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Abstract. [Purpose] The aim of this study was to investigate the impact of different marathon running distances
(10 km, 21 km, and 42.195 km) on muscle and lymphocyte DNA damage in amateur marathon runners. [Subjects
and Methods] Thirty male amateur runners were randomly assigned to 10 km, 21 km, and 42 km groups, with 10
subjects in each group. Blood samples were collected before and after the races and on the 3rd day of recovery to
examine levels of muscle damage (creatine kinase and lactate dehydrogenase) and lymphocyte DNA damage (DNA
in the tail, tail length, and tail moment). [Results] Serum creatine kinase, serum lactate dehydrogenase, and tail mo-
ment were significantly higher after the races compared with before the races in all groups. In addition, the 42 km
group showed significantly higher levels of creatine kinase, lactate dehydrogenase, and tail moment than the 10 km
and 21 km groups after the races. [Conclusion] Strenuous endurance exercise can cause muscle and lymphocyte
DNA damage, and the extent of such damage can increase as running distance increases.
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INTRODUCTION

Recently, there has been a growing worldwide interest in marathon running due to recognition of the positive effects of
endurance exercise on health and physical strength. In particular, an increasing number of amateur runners are participating
in recreational 10- and/or 21-km marathons, because the physiological demand is lower than for full or ultramarathons".
However, while regular moderate exercise has beneficial effects on health, it has been reported that irregular strenuous
exercise could exert a negative effect on health>™),

Oxygen intake through respiration is involved in various metabolic processes as an essential factor for producing ATP,
an energy source. However, incomplete reduction of oxygen during metabolic processes results in partial changes in the
structure of the oxygen molecules in the body, to produce reactive oxygen species (ROS), which can show toxicity in the
body by inducing excessive oxidative stress®). Oxidative stress is generated by the disruption of homeostasis when oxidation
reactions become dominant in the redox reaction, through which balance is maintained between oxidants and antioxidants®.
Regular moderate exercise can elevate antioxidant enzyme activities and reduce oxidant production. Thanks to the antioxi-
dant defense mechanisms of the body, resting ROS production in a healthy person is within the capability of the antioxidant
defense system. However, in a situation that demands several to dozens of times greater oxygen supply, as during strenuous
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Table 1. Characteristics of the subjects

Variables / group 10km (n=10) 21 km (n=10) 42 km (n=10)
Age (years) 36.5+10.9 45.047.8 37.9£13.6
Height (cm) 173.1+4.3 167.3+5.2 175.9+9.2
Weight (kg) 68.9+7.2 66.6+6.1 69.4+8.8
Body fat (%) 15.543.8 17.7£3.8 13.9+2.1
Volume of training (hours/week) 5.0+1.5 5.6+3.6 6.1+1.2
Marathon careers (years) 5.9+4.0 6.6+£2.2 7.0+4.2

Values are means = SD

exercise, ROS production increases drastically” ®. In particular, prolonged endurance exercise, such as marathon running,
increases oxygen intake by the human body by more than 10-15 times compared with resting oxygen intake, and such
increased use of oxygen can result in excessive production of ROS at a ratio that exceeds the human body’s ability to recover
the normal ratio® 9. Excessively produced ROS in turn can cause DNA damage and alterations. If there is failure to repair
damaged DNA, consequent genomic and chromosomal aberrations can alter the activities of genes/proteins and thereby can
lead to aging, cancer, arteriosclerosis, neuropathy, and inflammation'D.

On the other hand, endurance exercise without a break can cause damage due to repetitive muscle contractions'?. Previous
studies!>1) suggested that competitive exercise resulted in an increase in creatine kinase (CK) and lactate dehydrogenase
(LDH), which are important indices of the extent of skeletal muscle cell damage, and that running distance is associated with
muscle damage.

