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ARTICLE INFO ABSTRACT

Coumarins are a group of plant-derived polyphenolic compound, serve as antimutagenic, anti-
proliferation and anti-carcinogenesis in various in vitro and in vivo models. A polyphenolic acetate
i.e. Ellagic Acid Peracetate (EAPA) has been known as an antimutagenic that prevents AFB1-evoked
genotoxicity in bone marrow and lung cells in vivo model. In this study Ellagic Acid Peracetate
(EAPA) was examined for its anticancer activity in Non-Small Cell Lung Cancer cells. To determine
the mechanism of its action, cell viability, cell cycle arrest, apoptosis and expression of p21 and NF-
ҡB genes were analysed by MTT, flow cytometric and real-time PCR (RT-PCR) assays. EAPA
treatment causes decreased viability of A549 cells in a dose as well as time-dependent manner and
triggered apoptosis and cell cycle arrest by flow cytometric assayed in A549 cells. EAPA also up
regulated p21 and NF-ҡB genes as analysed by real-time PCR (RT-PCR) assay and suggest
implication of these genes in the underlying mechanism of EAPA-elicited apoptosis and cell cycle
inhibition in A549 cells. Our data supports EAPA to be an efficacious cytotoxic drug in lung
adenocarcinoma treatment.

Copyright © 2017 Anju Sharma, Vishwajeet Rohil et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Annually, 1.8 million new cases of lung cancer are reported,
therefore becoming most common cancer in the world,
contributing to 13% of the total number of newly diagnosed
cancer cases. Mortality wise also it is the most common cancer
as 1.59 million deaths (contributing to 19.4% of the total
number of deaths) are registered annually (Ferlay et al., 2013).
Despite advanced diagnostic and operative techniques and
other therapies like chemotherapy and radiation therapy, the 5-
year survival rate in lung cancer patient has only recently
improved to <15% (Goel et al., 2007). Limitations of these
therapies made lung cancer a major clinical problem and
require new effective chemopreventive and therapeutic agents.
The search for more effective but less toxic anticancer agents
has created immense curiosity in compounds derived from
natural sources such as phytochemicals attributable to its
potential health benefits. One such class of phytochemicals is
Coumarin (1,2-benzopyrone), a polyphenolic compound

obtained from Cinnamon bark (Mirunalini and
krishnaveni,2011). Coumarins and its derivatives, due to their
diverse biological and pharmacological activities have
captured substantial interest in recent years.

Among coumarin derivatives, Ellagic acid (EA) is a
biscoumarin present in nuts like walnuts, vegetables such as
pecans and fruits like pomegranates, raspberries, strawberries,
grapes etc. (Bisen et al.,2012). Several studies in various in
vitro and in vivo models reported to possesses various
properties such as antimutagenic, anti-inflammation, anti-
proliferation and apoptotic activity (Kim et al., 2013, Rogerio
et al.,2008, and Singh et al.,1999). EA also exhibits potent
anticancer activities in various cancers like oral, prostate,
pancreatic, esophageal, liver and leukemia (Bisen et al.,2012,
and Chung et al.,2013). In human bladder cancer, EA
increased the expression of p53 and p21 genes and whereas,
decreases the CDK2 gene expression and may evoke G0/G1
arrest (Li et al., 2005) and also results in apoptosis of cervical
carcinoma (Ca Ski cells) in humans (Narayanan et al., 1999).
EA prevents chemical induced carcinogenesis by altering the
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environmental toxins metabolism and hence it can serve as an
efficacious anticarcinogenic agent. It also inhibits aflatoxin B1
(AFB1) induced mutagenesis in salmonella strains and
restrained DNA strand breaks evoked by radiation in
lymphocytes of rats (Narayanan et al., 1999, and Soni et al.,
1997).

