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Abstract

Purpose: The green tea polyphenol (GTPP) has been known to exert antioxidant activity as a radical
scavenger as well as cancer preventive and cancer growth inhibition effect. The aim of this siudy was to
identify whether GTPP not only potentiate the growth inhibition effect in 7 —irradiated human cancer cell but
also exert protection action for irradiated human normal cell. Materials and Methods: GTPP (80% catechin
including >45% EGCG) added in the HL60, human leukemia, and NC37, human lymphoblast, before
irradiation. After establishing the amount of GTPP and the dose of radiation, the cells were treated with the
GTPP for 6 hours and irradiated with the determined doses. Results: Viability when 10 ug/ml GTPP added
before 7 —irradiation with 1 Gy to NC37 cells was not different in comparison with contro! but it when was
iradiated with 3 Gy significantly different (1 Gy;P=0.126, 3 Gy;P=0.010). 20 ug/ml GTPP did not show
significant difference in both NC37 cells irradiated with 1 Gy and 3 Gy (1 Gy;P=0.946, 3 Gy:P=0.096).
Viabilities were significantly decreased with conceniration of additional GTPP in HL60 with 1 or 3 Gy (1 Gy;
69.01t1.7% vs 42.4F+1.3%, 3 Gy; 66.913.9% vs 44.2+1.6 %). Conclusion: In vitro study, we certified that
when the cells were irradiated with dose below 3 Gy, GTPP provide not only anticancerous effect against
cancer cells but also radioprotective effect in normal cells simultaneously. Theses results suggest the
possibility that consumption of green tea could give the radioprotective effect and maximize the effect on
internal radiation such as radioiodine therapy concomitantly.
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Introduction

The green tea is the most widely consumed
beverage in the world, and the possible beneficial
health effects have received a great deal of attention.
Through epidemiological and animal studies, the
cancer protective effect of green tea has been
suggested in the organs involved cancers, such as the
lung, skin, esophagus, liver and stomach, but this
result is not conclusive. The green tea polyphenols
(GTPP) have also been shown the inhibition of the
proliferation of cultured mammalian cancer cells,
including colon carcinoma, lung carcinoma, breast

carcinoma, melanoma and leukemic cells.'”

In
general, green tea is flavan-3-ols, commonly known
as catechins, which include (-)-epicatechin (EC),
(-)-epicatechin-3-gallate (ECG), (-)-epigallocatechin
(EGC), (-)-epigallocatechin-3-gallate (EGCG), and
caffeine (Fig. 1). Of these, the most active is
(-)-epigallocatechin-3-gallate (EGCG), the major
constituent in GTPP. It has been reported that

constituents of green tea extract together have

synergistic or additive effects on cancer-preventive
activity.”

Radiotherapy that has used to the patients
developed the cancer with external X-ray source or
beta-emitting isotope such as 1-131, cause their
therapeutic effects by generating free radicals. But
simultaneously radiotherapy results in damage of
normal tissues in the radiation port or taken the
isotope physiologically. For prevention of this
complication, many workers have investigated the
preventive materials from natural plants and artificial
chemicals. The one of those results was reported that
parenchymal damage in salivary glands induced by
high-dose radioiodine therapy in patients with
differentiated thyroid cancer could be reduced
significantly by amifostine as a radical scavenger.”

The GTPP has antioxidant activity and so acts a
radical scavenger. Steele et al. reported that most of
the GTPP fractions used inhibited TPA-induced free

radicals in human HL60 cells.”? Parshad et al.

_ reported the addition of GTPP, not EGCG, to the

culture medium before X-irradiation (53 rads)

significantly reduced chromtid break frequencies.” In
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Fig. 1. The results of HPLC by catechin standard

Green tea extract (0.1g) was dissolved in 100 ml of distilled water. The HPLC system set at 280 nm and
stationary phase was Luna C18 column. EGC (1), EC (2), EGCG (3), and ECG (4) were identified
sequentially. The amount of EGC, EC, EGCG, and ECG were 94, 87, 456, and 164 mg per 1 g catechin

repectively.
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the present study we intended to examine the
different effects of GTPP on normal and tumor cell

damage induced by irradiation.

