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EMR‐I

In this study, antitumor activity of epigallocatechin gallate (EGCG; major component

of green tea polyphenol), eugenol (active component of clove), and amarogentin

(active component of chirata plant) either alone or in combination were evaluated in

Hela cell line. It was evident that EGCG with eugenol–amrogentin could highly inhibit

the cellular proliferation and colony formation than individual treatments. Induction

of apoptosis was also higher after treatment with EGCG in combination with

eugenol–amrogentin than individual compound treatments. The antiproliferative

effect of these compounds was due to downregulation of cyclinD1 and upregulation

of cell cycle inhibitors LIMD1, RBSP3, and p16 at G1/S phase of cell cycle. Treatment

of these compounds could induce promoter hypomethylation of LimD1 and P16

genes as a result of reduced expression of DNA methyltransferase 1 (DNMT1). Thus,

our study indicated the better chemotherapeutic effect of EGCG in combination with

eugenol–amarogentin in Hela cell line. The chemotherapeutic effect might be due to

the epigenetic modification particularly DNA hypomethylation through downregula-

tion of DNMT1.
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1 | INTRODUCTION

Green tea polyphenol epigallocatechin gallate (EGCG) is a potent

chemopreventive and chemotherapeutic agent as evident from

several studies (Singh, Shankar, & Srivastava, 2011). It could

modulate multiple cellular signaling and metabolic pathways includ-

ing inhibition of cancer cell growth, invasion, metastasis, and

induction of apoptosis in different experimental animal models as

well as in cancer cell lines (Yang, Wang, Lu, & Picinich, 2009). EGCG

could restrict the cell cycle at G1/S checkpoint through hypopho-

sphorylation of retinoblastoma tumor suppressor protein (RB) and

upregulation of P21, P16 along with downregulation of CYCLIND1 in

different cancer cell lines and in vivo animal models (Liberto &

Cobrinik, 2000; Manna, Mukherjee, Roy, Das, & Panda, 2009). The

upregulation of P16 has been suggested to be due to its promoter

demethylation as EGCG could inhibit the DNA methyltransferase

activity in in vitro system (M. Fang, Chen, & Yang, 2007; M. Z. Fang

et al., 2003). The hypophosphorylation of RB is regulated by different

phosphatases, among them RBSP3 is important as it could depho-

sphorylate RB at Ser 807/811 at G1/S phase of cell cycle (Kashuba

et al., 2009). In addition, another tumor suppressor gene LIMD1, has

been shown to facilitate the RB‐E2F interaction leading to the

restriction of cell cycle at G1/S phase (Sharp et al., 2004). The

inactivation of RBSP3 and LIMD1 has been seen in different

carcinomas of oral, breast, and cervix as well as in mouse

hepatocellular carcinoma (Ghosh et al., 2010; Mitra et al., 2010; Pal

et al., 2012; Sinha et al., 2008). The association of EGCG in modulation

of LIMD1 and RBSP3 expression has not yet been studied.
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It has been seen that the chemopreventive–therapeutic potential

of EGCG could be enhanced by combinatorial treatment of different

antitumor antibiotic as well as natural compounds (Amin et al., 2010;

Stearns & Wang, 2011). The synergistic action of EGCG:cisplatin and

EGCG:doxorubicin was evident against growth of ovarian cancer cell

line (Yunos, Beale, Yu, & Huq, 2011) and colony‐forming ability of

prostate cancer cell line, respectively (Stearns & Wang, 2011).

Similarly, EGCG in combination with natural compounds like

curcumin, luteolin, sapogenin, and so forth could synergistically

inhibit the proliferative potential of different tumor cell lines (Amin

et al., 2010; Oya et al., 2017; Jin et al., 2017; Khafif, Schantz, Chou,

Edelstein, & Sacks, 1998). Thus, the combinatorial effect of EGCG

with other natural compounds should be screened for better

chemopreventive and therapeutic efficacies against tumor.

