
 

 

 

 

 

 

 

ABSTRACT 
 

    Background and Objectives: Prolonged exercise can reduce 

physiological capacities and cause DNA damage by inducing 

oxidative stress and inflammatory responses. Aerobic exercise 

reduces the risk of cancer by activating DNA repair enzymes 

and reducing oxidative stress. The aim of the present study 

was to investigate effects of eight weeks of aerobic exercise 

with and without vitamin D supplementation on DNA 

damage. 
      

   Methods: Forty-eight adult male rats were randomly divided 

into six groups: control (C), H2O2 (H), H2O2 and vitamin D 

(HD), H2O2 and exercise (HE), H2O2,, vitamin D and exercise 

(HDE), and dimethyl sulfoxide. Cancer was stimulated 

through intraperitoneal injection of H2O2 (2 mmol/kg). 

Animals in groups HE and HDE ran on treadmill for eight 

weeks. Concentration of 8-hydroxy-2'-deoxyguanosine (8-

OHdG) and O6-methylguanine DNA methyltransferase 

(MGMT) was measured by enzyme-linked immunosorbent 

assay. Statistical analysis of data was carried out using SPSS 

22 at significance level of 0.05. 
 

   Results: Vitamin D supplementation significantly lowered 

the level of 8-OHdG expression compared to the control group 

(P=0.0001). The 8-OHdG expression in the exercise group was 

slightly lower than control group (P=0.063). Combination of 

exercise and vitamin D supplementation had no significant 

effect on expression of 8-OHdG (P=0.281). Both exercise and 

vitamin D supplementation significantly increased MGMT 

expression compared to the control group (P=0.0001 and 

P=0.040). However, combination of exercise and vitamin D 

supplementation had no significant effect on MGMT 

expression (P=0.326). 
 

  Conclusion: The results showed that aerobic exercise and 

vitamin D supplementation can have protective effects against 

DNA damage, possibly by increasing antioxidant capacity and 

DNA repair. 
 

   Keywords: DNA, 8-OHdG, 6-Methyl Guanine, Vitamin D, 

Exercise 
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improved mitochondrial efficiency. It is 

expected that exercise would have the ability 

to reduce nuclear DNA damage and risk of cell 

mutation related to several illnesses. 

Nevertheless, physical exercise has an inverse 

relationship with DNA damage and 

mitochondrial ROS production, thus exerting 

positive effects on mitochondrial performance 

(14).  

Despite the effectiveness of exercise for 

treatment of some respiratory diseases such as 

asthma, some researchers have emphasized on 

consumption of supplements as a 

complementary treatment method. It has been 

shown that vitamin D (VD) supplementation 

results into a slightly better lung performance 

(15). Calcitriol and its analogs have anti-

cancer, regulatory, apoptotic and angiogenic 

activities (16), especially in lung cancer cells 

which express VD receptors (17). Calcitriol 

can also regulate some signaling pathways 

involved in some cancers, including colorectal 

cancer, prostate cancer and melanoma (18). 

Moreover, VD causes apoptosis in most cancer 

cells, stabilizes chromosomal structure and 

prevent double-stranded DNA break through 

internal and external factors. It also stimulates 

DNA synthesis and provides a new mechanism 

of regulation for epithelial cell duplication, 

leading to lung development and damage 

repair (19). Furthermore, VD protects 

keratinocytes and melanocytes against DNA 

damage caused by UVB through reduction of 

ROS formation and elevation of DNA repair 

capacity (20). The present study aimed to 

determine effect of eight-week aerobic 

exercise and VD supplementation on DNA 

damage and repair in male rats poisoned by 

H2O2.  

