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ABSTRACT: MicroRNAs and heat shock proteins are important factors in heart function. However, the response of 

these factors to exercise in the heart tissue is unclear. Here, we evaluated the impact of endurance training on the 

expression of MIR-1 and HSP-60 genes in heart tissue of rats. In this study, 10 male Wistar rats were randomly 

divided into 2 groups control and endurance training. The aerobic exercise program included running on the treadmill 

at speed of 25 m min-1, 5 days a week for 12 weeks. After anesthesia, we performed an autopsy to collect the heart. 

The expression level of MIR-1 and HSP60 were measured by Real-Time PCR. An Independent t-test was used to 

determine significant changes (P<0.05). After the intervention period, the expression level of the MIR-1 gene showed 

a significant decrease in the aerobic exercise group thank in the control group (P=0.001). However, aerobic training 

had no significant effect on the expression level of HSP60 in the heart (P<0.05). It seems that twelve weeks of 

moderate-intensity aerobic exercise can probably improve heart function. 

 

                            INTRODUCTION 

Cardiovascular disease is the common cause of 

morbidity and mortality worldwide. Almost half of adults 

have at least one major risk factor for cardiovascular 

disease (ie, hypertension, high cholesterol, or smoking) 

[1, 2]. Cardiovascular disease encompasses a wide range 

of conditions including arrhythmia, hypertrophy or 

idiopathic cardiomyopathy, heart failure, and 

atherosclerosis that affects the cardiovascular system [3]. 

These conditions can potentially lead to fatal cardiac 

events including stroke, myocardial infarction (heart 

attack), or cardiac arrest. Therefore, the response of the 

involved factors and different therapeutic approaches are 

crucial to preventing or reducing cardiovascular disease 

[4].Evidence has shown that some miRNAs play an 

important role in the progression of heart disease and 

some also in the improvement of heart function [5, 6]. 

Similarly, MicroRNA-1 (MIR-1) expression in 

cardiomyocytes has been shown to reduce oxidative 

stress-induced apoptosis and to have protective effects 

against H2O2-induced cell death [7]. MIR-1 is the most 

abundant MIR involved in the development of the heart, 

which is involved in differentiation of cardiac precursors 

and their exit from the cell cycle. The role of miRNAs in 

the process of cell death after myocardial infarction has 

been demonstrated, as MIR-1 seems effective in 

preventing apoptosis. MIR-1 expression regulates cardiac 

cell the differentiation, ventricular growth, and 

conduction, respectively by regulation of HDAC4 (a 

factor that induces chromatin compaction), Hand2 (a 

transcription factor essential for cardiac growth), and 

Irx5 (cardiac repolarization regulator [8]. Studies have 

shown that miRNA-1 regulates several important factors 

including apoptosis by targeting heat shock protein 60 

(HSP60) synthesis. HSPs modulate the proteins of the 
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BCL-2 family, preserving the electrochemical gradient of 

the mitochondrial membrane and ultimately preventing 

the death of apoptotic myocardiocytes [9]. HSP60 can 

activate the innate immune system through the Toll-4 

receptor and lead to cardiac myocyte apoptosis [10]. In 

addition, HSP60 is involved in myocardial injury during 

ischemia [11].  

Recent studies showed physical activity is related to 

reduce inflammatory markers and decreased risk of heart 

failure and improved metabolic health [12-14]. The 

results are inconsistent with the effect of exercise on 

cardiac tissue mir-1 gene expression changes. It has been 

reported that miR-1 gene expression is highly responsive 

to exercise [15]. In a study aimed at investigating the 

effect of aerobic exercise on cardiac MicroRNA-1 at 

non-pathological levels in obese mice, it was shown that 

aerobic exercise reduced cardiac micro-RNA-1 to non-

pathological levels [16]. However, the results of a study 

examining the effect of 14 weeks of resistance activity 

on a treadmill showed that resistance activity had no 

significant effect on cardiac miR-1 expression [17]. 

