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Free radical production during exercise contributes to fatigue and antioxidant treatment might be a
valuable therapeutic approach. In this study, the antioxidant properties of green tea polyphenols (GTP)
were evaluated in vitro through hydroxyl radical-scavenging activity, and ascorbic acid was used as
reference compound. The study showed that GTP possessed more pronounced hydroxyl radical
scavenging activity than ascorbic acid, and the scavenging activity increased with increasing of the
concentration. The anti-fatigue effects of GTP were evaluated in vivo through a swimming exercise test.
Forty male Kunming (KM) mice were randomly divided into 4 groups (n = 10 in each group) including
one control group and three GTP administered groups (60, 120 and 240 mg/kg body weight). The GTP
were administered to the mice every day for 4 weeks. The mice were submitted to weekly swimming
exercise supporting constant loads (lead fish sinkers, attached to the tail) corresponding to 10% of their
body weight. The study showed that GTP has an anti-fatigue effect and also prolongs the swimming
time of mice with less fatigue. Although there could be several mechanisms of action of GTP for its

effectiveness to combat fatigue, the antioxidant properties seem to be highly significant.
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INTRODUCTION

Tea is second only to water in popularity as a beverage in
the world, and its medicinal properties have been widely
explored (Mukhtar and Ahmad, 2000; Wu and Wei, 2002;
El-Beshbishy, 2005; Gomikawa et al., 2008). The tea
plant, Camellia sinensis, is a member of the theaceae
family. According to the manufacturing process, teas are
classified into three major types: ‘non-fermented’ green
tea, ‘semi-fermented’ oolong tea and ‘fermented’ black
and red (Pu-Erh) teas (McKay and Blumberg, 2002;
Cabrera et al.,, 2006). Green tea is produced from
steaming fresh leaves at high temperatures, thereby
inactivating the oxidizing enzymes and leaving the
polyphenol content intact (Zaveri, 2006). Polyphenols
account for up to 30% of the dry weight and serve as
major effective components of green tea (Graham, 1992).
Most of the polyphenols being flavanols are more
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commonly known as catechins. The primary catechins in
green tea are epicatechin (EC), epicatechin-3-gallate
(ECG), epigallocatechin (EGC), and epigallocatechin-3-
gallate (EGCG) (Figure 1) (Fuijiki et al., 2002).

A number of polyphenolic compounds from green tea
have been found to have a variety of nutritional and
pharmacological properties, including antioxidant (Cai et
al., 2002), anti-carcinogenic (Yang and Wang, 1993),
anti-diabetic(Matsumoto et al.,, 1993), anti-bacterial
(Miura et al., 2001), anti-mutagenic (Wang et al., 1989;
Gupta et al., 2002), anti-hypertensive (Potenza et al.,
2007), antiviral (Song et al., 2005) and anti-atherogenic
effects (Chyu et al., 2004). Consequently, there is
growing interest in the use of green tea polyphenols for
the treatment and prevention of diseases.

Exercise is known to promote good health and prevent
various diseases. However, strenuous exercise can
cause oxidative stress which leads to an imbalance
between reactive oxygen species (ROS) production and
antioxidant defense (You et al., 2009). Under normal
circumstances, ROS are neutralized by an elaborate
endogenous antioxidant system, comprising of enzymatic
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Figure 1. Catechins in green tea extracts.

and non-enzymatic antioxidants (Gohil et al., 1986;
Radak et al., 2001; Urso and Clarkson, 2003; Keong et
al., 2006). However, during strenuous exercise, the rate
of ROS production may overwhelm the body’s capacity to
detoxify them, which can lead to increased oxidative
stress. And free radical production reaches the highest
level when exercise is exhaustive (Sjodin et al., 1990; Ji
et al., 1998; Keong et al., 2006; Rosa et al., 2007; Prigol
et al, 2009). There is evidence that free radical
production during exercise contributes to fatigue and
oxidative stress and it has been suggested to reduce
endurance performance during exhaustive exercise
(Novelli et al., 1990; Coombes et al., 2002; Keong et al.,
2006). In this study, the anti-fatigue effects of green tea
polyphenols were investigated through swimming
exercise of Kunming (KM) mice. Also, their antioxidant
properties were determined through scavenging activity
to hydroxyl radicals.

