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Green tea is consumed as a popular beverage in Japan and throughout the world.
During the past decade, epidemiological studies have shown that tea catechin intake is
associated with lower risk of cardiovascular disease [1,2]. In vitro biochemical studies
have reported that catechins, particularly epigallocatechin-3 gallate (EGCg), help to
prevent oxidation of plasma low-density lipoprotein (LDL) [3-5]. LDL oxidation has
been recognized to be an important step in the formation of atherosclerotic plaques and
subsequent cardiovascular disease [6].

Metabolic studies have shown that EGCg supplement is incorporated into human
plasma at a maximum concentration of 4400 pmoVmL [7-10]. Such concentrations
would be enough to exert antioxidative activity in the blood stream. The potent
antioxidant property of tea catechin may be beneficial in preventing the oxidation of
LDL. It is of interest to examine the effect of green tea catechin supplementation on
antioxidant capacity of plasma in humans by measuring plasma phosphatidylcholine
hydroperoxide (PCOOH) as a marker of oxidized lipoproteins.

1. Absorption and metabolism of tea catechin
A large part of tea catechin ingested orally is distributed in intestinal mucosa, and

is excreted finally into feces. A part of catechin receives conjugation reactions
(glucuronide and sulfate formations) in the intestinal mucosa, liver and kidney, and
substancial levels of catechin is incorporated into human body as in non-conjugated
form. EGCg is actually incorporated into human plasma after an intake of green tea
drink. Five· % of catechin ingested is incorporated and the absorption maximum
reached around 1-2 hr. No harmful effect has been found clinically or biochemically
in any of the subjects taking EGCg supplement. Serum aspartate aminotransferase,

creatinine, total cholesterol, and iron levels are not changed after consumption of tea
catechin at concentrations up to 1000 mg/day for 3 months [13]. A substanciallevel of
EGCg is confirmed to be present in human plasma after 60 min of ingestion, though the
basal level after 12 hr of fasting is below the detection limit « 2 pmoVmL). In
humans the half-life in kinetics of tea catechin metabolism is relatively short, as has
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been reported in rats [9, 11, 12]. In the study by Van Het Hof et ale [14], human

plasma antioxidant activity and oxidation marker were measured after overnight fasting,

Le. at least 12 hr of fasting after their most recent tea consumption. Therefore, it is

likely that the plasma catechins disappeared in their study, even though the subjects
consumed 6 cups of green tea daily for 4 weeks, or by due to lower sensitivity of their

methodology. The plasma EGCg concentration is increased to 122 nglmL at 60 'min
after an oral intake of 82 mg of EGCg. The concentrations of endogenous plasma

antioxidant molecules such as a -tocopherol, y -tocopherol, {3 -carotene, and
lycopene show no change before and after the EGCg ingestion. Regarding the

metabolites, Lee et ale [17] reported glucuronide and sulfate conjugates of catechins in
human plasma, in which a phenolic hydroxyl group of the catechins is supposed to be

substituted for glucuronide or sulfate. Since th~ antioxidant activity of' catechins is
closely dependent on the number of phenolic hydroxyl groups [15], catechins in the free
form (non-conjugated form) would be most important to the antioxidant action.
Because of their high polarity, glucuronide and sulfate conjugates would be excreted
rapidly from the blood stream. The antioxidant contribution of these metabolites in
blood plasma seems to be less effective than that of the non-conjugated free from
catechins.

2. Antioxidative effect of tea catechin

PCOOH (phosphatidylcholine hydroperoxide) is a marker of oxidative injury of
plasma lipoproteins. Since phosphatidylcholine is generally located as a major
constituent on the outer surface of the amphipathic lipid monolayer of the lipoprotein

particle, the occurrence of PCOOH directly indicates an increase of oxidative challange

in monolayer membranes of lipoprotein in plasma. peOOH is the predominant
membrane lipid hydroperoxide in hunlan plasma [16-18]~ Because PCOOH is a

primary oxidation product of phosphatidylcholine, an increase in peOOH concentration

reflects stimulation of in vivo peroxidation of plasma lipoprotein phospholipid. Tea
catechin supplementation clearly lowers plasma PCOOH concentrations in humans.

