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CLINICAL DEVELOPMENT PLAN:
TEA EXTRACTS
GREEN TEA POLYPHENOLS
EPIGALLOCATECHIN GALLATE

DRUG IDENTIFICATION

CAS Name (9CI): Tea Extracts
(Thea sinensis L.)
{(Camellia sinensis)

Related Compounds:
Green Tea Decaffeinated Extract (Decaffeinated GTE)
Green Tea Extract (GTE)
Green Tea Water Extract (WEGT)
Green Tea Polyphenols (GTP)
(-)-Epicatechin
(-)-Epicatechingallate
(-)-Epigallocatechin
Epigallocatechin Gallate (CAS No. 989-51-5)(2R-cis)-Benzoic Acid, 3,4,5-Trihy-
droxy-3,4-dihydro-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)-2H- 1-benzopyran-
3-ester (9CI)

Black Tea Decaffeinated Extract (Decaffeinated BTE)

Black Tea Extract (BTE)

Black Tea Water Extract (WEBT)

Black Tea Unknown Polyphenols (BTP)

Black Tea Unknown Polyphenols Decaffeinated (Decaffeinated BTP)
Theaflavins

Thearubigins

Tea, Oolong Extract

Molecular Wt.: 458.3 (Epigallocatechin Gallate)
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Figure 1. Fermentation Process and Structures of Tea Compounds
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EXECUTIVE SUMMARY

Tea is a beverage made from the leaves of Camel-
lia sinensis species of the Theaceae family. This
beverage is one of the most ancient and, next to water,
the most widely consumed liquid in the world. Tea
leaves are primarily manufactured as green, black, or
oolong, with black tea representing approximately
80% of tea products consumed. Green tea is the
non-oxidized/non-fermented product and contains
several polyphenolic components such as epicate-
chin, epicatechin gallate, epigallocatechin, and epi-
gallocatechin gallate (EGCG). EGCG is the major
green tea polyphenol (GTP) (>40% dry weight). The
major components of black tea (the fermented prod-
uct) are theaflavins (1-2% dry weight) and thearu-
bigins (10-20% dry weight). Theaflavins, which
determine the quality and flavor of the tea, are formed
by oxidation of quinones derived from the epicate-
chins. Thearubigins are highly colored flavonol oxi-
dation products which are often bound to peptides or
proteins. Oolong tea is the partially oxidized/fer-
mented product which retains a considerable amount
of the original polyphenolic material [1]. Figure 1
shows the polyphenol structures and the major com-
ponents formed in the fermentation process.

Although not conclusive, epidemiological studies
have suggested a protective effect of black or green
tea consumption against human cancers of the breast
{2], colon and rectum [3—5], gall bladder [6], liver [2],
lung {2,4,7-9], nasopharynx [10], pancreas [11],
stomach [4,10,12,13], and uterus [2,8]. In contrast, a
number of other ecological, cohort, and case-control
studies [e.g., 4] have associated an increased risk for
cancer of the breast, colorectum, esophagus, kidney,
lung, pancreas, and stomach with tea intake. These
inconsistencies may be attributed to consumption of
salted or very hot tea (esophagus) or to geographical
location, as observed with stomach cancer (e.g., in-
hibition of endogenous formation of nitroso com-
pounds which are a major cause of gastric cancer in
some areas). Other confounding factors and variables
may include the use of tobacco and alcohol and lack
of information on the type of tea consumed (e.g.,
black or green).

In published preclinical studies, tea, GTP, and
EGCG have demonstrated antimicrobial, antimu-
tagenic and anticarcinogenic activities [14,15]. In
experimental animals, chemopreventive efficacy has
been observed in a number of target organs including
colon (GTP) [16-18] and large intestine (GTP,

EGCG) [19], duodenum (EGCG) [20,21], esophagus
(various black and green tea extracts) [22-25], fore-
stomach (GTP, green tea water extract (WEGT))
[24,26-29], liver (EGCG, green tea in diet, decaffei-
nated WEGT and black tea water extract (WEBT) as
main source of drinking water) {21,30,31], lung
[GTP, EGCG, WEGT, and decaffeinated WEBT and
WEGT] [24,26-28,30,32-37], mammary glands
(GTP) [38, 39], and skin (EGCG, GTP, decaffeinated
WEBT and WEGT, WEBT, and WEGT) [21,29,
40-54]. Additionally, modulation of intermediate
biomarkers by tea compounds have been reported;
epicatechin complex (a combination of four major
catechins found in green tea), various green and black
tea extracts, and GTP inhibited carcinogen-induced
precancerous lesions in rat esophagus [55], GGT-
positive fociinratliver [56], and GST-p-positive foci
in rat liver [57], respectively. Epidermal hyperplasia
induced by such tumor promoters as TPA was also
reduced by GTP administration [58]. Further, GTP
inhibited aberrant hyperproliferation (an in vitro cel-
lular biomarker for premalignant transformation) in-
duced in mammary epithelial cell lines by
carcinogens and oncogenes (ras or myc) [59]. Re-
cently, topical application of EGCG to mouse skin
and oral administration of WEGT in drinking water
were shown to inhibit TPA-induced ODC, PKC, and
c-myc expression and NNK-induced lung oncogene
(c-myc, c-H-ras, and c-raf) expression, respectively
[60]. Additional Chemoprevention Branch-funded
studies in colon and bladder (black and green tea
extract (BTE, GTE), EGCG, GTP, and theaflavin
mixture), and esophagus models (BTP, EGCG, GTP,
and theaflavin mixture), and the colon aberrant crypt
focus assay (BTE, EGCG) are in progress. Prelimi-
nary results in the colon aberrant crypt assay show
inhibition with low-dose BTP (360 ppm in drinking
water) and high-dose EGCG (1200 ppm in drinking
water). The Chemoprevention Branch has also car-
ried out studies with tea compounds in several in vitro
and mechanistic assays. Nearly all have shown in-
hibitory activity in the rat tracheal epithelial (RTE)
cell transformation, mouse mammary organ culture,
and human lung tumor A427 cell assays. Significant
inhibitory activity was also observed in in vitro as-
says measuring formation of DNA adducts and free
radicals, and enhancement of GSH levels and GST,
ODC, and NAD(P)H:quinone reductase activities.
Published studies have also shown the antimu-
tagenic activity of tea, GTP, and EGCG in standard
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assays in Salmonella typhimurium (Ames assay), Es-
cherichia coli, Bacillus subtilis, and V-79 cells [61~
73]. Inhibitory effects on the formation [74,75] and
mutagenicity [63] of food mutagens, as well as for-
mation of endogenous nitrosation products, [76] and
cell transformation [19,77,78] have also been re-
ported. Recently, GTE was demonstrated to protect
against DN A oxidative damage in rat colon measured
by inhibition of DMH-induced 8-hydroxydeoxy-
guanosine (8-OHAG) formation [79]. In addition,
several in vivo studies [e.g., 4,80-87] have demon-
strated the inhibitory effects of tea, GTP, and EGCG
on tumor growth, as well as invasion and metastasis.
Therefore, the available data are adequate to support
the development of tea, GTP, and EGCG as chemo-
preventive drugs.

