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After water, tea from Camellia sinensis is the most consumed beverage worldwide. Tea is rich in catechin
flavonoids that possess an array of bioactivity including antioxidant, anti-inflammatory, apoptotic, and probiotic
mechanisms of action that may contribute to some of the putative health benefits associated with tea intake. A
substantial body of evidence indicates that tea and its principal catechin, epigallocatechin gallate (EGCG) may
contribute to a reduction in the risk of cardiovascular disease. Recent studies suggest EGCG may also have a
positive impact on glucose tolerance and thermogenesis with implications for an effect on the pathogenesis of
type 2 diabetes mellitus and obesity, respectively. This introduction to a symposium on EGCG’s role in
cardiovascular disease and obesity presented at the 2006 annual meeting of the American College of Nutrition
provides a background on tea and tea flavonoids and their possible relationship to health promotion and disease
prevention.

INTRODUCTION

proposed dietary guidelines for the consumption of beverages
with those absent calories, specifically water and unsweetened
tea and coffee, as the preferable way to meet requirements for
hydration. However, consideration for potential health benefits
beyond water intake may also be given to the nutrient content
of these beverages, especially their constituent phytochemicals.
All non-herbal teas, including green, oolong, black, and
white teas, are derived from the leaves of the tropical evergreen
Camellia sinensis. After harvesting, the leaves of the bush are
steamed and dried to produce green tea leaves. If left to ferment
(via the action of polyphenol oxidase and peroxidase), the
leaves are used for black tea, while the leaves used for oolong
tea are only partially fermented. White tea is made from unopened buds that are fired or steamed before drying, and, like
green tea leaves, are not subjected to fermentation. The fermentation process forms catechin oligmers and high molecular
weight complexes of catechins with proteins, caffeine or other
leaf ingredients. Post-harvest fermentation alters the relative
catechin content of the leaves. In green tea leaves, the major
flavonoids present are the monomer catechins, epigallocatechin
gallate (EGCG), epigallocatechin (EGC), epicatechin gallate

Observational studies reveal an inverse association between
the consumption of flavonoid-rich foods and beverages and a
lower risk of heart disease [1], stroke [2], cancer [3], and other
chronic conditions [4]. Tea is a flavonoid-rich beverage and
contributes substantially to the intake of dietary catechins.
Numerous studies suggest the intake of tea and tea flavonoids
lower the risk of cardiovascular disease and cancer [5] and
investigations are now expanding to examine its impact on
gastrointestinal [6], neurological [7,8], and other functions.
While flavonoids are commonly defined as dietary antioxidants
and catechins can quench reactive oxygen and nitrogen species
[9], their bioactivity may result as well from other mechanisms
of action [10], e.g., inhibition of inflammation [11], regulation
of nitric oxide [12], stimulation of specific signal transduction
pathways, and modulation of other cellular processes such as
apoptosis [13].
After water, tea is the most consumed beverage worldwide,
although consumption patterns in the amount and type of tea
vary markedly between countries. Popkin et al. [14] recently
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(ECG), and epicatechin (EC) (Fig. 1). In black tea, the polymerized catechins, theaflavin (TF) and thearubigen, predominate (Table 1). Tea also contains some flavonols, particularly
quercetin and kaempferol.
Depending on brew time and temperature, a single cup of
green tea may contain 100 –200 mg EGCG. To control the dose
of EGCG administered in experimental studies, green tea solids
(GTS) or capsules of green tea extract standardized to EGCG
content are often employed. However, Seeram et al. [16] have
reported considerable variability in the EGCG content of commercially available dietary supplements, ranging from
12–143% of the tablet or capsule weight. While standardizing
tea preparations to EGCG or using highly purified EGCG for
research presents an important strategy for the conduct of
precise studies as well as the ability to replicate experiments, it
is worth noting this approach limits the potential contributions
and possible synergy with other bioactive tea ingredients, including caffeine and other flavonoids.
The regulation and control of the de novo synthesis of tea
flavonoids in C. sinensis has not been fully elucidated. The key
enzymes in the biosynthesis of tea flavonoids appear to be
5-dehydroshikimate reductase, phenylalanine ammonia lyase,
and those associated with the shikimate/arogenate pathway
[17]. While commercial formulations extracted from green tea
leaves containing ⱖ90% EGCG have been prepared for use in
dietary supplements, methods have recently been developed for
the stereoselective synthesis of EGCG and structurally related
catechins [18].