There was also a decrease [18] and no significant change 

[19] in HSP60 gene expression following exercise. 

While the prevention and treatment of cardiovascular 

disease with minimally invasive catheter-based 

approaches have improved dramatically in recent years, 

there is a growing focus on non-pharmacological health 

strategies such as physical activity to maintain 

cardiovascular health. It is undoubtedly more effective 

than the treatment of cardiovascular disease clinically. 

The positive impact of exercise on cardiovascular health 

and the reduction in mortality of cardiovascular disorders 

have been well documented [14]. However, findings 

regarding the effectiveness of aerobic training on cardiac 

performance indices are limited. Since a few studies 

investigated the effect of exercise on the expression level 

of factors affecting cardiac function indices and the 

results were inconsistent, this study aimed to determine 

the response of MIR-1 and HSP-60 gene expression to 

endurance training in heart tissue of rats. 

MATERIALS AND METHODS 

In this study, 10 male four to six weeks old Wistar rats 

were selected from the Pasteur Amol Institute and 

transferred to the research center. Rats were randomly 

divided into control and training groups (each with 5 

rats). Samples during one week of laboratory 

environment familiarization with the Mazandaran 

University of Physical Education and Sport Sciences and 

treadmill and protocol implementation in groups of five 

mice were maintained in transparent polycarbonate 

cages, at 20°C. Up to 24°C, 45-55% humidity, and dark 

to brightness cycle at 12: 12 h. Sterile wood chips and 

cuttings were used to absorb the urine and feces of the 

samples. Cages were washed and wood chips were 

replaced every day. In this study, the food of the samples 

was produced by Behparvar Amol Company, which was 

placed daily in the cage. The water required for the 

samples was freely dispensed in a 500 ml bottle for 

laboratory specimens. The aerobic exercise program 

included running on a treadmill at a speed of 25 m min-1, 

five days a week for 12 weeks [20] (Table 1).  

Table 1. Exercise training protocol. 

Fifth to twelfth Fourth week Third week Second week First week 

Weeks 
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In each group, rats were anesthetized by intraperitoneal 

injection of ketamine (50 kg mg-1) and xylazine (3 kg 

mg-1). The heart tissue was collected, following washing 

in physiological serum, and it was immersed in 1.8 

microtubules containing RNAlaterTM fluid (a ratio of 

20%) to transfer to the laboratory. Gene expression 

levels of the factors of interest were quantified by Real 

time-PCR technique and analyzed using the formula 

2∆∆ct-. The PCR was performed using PCR master mix 

(Applied Biosystems) and SYBR Green in ABI Step One 

(Applied Biosystems, Sequence Detection Systems. 

Foster City, CA) according to the manufacturer's 

protocol. The normal distribution of variables was 

checked by the Shapiro-Wilk test, followed by an  

 

independent t-test at the p≤0.05 to examine the 

differences between the groups.  

RESULTS 

Table 2 demonstrates the mean and standard deviation of 

gene expression levels in different groups. The effect of 

12 weeks of training on the expression level of the mir-1 

gene was determined using an independent t-test at a 

significance level (P0.05). The results showed that 

endurance training significantly reduced the expression 

level of mir-1 compared to the control group (P<0.001) 

(Figure 1). 

However, the expression level of HSP60 in the rat hearts 

in the training group showed no significant difference 

compared to the control group (P<0.05) (Figure 2). 
 

Table 2. Mean and standard deviation of genes expression levels in control and aerobic training groups. 

HSP-60 MIR-1 
Variables 

Groups 

1.06±0.42 1.89±0.83 Control 

0.7±0.17 1.01±0.19 Aerobic training 
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Figure 1. The expression level of MIR-1 in the rat hearts in the control and experimental groups 
*

Significant difference compared to the control group (P≥0.05) 
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Figure 2. HSP-60 gene expression changes in rat heart tissue in control and experimental groups. 
 

