This work is licensed under Creative Common Attribution-

Neuroendocrinology Letters Volume43 No.2 2022

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716

No permission to resale without signed publisher agreement.

Web of Knowledge / Web of Science: Neuroendocrinol Lett
Pub Med / Medline: Neuro Endocrinol Lett

Assessment of whole-body DNA oxidation
following prolonged exercise in adolescent males
and females matched for aerobic capacity

Nobuo YAsuDAL3, Toshihiro TANIOKA2, Kimitaka NAKAZAWA3

1 Department of Physical Education, International Pacific University, Okayama 709-0863, Japan
2 Department of Pharmacology, Toxicology and Therapeutics, Showa University, Tokyo 142-8555,

Japan

3 Department of Life Sciences, The University of Tokyo, Tokyo 153-8902, Japan

Correspondence to:

Nobuo Yasuda, Ph.D.

Department of Life Sciences, Graduate School of Arts and Sciences, The University
of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo 153-8902, Japan

TEL: +81-(03)-5454-6133, E-MAIL: nobuoyasudal7@gmail.com

Submitted: 2021-12-15  Accepted: 2022-05-26  Published online: 2022-05-26

Key words:

DNA damage; gonadal steroid hormones; oxidative stress; physical fitness;
physiological adaptation; sex differences

Neuroendocrinol Lett 2022;43(2):77-87 PMID: 35786816  NEL430222A03 ©2022 Neuroendocrinology Letters « www.nel.edu

Abstract

OBJECTIVE: The purpose of this study was to investigate the effects of moderately
extended cycling exercise on oxidative DNA damage (accounted for by urinary
8-hydroxy-2"-deoxyguanosine) in adolescent males and females matched for
aerobic capacity.

MATERIALS AND METHODS: Twenty-nine aerobically active adolescent males
and females matched for peak oxygen uptake (VO,peak) relative to fat free mass
(ml/kg FFM/min) participated in this study. Two-hour urinary samples were taken
at three time points before (-2-0h), immediately (0-2h) after and 24-26 h after
60 min of cycling exercise at 65%VO,peak, followed by the analysis of urinary
8-OHJG (a potential marker of whole-body DNA damage and repair) determined
with high performance liquid chromatography with electrochemical detection.
RESULTS: The two-way (time x sex) analysis of variance demonstrated no
significant main effects for time, sex or interaction regarding urinary 8-hydroxy-
2’-deoxyguanosine level following moderate-intensity endurance exercise.
CONCLUSIONS: These results of the present study suggest that no detrimental
DNA damage can be observed after moderately prolonged exercise in aerobically
fit males and females, potentially because of the enhanced antioxidant defense
responses. Furthermore, the endurance-trained adolescent males and females
appear to have similar DNA oxidation responses at the whole-body level when
normalized to peak oxygen uptake relative to fat free mass.

INTRODUCTION

Since exercise increases oxygen consumption, it or high-intensity endurance, inclusive of unac-
appears to induce an imbalance between reactive  customed exercise, may lead to the alterations
oxygen species and antioxidants, causing oxida- of the antioxidant defense systems followed
tive stress (Graille et al. 2020). In this regard, it by oxidative DNA damage (Radak et al. 2013).
has been represented that eccentric exercise and/  Contrastingly, there may be protective effects
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of regular endurance exercise training (enhancement
of aerobic capacity) in conjunction with the up-regu-
lation of endogenous antioxidant defense and repair
systems (improvement of antioxidant capacity), which
has been demonstrated by previous studies that trained
athletes have less oxidative DNA damage compared
with untrained individuals (Pittaluga et al. 2006; Yasuda
et al. 2015).

Most of the oxidatively damaged DNA is basi-
cally repaired by the base excision repair pathway,
and the oxidized products are excreted in the urine
(Graille et al. 2020). One of the most widely studied
oxidized metabolites is 8-hydroxy-2’-deoxyguanosine
(8-OHdQG), regarded as a biomarker for the dynamics
of oxidative DNA damage and repair from all cells
in vivo (whole-body level)(Loft et al. 1992). Such
a sensitive biomarker of DNA damage induced by the
hydroxyl radical attack at the C8 position of the nucleo-
base guanine or its nucleoside guanosine was originally
represented in 1984 by Kasai and Nishimura (Kasai &
Nishimura, 1984).

Regarding urinary 8-OHdG levels following endur-
ance exercise, previous investigations on healthy adults
have represented augmented urinary 8-OHdG excre-
tion after 60 min of cycling exercise at 70%VO,peak
(Orhan et al. 2004), after the end of a running mara-
thon (Tsai et al. 2001) and a 2-day ultramarathon race
(Miyata et al. 2008). In contrast to those data, other
studies have described no significant change of the
urinary 8-OHdG excretion after a single bout of intense
exercise (treadmill running, cycling and a 20-km run)
(Sumida et al. 1997), a 5-h cycling and 40 km time
trial (Yasuda et al. 2015), a 4-day and 3-week stage
road cycling race (Almar et al. 2002) and a 894-km
relay trail run (Rowlands et al. 2012). With reference
to some investigations on healthy adolescents, although
little has been done on urinary 8-OHAG levels, recent
study has represented significantly elevated plasma
8-OHdG levels after exercise in adolescent swimmers
(Kabasakalis et al. 2019). In contrast, another exercise
study has no significant alterations in adolescent male
wrestlers (Hamurcu et al. 2010).

In the matter of sex comparative phenomena, some
researchers have depicted no sex-specific differences
in healthy adults at serum 8-OHdG levels, taking
into consideration exercise training status and dietary
intake (Bloomer & Fisher-Wellman, 2008). Kabasakalis
et al. (2014) have shown no sex-specific discrepancies
in plasma 8-OHdG levels following endurance and
high-intensity exercise in adolescent swimmers, albeit
there is little data as to exercise-induced DNA oxidation
in adolescent males and females matched for aerobic
capacity.

It has been suggested that sex steroid hormones
may have an influence on the magnitude of oxidative
DNA damage (Bloomer et al. 2009). Particularly, past
studies have indicated estrogen (i.e., 17p-estradiol,
one of the sex steroid hormones) can have a potential

role of endogenous antioxidant to cell (Kapiszewska
et al. 2005). In this respect, some investigations suggest
that women have higher 17p-estradiol levels and
therefore have less oxidative DNA damage than men
(Borras et al. 2003), whereas others have shown no
direct relationship between 17f-estradiol levels and
exercise-induced DNA damage (Yasuda & Yano, 2018).
Collectively, it remains to be clarified whether there are
potentially protective effects of 17B-estradiol concen-
tration on exercise-induced whole-body DNA oxida-
tion in adolescent males and females during the growth
period.