The cancer chemopreventive–therapeutic effect of eugenol

(4‐allyl‐2‐methoxyphenol), the active components of clove, has been

seen in different in vitro and in vivo models (Cortés‐Rojas, De Souza, &

Oliveira, 2014; Khalil et al., 2017; Pal et al., 2010). Eugenol treatment

could restrict the cell cycle at G1/S phase and induce apoptosis

through downregulation of E2F, CYCLIND1, and upregulation of P21

in different in vitro studies (Al‐Sharif, Remmal, & Aboussekhra, 2013;

Junior et al., 2016). Similar result also observed in skin carcinogenesis

mouse model (Pal et al., 2010). However, the effect of eugenol on

retinoblastoma tumor suppressor protein (RB) phosphorylation and

modulation of LIMD1 and RBSP3 during carcinogenesis has not yet

been studied. Amarogentin, a secoiridoid glycoside is the active

component of Swertia Chirata. The anticarcinogenic activity of this

compound was first reported in a mouse skin and liver carcinogenesis

model. In that study it was observed that amarogentin treatment

restricted liver carcinogenesis at dysplastic stage due to upregulation

of LIMD1, RBSP3, P16, and simultaneous downregulation of

CYCLIND1 and hyperphosphorylated RB (Pal et al., 2012; Saha,

Mandal, Das, Das, & Das, 2004). It could also induce apoptosis in liver

cancer cells (Huang, Li, Zhang, & Gong, 2016).

Thus in this study, attempts have been made to understand the

anticarcinogenic role of EGCG in combination with eugenol and

amarogentin for better chemopreventive and therapeutic efficacies.

For this study, the effect of EGCG, eugenol, and amarogentin

individually and in combination on cell proliferation, apoptosis, and

expression of some cell cycle regulatory genes like RB, ppRB, LIMD1,

RBSP3, P16, and DNA methyltransferase 1 (DNMT1) were analyzed

in a cervical cancer cell line Hela. Our data showed that EGCG–

amarogentin combination had better antiproliferative and proapop-

totic activity than EGCG–eugenol combination.

2 | MATERIALS AND METHODS

2.1 | Cell line and cell culture condition

Human cervical cancer cell line Hela obtained from National Centre

for Cell Sciences, Pune, India. Mouse embryonic fibroblast (MEF) cell

line was taken as normal cell line. This cell line was established in the

laboratory from a 15‐day‐old Swiss MEFs (Mukherjee & Das, 1992).

Both cell lines were maintained in minimal essential medium

supplemented with 10% fetal bovine serum, 2mM glutamine,

100 U penicillin, and 100 μg/ml of streptomycin. Cells were grown

at 37°C in a humidified CO2 incubator with 5% CO2. Refeeding with

fresh growth medium and subculturing (using 0.05% trypsin–EDTA)

of cells was done as per requirement.

2.2 | Drugs used and preparation of drug stock
solutions

EGCG (Sigma Chemical Co.) at 5mg/ml in sterile water; eugenol (Sigma

Chemical Co.) at 50mg/ml in dimethyl sulfoxide (DMSO); amarogentin

at 1mg/ml in 10% ethanol water stock solutions were prepared as

described previously (Manna et al., 2009; Pal et al., 2010).

2.3 | Cytotoxicity analysis

Cytotoxicity assay was performed with the sulforhodamine B (SRB)

dye according to the standard protocol (Sur et al., 2016). Cells

(5 × 103) were seeded into 96‐well plates. After 24 hr cells were

treated with different concentrations of EGCG (25–100 μg/ml),

eugenol (25–350 μg/ml), and amarogentin (25–350 μg/ml) for 48 hr

followed by fixation with 50% cold tricyclic antidepressant for 45min

at 4°C. The plate was then washed with distilled water and dried

followed by treatment with SRB (0.4% wt/vol in acetic acid) for

10min followed by washing with 1% acetic acid three times. Finally

bound SRB was dissolved in 10mM Trizma base. The optical density

was measured at 540 nm using a microplate reader. As untreated

solvent control, the cells were treated with corresponding solvents

(eugenol: DMSO; amarogentin: 10% ethanol). The cell growth

inhibition was plotted against different drug doses. The cell inhibition

due to only solvent was deducted from cell inhibition after drug

(dissolved in corresponding solvent) treatment to get the actual

effect of drug. Inhibitory concentration 50% (IC50) was calculated

using a logarithmic plot as described by Khafif et al. (1998). The

graphs were plotted between log(D) versus log(fa/fu). Log(D): log

value of doses of drugs; log(fa/fu): log of the ratio of cellular fraction

affected (fa) and fraction unaffected (fu) by drug treatment.