                             DISCUSSION 

In this study, we showed that endurance training 

intervention led to a significant reduction in the 

expression level of mir-1 in the heart tissue of rats. This 

finding was consistent with the results of another study 
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on rats that showed mir-1 levels in heart muscle 

decreased with both types of moderate to high-intensity 

endurance training protocols [21]. Regarding the 

mechanisms involved in alterations of mir-1 gene 

expression in exercise training, some findings suggest 

that calcium and caspase-9 increase mir-1 gene 

expression. Increased calcium levels increase normal 

myocardial SERCA2 levels. It has also been suggested 

that cardiovascular myofibrils
,
 susceptibility to calcium 

increases as a result of aerobic exercise and as result; 

calcium-dependent kinases such as calmodulin are 

activated [22]. In this connection, it has been shown that 

calcium-mediated signaling acts as the most important 

upstream mediator of cardiac hypertrophy. Interestingly, 

miR-1 regulates two distinct mediators of calcium 

signaling, including calmodulin activation (if mir-1 

increases) and Mef2a (if MIR-1 decreases), which 

transcription of the cardiac calm1 and Calm2 genes, both 

have been shown in animal models of heart failure. Thus, 

downstream transcriptional effects, MEF2A and 

GATA4, are regulated by mir-1, indicating that miR-1 

simultaneously plays an important role in regulating the 

expression of calcium signaling mediators [23]. Overall, 

in our study, given the increase in mir-1 after a period of 

aerobic training, consistent previous evidence may 

suggest that activation of Mitogen-Activated Protein 

Kinases (MAPK) such as PGC-1 may be activated. And 

calmodulin activation that activates HDAC (activation of 

HDAC-4 suppresses MEF2) and modifies the expression 

of the mir-1 gene by inhibiting caspase-9 and HSP60 / 70 

and may eventually reduce heart damage [22]. However, 

the results of the present study are inconsistent with the 

findings of some studies. In a study, 14 male Wistar rats 

performed 14 weeks of endurance training on a treadmill. 

The results showed no significant difference in the 

expression of the 1-miR gene in the control and 

experimental groups [17]. The inconsistency with the 

above findings can be attributed to factors such as 

training protocol and the number of training sessions per 

week as well as sampling time. On the other hand, the 

inconsistency observed in different studies may return to 

the intensity of activity or type of activity [15]. A study 

on rats found that after compressive overload (a 

pathological inducer of hypertrophy), the decrease in the 

mir-1 is one of the fastest changes that occur even before 

the heart mass is increased [24]. On the other hand, mir-1 

expression is different in heart failure. As some have 

reported, mir-1 expression is reduced in cardiomyopathy 

[25]. But others have expressed an increase. About this 

contradiction, has been reported that mir-1 decreases in 

hypertrophy but reverts to the first levels or more when 

the failure progresses [26]. Thus, the expression of mir-1 

is associated with hypertrophy. However, as the 

physiological type of hypertrophy improves cardiac 

function and its pathological type decreases cardiac 

efficiency, there may be differences in the type of 

hypertrophy and the expression of mir-1 [27]. 

Another finding of the present study was a non-

significant decrease in HSP60 levels in the training 

group. HSPs are known as stress proteins and play an 

important defense role in cardiovascular and muscle cell 

damage. HSPs can exert anti-inflammatory activity by 

inhibiting the production of inflammatory cytokines such 

as TNF-α by inhibiting the NF-Kb pathway at the 

cellular level [28]. Few studies have investigated the 

effect of exercise on changes in these elements in the 

heart tissue. The results of this study are consistent with 

the findings of some previous studies. In a study, 30 male 

Wistar rats were studied. The training was done on a 

treadmill for one month and 3 sessions per week. The 

results showed a decrease in HSP60 gene expression in 

the experimental group after ischemia-reperfusion but 

this decrease was not significant [19]. Positive changes 

in this factor indicate a protective effect that results in a 

significant protective effect against hyperthermia, 

increased tissue or serum TNF-α level, and may 

ultimately increase tissue resistance to ROS injury [29]. 

miRNA-1 regulates several important factors, including 

apoptosis, by targeting the synthesis of HSP60 and Bcl-2. 

