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ABSTRACT

Evaluation of cytotoxic effects of the ethanol
extract of Colocasia gigantea (CGE) in HeLa
and V79 cells by MTT assay showed a
concentrations dependent rise in the
cytotoxicity. The maximum cytotoxicity was
observed at 300 and 200 pg/ml ethanol extract
of Colocasia gigantea for HeLa and V79 cells,
respectively.  Assessment of treatment
duration revealed that cytotoxic effect of
ethanol extract of Colocasia gigantea was
marginal increased with treatment duration.
Treatment of HeLa cells with different
concentrations of ethanol extract of Colocasia
gigantea reduced the clonogenicity of cells in
a concentration dependent manner, which
reached a nadir at 300 pg/ml. To understand
the biochemical mechanism of action, the
HelLa cells were treated with different
concentrations of ethanol extract of Colocasia
gigantea and contents of glutathione and
activities of the glutathione-s-transferase and
catalase and lipid peroxidation were
determined. The ethanol extract of Colocasia
gigantea reduced the glutathione
concentration and activities of the
glutathione-s-transferase and catalase in a
concentration and time dependent manner
and greatest reduction was observed at 6 h
post treatment, whereas lipid peroxidation
increased in a concentration and time
dependent manner. The ethanol extract of
Colocasia gigantea induced cytotoxicity and
reduced the reproductive integrity of HelLa
cells. The cytotoxicity of ethanol extract of
Colocasia gigantean may be due to elevated
lipid peroxidation and reduced concentration
of glutathione and glutathione-s-transferase
and catalase activities.

Key words: Colocasia gigantea,
clonogenic, GSH, GST and catalase.
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INTRODUCTION

Despite availability of state or art treatment
regimen cancer still remains one of the leading
causes of death in both the developed as well as
in the under developed countries [1]. It is
estimated that one in every eighth deaths is due
to cancer [2]. Cancer is a multifaceted disease
and with improving health facilities and
increased life span more cancer cases are coming
to light than ever before. This has also increased
the mortality rates and cancer deaths are of major
concern globally[3]. Apart from many synthetic
drugs the natural products have also immensely
contributed to  the  paraphernalia  of
chemotherapeutic drugs. The fact is that 80% of
the global population still depend on plants and
natural product for their healthcare proves the
importance of plants as a major source of
medicine. The one third of the all drugs approved
by Federal Drug Administration, USA has been
natural products [4]. This reemphasizes the
importance of plants and natural products in
healthcare and new drug discovery. The
evaluation of natural products could provide a
new breakthrough in cancer treatment and new
technologies are being explored for obtaining
novel compounds from biodiversity of nature.
The pharmaceutical industry has a continuing
need to find new and better chemical compounds
to develop as drugs for human healthcare [5].
Many drugs used for the treatment of different
diseases including cancer are obtained from
natural products [6] and plants provide a major
platform for design and new drug discovery.
About 75 % of the registered small anticancer
molecules since the 1940s have drug discover
form the complex secondary metabolites
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synthesized by plants. Therefore it is necessary
to screen diverse plants for their anticancer
activity in the hope that there will be a time one
it may be possible to come across some
biomolecules that will treat cancer effectively
with lesser adverse side effects. Colocasia
gigantea (family Araceae), also known as Giant
Elephant ear or Indian taro, is a stemless plant
producing large leaves with underground
rhizomes. The rhizomes and the stalks are eaten
as a vegetable and the leaves are eaten raw with
pomegranate in India. In Thailand, C. gigantea
tubers are heated over fire and consumed as a
medicine[7]. It is used to treat drowsiness and to
reduce internal heat. The tuber reduces stomach
problems, cures infection and heals wounds.
Fresh or dries tubers are being used in the
treatment of phlegm along with honey [8]. It is
also used in the treatment of tuberculosis and
constipation in Hawai [9]. Juice of taro are said
to arrest arterial hemorrhage[10]. The
information regarding the anticancer activity of
Colocasia gigantea is lacking and it is used as a
diet, which indicates that if is found to kill
cancerous cells it may be a useful paradigm to
fight cancer. Therefore, the present study was
undertaken to study the antitumour activity of
Colocasia gigantea in cultured HeLa cells.