Several mechanisms [4,53,88-90] may be respon-
sible for the antiinitiation and antipromotion proper-
ties of tea, GTP, and particularly EGCG. These
include inhibition of radiation- and chemical-induced
lipid peroxidation and free radical formation (antioxi-
dant activity) [71,91-100], inhibition of radiation-
and TPA-induced epidermal ODC [43,45,60], inhibi-
tion of lipoxygenase and cyclooxygenase activity
[42,101], inhibition of PKC and cellular proliferation
[60,83,102,103], inhibition of carcinogen-DNA
binding and adduct formation [41,43], inhibition of
inflammation including edema and IL- 1o mRNA and
protein expression [42,45,58,104], inhibition of type
1 So-reductase activity [105], modulation of cyto-
chrome P450 activity [35,69,106,107], enhancement
of phase II (GST) {27], as well as GSH-Px, catalase
[108], and NAD(P)H:quinone reductase [27] activi-
ties, and enhancement of gap junction intercellular
communication [102,109,110]. Additionally, ECGC
has a so-called “sealing effect” [111]; it inhibits in-
teraction of tumor promoters, hormones, and various
growth factors with their receptors.

Preclinical 28-day and 90-day toxicology studies
in rats and dogs sponsored by the Chemoprevention
Branch on decaffeinated BTP, EGCG, and GTP are
in progress. No evidence of toxicity was found in the
28-day dog study; the highest dose levels selected for
the 90-day dog study are in the range of 300 mg/kg-
bw/day for EGCG and 600 mg/kg-bw/day for decaf-
feinated BTP and GTP. Only limited data have been
published. Following review of the available
epidemiological and animal testing data in 1989, the
International Agency for Research on Cancer (IARC)
Working Group {1] concluded that there is insuffi-

cient evidence for the carcinogenicity of tea con-
sumption in humans and experimental animals.

Limited data on the pharmacokinetics of tea in
experimental animals are available [22, 112]. EGCG
was detected in plasma at 0.08 uM after three weeks
administration of 0.9% decaffeinated green tea to
rats. Following a single ig dose of 50 mg EGCG to
rats, Cnax (200 ng/ml, or 0.44 uM) was reached after
one hour [113].

No controlled clinical trials have been carried out
with tea extracts, EGCG, BTP, or GTP. Limited
human pharmacokinetics data are available in the
literature; in four volunteers, the plasma EGCG level
one hour after ingesting 1.2 g decaffeinated green tea
(in 200 ml water) ranged from 46 to 268 ng/ml
(0.13-0.75 uM) [112,114]. EGCG was not detected
in the urine after 24 hours.

Green and black tea extracts, BTP, GTP, EGCG,
and theaflavin mixture are being supplied to the
Chemoprevention Branch by T.J. Lipton, Inc. (New
Jersey). A significant effort in the development of the
tea components is standardization and charac-
terization of the type, source, and manufacturing and
storage techniques, since these factors are expected
to greatly impact the anticancer properties of such
compounds. Part of the approach throughout the de-
velopment work is parallel studies with a specific
purified component of tea such as EGCG. Based on
the results of the 90-day preclinical toxicology stud-
ies which are expected in late 1996, future clinical
trials may evaluate the safety and efficacy of the tea
compounds in such target tissues as colon, esopha-
gus, lung (smokers), and skin (actinic keratoses).

PRECLINICAL EFFICACY STUDIES

The published in vivo (Table II) and in vitro pre-
clinical efficacy studies, as well as a number of
epidemiological, in particular, case-control (Table
1) studies suggesting an inverse association of tea,
GTP, and EGCG with cancer incidence, provide ade-
quate support for further development of these agents
as chemopreventive drugs.

