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Green tea (Camellia sinensis) is consumed daily between the meals or after meals in Japan and
other Asian countries. In recent years, green teas and their major polyphenolics have been demon-
strated in a variety of animal tumor models using different classes of chemical carcinogens. The
exact mechanism(s) of its anticarcinogenic activity remains to be elucidated, but green tea
polyphenolics have been demonstrated to be antimutagenic, anticarcinogenic, antioxidant, and
antipromotional effects including inhibition of phase I and inducing the phase II enzymes. Enzyme
activities of glutathione peroxidase, catalase, and quinone reductase, and glutathione S-transferase
are also induced.

However, paucity of green tea effects in humans prompted us to investigate antimutagenic ef-
fects of green tea against smoke-induced mutation in humans. Chemopreventive effects of green
tea and coffee among cigarette smokers were examined in 52 clinically healthy male subjects be-
tween 20 and 51 years of age. Blood specimens were obtained from the non-smoker (Group I), smok-
ers (I1), smokers consuming green tea (I11), and the smoker-coffee (IV). The mean years of cigarette
smoking (> 10 cigarettes/day) of group II, III and IV ranged from 134 to 14.7 years. Daily intake of
green tea and coffee was 3 cups/day/6 months (IIT & IV). The frequencies of sister-chromatid ex-
change in mitogen-stimulated peripheral lymphocytes from each experimental group were deter-
mined and statistically analyzed. SCE rates were significantly elevated in smokers (9.46 +0.46) ver-
sus non-smokers (7.03+0.33); however, the frequency of SCE in smokers who consumed green tea
(7.94+0.31) was comparable to that of non-smokers, implying that green tea can block the cigarette-
induced increase in SCE frequency. Coffee, by contrast, did not exhibit a significant inhibitory ef-
fect on smoking induced SCE.
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INTRODUCTION

A wealth of epidemiological data estimates
that cigarette smoking is responsible for 85~90
% of lung cancers and 30% of all cancer'™". In
the U.S. alone, the number of cigarette smokers
is estimated to be 50 million. Lung cancer has
been the leading cause of death in men and
women, and recently lung cancer mortality in
women surpassed breast cancer mortality*™*. In
spite of well-established cancer risks, smokers
continue to expose non-smokers in the work
place and elsewhere, causing unwanted smoke
exposure to non-smokers in the work place and
elsewhere. A 30% increase in lung cancer risk is
associated with exposure to passive or environ-
mental cigarette smoke®™.

The etiology of cigarette smoke related can-
cers is attributed to numerous carcinogens,
some of which have been identified as reactive
polycyclic aromatic hydrocarbons (PAH), al-
kylnitrosamines, aromatic amines (AA), aza-
arenes, aldehydes, 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK), metals, and nitriles".
A variety of DNA adducts derived either direct-
ly or indirectly through activated intermediates
have been identified in numerous human tis-
The
level of DNA adducts is shown to correlate di-

sues including human lymphocytes' ™.

rectly to tumor formation in some tissues, such
as mouse skin'®,

These considerations underscore the urgent
need to identify chemopreventive agents to re-
duce to prevent cigarette smoke-induced cancer
risk. Previously, green tea (Camellia sinensis)
has been shown to be antimutagenic and anti-

7~ Recent experimental studies

carcinogenic
have demonstrated that either oral administra-
tion or topical application of (-)epigallocatechin

gallate, one of the major polyphenol compo-

nents in green tea, prevented a variety of tumor
initiation, as well as tumor promotion initiated
by a variety of carcinogens (ie. PAH, ENNG,
NDEA, NNK,
etc.) in experimental animal tumor models

azoxymethane, and radiation,
ZI»VZG].
Furthermore, for the past few years, the antitu-
mor activities of green tea extracts and, their
major polypenolic components, (-)-epicatechin,
(-}-epicatechin gallate, (-)-epigallocatechin, and
(-)-epigallocatechin gallate (Fig. 1), have been
extensively studies with a variety of animal
tumor models (e.g., colon, esophagus, foresto-
mach, duodenum, intestine, liver, lung, mamma-
ry glands, mul-tiorgan carcinogenesis model,
and skin, etc. ™%