MATERIALS AND METHODS

Chemicals

Doxorubicin  was supplied by Getwell
Pharmaceuticals, Gurgaon, India. Reduced
glutathione (GSH), 1-chloro-2,4-dinitronbezene
(CDNB), 5,5°dithio  2-nitrobenzoic  acid
(DTNB), ethylenediamine tetra-acetic acid
(EDTA), bovine serum albumin (BSA),
thiobarbituric acid (TBA), crystal violet were
obtained from Sigma Chemical Co. (Bangalore,
India).Trichloroacetic acid (TCA), hydrogen
peroxide (H202)were procured from SD Fine
Chemicals, Mumbai, India, whereas disodium
hydrogen phosphate (NaxHPOs), Tris buffer
(Tris  (hydroxymethyl) aminomethane and
ammonium oxalate were purchased from Merck
India Limited, Mumbai, India. Trypsin EDTA
1X, MTT (3-(4, 5-dimethylthiazole-2-yl)-2, 5-
diphenyl tetrazolium bromide), MEM medium,
fetal bovine serum (FBS), and reduced
nicotinamide adenine dinucleotide (NADH)
were requisitioned from HiMedia, Mumbai,
India.

Collection of rhizomes and extraction

The matured and non-infected rhizomes of
Colocasia gigantea (family- Araceae) were
collected from Manipur. The plant was identified
by PG Department of Botany, DM College,
Imphal-West, Manipur, India and it was further
authenticated by the Botanical Survey of India,
Shillong, Meghalaya, India. The matured
rhizomes were cleaned shade dried, their
skinremoved and chopped into thin slices for
easy and quick drying. The dried rhizomes were
powered using an electrical grinder at room
temperature. A known amount of powdered
rhizome of C. gigantea was sequentially
extracted in petroleum ether, chloroform, ethanol
and distilled water in order of increasing polarity
using a Soxhlet apparatus. Each extracts, except
petroleum ether was concentrated in vacuo and
stored at -70°C until further use. The ethanol
extract was used for the entire study and
henceforth it will be called as CGE.

Drug/s dissolution

Doxorubicin was freshly dissolved in MEM and
the ethanol extract of Colocasia gigantea were
freshly dissolved in distilled water and diluted
and filter sterilized immediately before use.

Cell culture

HeLa and V79 cells were procuredfrom the
National Centre for Cell Science, Pune, India.
The cells were grown in 25 cm? culture flasks
(Corning Inc., Corning, NY, USA) containing 5
ml Eagle's minimum essential medium (MEM)
supplemented with 10% fetal calf serum, 1% L-
glutamine and 50 pg/ml gentamicin. The cells
were incubated at 37°C in an atmosphere of 5%
CO2 in humidified air in a CO:2 incubator
(Eppendorf AG, Hamburg, Germany).

Experimental Design

A fixed amount of cells were seeded into 96 well
plates or culture flasks that were divided into the
different groups depending on the experimental
protocol:

MEM group: The cells of this group served as
negative control group and did not receive any
treatment.

CGE group: This group of cells was treated with
different concentrations of CGE.
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DOX group: The cell cultures of this group were
treated with5, 10 and 20 pg/ml of doxorubicin
(DOX) and served as positive control.

Determination of cytotoxicity by MTT assay
The cytotoxic effects of different concentrations
of ethanol extract of Colocasia gigantea was
studied by MTT assay in HeLa and V79cells as
described by Mosmann (1983). Usually 10* cells
were seeded into 96 well plates (HiMedia,
Mumbai, India) in 100 pul minimum essential
medium (MEM). The microplates were kept at
37°C in a COz2 incubator in an atmosphere of 5%
CO2 in 95 % humidified air and the cells were
allowed to attach for 24 h. Next day different
concentrations of CGE or doxorubicin were
added into each well of the microplates and
incubated in the CO2 incubator. After 48 hours,
MTT was added into each well and the
microplates were incubated for another 2 hours.
The drug containing media were removed and
the insoluble purple formazan formed was
dissolved using lysis buffer and incubated once
again for 4 hours after which the absorbance was
recorded at 560 nm using a microplate reader
(Spectramax ~ M2,  Molecular  Devices,
Sunnyvale, CA, USA). The cytotoxicity was
calculated using the formula: Control-
Treatment/Control X 100.