Several Chemoprevention Branch-sponsored pre-
clinical efficacy studies are in progress. These in-
clude studies in bladder and colon (several black and
green tea extracts, EGCG, BTP, GTP) and esophagus
(GTB, theaflavins, EGCG, and GTP) models of car-
cinogenesis. Preliminary data for the esophageal
model indicates that theaflavins tested at 1200 ppm
in drinking water significantly reduced tumor multi-
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Table 1. Constituents of the Tea Compounds Tested by the NCI, Chemoprevention Branch

(theaflavin gallate A)
19.45
(theaflavin gallate B)
32.17
(theaflavin digallate)

Compound Polyphenols EGCG Theaflavins Caffeine | Unknown
Fraction (%) | (%) | (%) ® |
BTE, Caffeinated 44.94 2.95 2.15 5 44.96
(freeze-dried hot
water extract)
BTE, Decaffeinated 419 2.67 3.39 <0.1 52.04
(freeze-dried hot
water extract)
GTE, Caffeinated 44.06 11.16 - 0.56 44.22
(freeze-dried hot
water extract)
GTE, Decaffeinated 44.72 10.33 — <0.1 4495
(freeze-dried hot
water extract)
BTP 32 (unknown |17 8 1.06 —
polyphenols),
2 (non-
epicatechins),
5 (flavonol
glycosides)
GTP 2 (non- 43 — 0.82 —
epicatechins),
13 (other
polyphenols),
1 (flavonol
glycosides)
Theaflavin Mixture — — 7.65 — 6.14
30.59 4 (water)
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plicity. The constituents of the tea compounds tested
in the Chemoprevention Branch-sponsored studies
are listed in Table 1.

In published studies, tea (WEGT, WEBT prepared
by boiling in water and then extracting without use of
any solvents), GTP, and EGCG have been reported
to inhibit carcinogenesis induced by a wide variety of
carcinogens using initiation, promotion, and progres-
sion protocols in rodent cancer models
[2,14,21,24,37,53,54,88-90,115]. GTE (prepared by
extraction with various solvents), EGCG and GTP
have demonstrated cancer chemopreventive activity
in colon, duodenum, esophagus, forestomach, large
intestine, liver, lung, mammary glands, and skin.
BTE (prepared by extraction with various solvents)
has been tested and has shown chemopreventive ac-
tivity in esophagus, lung, and skin cancer models.
The published preclinical efficacy of tea compounds
is summarized in Table II.

The major target organs for chemopreventive effi-
cacy are forestomach, lung, and skin. The carcino-
gens used in these models require metabolic
activation; therefore, effective tea compounds may
act as antiinitiators. In the lung and forestomach
models (NNK-, B(a)P-, DEN-induced), decaffei-
nated WEGT and WEBT, WEGT and GTP [26-
28,30,32,33] demonstrated chemopreventive activity.
Similar results were reported with decaffeinated
WEGT and WEBT [28,34,35] and EGCG [36] in the
NNK-induced lung model in mice. Efficacy has also
been demonstrated by topical and oral administration
of GTP against BPDE-2/TPA-[46,50], 3-MCA-
[41,46, 51], and DMBA/TPA- or mezerein-
[41,42,44,115] induced skin cancer. Similarly, topi-
cal application of EGCG was chemoprotective
against DMBA-, TPA- or teleocidin-induced skin
cancer [21,43]. Also, in several photocarcinogenesis
(UV) studies [29], GTP [47], WEGT, and WEBT, as
well as decaffeinated GTE and BTE [48,49] showed
chemopreventive activity. The protective effect of
topical application of GTP against malignant conver-
sion of benign skin papillomas to carcinomas has also
been reported [52].

In addition to forestomach, lung, and skin, the
protective effects of tea extracts, GTP, and EGCG
have been reported in other tissues. These include
esophagus (several tea extracts) [22-24], duodenum
(EGCQG) [20], colon (GTP) [16-18], large intestine
(GTP) [19], liver (green tea (NOS), decaffeinated
WEGT and WEBT) (21,30,31], mammary glands

(GTP) [38,39], and a multiorgan carcinogenesis
model (GTP) [116].

In addition to published efficacy studies in animal
cancer models, tea compounds have modulated inter-
mediate biomarkers. For example, one Chemopre-
vention Branch-funded study 1o evaluate the effects
of BTE and EGCG in the colon aberrant crypt focus
assay is in progress. Preliminary results in this assay
demonstrate an inhibitory activity with low-dose
BTP (360 ppm in drinking water) and high-dose
EGCG (1200 ppm in drinking water). Also, epicate-
chin complex, GTE and BTE were reported to inhibit
DEN-induced precancerous lesions (e.g., variant cell
foci and nodes) [55] and aflatoxin B;-induced GGT-
positive foci [56] in rat liver, respectively. GTP re-
duced the number and area of GST-p-positive foci
induced by Glu-P-1 in rat liver [57]. Additionally,
epidermal hyperplasia measured in terms of thickness
induced by tumor promoters such as TPA was also
reduced significantly by GTP administration [58].
GTP also inhibited carcinogen- or oncogene-induced
(ras or myc) aberrant hyperproliferation in mammary
epithelial cell lines by >70% [59]. Further, Hu and
co-workers [60] demonstrated that topical applica-
tion of EGCG to mouse skin or oral administration of
WEGT in drinking water inhibited TPA-induced
ODC, PKC, and c-myc expression and NNK-induced
lung oncogene (c-myc, c-H-ras, and c-raf) expres-
sion, respectively.

