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Inhibition by Green Tea Extract of Diethylnitrosamine-initiated but Not Choline-
deficient, L-Amino Acid-defined Diet-associated Development of Putative Preneo-
plastic, Glutathione S-Transferase Placental Form-positive Lesions in Rat Liver
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Hiroshi Satoh, Toshifumi Tsujiuchi, Ayumi Denda and Yoichi Konishi'
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The effects of green tea extract (GTE) on exogenous and endogenous models of rat liver carcino-
genesis using diethylnitrosamine (DEN) and a choline-deficient, L-amino acid-defined (CDAA) diet
were studied. For the exogenous carcinogenesis study, male Fischer 344 rats, 6 weeks old, were given
a single intraperitoneal dose of 200 mg/kg body weight of DEN, partially hepatectomized at week 3,
and administered GTE at doses of 0, 0.01 and 0.1% in the drinking water from week 2 for 10 weeks.
For the endogenous carcinogenesis study, rats were fed the CDAA diet and simultaneously given GTE
for 12 weeks. All rats were killed at the end of week 12. After DEN-initiation, the apparent numbers
of glutathione S-tramsferase placental form-positive foci, assayed as putative preneoplastic lesions,
were decreased by the administration of GTE, though their sizes were not altered, In contrast, GTE
did not significantly reduce the numbers of the lesions induced by the CDAA diet or affect their sizes.
While the levels of 8-hydroxyguanine, a parameter of oxidative DNA damage, were reduced by the
GTE administration in both experimental models, GTE did not protect against the CDAA-diet-
associated liver tissue damage in terms of either histology or plasma marker enzyme levels. We
conclude that, while GTE may be a possible chemopreventive agent for nitrosamine-initiated hepato-
carcinogenesis in the absence of chronic hepatocyte damage, it does not significantly inhibit lesion
development in hepatocarcinogenesis associated with the CDAA diet, a cirrhosis-associated model.
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Green tea is a very popular beverage in Japan, and is
rich in polyphenols such as (— )-epigallocatechin gallate
(EGCG), (—)-epicatechin and { —)-epicatechin gallate.
In 1987, it was first demonstrated that topical applica-
tions of EGCG inhibited tumor promotion of mouse skin
initiated with 7,12-diethylbenz[a]anthracene.”? Since
then, inhibitory effects in a variety of experimental carci-
nogenesis models of EGCG, a mixture of green tea
polyphenols and green tea extract (GTE) have been
reported.*'!? Bpidemiological studies have demonstrated
that mortality rates from total cancers, including stom-
ach cancer, are significantly lower in Shizuoka Prefec-
ture, where green tea plants are extensively cultivated,
than in the other prefectures in Japan."” Similarly, an
inverse correlation between green tea consumption and
lung cancer risk in Okinawa Prefecture, Japan, was re-
ported.” With regard to liver carcinogenesis, however,
only a few reports have appeared. Klaunig first described
the reduction by GTE of bromodeoxyuridine-labeling
indices in and outside of the preneoplastic foci induced in
the livers of male B;C;F, mice initiated with diethylnitro-
samine (DEN) followed by a phenobarbital-derived pro-

' To whom correspondences should be addressed.
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motion, but did not mention whether GTE altered the
development of such foci,' Nishida et al. reported that
EGCG inhibits the development of spontaneocus liver
tumors in male C3H/HeNCrj mice.'” Quite recently,
Matsumoto et gf. demonstrated the inhibitory effects of
EGCG and other green tea polyphenols as well as black
and oolong tea extracts on the development of putative
preneoplastic, glutathione S-transferase (EC2.5.1.18)
placental form (GST-P)-positive focal lesions in the
livers of male Fischer 344 (F344) rats initiated with
DEN and promoted by phenobarbital.'®! In the latter two
studies, however, individual green tea polyphenol compo-
nents were used in place of the more physiologically
relevant GTE or, at least, a mixture of such polyphe-
nols.” ' In the study of Matsumoto ef al., each green tea
polyphenol was administered through dietary intake in-
stead of in drinking water.'® There have been no reports
about the effects of GTE or green tea polyphenols on
liver carcinogenesis induced by a regime other than DEN
and phenobarbital.

In this context, the present study was conducted to
investigate whether green tea polyphenols would be effec-
tive in different models of rat liver carcinogenesis when
administered in a form extrapolatable to the human situ-



ation (i.e., giving GTE via drinking water). We used two
rat liver carcinogenesis models; one caused by the exoge-
nous carcinogen DEN and the other due to endogenous
changes in response to a choline-deficient, L-amino acid-
defined (CDAA) diet. Development of GST-P-positive
foci was used as the end-point marker because of its reli-
ability and sensitivity."” DEN is a well-known liver car-
cinogen in rats, forming alkyl DNA adducts in the liver
and inducing hepatocellular carcinomas without cirrho-
sis through the development of putative preneoplastic,
enzyme-altered focal lesions.!*?" The CDAA diet, not
containing any known carcinogen, induces a high inci-
dence of bepatocellular carcinomas with cirrhosis in rat
liver when given chronically for 52 weeks,”™ again
through the development of enzyme-altered focal lesions,
but in this case, being accompanied by severe liver in-
juries.?* * The formation of 8-hydroxyguanine (3-OHG),
a representative form of oxidative DNA damage, in rat
liver DNA has been demonstrated after DEN administra-
tion™ and has been suggested to play an important role
in the CDAA diet-associated liver carcinogenesis.”* 2%