Determination of optimum exposure time for
cytotoxicity

A separate experiment was conducted to study
the effect of treatment duration of CGE on the
cytotoxicity, where grouping and other
conditions were essentially similar to that
described above except that the cells were
exposed to CGE for 2, 4 and 6 h and the
cytotoxicity was determined by MTT assay as
described above.

Determination of anticancer activity

Another experiment was performed to evaluate
the anticancer activity of CGE, where grouping
and other conditions were similar to that
described in the experimental design. The
anticancer activity of CGE was determined by
inoculating 10° exponentially growing HeLa
cells into several culture flasks. The cells were
allowed to attach for 24 h and were treated with
100, 200 and 300 pg/ml CGE.

After 2 hours of drug treatment the media were
removed and the flasks were washed twice with
sterile PBS, and dislodged by trypsin EDTA

treatment and the Clonogenicity of cells was
determined by clonogenic assay [11]. Usually
200 HeLa cells were seeded into several
individual petridishes containing 5 ml MEM and
left undisturbed for colony formation for another
11 days. After the end of day 11 the resultant
colonies of cells were stained with 1 % crystal
violet in methanol and scored. Plating efficiency
(PE) of the cells was determined and surviving
fraction (SF) calculated.

PE = (Number of colonies counted x 100) /
(Number of cells seeded)

SF = (Number of colonies counted) / (Number of
cells seeded) x (mean plating efficiency).

BIOCHEMICAL ASSAYS

A separate experiment was carried out to
estimate the effect of 100, 200 and 300 pg/ml
CGE on the activities of various antioxidants in
HeLa cells at 2, 4 and 6h post drug treatment.The
drug containing media were removed; the cells
were washed with sterile PBS and displaced
using trypsin EDTA treatment. The cells were
pelleted and weighed and 5% homogenate of the
cells was prepared in PBS (pH 7.4) using
ultrasonicator (PCI Analytics Pvt. Ltd., Mumbai,
India). The following assays were carried out:

Glutathione estimation

Glutathione estimation was carried out as
described earlier [12]. Briefly, 1.8 ml of 0.2M
Na:HPO4 was mixed with 40 pl 10 mM DTNB
and 160 pl of cell homogenate. The mixture was
allowed to stand for 2 minutes at room
temperature and the absorbance was read against
the blank at 412 nm in a UV-VIS
Biospectrophotometer (Eppendorf India
Limited, Kolkata, India).The blank consisted of
distilled water instead of cell homogenate.

Glutathione - S — transferase estimation
Glutathione-s-transferase activity was estimated
by the method of Habig et al., (1974). Briefly,
0.5 ml of 0.1 M phosphate buffer pH 6.5, 0.1ml
of 20mM CDNB, and 8.8 ml distilled water were
incubated at 37°C for 10 min. After incubation,
0.5 ml of 20 mM GSH and 0.1 ml of cell
homogenate were added. The absorbance was
read at 340 nm at 1 min intervals for 6 minutes
in UV-VIS Biospectrophotometer.

Catalase
The method of Aebi (1984) was followed for
catalase estimation. Briefly, 20 pl of sample was
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diluted with 1.98 ml of 50 mM phosphate buffer
(pH 7.0) in a 3 ml cuvette and the reaction
(maintained at 20°C) was started by adding 1 ml
of 30 mM H20:. The decrease in absorbance was
monitored at 240 nm for 60 seconds in a UV-VIS
Biospectrophotometer.

Estimation of lipid peroxidation

Lipid peroxidation (LOO) assay was carried out
by the method of Buege and Aust (1978).
Briefly, 1 ml of cell homogenate was mixed with
2 ml of TCA-TBA-HCI reagent and mixed
thoroughly. The reaction mixture was heated in
a boiling water bath for 15 minutes, cooled
immediately to room temperature, centrifuged at
1000 rpm for 10 min and supernatant was
collected and its absorbance was read at 535 nm
against blank in a UV-VIS
Biospectrophotometer.

STATISTICAL ANALYSES

The statistical analyses were performed using
Origin Pro 8. All the results are expressed as
Mean + Standard Error of the Mean (SEM).
Experimental data were analyzed by one way
ANOVA followed by Tukey’s test for multiple
comparisons for different parameters between
the groups. A P value of < 0.05 was considered
as significant. The experiments were repeated for
confirmation and since the difference between
the original and repeat experiments was
statistically non-significant the data of both the
experiments were combined and presented in
tables and figures.
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Figure 1: The cytotoxic effect of different
concentrations of ethanol extract of Colocasia
gigantea & doxorubicin on HeLa cells assessed
by MTT assay. CGE- Ethanol extract of
Colocasia gigantea, DOX- Doxorubicin. Figures

in brackets indicate concentration of
doxorubicin. The data represent Mean+SEM,
N=5.