Materials and Methods

1. Green tea polyphenol (GTPP) preparat-
ions and analysis using HPLC

GTPP was generous gift from the Tea Research
Lab. Pacific R&D Center in Korea. GTPP was
composed of above 80% catechin including‘ >45%
EGCG in the 95~98% polyphenols and below 3%
caffeine. The components were analyzed with
high-performance liquid chromatography (HPLC).
Green tea extract (0.1g) was dissolved in 100 ml of
distilied water. The aqueous extract was filtered
through 0.45 /m membrane filter and subjected to
HPLC analysis. The HPLC system (Hewlett-Packard
series 1100, Palo Alto, CA, USA) was equipped
with an ultraviolet-visible detector and set at 280 nn.
Samples (20 ul) were injected into the column
(Luna 5 yn C18 column, 150X4.60 mm) and eluted
with 22% THF(Tetrahydrofuran) solution. The flow

rate was 0.8 ml/min.

2. Cell culture

Using a 95% airf5% CO2 humidified incubator set
at 37C, HL60 (Human leukemia, acute promyel-
ocyte, KCLB, Korea) and NC37 (Human lympho-
blast, KCLB, Korea) were grown in RPMI 1640
culture media supplemented with 10% FBS, and 1%

penicillin-streptomycin.

3. Experimental procedure

HL60 and NC37 were plated at-3X10* cells per
well in the 96 well plate. The effect of GTPP on the
cell growth was assessed with MTT assay kit
(Boehringer Mannheim, Mannheim, Germany) which
resulted with the optical density (OD) value in the

570 nm.

To decide the adequate concentration of GTPP
mediated growth inhibition of cancer cells (HL60),
but not normal cells (NC37), GTPP dissolved in 50
«l RPMI 1640 was employed for the treatment of
cells. The cells were treated with the various
concentration of 10, 20, 30, 40, 50, 60, 70, 80, 90,
and 100 pg/mi per 100 pl GTPP into the 96 well
plate, and MTT assays were done for assaying cell
proliferation.

To determine the maximal dose of radiation not
affecting the normal cell, cells were irradiated with
1, 3, 5, 7, and 9 Gy using Cs-137 irradiator
(Gammacell 3000 Elan. MDS Nordion Inc., Kanata,
Ontario, Canada).

After determining the concentration of GTPP and
the dose of radiation, the cells were pretreated with
the GTPP for 6 hours and irradiated. After 24 or 48
hours incubation, each treated group consisted of 5
wells in the 96 well plates and the same experiment
was repeated twice. The controls, which were treated
each concentrations of GTPP only and each dose of

radiation only were plated in the same plates.

4. Statistical Analysis

Data are given as mean+SD. To evaluate
statistical differences between each groups, one-way
ANOVA test was used with SPSS version 10.0,
Chicago, IL, USA). A value of P < 0.05 was

considered statistically significant.

Results

1. HPLC Chromatographic Analysis
of Green Tea Polyphenol (GTPP)

To determine the components of GTPP, HPLC
analysis was done. As shown in Figure 1, a
characteristic HPLC chromatogram of GTPP in
which mainly composed of four components such as
diffrent (-)-epicatechin (EC), (-)-epicatechin-3-gallate
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Table 1. Dose-dependent Effects of GTPP and Gamma-irradiation on the Growth of NC37 and HL60 Cell
Lines

GTPP (n=4) Gamma—Irradiation (n=4)
0 10 20 30 0 1 3 5
Viability NC37 100£29 944139 945+31 723+31" 100+29 96.1+t4.1 892+28" 743+57"

HL60 100+4.1 51.9+417 328+40 2554197 100+1.2 89.5125 5831327 4351267

MTT assays were done after 48 hours incubation with indicated treatment. Each data represents mean£SD.
*P < 0.05 tP < 0.0001
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Fig. 2. Differential effect of GTPP on the growth of NC37 (A) and
HL60 (B)
3x10* cells were plated in 96 wells, and incubated overnight.
Cells were, then, treated with GTPP as indicated
concentration for 24 or 48 hours and MTT assays were
performed. The cytotoxicity was dose—dependent, and HLE0
cells (B) were more sensitive to GTPP than NC37 cells (A).



