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Green tea is an aqueous infusion of dried unfermented
leaves of Camellia sinensis (family Theaceae) from which
numerous biological activities have been reported includ-
ing antimutagenic, antibacterial, hypocholesterolemic,
antioxidant, antitumor and cancer preventive activities.
From the aqueous-alcoholic extract of green tea leaves,
six compounds (+)-gaillocatechin {(GC), (-)-epicatechin
(EC), (-)-epigallocatechin (EGC), (—)-epicatechin gallate
(ECG), (-)-epigallocatechin gallate (EGCG) and caffeine,
were isolated and purified. Together with (+)-catechin,
these compounds were tested against each of four
human tumor cell lines (MCF-7 breast carcinoma, HT-
29 colon carcinoma, A-427 lung carcinoma and UACC-
375 melanoma). The three most potent green tea com-
ponents against all four tumor cell lines were EGCG, GC
and EGC. EGCG was the most potent of the seven green
tea components against three out of the four cell lines
(i.e. MCF-7 breast cancer, HT-29 colon cancer and UACC-
375 melanoma). On the basis of these extensive in vitro
studies, it would be of considerable interest to evaluate
all three of these components in comparative preclinical
in vivo animal tumor model systems before final deci-
sions are made concerning which of these potential
chemopreventive drugs should be taken into broad
clinical trials.

Key words: Camellia sinensis, catechins, green tea
components, growth inhibitory activity, human tumor cell
lines, isolation.

Introduction

Green tea is an aqueous infusion of dried unfermen-
ted leaves of Camellia sinensis (family Theaceae) a
plant native to Southeastern China and parts of
India, Burma, Thailand, Laos and Vietnam. Its popu-
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larity as a beverage, particularly in the Far Eastern
countries and in a few countries of North Africa and
the Middle East, together with its reputation for
health benefits prompted a large number of inves-
tigations of its chemical constituents and their bio-
logical activities. The tea leaves are distinguished by
their content of methylxanthines, and polyphenols,
especially flavanols of the catechin type. Although
its chemical composition varies with growing con-
ditions, season, age of the leaves and variety culti-
vated, the major green tea phenols (GTP) are (-)-
epigallocatechin gallate (EGCG), (—)-epicatechin
gallate (ECG), (—)-epigallocatechin (EGC), (—)-epi-
catechin (EC), (+)-gallocatechin (GC) and (+)-cate-
chin(Figure 1), which, altogether, may constitute up
to 30% of the dry leaf weight.'

Numerous biological activities have been repor-
ted for green tea. The aqueous infusion itself and its
polyphenolic constituents are known for their anti-
mutagenic,®® antibacterial,””'? hypocholesterole-
mic,'® antioxidant,’*'” antitumor'®2! and, above
all, cancer preventive activities.?~>°

While the results of epidemiologic studies regard-
ing the association between different types of can-
cer and tea consumption are very complex and
sometimes even contradictory,’’ the cancer preven-
tive effect of green tea or its components has been
shown by in vitro®®*% and in vivo experi-
ments 22242630 The majority of these studies report
the effects of crude green tea extracts, the green tea
phenolic fraction (GTP) or its major constituent
EGCG. There are some studies, however, that report
on various activities of EGCG as well as other cate-
chin derivatives isolated from the GTP frac-
tion 2®1016.19.2132-35 15 most of these studies
EGCG was found solely responsible for biological
activity or the most active compound among those
catechins tested. In addition to these observations,
other studies suggest that the activity of the cate-
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Figure 1. Chemical structures of the seven green tea components, catechin, EC, GC, EGC, ECG, EGCG and caffeine.

chins depends on the nature of the biological tar-
gets. For example, a triphenolic B-ring of poly-
phenols from green tea seems essential for the
growth inhibition of E1A-3Y1 cells, rat 3Y1 diploid
fibroblasts transformed by the E1A gene of human
adenovirus type 12.%! In another study, it was repor-
ted that the presence of a galloyl group in the 3-
O-position in flavan-3-ols increased their potency in
inhibiting lipid peroxidation.>> Based on these
results, we think that it is important to further evalu-
ate the biological activity not only of pure EGCG,
but the activities of all the major constituents
present in green tea.

In this study, we isolated and purified EGCG,
EGC, ECG, EC, GC and caffeine from green tea
leaves. These compounds together with (+)-cate-
chin were tested and their individual activities were
compared for the first time for their relative growth
inhibitory effects in an in vitro screening assay
using four different human cancer cell lines as part
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of a program to search for chemopreventive agents
from natural dietary sources.

Materials and methods
Plant material

The plant material was provided by the Royal
Estates Tea Company, Division of Thomas ] Lipton
(Englewood Cliffs, NJ). The green tea blend was
labeled ‘Green Research Standard’.

