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Abstract

This study investigated the effects of green tea on the muscle antioxidative defense system in the white
& red gastrocnemius muscles of rats after aerobic exercise. Male Sprague-Dawley rats weighing 150+ 10 g
were randomly assigned to a control group, non-exercise with green tea group (G group), and exercise training
group. The exercise training group was then further classified as the training (T) group and training with
green tea (TG) group, the latter of which was supplemented with green tea in the drinking water during
the experimental period. The rats in the exercise training groups (T and TG) were subjected to aerobic
exercise on a treadmill 30 min/day at a speed of 28 m/min (7% incline) 5 daysfweek, while the other groups
(control and G group) were cage confined for 4 weeks. Thereafter, the rats were sacrificed with an injected
overdose of pentobarbital just after running. In the white muscle, the xanthine oxidase (XOD) activities
were 71% higher in the T group compared to control group, whereas the TG group had the same activity
as the control group. The XOD activities in the red gastrocnemius muscle exhibited the same tendency
as in the white muscle. The superoxide dismutase (SOD) activity in the white muscle was lower in the
T group compared with the control group, yet significantly higher in the TG group compared with the
T group. The SOD activities in the red gastrocnemius muscle exhibited the same tendency as in the white
gastrocnemius muscle. The glutathione peroxidase (GSHpx) activities in the white & red gastrocnemius
muscles were 43% lower in the T group compared with the control group, yet the activities in the TG
group remained at control levels. The glutathione S-transferase (GST) activity in the white muscle was not
significantly different among any of the three groups, but in the red gastrocnemius muscle, the TG group
had the same activity as in the control group. The thiobarbituric acid reactive substance (TBARS) contents
in the white & red gastrocnemius muscles were higher in the T group than in the control but the control
and TG groups had the same concentrations of TBARS. In conclusion, the supplementation of green tea in
rats subjected to aerobic exercise was found to reduce the peroxidation of muscle lipids by enhancing the
antioxidative defense mechanism.
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INTRODUCTION

With the recent rapid economic growth, the resulting
changes in living environments and westernized dietary
habits have led to an increase in circulatory diseases, such
as hypertension, arteriosclerosis, heart attacks, and brain
diseases, which are now the leading causes of death in
Korea (1,2). As a result, there has been a slow increase
in the number of people attempting to improve their
dietary habits and using aerobic exercise to alleviate the
threat of circulatory diseases. Aerobic exercise is de-
signed to overload the heart and lungs, causing them to
work harder than at rest. The increased activity increase
both glucose and lipid uptake and oxidation by muscle
and improves the lipid composition of the blood, with
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health benefits that include curtailing the effects of met-
abolic syndrome, improving the regulation of the im-
mune and endocrine systems, and reducing the changes
of heart attack.

In spite of the above advantages of aerobic exercise,
it is also a concern that excessive exercise can lead to
serious health problems, such as diseases and infections.
In addition, it has been reported that excessive-exercise
causes an increase in radical and oxidative stress due
to the leakage of electrons during the increased activity
of the electron transfer system (3). When a large amount
of reactive oxygen is accumulated and exceeded the pro-
tective capacity of the cellular antioxidative mechanism,
the cell membrane’s unsaturated fatty acids can be oxi-
dized. Moreover, it has been reported that the reactive
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oxygen resulting from lipid peroxidation is so excessive
that enzymes and other substances become inactive, re-
sulting in serious damage to the muscular system (4).

The internal antioxidative mechanism that protects
against reactive oxygen includes antioxidative defense
enzymes, such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSHpx), plus non-
enzymatic substances, like vitamin E and C, B-carotene,
uric acid, bilirubin, albumin, and glutathione, which can
reduce reactive oxygen into a more stable substance. As
such, the reactions involved in the antioxidative system
are very important for protecting the human body from
oxidative damage. Previous studies have already shown
that antioxidants like vitamin E and C, selenium and
catechin play a significant role in activating the anti-
oxidative system (35,6).

In a study of the relationships between physical ex-
ercise and antioxidants, Gohil et al. (7) reported that an
insufficiency of antioxidative substances results in an
increase in the lipid peroxidation of skeletal muscles, as
well as a decrease in endurance. It has also been reported
that damage to the skeletal muscles and the oxidation
of protein can be reduced if vitamin E, a powerful anti-
oxidant, is supplied before and after long-sustained ex-
ercise (8).