In addition, epidemiological studies also dem-
onstrated that the death of all types of cancer
including stomach cancer rates in the midwest
areas of Shizuoka Prefecture, where green tea
is consumed daily, was significantly lower than

the national average in Japan®™. A case control

Major Components of Green Tea
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Fig. 1. Major tannins in green tea (Camellia si-
nensis). (—)-Epicatechin (1.8%) (—)-Epica-
techingallate (3.0%); (— )>-Epigallocatechin (6.6
%), (—)-Epigallocatechin gallate (15.1%).
Total polyphenolic constitute are as much as
30% by dry weight of green tea. The % values
in the parenthesis represent the % chemical
component by dry weight of gree tea.
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study in Kyushu, Japan also showed that indi-
viduals consuming green tea more frequently or
in larger quantities tended to have a lower risk
for gastric cancer®.

Despite a high average consumption of ciga-
rettes among, Japanese males as compared to
their

among Japanese males is significantly lower®.

counterparts, lung cancer mortality
These differences may be attributed to dietary
habits/or genetic factors. The Japanese diet
contains far less fat than that of the US. as
well as foodstuffs rich in phytoantioxidants
(eg., soy, green tea, and other vegetables). Given
the paucity of human studies in the literature,
we sought to evaluate the chemopreventive ef-
fects of daily green tea consumption in human
smokers using sister-chromatid exchanges fre-
quencies in peripheral lymphocytes as mutagen-
ic marker.

MATERIALS AND METHODS
1) Selection of participants
Questionnaires were sent to 400 male worker,

20 to 51 years of age at the main offices of the

Table 1. Correlation coefficient between SCE and
blood biochemical variation

Shinung Research Unit and Dajeon Factory,
Tae Pyong Yang Cosmetic Company. The ques-
tionnaire design| was adapted primarily from
Carrano and Natarajan®. The contents of the
questionnaire were intended to minimize or
eliminate subjects with possible confounding
factors, which mjght affect the outcome of SCE
experiments. The questionnaire was distributed

and collected o
informing the
the SCE experi

site after formal meetings
bjectives and the nature of
ents at the main offices of

Shinung Research Unit and Daejon Factory,
Tae Pyong Yang Cosmetic Company, re-
spectively. Three hundred sixty eight ques-
tionnaires were [returned from which, 11 sub-

jects were elimi

ated due to incomplete infor-

mation. Four general selection criteria were

then applied: 1) no genetic or other pre-existing

disease; 2) no known exposure to toxic chemi-

cals or radiation

or alcohol; 3) <55 years of age;

and 4) no history of serious illness since birth.

The 52 selected
tology, clinical

subjects were tested for hema-
chemistry, urine analysis and

were clinically evaluated to be healthy. Using

epidemiological techniques, the observed levels

Table 2. Correlation coeffiecient between SCE and
food frequency variables

Biochemical Variables R Significance
RBC 0.204 NS*
Albumin ~0.231 NS
AST 0.046 NS
ALT —0.153 NS
ALP —0.039 NS
BPT 0.042 NS
BUN —0.212 NS
Creatinine ~0.219 NS
B/C —0.053 NS
Cholesterol 0.028 NS
HDL-cholesterol 0.101 NS
Blood glucose -0.270 NS

*NS; Not significant at p<0.05 level

Food Groups R Significance
Bean and bean products 0.056 NS*
Meat and fish 0.079 NS
Eggs —0.022 NS
Milk and milk products 0.121 NS
Dried small fish and seaweeds  0.052 NS
Green and yellow vegetables  —0.234 NS
Other vegetables —0.103 NS
Fruits —0.048 NS
Fats and fried food —0.122 NS
Instant —0.025 NS
Total(Food practice score) —0.014 NS

*NS; Not significant at p<0.05 level
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Table 3. Effect of various factors on SCE frequencies of the subjects