Despite the fact that strenuous endurance exercise can have a negative effect on health as described above, long-distance
running is increasing in popularity. The effect of long-distance running on health can vary, depending not only on personal
physical strength and health but also on exercise intensity including running distance and duration. To reduce the adverse
effect of exercise and maximize its positive effect on health, it is essential to understand the physiological response according
to exercise intensity and to select a proper exercise method according to personal physical status.

Therefore, the purpose of the present study was to investigate the impact of different marathon running distances (10 km,
21 km, and 42.195 km) on muscle and oxidative DNA damage by analyzing lymphocyte DNA, serum CK, and serum LDH
in amateur marathon runners.

SUBJECTS AND METHODS

The subjects were recruited from the participants in the Hangang Marathon race in Seoul, Republic of Korea. Of those
initially recruited, 30 male amateur runners who were nonsmokers and nondrinkers, had no particular medical disease,
and who had completed at least 3 full marathons and participated in regular running exercise at least 3 times a week were
ultimately selected. The 30 subjects were randomly assigned to 10 km, 21 km, and 42 km groups, with 10 subjects assigned
to each group. Physical characteristics are presented in Table 1. The study protocol was approved by an institutional ethics
review board of the Department of Physical Education at Yonsei University. All participants provided written informed
consent, and the study conformed to the standards set by the latest revision of the Declaration of Helsinki.

The day before the marathon race, height, weight, and body composition were measured using an impedance analyzer
(InBody 4.0, Biospace, Seoul, Republic of Korea), and prerace blood samples were collected. The subjects were directed to
avoid excessive physical activity from the day before blood collection and to maintain an empty stomach for at least 12 hours
after the last meal. Blood samples were collected from a forearm vein before (Pre) and after the races (Post), and on the 3rd
day of recovery (Recovery). Postrace blood collection was carried out at the finish line, immediately after completion of the
individual marathon courses (10 km, 21 km, and 42.195 km). Blood collection on the 3rd day of recovery was carried out by
the same method as used for the prerace blood samples. Subjects were directed not to take vitamin compounds or nutritional
supplements from immediately after the marathon race until the 3rd day of recovery. Blood samples were centrifuged at
3,000 rpm for 20 min, stored at —80 °C, and directly analyzed.

Serum CK and LDH levels were determined using a clinical chemistry analyzer (Ektachem DTSCII, Kodak, USA).

Lymphocyte DNA damage was determined by using a comet assay, which showed single- or double-stranded DNA
breaks. For the comet assay, 130 pl of whole blood was mixed with 900 pl of phosphate buffered saline (PBS) and poured
gently over a 150 pl lymphocyte separation solution. After centrifugation at 1,450 rpm (4 min), lymphocytes were pipetted
out and transferred to another tube. Seventy-five microliters of low melting temperature agarose (LMA) was put into the tube
and mixed with a pipette. After removing the cover glass from the slide, the mixture was poured over the slide horizontally,
covered with a cover glass, put on a freezing plate, and refrigerated for 5 min. Electrophoresis was conducted for 20 min at
25V and 300 mA. When electrophoresis was finished, the nuclei were treated with fluorescence-based staining and observed
under a fluorescence microscope (Leica, Germany). An image of each nucleus was captured with a CCD camera (Nikon,
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Table 2. Comparison of serum CK and LDH levels according to the different running distances

. . Group
Variables Time
10 km 21 km 42 km

CK (U/L) Pre 136.1+40.7 143.2+39.2 140.6+£56.4
Ccv 0.30 0.27 0.40
Post 175.0+52.8™# 177.3+38.1%# 312.6+146.5"
Ccv 0.30 0.21 0.47
Recovery 179.0+56.7"* 176.5+£51.6%* 320.1£179.5"
cv 0.32 0.29 0.56

LDH (U/L) Pre 289.3+33.4 290.0+31.5 302.2+£37.4
()% 0.12 0.11 0.12
Post 336.3+30.5%# 343.8+32.0%* 427.0+42.6"*
(6\Y% 0.09 0.09 0.10
Recovery 302.8+£28.4 282.5+28.3 327.9+65.2
CV 0.09 0.10 0.20