Our study have expanded the investigation to an acetoxy
derivative of Ellagic Acid i.e. Ellagic Acid Peracetate (EAPA).
The structure of Ellagic Acid and its acetylated derivative
Ellagic Acid Peracetate is shown in fig.1. Ellagic acid
peracetate (EAPA) is an acetoxy biscoumarin found to be
more potent in preventing genotoxicity induced AFB1 by in
lung cells and bone marrow than Ellagic Acid (EA). EAPA has
exhibited epoxidation of AFB1-as detected by binding of
AFB1 to DNA, catalysed time-dependent inhibition of liver.
EAPA in presence of microsomal acetoxy drug:protein
transacetylase (TAase), reported to modulate the catalytic
activity of various enzymes like NADPH cytochrome c
reductase, cytochrome P450 and glutathione -S-transferase
(Kumar et al., 2007). As EAPA has shown more antimutagenic
potential than EA in vivo and in vitro, and therefore in this
study, we investigated the anticancer activity of EAPA in
Human Non-Small Cell Lung Cancer Cells (A549 cell line). It
is the first study, that demonstrates an antiproliferative effect
of EAPA on Human Non-Small Cell Lung Cancer A549 cells.
EAPA was found to induce apoptosis and cell cycle arrest and
through activation of p21 and NF-ҡB genes in human lung
cancer A549 cells. Hence, our data supports EAPA to have
potential antitumorigenic activity and in future might be an
efficacious cytotoxic drug for the treatment of lung
adenocarcinoma.

MATERIALS AND METHODS
Chemicals and reagents

Fetal bovine serum and Dulbecco's modified Eagle's medium
(DMEM) were procured from GIBCO, Life Technologies,
Rockville, MD, USA, Dimethyl sulfoxide (DMSO), (3-(4,5-
dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide)
(MTT) is one compound, trypsin, EDTA, penicillin,
streptomycin and amphotericin, propidium iodide and
ribonuclease A were purchased from Himedia Laboratories,
Mumbai, India. Annexin V–FITC Apoptosis Detection Kit
Plus obtained from BioVision, USA.  RNASure Mini kit
procured from Nucleo-pore, Genetix Biotech, New Delhi,
India. High Capacity RNA-to- cDNA Master Mix and TaqMan
Gene Expression Assays for p21, NF-ҡB and Beta –actin
genes were obtained from Applied Biosystems, CA, USA.

Synthesis of ellagic acid peracetate (EAPA)

According to Roshchin & Dzhumyrko (1972) protocol as
described earlier, Ellagic acid peracetate (EAPA) was
synthesized (Kumar et al., 2007).

On the basis of the techniques like spectral (1H, 13C NMR and
mass) data and melting points, the purity and structure of the
compounds was analyzed. Stock solutions of EAPA were
constituted in DMSO and stored at -20oC.

Cell culture

Human Non-Small Cell Lung Cancer Cells (A549 cell line)
were procured from the National Center for Cell Science,
Pune, India. The cells were cultured in DMEM medium having
fetal bovine serum 10% (v/v), streptomycin (100 μg/ml),
amphotericin (0.25 μg/ml) and penicillin (100 units/ml) in a
humidified CO2 atmosphere (5%) (Goelet al., 2009) and
subcultured with 0.25% (w/v) trypsin - 0.53mM ethylenediamine
tetraacetic acid (EDTA) solution. In all the experiments,
logarithmically growing cells were used for the treatment.

Cell viability assay

3-(4,5-dimethyl thiazol-2yl)-2,5-diphenyltetrazolium bromide
MTT assay was used to determine the viability of cells. Cells
were grown in 96-well microtiter plates and EAPA treatment
was given at various concentrations (0-250μM) in triplicates,
for various time intervals (12-60 h).Vehicle controls taken
were the cells treated with 0.1% DMSO. Subsequently, to each
well was added 100 μl MTT (5 mg/ml) and incubated at 37 oC
for 4 h in dark. Formazan crystals formed after the incubation
was dissolved using 100 μl DMSO and the absorbance at 570
nm was measured in an ELISA reader (Goel et al., 2007). The
viability of cells was calculated by using: % cell viability =
(mean absorbance in EAPA treated wells)/(mean absorbance
in control well)×100 (Goel et al.,2009). The different
concentrations and time intervals were chosen to observe the
effect of EAPA in dose and time dependent response, showing
mild toxicity to the A549 cells at higher dosage concentration.
The effect of EAPA was observed after 48 h and its IC50 value
was found to be 150 μM. Therefore the duration of EAPA
treatment was kept constant at 48 h for all the experiments.