312 el 33iA): #3778 A5E 2003

(ECG), (-)-epigallocatechin (EGC), (-)-epigallocate-
chin-3-gallate (EGCG), as known by commercial
internal standard. When the catechin was included
above 80% totally in the polyphenol, the percentage
of compositions were as follows: EGCG (45.4%),
ECG (16.4%), EGC (9.4%), and EC (8.7%).

2. Differential effects of GTPP on
the growth of NC37 and HL60
(Fig. 2)

We decided the incubation time as 48 hours after
adding the GTPP into the each wells in NC37 and
HL60 cell lines. The differential cytotoxicity of
GTPP between normal and tumor cell were examined
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Fig. 3. The effects of 7 —irradiation on the growth of NC37 (A)

and HL60 (B) cell lines.

3x10* cells were plated in 96 wells, and incubated
overnight. Cells were irradiated with each radiation
dose, and then incubated for 24 or 48 hours and MTT
assays were performed. The higher doses than 1 Gy
were irradiated to -normal cell, the more normal cells
were non-viable (A). HL60 cell lines showed less viable
above 1 Gy with compared to control (B).
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Fig. 4. Differential effects of additional GTPP before 7 -irradiation ‘on the

radioprotection in the NC37 (A) and growth inhibition in the HL60 (B}
cell lines simultaneously

(A) When the 20 ug/ml GTPP was added, both the viability of
irradiated NC37 cell with 1 Gy and 3 Gy were not significant difference
(1 Gy;P=0.946, 3 Gy;P=0.096). The viability in which NC37 was added
20 ug/ml before 3 Gy was same as in which 10 ug/ml before 1 Gy
(9091122 % vs 90.8+11.0 %). (B) Each concentration of GTPP was
added before same dose of ¥ -irradiation in the HLE0O celis to
evaluate growth inhibitory capacity of GTPP against cancer cell. In the
both cells irradiated with 1 or 3 Gy, viabilities were significantly
decreased with concentrations of additional GTPP. All data were
means £ SD

* represent statistical significance compared to control (P<0.05).
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by determined cell viability. The GTPP had the
cytotoxicity in the normal and cancer cell lines at
the different concentration. The cytotoxic activity
was dose-dependent. As shown in Table 1 and
Figure 2, the concentrations of GTPP were 10 and
20 yg/ml inhibit cell growth of HLG60, but did not
normal NC37 cells.

4. The effects of ¥ -irradiation on the
growth of NC37 and HL60 (Fig. 3)

To determine the sensitivity to radiation-induced
normal and tumor cell death, the radiation  dose,
which was less effective to kil thé NC37 in
comparison with control, was 1 Gy. In the HL60 cell
lines, all doses included 1 Gy were significantly
effective on growth inhibition to control (Table 1,
right column). We applied radiation doses such as 0,
1, and 3 Gy to the NC37 and HL60 for evaluation
of the effects of GTPP on irradiated normal and
tumor cells.

5. Differential effects of GTPP on
7 -irradiation induced cell damage
in normal and tumor cells (Fig. 4)

We investigated the effect of additional GTPP
before and after y -irradiation. After 7 -irradiation
adding the GTPP did not show the significant
difference in comparison with group without adding
the GTPP (data not shown).

When the 10 ug/ml GTPP was added before 7y
-irradiation to NC37 cells, radiation with 1 Gy did
not result in difference in comparison with control
but 3 Gy resulted in significant difference (1
Gy;P=0.126, 3 Gy;P=0.010). But when the 20 ug/mi
GTPP was added, both 1 Gy and 3 Gy were not
significant difference compared to the control (1
Gy;P=0.946, 3 Gy;P=0.096). When 20 yg/mi GTPP
before 3 Gy was added in the NC37 cells, the
viability was same as that which 10 gg/ml before 1
Gy (90.9+122 % vs 90.8+11.0 %) (Fig. 4A).

