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Abstract

The antioxidant effect of the principal polyphenolic components extracted from green tea leaves, namely (�)-epicatechin (EC),

(�)-epigallocatechin (EGC), (�)-epicatechin gallate (ECG) and (�)-epigallocatechin gallate (EGCG), and their synergistic antiox-

idant effects with trolox against oxidative DNA damage were studied. The oxidative DNA damage was initiated by a water-soluble

azo initiator, 2,2 0-azobis (2-amidinopropane hydrochloride) (AAPH) and the ability of green tea polyphenols and/or trolox (a water-

soluble analogue of a-tocopherol) to inhibit the oxidative damage of DNA was assessed, in vitro, by measuring the conversion of

supercoiled pBR322 plasmid DNA to the open circular and linear forms. It was found that these green tea polyphenols could sig-

nificantly inhibit the oxidative damage of DNA synergistically with trolox, with an activity sequence of EC = ECG >

EGCG > EGC.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Epidemiological, biological and clinical studies have

provided various lines of evidence in the past decade

that free radical-induced oxidative damage of cell mem-

branes, DNA and proteins might play a causative role in

aging and several degenerative diseases, such as cancer,

atherosclerosis and cataract, and that antioxidants, such
as a-tocopherol (vitamin E), L-ascorbic acid (vitamin C)

and b-carotene, might have beneficial effects in protect-

ing against these diseases (Barnham, Masters, & Bush,

2004; Cooke, Evans, Dizdaroglu, & Lunec, 2003; Finkel

& Holbrook, 2000; Perwez Hussain, Hofseth, & Harris,

2003). Therefore, inhibition of free radical-induced oxi-

dative damage by supplementation of antioxidants has
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become an attractive therapeutic strategy for reducing

the risk of these diseases (Brash & Harve, 2002; Rice-

Evans & Diplock, 1993; Surh, 2003).

Green tea has been the most popular beverage in

China for thousands of years. Drinking tea, especially

green tea, is believed to be associated with a lower inci-

dence of human cancer (Cao & Cao, 1999; Jankun, Sel-

man, Swiercz, & Skrzypczak-Jankun, 1997; Nakachi
et al., 1998; Yang & Wang, 1993). For example, in wes-

tern countries, 1 in 10 women will develop breast cancer,

while, in Japan, where drinking green tea is an integral

art of lifestyle, only 1 in 40 women will develop breast

cancer (Nakachi et al., 1998). We recently found that

green tea polyphenols (GOHs) could reverse malignant

phenotypic characteristics and induce redifferentiation

of human hepatoma cells (SMMC-7721) (Zhou et al.,
2004a). The mechanisms of cancer inhibition by green

tea polyphenols remain an active area of research. (�)-

Epigallocatechin gallate (EGCG), the most abundant

constituent of green tea polyphenols, was reported to
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be active in preventing cancer by inhibiting angiogenesis

(Cao & Cao, 1999), by inhibiting urokinase activity

(Jankun et al., 1997), and by accelerating the apoptosis

of cancer cells, whilst healthy cells are left unharmed

(Chen, Schell, Ho, & Chen, 1998). A recent review sum-

marized effects of tea polyphenols on signal transduction
pathways related to cancer chemoprevention (Hou,

Lambert, Chin, & Yang, 2004). The desirable cancer

protective or putative therapeutic properties of green

tea polyphenols have also been considered to depend

on their antioxidant properties (Mitscher et al., 1997).

We have recently found that green tea polyphenols

are good antioxidants against free radical initiated li-

pid peroxidation in solution (Jia, Zhou, Yang, Wu,
& Liu, 1998a), in micelles (Zhou et al., 2000a; Zhou

et al., 2000b; Zhou, Yang, & Liu, 2004b; Zhou, Wu,

Yang, & Liu, 2005), in human red blood cells (Ma,

Liu, Zhou, Yang, & Liu, 2000), in human low density

lipoprotein (Liu, Ma, Zhou, Yang, & Liu, 2000), and

in rat liver microsomes (Cai et al., 2002), and that the

antioxidant activities of these polyphenols depend sig-

nificantly on the structure of the molecules, the initia-
tion conditions and the microenvironment of the

reaction medium (Cai et al., 2002; Jia et al., 1998a;