MATERIALS AND METHODS

Animals A total of 106 male F344 rats, 5 weeks old, were
purchased from Japan SLC Inc., Shizuoka. They were
housed individually in stainless-steel, wire-mesh cages in
an air-conditioned (10-15 air replacements/h) environ-
ment with a constant temperature (23==3°C) and relative
humidity (501+20%%) and a 12-h dark/light cycle. After
a 1-week acclimation period on the basal diet {Oriental
MF diet, Oriental Yeast Co., Ltd., Tokyo), the rats were
divided into 10 groups each consisting of 10 or 11 rats for
the experiments. The animals were allowed access to food
and tap water ad [ibitum throughout the acclimation and
experimental periods.

Chemicals and diet for the animal experiments DEN
{Wako Pure Chemical Industries, Ltd., Kyoto) was di-
luted with 0.9% sodium chloride solution to the concen-
tration of 200 mg/ml to give an injection volume of 1
ml/kg body weight. The CDAA diet and its control, a
choline-supplemented, L-amino acid-defined (CSAA)
diet, were obtained from Dyets Inc., Bethlehem, PA.,
GTE was kindly provided by Dr. Douglas A. Balentine,
U.S. Tea Association, New York, NY, and dissolved in
distilled water at concentrations of 0.01 and 0.1%. It was
composed of EGCG (85%), (—)-epicatechin (10%)
and (--)-epicatechin gallate (5%).

Animal treatments In the exogenous carcinogenesis
study, the protocol was a slight modification of the
medium-term liver bioassay model developed by Ito et
al.™ Groups 1, 2 and 3 received DEN at a single intra-
peritoneal dose of 200 mg/kg body weight, underwent
two-thirds partial hepatectomy (PH) according to Hig-
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gins and Anderson®™ in week 3 and were given GTE in
drinking water at concentrations of 0, 0.01 and 0.1%,
respectively, from week 2 for 10 weeks. Groups 4 and 5
received the vehicle (0.9% sodium chloride solution, the
diluent of DEN) in place of DEN, underwent PH on
week 3 and were given GTE in drinking water at concen-
trations of 0 and 0.1%, respectively, from week 2 for 10
weeks. In the endogenous carcinogenesis study, groups 6,
7 and 8 received the CDAA diet and GTE simultane-
ously in drinking water at concentrations of 0, 0.01 and
0.19%, respectively, for 12 weeks. Groups 9 and 10 re-
ceived the CSAA diet and simultaneously GTE in drink-
ing water at concentrations of 0 and 0.19, respectively,
for 12 weeks.

All rats were weighed and killed under light ether
anesthesia at the end of week 12, when the livers were
excised and plasma samples were prepared from blood
collected from the abdominal aorta. The livers were
weighed, and 5-mm-thick slices were immediately taken
from the three major lobes (cranial and caudal parts of
right lateral lobe and caudate lobe in the exogenous
study; left lateral, median and right lateral iobes in the
endogenous study), fixed in ice-cold acetone and embed-
ded in paraffin. Two serial 40-um-thick sections were
prepared from each fixed liver slice for histological exam-
ination after routine hematoxylin and eosin staining, and
for the immunohistochemical demonstration of putative
preneoplastic lesions. The remaining liver portions were
quickly frozen under liquid nitrogen and stored at
—80°C until use for the measurement of the 8-OHG
levels. Body weight and food consumption were moni-
tored weekly, and water intake was monitored twice a
week throughout the experimental period.

Quantitative analysis of the development of the putative
preneoplastic liver lesions The development of putative
preneoplastic, enzyme-altered focal lesions in the livers
was quantitatively analyzed utilizing their GST-P-posi-
tive phenotype. Anti-GST-P binding was demonstrated
by the avidin-biotin-peroxidase complex method as previ-
ously described®" using rabbit anti-rat-GST-P polyclonal
antibody (Medical and Biological Laboratories Co.,
Aichi) and a Vectastain Elite ABC kit (rabbit IgG;
Vector Laboratories, Inc., Burlingame, CA). The num-
bers and sizes of GST-P-positive foci were determined
using an image analyzing system as described elsewhere®
featuring the three-dimension correction procedure of
Campbell et al.*® QOnly the foci consisting of more than
10 altered hepatocytes were considered positive, since
such foci are considered to result from the clonal expan-
sion of the initiated cells and thus to have more pre-
neoplastic potency and less reversibility than single-
positive cells or foci of a few positive cells.