RNA isolation and cDNA preparation

1x 106 cells were harvested from vehicle-treated Cells and
EAPA treated cells at different concentrations (0-200μM) for
48 h and washed twice in PBS. RNASure Mini kit from
Genetix Brand was used to extract total RNA according to the
manufacturer’s protocol. Quantification and purity of total
RNA isolated was further checked by using NanoDrop 2000
from Thermo Scientific. cDNA synthesis from isolated total

Fig.1 Structure of Ellagic acid (EA) and its acetoxy derivative Ellagic acid peracetate (EAPA)
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RNA was done by using High Capacity RNA-to-cDNA mix by
Applied Biosystems containing with dNTPs (dATP, dCTP,
dGTP, dTTP), MgCl2, reverse transcriptase, recombinant
RNase inhibitor protein, Oligo (dT) primers, random primers
and stabilizers. Concisely, total RNA (500 ng) was reverse
transcribed in a 20μl reaction using following thermal cycler
conditions: 5 mins at 25oC, 30 mins at 42oC, 5 mins at 85oC
and was finally hold at 4oC and all the cDNA samples were
stored at -70oC.

Real-time PCR

TaqMan® gene expression master mix and TaqMan® gene
expression assays was used to perform Real-time PCR. The
master mix from Applied Biosystems contains 900 nM of two
unlabeled primers each and 250 nM TaqMan® MGB probe
labeled with 6-FAM™ dye and uses 50 ng of each cDNA
sample. Following primers with their respective reference id:
p21(Hs00355782_m1), NF-ҡB gene (Hs00765730_m1) were
used and endogenous control was used β-Actin
(Hs99999903_m1) for normalization. On ABI StepOne™
system was performed Real-time PCR, under the following
conditions: 10 mins at 95°C followed by 40 cycles of 15 s at
95°C and 1 min at 60°C. Comparative CT method (∆∆CT

method) was used to carry out relative quantification of genes.

Apoptosis

Annexin V-FITC Apoptosis detection kit plus from Bio-Vision
was obtained and apoptosis measured by phosphatidylserine
surface exposure in apoptotic cells by using according to the
manufacturer’s protocol. Concisely, 5x105 cells were collected
after EAPA treatment at different concentrations (0-200μM)
for 48 h and vehicle-treated cells were used as control. 500 μl
of 1X Binding buffer was used to resuspend the cells and then
Annexin V-FITC (5 μl) and SYTOX Green dye (1 μl) was
added and incubated at room temperature for 5-10 mins in the
dark. The Cell-QuestTM software (Becton Dickinson, CA,
USA) was used to examine stained cells by flow cytometry
(Ex=488 nm; Em=530 nm). All the experiments were done in
triplicates.

Cell cycle analysis

For flowcytometric analysis of cell cycle distribution, A549
cells were treated EAPA at different concentrations (0-200μM)
for 48 h and with 0.1% DMSO (vehicle control). After
incubation, the cells were trypsinized and 1×106 cells collected
by centrifugation and rinsed with phosphate-buffered saline
(PBS). Cells were fixed in ice-cold 70% ethanol and treated
with RNase (1mg/ml) at 37oC for 30 min and stained with
Propidium Iodide (50 μg/ml) to labeled intracellular DNA. The
prepared samples were incubated in dark at 4◦C and analysed
via flow cytometry (FACS Vantage Becton Dickenson, USA).
The percentage of cells distribution among different phases of cell
cycle was examined using Cell-QuestTM software (Becton
Dickinson, CA, USA) (Goel et al., 2007, and Goel et al., 2009).