Liu et al., 2000; Ma et al., 2000; Zhou et al., 2000a,

2000b, 2004b, 2005). It was also found that these

green tea polyphenols could interact with a-tocopherol
(vitamin E), synergistically, to enhance their antioxi-

dant activity (Jia et al., 1998a; Liu et al., 2000; Zhou

et al., 2000a, 2000b, 2004b, 2005).Therefore, it is of
interest to extend these researches to other oxidative

substrates such as DNA, since DNA is also an impor-

tant target for free radical attack. We herein examined

the effects of polyphenols extracted from green tea,

namely (�)-epicatechin (EC), (�)-epigallocatechin

(EGC), (�)-epicatechin gallate (ECG) and (�)-epigal-

locatechin gallate (EGCG), and the synergistic effects

of polyphenols with trolox (a water-soluble analogue
of a-tocopherol), on the inhibition of AAPH-induced

oxidative damage of supercoiled pBR322 plasmid

DNA.
2. Materials and methods

2.1. Materials

(�)-Epicatechin (EC), (�)-epigallocatechin (EGC),

(�)-epicatechin gallate (ECG) and (�)-epigallocatechin
gallate (EGCG), were isolated from green tea leaves

by extraction with methanol, water and ethyl acetate,

consecutively, and chromatographic separation on a

Sephadex LH-20 column, with reference to procedures

previously reported (Nonaka, Kawakami, & Nishioka,

1983). Their structures and purity were confirmed by
1H and 13C NMR spectra and HPLC, respectively, as re-

ported previously (Jia, Zhou, Yang, Wu, & Liu, 1998b).
pBR322 was obtained from MBI. 2,2 0-Azobis(2-amidi-

nopropane hydrochloride) (AAPH, from Aldrich) and

trolox (from Merck) were purchased with the highest

purity available and used as received.

2.2. Assay for oxidative DNA strand breaks

Induction of DNA strand breaks by AAPH was mea-
sured by the conversion of supercoiled pBR322 plasmid

DNA to open circular and linear forms, according to the

procedure described previously (Li & Trush, 1993). The

relative mobilities of the three DNA forms depend on

agarose concentration, ionic strength of buffer, strength

of the applied current, and relative densities of the three

DNA forms (Jhnson & Grossman, 1977). Briefly, 100 ng

of pBR322 DNA was incubated with the indicated con-
centration of AAPH in phosphate-buffered saline (PBS)

(consisting of 137 mM NaCl, 2.7 mM KCl, 8.1 mM

Na2HPO4 and 1.5 mM KH2PO4) for 1.5 h at 37 �C at

a final volume of 25 ll (i.e., DNA 5 ll, AAPH 10 ll,
antioxidants 10 ll, if without antioxidants, 10 ll PBS
for complement) in 1.5 ml microcentrifuge tubes. In

the inhibition experiments, various GOHs and/or trolox

were preincubated before addition of AAPH. Following
incubation, the samples were mixed with 5 ll of gel load-
ing buffer (0.13% bromophenol blue and 40% (w/v) su-

crose) and immediately loaded into a 1% agarose gel



Fig. 1. Agarose gel electrophoretic pattern of pBR322 DNA (4 ng/ll)
after treatment with indicated concentration of AAPH in PBS at 37 �C
and pH 7.4 for 90 min. Lane 1: control; Lane 2: 2.5 mM AAPH; Lane

3: 5 mM AAPH; Lane 4: 10 mM AAPH; Lane 5: 20 mM AAPH; Lane

6: 40 mM AAPH; Lane 7: 80 mM AAPH.
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containing 40 mM Tris, 20 mM sodium acetate and 2

mM EDTA, and electrophoresed in a horizontal slab

gel apparatus in Tris/acetate/EDTA gel buffer for 1 h

(45 V/20 mA). After electrophoresis, the gels were

stained with 0.6 lg/ml of a solution of ethidium bromide

for 30 min, followed by another 30 min destaining in
water. The gels were then photographed under UV light.

DNA strand breaks were evaluated using the untreated

DNA under the same incubation condition as a control.

In this study, we used Gel_Pro Analyzer (version 3.0

from Media Cybernetics USA) to quantify the density of

supercoiled DNA form.
Fig. 2. Effects of trolox on pBR322 DNA (4 ng/ll) strand breaks

induced by 10 mM AAPH in PBS at 37 �C and pH 7.4 for 90 min.