MATERIALS AND METHODS
Reagents

All chemicals and media were purchased from Xuzhou Chemical
Reagents Co., Ltd (Xuzhou, China) unless otherwise indicated.
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Fresh green tea was purchased from Jiangsu Zhongfu Tea Co., Ltd
(Yixing, China).

Green tea polyphenols preparation

Green tea polyphenols (GTP) was prepared using microwave
assisted extraction according to Quan et al. (2006). 100 g of fresh
green tea were dried overnight at 40°C and ground through a 1-mm
sieve, then immerse in solvents (1:5 to 1:15 g/ml) for a certain time
(0 to 90 min). Then it was transferred to flask, adjusted pH, and
brewed in microwave oven (450 W) (Time: 300 to 420 s), radiation
is done at regular intervals (30 s interval) to keep temperature from
rising above 70°C. After that, the infusion was let cool down to room
temperature, filtered to separate solid and concentrated by rotary

vacuum evaporation. Final GTP was stored in refrigerator at 4°C.

Selection of animals and care

Male Kunming (KM) mice (Grade 2, Certification No. 86047,
weighing 18 to 22 g) used in this study were purchased from the
Laboratory Animal Center of Xuzhou Medical College (Xuzhou,
China.). The animals were housed in the animal care centre of
China University of Mining and Technology (Xuzhou, China). They
were kept in wire-floored cages under standard laboratory

conditions of 12 h/12 h light/dark, 25 + 2°C with free access to food



and water. All animals received humane care in compliance with the
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Jiangsu Province guidance on experimental animal care. The

Table 1. Absorbance of green tea polyphenols and ascorbic acid at 532 nm.

Concentration Absorbance
(ng/ml) Green tea polyphenols Ascorbic acid Control
10 0.692+0.008 0.956+0.009 1.054
20 0.526+0.011 0.883+0.007
50 0.413+0.005 0.847+0.006

Results are presented as mean + SD (n = 3).

protocol was approved by local animal study committee.

Hydroxyl radical-scavenging assay

The radical scavenging activity of GTP against hydroxyl radicals
was measured using the method described previously with some
modifications (Ohkawa et al., 1979; Kunchandy and Rao, 1990;
Guan et al., 2007). Inhibitory effects of GTP on deoxyribose
degradation were determined by measuring the competition
between deoxyribose and GTP for the hydroxyl radicals generated
from the Fe*/ascorbate/ EDTA/H,0, system. The attack of the
hydroxyl radical on deoxyribose leads to TBARS formation (Guan et
al., 2007; Yi et al., 2008). Solutions of the reagents were made up
in deaerated water before being used. The reaction mixture,
containing test sample (10 to 50 pg/ml), was incubated with
deoxyribose (3.75 mM), EDTA (100 uM), ascorbic acid (100 uM),
H>O, (1 mM), and FeCI3 (100 yM) in phosphate buffer (20 mM, pH

7.4) for 60 min at 37°C (Halliwell et al., 1987; Wu et al., 2007). The

reaction was terminated by adding TBA (1%, w/v and 1 ml) and
TCA (2%, w/v, 1 ml), then the tube was heated in a boiling water
bath for 15 min. After the mixtures were cooled to room
temperature, their absorbances at 532 nm were measured against
a blank containing deoxyribose and buffer. Mixture without sample
was used as control (Wu et al., 2007; Yi et al., 2008). Ascorbic acid
was used as reference compound. Hydroxyl radical-scavenging
activity (HRSA) was calculated using the following equation:

HRSA (%) = [(Ac-As) / (Ac)] x100.

Where A. is the absorbance with control, and As is absorbance with
sample.