When examining sex-specific differences in rela-
tion to endurance exercise, an important consider-
ation is to normalize aerobic capacity with a training
background in men and women (Lambert et al. 2013).
Accordingly, matching men and women for aerobic
capacity regarded as peak oxygen uptake (VO,peak)
expressed relative to fat free mass (VO,peak ml/kg
FFM/min) helps to identify aerobic capacity between
sexes since men commonly have higher VO,peak and
greater fat free mass (Armstrong & Welsman, 2001).

Taken collectively, no studies have evaluated how
training status influence exercise-induced whole-
body DNA oxidation in adolescent males and females
matched for aerobic capacity, albeit many studies have
represented the relation between exercise and oxida-
tive stress (Pepe et al. 2009). Given the determination
of effects of aerobic capacity, including 17f-estradiol
levels, on exercise-induced whole-body DNA oxida-
tion in adolescents over the growth and maturation, it
could provide critical information to comprehensively
improve the exercise training of each young athlete
at the optimal level. Consequently, the objective of this
study was to clarify the effects of endurance exercise
on oxidative DNA damage (accounted for by urinary
8-OHdG excretion) in adolescent males and females
matched for aerobic capacity. It was hypothesized
that aerobically active adolescent males and females
matched for aerobic capacity could have similar exer-
cise-induced DNA oxidation responses at the systemic
level.

MATERIAL AND METHODS

Experimental approach to the problem

The participants reported to the laboratory for a profi-
ciency session in order to get used to the experimental
protocol at least one week before the experimental
trial. Upon their first arrival in the lab, all participants
underwent anthropometric measurements, ventila-
tory threshold (Tvent) and VO,peak. Consequently,
VO,peak (an index of aerobic capacity) was divided by
fat free mass to equally match the physical fitness levels
of the participants (ml/kg FFM/min) (Haapala et al.
2018), and then each dependent variable was analyzed
based on the values. All participants carried out a one-
hour cycling exercise corresponding to a constant
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Tab. 1. Descriptive characteristics of the participants
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Variable Males (n=15) Females (n=14)
Age (yrs) 15.1+1.7 15.621.0
Height (cm) 165.8+6.9 156.3£3.1*
Body mass (kg) 58.4+12.1 52.1+4.3*
Body mass index (kg/m2) 21.1+3.2 21.3+1.6
Body surface area (m?2) 1.642+0.182 1.501+0.065*
Body fat (%) 13.1£6.0 23.7£5.1
Fat free mass (kg) 50.3+7.8 39.6+3.0*
VO,peak (1/min) 3.9+0.6 2.9+0.4*%
VO,peak (ml/kg/min) 68.3+10.2 55.5+7.0%
VO,peak (ml/kg FFM/min) 78.4+9.5 72.5+5.7
Tvent (1/min) 1.6+0.2 1.3+0.2%
Tvent (ml/kg/min) 27.8+4.0 24.9+2.8*%
Tvent (ml/kg FFM/min) 31.843.2 32.6+2.9

VO,peak=peak oxygen uptake, Tvent=ventilatory threshold, FFM=fat free mass, All data are shown as mean=SD. *Significantly

different from males (p<0.05).

output of 65%VO,peak on a stationary cycle ergometer
on another occasion (within two weeks after completing
the maximal exercise test). All tests were performed in
our exercise physiology laboratory.

Participants

Thirty-two physically active adolescent males and
females (age: 15-18) were recruited as participants
who engaged in athletic club activities (intermediate-
to long-distance runners, cross-country skiers, and
alpine skiers) from junior high school to high school.
After the participants made the first visit to the labo-
ratory, a researcher conducted a screening test using
a questionnaire to confirm the medical history and
exercise habits that have been performed so far.

All participants have maintained a daily regime
of athletic club activities (2-2.5 h/day and 5-6 days/
week) for > 6 months. Participants were excluded
if they have been taking alcohol, caffeine and nutritional
supplements containing antioxidants or medications
that could affect oxidative stress or anti-inflammatory
conditions. Specifically, female participants reported
normal menstrual function for no less than the
6 months without use of any form of oral contracep-
tives taken prior to participating in this study. After the
screening test, a total of 29 individuals (15 males and
14 females) finally participated in this experiment. The
female participants executed the submaximal exercise
protocol in the earlier follicular phase of the menstrual
cycle (within 5-9 days after the start of the menses)
to standardize hormonal effects having an impact on
metabolic responses to exercise (Tarnopolsky & Ruby,
2001). All experimental procedures were conducted in
compliance with the ethical standards of the Helsinki
Declaration, and approval given by the University’s

human ethics review board. Participants provided
written informed consent before participating in the
present study.

Preliminary measurements

Each participant undertook a physical examination
and then evaluated their body composition during
a preliminary visit to the laboratory. After an overnight
fast of 12 hours (ad libitum water intake was allowed),
all males and females arrived at the lab (7:00-7:30),
followed by anthropometric measurements (height,
body mass and percent body fat). Body mass and
percent body fat based on bioelectrical impedance anal-
ysis (InBody 270, Fujitex Corporation, Tokyo, Japan)
were digitally quantified on a calibrated scale with the
participants wearing underwear and barefoot. Fat free
mass was computed by subtracting fat mass from body
weight (Mondal et al. 2017). Next, all individuals carried
out an incremental exercise test until volitional exhaus-
tion to assess Tvent and VO,peak implemented on an
electromagnetically braked cycle ergometer (Excalibur
600™, Lode B.V., Groningen, Netherlands). Each partic-
ipant fulfilled a 5 min warm up prior to the testing. All
participants accomplished a cycling exercise at an initial
power output of 0 W for 3 min, which was increased by
25 W every 1 min until volitional exhaustion. Pedaling
frequency was 60 rpm during submaximal exercise.
Expired gas samples were analyzed with an automated
breath by breath gas analysis system (Oxycon Pro”,
Erich Jaeger GmbH, Hoechberg, Germany). Their heart
rate was also continuously recorded using an electro-
cardiograph (BSM-2401 ECG monitor, Nihon Kohden,
Tokyo, Japan). The measurements for VO,peak were
based on acquiring at least two of the following three
criteria: a plateau in VO,, respiratory exchange ratio
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Fig. 1. (A) Heart rate (beats/min) and (B) ratings of perceived
exertion during 1-h of prolonged exercise at 65%V0,peak in
adolescent males and females. *Significantly different from
baseline (main effect for time, p<0.001).

> 1.1 and volitional exhaustion (ACSM guideline,
2009).

Assessment of ventilatory threshold (Tvent)

In the present study, Tvent was regarded as an index
of anaerobic threshold as shown previously (Yasuda
et al. 2008). At the same time, three methods were used
to quantify Tvent: (i) ventilatory equivalent method
(VEQ method) (Shimizu et al. 1991), (ii) excess carbon
dioxide (ExCO, method) (Anderson & Rhodes, 1989)
and (iii) modified V-slope method using 15-s averaged
data (Beaver et al. 1986). Two investigators separately
assessed each testing record concurrently with the
three detection methods per procedure by Gaskill et al.
(2001).

