercise and resveratrol decreased physioanatomical characteristics in Ex and Ex+Res groups.  
 
 
References 

1. Griendling KK, FitzGerald GA. Oxidative stress and cardiovascular injury part I: basic mechanisms and in 
vivo monitoring of ROS. Circulation 2003; 108: 1912-6. 

2. Dorweiler B, Pruefer D, Andrasi TB, Maksan SM, Schmiedt W, Neufang A, et al. Ischemia-reperfusion 
injury. European Journal of Trauma and Emergency Surgery 2007; 33: 600-12. 

3. Gutterman DD. Silent myocardial ischemia. Circulation journal 2009; 73: 785-97. 
4. Ferdinandy P, Schulz R, Baxter GF. Interaction of cardiovascular risk factors with myocardial 

ischemia/reperfusion injury, preconditioning, and postconditioning. Pharmacological Reviews 2007; 59: 418-
58. 

5. Antman EM, Braunwald E. ST-segment elevation myocardial infarction. Harrisons principles of internal 
medicine 2005; 16: 1448. 

6. Ithayarasi AP, Devi C. Effect of a-tocopherol on lipid peroxidation in isoproterenol induced myocardial 
infarction in rats. Indian J Physiol Pharmacol 1997; 41: 369-76. 

7. Ahmadiasl N, Najafipour H, Soufi FG, Jafari A. Effect of short-and long-term strength exercise on cardiac 
oxidative stress and performance in rat. Journal of physiology and biochemistry 2012; 68: 121-8. 

8. Hensley K, Robinson KA, Gabbita SP, Salsman S, Floyd RA. Reactive oxygen species, cell signaling, and 
cell injury. Free Radical Biology and Medicine 2000; 28: 1456-62. 

9. van Dijk A, Krijnen PA, Vermond RA, Pronk A, Spreeuwenberg M, Visser FC, et al. Inhibition of type 2A 
secretory phospholipase A2 reduces death of cardiomyocytes in acute myocardial infarction. Apoptosis 2009; 
14: 753-63. 

10. Lee I-M, Hsieh C-c, Paffenbarger RS. Exercise intensity and longevity in men: the Harvard Alumni Health 
Study. Jama 1995; 273: 1179-84. 

11. Oguma Y, Sesso H, Paffenbarger R, Lee I. Physical activity and all cause mortality in women: a review of the 
evidence. British Journal of Sports Medicine 2002; 36: 162-72. 

12. Myers J, Kaykha A, George S, Abella J, Zaheer N, Lear S, et al. Fitness versus physical activity patterns in 
predicting mortality in men. The American journal of medicine 2004; 117: 912-8. 

13. Manson J, Hu F, Rich-Edwards J, Colditz G, Stampfer M, Willett W, et al. A Prospective Study of Walking 
as Compared with Vigorous Exercise in the Prevention of Coronary Heart Disease in Women. Journal of 
Cardiopulmonary Rehabilitation and Prevention 2000; 20: 66. 

14. Oguma Y, Shinoda-Tagawa T. Physical activity decreases cardiovascular disease risk in women: review and 
meta-analysis. American journal of preventive medicine 2004; 26: 407-18. 

15. Campos JC, Gomes KM, Ferreira JC. Impact of exercise training on redox signaling in cardiovascular 
diseases. Food and Chemical Toxicology 2013; 62: 107-19. 

16. Lagouge M, Argmann C, Gerhart-Hines Z, Meziane H, Lerin C, Daussin F, et al. Resveratrol improves 
mitochondrial function and protects against metabolic disease by activating SIRT1 and PGC-1α. Cell 2006; 
127: 1109-22. 



Asghar Tofighi et al, 2017 
Pharmacophore, 8(6S) 2017, e-1173107, Pages 8 

17. Dolinsky VW, Chan AY, Frayne IR, Light PE, Des Rosiers C, Dyck JR. Resveratrol prevents the 
prohypertrophic effects of oxidative stress on LKB1. Circulation 2009; 119: 1643-52. 

18. Thandapilly SJ, Wojciechowski P, Behbahani J, Louis XL, Yu L, Juric D, et al. Resveratrol prevents the 
development of pathological cardiac hypertrophy and contractile dysfunction in the SHR without lowering 
blood pressure. American journal of hypertension 2010; 23: 192-6. 

19. Toklu HZ, Şehirli Ö, Erşahin M, Süleymanoğlu S, Yiğiner Ö, Emekli‐Alturfan E, et al. Resveratrol improves 
cardiovascular function and reduces oxidative organ damage in the renal, cardiovascular and cerebral tissues 
of two‐kidney, one‐clip hypertensive rats. Journal of Pharmacy and Pharmacology 2010; 62: 1784-93. 

20. Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in vivo evidence. Nature reviews Drug 
discovery 2006; 5: 493-506. 