Values are means = SD. “p < 0.05 vs. Pre; #p < 0.05 vs. 42 km

Table 3. Comparison of lymphocyte DNA damage according to the different running distances

. . Group
Variables Time
10 km 21 km 42 km
DNA in tail (%) Pre 7.99+1.33 8.23+1.21 8.32+2.21
(Y% 0.17 0.15 0.27
Post 12.35£1.91 12.20+1.52 13.22+2.11
Ccv 0.15 0.12 0.16
Recovery 9.04+£1.60 8.68+0.89 8.86+0.89
Ccv 0.18 0.10 0.10
Tail length (um) Pre 51.45£5.60 52.28+4.50 52.50+10.88
cv 0.11 0.09 0.21
Post 66.13+5.08 64.16+7.57 68.73+9.87
cv 0.08 0.12 0.14
Recovery 53.61+£6.74 50.97+3.47 52.79+5.79
cv 0.13 0.07 0.11
Tail moment Pre 5.89+1.41 6.29+1.34 6.5242.18
cv 0.24 0.21 0.33
Post 9.55+1.88"# 9.49+1.93%# 13.19+4.55"
cv 0.20 0.20 0.34
Recovery 5.92+1.87 5.77£1.16 6.62+1.50
(9% 0.32 0.20 0.23

Values are means + SD. "p < 0.05 vs. Pre; #p < 0.05 vs. 42 km

Japan) and was analyzed with the Komet 4.0 comet image analyzing system (Andor Technology, Belfast, UK).

Statistical analyses were performed with SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA). Data are pre-
sented as the mean + standard deviation (SD) unless otherwise stated. To identify differences in normally distributed results,
two-way repeated analysis of variance (ANOVA) was employed. When a significant interaction was apparent, the simple
main effects on measured variables were determined using one-way ANOVA. Tukey’s post hoc test was subsequently used
to conservatively locate significant differences. Statistical significance was set at p < 0.05.

RESULTS

Table 2 shows a comparison of serum CK and LDH levels at rest and in response to different marathon running distances.
Serum CK levels were significantly higher at Post and Recovery than at Pre in all groups (p < 0.05). In addition, the 42 km
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group showed significantly higher serum CK levels than the 10 km and 21 km groups at Post and Recovery (p <0.05). Serum
LDH levels were significantly higher at Post than at Pre and Recovery in all groups (p < 0.05). In addition, the 42 km group
showed significantly higher LDH levels than the 10 km and 21 km groups at Post (p < 0.05).

Table 3 shows a comparison of lymphocyte DNA damage (DNA in the tail, tail length, and tail moment) at rest and in
response to the different marathon running distances. Tail moment was significantly higher at Post than at Pre and Recovery
(p <0.05). In addition, the 42 km group showed a significantly higher tail moment level than the 10 km and 21 km groups at
Post (p < 0.05). However, DNA in the tail and tail length were not significantly different among the groups and time points.

DISCUSSION

CK and LDH levels in the blood can be increased by prolonged physical exercise and are generally used as indices of
skeletal muscle damage'® '), The present study analyzed serum CK and LDH to determine the extent of skeletal muscle
damage according to marathon running distance. During prolonged competitive exercise, such as a marathon, membrane
permeability increases and larger amounts of the enzymes that reflect muscle damage, such as CK and LDH, are discharged
into the blood!®). Short-distance or less-intensive running can achieve muscle tissue exercise without a large change in
membrane permeability!®). Thus, many previous studies® ' '4) have demonstrated that the duration and intensity of exercise
are the main factors affecting the activities of such enzymes. The results of the present study also showed that the 42 km
marathon group showed greater muscle damage than the other groups, which ran shorter distances. However, the 10 km and
21 km marathon groups also showed increases in CK and LDH after marathon races compared with the prerace levels. Kim
et al.¥) reported that the CK concentration began to increase steadily after running 10 km in a 42.195 km marathon race, and
Jastrzebski'® reported that the CK and LDH concentrations began to increase after running 25 km in a 100 km ultramarathon.
Such studies showed that muscle damage could be caused not only by full and ultramarathons but also by marathons of
shorter distances, such as 10 km and 21 km half marathons. In addition, the present study showed that the CK levels of all
groups were higher even 3 days after finishing a marathon. Kim et al.?) reported that the CK concentration was high until
the 4th day of recovery after a 42 km marathon, and until the 5th day of recovery after a 200 km marathon. Tsai et al.!?
reported that blood CK activity was high until the 7th day after a 42 km marathon. Therefore, it can be inferred that recovery
from muscle damage induced by competitive endurance exercise takes at least 5 days, depending on various factors such as
running distance and physical strength.