Statistical Analysis

SPSS 20.0 statistical package was used to conduct
statistical analysis and the data was expressed as the
mean ± S.E.M and student’s two tailed t-test was applied
to assess the difference between groups. ‘p’ value < 0.05
was identified as statistically significant.

RESULTS
Effect of ellagic acid peracetate on Cell viability

First, to determine the cytotoxic effect of EAPA on cell growth
and viability of cell, A549 cells were treated with EAPA at
various concentrations (0–200μM) and viability of cells was
determined using MTT assay. Post 48 h EAPA treatment, the
cytotoxic effects in A549 cells were found to be dose related,
as shown in Fig. 2. IC50 value for A549 was 150μM and the
possible minimum nontoxic dosage for EAPA was fixed to be
150μM which was relatively similar to its parent compound
ellagic acid as reported in the literature (Rogerio et al.,2008).

The cytotoxicity of EAPA on A549 cells was further assessed
by time–dependent experiment. We observed no apparent
effect of EAPA on A549 cells viability till 24 h exposure,
irrespective of EAPA dosage. Nevertheless, a trend of
reduction in viability of A549 cells with increased EAPA
dosage was seen after 36 h exposure (Fig. 2) and cell viability
was reduced significantly following 48h exposure in a dose
dependent manner (Fig. 2). This trend of decrease in cell
viability continued further till 60h exposure of EAPA as
shown in Fig. 2. Hence, above results demonstrate EAPA
induced cell death is dependent on dose as well as time of
exposure in A549 cells. The exposure of EAPA to A549 cells
for 48 h had produced more significant cytotoxic effect and
thus following conditions were taken in the our further
experiments to examine the underlying process linked to the
cytotoxicity evoked by EAPA at different concentrations (0–
200μM).

Effect of ellagic acid peracetate on p21 gene expression in
A549 cells

To study the mechanism related to EAPA elicited cell death,
we examined its effect on the expression of the genes (NF-ҡB
and p21) regulating apoptosis and cell cycle arrest. After 48 h
of incubation with ellagic acid peracetate at different
concentration (0–200μM), Real-time PCR was performed (Fig.
3). mRNA levels were found to be increased after treatment
with Ellagic Acid Peracetate as compared to control as shown
in Fig. 3. EAPA showed 2.79 to 3.73-fold (p < 0.01) increase
in the p21 mRNA levels at 50μM and 100μM concentration.
Whereas, at IC50 (150μM) (Fig. 3) EAPA induced a
significant 7.69-fold (p < 0.01) increase in mRNA levels
compared to control and this fold change was further increased
to 8.90-fold (p < 0.01) at 200 μM of EAPA. So, as the

Fig.2 Effect of EAPA on viability of A549 cells analyzed in a dose as well as time
dependent response was evaluated by MTT assay. (1×104cells/well) were seeded
into 96-well plates and allowed to adhere overnight. Next day, cells were treated
with increasing concentrations of EAPA (0–200μM) at different time intervals (12-
60 h) and 0.1% DMSO was used as control. The IC50 drug concentration of EAPA
was calculated according to dose response experiment and it was found to be 150
µM at 48 hrs. Each data represents mean ± S.E.M. from three independent
experiments and performed in triplicates.*p< 0.05.
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concentration of EAPA was increased it leads to statistically
significant induction in the fold change of p21 gene
expression. Therefore, there might be a role of enhanced p21
gene expression that resulted in decreased viability of A549
cells.