21. Ferretti G, Bacchetti T, Menanno F, Curatola G. Effect of genistein against copper-induced lipid peroxidation 
of human high density lipoproteins (HDL). Atherosclerosis 2004; 172: 55-61. 

22. Mohamad Shahi M, Haidari F, Shiri MR. Comparison of effect of resveratrol and vanadium on diabetes 
related dyslipidemia and hyperglycemia in streptozotocin induced diabetic rats. Adv Phar Bull 2011; 1: 81-6. 

23. Taylor RS, Sagar VA, Davies EJ, Briscoe S, Coats A, Dalal H, et al. Exercise-based rehabilitation for heart 
failure. Cochrane Database Syst Rev 2014; 4. 

24. Hayward R, Ruangthai R, Schneider CM, Hyslop RM, Strange R, Westerlind KC. Training enhances vascular 
relaxation after chemotherapy-induced vasoconstriction. Medicine and science in sports and exercise 2004; 
36: 428-34. 

25. Medicine ACoS. ACSM's guidelines for exercise testing and prescription: Lippincott Williams & Wilkins; 
2013. 

26. Lobo Filho HG, Ferreira NL, Sousa RBd, Carvalho ERd, Lobo PLD, Lobo Filho JG. Experimental model of 
myocardial infarction induced by isoproterenol in rats. Revista Brasileira de Cirurgia Cardiovascular 2011; 
26: 469-76. 

27. Badalzadeh R, Yavari R, Chalabiani D. Mitochondrial ATP-sensitive K+ channels mediate the antioxidative 
influence of diosgenin on myocardial reperfusion injury in rat hearts. General physiology and biophysics 
2015; 34: 323-9. 

28. Sudha M, Rajkumar D, Felix JW. Protective effect of glutathione against isoproterenol induced myocardial 
injury in rats. 2013. 

29. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Analytical biochemistry 1976; 72: 248-54. 

30. Uchiyama M, Mihara M. Determination of malonaldehyde precursor in tissues by thiobarbituric acid test. 
Analytical biochemistry 1978; 86: 271-8. 

31. Xu X-B, Pang J-J, Cao J-M, Ni C, Xu R-K, Peng X-Z, et al. GH-releasing peptides improve cardiac 
dysfunction and cachexia and suppress stress-related hormones and cardiomyocyte apoptosis in rats with 
heart failure. American Journal of Physiology-Heart and Circulatory Physiology 2005; 289: H1643-H51. 

32. Johansen JS, Harris AK, Rychly DJ, Ergul A. Oxidative stress and the use of antioxidants in diabetes: linking 
basic science to clinical practice. Cardiovascular diabetology 2005; 4: 5. 

33. Ye H, Cande C, Stephanou NC, Jiang S, Gurbuxani S, Larochette N, et al. DNA binding is required for the 
apoptogenic action of apoptosis inducing factor. Nature Structural & Molecular Biology 2002; 9: 680-4. 

34. Pasupathi P, Rao YY, Farook J, Saravanan G, Bakthavathsalam G. Oxidative stress and cardiac biomarkers in 
patients with acute myocardial infarction. Eur J Sci Res 2009; 27: 275-85. 

35. Rajadurai M, Prince PSM. Preventive effect of naringin on lipid peroxides and antioxidants in isoproterenol-
induced cardiotoxicity in Wistar rats: biochemical and histopathological evidences. Toxicology 2006; 228: 
259-68. 

36. Yeager JC, Whitehurst ME. Verapamil prevents isoproterenol-induced cardiac failure in the rat. Life sciences 
1982; 30: 299-306. 

37. Bloom S, Davis DL. Calcium as mediator of isoproterenol-induced myocardial necrosis. The American 
journal of pathology 1972; 69: 459. 

38. Bhagat B, Sullivan J, Fischer V, Nadel E, Dhalla N. cAMP activity and isoproterenol-induced myocardial 
injury in rats. Recent advances in studies on cardiac structure and metabolism 1975; 12: 465-70. 

39. Singal P, Kapur N, Dhillon K, Beamish R, Dhalla N. Role of free radicals in catecholamine-induced 
cardiomyopathy. Canadian journal of physiology and pharmacology 1982; 60: 1390-7. 

40. French JP, Quindry JC, Falk DJ, Staib JL, Lee Y, Wang KK, et al. Ischemia-reperfusion-induced calpain 
activation and SERCA2a degradation are attenuated by exercise training and calpain inhibition. American 
Journal of Physiology-Heart and Circulatory Physiology 2006; 290: H128-H36. 

41. Hoffman Jr JW, Gilbert TB, Poston RS, Silldorff EP. Myocardial reperfusion injury: etiology, mechanisms, 
and therapies. J Extra Corpor Technol 2004; 36: 391-411. 



Asghar Tofighi et al, 2017 
Pharmacophore, 8(6S) 2017, e-1173107, Pages 8 

42. Solaini G, Harris Dxaa. Biochemical dysfunction in heart mitochondria exposed to ischaemia and reperfusion. 
Biochem J 2005; 390: 377-94. 