Variable +/= No. SCE frequencies T-value Probability
Marital status -+ 42 8.52+0.24" -0.11 0.913
- 10 8.59+£0.56
Use of computer + 10 8.40+£0.64 0.24 0.811
- 42 8.56£0.23
Exposure to chemicals + 7 7.57+0.52 1.93 0.086
- 45 8.68+0.24
Smoking + 43 8.84+£0.23 4.47 0.000%**"
- 7.03+0.33
Intake of vitamin pills + 8.65+0.72 0.18 0.862
- 46 8.51+0.24
Use of drug constantly + 4 9.40 £0.62 1.39 0.236
- 46 8.47 £0.24
Vaccine -+ 35 8.52 +0.28 0.06 0.956
- 17 8.55 +0.37
Surgery + 3 7.28+1.21 1.07 0.390
- 49 8.61 +0.22
Intake of processed food + 14 8.14+0.40 1.12 0.273
- 38 8.67+£0.26
Intake of artificial sweeteners + 4 7.61£1.20 0.82 0.469
- 48 8.61 £0.22
Cancer patient in family + 4 8.74+0.73 0.30 0.784
- 48 8.51+0.23
Coffee intake + 13 9.23+0.35 2.14 0.042***
- 39 8.30+0.26
Green tea intake + 15 7.94+0.31 1.98 0.055*
- 36 8.77+0.28

"‘Mean tstandard error
»*p<()., *P<0.05, **P<0.001 by Student t-test

of SCE found in the blood of 52 healthy, male
subjects were correlated to serum biochemical,
demographic, nutritional and other factors. The
procedure involved a) correlation between SCE
frequency levels and 12 blood chemistry param-
eters (Table 1) or between SCE frequencies and
the frequency of 11 types of food intake in their
diet (Type 2) or between SCE frequencies and
13 other demographic factors (Table 3). Once
the potentially important variables for explain-
ing the observed SCE levels were identified,
these variables were incorporated together into
a mathematical model which allows for the esti-

mation of each variable's importance in the
presence of the other variables. The 12 serum
biochemical variables are RBC, albumin, AST,
ALT, ALP, GPT, BUN, Creatinine, B/C, choles-
terol, and HDL-cholesterol. The 11 food fre-
quency variables are bean and bean products,
meat and fish, eggs, milk products, dried small
fish and seaweed, green and yellow vegetables,
other vegetables, fruits, fats and fried food, in-
stant foods and the Total (food practice score).
The 13 other factors are marital status, use of
computer, exposure to chemicals, smoking, in-
take of vitamin tablets, constant use of drug(s),
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vaccines, surgery, intake of processed food, in-
take of artificial sweeteners, cancer patients in
family, coffee intake and green tea intake.

In order to determine whether environmental
pollution has any impact on SCE frequency, 30
subjects selected from Office workers in Seoul
and 22 subjects were selected from Daejeon fac-
tory, no significant differences in SCE frequen-
cy between the two areas (Table 4).

2) Grouping of the selected subjects

The selected subjects were grouped as fol-

ol 9] 59

but no green tea, An Average age of Groups I,
IL, IIT and IV was 31.33 +3.54, 35.86+£7.25, 36.2+7.
88 and 33.29+6.46, respectively (Table 5). The
average age of the 52 selected human subjects
for four experimental group (Groups I, II, III,
and IV) was 3448+6.82 years (Table 5). The
oking in Group I, III, and IV

13.5+£2.19, 13.36 +1.74,

mean years of s

were 14.71+2.18, and

Table 4. Result of SCE frequencies by the difference
of sampling location

No. of

Location Date Number K SCE*
lows: Group I: non-smokers, who were not green smoxker
tea or coffee drinkers; Group II: smokers with  Seoul main 1990/5/11 30 25 851+028
no green tea or coffee intake; Group III: smok- office and )
ho d K tea (2-3 dav for 6 research unit
€rs who drank green tea fo-5 cups per day 10r 6 101 factory 1990/5/12 22 18 856+0.36
months) but no coffee; Group IV: smokers who "
M +
drank coffee (>2-3 cups per day for 6 months) ean +standard error
Table 5. Group categorized by age, smoking, green tea and coffee intake
Avg. Age o b .
Group Number (mean+S.D.) Smoking Green Tea Coffee
I 9 31.33+3.54 - - -
II 14 35.86+7.25 + - -
111 15 36.20+6.46 + + -
v 14 33.29+6.46 + - +
Total 52 34.48 +6.82 43/52 15/52 14/52