HSPs also modulate the proteins of the BCL-2 family, 

preserving the electrochemical gradient of the 

mitochondrial membrane and ultimately preventing the 

death of aphotic myocardiocytes [30], Bcl-2 prevents 

oxidative cell destruction and is one of the most 

important apoptosis inhibitor proteins that binds to 

apoptosis protease activator (of-1) that in addition to 

preventing cytochrome c release from mitochondria, by 

removing H ions, it binds to the apoptotic protease 

activator (of-1) and inhibits caspase-9 activation [31]. 

Studies have shown that mir-1 correlates with apoptosis-
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related genes such as HSP and it has been reported that 

ischemia-reperfusion of cardiac cells has been associated 

with changes in mir-1 expression and HSP protein 

expression. Therefore, ischemia-reperfusion protects 

cardiac cells against ischemia-reperfusion injury not only 

by increasing HSP but also by increasing miR-1 [32]. 

Also, reported that mir-1 protects the heart tissue by 

enhancing eNOS stimulation, heat shock transcription 

factor-1 (HSF-1), and HSP [32]. Contrary to the findings 

of the present study, a study investigated the effect of 

combined physical activity (aerobic and resistance) on 

HSP60 expression and adipose tissue inflammation in 

diabetic subjects. 3 months of physical activity affected 

HSP60 expression and heat shock response differently. 

HSP60 expression was significantly increased in adipose 

tissue following exercise in the diabetic group, whereas it 

decreased in the non-diabetic group [18]. The 

inconsistency with the above findings can be related to 

factors such as the type of exercise and the type of 

subjects. Aerobic exercise was one of the strengths of the 

present study, as this type of exercise, despite its 

limitations, may have different responses and adaptations 

to other training programs. There were also limitations in 

this study, such as a lack of measurement of 

inflammatory cytokines in heart tissue. Measurement of 

calcium signaling pathways can also shed light on the 

effects of physical activity on transcription factors 

involved in cardiac muscle function. This is the 

weakness of the proposed research for future studies to 

measure these factors in the heart tissue. However, 

further research is needed. 

CONCLUSIONS 

In summary, the results of this study showed that twelve 

weeks of aerobic exercise regulated the expression of 

genes involved in cardiac function mechanisms. 

According to research findings, twelve weeks of 

moderate-intensity aerobic exercise can probably 

improve heart function. 

ACKNOWLEDGEMENTS 

This article is from the thesis of PhD of Exercise 

Physiology, in this way; all those who have collaborated 

in this research are kindly thanked. 

ETHICAL CONSIDERATION 

The research was carried out at the Islamic Azad 

University, Ayatollah Amoli Branch, with the approval 

of the Ethics Committee under the number 

IR.IAU.M.REC.1399.015. 

Conflict of interests 

No conflict. 

REFERENCES 

1. Virani S.S., Benjamin E.J., Callaway C.W., Chang 

A.R., Cheng S., Chiuve S.E., 2018. Heart Disease and 

Stroke Statistics 2018 At-a-Glance. American Heart 

Association.  

2. Hajar R. 2017. Risk Factors for Coronary Artery 

Disease: Historical Perspectives Heart Views. 18(3), 

109–114. 

3. Heidenreich P.A., Trogdon J.G., Khavjou O.A., Butler 

J., Dracup K., Ezekowitz M.D., 2011. Forecasting the 

future of cardiovascular disease in the United States: a 

policy statement from the American Heart Association. 

Circulation. 123, 933–44.  

4. Chen Y., Rollins J., Paigen B., Wang X., 2007. 

Genetic and genomic insights into the molecular basis of 

atherosclerosis. Cell Metab. 6, 164–79.  

5. Ruan Y., Guo Y., Zheng Y., Huang Z., Sun S., Kowal 

P., ShiY., Wu F.2018. Cardiovascular disease (CVD) and 

associated risk factors among older adults in six low-and 

middle-income countries: results from SAGE Wave 1. 