Swimming exercise test

The mice were allowed to adapt to the laboratory housing for at
least 1 week. Forty male Kunming (KM) mice were randomly
divided into 4 groups (n = 10 in each group): The first group
designated as control dose group (CD) was administered with
distilled water by gavage every day for 4 weeks. The second group
designated as low dose group (LD) was administered with GTP of
60 mg/kg body weight day for 4 weeks. The third group designated
as middle-dose group (MD) was administered with GTP of 120
mg/kg body weight day for 4 weeks. The fourth group designated
as high-dose group (HD) was administered with GTP of 240 mg/kg
body weight day for 4 weeks. The doses used in this study were
confirmed to be suitable and effective in tested mice according to
preliminary experiments. Samples were administrated in a volume
of 150 ml. The tails of the mice were colored with a magic marker
for individual recognition and the mice were submitted to weekly
swimming exercise supporting constant loads (lead fish sinkers,
attached to the tail) corresponding to 10% of their body weight
(Ikeuchi et al., 2006; Zhang et al., 2007). The mice were assessed

to be fatigued when they failed to rise to the surface of the water to
breathe within 5 s and the time was immediately recorded (lkeuchi
et al., 2005; Lu et al., 2009). The swimming exercise was carried
out in a tank (26x30x30 cm), filled with water to 24 cm depth and

maintained at a temperature of 30+1°C.

Statistical analysis
The results are presented as mean + SD. Statistical analysis was

performed using ANOVA following Mann-Whitney U-test. P<0.05
were considered statistically significant.

RESULTS AND DISCUSSION

Scavenging of hydroxyl
polyphenols

radicals of green tea

It is well known that hydroxyl radicals are highly reactive-
oxygen species. They are considered to cause the ageing
of human body and some diseases (Siddhuraju and
Becker, 2007), interact with the purine and pyrimidine
bases of DNA as well as abstract hydrogen atoms from
biological molecules (example, thiol compounds), leading
to the formation of sulphur radicals which are able to
combine with oxygen to generate oxysulphur radicals, a
number of which damage biological molecules (Halliwell
et al.,, 1987; Huang et al., 2009). When hydroxy! radical
generated by the Fenton reaction attacks deoxyribose,
deoxyribose degrades into fragments that react with TBA
on heating at low pH to form a pink color, which can be
quantified spectrophotometrically at 532 nm (Yi et al.,
2008). So, one can calculate the inhibition effect from the
changes of absorption. Absorbance of green tea
polyphenols and ascorbic acid at 532 nm were shown in
Table 1 and hydroxyl radical-scavenging activity of GTP
and ascorbic acid were shown in Figure 2. The results
suggested that GTP possessed more pronounced
hydroxyl radical scavenging activity than ascorbic acid,
and the scavenging activity increased with increasing
concentration. It suggested that the GTP might be
beneficial to the alleviation of physical fatigue, so GTP
was used for the in vivo experiment in mice to estimate
the anti-fatigue effect.

Anti-fatigue effect of green tea polyphenols



Recently, forced swimming of animals has been widely

used for anti-fatigue and endurance tests (Wang et al.,
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Figure 3. Effect of green tea polyphenols on swimming exercise in mice. Results are presented as mean * SD

(n=10). " p<0.05 vs. control.

1983; Kim et al.,, 2002; Sakata et al., 2003; An et al.,
2006; Shin et al., 2006; Koo et al., 2008; Feng et al.,
2009; Jing et al., 2009). Other methods of forced exercise
such as the motor driven treadmill or wheel can cause
animal injury and may not be routinely acceptable
(Orlans, 1987; Lapvetelainen et al., 1997; Wu et al.,
1998; Misra et al., 2005). In this study, the mice loaded

with 10% of their body weight were placed in the water at
room temperature (301 (1) to swim and the mice were
assessed to be fatigued when they failed to rise to the
surface of the water to breathe within 5 s. As shown in
Figure 3, the MD (120 mg/kg) and HD (240 mg/kg)
groups showed a significant increase in swimming time to
exhaustion as compared to the CD group from the first



week. In the LD (60 mg/kg) group, a significant increase
in swimming time to exhaustion as compared to the CD
group was evident after 2 weeks. From these results, a
conclusion can be drawn that GTP has an anti-fatigue
2628 Sci. Res. Essays

effect and also prolongs the swimming time of mice with
less fatigue.