Measurement of the 8-OHG levels in liver DNA The
levels of 8-OHG in genomic/nuclear DNA of viable cells
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in the livers were individually measured as described
elsewhere.”® Briefly, portions of the livers weighing ap-
proximately 100 mg from groups 1-5, 9 and 10 and 200
mg for groups 68 were pulverized under liquid nitrogen.
DNA was extracted using a Sepagene kit (Sanko
Junyaku Co., Ltd., Tokyo)* and digested completely to
nucleosides by combined treatment with nuclease P1 (EC
3.1.30.1, Yamasa Shoyu Co., Lid., Chiba) and alkaline
phosphatase (EC 3.1.3.1, Sigma Chemical Co., 8t. Louis,
MO).* The levels of 8-OHG in the resultant samples
were then quantitated using a high-performance liquid
chromatography technique with electrochemical detec-
tion by an adaptation of the method of Kasai et al.,> as
previously described.” *® The levels of 8-OHG were de-
termined as numbers of 8-hydroxydeoxyguanocsines (8-
OHdAGs) per 10° deoxyguanosines {dGs), by calibration
against curves from runs of standard samples containing
known amounts of authentic 8-OHdG (Wako) and dG
(Sigma).

Measurement of plasma alanine aminofransferase (EC
2.6.1.2, ALT) activity The ALT activity in plasma
samples was determined by means of an ultraviolet-assay
method®” using an automatic analyzer, Monarch Chem-
istry System (Instrumentation Laboratory Inc., Lexing-
ton, MA).

Statistical analysis To assess the statistical significance
of inter-group differences in quantitative data, the
Student-Newman-Keuls multiple comparisons test was
performed after a one-way analysis of variance to deter-
mine the variations among the group means, followed by
Barlett’s test to determine the homology of variance.

RESULTS

General findings Data for initial and effective numbers
of rats, final body and relative liver weights, food con-
sumption, water intake and GTE intake are summarized
in Table 1. In the exogenous carcinogenesis study, 2 rats
each from groups 1 and 2 and 1 rat from group 5 died
due to a failure of PH. All other rats survived in good
condition throughout the experimental period. There
were no significant inter-group differences in final body
weights, relative liver weights, food intake or water
intake. Daily as well as total GTE intake increased in a
dose-dependent manner. In the endogenous carcino-
genesis study, all rats survived in good condition until the
end of the experiment. Final body and relative liver
weights of group 6 were significantly lighter and heavier
than those of group 9, respectively. These values were not
significantly different among groups 6-8 or between
groups 9 and 10. There were no significant inter-group
differences in food consumption or water intake. Daily as
well as total GTE intake again increased in a dose-
dependent manner.

Effects of GTE on the induction of GST-P-positive foci
Data for the numbers and sizes of GST-P-positive foci
are summarized in Table II. In the exogenous carcino-
genesis study, foci were significantly induced in groups
1-3, but not in group 4 or group 5. The numbers of foci
of groups 2 and 3 were significantly less than that of
group 1. There were no inter-group differences among
groups 1-3 in terms of the foci sizes. In the endogenous
carcinogenesis study, foci were significantly induced in
groups 6-8, but not in group 9 or group 10. There were

Table I. Experimental Details of Rats Given DEN or the CDAA. Diet with or without GTE
No. of rats . Relative liver Food . GTE intake
Grou Treatment(s - leal body weight 100 consumption Water intake i
P © e B weight (5) "ol 0T raaayy (Vda/ra) DU (MERE po (g e
1 DEN i1 9 335+330 241t0.12 12.5t53 16.7t3.6 0 0
2 DEN+GTE (0.01%) 11 9 323+28 2.40+0.14 13.3+3.8 17.7+59 7.14+0.1 0.10+0.03
3 DEN-+GTE (0.1%) 11 11 31826 2.4810.15 139135 21.6%65 83.011559 1.301+0.38%
4  vehicle 11 11 333+18 2.40+0.08 14.8+3.5 19.8+5.7 0 0
5 vehicle+GTE (0.1%) 11 10 319%26 2.3610.11 14.8£2.2  22.7+41  77.0L10.09 1.3240.249
6 CDAA 10 10 289+16% 4.78+t0.182 13.1+0.6 154110 0 0
7 CDAA-+GTE (0.01%) 10 10 296+19 4.75+0.16 13.5+0.7 153121 5.8+1.5 0.13+0.02
§ CDAA+GTE (0.1%) 10 10 30517 4.78x0.21 14.0+09 17.1X0.7  65.0%£0.99 1,44%0.06%
g CSAA 10 10 334130 2.26x0.11 13.5*1.1 15.0+x2.4 0 0
10- CSAA+GTE (0.1%) 10 10 35727 2.37=x0.17 14.6£0.8 15.7+0.8 60.8*+12.67 1.32+0.117

a) Numerical data are presented as the means—the standard deviations.

b) Significantly different from the group 9 value (P<0.01).