Accordingly, many recent studies have focused on the
use of antioxidants to reduce oxidative stress resulting
from excessive exercise (9-11). For example, Choi et al.
(12) demonstrated that glucuronic acid helps to prevent
oxidative damage in the liver and white gastrocnemius
muscles fibers in rats during recovery from muscular
fatigue after aerobic exercise. In addition, Atalay et al.
(13) reported that vitamin E helps the liver and red ga-
strocnemius muscle fibers enhance their antioxidative
ability in rats subjected to aerobic exercise. Meanwhile,
Khanna et al. (14) found that feeding lipoic acid (LA)
to rats subjected to aerobic exercise improves the anti-
oxidative reaction of the red gastrocnemius muscle fi-
bers, and also reduces lipid peroxidation. Finally, special
attention has been paid to other antioxidants, including
vitamin Bs, vitamin C, and glucuronic acid, which are
also beleived to reduce the oxidative stress and free rad-
ical generation resulting from physical exercise (15,16).

Various medicinal effects of green tea, have already
been reported (17-19). Furthermore, it is already known
that catechin, a functional substance found in green tea,
is particularly powerful antioxidant, and very effective
at scavenging endogenous free radicals generated by
stress in the human body (20,21). In a previous related
study by Kim and Rhee (22), green tea was found to
help prevent oxidative damage in the liver of rats re-

covering from muscle fatigue after aerobic exercise.

Accordingly, in the current study, rats were subjected
to aerobic exercise on a treadmill, then the effect of
green tea on antioxidative detoxification was observed
in the major active muscles, the red and white gas-
trocnemius.

MATERIALS AND METHODS

Preparation of experimental animals, diet and green
tea beverage

Male Sprague-Dawley rats weighing 15010 g were
purchased from KRITC (Korea Research Institute of
Chemical Technology, Daejon, Korea). The animals were
housed individually in stainless steel cages in a room
with controlled temperature (20~23°C) and lighting (al-
ternating 12 h periods of light and dark) and fed a pel-
letized, commercial non-purified diet for 6 days after
arrival. Next, the rats were randomly divided into a con-
trol group, non-exercise with green tea group (G group),
and exercise training group. The exercise training group
was divided into sub-groups with (TG) and without (T)
green tea. The green tea was added as a supplement to
the drinking water during the experimental period (Table
1). The experimental animals were all fed a commercial
non-purified diet (Samyang, Seoul). The green tea bev-
erage used for the experiment was prepared by steeping
5 g of green tea leaves in 100 mL of distilled water
at 85°C for 3 minutes, based on the use of commercially
available tea bags manufactured by Taepyungyang Co.,
Ltd.

Exercise training

A motor-driven treadmill (Junkok Inc, Korea) was used
to subject the rats to exercise under the conditions shown
in Table 2. The rats ran five times a week on the tread-
mill set at a 7% slope and a speed of 10 m/min for
the first week, 20 m/min for the second week, 25 m/min
for the third week and 30 m/min for the fourth week,
respectively.

Table 1. Classification of experimental groups

Groups Treadmill Drinking water
Control" - Distilled H,O
2 - Green tea”
Y + Distilled H,0
TG" + Green tea”

"Control: basal diet+distilled H;O.

IG: basal diet+ green tea.

IT: basal diet -+ training + distilled H,0O.

“TG: basal diet+ training+ green tea.

95% tea extract solution: 5 grams of dry tea leaves were added
to 100 mL of hot distilled water in a beaker and extracted
at 85°C for 3 min.
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Table 2. Exercise training schedule for exercised rats

Table 3. Water and green tea intake in rats

Duration (week)

1 2 3 4
Speed (m/min) 10 20 25 28
Grade (degree) 7 7 7 7
Time (min) 10 20 25 30
Frequency (days/week) 5 5 5 5

Measurement of enzyme activity

Preparation of rat gastrocnemius muscle : After ex-
ercising, the rats were anethetized with pentobarbital
(Greencross Co, Korea), following a 12 h-fast. The red
gastrocnemius and white gastrocnemius were then re-
moved from the femoral region and stored at -70°C until
enalyzed.

Measurement of xanthine oxidase (XOD) activity . The
XOD activity in the rat gastrocnemius muscle was de-
termined according to the method of Stripe and Della-
Corte (23).

