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Sedentary lifestyle is highly associated with increased risk of cardiovascular disease, obesity, and type 2 diabetes. It is known that
regular physical activity has positive effects on health; however several studies have shown that acute and strenuous exercise can
induce oxidative stress and lead to DNA damage. As magnesium is essential in maintaining DNA integrity, the aim of this study
was to determine whether four-week-long magnesium supplementation in students with sedentary lifestyle and rugby players
could prevent or diminish impairment of DNA. By using the comet assay, our study demonstrated that the number of peripheral
blood lymphocytes (PBL) with basal endogenous DNA damage is significantly higher in rugby players compared to students with
sedentary lifestyle. On the other hand, magnesium supplementation significantly decreased the number of cells with high DNA
damage, in the presence of exogenous H

2
O
2
, in PBL from both students and rugby players, and markedly reduced the number

of cells with medium DNA damage in rugby players compared to corresponding control nonsupplemented group. Accordingly,
the results of our study suggest that four-week-long magnesium supplementation has marked effects in protecting the DNA from
oxidative damage in both rugby players and in young men with sedentary lifestyle. Clinical trial is registered at ANZCTR Trial Id:
ACTRN12615001237572.

1. Introduction

Modern age has brought upon a life style that is, in young
people particularly, accompanied by lack of sleep, imbalanced
diet including fast food consumption, excessive amount
of stress, reduced physical activity, and alcohol abuse. All
these factors contribute to excess inflammation and oxidative
stress and exhibit detrimental influence on human genome
[1–4]. Each day, the human genome suffers approximately
one million lesions, including adducts, modifications, or
fragmentation of the sugar phosphate backbone of DNA [5].
If left unrepaired, DNA damage can cause mutations such
as base substitutions and chromosomal translocations that
disrupt normal gene expression or create abnormal proteins
that are detrimental to cellular function or viability [6].

Both endogenous and exogenous factors can increase
production of reactive oxygen species (ROS) and induce
DNA damage [7]. Endogenous factors include products of
cellular metabolism, such as ROS created via mitochondrial
oxidative respiration, or produced by lipid peroxidation, and
during processes such as phagocytosis. Endogenous damage
may also occur due to errors arising from normal cell repli-
cation [8, 9]. Exogenous factors, on the other hand, include
improper diet, alcohol, cigarette smoking, and environmental
toxins [8, 10]. Evidence indicates that oxidative stress induced
DNA damage and impaired DNA repair mechanisms are
involved in the pathogenesis of cancer, atherosclerosis, neu-
rodegenerative disorders, and chronic lung diseases [11, 12].

Even though physical exercise is considered to have
beneficial effects on health, many, but not all studies on this
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topic, gave evidence that acute and strenuous exercise can
induce oxidative stress [13]. Acute and strenuous exercise
lead to oxidative stress by excessive production of ROS and
reactive nitrogen species (RNS), superoxide (O

2

∙−), hydrogen
peroxide (H

2
O
2
), hydroxyl radical (OH∙), hypochlorous acid

(HOCl), and nitric oxide (NO∙) that exhibit detrimental
effects on macromolecules such as lipids and proteins, but
mainly the DNA [13, 14]. During exercise, oxygen consump-
tion can increase up to 10- to 15-fold above resting levels, thus
temporarily increasing the rate of mitochondrial free radicals
production. Exercisemay also induce inflammatory reactions
similar to the acute phase response occurring in injury or
infection [15].

Rugby matches are considered to be very demanding and
cause both physical and psychological stress in participants
[16, 17]. Various studies evaluated the changes in immu-
noendocrine and inflammatorymarkers, neutrophil function
(production of ROS and phagocytic activity), and the recov-
ery time-course of neuromuscular function, concentrations
of testosterone and cortisol, mood impairments, and muscle
damage after intense competitive physical performance, such
as a rugby game [16, 18–21]. Nevertheless, there are few
evidences concerning the correlation between rugby-induced
stress and the level of oxidative damage [18, 21].

On the other hand, magnesium as an essential element is
involved in regulation of cell cycle and apoptosis, stabilizes
the structure of nucleic acids [22], protects DNA from
alkylation, and has a role as a cofactor of the enzymes of
nucleic acid metabolism: it is involved in DNA replication,
DNA repair, and gene expression [23, 24].