MATERIALS AND METHODS 
 

The study was carried out on 48 adult male 

Wistar rats aged 8-10 weeks (weighting 

220±20 g). The rats were kept at 22 °C on a 

12:12 h light/dark cycle. All experiments on 

the animals were approved by the ethics 

committee of the Kerman University of 

Medical Sciences (ethical approval code: 

IR.KMU.REC.1396.1562). The rats were 

randomly and equally divided into six groups: 

control group (C), poisoned with hydrogen 

peroxide (H), hydrogen peroxide and VD 

(HD), hydrogen peroxide and aerobic exercise 

(HE), hydrogen   peroxide,  VD   and    aerobic 

INTRODUCTION  
 

Free radicals alter and deactivate enzymatic 

complexes, cause DNA/RNA damage and 

increase mutation, which may lead to cancer 

development (1). Yet, they are essential at 

physiological concentrations for normal 

function of cells (2). Reactive oxygen species 

(ROS) can damage cellular structures and 

DNA, which may lead to apoptosis (3). The 

resulting oxidative damage and mitochondrial 

DNA mutation leads to incomplete translation 

of subunits of electron transport chain 

enzymes. This not only disrupts ATP 

production along this pathway, but also 

produces more ROS through electron leakage, 

which may also cause more oxidative damage 

to mitochondrial biomolecules (4). This 

phenomenon is more evident in athletes who 

engage in heavy physical exercise (5). One of 

the mechanisms through which aerobic 

exercise lowers the risk of cancer is activation 

of DNA repair enzymes and reduction of 

oxidative stress through production of anti-

oxidants (6, 7).  

Biologically, both nuclear and mitochondrial 

DNA are targeted by free radicals. DNA repair 

is a known defense mechanism in humans with 

significant role in genome integration and 

resistance against carcinogenicity (8, 9).  One 

of the steps of DNA repair is removal of 

methyl from 06-methyl guanine atom that is 

created under influence of alkylating agents. 

The 06-methyl guanine DNA transferase 

(MGMT) enzyme is responsible for repairing 

this anomaly and maintenance of genome 

structure (10). DNA methylation is regulated 

by MGMT, and MGMT overexpression is a 

mutual characteristic of cancers (11) and 

resistance to chemotherapy (12). DNA 

methylation is essential for regulation and 

coordination of key biological processes 

including cell cycle and differentiation. 

General lack of methylation causes 

chromosomal instability and may lead to 

genetic disorders. In contrast, 

hypermethylation of tumor suppressor genes 

down regulates expression of key genes 

involved in cell cycle, apoptosis and DNA 

repair (13). 

There have been few studies about the role of 

physical exercise in DNA repair. Chronic 

exercise reduces oxidative stress in multiple 

organs and systems through reduction of ROS 

production, increased anti-oxidant capacity and 
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Germany) and then kept at -55 °C for 20 

minutes. Urinary level of 8-OHdG was 

measured using a high sensitivity ELISA Kit 

(catalog NO:CSB-E10526r, Germany). The 

samples were left to clot for two hours at room 

temperature or overnight at 4°C. After 

centrifugation for 15 minutes at 1000 ×g, 

serum was separated and stored at -80°C until 

analysis.  Data were reported as mean and 

standard deviation. One-way ANOVA was 

used to compare the effect of oxygenated 

water (2 mmol/kg) and solvent with control. 

The Bonferroni post hoc test was used to 

evaluate differences. Two-way ANOVA was 

used to determine the effect of exercise and 

vitamin D alone and combined. All statistical 

analyses were performed in SPSS 22 and at 

significant level of 0.05. 
 

RESULTS 
 

The concentration of 8-OHdG was 

significantly higher in group H compared to 

group C and DMSO (P=0.001). Exercise 

slightly decreased 8-OHdG concentration 

(P=0.063), but VD supplementation 

significantly decreased 8-OHdG concentration 

(P=0.0001). Combination of exercise and VD 

supplementation had no significant effect on 8-

OHdG concentration (P=0.281) (Figure 1). 

According to the results, concentration of 

MGMT was significantly lower in group H 

compared to group C and DMOS (P=0.0001). 

Both exercise and VD supplementation 

significantly increased the concentration of 

MGMT (P=0.040 and P=0.0001). However, 

combination of exercise and VD 

supplementation had no significant effect on 6 

MGMT concentration (P=0.326) (Figure 2). 