The decrease in PCOOH correlates with plasma EGCg increase. Generally PCOOH
level is individually rather stable in plasma throughout the day, keeping certain levels
between 40 and 90 pmol PCOOWmL of plasma in a healthy donor. The rapid decline

of plasma PCOOR level after the catechin supplementation suggests the increase of the
plasma antioxidative capacity resulting from EGCg absorption. This may indicate that

the EGCg incorporated into plasma prevents spontaneously occurring membrane

phospholipid peroxidation of the plasma lipoproteins. The beneficial effect of daily tea

catechin intake in reducing the risk of cardiovascular disease [1, 2] could be mediated in
part through protection of oxidative modification of plasma lipoproteins. In the study
of in vitro peroxidation caused by CuS04, the catechin-incorporated plasma shows
significantly less production of PCOOH and TBARS. The reactivity of EGCg with
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oxygen radicals and the chelating activity with Cu2+ would be important for such

reduction of PCOOH and TBARS. The effect of plasma. endogenous antioxidants,

such as ascorbic acid, tocopherols, and carotenoids, on Cu2+-mediated oxidation of

plasma or the synergistic reaction between these antioxidants and EGCg shuld be

considerable. Other antioxidative function of tea catechin may inclide inhibition of

hydrolytic and oxidative enzymes (phospholipases, cyclooxygenase, and lipoxygenases)

relating to anti-inflammatory activity.

Drinking green tea contributes to a high antioxidant capacity in humans. The

taking of tea catechin as an antioxidative nutrient can be recommended as a way to

reduce the risk of cardiovascular disease [19, 20]. Most recent prospective cohort study

also concluded that catechins may reduce the risk of ischemic heart disease mortality

[21].

References

[1] M. G. L. Hertog, E. J. M. Feskens, P. C. H. Hollman, M. B. Katan and D.

Kromhout, Lancet 342 (1993) 1007-1011.

[2] S. Keli, M. G. L. Hortog, E. J. M. Feskens and D. Kromhout, Arch. Intern. Med.

154 (1996) 637-642.

[3] C. V. De Walley, S. M. Rankin, J. R. S. Hoult, W. Jessup and D. S. Leake,

Biochem. Pharmacol. 39 (1990) 1743-1749.

[4] D. Zhenhua, C. Yuan, Z. Mei and F. Yunzhong, Med. Sci. Res. 19 (1991) 767­

768.
[5] S. Miura, J. Watanabe, M. Sano, T. Tomita, T. asawa, Y. Hara and I. Tomita, BioI.

Pharm. Bull. 18 (1995) 1-4.

[6] D. Steinberg, S. Parthasarathy, T. E. Carew, J. C. Khoo and J. L. Witztum, N. Engl.

J. Med. 320 (1989) 915-924.

[7] M. J. Lee, Z. Y. Wang, H. Li, L. Chen, Y. Sun, S. Gobbo, D. A. Balentine and C. S.

Yang, Cancer Epidemiol. Biomarkers Prev. 4 (1995) 393-399.

[8] T. Unno, K. Kondo, H. Itakura and T. Takeo, Biosci. Biotechnol. Biochem. 60

(1996) 2066-2068.
[9] K. Nakagawa and T. Miyazawa, Anal. Biochem. 248 (1997) 41 49.

[10] K. Nakagawa, S. Okuda and T. Miyazawa, Biosci. Biotechnol. Biochem. 61

(1997) 1981-1985.
[11] T. Unno and T. Takeo, Biosci. Biotechnol. Biochem. 59 (1995) 1558-1559.

[12] K. Nakagawa and T. Miyazawa, J. Nutr. Sci. Vitaminol. 43 (1997) 679-684.

[13] T. Yamane, H. Nakatani, N. Kikuoka, H. Matsumoto, Y. Iwata, Y. Kitao, K. Oya

and T. Takahashi, Cancer 77 (1996) 1662-1667.
[14] K. H. Van Het Hof, H. S. M. De Boer, S. A. Wiseman, N. Lien, J. A. Waststrate

and L. B. M. Tijburg, Am. J. Clin. Nutr. 66 (1997) 1125-1132.

[15] C. W. Chen and C. T. Ho, J. Food Lipids 2 (1995) 35-46.

Session ill -36-



[16] T. Miyazawa, K. Yasuda, K. Fujimoto and T. Kaneda, J. Biochem. 103 (1988)
744-746.
[17] T. Miyazawa, K. Fujimoto, T. Suzuki and K. Yasuda, Methods Enzymol. 233
(1994) 324-332.
[18] T. Miyazawa, T. Suzuki, K. Fujimoto and K. Yasuda, J. Lipid Res. 33 (1992)
1041-1059.
[19] K. Nakagawa, M. Ninomiya, T. Okubo, N. Aoi, L. R. Juneja, M. Kim, K.
Yamanaka and T. Miyazawa, J. Agric. Food Chern. 47 (1999) 3967-3973.
[20] T. Miyazawa, K. Nakagawa, M. Kudo, K. Muraishi and K. Someya, J. Agric.
Food Chern. 47 (1999)'1083-1091.
[21] I. C. W. Arts, P. C. H. Hollman, E. J. M. Feskens, H. B. B.Mesqita and D.
Krornhout, Am. J. Clin. Nutr., 74 (2001) 227-232.

-37- Session ill