RESULTS
The results are expressed in fig. 1-9 as Mean =+
Standard Error of the Mean (SEM).

Determination of Cytotoxicity

Treatment of Helga and V79 cells with different
concentrations of CGE caused a concentration
dependent increase in the cytotoxicity and the
maximum cytotoxic effect was recorded for the
highest concentrations of 300 pg/ml CGE. The
cytotoxicity between of 200 and 300 pg/ml CGE
was not statistically significant the former was
chosen for other experiments (Figure 1).
Similarly, CGE induced maximum cytotoxicity
at 200 pg/mlin V79 cells (Figure 2). The positive
control DOX also showed a similar pattern (Fig.
1-2).

Determination of treatment duration

The optimum CGE treatment duration for
cytotoxic effect was also evaluated by MTT
assay at 2, 4 and 6 hours. The CGE treatment
resulted in a time dependent increase in the
cytotoxicity in HelLa and V79 cells and
maximum cytotoxic effect was observed in the
cells treated with CGE for h respectively (Fig. 3-
4). However, this increase was not statistically
significant hence 2 h treatment duration was
selected for further experiments.
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Figure 2: The cytotoxic effect of different
concentrations of ethanol extract of Colocasia
gigantea & doxorubicin on V79 cells assessed by
MTT assay. CGE- Ethanol extract of Colocasia

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-4, ISSUE-9, 2017



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

gigantea, DOX- Doxorubicin. Figures in
brackets indicate concentration of doxorubicin.
The data represent Mean+SEM, N=5.
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Figure 3: The effect of different concentration of
the ethanol extract of Colocasia gigantea &
doxorubicin on HeLa cells determined by MTT
assay. Ethanol extract of Colocasia gigantea
(CGE), Doxorubicin (DOX). The data represent
Mean + SEM, N=5.

Clonogenic Assay

Treatment of HelLa cells with different
concentrations of CGE caused a concentration
dependent decline in the clonogenicity of cells
(Fig. 5). A maximum decline in the
clonogenicity was observed for 300 ug/ml CGE,
where the survivin g fraction of HelLa cell
reached a nadir (0.22) less than half of 200 pg/ml

(Fig. 5).
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Figure 4: The effect of different concentration of
the ethanol extract of Colocasia gigantea &
Doxorubicin on V79 cells determined by MTT
assay. Ethanol extract of Colocasia gigantea
(CGE), Doxorubicin (DOX). The data represent
Mean = SEM, N=5.

g fraction of HeLa cell reached a nadir (0.22) less
than half of 200 pg/ml (Fig. 5).

Glutathione

Treatment of Hela cells with different
concentrations of CGE caused a concentration
dependent but significant depletion in
glutathione contents at all the post-treatment
times (Figure 6). The GSH concentration also
declined in a time dependent manner and
maximum decline was observed at 6 h post
treatment (Fig. 5). The concentration of
glutathione also declined in a similar as DOX
treated group (Fig. 6).