Having all abovementioned in mind, the aim of this
study was to investigate whether four-week-long magnesium
supplementation in young men, with either sedentary life
style such as students or athletes involved in strenuous
exercise such as rugby players, could protect peripheral blood
lymphocytes (PBL) from hydrogen peroxide-induced DNA
damage evaluated by alkaline Comet test.

2. Materials and Methods

2.1. Subjects. Twenty-three healthy young male subjects vol-
unteered for this study, thirteen were members of the same
amateur rugby team, and the other ten were students of
the University of Belgrade with sedentary life style. The
participants were divided into four groups, as follows:

Group 1: students with a sedentary life style, without
magnesium supplementation (𝑛 = 5).

Group 2: students with a sedentary life style, receiving
500mg of magnesium per day divided in two doses
separated by 12 h interval for 28 days (𝑛 = 5).

Group 3: rugby players, without magnesium supple-
mentation (𝑛 = 5).

Group 4: rugby players receiving 500mg of magne-
sium per day divided in two doses (one tablet of
magnesium 250mg�. Natural Wealth, NBTY Inc.)
separated by 12 h interval for 28 days (𝑛 = 8).

Students had not been involved in any regular exercise for
at least six months and they remained sedentary during the
whole study. Rugby players trained three to four times a
week for 2 hours and played a match on each Sunday in the
early afternoon. Three months before and during the study,
none of the participants was taking other vitamin or mineral
supplements. All participants gave their written consent to
participate after being fully informed of all experimental
procedures. The investigation was carried out according to
the guidelines and study protocol that has been approved
by the Ethical Committee for Clinical trials of University of
Belgrade, Faculty of Pharmacy, number 199/2.

2.2. Anthropometric Data. Rugby players involved in this
study were 23.30 ± 0.93 years old and had average height
181.26 ± 1.30 cm, body mass 85.30 ± 2.31 kg, and body mass
index (BMI) 25.91 ± 0.51 kg/m2 (Mean ± SD). Mean age of
students was 22.6 ± 0.52 years, height was 186.9 ± 6.42 cm,
bodymasswas 84.4±6.60 kg, andBMIwas 24.16±1.41 kg/m2.

2.3. Blood Collection. On the 29th day of experiment (first
day after 28 days of supplementation) peripheral blood sam-
ples were collected from the participants of this study. In the
morning from 09.00–10.00 a.m. (about 20 h after the rugby
match for athletes), blood was drawn from an antecubital
vein in sitting position into 2mL EDTAVacutainer tubes and
comet assay was performed.

2.4. Comet Assay (Single Cell Gel Electrophoresis (SCGE)).
The comet assay is highly reproducible, rapid, and sen-
sitive method for measuring DNA damage [25, 26]. The
comet test was conducted as described by Singh et al.
[25]. Microscope slides were coated with a layer of 1%
normalmelting point agarose (Sigma-Aldrich, St. Louis,MO)
and left to dry on room temperature. The 6 𝜇L of whole
blood samples was suspended in 0.67% low melting point
(LMP) agarose (Sigma-Aldrich, St. Louis, MO) in phosphate
buffered saline (PBS, Torlak Institute of Immunology and
Virology, Belgrade, Serbia), applied onto microscope slides
(prepared on previously described way) and maintained on
4∘C for 5min, to solidify. Then a second layer of 0.5%
LMP agarose was pipetted onto microscope slides. Every
sample had a matching positive control that was treated with
hydrogen peroxide (1.5mM H