We performed that each concentration of GTPP
was added before same dose of 7 -irradiation in the
HL60 cells to evaluate growth inhibitory capacity of
GTPP against cancer cell. In HL60 cells irradiated
with 1 and 3 Gy, viabilities were significantly
decreased with concentration of additional GTPP (1
Gy;69.0+1.7% vs 424+1.3%, 3 Gy;66.9+3.9% vs
442+1.6 %) (Fig. 4B).

Discussion

The present study represents that the addition of
GTPP significantly not only inhibit the growth of
leukemic cells but also protect the radiation induced
cell damage in human lymphoblasts. In the presence
of 20 ug/ml GTPP, the most strong effects of growth
inhibition in the leukemic cells and radioprotection
without inhibitory effect in the normal lymphoblasts
appear concomitantly.

Irradiation causes a high degree of in vivo
hydroxy radical generation by homolytic cleavage of
body water or from the endogenous hydrogen
peroxide formed by reduction of the superoxide
anjon. The hydroxyl radical is the major cytotoxic
radical than others. Its high reactivity leads to an
immediate reaction at the place where it is
generated. The interaction of these radicals with
phospholipid  structures induces the peroxidation
processes that increase hydroxyl radical activity in
the DNA oxidative damage. Under these oxidative
stress conditions, although radiation therapy is
needed to patient with cancers, exogenous agents
with a radical scavenging capacity need to be used
to minimize the normal cell damage.”

Radiotherapy using radionuclide such as I-131,
gamma and beta emitter, has the limitation that
exposed dose to blood should not be in excess of 2
Gy to minimize complication like leukopenia or
thrommbocytopenia.g) This dose is so called as

maximal permissible dose. In the case of patients
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with differentiated thyroid cancer, recent effort
reported high-dose I-131 therapy using maximal
permissible  dose  shows  significantly  higher
therapeutic  effects as compared to low-dose
therapy.lo'm Although maximal permissible dose for
internal radiation take the patients, radiation hazards
by the dose should be interested.

Uchida et al. reported that EGCG as green tea
component was an orally active radioprotector of
very low toxicity and they had shown the potency of
green tea against radiation hazard."” After then
Steele et al reported that green tea fractions used
inhibited TPA-induced free radicals in human HL60
cells and EGCG was ineffective, possibly because of
inadequate uptake andjor retention in the cells.” Kim
et al reported that the received 0.6 % (weight/volume)
GTPP solution as sole source of drinking fluid for 8
days was distributed in the rodent tissue of heart,
lung, kidney, liver, spleen, gastrointestinal tract,
bladder, prostate gland, and thyroid gland.'” Based
on these reports, authors used the GTPP, not EGCG,
to evaluate the radioprotective ‘effect about lympho-
blasts and to evaluate the growth inhibitory effect
about leukemic cells composing blood components.
Our results of study showed that 20 gg/m/ GTPP had
the powerful inhibition of growth in the tumor cells
and radioprotective effect in the normal cells
irradiated below the dose of 3 Gy.

Yang et al reported that GTPP displayed cell
growth inhibition, showing IC50 values of about ~
20 pg/ml in most cancer cell lines used in their
study.” In our study we noticed that IC50 value of
HL60 was also about 10~20 pg/m/ and fortunately
in this range GTPP about the normal blood
component cells exerted radioprotective effect.
Additionally the ratios of each composition of GTPP
were nearly same between two studies.

With these results, further work should be done to
determine whether the effective concentration shown

in this study can effectively protect the radiation

Lymphoblastic Cell Damage 315
induced damage in animal or human studies and to
know the exact cause of radioprotection in normal
cell line and growth inhibition in tumor cell line at
the same time.

In conclusion, when the cancerous and normal
cells were irradiated in vitro, generally additional
GTPP before irradiation had two adVantages of
follows: 1) a radioprotective effect on normal cells
but not on cancerous cells 2) a pronounced growth
inhibitory effect on cancerous cells but not on

normal cells.
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