The human body has a mechanism for minimizing oxidative damage caused by ROS. However, if oxidative stress in a
tissue exceeds the antioxidant capacity of the cells, damage to biological molecules, such as DNA29, can occur. In the present
study, the extent of oxidative DNA damage according to marathon distance was analyzed using the comet assay, which is
considered a sensitive and fast method for detecting DNA damage?D). The results were presented as the values of DNA in the
tail, tail length, and tail moment.

It is well known that many kinds of exhaustive high-intensity endurance exercises cause DNA damage but that those
exercises that do not cause a high level of stress in the body, such as habitual exercise or low- or moderate-intensity exercise,
do not cause DNA damage® ?2). In the present study, although the 42 km marathon group showed a higher value for tail mo-
ment than the other groups, relatively short distance (10 km and 21 km) marathons were also shown to cause DNA damage.
This result supports the results of previous studies?® 24, showing that DNA damage had a positive correlation with a variety
of exercises, such as treadmill running to exhaustion, half marathons, marathons, and triathlons. Increased oxygen intake
and oxygen supply to active tissue during strenuous exercise, such as a marathon, result in increased ROS, which in turn can
cause oxidative DNA damage. ROS can also be produced during the process of recovery from tissue damage after exhaustive
exercise. That is, exhaustive exercise increases ROS production in the vascular system through inflammatory cell infiltra-
tion in myofibril injuries and through circulating phagocytes, and increased ROS can permeate into peripheral leukocytes,
resulting in the modification of nucleic acids® 2> 29, In addition, ROS may also be produced during the reparative process
of tissue damage caused by exhaustive exercise?® 27, Tsai et al.!”) reported that there was a correlation between plasma CK
and oxidative DNA damage caused by 42 km marathons, and the results of the present study also showed the same pattern of
correlation between CK and DNA damage after marathons.

On the other hand, the present study showed that all 3 groups recovered from a significantly high level of DNA damage to
a resting level 3 days after a marathon race. Hartmann et al.?® reported that DNA migration increased to the maximum level
1 day after multiple step tests on a treadmill and then returned to a resting level 3 days after the test. However, a follow-up
study on DNA effects of a short-distance triathlon event reported that DNA migration began to increase 1 day after the event,
reaching the maximum level 3 days after the event, and that such an increase continued until 5 days after the event. Tsai
et al.!? reported that DNA damage began to increase 24 hours after a 42 km marathon and that such an increase continued
until 7 days after the marathon. However, Mastaloudis et al.®) reported that a high level of DNA damage caused by a 50 km
ultramarathon race returned to the resting level 2 hours after the race. It has been reported that the extent and duration of DNA
damage can vary according to the type, duration, running distance, and intensity of exercise, as well as training conditions
and physical strength?*3%). In the present study, the relatively fast recovery from DNA damage is presumed to be due to all
subjects in the 3 groups, who were all amateur runners, getting regular aerobic exercise and being familiar with long-distance
running, as they had participated in marathon races. However, there has been insufficient study of the effect of exercise
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distance and other factors on the extent and time course of DNA damage. Accordingly, future studies should assess DNA
damage responses according to health, physical strength, training condition, and various exercise distances and intensities.