Measurement of antioxidative defense enzyme activity :

The superoxide dismutase (SOD) activity in the red
gastrocnemius was determined according to the method
of Marklund and Marklund (24). The glutathine per-
oxidase (GSHpx) activity in the red gastrocnemius was
determined according to the method of Lawrence and
Burk (25). The glutathione-S-transferase (GST) activity
in the red gastrocnemius was determined according to
the method of Habig et al. (26).

Determination of lipid peroxide in red gastrocnemius :

The lipid peroxide in the rat gastrocnemius muscle
was determined by the Satoh’s method (27), which quan-
tifies substance reacting to thiobarbituric acid (TBA).

Protein determination : The protein in the rat gastro-
cnemius muscle was determined according to the meth-
od of Lowry et al. (28) using bovine serum albumin as
the standard.

Statistical analysis

The results were assessed by ANOVA and Tukey’s
honestly significant difference test. Differences were
considered significant at p<0.05 (29).

RESULTS

Green tea intake

Green tea intakes were 20.75 and 25.21 mlL/day in
the G and TG groups, respectively. The green tea intake
of the TG group was higher than the G group (Table 3).

Body weight gain

Body weight gain was lower in exercise training
group, compared to control group, but it was significantly
different between exercise training groups (Table 4).

Water intake Green tea intake

Group

(mL/day) (mL/day)
Control 21.5*+1.85 -
G - 20.75+2.65
T 23.0x2.15 -
TG - 25.21+2.50

Table 4. Effect of green tea on body weight gain

Group Body weight gain (g)
Control 252.5+5.85°
G 253.1+4.67°
T 215.84:7.50°
TG 218.2+8.90°

Xanthine oxidase (XOD) activity in gastrocnemius
muscles

In the white gastrocnemius muscle, the activity of
XOD, known as a free radical generation enzyme, in-
creased by 71% in the T group compared to the control
group, whereas the TG group had the same activity level
as in the control group. The XOD activity in the red
gastrocnemius muscle exhibited the same tendency as
in the white gastrocnemius (Fig. 1).

Superoxide dismutase (SOD) activity in gastrocne-
mius muscles

SOD is an enzyme that protects the body from oxygen
toxicity by converting superoxide radicals into H,O,. The
activity of SOD in the gastrocnemius muscles is pres-
ented in Fig. 2.

In the white gastrocnemius muscle, the SOD activity
was significantly lower in the T group compared with
the control group, whereas the TG group, with green tea
supplementation, had the same SOD activity as the con-
trol group. In the red gastrocnemius muscle, the SOD
activity in the T group was 20% lower than the control
group, however, SOD activity in the TG group, with
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Fig. 1. Effect of green tea on gastrocnemius muscles xanthine
oxidase (XOD) activities after aerobic exercise in rats. All
values are mean = SE (n=10). Bars with different letters are sig-
nificantly different at p <0.05 based on Tukey’s-HSD test. The
experimental conditions were the same as in Tables 1 and 2.
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Fig. 2. Effect of green tea on gastrocnemius muscles super-
oxide dismutase (SOD) activities after aerobic exercise in rats,
All values are mean=* SE (n=10). Bars with different letters
are significantly different at p <0.05 based on Tukey’s-HSD
test. The experimental conditions were the same as in Tables
1 and 2.

green tea supplementation, was again significantly higher
than the T group.

Glutathione peroxidase (GSHpx) and glutathione
S-transferase (GST) activity activity in gastrocnemius
muscles

GSHpx catalyzes the formation of oxidized glutathione
(GSSG) and H,O from H»O, and reduced glutathione
(GSH), along with the formation of alcohol and H,O
from peroxides (ROOH). In the white gastrocnemius, the
GSHpx activity was 43% lower in the T group compared
to the control group, whereas the TG group retained the
same level as in the control group due to the green tea
supplementation. In the red gastrocnemius muscle, the
GSHpx activity was 17% lower in the T group compared
to the control group, whereas the TG group exhibited
the same activity as in the control group. In the white
gastrocnemius muscle, the GST activity in the exercise
training group was not different from that in the control
group. However, in the red gastrocnemius muscle, the
GST activity was 11.3% lower in the T group compared
to the control group, whereas the TG group retained the
same level as in the control group due to the green tea
supplementation (Fig. 3).

