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Abstract

This study investigated the effect of physical training and oxidative stress on the antioxidative activity and on plasma lipid profile. Forty eight
rats were given either a physical training or no training for 4 weeks and were then subdivided into 3 groups: before-exercise (BE); during-exercise
(DE); after-exercise (AE). The antioxidative activity was evaluated with the activities of catalase in plasma and superoxide dismutase (SOD), the
ratio of reduced glutathione/ oxidized glutathione (GSH/GSSG) and the level of malondialdehyde (MDA) in liver. The plasma concentrations of
triglyceride (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C)) were also compared. Compared to those of non-training group.
catalase activities of training group were lower before exercise but higher during and after exercise. SOD activities were higher regardless of exercise.
GSH/GSSG ratio was higher before exercise but was not significantly different during exercise and even lower after exercise. There were no differences
between non-training group and training group in MDA levels regardless of exercise. Compared to those of non-training group, atherosclerotic index
of training group was lower after exercise and there were no significant differences before and during exercise. There were no differences between
non-training group and training group in HDL-C regardless of exercise. These results suggest that moderate physical training can activate antioxidant

defenses and decrease the atherosclerotic index and this beneficial effect is evident under exercise-induced oxidative stress.
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Introduction

The beneficial effect of exercise on health has been known
for centuries and it is generally accepted that regular physical
activity is an important factor in the prevention and treatment
of cardiovascular disease. Unfortunately, the frequency and
magnitude of exercise necessary to achieve beneficial prognostic
effect is still uncertain. Although health benefits of exercise have
been reported extensively, not all models of exercise have
beneficial effect on lipid profiles and antioxidant enzymes. Since
exercise increases not only oxygen consumption but also the
generation of reactive oxygen species, strenuous exercise induces
an imbalance between free radical production and the body's
antioxidant defense systems (Ji et al., 1999; Lovlin et al., 1991;
Maxwell et al., 1993; Sahlin et al., 1991). The contribution of
free radical damage to the development of atherosclerosis is also
established (Schwenke, 1998). While acute and exhaustive
exercise leave little time for cellular adaptation reactions, these
adaptation reactions have shown to occur in moderate exercise
training for several weeks (Fukai et al., 2000; Rush ez al., 2003).
It has been also reported that less the experience one has in

training, higher the stress level was gotten (Powers & Hamilton,
1999). The increase in vascular oxidative stress initiated by
exercise, even if this occurs only transiently during the acute
bout of exercise, gives rise for serious concerns when exercise
is prescribed to patients with cardiovascular disease. Therefore,
the goals of this study were as follows; 1) to determine whether
moderate physical training for 4 weeks has effects on antioxidant
enzyme activities and lipid profile to mimic a regular moderate
exercise 2) to determine whether these indices of trained animal
can be altered when the exercise induced oxidative stress to
mimic a acute strenuous exercise was given.

Materials and Methods

Experimental animals and exercise

Forty eight male Sprague-Dawley rats (Deahanbiolink Co.,
Korea) weighing 70g were fed a semisynthetic diet which met
AIN-93 recommendation (Reeves, 1997) for 4 weeks. Food
consumption and animal weight were measured daily. Rats were
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randomly divided into 2 groups each consisting of 24 rats, given
either a physical training or no training for 4 weeks. Then they
were subdivided into 3 groups: before-exercise (BE); during-
exercise (DE); after-exercise (AE). Each group had 8 rats. For
moderate physical training, animals were exercised on a treadmill
(10°, 0.5-0.8 knmvh) for 30 minutes everyday. The BE group did
not exercise before being sacrificed. The DE group was exercised
on treadmill for 1 hour just before being sacrificed. Animals of
the AE group were allowed to take a rest for 1 hour after being
exercised like the DE group.

