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ABSTRACT

Aim: Cancer and malignancies are the leading cause of death in developed countries and the second leading cause of
death in developing countries. Recent studies on natural ingredients, including herbs with targeted anti-malignancy
properties and the potential for fewer side effects, have taken place. The aim of the present study is to evaluate the
growth inhibition and cytotoxicity potential selective effects of green tea extract on malignant cells compared to normal
cells.

Materials & Method: To assess the cytotoxicity effects of green tea extract, a photometry method using MTT
(Microculture Tetrazolium Test) was used. All tests on normal and malignant cell lines were repeated three times. In
order to analyze the effects of the extract concentration and cell type effects together on cell vitality, a two-way
ANOVA analysis was carried out. In order to analyze the effects of the extract concentration on cell vitality, a two-way
and one-way ANOVA analysis was carried out.

Results: According to the test results, the cells vitality amount was significantly associated with different concentrations
of green tea extract (p-value < 0.001). The cell vitality was also significantly associated with the cell type in
concentrations above 20% (p-value =0.023). but not significantly associated with the cell type at concentrations below
20% (p-value=0.123).

Conclusion: The results of this study showed that the cytotoxicity effects of green tea extract on malignant cell lines
(SCC, Squamous Cell Carcinoma) are higher than on normal cell lines at concentrations above 20%, while they are
similar in concentrations below 20%. According to the study, green tea extract could be used as a natural substance with

selected anti-cancer properties and less side effects against SCC.
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Introduction

Malignancies, particularly squamous cell carcinoma, are
among the main causes of death in the world. Since 1915,
an increase in the incidence of head and neck squamous
cell carcinoma shows that environmental factors must play
an important role in the development of oral cancers.! The
most important oral carcinogenic environmental factors are:
tobacco use,” alcohol consumption, diet, body mass index
(BMI).3 oral hygiene and wviral infections." The
development in chemotherapy and radiotherapy methods,
with the goal of improving survival rates, have resulted in
an increase in the incidence of adverse effects of these
treatments.*

Tea is the most popular worldwide beverage after water.
Previous studies have shown the anti-tumor effect of green
tea and its components on different malignancies, including
melanoma skin,” lung cancer,’ colon cancer and pancreatic
cancer’ and malignant mouth tumor® and head and neck
carcinoma.’ Chung and colleagues in a 2003 study'®
showed that green tea and its components, including
EGCG, exhibit anti-tumor effects through a combination of
anti-oxidative effect, anti-proliferative effect and induction
of apoptosis.in another study by Lambert JD ef al in 2003
showed that green tea can inhibit the proliferation of tumor
cells and the molecular pathway towards it."!

Catechins can affect the cellular signals associated with cell
death.® One of the most important polyphenolic compounds
in green tea are catechins. The therapeutic effect of
catechin contained in green tea is related to the EG

(epicatechin) — ECG (Epicatechin — 3 - gallate) - EGC
(epigallocatechin) and EGCG  (Epigallocatechin-3-
gallate).”? According to other studies, EGCG works by
inhibiting a molecule such as vascular endothelial growth
factor (VEGF) 101314

According to Kohet ef al in 2011, the green tea EGCG
inhibits the HGF hepatocyte growth factor in oral
squamous cell carcinoma and thereby, prevents the growth
and invasion of cancer. Ramirez-Mares MV showed that
EGCG increased cell apoptosis and caused an anti-
cancerous effect on malignant cells.'

The failures of routine oral SCC treatment, the failure to
improve the prognosis of this disease during the past four
decades, as well as the serious side effects of oral SCC
treatments, indicate the necessity of finding new
treatments. Due to anti-cancerous effect of green tea
because of its polyphenolic compounds like catechins. In
this study we decided to evaluate the inhibitory and
cytotoxicity effects of Lahijan green tea extract for the first
time on malignant cell lines compared to normal cells.

Materials and Method

In this experimental in vifro study. This study lasted for
three weeks and all the procedures were carried out at
Isfahan University of Medical Science.