The Chemoprevention Branch has also carried out
studies with the tea compounds in several in vitro and
mechanistic assays. Positive agents in the rat tracheal
epithelial (RTE) cell transformation assay include
BTP, BTE (decaffeinated), GTE (including decaffei-
nated extract), GTP, and theaflavin. All the tea com-
pounds except for GTE (including decaffeinated
extract) were positive in the mouse mammary organ
culture and the human lung tumor A427 cell assays.
Significant inhibitory activity was also observed in in
vitro assays measuring formation of DNA adducts
(BTP, GTP, BTE, EGCG) and free radicals (GTP,
BTE and decaffeinated BTE, GTE and decaffeinated
GTE), and enhancement of GSH levels (BTP, GTE)
and GST (EGCG, GTP, BTE, BTP), ODC (GTP,
GTE), and NAD(P)H:quinone reductase (GTP, GTE,
BTP) activities.

PRECLINICAL SAFETY STUDIES

Safery: Preclinical 28-day and 90-day toxicology
studies sponsored by Chemoprevention Branch for
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EGCG, and decaffeinated BTP and GTP are in pro-
gress. No evidence of toxicity was found in the 28-
day dog study. Limited information has been
published on the toxicity of tea compounds. Several
epidemiological studies have associated tea con-
sumption with increased risk for cancer; however,
following a review of available data in 1989, the
TARC Working Group concluded that there was in-
sufficient evidence for the carcinogenicity of tea or
tea component(s) in human or animals [1]. ECGC is
presumed to have low toxicity; the reported mouse
oral LDsp value is 2,170 mg/kg-bw [117]. In the rat
esophageal efficacy study sponsored by the Chemo-
prevention Branch, a preliminary oral MTD of 4,500
ppm was established for BTP.

In the 28-day oral (capsules) dog study sponsored
by the Chemoprevention Branch, no treatment-re-
lated toxicity was observed. In this study, EGCG at
dose levels of 20, 75, and 150 mg/kg-bw/day and
decaffeinated BTP and GTP at dose levels of 40, 150,
and 300 mg/kg-bw/day were administered to one
male and female dog/group for 28 or 29 days. Due to
lack of toxicity following two weeks of treatment at
the highest dose levels tested, animals in the lowest
dose groups (20 and 40 mg/kg-bw/day) were treated
with 300 mg/kg-bw/day EGCG and 600 mg/kg-
bw/day decaffeinated BTP or GTP for the remaining
two weeks. The only toxicity observed was sporadic
vomiting in animals treated with 300 mg/kg-bw/day
EGCG and a possible dose-related decrease inkidney
weight in all the dose groups. However, no changes
in kidney urea nitrogen and creatinine levels and
histopathology (microscopic changes) were ob-
served. On the basis of these results, the dose levels
selected for the 90-day dog study are up to 300
mg/kg-bw/day for EGCG and 600 mg/kg-bw/day
(equivalent to ca. 30 cups/day) for decaffeinated BTP
and GTP.

In the multiorgan chemoprevention study cited
above [116], an insignificant increase in incidence
and number of lung adenomas and carcinomas was
observed with 0.1% and 1% GTP administration. In
the same study, the number and area of GST-p-posi-
tive foci in the liver were slightly, but significantly,
increased in animals administered 0.1% and 1% GTP
in diet both during and after carcinogen exposure;
however, the incidence of hyperplastic nodules was
not increased significantly compared with the car-
cinogen control.

In a lung chemoprevention study [36], A/J mice

administered NNK and WEGT (2% in drinking
water) had consistently lower body weight gains,
although no significant differences in water and diet
consumption were noted. This observation was at-
tributed to caffeine, since similar results were ob-
tained in animals treated with coffee; no such effect
was observed in EGCG-treated animals (560 ppm,
ca. 0.16 mmol/kg-bw/day).

In other studies [45, unpublished data)], admini-
stration of WEGT (1.25% w/v) as the sole source of
drinking water for 30 weeks was reported to be
without hepatotoxic effects in SKH-1 mice.

Two investigators [118,119] reported an increase
in SCEs with EGCG and tea extract treatment of
cultured human lymphocytes; however, chromosome
aberrations were not induced. Another study demon-
strated a co-mutagenic effect (increased SCEs and
chromosome aberrations) of high EGCG (20 pg/ml)
in CHO cells treated with mitomycin C and UV-irra-
diation in the presence of microsomal activation (S-9)
[120]. At lower concentrations, however, SCEs and
chromosome aberrations induced by mitomycin C
and UV-irradiation were inhibited. EGCG alone did
not cause SCEs or chromosomal aberrations. The
significance of these results is not known.

ADME: Recently published studies [22,112,113]
have examined the pharmacokinetics of decaffei-
nated green tea and EGCG in rats. Decaffeinated tea
was administered at a concentration of 0.9% in drink-
ing water for three weeks. The EGCG, epigallocate-
chin, and epicatechin levels in plasma were 0.08,
0.18, and 0.07 uM, respectively. The levels of epigal-
locatechin and epicatechin in urine were 14.7 and
35.5 uM, respectively. Although investigated, no
data on AUC and t, were reported [22,112]. In an-
other study, following a single ig dose of 50 mg
EGCG, Cuax (200 ng/ml, or 0.44 uM) was reached
after one hour in rats {113]. Within four hours after
administration, EGCG levels in plasma could not be
detected.

CLINICAL SAFETY: PHASE | STUDIES

No Phase I clinical trials with black or green tea
extracts or their components have been funded by
Chemoprevention Branch or reported in the litera-
ture.