Lipid peroxide levels in gastrocnemius muscles

The lipid peroxide concentrations, as an index of lipid
peroxidation are presented in Fig. 4. In the white gas-
trocnemius muscle, the TBARS concentrations as an in-
dex of lipid peroxidation were 31% higher in the T group
compared with the control group. However, in the TG
group with green tea supplementation, the TBARS con-
centrations remained at the same level as in the control
group. In the red gastrocnemius muscle, the TBARS
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Fig. 3. Effect of green tea on gastrocnemius muscles gluta-
thione peroxidase (GSHpx, A) and glutathione S-transferase
(GST, B) activities after aerobic exercise in rats. All values are
mean+ SE (n=10). Bars with different letters are significantly

different at p <0.05 based on Tukey’s-HSD test. The experi-
mental conditions were the same as in Tables 1 and 2.
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Fig. 4. Effect of green tea on gastrocnemius muscles thiobar-
bituric acid reactive substances (TBARS) after aerobic exercise
in rats. All values are mean=t SE (n=10). Bars with different
letters are significantly different at p<{0.05 based on Tukey’s-
HSD test. The experimental conditions were the same as in
Tables 1 and 2.

concentrations were significantly higher in the T group
compared to the control group. However, in the TG
group with green tea supplementation, the TBARS con-
centrations were same as in the control group.

DISCUSSION

This study evaluated the efficacy of green tea for pro-
tecting exercising skeletal muscle from oxidative dam-
age. Rats were subjected to aerobic exercise using a
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treadmill, and then changes in the free radical generation
system and free radical scavenging system in the gas-
trocnemius muscles were examined, along with related
oxidative damage.

XOD, one of the free radical generation systems in
the human body, is an non-specific enzyme that is related
to the metabolism of purines, pyrimidines, aldehydes,
and heterocyclic compounds. Hypoxanthine, a metabolic
product resulting mainly from purine metabolism, is oxi-
dized into xanthine, which is then re-oxidized and acts
as an reactive catalyst generating uric acid, plus free
radicals (30). In this study we found that the XOD ac-
tivity in both the white and red gastrocnemius muscle
fibers was remarkably higher in the T group than in the
control group, while the green tea-supplemented TG
group exhibited a significantly lower activity that re-
mained at the same level as in the control group. This
result is similar to the report by Laughlin et al. (31),
where XOD activity increased in the skeletal muscle
after physical exercise, and the report by Kim and Rhee
(10), where XOD activity increased in the gastrocnemius
after aerobic exercise using a treadmill, yet decreased
with the supply of glucuronic acid.

SOD reduces superoxide radicals into H>O;, which is
then made non-toxic by on the action of GSHpx and
catalase, thereby protecting the human body from oxygen
poisoning (32). In this study, the T group exhibited a
significant reduction in SOD activity in both the white
and red gastrocnemius muscle when compared with the
control group, whereas the TG group with green tea
supplementation, retained almost the same activity as in
the control group. This result is also in agreement with
the reports by Choi et al. (12) and Kim and Rhee (10),
where reduced SOD activity in the white gastrocnemius
after aerobic exercise using a treadmill was maintained
when glucuronic acid was supplied, and the report by
Oh (33), where the addition of antioxidants during sus-
tained exercise produced a significant increase in SOD
activity.

GSHpx catalyses the generation of H,O and oxidized
glutathione (GSSG) from H,O; and reduced glutathione
(GSH), and the generation of alcohol (ROH) and H,O
from peroxide (ROOH) (34). In this study, the T group
exhibited lower GSHpx activity in the white and red
gastrocnemius than the control group, while the TG
group showed an equivalent level to the control group.
This result is similar to the report by Choi et al. (12)
and Kim and Rhee (10), where GSHpx activity increased
in the liver and white gastrocnemius muscle when glu-
curonic acid was supplied after aerobic exercise.

GST is a major Phase II detoxification enzyme that
catalyzes reactions that conjugate glutathione (R-S-G) to

numerous electrophilic substances including carcinogen
and endogenous poison (26), Although the current exper-
iment did not reveal any significant difference in the
GST activity in the white gastrocnemius muscle, in red
gastrocnemius muscle the T group exhibited a 23% de-
crease in GST activity when compared with the control
group. However, green tea supplementation maintained
the GST activity at the same level as the control group.
This result is similar to the report by Khanna (14), where
the antioxidative activity, including the GST activity, in
the red gastrocnemius was increased by providing lipoic
acid (LA) after aerobic exercise.

