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Abstract

Production of reactive oxygen species (ROS) induced by exercise training yields serious oxidative damage to cellular struc-
tures. Antioxidant supplements are widely used to reduce the deleterious effects of such endogenous ROS. This study aimed
to investigate the effect of two types of intensive exercise training along with a-tocopherol succinate supplementation on
serum levels of 8-oxoguanine DNA glycosylase (OGG1), 8-hydroxy-2'-deoxyguanosine (8-OHdG), creatine kinase (CK),
and lactate dehydrogenase (LDH). Forty-two male albino Wistar rats were randomly assigned into sedentary control (SC),
sedentary vehicle (SV), sedentary supplementation (SS), continuous exercise (CE), continuous exercise + supplementation
(CES), intermittent exercise (IE), and intermittent exercise + supplementation (IES), with six rats in each group. Intensive
continuous and intermittent running on treadmill, combined with a-tocopherol succinate supplementation (60 mg/kg/day)
was carried out for 6 weeks. Data were analyzed using one-way analysis of variance at P <0.05 level. a-Tocopherol succi-
nate supplementation increased serum total antioxidant capacity (TAC) in SS, CES and IES groups. CK, LDH, and OGG1
levels increased significantly in CE and IE groups; however, a-tocopherol succinate supplementation reduced these fac-
tors dramatically in CES and IES groups. In addition, 8-OHdG level was remarkably lower in CES and IES groups. Taken
together, a-tocopherol succinate supplementation can modify oxidative damage to genomic structures induced by intensive
exercise training.

Keywords Intermittent exercise training - Continuous exercise training - a-Tocopherol succinate - 8-Oxoguanine DNA
glycosylase - 8-Hydroxy-2'-deoxyguanosine - Creatine kinase - Lactate dehydrogenase

Introduction

Low to moderate exercise training has many positive effects
on various organelles of body and acts as a protective
approach against diseases [1]. Paradoxically, it is also obvi-
ous that free radicals induced by exercise training, especially
exercise training with high intensity, can result in oxida-
tive damage to cellular constituents as a result of increased
oxygen consumption [2, 3]. A larger generation of radicals
during intense exercise training increases lipid peroxidation
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and leads ultimately to the release of intracellular contents,
i.e., creatine kinase (CK) and lactate dehydrogenase (LDH),
into the intercellular space [4, 5]. In addition, free radicals
generated by contracting skeletal muscles penetrate into the
mitochondria and the nucleus and eventually result in oxida-
tive damage to genomic constituents [1-5].
8-hydroxydeoxyguanosine (8-OHdG) is one of the most
frequently generated oxidative base lesions due to lower
redox potential of guanine as compared with other nucleic
acid bases [6—10]. Unrepaired 8-OHdG can lead to trans-
version of G:C to T:A and cause mutation. 8-OHdG level
increases in the course of several diseases such as cancer,
atherosclerosis, diabetes, and Alzheimer’s disease [1, 2, 4,
9]. To cope with such detrimental complications, cells are
equipped with DNA repair system to reduce the effects of
these oxidative DNA damages. 8-oxoguanine DNA glyco-
sylase (OGG1) is the major mammalian DNA glycosylase
used to recognize and cleave oxidized guanine from DNA
[8, 9]. Many factors can affect OGG1 and 8-OHdG levels
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including maximum oxygen consumption (VO,max) [10],
body mass index (BMI) [11], exercise training [3, 12], and
antioxidant supplementation [13, 14].

Exercise training at low intensity is reportedly with no
significant effect on 8-OhdG and acetylated OGGI1 levels
[12]; however, maximal stretch—shortening contractions [15]
and overtraining increase 8-OhdG and OGGl levels in dif-
ferent tissues of young and old rats [3, 15]. Furthermore,
both running on treadmill [9, 16] and swimming [7] with
moderate intensity increase OGG1 activity in the red type of
skeletal muscle [9], the liver [16], and the subcellular com-
partments, i.e., the nucleus and mitochondria [7]. Increased
OGGT1 activity is greater in slow-twitch than fast-twitch
muscle fibers after exercise training with moderate inten-
sity [9]. In contrast, these increases return to baseline levels
after detraining [7]. The effect of different types of exercise
training, particularly intensive continuous and intermittent
training, is not well-documented. In reality, greater oxida-
tive stress occurs during intensive exercise training due to
activation of NADPH oxidase [17], xanthine oxidase [18],
and hypoxic conditions [19]. Moreover, many people fail
to exercise because of limited time, and it is necessary to
examine the effects of exercise training intensity on health
improvement, especially DNA repair system adaptations.