Drug Effect Measurement: No drug effect meas-
urements have been validated for black and green tea
extracts and their components. In recently published
animal and human studies [22,113,114], EGCG, epi-
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gallocatechin and epicatechin were detected in
plasma and urine after oral administration of decaf-
feinated green tea and EGCG. Further, green tea
extract (NOS) [121], GTP (1.2-24 mg, top) (45,122],
and EGCG (0.001, 0.005 mmol, top) {43,60] were
reported to inhibit TPA-induced ODC activity in
mouse skin. Recently, the dose-dependent inhibitory
effects of GTP on testosterone-induced ODC activity
in human prostate carcinoma LNCaP cells was also
published [123]. Additionally, both cyclooxygenase
(PGE,, PGF,,, PGD2) and lipoxygenase (5-, 8-, 12-,
15-HETE) products induced by TPA in mouse epi-
dermal microsomes were significantly inhibited by
GTP (6 mg, top) in vivo [42].

In several published studies in experimental ani-
mals, administration of GTE and BTE, as well as
GTP, enhanced phase II metabolic enzyme activities.
GST, GSH-Px, catalase, and NAD(P)H:quinone re-
ductase activities were enhanced in small bowel,
liver, stomach, and lung by oral administration of
GTP (0.2% w/v) and WEGT (2.5% w/v) in drinking
water to A/J and SKH-1 hairless mice [27,108). Simi-
larly, administration of GTP (0.2% w/v) in drinking
water enhanced the activity of liver GSH reductase
in SKH-1 hairless mice [ 108]. Furthermore, F344 rats
showed a significant increase in total serum GSH
levels after administration of BTE (2% w/v); a non-
significant increase was observed after GTE treat-
ment at the same concentration [124]. Also, the
activity of hepatic UDP-glucuronosyl transferase in
rats was significantly enhanced by oral treatment
with either black or green tea extracts (2%, 2.5% w/v)
[124,125]. Therefore, if clinical development of
black and green tea extracts, GTP, or EGCG contin-
ues, assessment of plasma and urine catechin levels,
as well as serum GSH levels, prostaglandins, ODC
activity, and enzymes such as GST and
NAD(P)H:quinone reductase in skin or other acces-
sible tissue may be useful drug effect measurements.

Safety: In a single case report, EGCG was found
to be the major constituent of powdered green tea
which provoked asthma and immediate skin reactions
in three asthmatic patients who worked at a green tea
factory [126]. Similar results were obtained with
black and oolong teas. The concentration of EGCG
found in green, oolong, and black teas were 8%, 4%,
and 1%, respectively. Other studies [126] have shown
inconclusive results, which may be attributed to
method of testing, agent preparation, and condition
of patients tested. These limited data suggest, but do

not confirm, a low allergenic potential of tea compo-
nents, although in experimental animals catechins
such as EGCG and gallocatechin gallate have re-
cently shown dose-dependent antiallergic activity
[127].

ADME: In a single study [112,114], four human
volunteers ingested 1.2 g decaffeinated green tea in
200 ml water. A sensitive coulochem electrode array
system (CEAS) HPLC technique was developed to
detect catechins in plasma and urine [114]. Plasma
EGCG levels after one hour ranged from 46 to 268
ng/ml (0.13-0.75 pM); epigallocatechin and epicate-
chin plasma levels were 82-206 ng/ml (0.27- 0.67
UM) and 48-80 ng/ml (0.16—0.27 pM), respectively.
Epicatechin gallate was not detected in plasma. The
maximum urinary excretion of epigallocatechin and
epicatechin occurred at 3—6 hours. Most of the epi-
gallocatechin and epicatechin was excreted after 9
hours, and the total after 24 hours was 2.8-3.2 mg and
1.6-2.3mg, respectively. EGCG and epicatechin gal-
late were not detected in the urine; most of the cate-
chins found in the plasma and urine were in their
glucuronide and sulfate conjugated forms. The AUC
and t, were also reportedly investigated, but no data
were reported.

CLINICAL EFFICACY: PHASE 11/111 STUDIES

No Chemoprevention Branch-sponsored clinical
studies have been planned for tea compounds. The
epidemiology studies carried out with the tea com-
pounds are summarized in Table III. Case-control
studies suggesting an inverse relationship between
tea consumption and cancers of colon and rectum
[e.g., 3-5], lung [2,4,7], pancreas [11], and stomach
[4,12,13] have been published. Considering only
case-control and cohort studies, five of 12 (42%)
studies in colon and rectum [e.g., 3,5,128,129]
showed an inverse relationship. In other target organs
such as kidney [e.g., 9,10,130], lung [2,4,8, 9], and
naso- and oropharynx [10,131], 9% (1/11), 25%
(1/4), and 33% (2/6) of studies demonstrated such an
association, respectively. In stomach [4, 9-13,132]
and pancreas {11,133-135], 13% (2/15) and 18%
(3/17) showed this relationship, respectively. One
cohort study published recently [10] has shown in-
verse associations between non-herbal tea consump-
tion and cancers of the stomach, oropharynx,
esophagus, and kidney among 2,576 (non-skin can-
cer) postmenopausal women who were followed for
seven years. Additionally, in a second recently pub-
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lished study, consumption of green tea by cigarette
smokers was demonstrated to result in reduced SCEs
in mitogen-stimulated peripheral lymphocytes com-
pared with the levels found in non-smokers [136].
Based on these and the animal efficacy studies de-
scribed above, future clinical trials may evaluate the
safety and efficacy of the tea compounds in such
target tissues as colon, esophagus, lung (smokers),
and skin (actinic keratosis patients).