Catechin Bioavailability and Pharmacokinetics
Human studies of the bioavailability of green tea catechins
reveal these compounds to be poorly absorbed, with ⬍0.1% of
ingested catechins appearing in blood. Most ingested EGCG is
rapidly cleared from blood with an elimination half-life of ⬇3
h and preferentially excreted via bile to the colon. Lee et al.
[19] found the mean peak plasma concentration (Cmax) of
EGCG to be 0.17 M after consuming a single dose of 20
mg/kg GTS dissolved in 200 mL water, the equivalent of 2 c
tea; EGC and EC were found in higher concentrations in
plasma. EGC and EC were also present in high concentrations
in urine, while EGCG and ECG were present in only trace
amounts.
Henning et al. [20] found that when similar quantities of tea
flavonoids were administered in the form of brewed tea or as

Table 1. Principal catechins in tea infusions*
Compound
EGCG
EGC
ECG
EC
TF

Green tea

Black tea

Oolong tea

105
26.8
25.2
20.0
-

14.6
6.77
12.5
15.2
4.4

66.2
21.8
14.7
8.3
-

* Infusions were prepared by brewing 2.2 g tea leaves with 250 mL boiling H2O
for 5 min (adapted from [15]).

GTS, the solids were more effective in elevating serum flavonoid concentrations. Plasma concentration of EGCG from
brewed green tea (231.6 mg) was 0.07% of intake, whereas the
absorption of EGCG from GTS (193.3 mg) was significantly
greater at 0.14%. However, in urine the excretion of both
preparations was the same at 0.06% of intake. When the same
doses of EGCG, EGC, ECG or EC were administered either as
brewed green tea or GTS, the GTS significantly increased
Cmax, area under the plasma concentration time curve (AUC),
and the time to achieve Cmax (tmax) by ⬎1 h for all catechins
tested. Interestingly, Lee et al. [19] reported considerable interindividual variability in pharmacokinetic parameters with the
administration of EGCG as GTS with caffeine (20 mg/kg), but
not with decaffeinated green tea solids (20 mg/kg) or pure
EGCG (2 mg/kg).
There appears to be no significant differences between the
pharmacokinetics of defined decaffeinated green tea extracts
and purified ECGC when administered in a single dose containing 200 – 800 mg [21, 22]. Peak plasma levels of EGCG
(0.4 – 0.8 M) were observed after the administration of these
formulations at single EGCG doses equivalent to 8 –16 c green
tea [22]. Chow et al. [23] also reported that after 4 wk of daily
administration, the AUC of free EGCG increased significantly
from 95.6 to 145.6 min g/mL with a single daily dose of 800
mg EGCG and from 46.5 to 158.4 min g/mL with the same
dose of the extract. However, no significant AUC changes were
observed with 400 mg/d of the extract administered twice daily.
Possible mechanisms for the observed increase with the single
high daily dose are unknown, but the inhibition of non-enzymatic degradation, the metabolism of intestinal flora, methylation and/or intestinal efflux of EGCG may have been contributing factors.
Tea catechins are largely methylated or metabolized to glucuronide and sulfate conjugates, with valerolactone ring-fission

Fig. 1. Structures of the principal catechins present in tea.
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metabolites detected as well, in plasma and urine. It remains to be
determined whether polymorphisms of catechol-O-methyl transferase or other enzymes involved in the biotransformation of
catechins influence its metabolite profile. Importantly, tea extracts
and GTS preparations appear safe and well tolerated by healthy
subjects though some mild, adverse gastrointestinal symptoms
have been reported following high dose, chronic intakes. However, much more research is required to better understand factors
affecting the bioavailability and metabolism of tea polyphenols
both to better inform the design of human studies and to investigate their mechanisms of action.
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Recent Research Directions on Tea and EGCG
The growing interest in the role of EGCG in health promotion and disease prevention is reflected by an exponential
growth of research publications in this field. Using EGCG as a
search term in Medline reveals 990 articles published during
the last 5 y. While the principal focus of this work continues to
emphasize cancer and heart health, new studies are examining
the potential for effects of EGCG on outcomes such as Alzheimer’s and Parkinson’s disease [24], bone health [25], endurance capacity [26], and rheumatoid arthritis [27]. Recent research on the role of tea polyphenols in heart health have
indicated beneficial effects on hypercholesterolemia [28,29],
platelet activation [30], endothelial progenitor cells [31], and
psychophysiological stress responsivity [32]. During this period 68 studies have measured vascular reactivity as an important outcome measure of the bioactivity of tea on cardiovascular function and risk of coronary artery disease. Further, this
recent literature also reveals 35 studies investigating the effect
of tea on glucose tolerance and other biomarkers of the risk for
type 2 diabetes mellitus as well as 25 reports regarding the
impact of tea and EGCG intake on measures of obesity, weight
loss, energy expenditure or thermogenesis. The articles in this
supplement of the Journal of the American College of Nutrition
reflect the proceedings of a symposium on EGCG’s role in
cardiovascular disease and obesity held at the annual meeting
of the American College of Nutrition in 2006 and sponsored by
DSM Nutritional Products.