Experimental procedures

After an overnight fast of 12 hours, all participants
came to the lab in the morning (7:00-7:30) on the

day of the submaximal exercise trial. Each participant
was instructed to abstain from exhaustive exercise for
2 days prior to the trial. Moreover, the participants
were requested to maintain and record their normal
diet in energy balance with a macronutrient composi-
tion of 60% carbohydrate, 25% fat and 15% protein for
5 days preceding the submaximal exercise trial (Yasuda
et al. 2021).

Each participant carried out 1-h cycling exer-
cise corresponding to a constant power output
at 65%VO,peak, wearing clothing made of an evapora-
tive polyester fabric (Gavin et al. 2001), on a stationary
cycle ergometer. Heart rates and ratings of perceived
exertion were monitored to keep exercise intensity
constant, recorded every 10 min over submaximal
exercise. To be on the safe side, from the perspective
of preventing dehydration during exercise and main-
taining the body's energy supply, the participants drank
a 6.2% commercially available carbohydrate solution
(Pocari Sweat®, Otsuka Pharmaceutical Co., Ltd.; energy:
104.6 kJ/100 ml, carbohydrate: 6.2%, Na*: 21 mEq/1, K*:
5mEq/l, Cl: 17 mEq/], osmolality: 340 mOsm/]) imme-
diately before the start (0 min) of cycling exercise (3 ml/
kg body mass) and every 20 mins up to 40 min during
1-h exercise (2 ml kg/body mass) as demonstrated by
Nassis et al. (1998). At 60 min (the completion of the
exercise), carbohydrate solution was not consumed.
The laboratory temperature and relative humidity were
constant during all submaximal trials (21.0-21.6°C and
41-45%, respectively).

Urinary sample collection

Two-hour urinary specimens were taken at three time
points [before (-2 to 0 h), immediately after (0 to 2 h)
and 24-26 h after 1-h exercise] since it was difficult for
participants to collect 24-hour urine over a long period
of time from a practical point of view (Waller et al.
1971a, 1971b). Each participant collected their urinary
samples with a sterile urine collection cup, transfer-
ring it to a 15 ml tube. All urinary samples were stored
at -80°C for the subsequent analysis of the urinary
8-OHdG.

Quantification of urinary 8-OHdG level

Urine 8-OHAG levels were determined using high
performance liquid chromatography (HPLC) with elec-
trochemical detection (ECD) on the basis of the protocol
demonstrated by Nakano et al. (2003). Succinctly, the
detection of 8-OHdG in urine was carried out using
a 2-column switching HPLC method. The HPLC
system consisted of two pumps, an automatic injection
device, two analytical reverse phase columns, a column
oven, a valve unit, an electrochemical detector, and
an integrator. The electrochemical detector operated
at +370 mV with respect to the Ag-AgCl reference elec-
trode. The main mobile phase was treated with 1000 ml
30 mM phosphate buffer (pH 6.9) consisting of ethyl-
enediamine tetraacetic acid, disodium salt (200 mg/1),
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and 20.8 ml tetrahydrofuran. During the process
of biochemical assays, 400 pl of the HPLC mobile phase
was added to 100 pl of urine, centrifuged at 10,000 rpm
for 5 minutes, and then 35 pl of the mixture was infused
into the HPLC system. In order to normalize the urinary
8-OHdG concentration, it was consequently expressed
as nanogram per milligram creatinine.

Determination of steroid hormone (173-estradiol and
testosterone) levels

Urinary 17p-estradiol concentration was analyzed
by radioimmunoassay as demonstrated previously
(Tominaga et al. 1975). A 0.5 ml aliquot of the urine
sample was hydrolyzed with 0.075 ml HCI by heating
at 100 ° C for 60 minutes. After extracting 17f-estradiol
with 4 ml of ether, the extract was washed with
0.5 ml of distilled water and evaporated to dryness
under nitrogen. The dried extract was dissolved in
0.1 ml of a benzene-methanol mixture and applied
to a Sephadex LH-20 microcolumn. The column was
eluted with the same solvent. Urinary testosterone
concentration was analyzed based on a commercially
available ELISA kit (Abcam, Cambridge, UK). Finally,
urinary 17B-estradiol and testosterone concentrations
were described as nanogram per milliliter.

Statistical Analyses

A two-way analysis of variance (ANOVA) for repeated
measures on two factors (sex x sampling time)
proceeded with a statistical package (Statistica V5.1 for
Windows, Statsoft, Tulsa, OK, USA), after confirming
the normal distribution of the dependent variables with
the D'Agostino-Pearson omnibus test. When signifi-
cance was recognized, the location of the difference was
clarified using a Tukey’s post-hoc test. Effect sizes for
t-test and ANOVA were calculated with Cohen’s d and
eta squared (n?), respectively (Kirk, 2007). The degree
of effect sizes based on Cohen's d and n? is as follows:
0.2 < d < 0.5 = small effect, 0.5 < d < 0.8 = medium
effect, and d > 0.8 = large effect; 0.01 < n? < 0.06 = small
effect, 0.06 < n? < 0.14 = moderate effect, n?> > 0.14 =
large effect, respectively (Kirk, 2007). Pearson’s corre-
lation analysis was performed to clarify the relation
of percent change in urinary 8-OHdG concentration
with indexes of aerobic fitness (Tvent and VO,peak)
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and sex steroid hormone concentration (17f-estradiol
and testosterone). Statistical significance was set at the
0.05 level. All values are shown as mean+SD.

RESULTS

Descriptive characteristics and physiological responses

Descriptive characteristics of the participants are
described in Table 1. There was similar aerobic capacity
in Tvent (ml/kg FFM/min, p=0.512, Cohen’s d=0.3) and
VO,peak (ml/kg FFM/min, p=0.064, Cohen’s d=0.7)
between males and females when normalized relative
to fat free mass (after matching-process).

Significant differences were observed in heart rate
(beats/min, main effect for time, p<0.001, n2=0.85),
but for sex (p=0.814, n2=0.01) or interaction (p=0.970,
n?=0.01) over 1-h moderately extended exercise (Figure
1A). Furthermore, there were significant alterations
in ratings of perceived exertion (main effect for time,
p<0.001, n?=0.58), whereas no significant changes
were noted for sex (p=0.089, n2=0.02) or interaction
(p=0.428, n?=0.03, Figure 1B). As shown in the data
above, both males and females completed prolonged
exercise while maintaining 65% of exercise intensity as
constant as possible (Figure 1A and 1B).