Effect of ellagic acid peracetate onNF-ҡB gene expression in
A549 cells

Nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-ҡB) gene is known to regulate various cellular events like
apoptosis, cell cycle and also immune responses. Therefore,
NF-ҡB gene expression was analysed post 48 h of treatment
with ellagic acid peracetate at different concentration (0–
200μM) (Fig. 4) by Real-time PCR. After EAPA treatment,
increase in the mRNA levels was observed from 1.68 to 2.72-
fold (p < 0.01) at 50μM and 100μM concentration as shown in
Fig. 4. However, EAPA at its IC50 concentration was found to
be 150μM, showed a significant increase of 6.31-fold (p <
0.001) in NF-ҡB mRNA levels as compared to control and it
was further raised to 7.92-fold (p < 0.001) at 200 μM of EAPA
(Fig. 4). Hence, increased EAPA concentration causes
enhanced expression of NF-ҡB gene and it suggests that
induced NF-ҡB gene expression was associated with increased
cell death of A549 cells.

Apoptotic cell death by ellagic acid peracetate

The apoptosis detection in EAPA treated A549 cells were done
using by Annexin V-FITC kit using Flow cytometer. It is

based on the principle that the soon after initiation of
apoptosis, translocation of membrane phospholipid
phosphatidylserine (PS) occurs from plasma membrane inner
face to the cell surface, then this phosphatidylserine (PS) was
stained with a protein Annexin V-FITC fluorescent conjugate,
as it has a strong natural affinity for PS and can be easily
detected. On the basis of positive cells at 48 h as compared to
control (Figs. 5A and 5B). As shown in Figs. 5A and  5B, the
annexin positive percentage of cells increased from
28.93±0.98% to 40.17±1.12% (p<0.001) as EAPA
concentration raised 50μM(Figs. 5A(ii) and 5B) to 100μM
(Figs. 5A(iii) and 5B) as compared to 5.27±0.57% in vehicle
treated A549 cells (Figs. 5A(i) and 5B). The apoptotic % of
A549 cells was further significantly raised to 50.27±1.23%  (p
< 0.001) at the lowest IC50 concentration(150μM) (Figs.
5A(iv) and 5B) of EAPA and at 200 μM of EAPA (Figs. 5A(v)
and 5B), where apoptotic % of cells increased to 60.74±1.22%
(p < 0.001)  as compared with control (5.27±0.57%) (Fig. 5A
(i) and 5B). Therefore, the data of Annexin V also validate
suppression of cell growth is dose dependent in EAPA treated
A549 cells (Fig. 5B). These observations demonstrated that
EAPA quantitatively mediate repression of A549 cell growth
through trigger of apoptosis.

Fig.5. (A) AnnexinV-FITC binding in A549 cells showing
apoptotic induction in A549 cells. As apoptosis initiates,
phosphatidylserine (PS) translocated to cell surface there it
was stained with a fluorescent conjugate of Annexin V-FITC
and detected by flow cytometry. On the basis of fluorescence,
the cell populations was further distinguished and subdivided
into live cells representing M1 phase, apoptotic cells in M2
phase and cells undergoing necrosis in M3 phase as shown.
A549 cells treated at various concentrations of EAPA (0–
200μM)(i) vehicle treated control(0.1% DMSO), (ii) cells
treated with 50 μM of EAPA, (iii) cells treated with 100 μM of
EAPA, (iv) cells treated with 150 μM of EAPA, and (v) cells
treated with 200 μM of EAPA for 48 h. Fig. (B). The apoptotic
% of cells in EAPA treated A549 cells  at varying
concentration of EAPA (0–200μM) showing dose dependent
increase in Annexin V-positive cells at 48 h as compared to
control. Each data represents mean ± S.E.M. from three
independent experiments.* < 0.05.

Fig.3 Effect of EAPA on the expression of p21 gene in A549 cells.
A549 cells were treatedwith varying EAPA concentration (0–200μM)
for 48h and relative quantification of p21waf1/cip1 mRNA levels were
analysed by real-time quantitative RT-PCR. Expression levels were
normalized using beta-actin as an endogenous control gene and
expressed as the ratio to control cells. The data is expressed as means
± S.E.M *p < 0.05 and are reported from the averages of three
independent experiments.