Lane 1: control; Lane 2: AAPH; Lane 3: AAPH + 2.5 lM trolox; Lane

4: AAPH + 5.0 lM trolox; Lane 5: AAPH + 10.0 lM trolox; Lane 6:

AAPH + 20.0 lM trolox; Lane 7: AAPH + 40.0 lM trolox.
3. Results and discussion

3.1. DNA strand breaks initiated by AAPH

Conversion of the supercoiled form of plasmid or

bacteriophage DNA to the open-circular and further lin-

ear forms has been used as an index of DNA damage

(Ehrenfeld et al., 1987; Lewis, Stewart, & Adams,
1988). The formation of circular form of DNA is indic-

ative of single-strand breaks and the formation of a lin-

ear form of DNA is indicative of double-strand breaks

(Inouye, 1984; Zhang & Omaye, 2001). Since AAPH is

water-soluble and the rate of free radical generation

from AAPH can be easily controlled and measured, it

has been extensively used as a free radical initiator for

biological studies. It has been demonstrated previously
that the presence of AAPH is able to cause strand

breaks in pBR322 DNA (Zhang & Omaye, 2001). Ther-

mal decomposition of AAPH at physiological tempera-

ture generates alkyl radicals which can react with

oxygen and give alkylperoxyl radicals (ROO�). Alkylper-

oxyl radicals (ROO�) then attack plasmid DNA and lead

to DNA oxidative damage (Eqs. (1)–(3)).

AAPH! 2R� +N2 ð1Þ

R� +O2 !ROO� ð2Þ

ROO� +DNA!DNA damage product +ROOH ð3Þ

Fig. 1 shows AAPH-induced pBR 322 DNA strand

breakings. In each lane, the lower band is due to the

supercoiled DNA, the upper band to the open-circular

DNA and in between is a band which sometimes ap-
pears due to the linear DNA. It is generally assumed

that it takes only the single stand scission event to con-

vert supercoiled DNA to open-circular DNA (Inouye,

1984) and the latter seems always to be present (in var-

iable amounts, depending on the batch) in supercoiled

DNA. A second strand scission event converts open-

circular DNA into linear DNA provided this event oc-

curs on the other (i.e., the uncut) strand and probably
within about 5 bp of the break in the first strand. As
shown in Fig. 1, the supercoiled DNA was gradually

converted to open-circular DNA with the increase of

concentration of AAPH (from 2.5 to 5 mM), and that

open-circular DNA was gradually converted to linear
DNA with the increase of concentration of AAPH (from

10 to 80 mM). It can be concluded that the damage of

pBR322 DNA is concentration-dependent on AAPH.

3.2. The inhibition of AAPH-initiated DNA strand breaks

by green tea polyphenols or trolox

Green tea polyphenols have been well studied as
excellent antioxidants and good free radical-scavengers

(Cai et al., 2002; Jia et al., 1998a; Liu et al., 2000; Ma

et al., 2000; Zhou et al., 2000a, 2000b, 2004b, 2005). It

was recently reported that GOHs could direct interact

with DNA radicals to repair DNA by a mechanism of

electron transfer (or H-atom transfer) (Anderson et al.,

2001). As shown in Figs. 2 and 3, incubation of DNA

with 10 mM AAPH for 90 min resulted in the formation
of open circular and linear forms of DNA, indicating

both single-strand and double-strand DNA breaks.

Addition of trolox at 2.5–40 lM (Fig. 2) and EGCG

at 0.625–40 lM (Fig. 3) to DNA resulted in a partial

or complete inhibition of the conversion of supercoiled

DNA to open circular and linear forms, indicating that

trolox and EGCG are able to protect plasmid DNA

against AAPH-initiated oxidative damage. With the
concentrations of trolox or EGCG increasing, the for-

mation of the open linear and circular forms DNA de-

creased (lanes 3–7 in Fig. 2 and lanes 3–9 in Fig. 3).

The inhibition of AAPH-initiated DNA strand breaks

by EGCG and trolox exhibited a concentration-

dependent relationship. The inhibition effects produced



Fig. 3. Effects of EGCG on pBR322 DNA (4 ng/ll) strand breaks

induced by 10 mM AAPH in PBS at 37 �C and pH 7.4 for 90 min.

Lane 1: control; Lane 2: AAPH; Lane 3: AAPH + 0.625 lM EGCG;

Lane 4: AAPH + 1.25 lM EGCG; Lane 5: AAPH + 2.5 lM EGCG;

Lane 6: AAPH + 5.0 lM EGCG; Lane 7: AAPH + 10.0 lM EGCG;

Lane 8: AAPH + 20.0 lM EGCG; Lane 9: AAPH + 40.0 lM EGCG.

