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Abstract- The present study was to investigate the possible 

chemopreventive activity of green tea polyphenol, (-)-

Epigallocatechin-3-gallate (EGCG) on laryngeal cancer cells. 

Cell viability was evaluated using MTT assay. Activity of 

superoxide dismutase, cytotoxicity was assessed using lactate 

dehydrogenase and clonogenic assay was done using crystal 

violet stain. Apoptotic cell death was confirmed by DNA 

fragmentation and cell cycle arrest was analyzed by flow 

cytometry using propedium iodide.  The obtained results showed 

that the cell viability of Hep2 cells was very much reduced in 

EGCG treated cells. Significant increase in SOD activity 

(p<0.001) and a significant decrease in LDH activity (p<0.001) 

was noticed in EGCG treated group. Clonogenic assay and 

continuous shear in DNA fragmentation was observed in EGCG 

treated group. 

 

Index Terms- Apoptosis; (-)-Epigallocatechin-3-gallate; DNA 

fragmentation; Hep2 cells; Antioxidants 

 

I. INTRODUCTION 

atechins found in green tea comprise of: epicatechin (EC), 

epigallocatechin (EGC), epicatechin-3-gallate (ECG) and (-) 

- epigallocatechin-3- gallate (EGCG)
1
. EC appears to increase 

the incorporation of EGCG and ECG into lipid bilayers, 

emphasizing the importance of synergistic effects between the 

various green tea components
2
. Of these 30% polyphenol content 

and 58.5% is EGCG. A potent antioxidant enzyme, superoxide 

dismutase in suppressing cell growth in a variety of cancer cell 

lines
3
. Accordingly, chemical and enzymatic antioxidants have 

been shown to suppress tumor cell growth
4,5

. EGCG is known to 

be the most active catechin, although combinations of catechins 

proved its antioxidant
6
, anti ï cancer

1
, anti ï inflammatory

7
, anti-

HIV
8
 and anti ï diabetic

9
. 

         Laryngeal carcinoma accounts for 26% of all the head and 

neck cancers
10

 and 90% of laryngeal cancer are of squamous cell 

type while the remaining 10% is of the verrucous type
11

. In India, 

incidence of laryngeal cancer is 70%. About 12,500 new cancer 

cases of the larynx occur each year in which 78% are males and 

22 % are females
10

. Multimodality treatment for laryngeal 

carcinoma includes surgery, chemotherapy and external beam 

radiation therapy
12

 and high-energy x-rays are also used to kill 

cancer cells
13

. 5-Fluorouracil (5-FU), a pyrimidine antagonist is a 

chemotherapeutic drug which is used in the treatment of a wide 

range of cancers
14

. Detection of the antioxidant status may be 

useful to determine the tumor resistance to therapy, and to 

choose the correct treatment regimen.  

 

Hep2 cell line was chosen as an in vitro model for laryngeal 

carcinoma for the present study. The chemotherapeutic effect of 

EGCG on this cell line was studied on the basis of its 

effectiveness in other types of cancers. 5-FU is a synthetic 

chemotherapeutic drug used for treatment of various cancers 

including laryngeal carcinoma.  

 

II. MATERIALS AND METHODS 

Experimental Design 
         The present experimental study includes four groups; 

group1-Hep2 cell line (cell control); group2 -DMSO control; 

group3-Hep2 cell line + EGCG (27.4µg); group4-Hep2 cell line 

+ 5-FU (0.5µM). 

 

Preparation of EGCG 

         58.4g of EGCG was present in 100g of total polyphenol 

content of green tea, obtained after solvent extraction and high 

performance liquid chromatography purification. So 125mg of 

polyphenol extract was weighed containing 73mg of EGCG and 

dissolved in DMEM medium and filter sterilized through 

membrane filter of 0.2mm and final concentration was 3.65µg/µL 

and stored at 4°C.  

 

Preparation of 5 - FU 

         0.5µM of 5-FU was prepared in 0.1% DMSO in DMEM 

media and this drug was filter sterilized through 0.2mm filter and 

stored at 4°C. 

 

Cell culture 

         Hep2 cells were obtained from National Centre for Cell 

Science (NCCS), Pune, and cells were maintained in Dulbecoôs 

Modified Essential Medium supplemented with 10% fetal bovine 

serum, 2mM L-Glutamine  (Gibco, India), 100IU / ml penicillin, 

100mg / ml streptomycin and kanamycin, 20mg/ml amphotericin 

B from Himedia, India was prepared and stored at 4°C.  The cells 

were incubated at 37°C in a humidified atmospheric condition 

with 5% CO2 in a CO2 chamber. 