Sample collection and biochemical analysis

At the respective time points, animals were sacrificed by
decapitation under light anesthesia. Immediately following
decapitation, blood was collected in heparinized tubes and
centrifuged to separate the plasma. Liver was rapidly removed.
The activity of plasma catalase was determined with a
commercial kit based on the method of Zamocky (Bioxytech
Catalase-520). The activity of superoxide dismutase (SOD), the
ratio of reduced glutathione and oxidized glutathione
(GSH/GSSG), the levels of malondialdehyde (MDA) were
determined in liver cytosol. Liver was homogenized in cold
Tris-KCl buffer (0.IM). The homogenized solution was
centrifuged (8,000xg, 4°C, 30 min). The supernatant was then
centrifuged (10,000xg, 4C, 30 min). Again the supernatant was
ultra-centrifuged (105,000xg, 4C, 90 min) and separated the
cytosol. SOD activity was determined with a commercial kit
based on the method of Nebot (Bioxytech SOD-525). GSH/GSSG
was determined with a commercial kit based on the method of
Anderson (Bioxytech GSH/GSSG-412). The level of MDA was
determined with a commercial kit based on the method of
Gerard-Monnier (Bioxytech MDA-586). Plasma triglyceride
(TG) was analyzed with a commercial kit based on the Trinder
method (Youngdong Phamaceutical Co., Korea). Total choles-
terol (TC) was analyzed with a commercial kit based on
enzymatic method (Youngdong Phamaceutical Co., Korea).
High-density lipoprotein-cholesterol (HDL-C) was analyzed with
a commercial kit based on the same analytical method as total
cholesterol after the precipitation of very low-density lipoprotein-
cholesterol, low-density lipoprotein-cholesterol and chylomicron
with polyethyleneglycol (International Reagent Co., Japan).
Atherosclerotic index was calculated as (TC - HDL-C)/HDL-C.

Statistical analysis

All data were subjected to an analysis of variance and tested
for significant differences by Duncan's multiple range test (SAS
Institute, Cary, NC). P value of <0.05 was considered to be
significant. The significance of difference between non-trained
group and trained group was tested using student t-test at p
<0.05.

Table 1. The effect of moderate physical training on body weight and feed
efficiency ratio

Group
t-test
Non-trained Trained
Initial BW'(g) 70.15 £ 2.66 69.91 £ 2.81 NS?
Final BW(g) 299.79 + 43.00 300.93 + 19.00 NS
Food intake(g/day) 22.60 £4.85 21.80 £ 1.78 NS
FER 0.349 +0.09 0.353 + 1.13 NS

) BW: body weight, FER: feed efficiency ratio (ratio of body weight change to food
intake),

% No significant differences between non-trained group and trained group by
student t-test (p<0.05).

Table 2. The effect of moderate physical training on catalase and superoxide
dismutase (SOD) activities and the ratio of reduced glutathione and oxidized

glutathione (GSH/GSSG)

t-test
Non-trained Trained

BE" 2214 +0.91% 17.79 £ 2.04° *3)
Catalase b N .
(Uimg protein) DE 10.44 +1.21 16.82 +2.73

AE 9.68 +0.79° 16.43 £ 2.73° *

BE 508.00 + 33.5% 577.45 + 56.41° *
f’ﬁgg protein) DE 479.63 + 52.85° 509.58 + 52.85° *

AE 504.62 £ 21.74° 542.66 + 17.51° *

BE 20.66 + 4.60° 34.28 +8.04° *
GSH/GSSG  DE 7.76 £ 2.89° 7.78 £1.84° NS

AE 12.06 + 4.59° 9.42 +£3.27° *

" BE: before-exercise, DE: during-exercise, AE: after-exercise,

% Data are means + SD of eight rats,
20 : Different superscript letter mean significant difference among groups by Tukey

Duncan's multiple range test after one-way ANOVA at « =005

% * Significant differences between non-trained group and trained group by student
t-test (p<0.05).

4 No significant differences between non-trained group and trained group by
student t-test (p <0.05).

Table 3. The effect of moderate physical training on malondialdehyde(MDA)
levels

Group
t-test
Non-trained Trained
BE" 17.95 +7.83% 17.83 £ 0.35° NS?
xml Jmg protein) DE 22.44 £5.11° 20.02 £ 0.88° NS
20.98 + 4.89% 17.548 + 0.23° NS

) BE: before-exercise, DE: during-exercise, AE: after-exercise,
% Data are means £ SD of eight rats,
2, Different superscript letter mean significant difference among groups by
Tukey Duncan's multiple range test after one-way ANOVA at =005
¥ No significant differences between non-trained group and trained group by
student t-test (p<0.05).