PHARMACODYNAMICS

In experimental animals, tea extracts, GTP, and
EGCG administered orally (in water and diet), ig, and
topically were well-tolerated at efficacious doses. In
most of the preclinical efficacy studies, tca extracts
and GTP were administered either in drinking water
or as the sole source of drinking water at concentra-
tions ranging from 0.002 to 2.5%; 0.05% (w/v) is
equivalent to four cups (approximately 800 ml) of tea
consumed daily by an adult human. Additionally,
data from studies measuring possible drug effect
measurements (e.g., ODC and arachidonic acid me-
tabolites) suggest that oral doses of 2-2.5% tea ex-
tracts or GTP are effective without any toxicity.

Administration of EGCG at concentrations rang-
ing from 0.016-0.32 mmol/kg-bw/day orally or
0.005-0.011 mmol/animal topically afforded protec-
tion in duodenum, liver, lung, and skin without major
side effects. Intragastric administration of 2 mg
EGCG/mouse (ca. 0.12 mmol/kg-bw/day) was also
effective against DMH-induced large intestine tu-
mors in Kunming mice {19]. In these studies, EGCG
was well-tolerated. Assuming a typical cup (200 ml)
of green tea contains 142 mg EGCG and 1 cup is
consumed daily by an adult man (70 kg), a dose of
4.4 umol/kg-bw/day is ingested. Consuming four
cups (800 ml) of green tea daily results in ingestion
of 17.7 umol EGCG/kg-bw/day which is comparable
to the lowest (0.016 mmol/kg-bw/day) effective dose
in animal models.

PROPOSED STRATEGY FOR CLINICAL
DEVELOPMENT

Drug Effect Measurement Issues

In published experimental animal studies, tea ex-
tracts, GTP, and EGCG have inhibited such enzymes
as ODC, cyclooxygenase and lipoxygenase, as well
as enhanced the activity of phase II metabolic en-
zymes (e.g., GST, GSH-Px, catalase) and

NAD(P)H:quinone reductase, and increased total se-
rum GSH levels. On the basis of these results, if
clinical development of black and green tea extracts,
GTP, or EGCG continues, assessment of plasma and
urine catechins, as well as serum GSH levels, pro-
staglandins, tissue ODC activity, and enzymes such
as GST and NAD(P)H:quinone reductase in skin or
other accessible tissue may be used as measurements.
For example, in the case of DFMO, ODC activity in
skin punch biopsies shows some potential as a drug
effect measurement. In Phase I studies with oltipraz,
the GSH level and activities of GST and NAD(P)H:
quinone reductase are measured in lymphocytes and
colorectal biopsies. It may be of interest to validate
these measurements in animal models prior to initia-
tion of Phase I clinical trials.

Safety Issues

There are no specific toxicity issues for tea ex-
tracts, GTP, and EGCG other than determining pre-
clinical testing needed to fulfill FDA requirements
for human testing (see Regulatory Issues).

Pharmacodynamics Issues

The primary target organs for clinical develop-
ment of tea extracts, GTP, or EGCG are lung and
skin; colon, esophagus, and mammary glands may
also be considered on the basis of limited animal
efficacy studies. Based on the efficacy data in a
number of preclinical studies, attainment of an effec-
tive dose for EGCG in these tissues in humans should
be possible without major side effects. Because of
lack of preclinical toxicology, it is not possible to
calculate a dose for Phase I/II clinical trials from a
safety margin in animals; however, an oral dose of
ca. 0.18 mmol/kg-bw/day was well-tolerated in the
NNK-induced mouse lung model [36]. The lowest
effective dose of 0.016 mmol EGCG/kg-bw/day in
animal models is comparable to consumption of four
cups of green tea or 17.7 umol/kg-bw/day of EGCG
by a 70 kg man, therefore, the well-tolerated dose of
0.18 mmol/kg-bw/day is approximately 10-fold the
lowest effective dose. The results of the on-going
subchronic toxicity tests in rats and dogs will provide
adequate data for selection of doses for the Phase /11
clinical trials. These results are anticipated by De-
cember 1996, providing that sufficient quantities of
EGCG and the tea extracts will be available for
testing in the 90-day dog study.
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Regulatory Issues

Preclinical 28-day and 90-day toxicity studies
sponsored by the Chemoprevention Branch for de-
caffeinated BTP, GTP, and EGCG are in progress. It
is likely that preclinical carcinogenicity studies will
be required of any tea component advancing to clini-
cal studies of more than one year duration. In addi-
tion, if further development of this agent is desired,
Segment I, IT and III reproductive toxicity studies
may be required. However, no association between
tea consumption and reproductive toxicity or terato-
genicity has been found in pregnant women and their
offspring [1].

Intermediate Biomarker issues

In experimental animal studies published in the
literature, epicatechin complex, GTE and BTE were
reported to inhibit carcinogen-induced precancerous
lesions [55] and GGT-positive foci in rat liver [56)]
and mouse epidermal cells [58]. GTP also inhibited
aberrant hyperproliferation (an in vitro cellular
marker for preneoplastic transformation) induced in
mammary epithelial cell lines by carcinogens and
oncogenes (ras or myc) {59]. Additionally, topical
application of EGCG to mouse skin or oral admini-
stration of WEGT in drinking water was recently
shown to inhibit TPA-induced ODC, PKC, and c-myc
expression and NNK-induced lung oncogene (c-myc,
c-H-ras, and c-raf) expression, respectively [60). For
clinical development of these agents, evaluation of
their effects on precancerous lesions—particularly in
targets that are likely to be affected such as lung,
esophagus, and skin—may provide useful endpoints.
It should be noted that preliminary results for NCI-
funded colon aberrant crypt focus assay with BTP
(low dose) and EGCG (high dose) indicate inhibitory
activity.