 

 

 

 

 

 

 

 

 

 

exercise (HDE) and dimethyl sulfoxide 

(DMSO) with saline. Animals were weighed 

every two weeks and their food consumption 

was monitored on a daily basis. Rats in the 

HD, HE, H and HDE groups received 

intraperitoneal injection of 0.2 mg/Kg H2O2 

(Merck, Germany) three times a week and 1 

hour before exercise (21). Rats in the HD and 

HDE group received daily intraperitoneal 

injection of 0.5 μg/Kg body weight VD 

(300,000 IU, Dithrecol, Caspian Tamin Co., 

Iran) for eight weeks (22). Normal saline was 

used to dilute VD and DMSO was used to 

dissolve VD in saline. Subjects in the HE and 

HDE group ran on a rat running wheel for 

eight weeks. Table 1 shows the duration and 

speed of exercise over the eight-week 

intervention (23). Rats began running at speed 

of 15 m/min for 2 minutes. The speed of 

running wheels was increased by 1.8 m/min 

every 2 minutes until the rats were no longer 

able to run. The VO2max values were 

calculated at baseline, at the end of the fourth 

week and at the end of eighth week based on 

the correlation between speed of running 

wheel and rats' VO2max (24).  

Twenty four hours after the last training 

session and following 12 hours of fasting, 

the rats were sacrificed and lungs were 

exposed to avoid extra production of 

internal ROS (25). The lung tissue was 

removed, immediately washed with 0.1% 

phosphate buffer and fixed in RNAlater 

solution (Ambion, L/N: 1206029, USA). 

The tissue samples were homogenized 

using a rotor stator homogenizer (Tissue 

Rupture, 230V, 50-60 Hz, QIAGEN,  
 

 

 

 

 

 

 

 

 

 

Table 1. Duration and speed of exercise over the eight-week intervention period 

 

Week Speed 

(m/min) 

Duration (min) 

1 8 30 

2 12 30 

3 16 45 

4 20 45 

5 20 60 

6 20 60 

7 20 60 

8 20 60 
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Figure 1. Concentration of 8-OHdG protein in the study groups  

 
 

Figure 2. Concentration of MGMT in different groups 
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in OHdG-8 level after 30 minutes of aerobic 

exercise at 70% VO2max (34) and no DNA 

damage in well-trained endurance athletes 

(35). Mild exercise as well as moderate 

chronic exercise can reduce DNA damage (36) 

that can be related to increase of DNA repair 

enzymes (30). However, an increase of 

oxidative DNA was observed after long-term 

exercise (33). Some researches even provided 

evidence of decrease in OHdG-8 level after 

exercise. Nojima et al. showed that 12 months 

of moderate aerobic exercise (50% Vo2max) 

decreased OHdG-8 urinary level in type 2 

diabetic patients (37). Similarly, 12 weeks of 

endurance exercise reduced OHdG-8 level in 

all subjects (38). Radak et al. showed that 

eight weeks of regular treadmill running at a 

speed of 6-8 m/min and 5% slope for 10 

minutes/day could significantly decrease the 

age-related increase in 8-OHdG content of rat 

gastrocnemius muscle (39). Disparity in 

findings of the mentioned studies may be 

related to differences in the duration or 

intensity of exercises (40).  

Chronic inflammation induces DNA damage 

and mutation through oxidative stress (41). 
Yet, other mechanisms might be responsible 

for association of exercise-related DNA 

modifications, inflammatory responses and 

reactive oxygen and nitrogen species. Signal 

transmission pathways sensitive to redox 

including NF-KB nuclear factor or P53 

cascade in inflammation as well as cellular 

stress management are involved in response to 

DNA damage (42). New results and evidences 

emphasize on responses of gene expression to 

exercise and unknown molecular mechanisms 

in exercise immunology (43).  