2
O
2
) and then after 5min on

4∘C with second layer of 0.5% LMP agarose. The following
step included immersing all slides in lysing solution (2.5M
NaCl, 100mM ethylene-diaminetetra-acetic acid, 10mMTris
at pH 10, 1% Triton X-100 and 10% dimethylsulfoxide, pH 10
adjusted with NaOH) on 4∘C and leaving them overnight.
After that, DNA in lysed cells was allowed to unwind in alkali
buffer (300mM NaOH, 1mM EDTA) for 30min. Samples
were then subjected to electrophoresis for another 30min
at 215mA, 25V, washed three times (for 5min each slide)
with a neutralizing buffer (0.4M Tris, pH 7.5), and stained
with ethidium bromide (20𝜇g/mL). Cover slips were then
placed on top of microscope slides and DNA damage was
visually analyzed. Analyses were performed on Olympus BX
50 microscope (Olympus Optical Co., GmbH, Hamburg,
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Figure 1: Effects of 4-week magnesium supplementation on number of peripheral blood lymphocytes (PBL) with DNA damage, scored by
Comet assay. Participants were divided in four groups in total, due to Mg supplementation and level of physical activity: sedentary, sedentary
with Mg supplementation (sedentary Mg), rugby players (rugby), and rugby players with Mg supplementation (rugbyMg). (a) Basal number
of cells withmigrated DNA. Number of participants per group: sedentary (𝑛 = 5), rugby (𝑛 = 5), sedentaryMg (𝑛 = 5), and rugbyMg (𝑛 = 8).
(b) Number of cells with migrated DNA after exposure to 1.5mMH

2
O
2
. Number of participants per group: sedentary (𝑛 = 5), rugby (𝑛 = 5),

sedentary Mg (𝑛 = 5), and rugby Mg (𝑛 = 8). Results are shown as means ± SEM. The difference obtained was considered to be statistically
significant when 𝑝 < 0.05 (∗𝑝 < 0.05; ∗∗𝑝 < 0.01).

Germany) equipped with a mercury lamp HBO (50W, 516–
560 nm, Zeiss) at 100x magnification.

Cells were graded by eye, as it was described by Anderson
et al. [27], into 5 categories based on perceived comet tail
length migration and relative proportion of DNA in the
comet tail: no damage (<5%, class A); low level of damage
(5–20%, class B); medium level of damage (20–40%, class
C); high level damage (40–95%, class D); and total damage
(>95%, class E). For each blood sample comet assay was
conducted on two microscope slides and 100 cells were
analyzed (50 cells per slide).

2.5. Statistical Analysis. Statistical analysis was performed
using SigmaPlot 11.0. Student’s 𝑡-test and Mann-Whitney
Rank Sum test were used in order to compare the difference
between the groups and 𝑝 values less than 0.05 were consid-
ered significant. The results were expressed as mean ± SEM.

3. Results

Results from our study show that the level of basal endoge-
nous DNA damage presented as number of cells with
migrated DNA (Figure 1(a)) was higher in nonsupplemented
rugby players compared to nonsupplemented students (𝑝 =
0.042). Likewise, in these groups, the levels of DNA damage
in cells exposed to H

2
O
2
were significantly higher in rugby

players (𝑝 = 0.002) (Figure 1(b)).
After four-week-long magnesium supplementation there

was no statistically significant difference between students
with sedentary lifestyle and rugby players that received
supplementation in the total number of cells with dam-
aged nuclei, in the presence of H

2
O
2

(𝑝 = 0.080)
(Figure 1(b)). However, magnesium supplementation had

more pronounced effects in rugby players: athletes that
received supplementation had significantly smaller total
number of cells with DNA damage, in the presence of H

2
O
2
,

compared to rugby players from control group (𝑝 = 0.002)
(Figure 1(b)).

Furthermore, the evaluation of degree of DNA damage
was done, and scores were divided into low + medium
damage and high + total damage and results are presented in
Figure 2. There were no significant differences in the degree
of DNA damage among groups in the absence of H

2
O
2
.

However, after four-week-longmagnesium supplementation,
the number of cells with low and medium damage (B + C),
after exposure to H

2
O
2
, was significantly smaller in rugby

players compared to age-matched controls (𝑝 = 0.002)
(Figure 2(a)). Interestingly, this effect was not observed in
students compared to age-matched controls (𝑝 = 0.099)
(Figure 2(a)). However, as presented in Figure 2(b), mag-
nesium supplementation was effective in diminishing the
number of cells with highly damaged DNA in both students
and rugby players compared to respective controls. Results
shown in this figure reveal that after H

2
O
2
exposure the

median number of cells with high and total damaged DNA
(D + E category) is significantly lower in students and rugby
players that received supplementation (𝑝 = 0.025 and 𝑝 =
0.002, resp.). Also, the number of cells with highly and totally
damaged nuclei is significantly higher in rugby players than
students in groups that did not receive supplementation (𝑝 <
0.0001) (Figure 2(b)).