Conclusions

The present study established that green tea polyphenols
possessed significant antioxidant properties through
scavenging activity to hydroxyl radicals. In addition, green
tea polyphenols showed an anti-fatigue effect on forced
swimming of animals. Although there could be several
mechanisms of action of green tea polyphenols for its
effectiveness to combat fatigue, the antioxidant properties
seem to be highly significant. Further studies on the
mechanisms of action are under investigation.

REFERENCES

An HJ, Choi HM, Park HS, Han JG, Lee EH, Park YS, Um JY, Hong SH,
Kim HM (2006). Oral administration of hot water extracts of Chlorella
vulgaris increases physical stamina in mice. Ann. Nutr. Metab., 50(4):
380-386.

Cabrera C, Artacho R, Giménez R (2006). Beneficial effects of green
tea--areview. J. Am. Coll. Nutr., 25(2): 79-99.

Cai YJ, Ma LP, Hou LF, Zhou B, Yang L, Liu ZL (2002). Antioxidant
effects of green tea polyphenols on free radical initiated peroxidation
of rat liver microsomes. Chem. Phys. Lipids., 120: 109-117.

Chyu KY, Babbidge SM, Zhao X, Dandillaya R, Rietveld AG, Yano J,
Dimayuga P, Cercek B, Shah PK (2004). Differential effects of green
tea-derived  catechin on developing versus established
atherosclerosis in apolipoprotein E-null mice. Circulation., 109: 2448—
2453.

Coombes JS, Rowell B, Dodd SL, Demirel HA, Naito H, Shanely RA,
Powers SK (2002). Effects of vitamin E deficiency on fatigue and
muscle contractile properties, Eur. J. Appl. Physiol., 87(3): 272-277.

El-Beshbishy HA (2005). Hepatoprotective effect of green tea (Camellia
sinensis) extract against tamoxifen-induced liver injury in rats, J.
Biochem. Mol. Biol., 38(5): 563-570.

Feng H, Ma HB, Lin HY, Putheti R (2009). Antifatigue activity of water
extracts of Toona sinensis Roemor leaf and exercise-related changes
in lipid peroxidation in endurance exercise, J. Med. Plants Res.,
3(11): 949-954.

Fujiki H, Suganuma M, Imai K, Nakachi K (2002). Green tea: cancer
preventive beverage and/or drug. Cancer Lett., 188(1-2): 9-13.

Gohil K, Packer L, de Lumen B, Brooks GA, Terblanche SE (1986).
Vitamin E deficiency and vitamin C supplements: exercise and
mitochondrial oxidation. J. Appl. Physiol., 60(6): 1986-1991.

Gomikawa S, Ishikawa Y, Hayase W, Haratake Y, Hirano N, Matuura H,
Mizowaki A, Murakami A, Yamamoto M (2008). Effect of ground
green tea drinking for 2 weeks on the susceptibility of plasma and
LDL to the oxidation ex vivo in healthy volunteers. Kobe J. Med. Sci.,
54(1): E62-72.

Graham HN (1992). Green tea composition, consumption, and
polyphenol chemistry, Prev. Med., 21 (3): 334-350.

Guan BF, Tan J, Zhou ZT (2007). The antioxidation effect of
honeysuckle extraction and the chlorogenic acid, Sci. Tec. Food Ind.,
10: 127-129.

Gupta S, Saha B, Giri AK (2002). Comparative antimutagenic and
anticlastogenic effects of green tea and black tea: a review. Mutat.
Res., 512(1): 37-65.

Halliwell B, Gutteridge JM, Aruoma Ol (1987). The deoxyribose method:
A simple’test-tube” assay for determination of rate constants for

reactions of hydroxyl radicals. Anal. Biochem., 165: 215-219.

Huang W, Xue A, Niu H, Jia Z, Wang JW (2009). Optimised ultrasonic-
assisted extraction of flavonoids from Folium eucommiae and
evaluation of antioxidant activity in multi-test systems in vitro. Food
Chem., 114(3): 1147-1154.

lkeuchi M, Koyama T, Takahashi J, Yazawa K (2006). Effects of
astaxanthin supplementation on exercise-induced fatigue in mice,
Biol. Pharm. Bull., 29(10): 2106-2110.