Antioxidant supplementation is another approach to
reducing genomic damage in addition to DNA repair sys-
tem. In this context, accumulating evidence by the comet
assay method has shown that vitamin E supplementation
significantly reduces DNA breakage in peripheral white
blood cells induced by exhaustive exercise [20, 21]. Con-
cerning DNA oxidation, a reduction is reported in 8-OHdG
level in plasma [13] and gastrocnemius and heart muscle
[14] after L-cysteine [13] and astaxanthin [14] supplementa-
tion. In addition, vitamin E acetate supplementation attenu-
ates 8-OHdG in the liver [22] and in the tibialis anterior
muscle [15] induced by 4 weeks running on treadmill [22]
and chronically loaded muscles [15], respectively. Never-
theless, other studies have shown no significant change in
8-OHdG levels after vitamin E acetate supplementation
along with acute [23] and chronic exercise training [24].
In the serum, the relationship between 8-OHdG levels and
antioxidant capacity is not clear upon intensive exercise
training. In addition, it has been shown that vitamin E sup-
plementation attenuates lipid peroxidation [15, 22]. In turn,
there is evidence of induced mitochondrial DNA damage
by lipid peroxidation [25, 26]. Thus, we propose that serum
8-OHdG levels during intensive exercise training may also
be inhibited by vitamin E supplementation. Thus far, the
effect of vitamin E supplementation, especially its succi-
nate isoform, on DNA oxidation and its repair system upon
intensive continuous and intermittent exercise training has
not been sufficiently studied. Therefore, the aim of the pre-
sent study was to investigate (i) how serum 8-OHdG and
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OGGT1 levels respond to intensive continuous and intermit-
tent exercise training and (ii) how a-tocopherol succinate
affects serum 8-OHdG and OGG1 levels induced by these
exercise trainings.

Materials and methods
Animals

Forty-two pathogen-free adult (3 months old and initial body
mass of 282+ 14 g) male albino Wistar rats were obtained
from the bearing and multiplying laboratory at Mashhad
University of Medical Sciences (Iran). The animals were
accustomed to laboratory conditions for 2 weeks before the
experiment, and were subsequently allocated into seven
equal groups (n=6) of sedentary control (SC), sedentary
vehicle (SV), sedentary supplementation (SS), continuous
exercise (CE), continuous exercise + supplementation (CES),
intermittent exercise (IE), and intermittent exercise + supple-
mentation (IES) via simple allocation method. They had free
access to water and food (Javaneh Khorasan Company, Iran)
and were kept in a room with 25+2 °C and a 12 h light/12 h
dark cycle. All animal experiments conformed to the guide-
lines for the use and care of laboratory animals (“Principles
of laboratory animal care”, NIH publication No. 86-23.
Revised 1996), and the study was approved by the ethics
committee of Birjand University of Medical Sciences (Iran).

Exercise training protocols

Exercise training was performed on a 12-line treadmill
because the intensity and duration of exercise could be easily
controlled [25]. The animals were familiarized with running
on a motor-driven treadmill (5 days at 10 min/day at a speed
of 10 m/min) [27, 28]. Continuous and intermittent exercise
trainings were performed on the basis of an overload princi-
ple for 6 weeks, 6 sessions each. One session of continuous
training consisted of 3-min warm-up at 16 m/min, followed
by continuous running at 27 m/min and 3-min cool-down.
These intensities correspond to 68 and 80% maximal oxygen
uptake (VO,max), respectively. The duration of continuous
running at the first session was 20 min and increased with
2 min per day until 60 min was achieved by the 4th week.
The duration was maintained for the next 2 weeks [27]. On
even days, the intermittent exercise protocol consisted of
3-min warm-up at 16 m/min, followed by intervals of run-
ning at 40 m/min for 3 min (corresponding to 95% VO,max),
alternated with active rest for 60 s at 16 m/min, and com-
pleted with 3-min cool-down at 16 m/min. The interval in
the first session was 2 and increased to 6 repetitions in the
4th week and was maintained for the following 2 weeks [27,
28]. On odd days, intermittent exercise protocol consisted of
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3-min warm-up at 16 m/min, followed by intervals of run-
ning at 54 m/min for 30 s (corresponding to 100% VO,max),
alternated with active rest for 60 s at 16 m/min, and com-
pleted with 3-min cool-down at 16 m/min. The interval in
the first session was 3 and increased to 20 repetitions in
the 4th week and was maintained for the next 2 weeks [27,
28]. The rats were motivated to run by electrical current
(0.5 mA, 1 Hz) [28] on treadmill and by gentle prodding
using a sponge [7]. Each animal was assigned to a fixed
lane and all the activities were performed in the respective
lane during the entire training program. The rats of the sed-
entary groups were transported daily to the training room,
were exposed to the same environment as the exercising
group, and were placed on treadmill without running for
the matched period [2, 3].