4. Discussion

In the present study DNA damage in PBL of rugby players
and age-matched group of sedentary young man, university
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Figure 2: Effects of 4-week magnesium supplementation on the level of DNA damage induced by exposure to 1.5mM H
2
O
2
in peripheral

blood lymphocytes (PBL), scored by Comet assay. Participants were divided into four groups in total, due to Mg supplementation and
level of physical activity: sedentary, sedentary with Mg supplementation (sedentary Mg), rugby players (rugby), and rugby players with Mg
supplementation (rugby Mg). (a) Number of cells with low and medium level of DNA damage (B and C). Number of participants per group:
sedentary (𝑛 = 5), rugby (𝑛 = 5), sedentary Mg (𝑛 = 5), and rugby Mg (𝑛 = 8). (b) Number of cells with high and total level of DNA damage
(D and E). Number of participants per group: sedentary (𝑛 = 5), rugby (𝑛 = 5), sedentary Mg (𝑛 = 5), and rugby Mg (𝑛 = 8). The difference
obtained was considered to be statistically significant when 𝑝 < 0.05 (∗𝑝 < 0.05, ∗∗𝑝 < 0.01, ∗∗∗𝑝 < 0.001).

students, was compared after four-week-longMg supplemen-
tation. DNA damage was assessed by alkaline Comet test
in the absence or presence of H

2
O
2
. Results of the study

showed that PBL of rugby players were more susceptible
to DNA damage compared to sedentary young man, both
with and without H

2
O
2
challenge. Furthermore, this study

showed that even though Mg supplementation had no effect
on DNA damage in unchallenged lymphocytes, it reduced
level of high-damaged H

2
O
2
-treated cells in both groups of

participants.
Comet assay is used in evaluating changes in DNA

integrity such as strand breaks, alkali-labile sites, DNA
cross-linking, and incomplete excision repair [28]. Different
methods are used nowadays in assessing the level of DNA
damage such as high performance liquid chromatography,
8-OH-deoxyguanosine assay, micronuclei test, chromosome
aberration, and sister chromatid exchanges. Among them,
comet test has a widespread use because of its sensitivity,
simplicity, and reliability [29].

In our study, the level of DNA damage expressed as
the number of cells with migrated DNA was significantly
increased in rugby players on the day after the match
compared to sedentary students, indicating that intense
exercise exhibits negative effects on DNA integrity.Thus, this
study is adding up to data that are proving that strenuous
physical activity may lead to DNA instability, since it was
demonstrated that acute and strenuous exercise lead to
oxidative stress by excessive production of ROS and RNS [13,
14]. Nevertheless, effects of competitive exercise (trainings
and matches) on DNA stability, based on the conducted
studies, are still controversial. Niess et al. [30] reported an
increase in DNA damage in 10 out of 12 participants in
a half-marathon 24 h after the race. Hartmann et al. [31]

observed similar changes in DNA damage level. Using comet
assay, they found elevated DNAmigration in six athletes 24 h
after a short-distance triathlon which is considered to be
an endurance exercise. In both studies, blood was collected
and DNA migration was compared 24 h before and after
the race. Hartmann et al. [31] took blood samples seven
times for the next 5 days and the level of DNA migration
remained to be increased 5 days after race. To the best of
our knowledge, the majority of studies have shown increased
levels of DNA migration 24 h after competitive endurance
exercise. However, Briviba et al. [32] found no change in
the DNA strand breaks in ten participants, when conducting
SCGE assays just after a half-marathon and a marathon race.
Nevertheless, different protocols, small number of partici-
pants, and differences in the training status of the subjects
involved in these studies represent limitations in interpreting
the results [30–33].

We have demonstrated that athletes receivingmagnesium
supplementation for one month had significantly smaller
number of PBLs with damaged DNA after H

2
O
2
treatment,

compared to rugby players devoid of supplementation. Mag-
nesium supplementation apparently had protective effects
on DNA against oxidative damage in rugby players, since
both medium and high level of H

2
O
2
-induced damage were

decreased compared to respective levels in nonsupplemented
athletes. In addition, this effect was more pronounced in
rugby players compared to students in which magnesium
supplementation was accompanied by the decrease of DNA
damage, but the effect was statistically significant only in
decreasing the number of lymphocytes with highly damaged
DNA. A possible explanation for the different effect of Mg
on PBL DNA damage in rugby players and sedentary young
men is the fact that intensive physical activity increases
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magnesium requirement. Evidence indicates that both short-
term high-intensity and long-term strenuous exercise cause
significantly increased loss of magnesium through urine
and sweat [34]. Also, during exercise, redistribution of
magnesium to certain body compartments, with increased
energy andROS production, occurs [34–36].Therefore, some
authors propose that short- and long-term strenuous exercise
should be accompanied with 10–20% higher magnesium
intake compared to daily intake recommendations for the
persons of the same age and sex with sedentary lifestyle [34].