Extraction and isolation

Dried, green tea leaves (1 kg) were ground to a fine
powder and macerated four times with ethanol
(95%):water 1:1. The extracts were filtered, com-
bined and dried at room temperature. After redis-



solution in a small amount of water, the crude
extract was freeze-dried yielding 307 g of a green
powder. This crude extract was dissolved in water
and the aqueous phase was exhaustively extracted
with ethyl acetate. After evaporation in vacuo 141 g
crude green tea polyphenols (GTP) remained. A
portion of GTP (65 g) was chromatographed on
a Sephadex LH 20 (Pharmacia, Uppsala, Sweden)
column (78 x 10 cm) with ethanol (95%) yielding
five different semipurified catechin derivatives and
caffeine.

Purification of EC, EGC, GC, ECG and
EGCG

EC and EGC were purified separately by column
chromatography (75 x 5.5 cm) using silica gel
(silica gel 60, 0.05-0.2 mm; Macherey-Nagel,
Diiren, Germany) and dichloromethane:ethyl acet-
ate:acetic acid (40:60:1). ECG and GC were purified
separately by column chromatography using silica
gel and dichloromethane:acetone:acetic acid
(60:40:1). The obtained EC, GC, EGC and ECG were
dissolved in a small amount of ethyl acetate, pre-
cipitated with dichloromethane and filtered through
a fritted funnel. Semipurified EGCG was stirred with
water overnight at room temperature and filtered
through a fritted funnel. The powder was washed
repeatedly with water to obtain pure EGCG.

Catechin

(4+)-Catechin was purchased as (+)-catechin
hydrate 98% from Aldrich (Milwaukee, WD.

Detection and identification

The catechin derivatives were detected by TLC on
silica gel plates (Polygram Sil G/UV,s4; Macherey-
Nagel with dichloromethane:acetone:acetic acid
(60:40:1) using UV light (254 nm) and vanil-
lin/sulfuric acid spray for visualization. All com-
pounds were monitored for purity (>99%) by
HPLC (Alltech Model 425 HPLC pump, model
450 UV detector) using a VYDAC 218TP54 (C-18)
(250 x 4.6 mm, 5 p) column and acetonitrile:ethyl
acetate:0.05% phosphoric acid (12:2:86). The struc-
tural identities of all compounds were determined
by spectral data including 'H/"*C-NMR (300 MHz)
and MS.

Inhibitory effect of six green tea catechins

Cell culture technique

The human lung carcinoma cell line A-427.%¢ the
human colon carcinoma cell line HT-29*7 and the
human breast carcinoma cell line MCF-7°® were
obtained from ATCC (Rockville, MD; ATCC numbers
HTB 53, HTB 38 and HTB 22 respectively) and pre-
viously have been characterized. The human mel-
anoma cell line UACC-375 was obtained from Dr A
Leibovitz (Arizona Cancer Center). Cells were main-
tained in monolayer culture in RPMI 1640 media
supplemented with 5% fetal bovine serum (Gemini
Bioproducts, Calabasas, CA), 2 mM L-glutamine,
50 TU/ml penicillin and 50 ug/ml streptomycin in
a humidified atmosphere of 95% air and 5% CO; at
37°C. Cell lines were monitored for the absence of
mycoplasmas using the Mycoplasma Detection Kit
(Boehringer Mannheim, Indianapolis, IN). Subcul-
turing was done at subconfluent densities. The cells
were dispersed with a phosphate buffered saline
solution of 0.05% trypsin and 0.02% ethylenedia-
mine tetraacetic acid.

Measurement of cell proliferation

Cell growth was determined using the sulforhoda-
mine B (SRB) colorimetric protein stain assay. Opti-
mum cell number per well was determined for each
cell line. Cells were plated in non-perimeter wells of
96-well microtiter plates and incubated for 24 h
prior to addition of drugs. All drugs were solubilized
in 100% dimethyl sulfoxide (DMSO). The drugs
were then diluted with media so that the maximum
amount of DMSO did not exceed 0.5% within the
wells. Each drug was tested over a concentration
range of six 10-fold dilutions. Smaller serial dilu-
tions were tested subsequently to further clarify
a drug concentration which achieved a growth inhi-
bition of 50% (ICso). The media controls, the DMSO
controls and each of the drug concentrations were
tested in a minimum of six wells per experiment.
After an additional 6 days of culture, cells were fixed
by addition of cold trichloroacetic acid at a final
concentration of 10%. The plates were kept at 4°C
for 1 h, the supernatant was then aspirated and the
plates washed with deionized water. SRB (Aldrich)
solution was prepared to 0.4% w/v in 1% acetic
acid. SRB (50 ul) was added to each well and the
cells were stained for 10 min at room temperature.
Unbound SRB was removed by washing with 1%
acetic acid followed by air drying. Bound stain was
solubilized with 50 mM unbuffered tris and optical
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density (OD) measured by an automated spectro-
photometer at a single wavelength of 540 nm.