Ikeuchi M, Nishimura T, Yazawa K (2005). Effects of Anoectochilus
formosanus on endurance capacity in mice, J. Nutr. Sci. Vitaminol.,
51: 40-44.

Ji LL, Bejma J, Ramires PR, Donahue C (1998). Free radical generation
and oxidative stress in the heat are intensified during aging and
exhaustive exercise. Med Sci Sport Exer., 30: S322.

Jing LJ; Cui GW; Feng Q; Xiao YS (2009). Orthogonal test design for
optimization of the extraction of polysaccharides from Lycium
barbarum and evaluation of its anti-athletic fatigue activity. J. Med.
Plants Res., 3(5): 433-437.

Keong CC, Singh HJ, Singh R (2006). Effects of palm vitamin E
supplementation on exercise-induced oxidative stress and endurance
performance in the heat. J. Sports Sci. Med., 5: 629-639.

Kim KM, Yu KW, Kang DH, Suh HJ (2002). Anti-stress and anti-fatigue
effect of fermented rice bran, Phytotherapy Res., 16 (7): 700-702.

Koo HN, Um JY, Kim HM, Lee EH, Sung HJ, Kim IK, Jeong HJ, Hong
SH (2008). Effect of pilopool on forced swimming test in mice. Int. J.
Neurosci., 118(3): 365-374.

Kunchandy E, Rao MNA (1990). Oxygen radical scavenging activity of
curcumin, Int. J. Pharm., 58: 237-240.

Lapvetelainen T, Tiihonen A, Koskela P, Nevalainen T, Lindblom J, Kiraly
K, Halonen P, Helminen HJ (1997). Training a large number of
laboratory mice using running wheels and analyzing running behavior
by use of a computer-assisted system. Lab. Anim. Sci., 4: 172-179.

Lu JR, He TR, Putheti R (2009). Compounds of Purslane Extracts and
Effects of Anti-kinetic Fatigue. J. Med. Plants Res., 3(7): 506-510.

Matsumoto N, Ishigaki F, Ishigaki A, Ilwashima H, Hara Y (1993).
Reduction of blood glucose levels by tea catechin. Biosci. Biotech.
Biochem., 57: 525-527.

McKay DL, Blumberg JB (2002). The role of tea in human health: An
update. J. Am. Coll. Nutr., 21: 1-13.

Misra DS, Maiti R, Bera S, Das K, GhoshD (2005). Protective Effect of
Composite Extract of Withania somnifera, Ocimum sanctum and
Zingiber officinale on Swimming-Induced Reproductive Endocrine
Dysfunctions in Male Rat. Iran. J. Pharmacol. Ther., 4(2): 110-117.

Miura Y, Chiba T, Tomita I, Koizumi H, Miura S, Umegaki K, Hara Y,
lkeda M, Tomita T (2001). Tea catechins prevent the development of
atherosclerosis in apoprotein E-deficient mice. J. Nutr., 131: 27-32.

Mukhtar H, Ahmad N (2000). Tea polyphenols: Prevention of cancer.
Am. J. Clin. Nutr., 71: 1698-1702.

Novelli GP, Bracciotti G, Falsini S (1990). Spin-trappers and vitamin E
prolong endurance to muscle fatigue in mice. Free Radic. Biol. Med.,
8(1):9-183.

Ohkawa H, Ohishi, N, Yagi K (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem., 95: 351-358.
Orlans FB (1987). Case studies of ethical dilemmas. Lab. Anim. Sci.

Special Issue: 59-64.

Potenza MA, Marasciulo FL, Tarquinio M, Tiravanti E, Colantuono G,
Federici A, Kim JA, Quon MJ, Montagnani M (2007). EGCG, a green
tea polyphenol, improves endothelial function and insulin sensitivity,
reduces blood pressure, and protects against myocardial I/R injury in
SHR. Am. J. Physiol. Endocrinol. Metab., 292(5): E1378-1387.

Prigol M, Luchese C, Nogueira CW (2009). Antioxidant effect of
diphenyl diselenide on oxidative stress caused by acute physical
exercise in skeletal muscle and lungs of mice, Cell Biochem. Funct.,
27(4): 216-222.