Additionally, significant discrepancies were found
with respect to loss of body mass (kg, main effect
for sex, p<0.05, n?=0.10), but not for time (p=0.933,
n?=0.01) or interaction (p=0.959, n2=0.01) immediately
after endurance exercise. Moreover, significant differ-
ences were identified regarding percent change of body
mass (kg) between adolescent males (-0.55+0.4%)
and females (-0.16+0.2%; mean+SD) (p<0.01, Cohen’s
d=0.8) before and shortly after moderate-intensity
aerobic exercise.

Urinary biomarkers

In terms of urinary 8-OHdG concentration (ng/ml),
no significant changes were found for time (p=0.421,
n?=0.02), sex (p=0.771, n?=0.01) or interaction
(p=0.894, n2=0.01) before and after 1-h of long-lasting
exercise (Figure 2A). Furthermore, there were no
significant discrepancies in urinary 8-OHdG concen-
tration relative to creatinine (ng/mg creatinine) for
time (p=0.432, n2=0.02), sex (p=0.610, n2=0.01) or

Tab. 2. Association of the percent change in urinary 8-OHdG concentration (ng/mg creatinine) before (-2-Oh) and after exercise (24-26h)
with Tvent and VO,peak (ml/kg FFM/min) in adolescent males and females

Tvent VO,peak
r p Significance r p Significance
Males (n=14)
PC-u-8-0HdG 0.340 0.235 ns 0.637 0.147 ns
Females (n=11)
PC-u-8-0HdG 0.532 0.092 ns 0.297 0.375 ns

Tvent: ventilatory threshold, VO,peak: peak oxygen uptake, r: correlation coefficient, p: probability value, ns: no significance,
PC-u-8-0HdG: percent change in urinary 8-hydroxy-2'-deoxyguanosine concentration
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Tab. 3. Relation of 8-0HdG (ng/mg creatinine) with 17B-estradiol and testosterone concentration (ng/ml) in urine before (-2-Oh) and after

exercise (24-26h) in adolescent males and females

17B-estradiol Testosterone
r p Significance r p Significance
Males (n=12)
u-8-0HdG 0.040 0.853 0.213 0.368 ns
Females (n=11)
u-8-0HdG 0.192 0.391 0.131 0.583 ns

Tvent: ventilatory threshold, VO,peak: peak oxygen uptake, r: correlation coefficient, p: probability value, ns: no significance,

u-8-0HdG: urinary 8-hydroxy-2'-deoxyguanosine concentration

interaction (p=0.928, n2=0.01, Figure 2B). In addition,
no significances were recognized in relation to percent
change urinary 8-OHdG (ng/mg creatinine) for time
(p=0.654, n2=0.01), sex (p=0.795, n?=0.01) or inter-
action (p=0.270, 1n2=0.03, Figure 2C). With regard
to urinary creatinine concentration (mg/dl), no signifi-
cant changes were identified (main effect for time,
p=0.784,12=0.01), in connection with the lack of signif-
icant discrepancies for sex (p=0.154, n2=0.03) or inter-
action (p=0.894, n2=0.01, Figure 2D). As to urinary
17pB-estradiol concentration (ng/ml), significant main
effects were noted for sex (p<0.05, n2=0.09), notwith-
standing no significances for time (p=0.937, n2=0.01)
or interaction (p=0.450, n?=0.01). Moreover, no signifi-
cant differences were observed in urinary testosterone
concentration (ng/ml) for time (p=0.268, n2=0.03), sex
(p=0.357, n?=0.03) or interaction (p=0.834, n?=0.01,
Figure 2F).

Correlation analysis

Pearson’s correlation analysis demonstrated no signifi-
cant association of the percent change in urinary
8-OHdG concentration (ng/mg creatinine) before
(-2-0 h) and after exercise (24-26 h) with Tvent (ml/kg
FFM/min) and VO,peak (ml/kg FFM/min) (Table 2).
Additionally, there was no relation of 8-OHdG with
17B-estradiol and testosterone concentration in urine
before (-2-0 h) and after exercise (24-26 h) in adoles-
cent males and females (Table 3).

DISCUSSION

The main findings of the current study were that aero-
bically fit adolescent males and females matched for
aerobic capacity appear to have similar DNA oxidation
responses at the systemic level following 1-h of moder-
ately prolonged exercise. To our knowledge, this was the
first study to determine endurance exercise-induced
whole-body DNA oxidation in adolescent males and
females matched for VO,peak relative to fat free mass.
In terms of endurance exercise-induced whole-body
DNA oxidation accounted for by urinary 8-OHdG
levels, previous studies dealing with healthy adults
have reported elevated urinary 8-OHdG excretion after

60 min of cycling exercise at 70%VO,peak (Orhan et al.
2004), following the end of a running marathon (Tsai
et al. 2001) and a 2-day ultramarathon race (Miyata
et al. 2008). As opposed to those data, other investi-
gations have shown no significant differences of the
urinary 8-OHdG excretion after a single bout of intense
exercise (treadmill running, cycling and a 20-km run)
(Sumida et al. 1997), a 5-h cycling and 40 km time trial
(Yasuda et al. 2015), a 4-day and 3-week stage road
cycling race (Almar et al. 2002) and a 894-km relay trail
run (Rowlands et al. 2012).

In line with the aforementioned findings, while much
less work has been done on urinary 8-OHdG levels, past
research coping with healthy adolescents have exhibited
significantly increased plasma 8-OHdG concentration
following exercise in adolescent swimmers (Kabasakalis
et al. 2019). On the contrary, another investigation has
depicted no remarkable oxidative DNA damage attrib-
utable to plasma 8-OHdG levels after regular wrestling
exercise in adolescent male wrestlers (Hamurcu et al.
2010), which is in accordance with our findings that
no significant whole-body DNA damage explained
by urinary 8-OHdG levels was observed after 1-h
of moderately prolonged exercise, aside from poor
correlation found between aerobic capacity and whole-
body DNA oxidation.