Fig. 4. Effects of green tea polyphenols (10 lM) on pBR322 DNA (4

ng/ll) strand breaks induced by 10 mMAAPH in PBS at 37 �C and pH

7.4 for 90 min. Lane 1: control; Lane 2: AAPH; Lane 3:

AAPH + EGCG; Lane 4: AAPH + ECG; Lane 5: AAPH + EGC;

Lane 6: AAPH + EC.
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by green tea polyphenols (10 lM) are shown in Fig. 4

with the activity sequence of EC = ECG > EGCG >

EGC.

3.3. Synergistic inhibition of AAPH-initiated DNA

damage by green tea polyphenols with trolox

We found recently that GOHs could act synergisti-
cally with a-tocopherol to inhibit the peroxidation of li-

pid in homogeneous solution (Jia et al., 1998a), in

micelles (Zhou et al., 2000a, 2000b, 2004b, 2005) and

in human low density lipoprotein (Liu et al., 2000).

The antioxidant synergism has been rationalized to be

due to the reduction of the a-tocopheroxyl radical

(TO�) by the coexistent GOH to regenerate a-tocopherol
(Eq. (4)) (Zhou et al., 2000a, 2000b, 2005). The kinetic
and mechanistic details of the tocopherol regeneration

reaction by GOHs has recently been confirmed by elec-

tron paramagnetic resonance (EPR) spectroscopy in this

laboratory (Zhou et al., 2000b, 2005). Therefore, it is
Fig. 5. Synergistic effects of green tea polyphenols (2.5 lM) with

trolox (10 lM) on pBR322 DNA (4 ng/ll) strand breaks induced by 10

mM AAPH in PBS at 37 �C and pH 7.4 for 90 min. Lane 1: control;

Lane 2: AAPH; Lane 3: AAPH + trolox; Lane 4: AAPH + EGCG;

Lane 5: AAPH + EGCG + trolox; Lane 6: AAPH + ECG; Lane 7:

AAPH + ECG + trolox; Lane 8: AAPH + EGC; Lane 9: AAPH +

EGC + trolox; Lane 10: AAPH + EC; Lane 11: AAPH + EC + trolox.
desirable to investigate whether GOH and trolox (a

water-soluble analogue of a-tocopherol) show similar

synergistic antioxidant effects on DNA damage. As

shown in Fig. 5, when 10 lM trolox (lane 3) and 2.5

lM EGCG (lane 4) were used alone, the weak supers-

coiled DNA appeared. But when 10 lM trolox and 2.5
lM EGCG were added together, the supercoiled DNA

became clear and intense (lane 5), indicating that EGCG

and trolox have a distinctly synergistic antioxidant effi-

ciency. Furthermore, we used Gel_Pro Analyzer (ver-

sion 3.0 from Media Cybernetics USA) to quantify the

density of supercoiled DNA form. Values are shown

in Fig. 6. This antioxidant synergism can be quantified

by the percentage increment of the density of the super-
coiled DNA form when the two antioxidants are used in

combination with reference to the sum of the densities of

the supercoiled DNA form when the two antioxidants

are used individually, termed as synergistic efficiency

(SE%) (Eq. (5)). For example, addition of trolox (10

lM) and ECG (2.5 lM) together gave the density of

the supercoiled DNA form as 52.1% of control (lane

7) which was 172% more intense than the sum of the
density of the supercoiled DNA form of trolox (10

lM, 9.6% of control, lane 3) and ECG (2.5 lM, 9.5%

of control, lane 6) when they were used separately.

Therefore, the SE% for ECG and trolox was 172%.

The inhibition effects of GOHs and their synergistic effi-

ciencies of GOHs with trolox on DNA damage are listed

in Table 1. It can be seen from Table 1 that GOHs could

inhibit the oxidative damage of DNA, used either alone
or in combination with trolox, with an activity sequence

of EC = ECG > EGCG > EGC. The sequence is similar

to the activity sequence of GOHs against free radical-

initiated lipid peroxidation in human low density
Fig. 6. Synergistic effects of green tea polyphenols (2.5 lM) with

trolox (10 lM) on pBR322 DNA (4 ng/ll) strand breaks induced by 10

mM AAPH in PBS at 37 �C and pH 7.4 for 90 min. The density of the

supercoiled DNA form was quantified by Gel_Pro Analyzer (version

3.0 from Media Cybernetics USA). Data are the average of three

determinations.