¢) Significantly different from the values of groups 1 and 2 (P<{0.001).

d} Significantly different from the group 4 value (P<0.001).

e} Significantly different from the values of groups 6 and 7 (P<{0.001).

f) Significantly different from the group 9 value (P<<0.001).
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Table II. Numbers and Sizes of GST-P-positive Foci and 8-OHG Levels in the Livers and Plasma
ALT Activities in Rats Given DEN or the CDAA Diet with or without GTE
Effective GST-P-positive foct 3.0HG
Group Treatment(s) no. of N 3 Mean volume (8-OHAG/10° U%Ii“tlt;r
rats o./em (mm_«!) dG) ( )
1 DEN 9 154437829 0.231+0.09 59620567 48.8%6.7
2 DEN+GTE (0.01%) 9 10831473 0.30:20.13  5.07+0.35 47.2+t3.2
3 DEN-+GTE (0.1%) 11 10441128 0.28=0.11  5.32%+0.33 47.0+6.8
4  vehicle 11 — 2.72+0.31 57.8+12.8
5 wvehicle+GTE (0.1%) 10 — 2.43+0.31 48.6£5.7
6 CDAA 10 4211259 637+£2.25 9.2811.779 204.9133.59
7 CDAA-+GTE (0.019%) 10 3711105 4711441  8,5810.71) 232.8+17.9
8 CDAA+GTE (0.1%) 10 3591159 5.881+3.89 7.831+0.36 231.6+52.1
9 CSAA 10 — 2.64+0.40 36.6X3.5
10 CSAA-GTE (0.1%) 10 — 2.481+0.56 384129

a) Numerical data are presented as the means*the standard deviations.

b) Significantly different from the values of groups 2, 3 and 4 (P<0.001).

¢) Significantly different from the group 9 value (P<0.001).

d) Significantly different from the values of groups 2, 3 (P<{0.05) and 4 (£<C0.001).
e) Significantly different from the valves of groups 7 (P<<0.05), 8 and 9 (P<0.001).
f) Significantly different from the group 8 value (P<0.05).

no significant inter-group differences among groups 6—-8
in terms of the foci numbers or sizes.

Effects of GTE on the levels of 8-OHG in liver DNA
Estimated levels of 8-OHG in liver DNA are summarized
in Table IT. In the exogenous study, the 8-OHG level was
significantly elevated in group 1. The group 2 and 3
values were significantly lower than the group 1 value. In
the endogenous study, the 8-OHG level was significantly
elevated in group 6. The group 7 and 8 values were
significantly lower than the group 6 value, while the
group 8§ value was significantly lower than the group 7
value.

Effects of GTE on pathological changes and plasma ALT
activity In the exogenous carcinogenesis study, no par-
ticular changes were found either macroscopically or
microscopically, with the exception of the development
of altered hepatocyte focal lesions positive for anti-GST-
P binding in groups 1-3. There were no inter-group
differences among groups 1-5 in terms of plasma ALT
activity (Table 1I). In the endogenous carcinogenesis
model, the liver was enlarged, with white-yellowish,
multi-nodular surfaces, in groups 6—8. Histologically,
hepatocellular fat accumulation, hepatocyte single cell
necrosis and connective tissue deposition were apparent
in groups 6-8. Since these findings were in accordance
with our earlier reports,”** the data are not shown here.
There were no obvious qualitative differences among
groups 6-8 in terms of the above-mentioned macroscopic
or microscopic changes. No particular pathological
changes were found in group 9 or group 10. Plasma ALT
activity was extensively elevated in groups 6-8, and those

in groups 7 and § were not significantly different from the
group 6 value (Table II).

DISCUSSION

The present results clearly indicate that GTE can exert
inhibitory effects on exogenous rat liver carcinogenesis
caused by DEN, but without dose-dependency. Though
the reason for this lack of dose-dependency is uncertain,
the lower dose (0.01%) might have already exerted the
maximum effect under the present conditions, making the
higher dose (0.19%) unable to exert a greater effect.
Although the present results seem to be in accordance
with the recent report by Matsumoto et al., they claimed
that the polyphenols reduced not only the numbers, but
also the sizes of the GST-P-positive foci.'® In contrast,
GTE reduced the numbers of the foci, but not their sizes
in the present study. There are obvious differences be-
tween their and our experimental conditions such as,
respectively, the administration of the individual green
tea polyphenol in diet and of GTE in drinking water, and
the presence and absence of the phenobarbital-derived
promotion regimen. The last factor may be particularly
important since the inhibitory effects of GTE or the
green tea polyphenol(s) on chemically induced promo-
tion are suggested to be mainly due to interference with
the actions of the promoters.”® Furthermore, Matsumoto
et al. used the ratio of the combined area of the GST-P-
positive foci to the area of the liver specimen as a
parameter for the lesion size instead of the average area
of the foci.'® Such a ratio, however, does not directly
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reflect the sizes of the foci when the numbers of the foci
are altered. Their data, therefore, may not be sufficient to
permit the conclusion that the green tea polyphenols
reduced the sizes of the foci,