A more plausible explanation for the differences
in the aforementioned results may be ascribed to the
disparity in cardiorespiratory fitness level for each
individual. It has been introduced that a higher aerobic
fitness results in the lower DNA damage in humans
(Soares et al. 2015b; Mota et al. 2010), which indicates
an up-regulation of antioxidant capacity at the tissue
(Marciniak et al. 2009; Mota et al. 2010) and systemic
levels (Yasuda et al. 2015). In this respect, VO,peak,
together with Tvent, have been regarded as a reference
standard for aerobic capacity to use oxygen at peak
metabolic demands in connection with cardiovascular,
respiratory and metabolic function because it can
be augmented by regular endurance exercise (Lyerly
et al. 2009; Soares et al. 2013). In fact, lower aerobic
capacity has been associated with several cardiovas-
cular diseases as well as all causes of mortality (Lyerly
et al. 2009). Thus, it is plausible that individuals with
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higher levels of aerobic capacity would have lower levels
of DNA damage (Soares et al. 2013). Collaterally, the
production of relatively lower levels of reactive oxygen
species induced by regular endurance exercise training
at moderate intensity can be beneficial as it may lead
to an up-regulation of some antioxidant enzymes such
as such as superoxide dismutase, glutathione peroxi-
dase, glutathione reductase and catalase (Rowlands
et al. 2012; Soares et al. 2015¢). On the other hand,
prolonged exercise at high-intensity may significantly
restrict visceral blood flow, which temporarily deprives
oxygen supplies to tissues, causing overproduction
of reactive oxygen species (Shephard & Johnson,
2015). In this context, Moreno-Villanueva et al
(2019) attempted to clarify lymphocyte DNA damage
following single-bout exhaustive exercise in trained
(maximal oxygen uptake: VO,max > 55 ml/kg/min)
and untrained (VO,max < 45 ml/kg/min) adult male
individuals, reporting that only the latter represented
DNA damage, whereas the trained individuals speedily
repaired oxidatively damaged DNA. Taken collectively,
as no conclusions can be drawn about the precise
relationship between aerobic capacity and exercise-
induced whole-body DNA oxidation, additional work
is required to verify whether enhanced aerobic capacity
after endurance exercise training plays a causal role in
preventing exercise-induced oxidative DNA damage,
or whether it is a mere epiphenomenal event associated
with potential endogenous antioxidants.

As to the sex-specific comparisons in antioxi-
dant capacity accounted for by 8-OHdG levels, it has
been demonstrated that men have different reactions
to free-radical production after exercise compared
to women (Ginsburg et al. 2001; Mastaloudis et al.
2004). Contrariwise, some investigators have noted no
differences in healthy adult men and women at serum
8-OHdG levels, in view of exercise training status and
dietary intake (Bloomer & Fisher-Wellman, 2008). In
addition, another study has shown that the adaptation
to changes in antioxidant capacity could be different
between sexes (Ilhan et al. 2004).

Along the lines of those phenomena, recent investi-
gation on adolescent males and females has recounted
no sex-specific disparities in urinary 8-OHdG excre-
tion after endurance and high-intensity exercise
(Kabasakalis et al. 2014). Similarly, our findings of
the present study showed no sex-specific divergence
in urinary 8-OHdG concentration after 1-h of endur-
ance exercise at moderate intensity. It is reasonable to
suppose that training adaptation with the enhanced
levels of antioxidant system may have occurred in
adolescent males and females, though relatively little
work has been directed towards exercise-induced DNA
oxidation in adolescent males and females matched
for aerobic capacity. On this matter, it is necessary to
compare males and females who have similar aerobic
capacity in order to examine whether there are differ-
ences between males and females in terms of DNA

damage and its ability to repair. Accordingly, an essen-
tial contemplation is required to normalize aerobic
capacity predicated on a training background in men
and women when clarifying sex-specific differences in
metabolism pertaining to prolonged exercise (Lambert
et al. 2013; Tarnopolsky & Ruby, 2001). In other words,
matching men and women for VO,peak expressed
relative to fat free mass (ml/kg FFM/min) contrib-
utes to ascertaining factual aerobic capacity between
men and women since there is a tendency for men to
commonly have higher VO,peak and greater fat free
mass compared to women (Armstrong & Welsman,
2001). Therefore, the present study was conducted in
adolescent males and females matched for VO,peak
expressed relative to fat free mass.

Adolescence refers to the transition between child-
hood and adulthood whose onset comprises pubertal
maturation (Harden et al. 2014). In that period, sex
steroid hormones such as estrogens (i.e., 17p-estradiol)
and androgens (i.e., testosterone) play pivotal roles in
developmental and reproductive functions (Courant
et al. 2010). Resting testosterone secretion in adoles-
cence is known to be higher in males than in females
(Harden et al. 2014). However, it has been demon-
strated that testosterone is highly responsive to training
and competition in women (Crewther et al. 2011),
which indicates some potential to elevate testos-
terone concentration due to chronic adaptations. In
this regard, previous investigations have represented
greater exercise-induced testosterone augmentation in
adult elite women compared with non-athletes (Cook
et al. 2012). In the present study, no significant dispari-
ties were noted between males and females in urinary
testosterone concentration. The reason why there was
no discrepancy in testosterone levels between males
and females may be related to the degree of training
adaptation of females in this study (Courant et al.
2010). While it remains unclear whether testosterone
has the potential as an endogenous antioxidant in the
body, detailed studies should be conducted to validate
the characteristics of testosterone following acute and
chronic exercise in adolescent males and females, as
the results may differ depending on the type of sample
handled and the method of analysis (Alexander et al.
2021).

It has been known that women may have a higher
antioxidant potential compared to men by virtue of the
antioxidant effect of sex steroid hormones such as
17B-estradiol (Demirbag et al. 2005). Some studies on
female rats found a higher antioxidant tissue capacity
and lower susceptibility to oxidative stress (Katalinic
et al. 2005). In human studies, premenopausal women
appear to be less susceptible to oxidative stress than
postmenopausal women, connoting a relationship
between estrogens and antioxidant capacity (Trevisan
et al. 2001). Although there have been previous studies
in which the potential of estrogens as an antioxidant
was not recognized, inconsistent findings with regard
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to the effects of sex hormones on the female redox
balance could be attributed to the potential reaction
of estrogens as antioxidants and pro-oxidants (Nathan
& Chaudhuri, 1998). Supplementally, blood estrogen
levels in female athletes can be reduced due to exercise-
induced imbalances (Warren & Perlroth, 2001).

According to Bloomer et al. (2009), 17B-estradiol
can be endogenous antioxidant to cell. Especially,
preceding investigation has manifested the protective
effect of 17p-estradiol on oxidative DNA damage under
resting condition (Kapiszewska et al. 2005). In this
connection, some studies have signified that women
have higher 17(-estradiol levels in association with
less oxidative DNA damage compared to men (Borras
et al. 2003). In contrast, other reports have exhibited no
apparent link between 17B-estradiol levels and oxida-
tive DNA damage on the basis of correlation analysis
(Yasuda & Yano, 2018). To some degree, the divergence
concerning the influence of 17B-estradiol on oxida-
tively damaged DNA may have partially been owing
to inter- and intra-individual variability on endogenous
antioxidant status (Yasuda & Yano, 2018). However,
there remain unanswered questions regarding whether
the potential impact of 173-estradiol on oxidative DNA
damage is causative or an epiphenomenon in adoles-
cent males and females over the growth and maturation
period.