Fig.4. Effect of EAPA on the expression of NF-ҡB gene in A549 cells. A549
cells were treatedwith varying EAPA concentration (0–200μM) for 48h and
relative quantification of NF-ҡB mRNA levels were analyzed by real-time

quantitative RT-PCR. Expression levels were normalized using beta-actin as
an endogenous control gene and expressed as the ratio to control cells. The

data is expressed as means ± S.E.M *p < 0.05 and are reported from the
averages of three independent experiments.
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Ellagic acid peracetate induced cell cycle arrest and
apoptosis in A549cells.

Based on EAPA induced sensitivity of cells to apoptosis, we
further investigated changes in the cell cycle in order to
comprehend the underlying potential mechanism of apoptosis
initiation, which is often followed by changes in kinetics of
cell cycle. To study the cell cycle arrest, cells were fixed in
ethanol after EAPA treatment and stained with propidium
iodide and analysed by flow cytometry. In Fig. 6, EAPA
treated cells as compared to control, showed increase cells
proportion in the sub-G1-peak of apoptosis, which was
associated with reduction in number of cells in G0/G1, G2/M
and S phase.

Fig.6.(A).Cell-cycle arrest in A549 cells by EAPA. A549 cells
after EAPA treatment were fixed in ethanol, stained with
propidium iodide and analyzed for cell cycle phases (G0/G1,
G2/M and S) and sub-G1 group representing apoptosis by flow
cytometry. A549 cells treated at various concentrations of
EAPA (0–200μM).i) vehicle treated control (0.1% DMSO), ii)
cells treated with 50 μM of EAPA, iii) cells treated with 100
μM of EAPA, iv) cells treated with 150 μM of EAPA, and v)
cells treated with 200 μM of EAPA for 48 h.(B). The
distribution of cells in different phases of cell-cycle in EAPA
treated A549 cells. EAPA treated cells as compared with
vehicle treated control shown increased proportion of the cells
in the sub-G1-peak of apoptosis, which was associated with
reduction in number of cells in G0/G1, G2/M and S phase.
Each data represents mean ± S.E.M. from three independent
experiments.* < 0.05.

Fig. 6B shows the cells distribution in distinct phases of cell-
cycle in EAPA treated A549 cells. In vehicle treated A549
cells, 3.64±0.16% cells were in sub-G1-peak, 68.34±4.98% in
G0/G1, 15.45±3.65% in S, and 12.46±1.43% in G2/M phase,
respectively (figs. 6A(i). Whereas, upon EAPA treatment, the
percentage of cells in sub-G1-peak increased to 32.69±0.57 %
and 41.26±1.13% (p < 0.001)   at 50μΜ (Figs. 6A(ii) and
100μM(Figs. 6A(iii)), which further raise significantly to
51.38±1.6% (p < 0.001)  at its IC50 concentration (150 μM),
(Figs. 6A(iv)) and 60.56±1.24%(p < 0.001)   at 200 μM EAPA
(Fig. 6A(v). Whereas, cells percentage decreased in G0/G1
phase were observed with increase in the concentration of
EAPA to 49.49± 2.43%(50μM) (p < 0.01),

43.13± 0.9%(100μM) (p < 0.001) , 34.48±0.58%(150μM)
(p<0.001) , 27.35±1.27%(200μM) (p < 0.001) as compared to
68.34±4.98% of cells in control. Likewise, percentage of cells
in S-phase decreased to 10.42± 0.57%(50μM) (p<0.01),
8.64± 0.52%(100μM)(p<0.001), 8.00±0.65%(150μM) (p <
0.001)  and 7.43±0.24%(200μM) (p<0.001)  as compared to
15.45±3.65% of cells in control. Similarly, G2/M phase cells
also showed reduction in cells to 7.28± 1.18 %( 50μM) (p <
0.01), 6.76± 0.21 %( 100μM) (p < 0.001), 5.96±0.46%
(150μM) (p < 0.001), 4.56±0.31% (200μM) (p < 0.001) in
comparison to control having 12.46±1.43% of cells in G2
phase, respectively.