a-Tocopherol succinate preparation

a-Tocopherol succinate (25 g) was purchased from Sigma-
Aldrich Corporation (St. Louis, MO, USA) and was dis-
solved in sesame oil (60 mg/mL) [28]. Rats in the SS, CES
and IES groups were supplemented orally by a-tocopherol
succinate (60 mg/kg body weight) for 6 weeks, 6 days/week,
3 h before exercise training [28]. In addition, rats in the SV
group were supplemented orally by sesame oil (1 mL/kg
body weight) for 6 days/week.

Sample collection and biochemical estimations

At the end of the training programs, 48 h after the last exer-
cise training session, fasting rats were euthanized under deep
anesthesia (ketamine, 60—-80 mg/kg and xylazine, 8 mg/kg;
IP). Blood samples were taken via cardiac puncture and
serum stored at — 80 °C for further analysis.

DNA damage was assessed by 8-OHdAG assay. The serum
levels of OGG1, 8-OHdG (Cusabio Biotech CO., LTD. Sino-
American), CK and LDH (Parsazmoon Co., Karaj, Iran)
were determined using commercial kits. In addition, 96-well
colorimetric assay kit was used to measure the levels of total
antioxidant capacity (TAC) in the serum (BiocoreDiagnostik
Ulm, German). All analyses were performed in accordance
with the manufacturers’ recommendations.

Statistical analysis

Data were analyzed by Statistical Package for Social Sci-
ences (SPSS Inc., Chicago, USA) software, version 16.0,
and expressed as means + standard deviation (SD). Ini-
tially, Shapiro—-Wilk’s and Levene’s tests were performed
on all dependent variables to test normality and equality
of variances, respectively. Statistical significance was set
at P <0.05. Differences between groups were tested using

one-way analysis of variance followed by Bonferroni post
hoc comparison.

Results

The results indicated that a-tocopherol succi-
nate supplementation increased serum TAC signifi-
cantly in SS (376.3 +£24.60 nmol/mL) (P=0.001),
CES (358.5+23.8 nmol/mL) (P=0.001), and IES
(356.9+15.4 nmol/mL) (P=0.001) groups (Fig. 1). How-
ever, both the CE (214.1 +20.5 nmol/mL) (P=0.118) and
IE (218 + 14.8 nmol/mL) (P =0.256) exercise trainings had
no significant effect on serum TAC with respect to the SC
(252.6 +29 nmol/mL) group (Fig. 1).

In the context of enzymatic markers of tissue dam-
age, our results showed that CK increased significantly
in the IE (1691 + 195 U/L) (P=0.001) and in the CE
(1103 +£141 U/L) (P=0.001) groups with respect to the
SC group (697 +91 U/L), while the IE group had a greater
increase in serum CK level than the CE group (P=0.001)
(Fig. 2a). In contrast, a-tocopherol succinate supplemen-
tation reduced serum CK levels in CES (750 + 82 U/L)
(P=0.001) and IES (1314 + 141 U/L) (P=0.001) groups
in comparison with the corresponding training groups
(Fig. 2a). a-Tocopherol succinate supplementation had no
significant impact on CK levels in the SS (581 + 134 U/L)
group with respect to the SC group (P =0.999).