The combination index (CI) determined by using Chou–Talalay

method (Chou, 2010). The CI values <0.9: synergistic; values 0.9–1.1:

additive, and values >1.1: antagonistic were considered for the effect

of combinations of two compounds as described by Chou (2010).

The dose‐reduction index (DRI) is a measure of dose reduction of

each drug in a synergistic combination at a given effect level,

compared with the doses of each drug alone calculated according to

using Chou–Talalay method (Chou, 2010).

2.4 | Anchorage‐independent growth assay

This assay was carried out over soft agar (low melting point [LMP]

agarose) according to standard procedure (Borowicz et al., 2014).

Here cell suspension (20,000 cells) was mixed with top layer LMP

agarose (0.4%) and spread over already solidified base layer LMP
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agarose (0.8%) in six‐well plates. Cells were treated with drugs (at

respective IC50 value) individually and in combinations after 24 hr of

cell seeding. Cells were allowed to grow for 20 days with change in

media every 3 days interval and regularly monitored for colony

formation. After that cells were fixed and stained with 0.1% crystal

violet in 10% ethanol for 30min followed by washing excess dye.

Cells were then observed and photographed under a microscope

(Olympus ckzx 41, Tokyo, Japan). Colony size and numbers were

calculated under microscope and plotted against different experi-

mental groups and compared.

2.5 | Apoptosis analysis

Detection of apoptotic cells was assessed by the terminal deox-

ynucleotidyl transferase dUTP nick‐end labeling (TUNEL) method

using in situ cell death detection kit (Roche Molecular Biochemicals,

Manheim, Germany) according to standard procedure (Pal et al.,

2012). Cells (20,000 cells per cover slip) were grown and incubated

without or with drugs (at respective IC50 dose) for 48 hr. The cells

were fixed with 4% paraformaldehyde, and permeabilized with 0.1%

Triton X‐100 in 0.1% sodium citrate. After washing, cells were

incubated with the TUNEL reaction mixture for 60min at 37°C. The

stained cells were then analyzed with a fluorescence microscope

(Leica DM 4000 B; Wetzlar, Germany) at ×40 magnification and

photographed. Apoptosis positive cell percentage for each experi-

mental group is plotted graphically and compared.

2.6 | Expression analysis

2.6.1 | mRNA expression analysis

Total RNA was extracted from cells (1 × 106 per 100mm) without or

with drugs (at respective IC50 dose) treatment individually and in

combinations and incubated for 48 hr using TRIzol reagent according

to the manufacturer’s protocol (Pal et al., 2012). cDNA was

synthesized from the 10mg of total RNA with superscript III reverse

transcriptase (Life Technologies, Carlsbad, CA) according to manu-

facturer’s protocol (Pal et al., 2012). Gene expression was carried out

with power SYBR Green PCR Master Mix (Life Technologies,

Carlsbad, CA) in real‐time PCR (Roche) using specific primers

(Supporting Information document). Relative gene expression data

were analyzed using the −ΔΔ2 Ct method (Livak et al., 2002). Relative

expression analysis was performed in three replicates. Human

β2‐microglobulin gene (B2M) was used as endogenous control.

Relative expression was graphically represented.

2.6.2 | Protein extraction and western blot analysis

Protein was extracted from cells (1 × 106 per 100 mm) without or

with drugs (at respective IC50 dose) treatment individually and in

combinations for 48 hr. Cell lysate was prepared from both control

and treated cells by sonication with RIPA buffer (25 mM Tris–HCl

[pH 7.6], 150 mM NaCl, 0.1% Triton X‐100, 1 mM EDTA, 0.1%

sodium dodecyl sulfate [SDS], 1% sodium deoxycholate,

1 µg/ml aprotinin, 1 µg/ml leupeptin, 1 mM PMSF, 10 mM NaF,

and 1 mM sodium orthovanadate). Equal amount of proteins were

separated by 10–12% SDS–PAGE and then transferred to

polyvinylidine difluoride (PVDF) membrane (Millipore, MA, USA).