REFERENCES
1. Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D:
Dietary antioxidant flavonoids and risk of coronary heart disease:
the Zutphen elderly study. Lancet. 342:1007–1011, 1993.
2. Keli S, Hertog M, Feskens E, Kromhout D: Dietary flavonoids,
antioxidant vitamins, and incidence of stroke: the Zutphen study.
Arch Int Med 156:637–642, 1996.
3. Arts I, Jacobs DJ, Gross M, Harnack L, Folsom A: Dietary catechins and cancer incidence among postmenopausal women: the
Iowa Women’s Health Study (United States). Cancer Causes Control 13:373–382, 2002.
4. Knekt P, Kumpulainen J, Jarvinen R, Knekt P, Kumpulainen J,

364S

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

Jarvinen R, Rissanen H, Heliovaara M, Reunanen A, Hakulinen T,
Aromaa A: Flavonoid intake and risk of chronic diseases. Am J
Clin Nutr 76:560–568, 2002.
McKay DL, Blumberg JB: The role of tea in human health: an
update. J Am Coll Nutr 21:1–13, 2002.
Lee HC, Jenner AM, Low CS, Lee YK: Effect of tea phenolics and
their aromatic fecal bacterial metabolites on intestinal microbiota.
Res Microbiol 157:876–884, 2006.
Haque AM, Hashimoto M, Katakura M, Tanabe Y, Hara Y, Shido
O: Long-term administration of green tea catechins improves spatial cognition learning ability in rats. J Nutr 136:1043–1047, 2006.
Kuriyama S, Hozawa A, Ohmori K, Shimazu T, Matsui T, Ebihara
S, Awata S, Nagatomi R, Arai H, Tsuji: Green tea consumption
and cognitive function: a cross-sectional study from the Tsurugaya
Project. Am J Clin Nutr 83:355–361, 2006.
Higdon JV, Frei B: Tea catechins and polyphenols: health effects,
metabolism, and antioxidant functions. Crit Rev Food Sci Nutr
43:89–143, 2003.
Lotito SB, Frei B: Consumption of flavonoid-rich foods and increased plasma antioxidant capacity in humans: Cause, consequence, or epiphenomenon? Free Rad Biol Med 41:1727–1746,
2006.
Wheeler DS, Catravas JD, Odoms K, Denenberg A, Malhotra V,
Wong HR: Epigallocatechin-3-gallate, a green tea-derived polyphenol, inhibits IL-1 beta-dependent proinflammatory signal transduction in cultured respiratory epithelial cells. J Nutr 134:1039–
1044, 2004.
Vita JA: Tea consumption and cardiovascular disease: effects on
endothelial function. J Nutr 133:3293S–3297S, 2003.
Lambert JD, Yang CS: Mechanisms of cancer prevention by tea
constituents. J Nutr 133:3262S–3267S, 2003.
Popkin BM, Armstrong LE, Bray GM, Caballero B, Frei B, Willett
WC: A new proposed guidance system for beverage consumption
in the United States. Am J Clin Nutr 83:529–542, 2006.
Neilson AP, Green RJ, Wood KV, Ferruzzi MG: High-throughput
analysis of catechins and theaflavins by high performance liquid
chromatography with diode array detection. J Chromatog A 1132:
132–140, 2006.
Seeram NP, Henning SM, Niu Y, et al: Catechin and caffeine
content of green tea dietary supplements and correlation with
antioxidant capacity. J Agri Food Chem 54:1599–1603, 2006.
Balentine DA: Tea. In Kroschwitz JI (ed): “Kirk-Othmer Encyclopedia of Chemical Technology,” 4th ed. Hoboken: John Wiley &
Sons, Inc., vol 23, pp 1–23, 1998.
Nagle DG, Ferreira D, Zhou YD: Epigallocatechin-3-gallate
(EGCG): Chemical and biomedical perspectives. Phytochemistry
67:1849–1855, 2006.
Lee MJ, Maliakal P, Chen L, Meng X, Bondoc FY, Prabhu S,
Lambert G, Mohr S, Yang CS: Pharmacokinetics of tea catechins
after ingestion of green tea and (-)-epigallocatechin-3-gallate by
humans: formation of different metabolites and individual variability. Cancer Epidemiol Biomarkers Prev 11:1025–1032, 2002.
Henning SM, Niu Y, Lee NH, Thames GD, Minutti RR, Wang H,
Go VLW, Heber D: Bioavailability and antioxidant activity of tea
flavonols after consumption of green tea, black tea, or a green tea
extract supplement. Am J Clin Nutr 80:1558–1564, 2004.
Henning SM, Niu Y, Liu Y, Lee NH, Hara Y, Thames GD, Minutti