As mentioned above, green tea supplementation pre-
vented the decrease in SOD, GSHpx, and GST activities
in response to aerobic exercise that was seen in the
exercised group without green tea, which indicates that
the catechin, vitamin E, and vitamin C contained in green
tea function as antioxidants, thereby protecting the cell
membranes of sub-organs from peroxidation.

Lipid peroxidation is accelerated by the decrease in
antioxidative substances and the increase in free radical
generation caused by oxidative stress within cells (35).
The lipid peroxides contents (TBARS concentrations),
an indicator of oxidative damage, were significantly
higher in both gastrocnemius muscles in the T group
when compared to the control group. This finding is
similar to the report by Sen et al. (36), where the lipid
peroxidation caused by exercise was partly restricted by
supplying vitamin E during exercise.

Accordingly, the current study found that the sup-
plementation of green tea produced protective effects
against oxidation and oxidative damage in the gastro-
cnemius muscles in rats after acrobic exercise using a
treadmill. Furthermore it would seem that these pro-
tective effects result from the antioxidative substances
in green tea, such as catechin.

REFERENCES

1. Lee HG. 1996. Nutritional problems in Korean pattern of
disease incidence and nutrition in Korea. Kor J Nutr 29:
381-384.

2. Wood PD. 1984. Physical activity, diet and health Inde-
pendent and interactive effects. Med Sci Sports Exerc 26:
838-834.

3. Davies KJ, Quintanilha AT, Brooks GA, Packer L. 1982.
Free radicals and tissue damage produced by exercise.
Biochem Biophys Res Communi 107: 1198-1205,

4. Kretzhchmer M, Muller D, Hubscher J, Marin E, Klinger
W. 1991. Influence of aging training and acute physical
exercise on plasma glutathione and lipid peroxides in man.
Int Sports Med 12: 218-222.

5. Anderson R, Theron AJ, Steenkamp KJ. 1994. NADPH-
oxidase activity of stimulated-neutrophils is markedly in-
creased by serum. Inflammation 815: 459-467.



382

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

" Young-Mi Chai and Soon-Jae Rhee

Kumar CT, Reddy VK, Prasad M, Thyagaraju K, Reddanna
P. 1992. Dietary supplementation of vitamin E protects
heart tissue exercise induced oxidant stress. Mol Cell
Biochem 111: 109-115.

. Gohil K, Packer L, Lumen B, Brooks GA. 1986. Vitamin

E deficiency and vitamin C supplements exercise and mi-
tochondrial oxidation. J Appl Physiol 60: 1986-1991.

. Reznick AZ, Witt E, Matsumoto M, Packer L. 1991.

Vitamin E inhibits protein oxidation in skeletal muscle of
resting and exercised rats. Biochem Biophys Res Commun
189: 801-806.

. Reid MB, Haack KE, Frankchek KM, Valberg PA, Kobzik

L, West MS. 1992. Reactive oxygen in skeletal muscle.
Intracellular oxidant kinetics and fatigue in vitro. J Appl
Physio 73: 1797-1804.

Kim KR, Rhee SJ. 2002. Effect of glucuronic acid de-
rivatives isolated from xylan on antioxidative defense
system in rat white gastrocnemius after aerobic exercise.
Korean J Nutrition 35: 729-736.

Saengsirisuwan V, Perez FR, Kinnick TR, Henriksen EJ.
2002. Effects of exercise training and antioxidant R-ALA
on glucose transport in insulin-sensitive rat skeletal mus-
cle. J Appl Physiol 92: 50-58.

Choi HM, Lee SC, Ryu SP, Rhee IK, Joo GIJ, Rhee SJ.
2002. Effects of glucuronic acid derivatives isolated from
xylan on antioxidative defense system and muscle fatigue
recovery after aerobic exercise. Korean J Nutrition 34:
872-880.

Atalay M, Laaksonen DE, Khanna S, Kaliste-Korhonen
E, Hanninen O, Sen CK. 2000. Vitamin E regulates changes
in tissue antioxidants induced by fish oil and acute ex-
ercise. Med Sci Sports Exerc 32: 601-607.

Khanna S, Atalay M, Laaksonen DE, Gul M, Roy S, Sen
CK. 1999. Alpha-lipoic acid supplementation tissue glu-
tatione homeostasis at rest and after exercise. J Appl Phy-
siol 86: 1191-1196.