When it comes to the effects of carbohydrate supple-
mentation on oxidative DNA damage after exercise
training, one study has demonstrated that consumption
of a carbohydrate solution resulted in less DNA damage
and diminished the acute post-exercise inflammation
response, providing better recovery during training (de
Sousa et al. 2012). Though it was considered that carbo-
hydrate intake during 1-h of moderate endurance exer-
cise was sufficient to keep an euglycemic state constant
in this study (Baker & Jeukendrup, 2014; Henriksen,
2002), the question has been raised as to whether
carbohydrate consumption is effective in reducing the
marked increase in exercise-induced DNA oxidation
at the systemic level (Yasuda et al. 2015). Accordingly,
further investigations are required to shed light on
those phenomena.

Limitations of the study

The rationale behind 24-hour collection is that vari-
ability of urinary protein loss fluctuates significantly
over 24-hours and collection of urine samples shorter
than this period may not accurately reflect the actual
amount of daily protein loss (Ginsberg et al. 1983).
However, this method has major disadvantages, which
are that the handling of the urinary samples becomes
complicated and the compliance of the participants
lowers because it takes a long time to collect the
samples, inclusive of improper mixing or spillage
(Somnathan et al. 2003). Thus, 2-hour urine collec-
tion was used in this study as a surrogate measure
of 24-hour urinary excretion (Somnathan et al. 2003).
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Besides, it is important to mention that urinary creati-
nine excretion is constant under normal conditions
but creatinine excretion is not stable after exhaustive/
long-lasting exercise as suggested previously (Almar
et al. 2002; Orhan et al. 2004; Yasuda et al. 2015). In
this study, creatinine excretion tended to increase
after endurance exercise, regardless of no significant
difference observed. From the above, caution should
be taken when assessing urinary 8-OHdG levels using
creatinine-corrected values after prolonged exercise.
Additionally, dietary variables were not included in any
correlation analysis with either whole-body DNA oxida-
tion or sex steroid hormonal biomarkers. Furthermore,
as biological maturation measurement using the Tanner
scale was not used for logistical reasons in this study,
there may have been some error in assessing maturity.
Moreover, concomitant quantification of body mass and
percent body fat in the present study was carried out by
bioelectrical impedance analysis, which is convenient,
ease and low cost for athletes and investigators, yet it
is inherently disposed to assessment errors compared
with other devices such as dual-energy X-ray absorpti-
ometry (Moon, 2013).

In conclusion, the findings of the current study
imply that no detrimental DNA damage can be
observed after moderately prolonged exercise in aero-
bically trained males and females, potentially by virtue
of the augmented antioxidant defense responses.
Furthermore, the endurance-trained adolescent males
and females appear to have similar DNA oxidation
responses at the systemic level when matched for peak
oxygen uptake relative to fat free mass.

Perspectives

The assessment of endurance exercise-induced whole-
body DNA oxidation is needed to answer the question
of how much the enhanced antioxidant defense system
induced by training adaptations are sufficient to protect
adolescent males and females who are engaged in sports
activities during a growth period. Bearing in mind this,
it is worth mentioning that when investigating the
effects of endurance exercise training on whole-body
DNA oxidation, it might be important to contemplate
the genetic variations of DNA repair systems, namely
the hOGG1 Ser326Cys polymorphism (Soares et al.
2015a), in conjunction with potential endogenous anti-
oxidants, since it could have an influence on the find-
ings in adolescent males and females.

ACKNOWLEDGEMENT

This study was supported partly by funds from the
Grant-in-Aid for Scientific Research (C) (Grant
No0.16K01606 and 19K11617) and Futaba Electronics
Memorial Research Foundation (2016-29) to N.Y.
in Japan. Portions of these data were presented at the
Experimental Biology 2018 Meeting in San Diego,
California.

Neuroendocrinology Letters Vol.43 No.2 2022 - Article available online: www.nel.edu

85



Yasuda et al: DNA oxidation in adolescents

DISCLOSURE STATEMENT

All authors declare no conflict of interest in the present
study.

REFERENCES

1

86

Alexander SE, Abbott G, Aisbett B, Wadley GD, Hnatiuk JA, Lamon
S. (2021). Total testosterone is not associated with lean mass or
handgrip strength in pre-menopausal females. Sci Rep. 11(1):
10226.

Almar M, Villa JG, Cuevas MJ, Rodriguez-Marroyo JA, Avila C,
Gonzalez-Gallego J. (2002). Urinary levels of 8-hydroxydeoxy-
guanosine as a marker of oxidative damage in road cycling. Free
Radic Res. 36(3): 247-253.

American College of Sports Medicine (ACSM). (2009). ACSM's
Guidelines for exercise testing and prescription. 8th ed. Philadel-
phia: Lippincott Williams & Wilkins.

Anderson GS, Rhodes EC. (1989). A review of blood lactate and
ventilatory methods of detecting transition thresholds. Sports
Med. 8(1): 43-55.

Armstrong N, Welsman JR. (2001). Peak oxygen uptake in relation
to growth and maturation in 11-to 17-year-old humans. Eur J Appl
Physiol. 85(6): 546-551.

Baker LB, Jeukendrup AE. (2014). Optimal composition of fluid
replacement beverages. Compr Physiol. 4(2): 575-620.

Beaver WL, Wasserman K, Whipp BJ. (1986). A new method for
detecting anaerobic threshold by gas exchange. J Appl Physiol
(1985). 60(6): 2020-2027.

Bloomer RJ, Ferebee DE, Fisher-Wellman KH, Quindry JC, Schilling
BK. (2009). Postprandial oxidative stress: influence of sex and exer-
cise training status. Med Sci Sports Exerc. 41(12): 2111-2119.
Bloomer RJ, Fisher-Wellman KH. (2008). Blood oxidative stress
biomarkers: influence of sex, exercise training status, and dietary
intake. Gend Med. 5(3): 218-228.

Borras C, Sastre J, Garcia-Sala D, Lloret A, Pallardo FV, Vina J. (2003).
Mitochondria from females exhibit higher antioxidant gene
expression and lower oxidative damage than males. Free Radic
Biol Med. 34(5): 546-552.

Cook CJ, Crewther BT, Smith AA. (2012). Comparison of baseline
free testosterone and cortisol concentrations between elite and
non-elite female athletes. Am J Hum Biol. 24(6): 856-858.

Courant F, Aksglaede L, Antignac JP, Monteau F, Sorensen K,
Andersson AM, et al. (2010). Assessment of circulating sex ste-
roid levels in prepubertal and pubertal boys and girls by a novel
ultrasensitive gas chromatography-tandem mass spectrometry
method. J Clin Endocrinol Metab. 95(1): 82-92.

Crewther BT, Cook C, Cardinale M, Weatherby RP, Lowe T. (2011).
Two emerging concepts for elite athletes: the short-term effects
of testosterone and cortisol on the neuromuscular system and
the dose-response training role of these endogenous hormones.
Sports Med. 41(2): 103-123.