To assess the cytotoxicity effects of green tea extract, a
photometry method using MTT (Microculture Tetrazolium
Test) was used.'
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Preparation of plant extracts

To prepare the green tea extract, the plant was dried for
three days at room temperature (25°C). The dried plant
(300 grams) was ground to a powder in a mortar. The
powder was then combined with n-hexane (500 ml/m’)
(CH; (CH,;) 4CHj) (Sigma, Germany). The combined
powder extract was distillate with rotary device (Vargha
Tajhiz, Iran) in a vacuum. The operation lasted for
approximately 24 hours. A solvent removing operation was
performed three times using Rota Vapor (R300, BUCHI,
Switzerland). During this operation, the solvent was
evaporated and the extract was concentrated. The
remaining powder from the previous step was dissolved in
chloroform (CHCI;) (> 99 wt %) (Sigma, Germany).

Cell Culture

Cell KB (KERATIN-forming based on Isoenzyme Pattern-
squamous cell carcinoma) and 1929 (mouse fibroblast
cells) was obtained from the Pasteur Institute of Iran Cell
Bank. The cells were cultured in the DMEM medium
(Dulbecco's Modified Eagle'smedium), (Merck, Germany)
containing 10% fetal bovine serum and L-glutamine. The
cells were incubated in 5% CO, (HF,12UV, Heal Force,
China) and the medium was refilled every three days
(temp= 37°C. 5% CO,. 95% RH).

Cytotoxicity Evaluation Microculture

Tetrazolium Test (MTT assay)17

using

To study the cytotoxic effect of the plant extracts, a
photometry method using MTT (Sigma, Germany) was
used. This method is based on living cells mitochondrial
succinate dehydrogenase enzyme activity that converted
yellow soluble MTT to purple formazan crystals. [Figure 1]

Figure 1: MTT Process (concentrations of herbal extract
on malignant and normal cell line)

In order to perform this test, cells of 96-well plates (Gene
fanavaran, Iran) were poured with 180 ml cell suspension.
Then, 20 microliters of extract from different
concentrations were added to the wells. [Figure 2] The final
volume per well was 200 microliters. A well containing
medium and 5% DMSO (Dimethyl sulfoxide) (Sigma,
Germany), without extract, was considered as a negative
control, and a well containing medium alone was

considered as blank. Plates were incubated for 48 hours in
5% CO, at 37°C. Then, 20 microliters of MTT were added
to each well and incubated for 2 hours. After this, 100 ml
DMSO was added to dissolve the formazan grains in each
well. Finally, absorption of 560 nm wavelength of each
well was measured by an Elisa reader (Biotech, USA). Cell
viability in the control wells was considered as 100%
vitality and cell viability in the wells tested were calculated
by the following formula.'® The concentration of the herbal
extract that reduced cell vitality was considered as IC50
(IC50 is the drug concentration causing 50% inhibition of
the desired activity).w

Cell survival rate = (blank cell absorption — treated cell
absorption) / (blank cell absorption — negative control
absorption) x 100.

1929 cell line at C
part for control group

The both case and control groups were
pippet at C and E lines and then the different
concentration of extracts were tested for

each cell lines.

cell KB line at E part for
ca’y
J

Figure 2: MIT process for L929 cell and cell KB line.

The entire process was repeated three times on normal and

malignant cell lines,due to make sure that our actions
have been consistent with our values.

Statistical analysis

The results were entered into the software SPSS version 12.
The effects of the green tea extract concentration and type
of cell (normal cells/malignant cells) on cell viability were
analyzed using a two-way analysis of variance (ANOVA).
The effects of the plant extracts on the percentage of living
cells remaining in each cell line to separate one-way
analysis of variance (One-way ANOVA) and two-way
ANOVA at a significance level of (¢= 0/50) was carried
out.

Results

The results showed that the percentage of vital cells was
significantly associated with different concentrations of the
extract (p-value<0.001) and with cell type in concentrations
above 20% (p-value =0.023). However, it was not
significant in concentrations below 20% (p-value =0.123).
[Table 1]

According to the results, there is an inverse relationship
(linear function) between living cells percentage and
various concentrations of green tea extract. The linear
equation for normal cells is y = -3.85x + 382.5. For
malignant cells, the linear equation is y=-2.84x + 284.2,
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where y equals the percentage of vital cells and x is equal
to the concentration of extract. Vital cells percentages
calculated after exposure to different concentrations of the

extract by using these equations.