ACKNOWLEDGEMENT

This work was supported by the Dong-A University research fund.

REFERENCES

1) Lippi G, Salvagno GL, Danese E, et al.: The baseline serum value of a-amylase is a significant predictor of distance
running performance. Clin Chem Lab Med, 2015, 53: 469—476. [Medline] [CrossRef]

2) Alghadir AH, Gabr SA, Aly FA: The effects of four weeks aerobic training on saliva cortisol and testosterone in young
healthy persons. J Phys Ther Sci, 2015, 27: 2029-2033. [Medline] [CrossRef]

3) Kim HJ, Lee YH, Kim CK: Changes in serum cartilage oligomeric matrix protein (COMP), plasma CPK and plasma
hs-CRP in relation to running distance in a marathon (42.195 km) and an ultra-marathon (200 km) race. Eur J Appl
Physiol, 2009, 105: 765-770. [Medline] [CrossRef]

4) Packer L, Cadenas E, Davies KJ: Free radicals and exercise: an introduction. Free Radic Biol Med, 2008, 44: 123—125.
[Medline] [CrossRef]

5) JiLL: Antioxidants and oxidative stress in exercise. Proc Soc Exp Biol Med, 1999, 222: 283-292. [Medline] [CrossRef]

6) Powers SK, Jackson MJ: Exercise-induced oxidative stress: cellular mechanisms and impact on muscle force produc-
tion. Physiol Rev, 2008, 88: 1243-1276. [Medline] [CrossRef]

7) Camus G, Deby-Dupont G, Duchateau J, et al.: Are similar inflammatory factors involved in strenuous exercise and
sepsis? Intensive Care Med, 1994, 20: 602—610. [Medline] [CrossRef]

8) Mastaloudis A, Yu TW, O’Donnell RP, et al.: Endurance exercise results in DNA damage as detected by the comet as-
say. Free Radic Biol Med, 2004, 36: 966—975. [Medline] [CrossRef]

9) Alessio HM: Exercise-induced oxidative stress. Med Sci Sports Exerc, 1993, 25: 218-224. [Medline] [CrossRef]

10) Sen CK: Oxidants and antioxidants in exercise. J Appl Physiol 1985, 1995, 79: 675—686. [Medline]

11) Niess AM, Simon P: Response and adaptation of skeletal muscle to exercise—the role of reactive oxygen species. Front
Biosci, 2007, 12: 4826—4838. [Medline] [CrossRef]

12) Smith JE, Garbutt G, Lopes P, et al.: Effects of prolonged strenuous exercise (marathon running) on biochemical and
haematological markers used in the investigation of patients in the emergency department. Br J Sports Med, 2004, 38:
292-294. [Medline] [CrossRef]

13) Lippi G, Schena F, Salvagno GL, et al.: Acute variation of biochemical markers of muscle damage following a 21-km,
half-marathon run. Scand J Clin Lab Invest, 2008, 68: 667—672. [Medline] [CrossRef]

14) Jastrzebski Z, Zychowska M, Radziminski L, et al.: Damage to liver and skeletal muscles in marathon runners during
a 100 km run with regard to age and running speed. J Hum Kinet, 2015, 45: 93—-102. [Medline] [CrossRef]

15) Kang DH, Jeon JK, Lee JH: Effects of low-frequency electrical stimulation on cumulative fatigue and muscle tone of
the erector spinae. J Phys Ther Sci, 2015, 27: 105-108. [Medline] [CrossRef]

16) Brancaccio P, Limongelli FM, Maffulli N: Monitoring of serum enzymes in sport. Br J Sports Med, 2006, 40: 96-97.
[Medline] [CrossRef]

17) Miles MP, Andring JM, Pearson SD, et al.: Diurnal variation, response to eccentric exercise, and association of inflam-
matory mediators with muscle damage variables. J Appl Physiol 1985, 2008, 104: 451-458. [Medline] [CrossRef]