Demirbag R, Yilmaz R, Erel O. (2005). The association of total anti-
oxidant capacity with sex hormones. Scand Cardiovasc J. 39(3):
172-176.

de Sousa MV, Madsen K, Fukui R, Santos A, da Silva ME. (2012). Car-
bohydrate supplementation delays DNA damage in elite runners
during intensive microcycle training. Eur J Appl Physiol. 112(2):
493-500.

Gaskill SE, Ruby BC, Walker AJ, Sanchez OA, Serfass RC, Leon
AS. (2001). Validity and reliability of combining three methods
to determine ventilatory threshold. Med Sci Sports Exerc. 33(11):
1841-1848.

Gavin TP, Babington JP, Harms CA, Ardelt ME, Tanner DA, Stager
JM. (2001). Clothing fabric does not affect thermoregulation
during exercise in moderate heat. Med Sci Sports Exerc. 33(12):
2124-2130.

Ginsberg JM, Chang BS, Matarese RA, Garella S. (1983). Use
of single voided urine samples to estimate quantitative protein-
uria. N Engl J Med. 309(25): 1543-1546.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Ginsburg GS, O'Toole M, Rimm E, Douglas PS, Rifai N. (2001).
Gender differences in exercise-induced changes in sex hormone
levels and lipid peroxidation in athletes participating in the Hawaii
Ironman triathlon. Ginsburg-gender and exercise-induced lipid
peroxidation. Clin Chim Acta. 305(1-2): 131-139.

Graille M, Wild P, Sauvain JJ, Hemmendinger M, Guseva Canu |,
Hopf NB. (2020). Urinary 8-OHdG as a Biomarker for Oxidative
Stress: A Systematic Literature Review and Meta-Analysis. Int J Mol
Sci. 21(11):3743.

Haapala EA, Laukkanen JA, Takken T, Kujala UM, Finni T. (2018).
Peak oxygen uptake, ventilatory threshold, and arterial stiffness in
adolescents. Eur J Appl Physiol. 118(11): 2367-2376.

Hamurcu Z, Saritas N, Baskol G, Akpinar N. (2010). Effect of wres-
tling exercise on oxidative DNA damage, nitric oxide level and
paraoxonase activity in adolescent boys. Pediatr Exerc Sci. 22(1):
60-68.

Harden KP, Kretsch N, Tackett JL, Tucker-Drob EM. (2014). Genetic
and environmental influences on testosterone in adolescents: evi-
dence for sex differences. Dev Psychobiol. 56(6): 1278-1289.
Henriksen EJ. (2002). Invited review: Effects of acute exercise and
exercise training on insulin resistance. J Appl Physiol (1985). 93(2):
788-796.

llhan N, Kamanli A, Ozmerdivenli R, Ilhan N. (2004). Variable effects
of exercise intensity on reduced glutathione, thiobarbituric acid
reactive substance levels, and glucose concentration. Arch Med
Res. 35(4): 294-300.

Kabasakalis A, Nikolaidis S, Tsalis G, Christoulas K, Mougios V.
(2019). Effects of sprint interval exercise dose and sex on circu-
lating irisin and redox status markers in adolescent swimmers.
J Sports Sci. 37(7): 827-832.

Kabasakalis A, Tsalis G, Zafrana E, Loupos D, Mougios V. (2014).
Effects of endurance and high-intensity swimming exercise on the
redox status of adolescent male and female swimmers. J Sports
Sci. 32(8): 747-756.

Kapiszewska M, Kalemba M, Grzesiak A, Kocemba K. (2005). The
level of endogenous DNA damage in lymphocytes isolated from
blood is associated with the fluctuation of 17beta-estradiol con-
centration in the follicular phase of healthy young women. Acta
Biochim Pol. 52: 535-539.

Kasai H, Nishimura S. (1984). Hydroxylation of deoxyguanosine
at the C-8 position by ascorbic acid and other reducing agents.
Nucleic Acids Res. 12: 2137-2145.

Katalinic V, Modun D, Music |, Boban M. (2005). Gender differences
in antioxidant capacity of rat tissues determined by 2,2'-azinobis
(3-ethylbenzothiazoline 6-sulfonate; ABTS) and ferric reducing
antioxidant power (FRAP) assays. Comp Biochem Physiol C Toxicol
Pharmacol. 140(1): 47-52.

Kirk RE. (2007). Effect magnitude: a different focus. J Stat Plan
Inference. 137: 1634-1646.

Lambert CP, Winchester L, Jacks DA, Nader PA. (2013). Sex differ-
ences in time to fatigue at 100% VO2 peak when normalized for
fat free mass. Res Sports Med. 21(1): 78-89.

Loft S, Vistisen K, Ewertz M, Tjgnneland A, Overvad K, Poulsen HE.
(1992). Oxidative DNA damage estimated by 8-hydroxydeoxy-
guanosine excretion in humans: influence of smoking, gender and
body mass index. Carcinogenesis. 13(12): 2241-2247.

Lyerly GW, Sui X, Lavie CJ, Church TS, Hand GA, Blair SN. (2009). The
association between cardiorespiratory fitness and risk of all-cause
mortality among women with impaired fasting glucose or undiag-
nosed diabetes mellitus. Mayo Clin Proc. 84(9): 780-786.
Marciniak A, Brzeszczynska J, Gwozdzinski K, Jegier A. (2009). Anti-
oxidant capacity and physical exercise. Biol Sport. 26(3): 197-213.
Mastaloudis A, Yu TW, O'Donnell RP, Frei B, Dashwood RH, Traber
MG. (2004). Endurance exercise results in DNA damage as
detected by the comet assay. Free Radic Biol Med. 36(8): 966-975.
Miyata M, Kasai H, Kawai K, Yamada N, Tokudome M, Ichikawa H,
et al. (2008). Changes of urinary 8-hydroxydeoxyguanosine levels
during a two-day ultramarathon race period in Japanese non-
professional runners. Int J Sports Med. 29(1): 27-33.

Mondal H, Mishra SP. (2017). Effect of BMI, Body Fat Percentage
and Fat Free Mass on Maximal Oxygen Consumption in Healthy
Young Adults. J Clin Diagn Res. 11(6): CC17-CC20.

Copyright © 2022 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



39

40

41

)

43

44

45

46

47

48

49

50

51

52

53

Moon JR. (2013). Body composition in athletes and sports nutri-
tion: an examination of the bioimpedance analysis technique. Eur
J Clin Nutr. 67(Suppl 1): S54-S59.

Moreno-Villanueva M, Kramer A, Hammes T, Venegas-Carro M,
Thumm P, Biirkle A, et al. (2019). Influence of Acute Exercise on
DNA Repair and PARP Activity before and after Irradiation in Lym-
phocytes from Trained and Untrained Individuals. Int J Mol Sci.
20(12): 2999.