In addition, serum LDH increased significantly in IE
(1044 +125 U/L) (P=0.001) and CE (679 +95 U/L)

sc sV ss CE CES IE IES
Groups

Fig. 1 Effect of continuous and intermittent exercise training and
a-tocopherol succinate supplementation on serum TAC level in rats.
SC sedentary control, SV sedentary vehicle, SS sedentary supplemen-
tation, CE continuous exercise, CES continuous exercise+ supple-
mentation, /E intermittent exercise, /ES intermittent exercise + sup-
plementation. The asterisk (*) indicates a significant increase in
serum TAC in the SS group in comparison with the SC group. In
addition, the hashtag (#) indicates a significant increase in the serum
TAC in the CES group in comparison with the CE group. Finally, the
dollar sign ($) indicates a significant increase in serum TAC in the
IES group in comparison to the IE group
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Serum CK levl (U/L)

sC MY SS CE CES IE IES

Serum LDH level (U/L)

sc sV SS CE CES IE IES
Groups

Fig.2 Effect of continuous and intermittent exercise training and
a-tocopherol succinate supplementation on serum CK (a) and LDH
(b) levels in rats. The asterisk (¥) indicates a significant increase
in both the serum CK and LDH levels in the CE and IE groups in
comparison with the SC group. In addition, the hashtag (#) indicates
a significant reduction in both the serum CK and LDH levels in the
CES group in comparison with the CE group. Furthermore, the dol-
lar sign ($) indicates a significant reduction in both the serum CK
and LDH levels in the IES group in comparison with the IE group.
Finally, the dagger sign (f) indicates a greater increase in the serum
CK and LDH levels in the IE group with respect to the CE group.
Abbreviations are the same as the ones denoted in the legend of Fig. 1

(P=0.001) groups in comparison with the SC (433 +81 U/L)
group. However, IE resulted in a greater increase in the
concentration of serum LDH than CE (P=0.001) (Fig. 2b).
On the contrary, a-tocopherol succinate supplementation
reduced serum LDH levels in the CES (538 +64 U/L)
(P=0.031) and IES (884 +67 U/L) (P=0.008) groups
in comparison with the corresponding training groups
(Fig. 2b). a-Tocopherol succinate supplementation had no
significant effect on LDH levels in the SS (384 +64 U/L)
group with respect to the SC group (P =0.999).

In context of base oxidation, our finding revealed
that neither CE (0.218 +0.04 ng/mL) (P =0.220) nor IE
(0.216 +0.02 ng/mL) (P=0.284) had significant effect on
serum 8-OHdG levels in comparison with the SC group
(0.175+0.02 ng/mL). In contrast, a-tocopherol succinate
supplementation significantly reduced serum 8-OHdG
levels in CES (0.095+0.01 ng/mL) (P=0.001), and IES
(0.115+0.02 ng/mL) (P=0.001) groups in comparison with
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Serum 8-OHdG (ng/ml)

sC sV SS CE CES IE IES
Groups

Fig.3 Effect of continuous and intermittent exercise training and
a-tocopherol succinate supplementation on serum 8-OHdG level
in rats. The hashtag (#) indicates a significant reduction in 8-OHdG
level in the CES group in comparison with the CE group. In addi-
tion, the dollar sign ($) indicates a significant reduction in the serum
8-OHdG level in the IES group in comparison with the IE group.
Abbreviations are the same as the ones denoted in the legend of Fig. 1

the corresponding training groups (Fig. 3). a-Tocopherol
succinate supplementation had no significant effect on
8-OHdG levels in SS (0.148 +0.02 ng/mL) group with
respect to the SC group (P=0.999).

In the context of DNA repair, serum OGG1 increased
significantly in the IE (62.04 +12.14 pg/mL) (P=0.001)
and CE (48.37 +3.62 pg/mL) (P=0.001) groups with
respect to the SC (20.92 +2.60 pg/mL) group. Besides, IE
induced a greater increase than CE in terms of serum OGG1
(P=0.019). In contrast, after a-tocopherol succinate sup-
plementation, a significant reduction in serum OGG1 was
found in CES (34.79 +4.56 pg/mL) (P=0.020) and IES
(49.14 £9.45 pg/mL) (P=0.033) groups with respect to the
corresponding training groups (Fig. 4). a-Tocopherol suc-
cinate supplementation had no significant effect on 8-OHdG
levels in the SS (18.10 +3.47 pg/mL) group in comparison
with the SC group (P=0.999).