*Smoking, +; smoker (more that 10 cigarette/day); —: non-smoker,
‘Green tea intake, +: 2~3 cups/day; —: non-green tea drinker,
‘Coffee intake, +: 2~3 cups/day; —: non-coffee drinker

Table 6. SCE frequencies by groups categorized by smoking, green tea and coffee intake*

Year of smoking

*% -
Group Number SCE(mean +SE) Age(mean +5E) (mean +SE)
1 9 7.03+0.33 31.33+1.1 -
I 14 9.46 +0.46** 35.86+1.94 14.71 £2.18
I1I 15 7.94+0.31* 36.20 £2.03 13.50+2.19
v 14 9.20+0.32** 33.29+1.73 13.36+1.74
Total 52 8.53+0.95 34.48+0.95 13.86+1.16

**The comparison of Group I with Groups II and IV was significant.

(One way analysis of variance: F=7.77, p<0.0003)

*The comparison of Group I with Group III was not significant.
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respectively) (Table 6).

3) Blood sample collection and blood cell
culture

Subjects were fasted 12 hrs prior to phleboto-
my. Blood was drawn into heparinized syringes
(sodium heparin 501U/ml). A 254 plasma
aliquot was tested for hepatitis B virus surface
antigen (HBsAg) via an HBsAg test kit (Jeil
Sugar Co., Korea) prior to cell culture. HBSAG
negative blood (0.8 ml) was inoculated in 9.5 ml
Eagle's MEM (Flow Lab., USA), supplemented
with 100 units/ml of penicillin-streptomycin
(Sigma Chemical Co., St. Louis, MO, USA) and
heat treated fetal calf serum. Phytohemaggiu-
tinin (0.1 ml) and 5mM 5-bromodeoxyuridine
(0.05ml to a final concentration of 25 4M) were
added to culture vessels which were incubated
at 37°C, 5% C0./95% air for 70 hrs. 0.05ml! of 10
rg/ml colchicine (BDH Chem. Ltd.) was added,
and after 2 hrs incubation, cells were centri-
fuged, resuspended in prewarmed hypoosmolar
solution (150 mOsm KCl) at 37°C. Cells were im-
mediately fixed in repeated changes of 3:1
methanol/acetic acid. Chromosome spreads
were prepared by dropping cell samples from
20 cm above glass slide, which were dried on a
warmer at 30°C.

4) Chromosome staining

Chromosomes were stained using a modified
fluorescence-Giemsa technique.

Slides were placed in 5ug/ml bisbenzimide
(Sigma Chemical Co.) for 10 min, and then com-
pletely covered with a thin film of phosphate
buffered saline (Dulbecco’s PBS A). The sub-
merged slides were irradiated under a 2x15W
photo activator lamp at the distance of 10~
15cm for 10 min. Slide preparations were
mounted in DePeX (Fluka 44581).

5) SCE scoring

Twenty-five cells were scored per culture.
Only diploid second metaphase (M:) cells with
45~47 centromeres were scored. Every point of
exchange was counted as a SCE. Exchanges at
the centromere were included only when twist-
ing at this point could be ruled out.

6) Statistical analysis

All data were processed using the PC-SAS-
statistical software program. The Student t-test
following Bartlett’s test and one way ANOVA
analysis was applied. The relationships between
the categories were tested by Pearson correla-
tion.