43. Zweier JL, Talukder MH. The role of oxidants and free radicals in reperfusion injury. Cardiovascular research 
2006; 70: 181-90. 

44. Dirks A, Leeuwenburgh C. Apoptosis in skeletal muscle with aging. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology 2002; 282: R519-R27. 

45. Pollack M, Phaneuf S, Dirks A, Leeuwenburgh C. The role of apoptosis in the normal aging brain, skeletal 
muscle, and heart. Annals of the New York Academy of Sciences 2002; 959: 93-107. 

46. Dolinsky VW, Rogan KJ, Sung MM, Zordoky BN, Haykowsky MJ, Young ME, et al. Both aerobic exercise 
and resveratrol supplementation attenuate doxorubicin-induced cardiac injury in mice. American Journal of 
Physiology-Endocrinology and Metabolism 2013. 

47. Frederico MJ, Justo SL, Da Luz G, Da Silva S, Medeiros C, Barbosa VA, et al. Exercise training provides 
cardioprotection via a reduction in reactive oxygen species in rats submitted to myocardial infarction induced 
by isoproterenol. Free radical research 2009; 43: 957-64. 

48. Kamal R, Afshin N, Farzad N. Effect of exercise training and L-arginine supplementation on oxidative stress 
and left ventricular function in rats with myocardial infarction. Physiology and Pharmacology 2015. 

49. Kwak H-B, Song W, Lawler JM. Exercise training attenuates age-induced elevation in Bax/Bcl-2 ratio, 
apoptosis, and remodeling in the rat heart. The FASEB journal 2006; 20: 791-3. 

50. Malekyian Fini E, Shavandi N, Saremi A. Effect of short-term Resvin supplementation on total antioxidant 
capacity ‚super oxide dismutase, and creatine kinase in elite women volleyball players. Iranian Journal of 
Nutrition Sciences & Food Technology 2013; 8: 79-86. 

51. Shiroo A, Salami S, Khadem Ansari M, Ghaderi Pakdel F, Khadem Vatani K, Saadatian R, et al. Protective 
Effect of Vitamin E on Diabetes Induced Apoptosis and Oxidative Stress in Rat Heart Tissue. Iranian Journal 
of Endocrinology and Metabolism 2008; 10: 67-74. 

52. Siu PM, Bryner RW, Martyn JK, Alway SE. Apoptotic adaptations from exercise training in skeletal and 
cardiac muscles. The FASEB journal 2004; 18: 1150-2. 

53. Rees K, Taylor R, Singh S, Coats A, Ebrahim S. Exercise based rehabilitation for heart failure. Cochrane 
Database Syst Rev 2004; 3. 

54. Haykowsky MJ, Liang Y, Pechter D, Jones LW, McAlister FA, Clark AM. A meta-analysis of the effect of 
exercise training on left ventricular remodeling in heart failure patients: the benefit depends on the type of 
training performed. Journal of the American College of Cardiology 2007; 49: 2329-36. 

55. Ahmadiasl N, Soufi FG, Alipour M, Bonyadi M, Sheikhzadeh F, Vatankhah A, et al. Effects of age increment 
and 36-week exercise training on antioxidant enzymes and apoptosis in rat heart tissue. Journal of sports 
science & medicine 2007; 6: 243. 

56. Jin H, Yang R, Li W, Lu H, Ryan AM, Ogasawara AK, et al. Effects of exercise training on cardiac function, 
gene expression, and apoptosis in rats. American Journal of Physiology-Heart and Circulatory Physiology 
2000; 279: H2994-H3002. 

57. Kanamori H, Takemura G, Goto K, Tsujimoto A, Ogino A, Takeyama T, et al. Resveratrol reverses 
remodeling in hearts with large, old myocardial infarctions through enhanced autophagy-activating AMP 
kinase pathway. The American journal of pathology 2013; 182: 701-13. 

58. Xu X, Zhao W, Lao S, Wilson BS, Erikson JM, Zhang JQ. Effects of exercise and L-arginine on ventricular 
remodeling and oxidative stress. Medicine and science in sports and exercise 2010; 42: 346. 

59. Goh SSC, Woodman OL, Pepe S, Cao AH, Qin C, Ritchie RH. The red wine antioxidant resveratrol prevents 
cardiomyocyte injury following ischemia-reperfusion via multiple sites and mechanisms. Antioxidants & 
redox signaling 2007; 9: 101-13. 

60. Padmanabhan M, Prince PSM. S-allylcysteine ameliorates isoproterenol-induced cardiac toxicity in rats by 
stabilizing cardiac mitochondrial and lysosomal enzymes. Life sciences 2007; 80: 972-8. 

61. Prabhu S, Jainu M, Sabitha K, Devi CS. Effect of mangiferin on mitochondrial energy production in 
experimentally induced myocardial infarcted rats. Vascular pharmacology 2006; 44: 519-25. 

 
 