 

Cell Viability assay 

         Cell viability was assessed using MTT [3-24, 5-

imethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] by the 

C 
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method reported by Wilson [15]. Briefly, Hep2 cells were seeded 

in 96ïwell plates at a density of 1 x 10
4 
cells per well. After 48h, 

cells were treated with IC50 of the drugs and further incubated 

with 24h in a humidified CO2 incubator provided 5% CO2. MTT 

(0.5mg/mL) was added to each well in the concentration of 

0.5mg/mL and cells were incubated at 37°C for overnight. 

Formosan crystals formed were dissolved in DMSO, and plates 

were read on the microplate reader at a wavelength of 595nm. 

 

Cell preparation for antioxidant assay 

         A total of 4x10
4
 cells / well were seeded in a 24 well plate 

and incubated at 37°C in a 5% humidified CO2 chamber for 48 

hours. After incubation, cells were treated with IC50 

concentration of EGCG and 5-FU. Cells with 0.1% DMSO 

served as a solvent control and cells without any addition was 

considered as test control. The cells were incubated for an 

additional 24 hours. After incubation, the media was collected in 

a separate tube and this was used for the cytotoxicity assay. Cells 

were washed with phosphate buffered saline, trypsinised and 

collected in a separate tube. These cells were sonicated under 

cooling with ice in 10mM potassium phosphate (pH7.4) 

containing 30Mm potassium chloride. After extraction for 30 

minutes, the homogenates were centrifuged (20,000xg, 15 

minutes). The cell supernatant and cell suspension were stored at 

-80°C till the analysis.  

 

Assay of Superoxide Dismutase 

         Superoxide dismutase (SOD) was determined in terms of 

its ability to catalyze the disproportionation of O2
- 

in alkaline 

aqueous solution. The disproportionation was directly studied in 

a spectrophotometer by the method of Misra and Fridovich
16

. 

Briefly, different test tubes were labeled for supernatant and cell 

suspension respectively. To each tube, 1.25ml of carbonate 

buffer (0.05M, pH-10.2), 250µl of 1mM EDTA, 25µl of 

supernatant were added to tubes. Added 100µl of 0.1% 

epinephrine to all the tubes while reading. Blank was prepared 

without enzymes. 

 

Assay of Lactate Dehydrogenase (LDH) 

         The cytotoxicity was assessed by assaying LDH by the 

method of Nieland
17

. Briefly, to a set of test tubes, 200µl of the 

buffered substrate consists of 2.3mM of lithium lactate in 0.1M 

of glycine buffer and 0.1N sodium hydroxide solution (NaOH) 

and 20µl of sample, the tubes were incubated at 37°C for 15 

minutes. Added 40µl of 20mM Nicotinamide Adenine 

Dinucleotide and incubated for another 15minutes at 37°C. The 

reaction was arrested by adding 200µl of 0.2% DNPH reagent 

and incubated the tubes for another 15 minutes at 37°C. 20µl of 

sample added to control tubes after arresting the reaction with 

200µl of 0.2% DNPH. Added 1.4ml of 0.4N NaOH and color 

developed was read at 420nm in a UV-Spectrophotometer. 

 

Clonogenic Assay 

         A slight modification in the protocol of Kishore et al 
18

. 

Briefly, 1x10
3
 cells/well were grown on the 6 well plate for 7 

days with and without treatment of EGCG and 5-FU. After the 

treatment period cells were washed with 0.1M phosphate 

buffered saline and fixed with ice-cold absolute methanol for 2 

minutes. Then the cells were stained using crystal violet (0.5% in 

25% methanol) for ten minutes. Excessive stains were removed 

by washing and colonies were counted under microscope.  

 

Detection of DNA Fragmentation  

         Inter-nucleosomal cleavage of DNA was analyzed as given 

below. Briefly, cells were treated with EGCG (27.4µg) and 5-FU 

(0.5µM). The plate was incubated with required time points. 

Cells were washed twice with ice-cold PBS and resuspended in 

lysis buffer containing 10mM Tris-HCl (pH 8.0), 20mM EDTA 

and 0.5% Triton X-100 and incubated for 30minute in ice. After 

centrifugation at 10000 rpm for 10minutes at 4°C, DNA was 

extracted with phenol chloroform, precipitated with 0.1 volume 

3M sodium acetate and 2.5volume ethanol and stored at -20°C 

for overnight. DNA was pelleted by centrifugation at 10000 rpm 

for 5minutes at 4°C, rinsed with 70% ethanol and then 

resuspended in TE buffer (10mM Tris-HCl, pH 7.4, and 1mM 

EDTA, pH 8.0) containing, 20µg/mL proteinase K and 30µg/mL 

RNase and incubated for 6 hours at 37°C. DNA was run on a 2% 

agarose gel with 1.0µg/mL ethidium bromide staining. After 

electrophoresis, DNA was visualized under UV inspection 

chamber and documented. 