BMC Public Health. 18(1), 778-89.  

6. Zhou S.S., Jin J.P., Wang J.Q., Zhang Z.G., Freedman 

J.H., Zheng Y., Cai L., 2018. miRNAS in cardiovascular 

diseases: potential biomarkers, therapeutic targets and 

challenges. Acta Pharmacol Sin. 39(7), 1073-1084.  

7. Ulaganathan K., James A., Ananthapur V., Nalla P., 

2013. miRNA regulation during cardiac development 

and remodeling in cardiomyopathy. EXCLI J. 12, 980–

92. 

8. van Rooij E.N., Olson L.E.N., 2008. MicroRNAs flex 

their muscles. Trends in Genetics. 24(4), 159-166. 

9. Yin C., Salloum F.N., Kukreja R.C. 2009. A novel 

role of microRNA in late preconditioning: upregulation 

of endothelial nitric oxide synthase and heat shock 

protein 70. Circulation Research. 104(5), 572-5. 



A. Mehrabi et al / Journal of Chemical Health Risks 13(3) (2023) 531-537 

 

536 

 

10. Kim S.C., Stice J.P., Chen L., Jung J.S., Gupta S., 

Wang Y., Baumgarten G., Trial J., Knowlton A.A., 2009. 

Extracellular heat shock protein 60, cardiac myocytes 

and apoptosis. Circ Res. 105, 1186–1195 

11.  Li Y., Si R., Feng Y., Chen H.H., Zou L., Wang E., 

Zhang M., Warren H.S., Sosnovik D.E., Chao W., 2011. 

Myocardial ischemia activates an injurious innate 

immune signaling via cardiac heat shock protein 60 and 

Toll-like receptor 4. J Biol Chem. 286, 31308–31319.   

12. Pinckard K., Baskin Kedryn K., Kristin I. 2019. 

Stanford Effects of Exercise to Improve Cardiovascular 

Health Front Cardiovasc Med. 6, 69-78. 

13. Zheng G., Qiu P., Xia R., Lin H., Ye B., Tao J., Chen 

L., 2019. Effect of Aerobic Exercise on Inflammatory 

Markers in Healthy Middle-Aged and Older Adults: A 

Systematic Review and Meta-Analysis of Randomized 

Controlled Trials Front Aging Neurosci. 11, 98-108. 

14. Myers J., Kokkinos P., Nyelin E., 2019. Physical 

Activity, Cardiorespiratory Fitness, and the Metabolic 

Syndrome. Nutrients. 11(7), 1652-68. 

15. Ramos A.E., Lo C., Estephan L.E., Tai Y.Y., Tang 

Y., Zhao J., Sugahara M., Gorcsan J., Brown M.G., 

Lieberman D.E., Chan S.Y., Baggish A.L., 2018. 

Specific circulating microRNAs display dose-dependent 

responses to variable intensity and duration of endurance 

exercise. Am J Physiol Heart Circ Physiol. 315(2), 273-

283. 

16. Silveira A.C., Fernandes T., Úrsula P.R.S., Gomes 

J.L.P., Mota D.G.F., Negrão C.E., Oliveira E.M., 2017. 

Exercise Training Restores Cardiac MicroRNA-1 and 

MicroRNA-29c to Nonpathological Levels in Obese 

Rats. Oxidative Medicine and Cellular Longevity. 1-12.  

17. Fathi M., Gharakhanlou R., Rajabi H., 2016. The 

Effect of 14 Week of Endurance Activity on miR-1 

Expression of Left Ventricle in Male Wistar Rats. Sport 

Biosciences. 8(1), 65-75. [In Persian]. 

18. Khadir A., Kavalakatt S., Cherian P., Warsame S., 

Abubaker J.A., Dehbi M., Tiss A., 2018. Physical 

Exercise Enhanced Heat Shock Protein 60 Expression 

and Attenuated Inflammation in the Adipose Tissue of 

Human Diabetic Obese. Front Endocrinol (Lausanne). 9, 

16-28. 