RESULTS

The 52 study subjects chosen for this study
were categorized into four groups: non smokers
(Group I), smokers {(Group II), smokers with
green tea intake (Group III), or smokers with
coffee intake (Group IV). Observed levels of
SCE in the study subjects were first correlated
with
matological variables (RBC count, albumin,
AST, ALT, ALP, GPT, BUN, caeatinine, choles-
terol, HDL-cholesterol, and glucose)(Table 1), 11
food frequency categories (bean products, meat

12 serum Dbiochemical including he-

and fish, eggs, milk products, dried small fish
and seaweed, green and yellow vegetables, other
vegetables, fruits, fats and fried food, instant
foods and a total food practice score)(Table 2),
and 13 demographic factors (Table 3). Correla-
tion between SCE frequencies and biochemical
variables, food frequency categories, and other
demographic factors were not significant (two
tailed) at the 5% levels (Table 1, 2, & 3). SCE
frequencies of subjects sampled at two different
geographical locations with differing occupa-
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Fig. 2. Age distribution of 52 volunteers.

tional status were also not significantly differ-
ent (Table 4). Once the potentially important
variables for explaining the observed SCE lev-
els were identified, these variables were incor-
porated together into a mathematical model
which allowed the estimation of each variable’s
importance in the presence of the other varia-
bles.

The age distribution of the 52 study subjects
was categorized by cigarette smoking, green tea
or coffee drinking group (Table 5, Fig. 2). The
average age of the 52 selected human subjects
was 34.48£0.95 years; the average ages of Group
I (non-smokers), Group II (smokers), Group III
(smoker plus green tea), and Group IV (smokers
plus coffee) were 31.33+1.18, 35.86+1.94, 36.20 +
2.03, and 33.29+1.73 years, respectively. Group I
subjects were younger and had less variability
in age than the other group. A Bartlett’s test
and one way analysis of variance comparing
ages by Groups were performed. An F-test com-
paring the variance in Group I with Group IV
was significant (p<0.05), and a comparison of
Group I and III mean ages was also significant
by z-test (p<0.05). The mean years of smoking
in Group II, III, and IV were not statistically
different (Fig. 3, Table 6). The mean SCE fre-
quencies in Groups I, II, III and IV were 7.04, 9.
46, 7.94 and 9.20, respectively. Since Group I sub-
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Fig. 3. SCE frequencies as a function of age distri-
bution of subjects in Groups I (non-smoker
cohort with no green tea or coofern);, Group
II (smoker|control cohors without green tea
or coffee intake), Group III (smoker cohort
taking green tea Inly), Group IV (smoker co-
hort taking only coffee).

jects were younger and had less variable ages
than the other groups, a Bartlett’s test and one-
way analysis of variance were used for statisti-
cal analysis. In the present study, 78% of the se-
lected human subjects were less than age 40

and there were no statistical evidence for age

related increase in SCE frequencies. The vari-
ance of the SCE
significantly different by Bartlett’s test (chi-
square=3.94 with 3 D.F,, p=0.27). The differenc-
es in SCE frequency among Groups I, II, IIl, and

eans for the 4 groups was not

IV also could not be attributed to duration of
smoking (Table 6)).

Mean SCE frequencies of the four groups
were significantly different when compared by
one-way analysis of variance in all but two com-
parisons. The paired comparisons of Groups I
(non-smokers) versus II (smokers) (F 16.91, p=
.0002) and IV {(smoke plus coffee) (F 14.17, p=
.0005) were statistically signficant. Notably, the
mean SCE fregency of Group II (smokers) was
significantly different from that of Group III
(smokers+green | tea) (F 853, p=0.005). The
paired comparison of Group I (non-smokers)
versus Group III (smokers plus green tea), how-
ever, was not significant (F 2.54, p=.12), imply-
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ing that green tea had blocked-induced increase
in SCE frequency. Coffee had no statistically
significant effect on smoking-induced SCE
(Group II versus IV: F 0.15, p=0.70). A paired
comparison of Group III (smokers plus green
tea) versus IV (smokers plus coffee) was signifi-
cant (F 6.35, p=0.015).