Membranes were incubated with 3–5% nonfat drymilk for

1–2 hr at room temperature followed by overnight incubation at

4⁰C with desired primary antibodies (Supporting Information

document; 1:500–1:1,000 in 1% nonfat dry milk) and correspond-

ing HRP‐conjugated secondary antibodies (Supporting Information

document; 1:2,000–1:10,000 in 1% nonfat dry milk) for 2 hr at

room temperature (Pal et al., 2012). The protein bands were then

visualized using luminol reagent and autoradiographed on X‐ray
film (Kodak, Rochester, NY). All the immunoblotting experiments

were performed in three replicates. The band intensities were

quantified using densitometric scanner (BioRad GS‐800; BioRad,
Hercules, CA). Peak densities of the proteins of interest were

normalized using peak density of loading control α‐tubulin.

2.6.3 | Immunocytochemical analysis

Monolayer cells (20,000 cells per cover slip) were grown on sterile

cover slip for 24 hr. Cells were treated without or with drugs (at

respective IC50 dose) individually and in combinations for 48 hr.

Cover slips were fixed with methanol at −20°C. Before staining cover

slips were rehydrated and washed with phosphate buffer saline (PBS)

for 30min. Endogenous peroxidase was blocked by 0.3% H2O2 in 1×

PBS for 5–10min. Cells were then permeabilized with 0.1% Triton X

for 15min. The nonspecific binding sites were blocked by 3–5%

bovine serum albumin (BSA) for 1–2 hr followed by overnight

incubation with primary antibodies (Supporting Information docu-

ment; 1:80–1:100 in 1% BSA) and fluorescein isothiocyanate–

conjugated secondary antibody (Supporting Information document;

1:500 in 1% BSA) for 1 hr. Cells were then treated with nuclear

staining dye 4′,6‐diamidino‐2‐phenylindole (1 µg/ml) for 1min and

washed repeatedly (Sur et al., 2016). Finally cover slips were glycerol

mounted on clean glass slides and photographed using fluorescense

microscope (Leica DM 4000 B; Leica, Germany).

2.7 | Methylation analysis

High‐molecular‐weight DNA was extracted according to standard

procedure (Dasgupta et al., 2002) from cells (1 × 106 cells per

100mm plate) treated without or with drugs (at respective IC50

value) individually and in combinations for 48 hr. After treatment

cells were harvested with trypsinization and DNA was extracted by

proteinase‐K digestion, followed by phenol–chloroform extraction

method (Dasgupta et al., 2002). The promoter methylation status of

LIMD1, RBSP3, and P16 were analyzed by PCR‐based methylation‐
sensitive restriction analysis (MSRA) method using methylation‐
sensitive HpaII enzyme (Roche Diagnostics, Mannheim, Germany)

and specific primers (Supporting Information document; Mitra et al.,

2010). Approximately 100 ng of DNA samples were individually

digested overnight with HpaII. β‐3A‐ADAPTIN gene (K1; 445 base
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pairs, bp) and fragment of RAR β2 exon‐1 (K2; 229 bp) were used as

digestion and integrity controls, respectively (Loginov et al., 2004).

Mock digestion was done with each sample without any restriction

enzymes. PCR products were analyzed on 2% agarose gel, visualized

under gel documentation system (BioRad, GS-800; Philadelphia, PA)

and photographed.

2.8 | Statistical analysis

Results are expressed as mean ± SD. Differences between groups

were determined by χ2 trends. p < 0.05 and <0.001 were considered

as statistically significant. Treated groups were compared with

control group.