The mechanisms by which GTE reduced the numbers
of GST-P-positive foci in the livers of rats initiated with
DEN remain obscure. The antioxidative activities of
GTE or the green tea polyphenols are well-known.* *
We ourselves verified a sufficient antioxidative activity of
the GTE used here against rat liver microsomal auto-
oxidation by hydrogen peroxide in the presence of ferric
chloride and sodium ascorbate (data not shown). In fact,
GTE reduced the 8-OHG levels in liver DNA of rats
initiated with DEN. This is in line with earlier reports on
mouse lung carcinogenesis by 4-(methylnitrosaming)-1-
(3-pyridyl}-1-butanone*” and rat colon carcinogenesis by
1,2-dimethylhydrazine.*® Nevertheless, it is doubtful
whether the antioxidative action can account for the
inhibition by GTE, since GTE was administered from 2
weeks after DEN administration and thus could not
affect the DEN-induced formation of 8-OHG. One might
still argue that GTE enhanced the repair of 8-OHG or
related mutations and exerted inhibitory effects in the
post-initiation phase, but no evidence is available con-
cerning the effects of GTE or the green tea polyphenols
on the repair system(s) for 8-OHG, though tea catechins
are known to induce antioxidant and phase II detoxifying
enzymes.*? Furthermore, since no particular oxidative
stimuli were introduced after the DEN administration, it
is also unlikely that GTE inhibited oxidative subcellular
damage other than the 8-OHG formation. Since GTE
and EGCG were shown to inhibit DNA synthesis and
proliferation of hepatoma and erythroleukemia cells,*®
GTE may inhibit the PH-accelerated proliferation of the
DEN-initiated cell populations. This is, however, still
insufficient to explain the inhibitory effects of GTE in
view of the failure to reduce the sizes of the GST-P-
positive foci. The possible involvement of other mecha-
nisms, such as the sealing of membranes to interrupt the
interaction of various growth factors, hormones and/or
cytokines with their receptors in membranes,*® should be
considered.

In contrast, GTE did not significantly inhibit the de-
velopment of the GST-P-positive foci induced by chronic
feeding of the CDAA diet. In this case, oxidative stress
existed as long as the CDAA diet was fed, resulting in the
progressive accumulation of 8-OHG, which has been
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The levels of 8-OHG were reduced by the GTE adminjs-
tration, and thus GTE had been expected to inhibit the
foci development. The one clear difference between the
exogenous and endogenous rat liver carcinogenesis
models in the present study was the absence and presence
of severe liver injury, resulting in cirrhosis,*** respec-
tively. It is thus conceivable that this severe injury in the
livers of rats chronically fed the CDAA diet may inter-
fere with the anti-carcinogenic effects of GTE, even
though some antioxidative effects were exerted. In the
other words, GTE may not be able to exert sufficient
anti-carcinogenic effects in the presence of severe tissue
injury.

In the present study, the intake of GTE was 5.8-7.1
and 65-83 mg/kg body weight/day/rat, when GTE was
administered at .01 and 0.19% in drinking water, corre-
sponding to (.340-0.426 and 3.9-5.0 g/day for humans
weighing 60 kg, respectively. Chemopreventive effects of
EGCG was reported to require at least 1 g/day for a
human,*” an amount corresponding to about 10 cups of
green tea per day.’® Among patients with greater con-
sumption of green tea, 10 or more cups of green tea per
day was reported to decrease the risk of gastric cancer.*®
The presently used doses of GTE were thus meaningful
for extrapolation to the human situation. The present
results indicate that GTE may be a possible chemopre-
ventive agent for hepatocarcinogenesis in the absence of
chronic hepatocyte damage, but that it might have litile
potential to inhibit tumor development in cirrhotic liver.
Epidemiological studies of representative human cases
should clarify whether the present results can indeed be
extrapolated to man.

ACKNOWLEDGMENTS

The authors would like to thank Dr. Hirota Fujiki, Saitama
Cancer Center Research Institute, Saitama, for his cooperation
in the supply of GTE and for helpful discussions. This work
was supported in part by Grants-in-Aid from the Ministry of
Health and Welfare of Japan for the Comprehensive 10-Year
Strategy for Cancer Control and for Scientific Research Ex-
penses for Health and Welfare Programs, as well as Grants-in-
Aid for Cancer Research (06280235 and 07272236) from the
Ministry of Education, Science, Sports and Culture of Japan.

(Received November 7, 1996/Accepted January 29, 1997)

“tannin” in green tea. Phytother. Res., 1, 4447 (1987).
2) Fujita, Y., Yamane, T., Tanaka, M., Kuwata, K,
Okuzumi, J.,, Takahashi, T., Fujiki, H. and Okuda, T.



3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

Inhibitory effect of (—)-epigallocatechin gallate on carci-
nogenesis with N-ethyl-N’-nitro-N-nitrosoguanidine in
mouse duodenum. Jpn. J. Cancer Res, 806, 503-505
(1989).