In order to separate the effects of smoking,
green tea, and coffee, a linear regression model
was applied, where SCE was predicted by Yes=
1 and No=0 to each of the 3 variables. The
results of these analyses and paired compari-
sons showed that smoking and green tea, but
not coffee, significantly affected SCE frequen-
¢y, and explained 32.7% of SCE variation (p<
0.0003; SCE=17.03+£2.6, p<0.0002,
Smoking group), —1.46 (p<0.0053, Green tea
group), —0.2 (p<0.7%). Equivalently, SCE had a
multiple correlation with smoking, green tea,

parameters:

and coffee. For this purpose, a linear regression
mode! was applied, where SCE was predicted by
Yes=1 and No=0 to each of the 3 variables.
The results of these analyses and paired com-
parisons showed that smoking and green tea,
but not coffee, significantly affected SCE fre-
quency, and explained 32.7% of SCE variation (p
<.0003; parameters: SCE=7.03+2.63 (p=0.0002,
smoking group), —1.46 (p<0.0053, Green tea
group), and —0.2 (0.7, coffee group). Equivalent-
ly, SCE had a multiple correlation with smok-
ing, green tea, and coffee of 0.572, a high value
for biological experiments. From the results of
statistical analyses, the mean SCE frequencies,
ages and years of smoking categorized by four
experimental groups are shown in Table 6. The
differences in the SCE frequencies among
Groups I, I, III and IV cannot be attributed to
either age or the duration of smoking in the
present experiments.

DISCUSSION

In this study we set out to determine whether
green tea (Camellia sinensis), rich in polyphe-
nols, or coffee could reduce SCE frequencies in
peripheral lymphocytes of cigarette smokers.
This assay was ideal given that peripheral lym-
phocytes are easily accessible and that SCE is a
much more sensitive mutagenic biomarker than
chromosomal aberrations®. The present study
clearly demonstrates that cigarette smoking
significantly increased SCE frequencies in pe-
ripheral lymphocytes. The mean SCE frequency
for smokers (9.46) was 35% higher than that of
non-smokers (7.03; Table 2). These values are
similar to those reported previously* . SCE
frequencies have also been shown to depend on
dose and duration of smoking®**".

The increase in SCE in smokers likely re-
flects smoking-induced DNA damage rather
than changes in lymphocyte subpopulations®.
This is supported by the presence of exception-
ally high SCE frequencies in both peripheral
lymphocytes of human smokers and in bone
marrow cells of mice exposed in vivo to ciga-
rette smoke®**, Furthermore, the peripheral
lymphocytes of heavy smokers (40~60 ciga-
rettes per day 9~58 years) as compared to non-
smokers exhibit a 4~6 fold increase in ex-
change-type chromosomal aberrations’*. In
addition, there are significant correlations be-
tween 4-ABP-Hb and both cotinine and SCEs as
well as a positive, highly significant correlation
between 4-ABP-Hb and DNA adduct levels in
smokers, but not in non-smokers® ",

In the present study, both the mean and the
standard error of the mean of SCE frequencies
in smokers who drank coffee was lower than in
smokers only. Although this tendency was not
statistically significant, it has been reported in
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several earlier studies, wherein caffeine treat-
ment lowered SCE induced by mutagens or car-
cinogens in both hamster and human lympho-
cytes” ™, Caffeine application to skin has also
been shown to inhibit both UV induced mouse
skin tumorigenesis and breast tumorigenesis in
rats®*™, A greater number of human subjects in
the smoker plus coffee category is needed to
clarify the effects of coffee consumption.

Notably, the present study demonstrated no
significant difference in SCE rates tetween
non-smokers and smokers who regularly con-
sumed green tea (2~3 cups per day), and a sig-
nificant difference between smokers (Group II)
and smokers who drank green tea (Group III).
Thus, to the best of our ability to exclude other
confounding factors, green tea appears to block
smoking-induced increase in SCE. As green tea
also contains caffeine in addition to a variety of
catechins, some of its protective effect against
cigarette smoke-induced SCE may be attributed
to an additive and/or synergistic contribution of
caffeine. However, the tendency of coffee in our
study (smokers plus coffee; Group IV) to de-
crease SCE as compared to smokers only
(Group II) was small and not statistically signif-
icant.