We found no significant change in MGMT 

enzyme level in the exercise group. This 

enzyme plays an essential role in DNA 

damage and inhibition of tumorigenesis in 

humans. DNA repair pathway is a known 

defense mechanism responsible for genome 

integrity and resistance against carcinogenicity 

in humans (8). 
Aerobic exercise reduces risk of cancer 

through activation of DNA repair enzymes and 

reduction of oxidative stress (7). It has been 

suggested that exercise may also have positive 

effects on all malignant tumors through 

unknown mechanisms (44). Epigenetic 

mutation     in     cancerous      cells      causes 
 

DISCUSSION  

Structural changes of DNA due to ROS 

exposure has been extensively investigated by 

researchers since these changes have a 

significant role in incidence of aging as well as 

in etiology of several illnesses, including 

cancer, diabetes, arthrosclerosis and 

Alzheimer’s disease (26). This research was 

conducted to study effect of eight weeks of 

aerobic exercise and vitamin D 

supplementation on DNA damage and repair. 

Based on the results, the eight-week aerobic 

training and vitamin D supplementation 

reduced DNA damage by lowering the level of 

OHdG. This effect could be related to two 

mechanisms: reduction of ROS production and 

increased level of anti-oxidant defense, both of 

which are considered as important modulators 

of DNA damage. Some of these mechanisms 

might help lower the level of oxidant 

production, regulate amounts of anti-oxidant 

or even increase DNA repair activity (14). 

There is a direct relationship between higher 

daily physical activity and higher aerobic 

fitness with reduced DNA breaks. At the same 

time, exercise provides a certain compatibility 

that protects DNA integrity (27). Diaz-Castro 

et al. reported that 50 km run would elevate 

OHdG-8 level and oxidative stress induction 

(28). Also, McMillan et al. reported that six 

weeks of moderate-intensity resistance training 

(at 60% VO2max) resulted into DNA 

fragmentation in soleus muscle of exercised 

rats (29). Similarly, two weeks of aerobic 

training in 15 triathlon elites increased OHdG-

8 levels, which can be related to increased 

level of DNA repair enzymes (30). Acute 

exercise elevates OHdG-8 urinary excretion 

(31). However, some studies reported no 

change in OHdG-8 levels following exercise 

(32). Polsen et al. claimed that acute or 

moderate chronic exercise does not lead to 

DNA oxidative damage and may even reduce 

oxidative DNA damage in tissues (33). In 

another study, Nakaya et al. showed that 

moderate aerobic exercise does not alter 

OHdG-8 level nor mRNA expression in 

leukocytes, which can indicate neuronal-

hormonal changes in the entire body (35). 

Other studies reported  no significant  change 
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regular aerobic exercise can reduce DNA 

damage through elevation of anti-oxidant 

capacity as well as increased DNA repair. In 

addition, VD can have protective effects 

against DNA damage by increasing DNA 

methylation.     
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uncontrollable growth, which can be reversed 

by exercise via overexpression of tumor 

suppressor genes and downregulation of 

oncogenes (45). Epigenetic signals have an 

important role in balancing gene expression 

through mechanisms such as DNA 

methylation and histone modifications. In 

humans, physical activity also influences DNA 

methylation (46). In our study, VD 

supplementation increased MGMT level. It has 

been shown that VD can exert anti-cancer 

effects through inhibition of cell proliferation 

and protection against DNA damage (47, 48).  

CONCLUSION  

Our findings indicate that eight weeks of 

 

REFERENCES 
1.Mitchell Kanter. Free radicals, exercise and antioxidant 

supplementation. Proc Nutr Soc. 1998; 57(1): 9-13. 
 

2.Aldred S. Oxidative and nitrative changes seen in lipoproteins 

following exercise. Atherosclerosis. 2007; 192(1): 1-8. 
2 

3. Podhorska-Okolow M, Dziegiel P, Gomulkiewicz A,Kisiela 

D, Dolinska-Krajewska B, Jethon Z, et al. Exercise-induced 
apoptosis in rat kidney is mediated by both angiotensin II AT1 

and AT2 receptors. Histol Histopathol. 2006; 21(5): 459-66. doi: 

10.14670/HH- 21.459. 
 

4. Haigis MC, Yankner BA. The aging stress response. 

Molecular cell. 2010; 40(2): 333-44. doi:10.1016/j. 

molcel.2010.10.002. 
 