Both animal and human studies indicated that magne-
sium deficiency has a negative impact on physical perfor-
mance [34, 37]. However, that is not the only negative conse-
quence of decreased level of magnesium in the body: studies
on experimental animals demonstrated thatmagnesium defi-
ciency leads to swollen mitochondria and disorganized sar-
coplasmic reticulum in skeletal muscles, increases formation
of lipid radicals and nitric oxide, and impairs endogenous
protective mechanisms such as glutathione [38, 39]. It has
also been shown that vigorous exercise induces inflammatory
response because of tissue injury, consequently increasing the
production of ROS, especially in activated phagocytes [15,
40–42]. Takahashi et al. [18] reported no significant change
in ROS production in neutrophils right after a rugby game,
but they also noticed that 4 h after the end of the game it had
increased significantly. Nevertheless, some authors pointed
out that chronic moderate exercise may induce adaptive
responses in human organism by enhancing the expression
of antioxidant enzymes such as Cu/Zn superoxide dismutase
(SOD) and by reducing mitochondrial hydrogen peroxide
[43, 44] in the muscle tissue.The effectiveness of the adaptive
mechanisms in oxidative stress induced by regular physical
activity also depends on the individual’s lifestyle, nutrition,
and expression of genes involved in DNA repair systems
[29, 45]. Future studies investigating the effects of strenuous
exercise on DNA stability should include longer observation
periods and monitor the DNA integrity for at least five
days after the match as some authors claim that for major
alterations in DNA repair mechanisms take more than 24
hours [15, 33, 46, 47].

Furthermore, it might be taken into account that greater
degree of magnesium deficiency which influences antiox-
idant activity in PBLs makes them more susceptible to
oxidative stress caused by hydrogen peroxide, since previous
data showed the harmful effect of magnesium deficiency on
lipid peroxidation in the cardiovascular system [48], and that
tissue homogenates from magnesium deficient animals were
more susceptible to lipid peroxidation than animals fed diets
adequate in magnesium [48]. Nevertheless, this assumption
should be explored and possibly confirmed by estimating
level of magnesium in PBLs of rugby players and sedentary
students, in the future investigation on the larger population.

Results of this study point to the conclusion that stren-
uous exercise sensitizes PBLs to oxidative stress and that
magnesium supplementation shows protective effects in
reducing the level of H

2
O
2
-induced PBL DNA damage thus

indicating the importance of adequate magnesium intake in
both students with sedentary life style and physically active
individuals.

Competing Interests

The authors stated that there is no conflict of interests
whatsoever regarding the publication of this paper.

Acknowledgments

The work was supported entirely by a grant from the Min-
istry of Education, Science and Technological Development,
Republic of Serbia, Grant no. 175036.

References

[1] M. E. Cogswell, P.Weisberg, and C. Spong, “Cigarette smoking,
alcohol use and adverse pregnancy outcomes: implications for
micronutrient supplementation,” The Journal of Nutrition, vol.
133, no. 5, pp. 1722S–1731S, 2003.

[2] B.-T. Ji, X.-O. Shu, M. S. Linet et al., “Paternal cigarette smoking
and the risk of childhood cancer among offspring of nonsmok-
ing mothers,” Journal of the National Cancer Institute, vol. 89,
no. 3, pp. 238–244, 1997.

[3] Y.-J. Kim, Y.-C. Hong, K.-H. Lee et al., “Oxidative stress in
pregnant women and birth weight reduction,” Reproductive
Toxicology, vol. 19, no. 4, pp. 487–492, 2005.

[4] S. Raimondi, S. Garte, R. J. Sram et al., “Effects of diet on
biomarkers of exposure and effects, and on oxidative damage,”
Mutation Research/Fundamental and Molecular Mechanisms of
Mutagenesis, vol. 620, no. 1-2, pp. 93–102, 2007.