Previously, green tea (Camellia sinensis) has
been shown to be antimutagenic and anticarci-
nogenic in experimental animals. These studies
demonstrated that either oral or topical admini-
stration of green tea or its major chemical con-
stituent, epigalocatechin gallate, prevented
tumor initiation and promotion®*. In human
subjects, tea consumption has been shown to de-
crease micronucleus formation induced by
smoking®. HPLC analysis of green tea has
shown it to be composed of several polyphenols
(as much as 30% by dry weight), most of which
are catechins: epigallocatechin gallate (15.1%),
epigallocatechin (6.9%), epicatechin gallate (3.0

%), epicatechin (1.8%), and caffeine (8.1% y2%.
The potent chemopreventive mechanism(s) of

green tea and its polyphenol constituents re-

mains to be defined. The catechins are known

free-radical scave
the catechin gall

ngers, with gallocatechins and
ates exhibiting the strongest

antioxidant properties®™. Polyphenolics are also

shown to inhibit
genase blocking
lowering reactive

lipoxygenase, and cyclooxy-

fatty acid oxidation and thus,

alkyl enals, which forms sev-

eral different exocyclic nucleosides™®'. Exocy-

clic nucleosides have been shown to be highly

mutagenic® ™, Furthermore, all catechins sig-

nificantly inhibit

monooxygenase(s).

activity relation

cytochrome P-450 dependent
Based on the structure-
ship between epicatechins,

epigallocatechin gallate is the most potent in-

hibitor, suggestin
hydroxyl groups

450 catalytic site and

activation of preg

g that the galloyl group or

may bind to a cytochrome P-

interfere with the
arcinogens®™. In the NNK-A/J

mouse lung tumor bioassay, both green tea and

epigallocatechin g
duce tumor mult
tion and NNK-ing
added to incubat
microsomes®. Hoy
tea to A/] mice

methylation 7% wvjvo™ .

treatment of A
epigallocatechin

allate, which are known to re-
plicity, inhibited NNK oxida-
luced DNA methylation when
ion mixtures containing lung
wever, administration of green

did not inhibit lung DNA
) Intriguingly, however,
J mice with green tea or

gallate suppressed NNK-in-

duced formation of 8-hydroxydeoxyguanosine, a

common free radi

The etiology of

cer is attributed
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lipid peroxidation i% vitro but whose role in vivo
has yet to be clearly defined®™. We propose that
chemopreventive mechanism(s) of green tea
against cigarette smoke-induced SCE occurs by
(Fig. 4) @ interaction of polyphenolic catechins
with cytochrome P-450 monooxygenase(s) to
significantly reduce metabolic activation of car-
cinogen(s); and @ scavenging of reactive carci-
nogenic metabolites by catechins to prevent
their molecular initiation at critical target sites;
@ induction of Phase II enzymes and a variety
of peroxidase enzymes. While other mecha-
nisms cannot be excluded at this time, the data
presented in this study as well as in work cited
previously suggest that polyphenol catechins in
dietary foodstuffs may provide clinically signif-
icant protection against environmental carcino-
gens. Pharmacologic and toxicologic studies are
needed to further confirm the efficacy and
safety of catechins as chemopreventive agents
against human cancer.

SUMMARY

1) SCE frequencies in non-smokers, smokers,
smokers plus green tea and smokers plus coffee
were determined in human volunteers.

2) Daily intake of green tea (3 cups/day for >
6months) blocked cigarette smoke-induced mu-
tation measured by SCE rates in peripheral
lymphocytes.

3) Possible mechanism(s) of green tea action
are attributed to its potent action against DNA,
macromolecular, and cellular damage-induced
by free radicals, metabolic activation of a varie-
ty of precarcinogens in tobacco by inhibition of
Phase I, cyclo-oxygenase, lipoxygenase, and in-
duction of Phase II enzymes.

4) Antipromotional effects may be attributed
to polyphenolic’s ability to competitively bind
PKC receptor site(s).
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