These flow cytometry results demonstrated cell cycle arrest
mainly at G0/G1 phase and were also supplementary indicators
of apoptosis. In our study, as the cells used were not
synchronized so it was hard to conclude that A549 cells went
into apoptosis from which phase of the cell cycle. All these
findings, also suggest that polyphenolic acetate, EAPA was
found to be potent in triggering cell cycle inhibition and
apoptosis in A549 cells.

DISCUSSION
In recent years in search for more effective and less toxic
novel anticancer agents, researchers have shifted focus on
natural occurring products derived from plant like
phytochemicals and its synthetic analogues. Phytochemicals
like coumarins and ubiquitous bioactive compounds exhibits an
extensive array of pharmacological properties like
anticarcinogenic, anti-proliferation, anti-oxidation, anticoagulant
and antimutagenic thus making it a potential candidate for drug
development (Mirunalini and krishnaveni, 2011). Coumarins
reported to have inhibitory effect on the growth of cells and
trigger apoptosis in various types of cancer cells (Finn et
al.,2004) . Coumarins daily intake up to 7 g, have shown no
adverse effects in humans, even after continuation of treatment
for two weeks (Rosskopf et al.,1992). The major focus of our
study was to examine the potential of polyphenolic acetate, an
acetoxy biscoumarin, Ellagic Acid Peracetate in relation to
apoptosis. This study for the first time clearly demonstrates
that EAPA treatment in A549 cells initiated apoptosis in a dose
(0–200μM) as well as time-dependent manner (0-60 h). Ellagic
acid peracetate at 50, 100, 150 and 200 μM concentration,
induced cell cycle arrest and apoptosis which was found to be
statistically significant and the lowest possible nontoxic
dosage (IC50 value) for EAPA as determined by MTT assay
was found to be of 150μM for A549 cells. A549 cells exposure
to EAPA for 48 h resulted in significant cytotoxic effect.

Several characteristics like cell shrinkage, DNA fragmentation
and exposure of phosphatidylserine to the surface of plasma
membrane, distinguish apoptosis from necrosis. These
hallmarks are the consequence of initiation of the apoptotic
pathways such as extrinsic pathway or intrinsicpathway or
both (Debatin, 2004, Danial and Korsmeyer, 2004, and Goel et
al., 2009). Our Flow cytometry results of Annexin V-FITC
assay, clearly demonstrates phosphatidylserine translocation,
which further confirms that it is due to apoptosis, the EAPA-
evoked cell death in A549 cells. In our study, we have further
explored that EAPA-induced apoptosis can possibly occur
dependently of cell cycle arrest. The flow cytometer results of
the cell cycle analysis using Propidium Iodide, has clearly
shown that proportion of the cells in the sub-G1-peak
increased, representing apoptosis and mainly G0/G1 cell cycle
arrest. However, it is difficult to predict from which phase of
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cell cycle, A549 cells went into apoptosis, as cells were not
synchronized. Hence, our results suggest that Ellagic Acid
Peracetate was able to induce cell cycle arrest and apoptotic
cell death in A549 cells, in a dose-dependent manner, as
detected by presence of hypodiploid nuclei by Flow cytometry.