Cheng, 8., Ding, L., Zhen, Y., Lin, P., Zhu, Y., Chen, Y.
and Hu, X. Progress in studies on the antimutagenicity
and anticarcinogenicity of green tea epicatechin., Clin.
Med. Sci. J., 6, 233-238 (1991).

Wang, Z.-Y., Huang, M.-T., Ferraro, T., Wong, C.-Q.,
Lou, Y.-R., Reuhl, K. R., latropoulos, M., Yang, C.-5.
and Conney, A. H. Inhibitory effect of green tea in the
drinking water on tumorigenesis by uliraviolet light and
12-O-tetradecanoylphorbol-13-acetate in the skin of SKH-
1 mice. Cancer Res., 52, 1162-1170 (1992).

Wang, Z.-Y., Hong, J.-Y., Huang, M.-T., Reuhl, K. R,,
Conney, A. H. and Yang, C. S. Inhibition of N-
nitrosodiethylamine- and 4-(methylnitrosaming)-1-(3-
pyridyl)-1-butanone-induced tumorigenesis in A/J mice by
green tea and black tea. Cancer Res, 52, 1943-1947
(1992).

Hirose, M., Hoshiya, T., Akagi, K., Futakuchi, M. and
Ito, N. Inhibition of mammary gland carcinogenesis by
green tea catechins and other naturally occurring antioxi-
dants in female Sprague-Dawley rats pretreated with 7,12-
dimethyl[a]anthracene, Cancer Lett., 83, 149-156 (1994).
Yin, P., Zhea, J., Cheng, 8., Zhu, Q., Liu, Z. and
Zhengguo, L. Experimental studies of the inhibitory
effects of green tea catechin on mouse large intestinal
cancers induced by 1,2-dimethylhydrazine. Cancer Lett.,
79, 33-38 (1994).

Yamane, T., Hagiwara, N., Tateishi, M., Akachi, 8., Kim,
M., Okozumi, J., Kitao, Y., Inagake, M., Kuwata, X. and
Takahashi, T. Inhibition of azoxymethane-induced colon
carcinogenesis in rats by green tea polyphenol fraction.
Jpn. J. Cancer Res., 82, 1336-1339 (1991).

Narisawa, T. and Fukaura, Y. A very low dose of green
tea polyphenols in drinking water prevents N-methyl-N-
nitrosourea-induced colon carcinogenesis in F344 rats.
Jpn. J. Cancer Res.,, 84, 1007-1009 (1993).

Yamane, T., Takahashi, T., Kuwata, K., Ova, K,
Inagake, M., Kitao, Y., Suganuma, M. and Fujiki, H.
Inhibition of N-methyl-N’-nitro-N-nitrosoguanidine-in-
duced carcinogenesis by (— )-epigallocatechin gallate in
the rat glandular stomach. Cancer Res., 55, 2081-2084
(1995).

Hirose, M., Hoshiya, T., Akagi, K., Takahashi, S., Hara,
Y. and Ito, N. Effects of green tea catechins in a rat
multi-organ carcinogenesis. Carcinogenesis, 14, 1549-1553
(1993).

Oguni, I., Nasu, K., Kanaya, 8., Ota, Y., Yamamoto, S.
and Nomura, T. Epidemiological and experimental studies
on the antitumor activity by green tea extracts. Jpn. J.
Nutr., 47, 93-102 (1989).

Ohno, Y., Wakai, K., Genka, K., Ohmine, K., Kawamura,
T., Tamakoshi, A., Aoki, R., Senda, M., Hayashi, Y.,
Nagao, K., Fukuma, 5. and Aoki, K. Tea consumption

Inhibition of Rat Liver Carcinogenesis by Green Tea Extract

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

and lung cancer risk: a case-control study in Okinawa,
Japan. Jpn. J. Cancer Res., 86, 1027-1034 (1995),
Klaunig, J. E. Chemopreventive effects of green tea com-
penents on hepatic carcinogenesis. Prev. Med., 21, 510-519
(1992).

Nishida, H., Omori, M., Fukutomi, Y., Ninomiya, M.,
Nishiwaki, 8., Suganuma, M., Moriwaki, H. and Muto, Y.
Inhibitory effects of { — )-epigallocatechin gallate on spon-
taneous hepatoma in C3H/HeNCrj mice and human
hepatoma-derived PLC/PRFE/5 cells. Jpn. J. Cancer Res.,
85, 221-225 (1994).

Matsumoto, N., Kohri, T., Okushio, K. and Hara, Y.
Inhibitory effects of tea cathechins, black tea extract and
oolong tea extract on hepatocarcinogenesis in rat. Jpn. J.
Cancer Res., 87, 1034-1038 (1996).

Ite, N., Tatematsu, M., Hasegawa, R. and Tsuda, H.
Medium-term bioassay system for detection of carcinogens
and moedifiers of hepatocarcinogenesis utilizing the GST-P
positive liver cell focus as an endpoint marker. Toxicol
Pathol., 17, 630-641 (1989).