 

III.  STATISTICAL ANALYSIS 

         Statistical analysis of the data was performed using 

studentôs ñtò test and analysis of variance (ANOVA). The level 

of significance was studied comparing with control group. All 

values are expressed as mean Ñ SD. pÒ0.05 is considered as 

statistically significant.  

IV.  RESULT 

         Considering Group 1 as 100% cell viability, cell viability % 

of other groups are calculated using formula: 

 

                              Cell viability %   =    OD of test      x 100 

                                                             OD of control 

 

         The cell count was significantly decreased in group3 and 4 

(p<0.001) when compared to group1. No significant reduction 

was noticed in group2 when compared to group1 (Fig.1). 
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Fig. 1: MTT Assay showing Percentage Viability of Hep2 cells

Statisticallysignificantvaluesof group2ςgroup4 werecomparedwith group1. NSςNon

Significant, ***p <0.001, $<0.0001(ANOVA). Group1 - Hep 2 cell line (control),Group

2 DMSO control,Group3 - Hep2 cell line + EGCG,Group4ïHep2 cell line + 5FU
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         The increased activity of SOD (p<0.001) was noticed in 

group3 when compared to group1. No significant changes were 

noticed in groups2 and 4 compared to group1 (Fig.2).  

Fig. 2: Activity of Superoxide dismutase in Hep2 cells treated with 

EGCG and 5-FU

0

0.05

0.1

0.15

0.2

0.25

0.3

Group1 Group 2 Group 3 Group 4

NS

$***

$**

Statisticallysignificantvaluesof group2ςgroup4 werecomparedwith group1. NSςNon

Significant, ***p <0.001, $<0.0001(ANOVA). Group1 - Hep2 cell line (control),Group

2 DMSO control,Group3 - Hep2 cell line + EGCG,Group4ïHep2 cell line + 5FU

µ
m

o
ls

/ 
m

g
 p

ro
te

in

 
The statistically significant decrease (p< 0.001) in the 

activity of LDH in group3 was observed in group1. Increased 

activity was noticed in group4 (p< 0.001) compared to group1. 

No significant changes were observed in group2 as compared to 

group 1 (Fig.3). 

 
Fig. 3: Lactate Dehydrogenase Release in Hep2 cells treated with 

EGCG and 5-FU
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        The clonogenic assay showed the effectiveness of the 

treatment with EGCG than 5-FU which was evident in group3 

compared with group1 (Table 1; Fig.4).  

 

 

Table 1: Clonogenic assay of EGCE on Hep2 cell line 

(No. indicates are colony of cells) 

 

Groups Description 7thDay 

(%)  

14thDay 

%)  

�µ�S�¶��
Value 

Group1 Hep2 cell line 38 82 - 

Group2 Hep2 cell line+DMSO 35$ 79# NS 

Group3 Hep2 cell line+EGCG 

(27.4µg) 

12$ 22# ***  

Group4 HeP2 cell line+5-FU 

(0.5µM) 

16$ 28# ***  

#, $
Values of groups2, 3, & 4 are compared with group1 of 

respective day of incubation. NS- Non-significant; 
***

p<0.001 

 

Group 3 showed a continuous shear of fragmented DNA 

indicative of apoptosis. Groups1, 2 and 4 did not show any 

fragmentation in DNA (Fig.5). 

 

V. DISCUSSION 

         MTT assay is based on the ability of a mitochondrial 

dehydrogenase enzyme from viable cells to cleave the 

tetrazolium rings of the pale yellow MTT and form dark blue 

formazan crystals which is largely impermeable to cell 

membranes, thus resulting in its accumulation within healthy 

cells. The number of surviving cells is directly proportional to 

the level of the formazan product created. This assay also shows 

significant decrease in cell viability percentage may be due to the 

anti-cancer activity of EGCG and 5-FU
19,20

. 

         Superoxide dismutase (SOD) is an intracellular scavenging 

enzyme; this scavenges the superoxide, hydroxyl, and other 

oxygenated free radicals
21

. EGCG has 25 and 100 times more 

potent antioxidant potential than that of vitamin C and E 

respectively
22

. Regulation of superoxide dismutase and catalase 

activity by EGCG in the brain was noticed in Parkinsonôs 

disease
23

. 

         Cell death or cytotoxicity is classically evaluated by the 

quantification of membrane damage. The LDH cytotoxicity assay 

provides a fast and simple method for quantitating cytotoxicity 

based on the measurement LDH release from damaged cells. 

LDH is a stable cytoplasmic enzyme present in all cells and 

rapidly released into the cell culture supernatant upon damage of 

the membrane. The 5-FU treated group showed more release of 

LDH when compared to EGCG treated group. Low LDH release 