Results

As shown in Table 1, there were no differences between non-
trained group and trained group in body weight, FER(ratio of
body weight change to food intake) and organ weights.

Table 2 shows the effects of moderate physical training on
catalase activities. Catalase activities of trained group were
significantly lower before exercise but higher during and after
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Table 4. The effect of moderate physical training on the levels of triglyceride,
total cholesterol, HDL cholesterol and atherosclerotic index

Group
t-test
Non-trained Trained

BE" 195.75 + 55.73% 108.63 + 32.81° *3)
Te DE 92.62 + 38.04° 95.87 + 17.27° NS®
(mgy/dl)

AE 98.75 + 28.45° 99.57 +8.83° NS

BE 83.12 + 12.51° 92 +13.92° NS
e DE  115.67 +24.78° 94.87 + 15.30° NS
(mg/dl)

AE  129.00 + 28.07° 95.75 + 19.68° *

BE 33.96 + 15.86° 28.06 + 5.97° NS
HDL-C " a

DE 20.84 +5.28 32,01+ 16.16 NS
(mgy/dl)

AE 28.81 +10.48° 26.67 +11.01° NS

BE 214 +1.78° A2.06 + 0.39° NS
Aherosderle pe 33a+0ar A2.32 +0.98° NS

AE 3.59 + 2.00° A1.86 £ 0.91° *

BE, before-exercise; DE, during-exercise; AE, after-exercise; TG, triglyceride; TC;

total cholesterol

Data are means £ SD of eight rats,

2P : Different superscript letter mean significant difference among groups by Tukey
Duncan's multiple range test after one-way ANOVA at «=0.05

* Significant differences between non-trained group and trained group by student

t-test (p<0.05).

No significant differences between non-trained group and trained group by

student t-test (p<0.05),

9 Atherosclerotic index = (total cholesterol-HDL-C) /HDL-C

n
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exercise than those of non-trained group. It was due to catalase
activities of non-trained group were significantly decreased while
those of trained group were not changed during and after exercise.
SOD activities of trained group were significantly higher than
those of non-trained group before as well as during and after
exercise. SOD activities were not changed during and after
exercise in both trained group and non-trained group. Table 2
also shows the effect of moderate physical training on GSH/
GSSG ratio. Compared to those of non-trained group, GSH/
GSSG ratios of trained group were significantly higher before
exercise but were not significantly different during exercise and
even lower after exercise because GSH/GSSG ratio of trained
group was significantly decreased with exercise. Table 3 shows
the effect of moderate physical training on liver MDA levels.
There were no differences between non-trained group and trained
group before as well as during and after exercise. MDA levels
were increased during exercise and decreased after exercise and
returned to the level of before exercise in both trained group
and non-trained group.

Table 4 shows the effect of moderate physical training on
atherosclerotic index. Compared to those of non-trained group,
TG level of trained group was lower before exercise and was
not different during and after exercise. TC level of trained group
was not different before exercise but was significantly lower
during and after exercise. Atherosclerotic index of trained group
was significantly lower after exercise. However, there were no
significant differences before and during exercise because
atherosclerotic index of trained group was not significantly

changed with exercise but that of non-trained group tended to
be increased during and after exercise. Table 4 also shows the
effect of moderate physical training on HDL-C levels. There were
no differences between non-trained group and trained group
regardless of exercise and were not changed during and after
exercise in both trained group and non-trained group.

Discussion

This study showed that moderate physical training induced a
favorable turn on the antioxidative status. The evidence of an
alteration in the antioxidative status with oxidative stress is based
on the change of antioxidant enzyme activities and lipid
peroxidation with exercise induced oxidative stress. At various
points during the study, the antioxidative status in rats was
evaluated using the ratios of GSH/GSSG and the activities of
catalase and SOD as a direct measure and the level of MDA
and lipid profile as an indirect, long-term measure.

