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We investigated the effect of physical exercise on the
level of 8-hydroxyguanine (8-OH-Gua), a form of
oxidative DNA damage, and its repair activity in
human peripheral leukocytes. Whole blood samples
were collected by venipuncture from 21 healthy male
volunteers (10 trained athletes and 13 untrained men),
aged 19-50 years, both before and after physical
exercise. Trained athletes showed a lower level of 8-
OH-Gua (2.4 +0.5/10° Gua, p = 0.0032) before exercise
when compared to that of untrained men (6.2 +3.5).
The mean levels of 8-OH-Gua of untrained subjects
decreased significantly (p =0.0057) from 6.2 +3.5/10°
Gua (mean +SD/10° Gua) to 3.3+1.4/10° Gua after
physical exercise. On the other hand, the mean levels of
repair activity of untrained subjects significantly
increased after exercise (p =0.0093) from 0.037 4 0.024
(mean DNA cleavage ratio + SD) to 0.056 = 0.036. In
the trained athletes 8-OH-Gua level and its repair
activity were not changed before and after the exercise.
We also observed inter-individual differences in
8-OH-Gua levels and its repair activities. These results
suggest that physical exercise causes both rapid
and long-range reduction of oxidative DNA damage
in human leukocytes, with individually different
efficiencies.
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INTRODUCTION

It has been reported that, in the course of physical
exercise, increased oxygen consumption is accom-
panied by an increase in the production of
reactive oxygen species.!! Therefore, physical
exercise is predicted to cause oxidative DNA
damage. However, a wide variety of animal and
human studies have shown that physical exercise
contributes to a reduction in cancer risk.”> Is it
plausible that physical exercise reduces cancer
risk? We recently observed that forced exercise
enhances oxidative DNA damage, but sponta-
neous exercise reduces it, in rat organs.m In this
study, we investigated the effect of physical
exercise on oxidative DNA damage in human
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peripheral leukocytes, using 8-OH-Gua and its
repair activity as markers.

MATERIALS AND METHODS

Exercise Program and Sampling

Twenty-three male volunteers (19-50 yr) per-
formed exercise requiring maximal oxygen up-
take on a cycle ergometer, after passing a physical
examination. Maximal oxygen uptake was mea-
sured by a symptom limited ramp cycle ergom-
eter method with a gas analyzer and a turbine
transducer to detect breath by breath tidal vol-
ume, O, consumption, and expired CO, content.
Subjects were healthy, of normal weight-for-
height, had usual dietary habits, and were non-
smokers: Ten volunteers were moderately trained
athletes, and the other volunteers (untrained
subjects) performed occasional sports activities.
We collected whole blood samples by venipunc-
ture from these volunteers, both before and
5min after exercise requiring maximal oxygen
consumption.

Determination of 8-OH-Gua in
Leukocyte DNA

The 8-OH-Gua level in the DNA was determined
according to Nakae et al.”) with some modifica-
tions. Briefly the samples were homogenized in
lysis buffer with a potter-type homogenizer, and
the nuclear DNA in the homogenate was ex-
tracted using the DNA Extractor WB Kit (Wako,
Japan). The extracted nuclear DNA was digested
with nuclease P1 and acid phosphatase (37°C
for 30min), and injected onto a HPLC column
(BECKMAN, Ultrasphere-ODS, 5pm 4.6 x
250 nm) equipped with an ECD (ESA Coulochem
11, detector 1: 0.15 V, detector 2: 0.30 V, guard cell:
0.35V).

Measurement of 8-OH-Gua Repair
Activity

Fifteen ml of the collected blood samples were
mixed with a Ficoll-Paque solution to separate

the blood leukocyte fractions. The crude extracts
(10 pg total protein) of leukocyte fractions from
blood samples were incubated with 0.05pmol
of the ds-DNA substrate (5'-*’p GGATC-
CAGCG*ATCCATACGTAT-3', G*:" 8-OH-Gua).
After 2 ethanol precipitations, 10 pl of the sample
were applied to a 20% denaturing polyacryl-
amide gel for electrophoresis. After electrophor-
esis, the autoradiograms were processed and the
radioactivity was analyzed using a Bioimage
analyzer system (Fujix BAS 2000).