18) Brancaccio P, Maffulli N, Limongelli FM: Creatine kinase monitoring in sport medicine. Br Med Bull, 2007, 81-82:
209-230. [Medline] [CrossRef]

19) Tsai K, Hsu TG, Hsu KM, et al.: Oxidative DNA damage in human peripheral leukocytes induced by massive aerobic
exercise. Free Radic Biol Med, 2001, 31: 1465—-1472. [Medline] [CrossRef]

20) Wiseman H, Halliwell B: Damage to DNA by reactive oxygen and nitrogen species: role in inflammatory disease and
progression to cancer. Biochem J, 1996, 313: 17-29. [Medline] [CrossRef]

21) Garcia O, Mandina T, Lamadrid Al, et al.: Sensitivity and variability of visual scoring in the comet assay. Results of an
inter-laboratory scoring exercise with the use of silver staining. Mutat Res, 2004, 556: 25-34. [Medline]

454 J. Phys. Ther. Sci. Vol. 28, No. 2, 2016


http://www.ncbi.nlm.nih.gov/pubmed/25274961?dopt=Abstract
http://dx.doi.org/10.1515/cclm-2014-0850
http://www.ncbi.nlm.nih.gov/pubmed/26311920?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2029
http://www.ncbi.nlm.nih.gov/pubmed/19125286?dopt=Abstract
http://dx.doi.org/10.1007/s00421-008-0961-x
http://www.ncbi.nlm.nih.gov/pubmed/18191747?dopt=Abstract
http://dx.doi.org/10.1016/j.freeradbiomed.2007.05.031
http://www.ncbi.nlm.nih.gov/pubmed/10601887?dopt=Abstract
http://dx.doi.org/10.1046/j.1525-1373.1999.d01-145.x
http://www.ncbi.nlm.nih.gov/pubmed/18923182?dopt=Abstract
http://dx.doi.org/10.1152/physrev.00031.2007
http://www.ncbi.nlm.nih.gov/pubmed/7706577?dopt=Abstract
http://dx.doi.org/10.1007/BF01705731
http://www.ncbi.nlm.nih.gov/pubmed/15059637?dopt=Abstract
http://dx.doi.org/10.1016/j.freeradbiomed.2004.01.012
http://www.ncbi.nlm.nih.gov/pubmed/8383786?dopt=Abstract
http://dx.doi.org/10.1249/00005768-199302000-00010
http://www.ncbi.nlm.nih.gov/pubmed/8567503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17569613?dopt=Abstract
http://dx.doi.org/10.2741/2431
http://www.ncbi.nlm.nih.gov/pubmed/15155430?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2002.002873
http://www.ncbi.nlm.nih.gov/pubmed/18609111?dopt=Abstract
http://dx.doi.org/10.1080/00365510802126844
http://www.ncbi.nlm.nih.gov/pubmed/25964813?dopt=Abstract
http://dx.doi.org/10.1515/hukin-2015-0010
http://www.ncbi.nlm.nih.gov/pubmed/25642049?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.105
http://www.ncbi.nlm.nih.gov/pubmed/16431993?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2005.020719
http://www.ncbi.nlm.nih.gov/pubmed/18079262?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00572.2007
http://www.ncbi.nlm.nih.gov/pubmed/17569697?dopt=Abstract
http://dx.doi.org/10.1093/bmb/ldm014
http://www.ncbi.nlm.nih.gov/pubmed/11728819?dopt=Abstract
http://dx.doi.org/10.1016/S0891-5849(01)00729-8
http://www.ncbi.nlm.nih.gov/pubmed/8546679?dopt=Abstract
http://dx.doi.org/10.1042/bj3130017
http://www.ncbi.nlm.nih.gov/pubmed/15491629?dopt=Abstract

22) Huang XY, Eungpinichpong W, Silsirivanit A, et al.: Tai chi improves oxidative stress response and DNA damage/
repair in young sedentary females. J Phys Ther Sci, 2014, 26: 825-829. [Medline] [CrossRef]