Glutathione-s-transferases

GST actvity declined in a concentratoin depenent
manner and it was significant lower than the
MEM treated group. The acivit of GSt also
reducted with time in the HeLa cells treated with
diffrent oncentrations of CGE and a greatest
decline was observed at 6 h post-treatment and for
300 png/ml (Fig. 7).
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Figure 5: Effect of different concentrations of the
ethanol extract of Colocasia gigantea &
doxorubucin (DOX) treatment on the survival of
HeLa cells. Figures in brackets on X-axis
indicate concentration of doxorubicin. The
results are expressed as Mean + SEM. N=3.
Squares: doxorubicin & Circles: ethanol extract
of Colocasia gigantea
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Figure 6: Alteration in the GSH activity of
cultured HelLa cells treated with different
concentrations of CGE and DOX. Minimum
essential media (MEM), Ethanol extract of
Colocasia gigantea (CGE) & doxorubicin
(DOX). The data represent Mean+=SEM, N=5.
*p<0.01 when the treatment group are compared
to MEM group. Standard error of the mean
(SEM).
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Figure 7: Alteration in the GST activity of
cultured HeLa cells treated with different
concentrations of CGE & DOX. Minimum
essential media (MEM), Ethanol extract of
Colocasia gigantea (CGE) & doxorubicin
(DOX). The data represent Mean+SEM, N=5.
*p<0.01 when the treatment group are compared
to MEM group. Standard error of the mean
(SEM).
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Figure 8: Alteration in the Catalase activity of
cultured HeLa cells treated with different
concentrations of CGE & DOX. Minimum
essential media (MEM), Ethanol extract of
Colocasia gigantea (CGE) & doxorubicin
(DOX). The data represent Mean+SEM, N=5.
*p<0.01 when the treatment group are compared
to MEM group. Standard error of the mean
(SEM).
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Figure 9: Alteration in the Lipid peroxidation
activity of cultured HelLa cells treated with
different concentrations of CGE & DOX.
Minimum essential media (MEM), Ethanol
extract of Colocasia gigantea (CGE) &
doxorubicin (DOX). The data represent
Mean+SEM, N=5. *p<0.01 when the treatment
group are compared to MEM group. Standard
error of the mean (SEM).
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Catalase

The catalase activity also alleviated with
increasing CGE concentration and there was
significant reduction in the catalase activity at all
post-treatment assay time when compared to
MEM treatment. The analysis of catalase
activity with time showed a time dependent
decline in the catalase activity for all CGE
concentrations and it was lowest at 6 h post
treatment Fig. 8) The DOX treatment also
resulted in an identical decline in catalase
activity at all post treatment times (Figure 8).

Lipid Peroxidation

The treatment of HeLa cells with different
concentrations of CGE induced LOO efficiently
as indicated by a concentration dependent rise in
the LOO at all post-treatment times (Fig. 9). This
increase in LOO was significantly higher and it
was at least 6 folds higher at 6 h post treatment
in CGE treated group. The maximum LOO was
detected at 6 h post treatment in all the groups
(Fig. 9). The DOX treatment also showed a
pattern similar to that of CGE treatment (Fig. 9).

DISCUSSION

The adverse effects induced by modern
chemotherapeutic regimens and development of
therapy resistance are the major stumbling block
for successful treatment of tumors [13,-16]. The
other disadvantage of systemic chemotherapy is
induction of second malignancies due to
genomic damge in the normal cells [17].
Therefore screening of newer paradigms that do
not trigger the development of adverse effects
and second malignancies are of crucial
importance. The natural products and plants can
provide the opportunity to develop non-toxic and
effective drug molecules to treat cancer.
Therefore the present study was undertaken to
evaluate the anticancer potential of Colocasia
gigantea in cultured HeLa cells.

The cytotoxic effect of any drug candidate/s can
be ascertained by MTT assay, which is a rapid
and standard technique to determine the
cytotoxicity of any drug/treatment. The viable
cells or metabolically active cells are able to
reduce 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide or MTT into
formazan by the action of mitochondrial
succinate dehydrogenase enzyme and the level of
activity is a measure of the viability of the cells.
The weaker the color formed, the more are the
dead cells. MTT assay has been used to test

cytotoxicity of numerous drugs in various cell
lines since its discovery [18]. The treatment of
HeLa and V79 cells with ethanol extract of
Colocasia gigantea caused a concentration
dependent rise in the cytotoxicity. There are no
reports regarding the evaluation of cytotoxicity
of ethanol extract of Colocasia gigantea.
However MTT assay has been used to
investigate the cytotoxic effects of other plants in
vitro [19-21]. The cytotoxic effect of CGE was
further confirmed by clonogenic assay, whch is
long term assay to study the toxicity of any agent.
The CGE treatment led to a concentration
dependent decline in the clonogenicity of HelLa
cells. The cytotoxic effect of ethanol extract of
Colocasia giganteahas not been studied yet.
However the other medicinal plants like
Tinospora  cordifolia, and  Aphanmixis
polystchya and synthetic molecules including
doxorubicin, daunorubicin and cytarabine have
been reported to alleviate the clonognonic
potential of cultured cells earlier [22-25]. Almost
all cancer cells are at increased oxidative stress,
which may be essential for progression and
development of tumor.