Discussion

In recent years, there has been a growing interest in evaluat-
ing the interactive effects of exercise training and antioxidant
supplementation on stress oxidative markers. Here, in an
experimental animal model, it was revealed that both the
intensive continuous and intermittent trainings led to sig-
nificant increases in serum CK and LDH levels. However,
serum levels of 8-OHdG did not change significantly after
both exercise training types. OGG1, as the DNA repair pro-
tein, significantly increased after continuous and intermittent
training. In contrast, a-tocopherol succinate significantly
reduced CK, LDH, 8-OHdG, and OGG]1 after both continu-
ous and intermittent training types.
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Fig.4 Effect of continuous and intermittent exercise training and
a-tocopherol succinate supplementation on serum OGGH level in rats.
The asterisk (*) indicates a significant increase in serum OGG1 level
in the CE and IE groups in comparison with the SC group. In addi-
tion, the hashtag (#) indicates a significant reduction in OGGl1 level
in the CES group in comparison with the CE group. Furthermore, the
dollar sign ($) indicates a significant reduction in the serum OGGl
levels in the IES group in comparison with the IE group. Finally, the
dagger sign (1) indicates a greater increase in the serum OGGl levels
in the IE group with respect to the CE group. Abbreviations are the
same as the ones denoted in the legend of Fig. 1

Creatine kinase and LDH are released into blood when
the cell membrane is destructed by oxidative stress. There-
fore, changes in the serum CK and LDH levels can be used
as markers of membrane damage resulting from oxidative
stress. In this context, we showed that both the continu-
ous and intermittent training types raised serum CK and
LDH levels. Our finding is consistent with other studies that
showed increased levels of CK and LDH after short-term
running training on treadmill [29], down-hill running [30],
up-hill running [31], and endurance swimming [32]. Moreo-
ver, the intermittent exercise training resulted in a greater
increase in the levels of CK and LDH than those of continu-
ous exercise training. Compared with continuous exercise
training, intermittent exercise training may lead to further
shear stress on endothelial cells, and subsequently more acti-
vation of NADPH oxidase [27]. Interestingly, it has been
shown that ischemia and blood re-perfusion at the beginning
and end of each set of severe intermittent exercise train-
ing increase the xanthine oxidase enzyme activity [33]. The
combination of these factors leads to greater production of
ROS, and consequently, more oxidative damage after inten-
sive intermittent training. Conversely, a-tocopherol succi-
nate supplementation significantly reduces serum levels of
CK and LDH. In reality, the results of the current study illus-
trate the effect of a-tocopherol succinate supplementation on
the reduction of oxidative stress caused by intensive exercise
training. Along with the results of our study, it has been
reported that short-term vitamin E acetate supplementation
can reduce the leakage of CK and LDH after 6 successive
days of endurance running [29] and down-hill running [30].

Reactive oxygen species plays an important role in physi-
ological processes at moderate levels [4]; at large concentra-
tions, however, ROS oxidizes lipid, protein, and genomic
structures [1, 4]. With respect to CK and LDH, evidence has
suggested that 8-OHdG is excreted into the serum and urine
as the repair process. Hence, it is thought that 8-OHdG elim-
ination reflects DNA damage and repair [22]. In this regard,
two previous studies have reported that over-training [3] and
maximal stretch—shortening contractions [15] significantly
increase 8-OHAG levels in the liver [3] and in the tibialis
anterior muscle [15]. Nevertheless, our findings show no
significant changes in serum 8-OHdG levels after intensive
continuous and intermittent exercise training. In addition,
increased levels of urine 8-OHdG have been reported after
strenuous work in cold weather at moderate altitude [24].
On the other hand, our findings are supported by studies
that have reported no significant changes in serum and tis-
sue 8-OHdG levels after acute [23] and chronic strenuous
exercise training [22, 34, 35].