Pegg, A. E. TFormation and metabolism of alkylated
nucleosides; possible role in carcinogenesis by nitroso-
compounds and alkylating agents. Adv. Cancer Res., 25,
195-269 (1977).

Safthill, R., Margison, G. P. and O’Connor, P. J. Mecha-
nisms of carcinogenesis induced by alkylating agents.
Biochim. Biophys. Acta, 823, 111-145 (1985).

Singer, B. All oxygens in nucleic acids react with carci-
nogenic ethylating agents. Nature, 264, 333-339 (1976).
Scherer, E., Fimmer, A. P. and Emmelot, P. Formation
by diethylnitrosamine and persistence of O*ethylthymi-
dine in rat liver DNA in vivo. Cancer Lett., 10, 1-6 {1980).
Nakae, D., Yoshiji, H.,, Mizumoto, Y., Horiguchi, K.,
Shiraiwa, K., Tamura, K., Denda, A. and Konishi, Y.
High incidence of hepatocellular carcinomas induced by a
choline deficient L-amino acid defined diet in rats. Cancer
Res,, 52, 5042-5045 (1992).

Denda, A., Tang, Q., Endoh, T., Tsujiuchi, T., Horiguchi,
K., Noguchi, O., Mizumoto, Y., Nakae, D. and Konishi,
Y. Prevention by acetylsalicylic acid of liver cirrhosis and
carcinogenesis as well as generation of 8-hydroxydeoxy-
guanosine and thiobarbituric acid-reactive substances
caused by a choline-deficient, T-amino acid-defined diet in
rats. Carcinogenesis, 15, 1279-1283 (1994).

Endeh, T., Tang, Q., Denda, A., Noguchi, Q., Kobayashi,
E., Tamura, K., Horiguchi, K., Ogasawara, H.,Tsujiuchi,
T., Nakae, D., Sugimura, M. and Konishi, Y. Inhibition
by acetylsalicylic acid, a cyclo-oxygenase inhibitor, and
p-bromophenacyl bromide, a phospholipase A, inhibitor,
of both cirrhosis and enzyme-altered nodules caused by a
choline-deficient, L-amino acid-defined diet in rats, Carci-
nogenests, 17, 467475 (1996).

Takada, N., Matsuda, T., Otoshi, T., Yano, Y., Otani, §.,
Hasegawa, T., Nakae, D., Konishi, Y. and Fukushima, S.
Enhancement by organosulfur compounds from garlic and
onions of diethylnitrosamine-induced glutathione S-trans-

361



Jpn.

26)

27)

28)

29)

30}

31)

32)

33)

34)

362

J. Cancer Res. 88, April 1997

ferase positive foci in the rat liver. Cancer Res., 54, 2895-
2899 (1994).

Mizumoto, Y., Nakae, D., Yoshiji, H., Andoh, A.,
Horiguchi, K., Endoh, T., Kobayashi, E., Tsujiuchi, T.,
Shimoji, N., Denda, A. Tsujii, T., Nagao, M,
Wakabayashi, K. and Konishi, Y. Inhibitory effects of 2-
O-octadecylascorbic acid and other vitamin C and E deriv-
atives on the induction of enzyme-altered putative pre-
neoplastic lesions in the lvers of rats fed a choline-
deficient, L-amino acid-defined diet. Carcinogenesis, 15,
241-246 (1994).

Nakae, D., Mizumoto, Y., Yoshiji H., Andoh, N,
Horiguchi, K., Shiraiwa, K., Kobayashi, E., Endoh, T,,
Shimoji, N., Tamura, K., Tsujiuchi, T., Denda, A. and
Konishi, Y. Different roles of 8-hydroxyguanine forma-
tion and 2-thiobarbituric acid-reacting substance genera-
tion in the early phase of liver carcinogenesis induced by a
choline-deficient, L-amino acid-defined diet in rats. Jpa. J.
Cancer Res., 85, 499-505 (1994).

Nakae, D., Yoshiji, H., Maruyama, H., Kinugasa, T.,
Denda, A. and Konishi, Y. Production of both 8-hydroxy-
deoxyguanosine in liver DNA and y-glutamyltransferase-
positive hepatocellular lesions in rats given a choline-
deficient, L-amino acid-defined diet. Jpn. J. Cancer Res.,
81, 1081-1084 (1990).

Yoshiji, H., Nakae, D., Mizumoto, Y., Horiguchi, X.,
Tamura, K., Denda, A., Tsujii, T. and Konishi, Y.
Inhibitory effect of dietary iron deficiency on inductions of
putative preneoplastic lesions as well as 8-hydroxydeoxy-
guanosine in DNA and lipid peroxidation in the livers of
rats caused by exposure to a choline-deficient L-amino acid
defined diet. Carcinogenesis, 13, 1227-1233 (1992).
Higgins, G. M. and Anderson, R. M. Experimental pa-
thology of the liver. 1. Restoration of the liver of the white
rat following partial surgical removal. Arch. Pathol. Lab.
Med., 12, 1186-1202 (1931).