5. Hoffman JR, Im J, Kang J, Maresh CM, Kraemer WJ, French 
D, et al. Comparison of low- and highintensity resistance 

exercise on lipid peroxidation: role of muscle oxygenation. J 

Strength Cond Res. 2007; 21(1): 118-22. 
 

6. Elosua R, Molina L, Fito M, Arquer A, Sanchez-Quesada JL, 

Covas MI, et al. Response of oxidative stress biomarkers to a 

16-week aerobic physical activity program, and to acute 
physical activity, in healthy young men and women. 

Atherosclerosis. 2003; 167(2): 327-34. 
 

7. Rogers CJ, Colbert LH, Greiner JW, Perkins SN, Hursting 
SD. Physical activity and cancer prevention: pathways and 

targets for intervention. Sports Med. 2008; 38: 271-296. 
 

8. Hung RJ, Baragatti M, Thomas D, McKay J, Szeszenia-

Dabrowska N, Zaridze D, et al. Inherited predisposition of lung 
cancer: a hierarchical modeling approach to DNA repair and 

cell cycle control pathways. Cancer Epidemiol Biomarkers 

Prev. 2007; 16: 2736-2744. 
 

9. Hoeijmakers JH. Genome maintenance mechanisms for 

preventing cancer. Nature. 2001; 411(6835): 366-

374. DOI:10.1038/35077232.  
 

10. Aquilina G, Biondo R, Dogliotti E, Meuth M, Bignami M. 
Expression of the endogenous O6-methylguanine 

DNAmethyltransferase protects Chinese hamster ovary cells 

from spontaneous G:C to A:T transitions. Cancer Res. 1992; 
52(23): 6471-55. 
 

11. Kulis M, Esteller M. DNA methylation and cancer. Adv 

Genet. 2010; 70: 27-56. doi: 10.1016/B978-0-12-380866-
0.60002-2. 
 

12. Gerson SL. MGMT: its role in cancer aetiology and cancer 

therapeutics. Nat Rev Cancer 2004; 4(4): 296-307. 
 

13.  Fetahu IS, Höbaus J, Kállay E. Vitamin D and the 
epigenome. Front Physiol. 2014; 5:164. doi: 

10.3389/fphys.2014.00164. 
 

14. Soares JP, Silva AM, Oliveira MM, Peixoto F, Gaivão I, 
Mota MP. Effects of combined physical exercise training on  

Medical Laboratory Journal, Jul-Aug, 2020; Vol 14: No 4 

36 / Effect of Eight Weeks. . . 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4456486/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maj%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filip-Psurska%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milczarek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milczarek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Psurski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kutner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wietrzyk%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wietrzyk%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29345296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatterjee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11295155
https://www.ncbi.nlm.nih.gov/pubmed/11295155
https://www.ncbi.nlm.nih.gov/pubmed/11295155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetahu%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24808866
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetahu%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24808866
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetahu%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24808866
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetahu%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24808866
https://www.ncbi.nlm.nih.gov/pubmed/24808866


 

37. Nojima H, Watanabe H, Yamane K, Kitahara Y, Sekikawa 

K, Yamamoto H, et al. Effect of 
aerobic exercise training on oxidative stress in patients with 

type 2 diabetes mellitus. Metabolism. 2008; 57(2): 170-6. doi: 

10.1016/j.metabol.2007.08.021. 
 

38. Devries MC, Hamadeh MJ, Glover AW, Raha S, Samjoo 

IA, Tarnopolsky MA. Endurance training without weight loss 

lowers systemic, but not muscle, oxidative stress with no effect 
on inflammation in lean and obese women. Free Radic Biol 

Med. 2008; 45(4): 503-11. doi: 

10.1016/j.freeradbiomed.2008.04.039.  
 

39. Radák Z, Naito H, Kaneko T, Tahara S, Nakamoto H, 
Takahashi R, et al. Exercise training decreases DNA damage 

and increases DNA repair and resistance against oxidative 

stress of proteins in aged rat skeletal muscle. Pflugers Arch. 
2002; 445(2): 273-8. 
 