OGG1, as a DNA repair enzyme, expresses in signifi-
cantly different levels in all kinds of tissue, and recognizes
and cleaves oxidized guanine from DNA [34]. Although it
has been shown that 8-week swimming [2] and running on
treadmill [12] at low to moderate intensity have no signifi-
cant impact on rat’s hippocampus OGG1 levels, our results
reveal a dramatic increase in serum OGG1 levels after both
intensive continuous and intermittent exercise training. This
observed increase in the current study may be largely attrib-
uted to increased gene and protein OGG1 expression that
releases into bloodstream after tissue damage. Accordingly,
an increased content of OGG1 in different tissue regions
have been demonstrated after over-training [2], endurance
[35], and sprint exercise training [34]. Moreover, OGG1
activity increases after running on treadmill [16] and swim-
ming exercise training [7]. Currently, evidence also indicates
that high-intensity exercise training [36], voluntary wheel
running [37], and swimming exercise training [38] increase
the antioxidant enzymes’ activity. Collectively, these find-
ings indicate that unchanged levels of 8-OHdG following
intensive exercise training, at least partially, may be asso-
ciated with higher levels of OGG1 activity [9, 16], higher
levels of antioxidant activity [36-38], and higher content
of OGGI1 protein, as shown in the current study. Lastly,
the existing reports indicate that inter-individual variation,
nutritional conditions [11], mental state [39], age [8], and
VO,max [10] may all be important contributors to regulat-
ing 8-OHdG and OGGl1 levels. Therefore, the current ani-
mal model study set out to reduce the influential effect of
the mentioned variables. Hence, it can be claimed that the
observed changes in OGG1 and 8-OHdG are exclusively due
to intensive continuous and intermittent exercise training.

Unlike antioxidant enzymes, non-enzymatic antioxi-
dants are not made in the body and should be obtained
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principally through the diet. TAC refers to the total amount
of non-enzymatic antioxidants in the body [40]. Results
of the present study are in line with other studies that
report no significant change in serum TAC in response
to endurance swimming [32], eccentric exercise training
[41], and running at moderate intensity [31]. Moreover, it
has been shown that resting TAC levels in aerobically and
anaerobically trained athletes and untrained individuals
are not different [42]. However, a-tocopherol succinate
supplementation increased serum TAC levels in the cur-
rent research. In this regard, several lines of evidence have
suggested that alpha-tocopherol [43], vitamin C [32], and
L-cysteine supplementation [13] raise TAC levels. Hence,
the nutritional status, and in particular, the use of anti-
oxidant supplements rather than exercise training, affects
TAC levels [32].

Currently, there is evidence that astaxanthin supplemen-
tation can attenuate exhaustive exercise-induced genomic
damage in mouse gastrocnemius muscle and heart [14]. Fur-
thermore, L-cysteine supplementation in basketball players
reduce plasma 8-OHdG induced by forced training [13].
Moreover, our findings showed that a-tocopherol succinate
reduced serum 8-OHdG levels after intense continuous and
intermittent exercise training. In this context, vitamin E ace-
tate supplementation for 4 weeks is reported to attenuate
8-OHdG levels induced by strenuous running on treadmill
in the rat liver [22]. Intriguingly, 8-OHdG levels increase in
the tibialis anterior muscles of aged and young adult animals
with repetitive loading (maximal stretch—shortening contrac-
tions), but pL-alpha tocopheryl acetate and L-ascorbic acid
supplements attenuate this increase [15]. Conversely, our
findings are inconsistent with other studies because of their
short-term vitamin E supplementation period (2 weeks) and
the type of consumed vitamin E (alpha-tocopherol isomer),
whereby the increased levels of 8-OHdG induced by intense
exercise did not alter [23, 24]. Vitamin E as the most impor-
tant antioxidant is mainly accumulated in the membranes
of cells. However, the addition of acetate and succinate to
it will increase its entry to the cytosol and mitochondria
of the cell [15, 22]. Therefore, vitamin E succinate/acetate
mediates 8-OHdG levels by direct scavenging of superoxide
and hydroxyl radicals that diffuse out of the mitochondria
into the cytosol [22, 44, 45]. In addition, vitamin E inhibits
free radical production by reducing the expression [44] and
activity [45] of superoxide dismutase (SOD) and increas-
ing the activity of catalase (CAT) [15, 22], which in turn
reduces oxidative damage in genomic structures [15, 22].
Lastly, 8-OHdG low concentration in the rat skeletal mus-
cle after vitamin E supplementation has been attributed to
the reduced levels of malondialdehyde [15]. In this context,
Niedernhofer et al. have pointed out to mutagenic aspects
of malondialdehyde in human cells [26]. Similarly, work
by Almeida et al. showed that mitochondrial DNA damage

@ Springer

is associated with lipid peroxidation of the mitochondrial
membrane [25].

Conclusion

Although widespread and direct evidence is not available in
support of this notion, it appears that continuous and inter-
mittent exercise training can modify 8-OHdG levels through
increases in OGGl levels. In addition, a-tocopherol succi-
nate can reduce oxidative stress damage induced by intensive
continuous and intermittent exercise training.
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