Apoptosis is an intricate phenomenon where numerous genes
are implicated in the regulation of apoptotic cell death (Goel et
al.,2007). Therefore, we also investigated the mechanism
underlying EAPA evoked cell cycle arrest and apoptosis in
A549 cells. We in particular analysed the crucial elements like
the checkpoint regulating element of the cell cycle i.e. p21
gene and activation of NF-κB gene which concomitant with
release of apoptogenic factors, in EAPA-triggered cell cycle
arrest and apoptosis. There are various studies reported in
literature, which describe p21 and NF-κB gene mediated
apoptosis in cancer cells. In this study, increased expression of
p21 and NF-κB gene was found to be associated with
enhanced apoptosis in EAPA treated A549 cells. p21 / WAF1
is also known as cyclin-dependent kinase inhibitor, it binds to
cyclinE/CDK2 or cyclinD/CDK4 complexes and it inhibits
their activity, and therefore, function as a regulator of cell
cycle progression at G1 phase (Sherrand Roberts, 1999). In
other studies pro-apoptotic role of p21 was also reported,
where drug treatment like cisplatin in human glioma cancer
cells, showed p21 up-regulation was related to increased
apoptosis and ectopic expression of p21 promoted cell growth
inhibition resulted in increased apoptosis in ovarian carcinoma
(Kondo et al.,1996, Lincet et al.,2000 and Piccolo et al.,2012).
In our study, EAPA treated A549 cells exhibit increased
expression of p21, like its parent compound ellagic acid (EA),
which in human bladder cancer cells (T24) was reported to
increase the expression of Cip1/p21 gene causing cell cycle
arrest  at G0/G1-phase and apoptosis and also inhibits cell
proliferation in ES-2 and PA-1 cell lines of ovarian
carcinoma(Chung et al.,2013, Li et al., 2005). Our Real time
pcr assay results, also demonstrated that ellagic acid peracetate
elevated the expression of p21 gene, which triggered cell cycle
arrest and finally leads A549 cells to apoptotic cell death.

NF-κB is a ubiquitous transcription factor that modulates
immune response, apoptosis and cell cycle by altering the
levels of numerous genes expression (Ghosh et al.,1998). NF-
ҡB has been reported as a dual functional molecule having
both anti-apoptotic as well as pro-apoptotic  function and it has
been reported that certain chemopreventive agent suppress it,
whereas other carcinogens triggers NF-ҡB (Goel et al., 2009).
However, paradoxically various chemotherapeutic agents like
1-b-D-arabinofuranosylcytosine or etoposide, doxorubicin,
anthracycline and its analogues are known to induce the pro-
apoptotic NF-ҡB activity and thus stimulation of  NF-κB
mediates apoptosis in HL-60 and other cell types (Goel et al.,
2009, Ashikawa et al.,2004, Bessho et al.,1994, and Bednarski
et al., 2009). In our study, we observed that in EAPA treated
A549 cells, there is an increase in the expression of NF-ҡB
gene and this is in contrast to its parent compound ellagic acid
(EA), where it repressed NF-ҡB in Dalton's lymphoma bearing
(DL) mice and lead to inhibition of inflammatory mediators
production (Mishra et al., 2013) and also in 1,2-
Dimethylhydrazine-elicited rat colon (Umesalma et al.,2010).
As reported earlier, there are several other acetoxy coumarins
like 7,8-diacetoxy-4-methylthiocoumarin (DAMTC) and 7,8-
diacetoxy-4-methylcoumarin (DAMC) that required activation
of NF-ҡB to trigger apoptosis and thus dependent on NF-ҡB
associated pathway (Goel et al., 2009) and therefore, our

results are in accordance with the literature. Hence, altogether
our findings also suggest apoptosis triggered in EAPA treated
lung cancer cells was mediated by NF-ҡB.
In conclusion, our study exhibited for the first time, EAPA
induced apoptosis in a dose as well as time-dependent manner
in A549 cells. Our results suggest that activation of p21 and
NF-ҡB were major players in the process of EAPA-induced
antiproliferative activity, apoptosis and inhibition of cell cycle
in NSCLC cells (A549). Hence, ellagic acid peracetate
demonstrate antineoplastic activity, through initiation of
apoptosis and cell cycle arrest. Therefore, we believe that our
data strongly support that EAPA possess potent therapeutic
properties and would also contribute towards the development
of EAPA in the future, as prospective chemopreventive or
chemotherapeutic agent for the treatment of Non Small Cell
Lung Cancer. Nevertheless, in future studies focusing on cell
signalling and involving animal models (in vivo) would help
further to explicate the multiple mechanisms implicated in the
growth-inhibitory effects and also analyze therapeutic
competence of EAPA in Non small cell lung cancer treatment.
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