The hypothesis that moderate physical training can react
effectively on exercise-induced oxidative stress and increase the
activity of antioxidant enzymes was verified by results from two
different studies. Catalase activities of trained group were
significantly lower before exercise but higher during and after
exercise than those of non-trained group because catalase
activities of non-trained group were significantly decreased while
those of trained group were not changed during and after exercise.
Thus, it is suggested that exercise-induced oxidative stress did
not affect the catalase activities in trained group while
exercise-induced oxidative stress led a decrease in plasma
catalase activities in non-trained group. SOD activities of trained
group were significantly higher than those of non-trained group
regardless of exercise. These tendencies were not changed during
and after exercise in both trained group and non-trained group.
Since superoxide barely traverses cell membrane and is rapidly
converted by SOD, the resulting product hydrogen peroxide can
diffuse through the vascular wall and is much more stable (Kojda
& Harrison, 1999), and thus it is suggested that the SOD activity
in trained group was increased and remained at higher levels
and the antioxidative status of trained group can be remained
as higher even under exercise-induced oxidative stress.

Compared to those of non-trained group, GSH/GSSG ratios
of trained group were significantly higher before exercise but
were not significantly different during exercise and even lower
after exercise because GSH/GSSG ratio of trained group was
significantly decreased with exercise induced oxidative stress.
This result is consistent with the report that chronic exercise
training appears to induce activities of antioxidant enzymes such
as vascular eNOS and perhaps stimulate levels of reduced
glutathione in body fluids (Banerjee et al., 2003). On the other
hand, very hard exercise training for 4weeks induced an increase
of plasma glutathione peroxidase activity and a decrease of
plasma total antioxidant status under resting, pre-exercise
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conditions, and these effects were more pronounced under
post-exercise conditions and accompanied by a decreased ratio
of GSH/GSSG and an increase in plasma thiobarbituric acid
reactive substances (TBARS) (Palazzetti et al., 2003). Previous
studies (Tiidus et al., 1993; Viinikka et al., 1984) reported no
increase in plasma lipid peroxidation with exercise in highly
trained subjects, but a significant elevation in serum TBARS in
less well-trained subjects submitted to a similar exercise protocol
(Sumida ez al., 1989). In this study, there were no differences
of liver MDA levels between non-trained group and trained group
regardless of exercise induced oxidative stress. MDA levels were
increased during exercise and decreased after exercise and
returned to the level of before exercise in both trained group
and non-trained group. Thus, it is suggested that moderate
physical training, repetition of short-term generation of increased
vascular oxidative stress, induced an increase of antioxidative
enzyme activity and the antioxidant status but did not seem to
significantly contribute to the changes of live MDA levels.

Regular exercise has been associated with variable effects on
the blood lipid profile. While many studies have shown benefits
of exercise in reducing hypertension and dyslipidemic-lowering
components (Bacon et al., 2004; Peters et al., 2006; Regina et
al., 2006), but not all studies showed the same results (Blum-
enthal et al., 1991). Since elevated markers of oxidative stress
have been associated with ventricular function (Vukasovic et al.,
2005) and the decrease of these markers was observed in the
trained group of this study, the change of lipid profile as well
as atherosclerotic index as a result of moderate physical training
was investigated. Compared to those of non-trained group,
atherosclerotic indexes of trained group were significantly lower
after exercise. However, there were no significant differences
before and during exercise because atherosclerotic index of
trained group was not significantly changed with exercise
induced oxidative stress but that of non-trained group tended to
be increased during and after exercise. Since there were no
differences in HDL-C levels between non-trained group and
trained group regardless of exercise, HDL-C levels were not
changed during and after exercise in both groups. It is suggested
that exercise-induced oxidative stress did not affect the HDL-C
levels in both trained group and non-trained group. Moderate
exercise-training has been reported to increase HDL-cholesterol
(Schwartz, 1987, Sopko et al., 1985), however, the results of
the present study did not support the predominant effect of
exercise-training. These data suggest that a moderate physical
training may be sufficient to increase the antioxidative status and
decrease the atherosclerotic index but appears to have little
further effect on HDL-cholesterol.

Therefore, despite many uncertainties regarding the mode of
action, these results suggest that moderate physical training can
activate antioxidant defenses and decrease the atherosclerotic index
and this beneficial effects is evident under exercise induced oxi-
dative stress. It is suggested that moderate physical training can be
an effective antioxidant and antiatherogenic therapy at lower costs.
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