Supply and Formulation Issues

T.J. Lipton, Inc. (New Jersey) has supplied green
and black tea extracts, BTP, GTP, EGCG, and
theaflavin mixture to the Chemoprevention Branch.
The compositions of the green and black tea and GTP
were established prior to testing (e.g., amount of
catechins present in green tea and GTP or theaflavins
in black tea). There are a number of different types
of green and black tea. They differ in genetic variety
and production methods to yield, for example, those
with high theaflavin content or strong aroma [63]. For
instance, a typical cup of green tea (200 ml, gun

powder, Hangzhou, China) contains 142 mg EGCG,
65 mg epigallocatechin, 28 mg epicatechin gallate,
17 mg epicatechin, and 76 mg caffeine [4]; a typical
black tea beverage contains 3—10% catechins, 3-6%
theaflavins, 12-18% thearubigins, and other compo-
nents [88]. Another source of variability is the manu-
facturing conditions, which may affect antimutagenic
and anticarcinogenic properties [e.g., 25,70,71,101].

In most of the chemoprevention studies published
in the literature, black and green tea extracts and GTP
were administered either in drinking water or as the
sole source of drinking water. The composition of
these exiracts, which in most cases were not quanti-
tatively identified, differ according to source, prepa-
ration and brewing techniques. Therefore, a
significant effort in the development of the teca com-
ponents is to characterize and standardize the type,
source, composition, method of manufacturing and
preparation (if given in solution). Additionally, to
minimize manufacturing variability, it would be de-
sirable to produce and properly store green and black
tea in large quantities.

Clinical Studies Issues

The efficacy of black and green tea extracts, GTP,
and EGCG in several preclinical studies of lung and
skin provide evidence that these are the most likely
target organs for Phase II clinical chemoprevention
trials. It may be of interest to examine the efficacy of
the tea compounds in mammary gland carcinogenesis
models to verify the chemopreventive activity in this
target tissue prior to initiation of clinical trials. The
on-going preclinical efficacy studies sponsored by
the Chemoprevention Branch with green and black
tea extracts, BTP, GTP, and EGCG in colon, bladder,
and esophageal cancer models may also provide sup-
port for initiation of clinical trials in these target
tissues. Future clinical trials may evaluate the safety
and efficacy in such target tissues as colon, esopha-
gus, lung (smokers), and skin (actinic keratosis pa-
tients).
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Table II. Summary of Preclinical In Vivo Efficacy Studies
Target Organ |Species Carcinogen Tea Dose! Result Reference
Compound
Colon Rat, F344 [AOM GTP 0.01, 0.1% + [17]
Colon Rat, F344 |[AOM GTP 0.01, 0.1% + [16]
Colon Rat, F344 |MNU GTP 0.002, 0.01, + [18]
0.05%
Duodenum Mouse, ENNG EGCG 0.005% (ca. + [20,21]
C57BL/6 0.016 mmol/
kg-bw/day)
Esophagus Rat, Sodium Various Black, {0.5-1 ¢ + [23,24,25]
Wistar Nitrite + Green Tea dried tea
Methyl-benzyl- [Water Extracts
amine
Esophagus Rat, MBN Various Black, [0.5-1 g NE [23,24,25]
Wistar Green Tea dried tea
Water Extracts
Esophagus Rat MBN Various Black, [2% + [24]
Green Tea
Infusions
Esophagus Rat, MBN Decaffeinated |0.6%, 0.9% + [22,24]
Sprague- Black Tea or
Dawley Decaffeinated
or Regular
Green Tea
Water Extracts
Forestomach Mouse, B(a)P, DEN WEGT 1.2% + [26]
A/
Forestomach Mouse, B(a)P, DEN GTP, WEGT GTP: 0.2% + [27]
A/ WEGT: 2.5%
Forestomach Mouse, DEN WEGT 0.63%, 1.25% + [24,28,29]
A/
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Table II. Summary of Preclinical In Vivo Efficacy Studies (continued)
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Target Organ  |Species Carcinogen Tea Dose! Result Reference
Compound
Intestine, Large {Mouse, DMH GTP, EGCG 1-3 mg/mouse + [19]
Kunming ig (EGCG:
2 mg/mouse, ca.
0.12 mmol/
kg-bw/day)
Liver Rat, DEN Green Tea 2.5% in diet + [31]
Wistar (NOS)
Liver Mouse, DEN Decaffeinated |WEGT: 0.63%, + [30]
C3H WEGT, WEBT |1.25%,
WEBT: 1.25%
Liver Mouse, Spontaneous |EGCG 0.05%, 0.1% + [21]
C3H/HeN (ca. 0.16-0.32
mmol/kg-bw/
day)
Lung Mouse, B(a)P, DEN WEGT 1.2% + [26]
A/J
Lung Mouse, B(a)P, DEN GTP 5 mg/0.2 ml + [32,33]
A/J H,0, ig
Lung Mouse, B(a)P, DEN GTP, WEGT GTP: 0.2% + [27]
A/ WEGT: 2.5%
Lung Mouse, DEN WEGT 0.63%, 1.25% + [28]
A/J
Lung Mouse, DEN Decaffeinated |WEGT: 0.63%, + [30}
C3H WEGT, WEBT [1.25%,
WEBT: 1.25%
Lung Mouse, NNK Decaffeinated [0.3%, 0.6% + [24,28,29,
A/J WEBT, WEGT 34]
Lung Mouse, NNK Decaffeinated |0.6% + [35]
A/l WEGT
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Table II. Summary of Preclinical In Vivo Efficacy Studies (continued)
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SENCAR