40.  Radak Z, Apor P, Pucsok J, Berkes I, Ogonovszky H, 

Pavlik G, et al. Marathon running alters the DNA base excision 

repair in human skeletal muscle. Life Sci. 2003; 72: 1627-1633. 
 

41. Federico A1, Morgillo F, Tuccillo C, Ciardiello F, 

Loguercio C. Chronic inflammation and oxidative stress in 

human carcinogenesis. Int J Cancer. 2007; 121(11): 2381-6. 
 

42. Ji, L. L. Modulation of skeletal muscle antioxidant defense 

by exercise: Role of redox signaling. Free Radic Biol Med. 

44:142-152, 2008. 
 

43. Radom-Aizik S, Zaldivar F Jr, Leu SY, Galassetti P, Cooper 

DM. Effects of 30 min of aerobic exercise on gene expression in 

human neutrophils. J Appl Physiol (1985). 2008; 104(1): 236-
43. 
3 
 

44. Lin YY, Wu YC, Rau KM, Lin CC. Effects of physical 

activity on the quality of life in Taiwanese lung cancer patients 

receiving active treatment or off treatment. Cancer Nurs. 2013; 
36: E35-E41. 
3 
 

45. Coyle YM, Xie XJ, Lewis CM, Bu D, Milchgrub S, Euhus 

DM. Role of physical activity in modulating breast cancer risk 

as defined by APC and RASSF1A promoter hypermethylation in 
nonmalignant breast tissue. Cancer Epidemiol Biomarkers Prev. 

2007; 16(2): 192-6. DOI: 10.1158/1055-9965.EPI-06-0700. 
3 
 

46. Voisin S, Eynon N, Yan X, Bishop DJ. Exercise training 

and DNA methylation in humans. Acta Physiol (Oxf). 2015; 
213(1): 39-59. doi: 10.1111/apha.12414.  
3 
 

47. Pawlowska E, Wysokinski D, Blasiak J. Nucleotide Excision 

Repair and Vitamin D-Relevance for Skin Cancer Therapy. Int J 

Mol Sci. 2016; 17(4): 372. doi: 10.3390/ijms17040372. 
3 

 

48. Jiang YJ, Teichert AE, Fong F, Oda Y, Bikle DD. 1alpha, 
25(OH)2-dihydroxyvitamin D3/VDR protects the skin from 

UVB-induced tumor formation by interacting with the beta-

catenin pathway. J Steroid Biochem Mol Biol. 2013; 136: 229-
32. doi: 10.1016/j.jsbmb.2012.09.024.  

 

 

 

 

 

 

 

 

 

25. Plant DR, Gregorevic P, Warmington SA, Williams DA, 

Lynch GS. Endurance training adaptations modulate the redox–

force relationship of rat isolated slow‐twitch skeletal muscles. 
Clin Exp Pharmacol Physiol. 2003; 30(1-2): 77-81. 
 

26. Wu LL, Chiou CC, Chang PY, Wu JT. Urinary 8-OHdG: a 

marker of oxidative stress to DNA and a risk factor for cancer, 

atherosclerosis and diabetics. Clin Chim Acta. 2004; 339(1-2): 
1-9. 
 

27. Fogarty MC1, Hughes CM, Burke G, Brown JC, Trinick TR, 

Duly E, et al. Exercise-induced lipid peroxidation: implications 
for deoxyribonucleic acid damage and systemic free radical 

generation. Environ Mol Mutagen. 2011; 52(1): 35-42. doi: 

10.1002/em.20572.                                      
 

28. Díaz-Castro J, Guisado R, Kajarabille N, García C, Guisado 
IM, De Teresa C, et al. Phlebodium decumanum is a natural 

supplement that ameliorates the oxidative stress and 

inflammatory signalling induced by strenuous exercise in adult 
humans. Eur J Appl Physiol. 2012; 112(8): 3119-28. doi: 

10.1007/s00421-011-2295-3.  
 

29. McMillan EM, Graham DA, Rush JWE, Quadrilatero J. 
Decreased DNA fragmentation and apoptotic signaling in soleus 

muscle of hypertensive rats following 6 weeks of treadmill 

training. J Appl Physiol. 2012; 113(7): 1048-1057. 
 