19. Jokar M., Motamedi P., Nabiuni M., Rajabi H., 

Khaledi N., 2017. The effect of aerobic exercise with 

melatonin consumption on the expression of HSP60 and 

HSP70 markers in rat myocard after ischemic-

reperfusion. Knowledge & Health.  12(1), 73-83.  

20. Khabazian B.M.G., Safarzadeh-Golpordesari A.R., 

Ebrahimi M., Rahbarizadeh F., Abednazari H., 2009. 

Endurance training enhances ABCA1 expression in rat 

small intestine. European Jornal of Applied Physiology. 

107, 351-8. 

21. Soci U.P.R., Fernandes T., Hashimoto N.Y., Mota 

G.F., Amadeu M.A., Rosa K.T., 2011. MicroRNAs 29 

are involved in the improvement of ventricular 

compliance promoted by aerobic exercise training in rats. 

Physiological Genomics. 43(11), 665-73. 

22. Klein J., Mellett L., 2015. High-intensity interval 

training: Rehab considerations for health and 

cardiovascular risk. CSM. 4(5), 1-11. 

23. Ikeda S., He A., Won Kong S., Lu J., Bejar R., 

Bodyak N., Lee K.H., Ma Q., Kang P.M., GolubT.R., 

William T.P. 2009. MicroRNA-1 Negatively Regulates 

Expression of the Hypertrophy-Associated Calmodulin 

and Mef2a Genes Mol Cell Biol. 29(8), 2193–2204. 

24. Sayed D., Hong C., Chen IY., Lypowy J., Abdellatif 

M., 2007. MicroRNAs play an essential role in the 

development of cardiachypertrophy. Circ Res. 100(3), 

416-24. 

25. Ikeda S., Kong S.W., Lu J., Bisping E., Zhang H., 

Allen P.D. 2007. Altered microRNA expression in 

human heart disease. Physiological genomics. 31(3), 

367-73. 

26. Han M., Toli J., Abdellatif M., 2011. MicroRNAs in 

the cardiovascular system. Current opinion in cardiology. 

26(3), 181-9. 

27. Hill J.A., Olson E.N., 2008. Cardiac plasticity. New 

England Journal of Medicine. 358(13), 1370-80. 

28. Kardyńska M., Paszek A., Spiller D., Śmieja J., 

Widłak W., White Michael R.H., Paszek P., Kimmel M., 

2018. Quantitative analysis reveals crosstalk mechanisms 

of heat shock-induced attenuation of NF-κB signaling at 

the single cell level PloS Comput Biol. 14(4), e1006130. 

29. Ruell P., Thompson M., Hoffman K., 2009. Heat 

shock proteins as an aid inthe treatment and diagnosis of 

heat stroke. Journal of Thermal Biology. 34(1), 1-7. 

30. Yin C., Salloum F.N., Kukreja R.C., 2009. A novel 

role of microRNA in late preconditioning: upregulation 

of endothelial nitric oxide synthase and heat shock 

protein 70. Circulation Research. 104(5), 572-5. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Estephan%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tai%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29600898
https://www.ncbi.nlm.nih.gov/pubmed/29600898


A. Mehrabi et al / Journal of Chemical Health Risks 13(3) (2023) 531-537 

 

537 

 

31. Marzetti E., Privitera G., Simili V., Wohlgemuth 

S.E., Aulisa L., Pahor M., Leeuwenburgh C., 2010. 

Multiple pathways to the same end: mechanisms of 

myonuclear apoptosis in sarcopenia of aging. The 

Scientific World Journal. 10, 340-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

32. He B., Xiao J., Ren A.J., Zhang Y.F., Zhang H., 

Chen M, Xie B, Gao X.G., Wang Y.W., 2011. Role of 

miR-1 and miR-133a in myocardial ischemic 

postconditioning. Journal of Biomedical Science. 18(1), 

1-10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A. Mehrabi et al / Journal of Chemical Health Risks 13(3) (2023) 531-537 

 

538 

 

 

 

 