Benderitter M, Hadj-Saad F, Lhuissier M, Maupoil V,
Guilland JC, Rochett L. 1996. Effects of exhaustive exer-
cise and vitamin Be deficiency on free radical oxidative
process in male trained rats. Free Radic Biol 21: 541-549.
Saengsirisuwan V, Kinnick TR, Schmit MB, Henriksen
EJ. 2001. Interactions of exercise training and lipoic acid
on skeletal muscle glucose transport in obese Zucker rat.
J Appl Physiol 91: 145-53.

Ikeda 1, Imasato Y, Sasaki E, Nagao H, Tekeo F, Sugano
M. 1992, Tea catechins decrease micellar solubility and
intestinal absorption of cholesterol in rats. Biochim Bio-
phys Acta 1127: 141-146.

Sakanaka S, Kim M, Taniguchi M, Yamamoto T. 1989.
Antibacterial substances in Japanese green tea extract
against Streptococcus mutans. a carcinogenic bacterium.
Argic Biol Chem 53: 2307-2311.

Yang CS, Wang ZY. 1993. Tea and cancer. J Natl Cancer
Inst 85: 1038-1049.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Matsuaki T, Hata Y. 1985. Antioxidative activity of tea
leaf catechins. Nippon Nogeikagaku Kaish 59: 129-134.
Cheng SJ, Ho CT, Lou HZ, Bao VD, Jian YZ, Li MH,
Gao YN, Zhu GF, Bai JF, Glo SP, LI XQ. 1986. A pre-
liminary study on the antimutagenicity of green tea an-
tioxidants. Acta Biol Exp Sinica 19: 427-431.

Kim MJ, Rhee SJ. 2002. Effects of green tea on hepatic
antioxidative defense system and muscle fatigue recovery
in rat after aerobic exercise. J Kor Soc Food Sci Nutr
31: 1058-1064.

Stripe F, Della Corte E. 1969. The regulation of liver xan-
thine oxidase. J Bio Chem 244: 3855-3863.

Marklund S, Marklund G. 1974. Involvement of the
superoxide anion radical in antioxidation of pyrogallol and
a convenient assay for superoxide dismutase. Eur J Bio-
chem 47: 467-469.

Lawrence RA, Burk RF. 1976. Glutathione peroxidase
activity in selenium deficiency rat liver. Biochem Biophys
Res Commun 71: 952-958.

Habig WH, Pabst MJ, Jakoby WB. 1974. Glutathione S-
transferases. The first enzymatic step in mercapturic acid
formation. J Biol Chem 249: 7130-7139.

Satoh K. 1978. Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimetric method. Clin
Chim Acta 90: 37-43.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951.
Protein measurement with the folin phenol reagent. J Biol
Chem 193: 265-275.

Sreel RGD, Torrie JH. 1990. Principles and procedures
of statistics. McGraw Hill, New York.

Duke EJ, Joyce P, Ryan JP. 1973. Characterization of
alternative molecular forms of xanthine oxidase in the
mouse. Biochem J 131: 187-190.

Laughlin MH, Simpson T, Sexton WL, Brown OR, Smith
JK, Korthuis RJ. 1990. Skeletal muscle oxidative capacity
antioxidant enzymes and exercise training. J Appl Physiol
68: 2337-2343,

Chance B, Sies H, Boveris A. 1979. Hydroperoxide me-
tabolism in mammalian organs. Physiol Rev 59: 527-605.
Oh BS. 1998. The effect of antioxidants ingestion on the
antioxidant enzymes and immune function in endurance
training. PhD Dissertation. Korea University.

Speisky H, Kera Y, Penttla KE, Isracl Y, Lindros KO.
1998. Depletion of hepatic glutathione by ethanol occurs
independently of ethanol metabolism. Alcol Clin Exp Res
12: 224-228.

Rhee SJ. 1998. Changes of the antioxidant system and tis-
sue damage on kidney of streptozotocin-induced diabetic
rats. Kor J Gerontol 8: 85-90.

Sen CK, Atalay M, Agren J, Laaksonen DE, Roy S,
Hanninen O. 1997, Fish oil and vitamin E supplementation
in oxidative stress at rest and after physical exercise. J
Appl Physiol 83: 189-95.

(Received August 26, 2003; Accepted October 20, 2003)