VOL. 26, NO. 4

EGCG Symposium Overview

22.

23.

24.

25.

26.

27.

RR, Carpenter CL, Wang H, Heber D: Bioavailability and antioxidant effect of epigallocatechin gallate administered in purified
versus as green tea extract in healthy individuals. J Nutr Biochem
16:610–616, 2005.
Chow HHS, Cai Y, Alberts DS, Hakim I, Dorr R, Shahi F, Crowell
JA, Yang CS, Hara Y: Phase I pharmacokinetic study of tea
polyphenols following single-dose administration of epigallocatechin gallate and Polyphenon E. Cancer Epidemiol Biomarkers
Prev 10:53–58, 2001.
Chow HHS, Cai Y, Hakim IA, Crowell JA, Shahi F, Brooks CA,
Dorr RT, Hara Y, Alberts DS: Pharmacokinetics and safety of
green tea polyphenols after multiple-dose administration of epigallocatechin gallate and Polyphenon E in healthy individuals. Clin
Cancer Res 9:3312–3319, 2003.
Zaveri NT: Green tea and its polyphenolic catechins: Medicinal
uses in cancer and noncancer applications. Life Sci 78:2073–2080,
2006.
Chen Z, Pettinger MB, Ritenbaugh C, LaCroix AZ, Robbins J,
Caan BJ, Barad DH, Hakim IA: Habitual tea consumption and risk
of osteoporosis: a prospective study in the women’s health initiative observational cohort. Am J Epidemiol 158:772–781, 2003.
Murase T, Haramizu S, Shimotoyodome A, Nagasawa A, Tokimitsu
I: Green tea extract improves endurance capacity and increases
muscle lipid oxidation in mice. Am J Physiol Regul Integr Comp
Physiol 288:R708–715, 2004.
Haqqi TM, Anthony DD, Gupta S, Ahmad N, Lee M-S, Kuman

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

28.

29.

30.

31.

32.

GK, Mukhtar H: Prevention of collagen-induced arthritis in mice
by a polyphenolic fraction from green tea. Proc Natl Acad Sci USA
96:4524–4529, 1999.
Coimbra S, Santos-Silva A, Rocha-Pereira P, Rocha S, Castro E:
Green tea consumption improves plasma lipid profiles in adults.
Nutr Res 26:604–607, 2006.
Hsu TF, Kusumoto A, Abe K, Hosoda K, Kiso Y, Wang MF,
Yamamoto S: Polyphenol-enriched oolong tea increases fecal lipid
excretion. Eur J Clin Nutr 60:1330–1336, 2006.
Steptoe A, Gibson EL, Vuononvirta R, Hamer M, Wardle J,
Rycroft JA, Martin JF, Erusalimsky JD: The effects of chronic tea
intake on platelet activation and inflammation: A double-blind
placebo controlled trial. Atherosclerosis doi:10.1016 [Epub ahead
of print] 2006.
Kim W, Jeong MH, Cho SH, Yun JH, Chae HJ, Ahn YK, Lee MC,
Cheng X, Kondo T, Murohara T, Kang JC: Effect of green tea
consumption on endothelial function and circulating endothelial
progenitor cells in chronic smokers. Circ J 70:1052–1057, 2006.
Steptoe A, Gibson EL, Vuononvirta R, Williams ED, Hamer M,
Rycroft JA, Erusalimsky JD, Wardle J: The effects of tea on
psychophysiological stress responsivity and post-stress recovery: a
randomised double-blind trial. Psychopharmacology (Berl) 190:
81–89, 2007.

Received June 19, 2007.

365S