[5] J. M. Skoner, J. Sigmon, and L. L. Larcom, “Suppressed DNA
repair capacity of peripheral lymphocytes in pregnant women,”
Molecular and Cellular Endocrinology, vol. 108, no. 1-2, pp. 179–
183, 1995.

[6] D. L. F. Furness, G. A. Dekker, and C. T. Roberts, “DNA damage
and health in pregnancy,” Journal of Reproductive Immunology,
vol. 89, no. 2, pp. 153–162, 2011.

[7] F. J. Jenkins, B. Van Houten, and D. H. Bovbjerg, “Effects on
DNAdamage and/or repair processes as biological mechanisms
linking psychological stress to cancer risk,” Journal of Applied
Biobehavioral Research, vol. 19, no. 1, pp. 3–23, 2014.

[8] Y. Gidron, K. Russ, H. Tissarchondou, and J. Warner, “The
relation between psychological factors and DNA-damage: a
critical review,” Biological Psychology, vol. 72, no. 3, pp. 291–304,
2006.

[9] J. H. J. Hoeijmakers, “Genome maintenance mechanisms for
preventing cancer,”Nature, vol. 411, no. 6835, pp. 366–374, 2001.

[10] P. Møller, H. Wallin, and L. E. Knudsen, “Oxidative stress
associated with exercise, psychological stress and life-style fac-
tors,” Chemico-Biological Interactions, vol. 102, no. 1, pp. 17–36,
1996.

[11] B. Halliwell and J. M. Gutteridge, Free Radicals in Biology and
Medicine, Oxford University Press, London, UK, 3rd edition,
1999.

[12] L. L. Wu, C.-C. Chiou, P.-Y. Chang, and J. T. Wu, “Urinary 8-
OHdG: a marker of oxidative stress to DNA and a risk factor
for cancer, atherosclerosis and diabetics,” Clinica Chimica Acta,
vol. 339, no. 1-2, pp. 1–9, 2004.

[13] K.-H. Wagner, S. Reichhold, C. Hölzl et al., “Well-trained,
healthy triathletes experience no adverse health risks regarding
oxidative stress and DNA damage by participating in an ultra-
endurance event,” Toxicology, vol. 278, no. 2, pp. 211–216, 2010.



6 Oxidative Medicine and Cellular Longevity

[14] L. Packer, E. Cadenas, and K. J. A. Davies, “Free radicals and
exercise: an introduction,” Free Radical Biology &Medicine, vol.
44, no. 2, pp. 123–125, 2008.

[15] K. Tsai, T.-G. Hsu, K.-M. Hsu et al., “Oxidative DNA damage
in human peripheral leukocytes induced by massive aerobic
exercise,” Free Radical Biology & Medicine, vol. 31, no. 11, pp.
1465–1472, 2001.

[16] B. Cunniffe, A. J. Hore, D.M.Whitcombe, K. P. Jones, J. S. Baker,
and B. Davies, “Time course of changes in immuneoendocrine
markers following an international rugby game,” European
Journal of Applied Physiology, vol. 108, no. 1, pp. 113–122, 2010.

[17] T. Mashiko, T. Umeda, S. Nakaji, and K. Sugawara, “Position
related analysis of the appearance of and relationship between
post-match physical and mental fatigue in university rugby
football players,” British Journal of Sports Medicine, vol. 38, no.
5, pp. 617–621, 2004.

[18] I. Takahashi, T. Umeda, T. Mashiko et al., “Effects of rugby
sevens matches on human neutrophil-related non-specific
immunity,” British Journal of Sports Medicine, vol. 41, no. 1, pp.
13–18, 2007.

[19] D. J. West, C. V. Finn, D. J. Cunningham et al., “Neuromuscular
function, hormonal, and mood responses to a professional
rugby union match,” Journal of Strength and Conditioning
Research, vol. 28, no. 1, pp. 194–200, 2014.

[20] M. Elloumi, F. Maso, O. Michaux, A. Robert, and G. Lac,
“Behaviour of saliva cortisol [C], testosterone [T] and the T/C
ratio during a rugby match and during the post-competition
recovery days,” European Journal of Applied Physiology, vol. 90,
no. 1-2, pp. 23–28, 2003.