The tumors also express high level of
antioxidants to balance the increased oxidative
stress and this increased antioxidant level is
linked with the survival advantage in the tumor
cells and also it helps to develop resistance to
chemotherapy [26,27]. The excess oxidative
stress induced by chemotherapeutic drugs is
responsible for cell death as it stimulates various
mechanism of cell death including non-apoptotic
form of cell death [28]. Lipid peroxidation is a
measure of oxidative stress as the products of
lipid peroxidation damage the important
macromolecules like proteins and nucleic acid
which final lead to death of the cell [29,-31]. The
CGE increased the oxidative stress in a
concentration and time dependent manner and
this may be the reason for effective cell killing in
the present study. Most of the chemotherapeutic
agents kill neoplastic cells by increasing
oxidative stress in the tumor cells [32,33].
Malondialdehyde (MDA) is a major product of
lipid peroxidation [34]. MDA has the ability to
react with nucleic acid bases and form adducts to
dG, dA, and dC [35]. Lipid peroxidation has
been implicated in the pathogenesis of a number
of diseases including cancer due to its ability to
damage DNA and subsequent mutations in the
tumor suppressor genes [30,36]. This property of
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lipid peroxidation may be responsible for killing
tumor cells in the present study. The glutathione
is the most abundant non-protein intracellular
antioxidant that has diverse role in numerous
physiological processes [37].

The increase in glutathione has been implicated
in tumor progression and resistance to
chemotherapy and reduced glutathione levels
have been reported to kill tumor cells more
effectively [38-42]. A similar mechanism seems
to operational in the present study where the
treatment of HeLa cells with CGE has reduced
the GSH concentration in a time and
concentration dependent manner. The enzyme
GST catalyzes the nucleophilic attack of
glutathione (GSH) on electrophilic substrates by
binding with glutathione on its hydrophilic G-
site and its adjacent H-site with the electrophilic
substrates to bring them in a close proximity.
They also activate the sulthydryl group on GSH,
thereby allowing for nucleophilic attack of GSH
on the electrophilic substrate [43].

Elevated levels of GST in tumor cells are
associated with increased resistance to apoptosis
[44,45]. The CGE reduced the GST activity in a
concentration and time dependent fashion that
may have induced effective killing of HeLa cells.
Various GST inhibitors have been shown to
modulate drug resistance by sensitizing tumor
cells to anticancer drugs [46,47]. Catalase or
oxidoreductase is present in all organisms and it
detoxify H202 into water and oxygen and it is
also involved in various other processes. High
levels of catalase have been reported in patients
with lung cancer, whereas decreased levels of
catalase were indicated in breast cancer, head
and neck cancer, gynaecological cancer,
lymphoma, prostate cancer and urological cancer
[48]. The over expression of catalase has been
reported to reduce the apoptosis in tumor cells
after chemotherapy [49]. The treatment of HeLa
cells with CGE depleted the activity of catalase
in concentration and time dependent manner,
which would killed the HeLa cells effectively.

The mechanisms of cell killing by CGE are
mostly not understood. However present study
makes it very clear that CGE administration has
increased the lipid peroxidation more than 6 fold
thereby leading to a rise in the oxidative stress,
which would have damaged the cellular DNA,
other biomolecules and membranes killing the

cells. The alleviated levels of GST, catalase and
GSH would have further increased the oxidative
stress and added insult to injury killing the HeLa
cells effectively. The cancer and cancer cell lines
over express the COX-II and nuclear
transcription factors NF-kB and Nrf2 and they
are also involved in resistance to tumor therapy
[50-52]. The suppression of transcriptional
activation of these genes by CGE may have
played an important role in effectively killing the
cells. The induction of apoptosis and activation
of p53 and related proteins may have also
contributed their share in bringing cell death.

CONCLUSIONS

The present study clearly demonstrates the cell
killing ability of CGE and the cell killing may be
due to the increased LOO, accompanied by a
decline in the GSH, GST and catalase, that would
have increased the oxidative stress that may have
triggered the DNA, protein and membrane
damage killing the cells effectively. CGE may
have also suppressed the activation of COX-II,
NF-kB and Nrf2 elements that may have induced
apoptotic cell death. The over expression of p53
and related proteins may have also contributed to
cell death in the present study.
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