RESULTS AND DISCUSSION

Figure 1 summarizes the effect of the endurance
exercise by cycle ergometer on the 8-OH-Gua
level in human leukocyte DNA from 21 donors.
Trained athletes showed a lower level of 8-OH-
Gua (mean +SD, 2.4+0.5/10° Gua, p=0.0032)
before exercise when compared to that of un-
trained men (6.3+3.6/10° Gua). Five minutes
after exercise, 8-OH-Gua level of the untrained
subjects decreased to 3.3+1.4/10° Gua. The
decrease was statistically significant (p =0.0057).
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FIGURE 1 Effect of physical exercise on the level of 8-
OH-Gua in human leukocyte DNA. (a) untrained men; (b)
trained athletes. The 8-OH-Gua level was calculated as the
number per 10° Gua. Mean values + SD are shown. The
significance of the differences between the data of before
and after the exercise was evaluated by a paired #-test and
that between the data of untrained and trained men before
the exercise was by an unpaired f-test.
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FIGURE 2 Effect of physical exercise on the 8-OH-Gua
repair activity in human leukocytes. (a) untrained men;
(b) trained athletes. Mean values + SD are shown. The sig-
nificance of the differences between the data of before and
after the exercise was evaluated by a paired #-test and that
between the data of untrained and trained men before the
exercise was by an unpaired t-test.

Figure 2 shows the effect of the endurance
exercise on the 8-OH-Gua repair activity in the
human leukocytes. Before the exercise, the mean
repair activity value of the untrained subjects was
0.037 £0.024 (mean+SD), and 5min after the
exercise, it increased to 0.056 +0.036. The mean
levels of repair activity significantly increased
(p=0.0093).

A 9.3-fold inter-individual difference was ob-
served in the 8-OH-Gua repair activity, and a 7.8-
fold inter-individual difference was observed in
the 8-OH-Gua levels of the pre-exercise group.
Particularly, higher levels of 8-OH-Gua in the
pre-exercise group were found in untrained men
(Figure 1). It is interesting to examine whether
the increase in the repair activity correlates with
the decrease in the 8-OH-Gua level in each
individual. In particular, donor A showed the
highest 8-OH-Gua repair activity before exercise,
and its increase after exercise was also high
(Figure 2(a)). The 8-OH-Gua level in the leuko-
cyte DNA from donor A was also high before
exercise (Figure 1(a)). A similar tendency was
observed in donor B. On the other hand, both
lower levels of 8-OH-Gua and its repair-activity
were found in the moderately trained athletes

before and after the exercise (Figures 1(b)
and 2(b)). These results suggest that physical
exercise enhance the cellular antioxidant defence
enzyme system, including superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase
(GSHPx).

Living organisms are continuously exposed
to reactive oxygen species, as a consequence of
biochemical reactions and exposure to external
factors, such as ionizing radiation and chemical
carcinogens. 8-OH-Gua is one of the major forms
of oxidative DNA damage,® and has been pro-
posed as a key biomarker relevant to carcino-
genesis.!”! Repair systems for 8-OH-Gua exist
in E. coli'™ and mammalian cells"*? and are
enhanced by oxidative stress.’>'* In E. coli, the
8-OH-Gua repair enzyme is induced immedi-
ately 5 min after a shift from anaerobic to aerobic
growth conditions.I'*! The present study indi-
cates that physical exercise causes a reduction of
oxidative DNA damage in human leukocytes, by
inducing its repair activity or by inducing anti-
oxidant enzyme systems. It has been reported
that 8-OH-Gua levels in human lymphocyte
DNA are reduced after swimming.''> The repair
activity for oxidative DNA damage may increase
not only in blood cells, but also in cells of various
organs, because the oxygen concentration is
known to increase in most human organs with
physical exercise.'¢! Regular physical exercise
may, therefore, maintain a low level of oxidative
DNA damage in various organs. It would be
interesting to study the effects of various life
styles on the 8-OH-Gua level in human leukocyte
DNA as a new trial for the molecular epidemiol-
ogy of cancer.
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