[21] A. Lindsay, J. Healy, W. Mills et al., “Impact-induced muscle
damage and urinary pterins in professional rugby: 7,8-dihy-
droneopterin oxidation by myoglobin,” Scandinavian Journal of
Medicine & Science in Sports, vol. 26, no. 3, pp. 329–337, 2016.

[22] J. Anastassopoulou and T. Theophanides, “Magnesium-DNA
interactions and the possible relation of magnesium to car-
cinogenesis. Irradiation and free radicals,” Critical Reviews in
Oncology/Hematology, vol. 42, no. 1, pp. 79–91, 2002.

[23] A. Klungland, I. Rosewell, S. Hollenbach et al., “Accumulation
of premutagenic DNA lesions in mice defective in removal of
oxidative base damage,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 96, no. 23, pp.
13300–13305, 1999.

[24] P. Møller and H. Wallin, “Adduct formation, mutagenesis and
nucleotide excision repair of DNA damage produced by reac-
tive oxygen species and lipid peroxidation product,” Mutation
Research/Reviews in Mutation Research, vol. 410, no. 3, pp. 271–
290, 1998.

[25] N. P. Singh, M. T. McCoy, R. R. Tice, and E. L. Schneider, “A
simple technique for quantitation of low levels of DNA damage
in individual cells,” Experimental Cell Research, vol. 175, no. 1,
pp. 184–191, 1988.

[26] M. Neri, D. Milazzo, D. Ugolini et al., “Worldwide interest in
the comet assay: a bibliometric study,”Mutagenesis, vol. 30, no.
1, pp. 155–163, 2015.

[27] D.Anderson, T.-W.Yu, B. J. Phillips, andP. Schmezer, “The effect
of various antioxidants and other modifying agents on oxygen-
radical-generated DNA damage in human lymphocytes in the
COMET assay,” Mutation Research, vol. 307, no. 1, pp. 261–271,
1994.

[28] S.-Y. Park, E. Cho, E. Oh, and D. Sul, “Comet assay analysis of
DNA damage in T- and B-lymphocytes separated by MACS for

human biomonitoring studies,” Toxicology in Vitro, vol. 26, no.
2, pp. 369–372, 2012.

[29] B. Tomasello, S. Grasso, G. Malfa, S. Stella, M. Favetta, and
M. Renis, “Double-face activity of resveratrol in voluntary
runners: assessment of DNA damage by comet assay,” Journal of
Medicinal Food, vol. 15, no. 5, pp. 441–447, 2012.

[30] A. M. Niess, M. Baumann, K. Roecker, T. Horstmann, F. Mayer,
andH.-H.Dickhuth, “Effects of intensive endurance exercise on
DNA damage in leucocytes,”The Journal of Sports Medicine and
Physical Fitness, vol. 38, no. 2, pp. 111–115, 1998.

[31] A. Hartmann, S. Pfuhler, C. Dennog, D. Germadnik, A. Pilger,
and G. Speit, “Exercise-induced DNA effects in human leuko-
cytes are not accompanied by increased formation of 8-
hydroxy-2-deoxyguanosine or induction of micronuclei,” Free
Radical Biology and Medicine, vol. 24, no. 2, pp. 245–251, 1998.

[32] K. Briviba, B. Watzl, K. Nickel et al., “A half-marathon and a
marathon run induce oxidative DNA damage, reduce antiox-
idant capacity to protect DNA against damage and modify
immune function in hobby runners,” Redox Report, vol. 10, no.
6, pp. 325–331, 2005.

[33] S. Reichhold, O. Neubauer, C. Hoelzl et al., “DNA damage in
response to an Ironman triathlon,” Free Radical Research, vol.
43, no. 8, pp. 753–760, 2009.

[34] F. H. Nielsen and H. C. Lukaski, “Update on the relationship
betweenmagnesium and exercise,”MagnesiumResearch, vol. 19,
no. 3, pp. 180–189, 2006.

[35] K. Madsen, P. K. Pedersen, M. S. Djurhuus, and N. A. Klitgaard,
“Effects of detraining on endurance capacity and metabolic
changes during prolonged exhaustive exercise,” Journal of
Applied Physiology, vol. 75, no. 4, pp. 1444–1451, 1993.
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