Obara, T., Makino, T., Ura, H., Yokose, Y., Kinugasa, T.,
Moore, M. A., Sato, K. and Konishi, Y. Comparative
histochemical investigation of the glutathione S-transfer-
ase placental form and y-glutamyltranspeptidase during
N-nitrosobis(2-hydroxypropyl)amine-induced pancreatic
carcinogenesis in hamster. Carcinogenesis, 7, 801-805
(1986).

Campbell, H. A., Pitot, H. C., Potter, V. R. and Laishes,
B. A. Application of quantitative stereology to the evalua-
tion of enzyme-altered foci in rat liver. Cancer Res., 42,
465-472 (1982).

Nakae, D., Mizumoto, Y., Kobayashi, E., Noguchi, O.
and Konishi, Y. Improved genomic/nuclear DNA extrac-
tion for 8-hydroxydeoxyguanosine analysis of small
amounts of rat liver tissue. Cancer Lett., 97, 233-239
(1995).

Kuchino, Y., Mori, F., Kasai, H., Inoue, H., Iwai, S,
Miura, K., Ohtsuka, E. and Nishimura, 8. Misreading of
DNA templates containing 8-hydroxydeoxyguanosine at

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

the modified base and at adjacent residues. Nature, 327,
T77-79 (1987).

Kasai, H., Nishimura, S., Kurokawa, Y. and Hayashi, Y,
Oral administration of renal carcinogen, potassium bro-
mate, specifically produces 8-hydroxydeoxyguanosine in
rat target organ DNA., Carcinogenesis, 8, 1959-1961
(1987).

Nakae, D., Andoh, N., Mizumoto, Y., Endoh, T., Shimoji,
N., Horiguchi, K., Shiraiwa, K., Tamura, K., Denda, A.
and Konishi, Y. Selective 8-hydroxyguanine formation in
pancreatic DNA due to a single intravenous administra-
tion of 4-hydroxyaminoquinoline 1-oxide in rats. Cancer
Lett., 83, 97103 (1994).

Bergmeyer, H. U., Scheibe, P. and Wahlefeld, A. W.
Optimization of methods for aspartate aminotransferase
and alanine aminotransferase. Clin, Chem., 24, 58-73
(1978).

Fujiki, H., Yoshizawa, S., Horiguchi, T., Suganuma, M.,
Yatsunami, J., Nishiwaki, 8., Okabe, 5., Nishiwaki-
Matsushima, R., Okuda, T. and Sugimura, T. Anticarci-
nogenic effects of {—)-epigallocatechin gallate. Prevent.
Med., 21, 503-509 (1992).

Nanjo, F., Honda, M., Okushio, K., Matsumoto, N.,
Ishigaki, F., Ishigami, T. and Hara, Y. Effects of dietary
tea catechins on a-tocopherol levels, lipid peroxidation,
and erythrocyte deformability in rats fed on high palm oil
and perilla oil diets. Biol. Pharm. Bull, 16, 1156-1159
(1993).

Yang, C. 8. and Wang, Z. Y. Tea and cancer. J. Natl
Cancer Inst., 85, 1038-1049 (1993).

Xu, Y., Ho, C. T., Amin, 8. G., Han, C. and Chung, F. L.
Inhibition of tobacco-specific nitrosamine-induced lung
tumorigenesis in A/J mice by green tea and its major
polyphenol as antioxidants. Cancer Res., 52, 3875-3879
(1992).

Inagake, M., Yamane, T., Kitao, Y., Oya, K., Matsumoto,
H., Kikuoka, N., Nakatani, H., Takahashi, T., Nishimura,
H. and Iwashima, A. Inhibition of 1,2-dimethylhydrazine-
induced oxidative DNA damage by green tea extract in
rat. Jpn. J. Cancer Res., 86, 1106-1111 (1995).

Khan, S. G., Katiyar, 8. K., Agarwal, R. and Mukhtar, H.
Enhancement of antioxidant and phase I enzymes by oral
feeding of green tea polyphenols in drinking water to
SXT-1 hairless mice: possible role in cancer chemopreven-
tion. Cancer Res., 52, 4050-4052 (1992).

Lea, M. A., Xiao, Q., Sadhukhan, A. K., Cottle, S., Wang,
Z. Y. and Yang, C. S. Inhibitory effects of tea and (—)-
epigallocatechin gallate on DNA synthesis and prolifera-
tion on hepatoma and erythroleukemia cells. Cancer Lett.,
68, 231-236 (1993).

Fujiki, H. and Okuda, T. (—)-Epigallocatechin gallate
(EGCG). Drugs Future, 17, 462-464 (1992).

Kono, 8., Ikeda, M., Tokudome, 8. and Kuratsune, M. A
case-control study of gastric cancer and diet in Northern
Kyushu, Japan. Jpn. J. Cancer Res., 79, 1067-1074 (1988).