Mean + SD of Mean + SD of Concentrations
normal vital the vital of Green Tea
cells after malignant cells (%)
exposure (%) (%)
76.95 +1.25 71.05+1.48 100
76.94 +2.89 81.24 +1.57 75
84.69 + 0.86 89.16 +2.18 50
93.59 +0.93 94.16 + 2.59 25
92.25+5.26 96.26 +1.17 12.5
94.09 + 3.82 79.9 +0.44 6.25
98.46 + 1.5 98.95 +0.61 3.125
100+ 0 100+ 0 0

Table 1: The mean and standard deviation and P-value of
normal vital cells and vital malignant cells after exposure
to different concentrations of green tea extract.

Chart Title

95
90
as
80
75 F

70
0 3.125 6.25 125 25 50 75 100

——Nommal cells =~ Malignant cells

Chart 1: The survival rate after exposure to different
concentrations of green tea extract in normal and
malignant cell lines.The percentage of viable cells after
exposure to different concentrations of green tea extract in
normal and malignant cell lines

Discussion

The result showed that green tea inhibits the growth of
malignant (SCC) and normal cells.The cytotoxicity effect
for concentrations higher than 20% on malignant cells is
higher than a normal cell line (mouse fibroblasts). Since
comparative studies of the effects of green tea extract on
normal and SCC malignant cells have not been done
previously, it is not clear whether these pharmacological
effects of green tea extract are specific for SCC cells. Our
studies showed for the first time that green tea extract at an
appropriate dosage inhibited the growth of transformed cell
KB, but not their normal cells (L929). There is a liner
relationship between cytotoxicity and the growth inhibition
effect and green tea extracts concentration.

The therapeutic effects of tea are associated with its
polyphenols compounds. Polyphenol compounds in green
tea make up more than 30% of its dry weight. There is a
higher amount of polyphenol compounds in green tea
compared to black tea.” This could be because of the
method of preparation and processing of green tea.

The results of current study. as with studies by Hsu ef a/. in
2002.%! Kohet ef al. in 2011" and Liu ef al. in 2011,
indicate that green tea inhibits the growth of oral squamous
cell carcinoma. Unlike the mentioned studies, green tea
extract used in this study (Lahijan) in concentrations of
more than 20% had a higher cytotoxicity effect on cancer
cells compared to normal cells. However, in concentrations
of less than 20%, the cytotoxicity of extracts on malignant
cells and normal cells was the same. Unlike the current
study, in the results of Hsu ef al..” Koh et al*and Liu ef
al.? all the concentrations of green tea had a higher
cytotoxicity effect on malignant cells compared to normal
cells.

The difference in results of these studies may be due to the
different combinations of green tea. Ramirez-Mares MV
Studies by Chow et al..** Lee et al.®® and Pister et al.*®
showed that the bioavailability of green tea compounds,
including polyphenols, for oral use is low, at less than 1%.
According to the current study.green tea extracts in low
concentrations have the same cytotoxicity effects on
normal and malignant cells. Because of the low
bioavailability of green tea compounds after oral
consumption, oral administration of green tea may not lead
to selective anti-tumor effects in oral squamous cell
carcinoma. (Selective anti-tumor effects means the applied
substance has cytotoxicity and inhibition effects on
malignant cells, while it has the minimum effects on
normal cells.)

One of the limitations of the present study is that the MTT
method is the first method used for cell cytotoxicity, but it
could not evaluate the molecular and mitocondrial and
cytoplasmic factors that affect the study results. It does not
distinguish between cell apoptosis and necrosis. Because of
that, and in order to solve this limitation, we decided to use
the microarray plus the MTT method to distinguish
between cell apoptosis and necrosis.”’

Conclusion

The results of this study showed that the cytotoxicity
effects of green tea extract on a malignant cell line (SCC,
Squamous Cell Carcinoma) is higher than on normal cell
lines at concentrations above 20%, being similar in
concentrations below 20%. According to the study, green
tea extract could be used as a natural substance with
selected anti-cancer properties and will have less side
effects when used against SCC.
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