23) Radéak Z, Pucsuk J, Boros S, et al.: Changes in urine 8-hydroxydeoxyguanosine levels of super-marathon runners dur-
ing a four-day race period. Life Sci, 2000, 66: 1763-1767. [Medline] [CrossRef]

24) Briviba K, Watzl B, Nickel K, et al.: A half-marathon and a marathon run induce oxidative DNA damage, reduce anti-
oxidant capacity to protect DNA against damage and modify immune function in hobby runners. Redox Rep, 2005, 10:
325-331. [Medline] [CrossRef]

25) Neubauer O, Reichhold S, Nics L, et al.: Antioxidant responses to an acute ultra-endurance exercise: impact on DNA
stability and indications for an increased need for nutritive antioxidants in the early recovery phase. Br J Nutr, 2010,
104: 1129-1138. [Medline] [CrossRef]

26) Kim S, Cho B: A study of acute maximal workload on oxidative stress response with the obese. J Phys Ther Sci, 2011,
23:777-780. [CrossRef]

27) Sjédin B, Hellsten Westing Y, Apple FS: Biochemical mechanisms for oxygen free radical formation during exercise.
Sports Med, 1990, 10: 236-254. [Medline] [CrossRef]

28) Zerba E, Komorowski TE, Faulkner JA: Free radical injury to skeletal muscles of young, adult, and old mice. Am J
Physiol, 1990, 258: C429—C435. [Medline]

29) Hartmann A, Plappert U, Raddatz K, et al.: Does physical activity induce DNA damage? Mutagenesis, 1994, 9: 269—
272. [Medline] [CrossRef]

30) Maruoka H, Fujii K: Effects of exercise and food consumption on the plasma oxidative stress. J Phys Ther Sci, 2012,
24: 37-41. [CrossRef]

31) Gleeson M, Nieman DC, Pedersen BK: Exercise, nutrition and immune function. J Sports Sci, 2004, 22: 115-125.
[Medline] [CrossRef]

32) Miyata T, Tanaka S, Tachino K: MyoD and myogenin mRNA levels after single session of treadmill exercise in rat
skeletal muscle. J Phys Ther Sci, 2009, 21: 81-84. [CrossRef]

33) Han D, Kim S, Cho B: mRNA expression on neuropeptide Y (NPY) to exercise intensity and recovery time. J Phys
Ther Sci, 2011, 23: 781-784. [CrossRef]

34) Wagner KH, Reichhold S, Neubauer O: Impact of endurance and ultraendurance exercise on DNA damage. Ann N'Y
Acad Sci, 2011, 1229: 115-123. [Medline] [CrossRef]

455


http://www.ncbi.nlm.nih.gov/pubmed/25013276?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.825
http://www.ncbi.nlm.nih.gov/pubmed/10809173?dopt=Abstract
http://dx.doi.org/10.1016/S0024-3205(00)00499-9
http://www.ncbi.nlm.nih.gov/pubmed/16438805?dopt=Abstract
http://dx.doi.org/10.1179/135100005X83716
http://www.ncbi.nlm.nih.gov/pubmed/20637132?dopt=Abstract
http://dx.doi.org/10.1017/S0007114510001856
http://dx.doi.org/10.1589/jpts.23.777
http://www.ncbi.nlm.nih.gov/pubmed/2247725?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199010040-00003
http://www.ncbi.nlm.nih.gov/pubmed/2316631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7934967?dopt=Abstract
http://dx.doi.org/10.1093/mutage/9.3.269
http://dx.doi.org/10.1589/jpts.24.37
http://www.ncbi.nlm.nih.gov/pubmed/14971437?dopt=Abstract
http://dx.doi.org/10.1080/0264041031000140590
http://dx.doi.org/10.1589/jpts.21.81
http://dx.doi.org/10.1589/jpts.23.781
http://www.ncbi.nlm.nih.gov/pubmed/21793846?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.2011.06106.x