Target Organ |Species |Carcinogen Tea Dosel Result Reference
Compound
Lung Mouse, NNK WEGT, EGCG |2%, EGCG: + [24,36,37]
A/J 560 ppm
(ca. 0.18 mmol/
kg-bw/day)
Mammary Rat, DMBA GTP 1% in diet + [38]
Glands Sprague-
Dawley
Mammary Rat, F344 |PhIP GTP 1% in diet + (Tumor {[39]
Glands Size only)
Multiorgan Car- |Rat, F344 |DEN+ MNU+ |GTP 0.1%, 1% in diet |+ (Intes- [116,152]
cinogene-sis DMH+ tine)
Model (Colon, BBN+DHPN NE (Colon
Lung Small In- Lung)
testine)
Skin Mouse, DMBA/TPA GTP 10 mg/ + [41]
SENCAR 0.2 ml acetone,
top or 0.5 g/l in
H,O
Skin Mouse, DMBA/TPA GTP 1-24 mg/ + [42]
SENCAR 0.2 ml acetone/
animal, top
Skin Mouse, DMBA/TPA EGCG S umol/ + [43]
SENCAR 0.2 ml acetone/
animal, top
Skin Mouse, DMBA/TPA, GTP 6 mg/animal, + [44]
SENCAR |DMBA/TPA/ top
Mezerein
Skin Mouse, DMBA/TPA, GTP 1.2, 3.6 mg/200 |+ [29,45]
CD-1 B(a)P/TPA ul acetone, top
Skin Mouse, DMBA/TPA GTP top, oral + [46]
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Table II. Summary of Preclinical In Vivo Efficacy Studies (continued)

Target Organ |[Species |Carcinogen Tea Dose! Result Reference
Compound
Skin Mouse, DMBA/ EGCG 5 mg/mouse, top |+ [53]
CD-1 Teleocidin (ca. 0.011 mmol)
Skin Mouse, uv GTP 10 mg, top and |+ [47]
SKH-1 0.1% in H,0O
hairless
Skin Mouse, DMBA/UV WEGT, WEBT, 10.63%, 1.25% + [48,54]
SKH-1 Decaffeinated
hairless WEGT,
Decaffeinated
WEBT
Skin Mouse, DMBA/UV, WEGT 1.25% + [29,49]
SKH-1 DMBA/TPA,
hairless |UV/TPA
Skin Mouse, BPDE-2/TPA |GTP 24 mg/mouse, + {46,501
SENCAR top
Skin Mouse, 3-MCA GTP 1.2 mg/ + [41,46]
BALB/c 0.2 ml acetone,
top
Skin Mouse, 3-MCA GTP 5 mg/animal + [51]
BALB/c
Skin Mouse, Malignant GTP 6 mg/ + [52]
SENCAR |Conversion 0.2 ml acetone, |(NE, Spon-
Protocol: top taneous)
DMBA/TPA,
Benzoyl Perox-
ide, NQO,
Spontaneous

1 Agent administered in or as the sole source of water, unless otherwise noted.
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Table III. Summary of Epidemiology Studies
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Target Organ Association with Drinking Tea! Type of Study Reference
(Number of
Studies)
1 = Ecological
2 = Cohort
3 = Case-control
Bladder No Relationship 1@ [4,8,9,128]
2(2)
3 (16)
Breast Positive 1(1) [2,4,8,137]
No Relationship 309
Negative 1)
Colon, Intestine & | Positive 1 [3-5,8,9,128,129,138]
Rectum 2 (D
No Relationship 2
3(5)
Negative 3(5)
Esophagus Positive 1@3) [4,8,10,129,139-143]
Positive (High Temperature, 14
Salted Tea)
No Relationship
(Normal or Hot Temperature Tea) | 3 (7)
Negative 1)
6 (3)
2 (1)
Gall Bladder Negative 3() [6]
Kidney Positive 2 [4,9,10,130,144-146]
3 ()
No Relationship 3D
No Relationship (Wilms Tumors, 2 (D
Maternal Consumption)
Negative 2 (1)
Leukemia No Relationship 1) [8]
Liver No Relationship 1@ [2,8,128,129]
2
3
Negative 1)
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Table III. Summary of Epidemiology Studies (continued)

Target Organ Association with Drinking Teal Type of Study Reference
(Number of
Studies)
1 = Ecological
2 = Cohort
3 = Case-control
Lung Positive 1(1) [2,4,7-9,147}
2 (1)
No Relationship 3@
Negative 1)
3
Nasopharynx Positive 3 [4,8,10,131,148]
Oropharynx (Oral | No Relationship 303)
Cavity, Mouth, 1)
Tongue) Negative 3 (D
2 (L
Ovary No Relationship 1 [8]
Pancreas Positive 3 [4,8,11,133-135,149]
Positive (Green Tea) 3 ()
2@3)
No Relationship 1@
3
No Relationship 2(2)
(Black Tea) 3
Negative 3 (2)
Prostate No Relationship 3 () [8,9,150]
2 (1)
Stomach Positive 2 (M [4,8-10,12,13,132,151]
3
1M
No Relationship 3(8)
1@
3@
Negative 2 (1)
Uterus Negative 1 (2) [2,8]

! Association with drinking tea: Positive: increased cancer incidence with tea intake; Negative: decreased

cancer incidence with tea intake; No Relationship: tea intake had no effect on cancer incidence.
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