Quan PT, Hang TV, Ha NH, De NX (2006). Microwave-assisted
extraction of polyphenols from fresh tea shoot, J. Sci. Tech. Dev.,
9(8): 69-75.

Radak Z, Kaneko T, Tahara S, Nakamoto H, Pucsok J, Sasvari M,
Nyakas C, Goto S (2001). Regular exercise improves cognitive
function and decreases oxidative damage in rat brain. Neurochem.
Int., 38(1): 17-23.

Rosa EF, Takahashi S, Aboulafia J, Nouailhetas VL, Oliveira MG (2007).



Oxidative stress induced by intense and exhaustive exercise impairs
murine cognitive function. J. Neurophysiol., 98(3): 1820-1826.

Sakata Y, Sutoo D, Nemoto Y, Ida Y, EndoY (2003). Effect of nutritive
and tonic crude drugs on physical fatigue-induced stress models in
mice, Pharm. Res., 47(3): 195-199.

Shin HY, Jeong HJ; Hyo-Jin-An, Hong SH, Um JY, Shin TY, Kwon SJ,
Jee SY, Seo BI, Shin SS, Yang DC, Kim HM (2006). The effect of
Panax ginseng on forced immobility time & immune function in mice.
Indian J. Med. Res., 50(4): 380-386.

Siddhuraju P, Becker K (2007). The antioxidant and free radical
scavenging activities of processed cowpea (Vigna unguiculata (L.)
Walp.) seed extracts, Food Chem., 101: 10-19.

Sjodin B, Hellsten-Westing Y, Apple FS (1990). Biochemical
mechanisms for oxygen free radical formation during exercise, Sports
Med., 10: 236-254.

Song JM, Lee KH, Seong BL (2005). Antiviral effect of catechins in
green tea on influenza virus. Antiviral Res., 68(2): 66-74.

Urso ML, Clarkson PM (2003). Oxidative stress, exercise, and
antioxidant supplementation, Toxicol., 189: 41-54.

Wang BX, Cui JC, Liu AJ, Wu SK (1983). Studies on the anti-fatigue
effect of the saponins of stems and leaves of panax ginseng (SSLG).
J. Tradit. Chin. Med., 3(2): 89-94.

Wang ZY, Cheng SJ, Zhou ZC, Athar M, Khan WA, Bickers DR, Mukhtar
H (1989). Antimutagenic activity of green tea polyphenols. Mutat.
Res., 223(3): 273-285.

Wu CD, Wei GX (2002). Tea as a functional food for oral health.
Nutrition., 18: 443-444.

Wu Q, Zheng C, Ning ZX, Yang B (2007). Modification of low molecular
weight polysaccharides from Tremella Fuciformis and their
antioxidant activity in vitro, Int. J. Mol. SCI., 8: 670-679.

Wu Y, Ahang Y, Wu JA, Lowell T, Gu M, Yuan CS (1998). Effects of
Erkang, a modified formulation of Chinese folk medicine Shi-Quan-
Da-Bu-Tang on mice. J. Ethnopharmacol., 61: 153-159.

Liudong et al. 2629

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

Yi ZB, Yu Y, Liang YZ, Zeng B (2008). In vitro antioxidant and
antimicrobial activities of the extract of Pericarpium Citri Reticulatae
of a new Citrus cultivar and its main flavonoids. LWT - Food Sci.
Technol., 41: 597-603.

You Y, Park J, Yoon HG, Lee YH, Hwang K, Lee J, Kim K, Lee KW, Shim
S, Jun W (2009). Stimulatory effects of ferulic acid on endurance
exercise capacity in mice. Biosci. Biotechnol. Biochem., 73(6): 1392-
1397.

Zaveri NT (2006). Green tea and its polyphenolic catechins: medicinal
uses in cancer and noncancer applications. Life Sci., 78(18): 2073-
2080.

Zhang G, Shirai N, Higuchi T, Suzuki H, Shimizu E (2007). Effect of
Erabu sea snake (Laticauda semifasciata) lipids on the swimming
endurance of aged mice, J. Nutr. Sci. Vitaminol., 53(6): 476-481.