Mota MP, Peixoto FM, Soares JF, Figueiredo PA, Leitdo JC, Gaivéo |,
et al. (2010). Influence of aerobic fitness on age-related lympho-
cyte DNA damage in humans: relationship with mitochondria
respiratory chain and hydrogen peroxide production. Age (Dordr).
32(3):337-346.

Nakano M, Kawanishi Y, Kamohara S, Uchida Y, Shiota M, Inatomi Y,
et al. (2003). Oxidative DNA damage (8-hydroxy- deoxyguanosine)
and body iron status: a study on 2507 healthy people. Free Radic
Biol Med. 35: 826-832.

Nassis GP, Williams C, Chisnall P. (1998). Effect of a carbohydrate-
electrolyte drink on endurance capacity during prolonged inter-
mittent high intensity running. Br J Sports Med. 32(3): 248-252.
Nathan L, Chaudhuri G. (1998). Antioxidant and prooxidant
actions of estrogens: potential physiological and clinical implica-
tions. Semin Reprod Endocrinol. 16(4): 309-314.

Orhan H, van Holland B, Krab B, Moeken J, Vermeulen NP, Hol-
lander P, et al. (2004). Evaluation of a multi-parameter biomarker
set for oxidative damage in man: increased urinary excretion
of lipid, protein and DNA oxidation products after one hour
of exercise. Free Radic Res. 38(12): 1269-1279.

Pepe H, Balci SS, Revan S, Akalin PP, Kurtoglu F. (2009). Comparison
of oxidative stress and antioxidant capacity before and after run-
ning exercises in both sexes. Gend Med. 6(4): 587-595.

Pittaluga M, Parisi P, Sabatini S, Ceci R, Caporossi D, Valeria Catani
M, et al. (2006). Cellular and biochemical parameters of exercise-
induced oxidative stress: relationship with training levels. Free
Radic Res. 40(6): 607-614.

Radak Z, Zhao Z, Koltai E, Ohno H, Atalay M. (2013). Oxygen
consumption and usage during physical exercise: the balance
between oxidative stress and ROS-dependent adaptive signaling.
Antioxid Redox Signal. 18: 1208-1246.

Rowlands DS, Pearce E, Aboud A, Gillen JB, Gibala MJ, Donato S,
et al. (2012). Oxidative stress, inflammation, and muscle soreness
in an 894-km relay trail run. Eur J Appl Physiol. 112(5): 1839-1848.
Shephard RJ, Johnson N. (2015). Effects of physical activity upon
the liver. Eur J Appl Physiol. 115(1): 1-46.

Shimizu M, Myers J, Buchanan N, Walsh D, Kraemer M, McAuley
P, et al. (1991). The ventilatory threshold: method, protocol, and
evaluator agreement. Am Heart J. 122(2): 509-516.

Soares JP, Mota MP, Duarte JA, Collins A, Gaivao I. (2013). Age-
related increases in human lymphocyte DNA damage: is there
a role of aerobic fitness? Cell Biochem Funct. 31(8): 743-748.
Soares JP, Silva Al, Silva AM, Almeida V, Teixeira JP, Matos M, et al.
(2015a). Effects of physical exercise training in DNA damage and
repair activity in humans with different genetic polymorphisms
of hOGGT1 (Ser326Cys). Cell Biochem Funct. 33(8): 519-524.

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Yasuda et al: DNA oxidation in adolescents

Soares JP, Silva AM, Fonseca S, Oliveira MM, Peixoto F, Gaivao
|, et al. (2015b). How can age and lifestyle variables affect DNA
damage, repair capacity and endogenous biomarkers of oxidative
stress? Exp Gerontol. 62: 45-52.

Soares JP, Silva AM, Oliveira MM, Peixoto F, Gaivéo I, Mota MP.
(2015¢). Effects of combined physical exercise training on DNA
damage and repair capacity: role of oxidative stress changes. Age
(Dordr). 37(3): 9799.

Somanathan N, Farrell T, Galimberti A. (2003). A comparison
between 24-hour and 2-hour urine collection for the determina-
tion of proteinuria. J Obstet Gynaecol. 23(4): 378-380.

Sumida S, Doi T, Sakurai M, Yoshioka Y, Okamura K. (1997). Effect
of a single bout of exercise and beta-carotene supplementation
on the urinary excretion of 8-hydroxy-deoxyguanosine in humans.
Free Radic Res. 27(6): 607-618.

Tarnopolsky MA, Ruby BC. (2001). Sex differences in carbohydrate
metabolism. Curr Opin Clin Nutr Metab Care. 4(6): 521-526.
Tominaga T, Tei N, Kitamura M, Taguchi T, Kudo Y. (1975). Urinary
excretion of steroids by Japanese women with breast cancer. Gan.
66(3): 305-310.

Trevisan M, Browne R, Ram M, Muti P, Freudenheim J, Carosella
AM, et al. (2001). Correlates of markers of oxidative status in the
general population. Am J Epidemiol. 154(4): 348-356.

Tsai K, Hsu TG, Hsu KM, Cheng H, Liu TY, Hsu CF, et al. (2001). Oxi-
dative DNA damage in human peripheral leukocytes induced by
massive aerobic exercise. Free Radic Biol Med. 31(11): 1465-1472.
Waller SL, Ralston AJ. (1971a). The hourly rate of urinary amylase
excretion, serum amylase, and serum lipase. I. In control subjects
and patients with renal disease. Gut. 12(11): 878-883.

Waller SL, Ralston AJ. (1971b). The hourly rate of urinary amylase
excretion, serum amylase, and serum lipase. Il. Patients with gas-
trointestinal and pancreatic disorders. Gut. 12(11): 884-890.
Warren MP, Perlroth NE. (2001). The effects of intense exercise on
the female reproductive system. J Endocrinol. 170(1): 3-11.
Yasuda N, Bolin C, Cardozo-Pelaez F, Ruby BC. (2015). Effects
of repeated bouts of long-duration endurance exercise on muscle
and urinary levels of 8-hydroxy-2'- deoxyguanosine in moderately
trained cyclists. J Sports Sci. 33(16): 1692-1701.

Yasuda N, Gaskill SE, Ruby BC. (2008). No gender-specific differ-
ences in mechanical efficiency during arm or leg exercise relative
to ventilatory threshold. Scand J Med Sci Sports. 18(2): 205-212.
Yasuda N, Yamamoto K, Iwashita N. (2021). Concurrent evaluation
of salivary and urinary a-amylase activity following prolonged
exercise with or without carbohydrate solution in aerobically
active men. Neuro Endocrinol Lett. 42(4): 265-276.

Yasuda N, Yano T. (2018). Concomitant assessment of DNA oxida-
tion and bone resorption over a rapid body mass reduction period
in female judokas. J Biol Regul Homeost Agents. 32(4): 781-790.

Neuroendocrinology Letters Vol.43 No.2 2022 - Article available online: www.nel.edu

87