Determination of 1G5, values

For each drug, a minimum of three experiments
measuring the growth inhibition of all the cell lines
was conducted. For these experiments, the
mean £ SD of OD data from the replicated wells
was calculated for each drug concentration tested.
The inhibitory effect of the drug at each concentra-
tion was expressed as a percentage [(mean OD of
treated cells/mean OD of control cells) x 100}. The
ICsg, the drug concentration causing a 50% reduc-
tion in the mean OD value relative to the control,
was then estimated by interpolation from the inhi-
bitory effects measured at each concentration tes-
ted.

Statistical methods

Several methods were used to fit the tumor cell
growth inhibition—-drug concentration data for each
of the individual experiments. The majority of the
time, a logistic model was the best fit selected
(Curve fitting 1.1 for Windows, Central, SC). After
the coefficients of the fitting function were
obtained, the concentration causing a 50% reduc-
tion in the absorbance relative to the control wells
was estimated using the equation: percent inhibi-
tion = (absorbance of treated cells/absorbance of
control cells) x 100.

The resulting ICsos from each experiment were
then compared in an analysis of variance for differ-
ences among the seven green tea components for
their growth inhibitory activities against each of the
four human tumor cell lines. The statistical signifi-
cance between all pairs of components was asses-
sed using Tukey’s multiple comparisons test.>

Results

From the aqueous-alcoholic extract of green tea
leaves, five polyphenolic compounds (i.e. GC, EC,
EGC, ECG and EGCG) and caffeine were isolated
and purified. For this study, (4+)-catechin, which
also occurs in green tea, was purchased. The seven
green tea components were used in 106 individual
experiments against each of the four human tumor
cell lines (MCF-7 breast carcinoma, HT-29 colon
carcinoma, A-427 lung carcinoma and UACC-375
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Table 1. Number of experiments by green tea components
against human breast, colon, lung and melanoma cell lines

Component Breast Colon Lung Melanoma

Caffeine 4 4
Catechin
EC

ECG
EGC
EGCG

GC
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Figure 2. Mean ICs, concentrations and SD for seven
green tea components against four human tumor cell lines
(MCF-7 breast, HT-29 colon, A-427 lung and UACC-375
melanoma). *ICso value and/or SD not available.

melanoma). The number of experiments performed
with each green tea component against each of the
four human tumor cell lines is shown in Table 1.
Shown in Table 2 and in Figure 2 are the mean ICss
and corresponding standard deviations for the
seven green tea components against the human
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Figure 3. Relative potency of seven green tea components
in the inhibition of MCF-7 human breast cancer cells in
vitro using Tukey’s multiple comparisons test. Vertical
lines, groups of green tea components which are not sig-
nificantly different from the circled component on the basis
of their relative ICsq values.
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Figure 4. Relative potency of seven green tea components
in the inhibition of HT-29 human colon cancer cells in vitro
using Tukey’s multiple comparisons test. Vertical lines,
groups of green tea components which are not significantly
different from the circled component on the basis of their
relative I1C5q values.

breast, colon, lung and melanoma cell lines. The
ICsps were determined as described in Materials and
methods. The lower the ICs, value, the more potent
is the green tea component as an inhibitor of tumor
cell growth.

Shown in Figures 36 are the relative potencies of
each of the seven green tea components, with
respect to inhibition of cell growth of the MCF-7
breast cancer, HT-29 colon cancer, A-427 lung can-
cer and UACC-375 melanoma cell lines, respec-
tively. Against all four tumor cell lines, the three
most potent green tea components were EGCG, GC
and EGC. EGCG was the most potent of the seven
green tea components against three out of the four
cell lines (i.e. MCF-7 breast cancer, HT-29 colon
cancer and UACC-375 melanoma).
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Figure 5. Relative potency of seven green tea components
in the inhibition of A-427 lung cancer cells in vitro using
Tukey’s multiple comparisons test. Vertical lines, groups
of green tea components which are not significantly differ-
ent from the circled component on the basis of their relative
ICsq values.
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Figure 6. Relative potency of seven green tea components
in the inhibition of UACC-375 melanoma cells in vitro using
Tukey’s multiple comparisons test. Vertical lines, groups of
green tea components which are not significantly different
from the circled component on the basis of their relative
ICso values.

Discussion

Whole green tea extract and its polyphenolic com-
ponents have attracted considerable attention dur-
ing the 1990s for their potential cancer preventive
activities.**° Because of the increasing interest to
develop at least one of its polyphenolic components
as a chemopreventive agent, we performed an
initial comparison of the potential growth inhibitory
activities of pure green tea components against
human tumor cells. Although EGCG is the most pre-
valent of these polyphenolic compounds, we
believed that others may be more potent and/or
pharmaceutically attractive for drug development.



The data from the present in vitro studies of the
growth inhibitory activities of seven pure green tea
components against four different human tumor cell
lines suggest that three of the verified polyphenolic
compounds are considerably more potent than the
others, i.e. EGCG, GC and EGC. On the basis of
these extensive #n vitro studies, it would be of con-
siderable interest to evaluate all three of these com-
ponents in comparative preclinical in vivo animal
tumor model systems, before final decisions are
made concerning which of these potential chemo-
preventive drugs should be taken into broad clinical
trials.
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