Table 1

The synergistic efficiencies of GOHs (2.5 lM) with trolox (10 lM) on

DNA damage

Compounds Supercoiled DNA (%control) SE%

Control 100

Trolox 9.6 ± 1.3

EGCG 2.5 ± 1.1

EGCG + trolox 31.5 ± 2.4 159

ECG 9.5 ± 1.4

ECG + trolox 52.1 ± 2.5 172

EGC 0.6 ± 1.1

EGC + trolox 14.8 ± 2.7 45

EC 11.1 ± 3.6

EC + trolox 58.1 ± 0.8 181
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lipoprotein (Liu et al., 2000) and in rat liver microsomes

(Cai et al., 2002).

TO� +GOH!GO� +TOH ð4Þ

SE% ¼ fdensity(trolox+GOH)� ½density(trolox)
+ density(GOH)]g/[density(trolox)
+ density(GOH) � 100 (5)

In conclusion, the principal polyphenolic components

of green tea and trolox are effective antioxidants against

free radical-induced oxidative DNA damage. The obser-

vation that GOHs and trolox can synergistically protect

plasmid DNA from free radical-induced oxidative dam-

age gives us useful information for antioxidant drug
design.
Acknowledgement

We thank the National Natural Science Foundation

of China (Grant Nos. 20172025, 20332020 and

20021001) for financial support.
References

Anderson, R. F., Fisher, L. J., Hara, Y., Harris, T., Mak, W. B.,

Melton, L. D., et al. (2001). Green tea catechins partially protect

DNA from �OH radical-induced strand breaks and base damage

through fast chemical repair of DNA radicals. Carcinogenesis, 22,

1189–1193.

Barnham, K. J., Masters, C. L., & Bush, A. I. (2004). Neurodegen-

erative diseases and oxidative stress. Nature Reviews Drug Discov-

ery, 3, 205–214.

Brash, D. E., & Harve, P. A. (2002). New careers for antioxidants.

Proceedings of the National Academy of Sciences of the United

States of America, 99, 13969–13971.

Cai, Y. J., Ma, L. P., Hou, L. F., Zhou, B., Yang, L., & Liu, Z.-L.

(2002). Antioxidant effects of green tea polyphenols on free radical

initiated peroxidation of rat liver microsomes. Chemistry and

Physics of Lipids, 120, 109–117.

Cao, Y., & Cao, R. (1999). Angiogenesis inhibited by drinking tea.

Nature, 398, 381.

Chen, Z. P., Schell, J. B., Ho, C. T., & Chen, K. Y. (1998). Green tea

epigallocatechin gallate shows a pronounced growth inhibitory
effect on cancerous cells but not on their normal counterparts.

Cancer Letters, 129, 173–179.

Cooke, M. S., Evans, M. D., Dizdaroglu, M., & Lunec, J. (2003).

Oxidative DNA damage: mechanism, mutation, and disease.

FASEB Journal, 17, 1195–1214.

Ehrenfeld, G. M., Shipley, J. B., Heimbrook, D. C., Sugiyama, H.,

Long, E. C., Van Boom, F. H., et al. (1987). Copper-dependent

cleavage of DNA by bleomycin. Biochemistry, 26, 931–942.

Finkel, T., & Holbrook, N. J. (2000). Oxidants, oxidative stress and

the biology of ageing. Nature, 408, 239–247.

Hou, Z., Lambert, J. D., Chin, K.-V., & Yang, C. S. (2004). Effects of

tea polyphenols on signal transduction pathways related to cancer

chemoprevention. Mutation Research, 555, 3–19.

Inouye, S. (1984). Site-specific cleavage of double-strand DNA by

hydroperoxide of linoleic acid. FEBS Letters, 172, 231–234.

Jankun, J., Selman, S. H., Swiercz, R., & Skrzypczak-Jankun, E. (1997).

Why drinking green tea could prevent cancer. Nature, 387, 561.

Jhnson, P. H., & Grossman, L. I. (1977). Electrophoresis of DNA in

agarose gels. Optimizing separations of conformational isomers of

double- and single-stranded DNAs. Biochemistry, 16, 4217–4225.

Jia, Z. S., Zhou, B., Yang, L., Wu, L. M., & Liu, Z.-L. (1998a).

Antioxidant synergism of tea polyphenols and a-tocopherol against
free radical induced peroxidation of linoleic acid in solution.

Journal of the Chemical Society, Perkin Transactions, 2, 911–915.

Jia, Z. S., Zhou, B., Yang, L., Wu, L. M., & Liu, Z.-L. (1998b). 2D

NMR study on tea polyphenols. Chinese Journal of Magnetic

Resonance, 15, 23–30.