30. Villaño D, Vilaplana C, Medina S, Cejuela-Anta 
R, Martínez-Sanz JM, Gil P, Genieser HG, et al. Effect of elite 

physical exercise by triathletes on seven catabolites of DNA 
oxidation. Free Radic Res. 2015; 49(8): 973-83. doi: 

10.3109/10715762.2015.1025388.  
 

31.Nakaya Y, Hata Y, Ishida K, Takahashi A, Morita 

K, Rokutan K. Approach to novel functional foods for stress 
control 2. Microarray assessment of exercise in healthy 

volunteers. J Med Invest. 2005; 52 Suppl: 242-3. 
 
 

32. Bloomer RJ, Creasy AK, Smith WA. Physical work-induced 

oxidative stress is exacerbated in young cigarette 
smokers. Nicotine Tob Res. 2007; 9: 205-211. 
 

33. Poulsen HE, Weimann A, Loft S. Methods to 

detect DNA damage by free radicals: relation to exercise. Proc 
Nutr Soc. 1999; 58(4): 1007-14. 
 

34. Bloomer RJ, Goldfarb AH, Wideman L, Mckenzie MJ, 

Consitt LA. Effects of acute aerobic and anaerobic exercise on 

blood markers of oxidative stress. J Strength Cond Res. 2005; 
19(2): 276-285. DOI:10.1519/14823.1. 
 

35. Peters EM, Van Eden M, Tyler N, Ramautar A, Chuturgoon 

AA. Prolonged exercise does not cause lymphocyte DNA 
damage or increased apoptosis in welltrained endurance 

athletes. Eur J Appl Physiol. 2006; 98(2): 124-31. 
 

36. Sato Y, Nanri H, Ohta M, Kasai H, Ikeda M. Increase of 

human MTH1 and decrease of 8-hydroxydeoxyguanosine in 
leukocyte DNA by acute and chronic exercise in healthy male 

subjects. Biochem Biophys Res Commun. 2003; 305(2): 333-8. 
DOI:10.1016/s0006-291x(03)00774-5. 

 

 

 

 

 

 

 

 

 

Medical Laboratory Journal, Jul-Aug, 2020; Vol 14: No 4 

How to Cite: 

This paper should be cited as: Haeri ST,. Azarbayjani MA,. Peeri M. [Effect of Eight Weeks of Aerobic Exercise and Vitamin D 

Supplementation on 8-hydroxy-2'-deoxyguanosine and O6-methylguanine DNA methyltransferase in Lung of Rats Poisoned with 

Hydrogen Peroxide]. mljgoums. 2020; 14(4):31- 37. DOI: 10.29252/mlj.14.4.31 

37 / Haeri and colleagues 

https://www.ncbi.nlm.nih.gov/pubmed/18191045
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devries%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamadeh%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glover%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samjoo%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samjoo%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tarnopolsky%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=18502211
https://www.ncbi.nlm.nih.gov/pubmed/18502211
https://www.ncbi.nlm.nih.gov/pubmed/18502211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voisin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25345837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eynon%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25345837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25345837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bishop%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=25345837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Exercise+training+and+DNA+methylation+in+humans+S.+Voisin
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADaz-Castro%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guisado%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kajarabille%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guisado%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guisado%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Teresa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ochoa%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22212862
https://www.ncbi.nlm.nih.gov/pubmed/22212862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villa%C3%B1o%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilaplana%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Medina%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cejuela-Anta%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cejuela-Anta%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Sanz%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gil%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genieser%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=25786325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakaya%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hata%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishida%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rokutan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16366507
https://www.ncbi.nlm.nih.gov/pubmed/16366507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poulsen%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=10817169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weimann%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10817169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loft%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10817169
https://www.ncbi.nlm.nih.gov/pubmed/10817169
https://www.ncbi.nlm.nih.gov/pubmed/10817169
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12745079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nanri%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12745079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12745079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12745079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikeda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12745079
https://doi.org/10.1016/s0006-291x(03)00774-5
doi:%2010.29252/mlj.14.4.31