Lewis, J. G., Stewart, W., & Adams, D. O. (1988). Role of oxygen

radicals in induction of DNA damage by metabolite of benzene.

Cancer Research, 48, 4762–4765.

Li,Y.,&Trush,M.A. (1993).DNAdamage resulting from theoxidation

of hydroquinone by copper: role for a Cu(II)/Cu(I) redox cycle and

reactive oxygen generation. Carcinogenesis, 14, 1303–1311.

Liu, Z.-Q., Ma, L.-P., Zhou, B., Yang, L., & Liu, Z.-L. (2000).

Antioxidative effects of green tea polyphenols on free radical

initiated and photosensitized peroxidation of human low density

lipoprotein. Chemistry and Physics of Lipids, 106, 53–63.

Ma, L. P., Liu, Z. Q., Zhou, B., Yang, L., & Liu, Z.-L. (2000).

Inhibition of free radical induced oxidative hemolysis of red blood

cells by green tea polyphenols. Chinese Science Bulletin, 45,

2052–2056.

Mitscher, L. A., Jung, M., Shankel, D., Dou, J. H., Steele, L., & Pillai,

S. P. (1997). Chemoprotection: a review of the potential therapeutic

antioxidant properties of green tea (Camellia sinensis) and certain

of its constituents. Medicinal Research Reviews, 17, 327–365.

Nakachi, K., Suemasu, K., Suga, K., Takeo, T., Imai, K., &

Higashi, Y. (1998). Influence of drinking green tea on breast

cancer malignancy. Japanese Journal of Cancer Research, 89,

254–261.

Nonaka, G., Kawakami, O., & Nishioka, I. (1983). Tannins and

related compounds. XV. A new class of dimeric flanan-3-ol

gallates, theasineneins A and B, and proanthocyanidin gallates

from green tea leaf. Chemical & Pharmaceutical Bulletin, 31,

3906–3910.

Perwez Hussain, S., Hofseth, L. J., & Harris, C. C. (2003). Radical

cause of cancer. Nature Reviews Cancer, 3, 276–285.

Rice-Evans, C. A., & Diplock, A. T. (1993). Current status of

antioxidant therapy. Free Radical Biology and Medicine, 15, 77–96.

Surh, Y.-J. (2003). Cancer chemoprevention with dietary phytochemi-

cals. Nature Reviews Cancer, 3, 768–780.

Yang, C. S., & Wang, Z. Y. (1993). Tea and cancer. Journal of the

National Cancer Institute, 85, 1038–1049.

Zhang, P., & Omaye, S. T. (2001). DNA strand breaking and oxygen

tension: effects of b-carotene, a-tocopherol and ascorbic acid. Food

and Chemical Toxicology, 39, 239–246.

Zhou, B., Jia, Z. S., Chen, Z. H., Yang, L., Wu, L. M., & Liu, Z.-L.

(2000a). Synergistic antioxidant effect of green tea polyphenols with



Q.-Y. Wei et al. / Food Chemistry 96 (2006) 90–95 95
a-tocopherol on free radical initiated peroxidation of linoleic acid

in micelles. Journal of the Chemical Society, Perkin Transactions, 2,

785–791.

Zhou, B., Chen, Z., Chen, Y., Jia, Z., Jia, Y., Zeng, L., et al. (2000b).

Kinetic EPR studies on bio-antioxidants. Applied Magnetic Reso-

nance, 18, 397–406.

Zhou, B., Pan, J., Dai, F., Zhao, C., Zhang, L., Wei, Q., et al.

(2004a). Redifferentiation of human hepatoma cell induced by
green tea polyphenols. Research on Chemical Intermediates, 30,

627–636.

Zhou, B., Yang, L., & Liu, Z.-L. (2004b). Strictinin as an efficient

antioxidant in lipid peroxidation. Chemistry and Physics of Lipids,

131, 15–25.

Zhou, B., Wu, L. M., Yang, L., & Liu, Z-L. (2005). Evidence for a-
tocopherol regeneration of green tea polyphenols in SDS micelles.

Free Radical Biology and Medicine, 38, 78–84.


	Synergistic effect of green tea polyphenols with trolox on free radical-induced oxidative DNA damage
	Introduction
	Materials and methods
	Materials
	Assay for oxidative DNA strand breaks

	Results and discussion
	DNA strand breaks initiated by AAPH
	The inhibition of AAPH-initiated DNA strand breaks by green tea polyphenols or trolox
	Synergistic inhibition of AAPH-initiated DNA damage by green tea polyphenols with trolox

	Acknowledgement
	References