3 | RESULTS

3.1 | Inhibition of cellular proliferation by EGCG,
eugenol, and amarogentin individually and in
combination

Treatment with individual compounds inhibited Hela cell growth in

dose‐dependent manner (Figure 1a). EGCG is the most effective

F IGURE 1 (a) Cell growth inhibition percentage is plotted against increasing drug doses (μg/ml) of EGCG, eugenol, and amarogentin in Hela
cells, respectively. (b) IC50 values of EGCG, eugenol, and amarogentin were determined from the log plot. Corresponding IC50 values were
mentioned in these graphs with gray arrows. (c) Cell growth inhibition percentage is plotted against increasing drug doses (μg/ml) of EGCG,
eugenol, and amarogentin in normal MEF cells, respectively. (d) IC50 values of EGCG, eugenol, and amarogentin against normal mouse

embryonic fibroblast cells were determined from the log plot. Corresponding IC50 values were mentioned in these graphs with gray arrows.
EGCG: epigallocatechin gallate; IC: inhibitory concentration; MEF: mouse embryonic fibroblast
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(IC50: 63.09 μg/ml) followed by amarogentin (IC50: 151.36 μg/ml) and

eugenol (IC50: 169.82 μg/ml; Figure 1a,b). On the other hand, the

drugs are not so much effective on normal MEF cell line with much

higher IC50 values (EGCG IC50: 125 μg/ml; eugenol IC50: 393 μg/ml;

IC50: 776 μg/ml amarogentin) than Hela cells (Figure 1c,d).

In different combinatorial analysis of the drugs on Hela cell

growth it was evident that EGCG (7.5 μg/ml) in combination with

eugenol (114.8 μg/ml) or EGCG (10 μg/ml) in combination with

eugenol (95.5 μg/ml) inhibited 50% of the cell growth synergisti-

cally (Figure 2a,b; Supporting Information Table). Similarly EGCG

(7.5 μg/ml) in combination with amarogentin (97.95 μg/ml) or

EGCG (10 μg/ml) in combination with amarogentin (87.1 μg/ml)

inhibited 50% of the cell growth synergistically (Figure 2a,b;

Supporting Information Table). For further experiment the

combination which showed lower CI value were selected (Support-

ing Information document), that is, EGCG 10 μg/ml combined with

95.5 μg/ml eugenol (C1) and 87.1 μg/ml amarogentin (C2). The

dose reduction indexes (DRI) for EGCG (6.3) followed by eugenol

(1.78) and amarogentin (1.74) (Supporting Information Table).

Thus, low concentrations of the drugs in combination could

effectively inhibit the cell growth.

Significant change in cell density and cellular morphology were

observed after treatment with the drugs either alone or in

combination at corresponding IC50 values (Figure 2c).

3.2 | Effect on anchorage‐independent growth due
to the treatment of EGCG, eugenol, and amarogentin
individually and in combination

It was evident that, these drugs individually and in both combinations

can affect the colony formation efficiency of cancer cells (Figure 3).

The number of average colonies (±35) formed in the control cells

were not changed considerably in individually treated groups

(~30–28). However, significant reduction in colony formation was

evident in case of combinatorial treatment (~20–18; Figure 3a,b). On

the other hand, the sizes (>20 μM) of the colonies significantly

reduced in case of individual treatment as well as in combination

(Figure 3a,c). Thus, the drugs in combination could highly reduce the

colony formation ability.

3.3 | Induction of apoptosis by EGCG, eugenol, and
amarogentin individually and in combination

The Hela cells showed differential apoptotic index after individual

treatment of the drugs or in combination. The apoptotic index was

significantly increased after treatment with amarogentin and in both

combinations C1 and C2 (Figure 4a,b). Similar trend has also been seen

in analysis of activated caspase‐3 expression (Figure 4c,d). Antiapoptotic

protein BCL2 expression also found to be downregulated in treated

F IGURE 2 (a) Histograms are plotted against cell growth inhibition percentage versus two concentrations (μg/ml) of EGCG with five

concentrations of eugenol (C1) and two concentrations (μg/ml) of EGCG with four concentrations of amarogentin (C2). (b) IC50 values are
determined (marked with gray arrows) from corresponding log plots of each combination. (e) Cellular morphology after treatment with the
drugs individually and in combinations. Magnifications ×40. Scale bar = 50mm. Part of these figures are enlarged and given in inset for better

understanding the cellular morphology. EGCG: epigallocatechin gallate; IC: inhibitory concentration
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cells than control (Figure 4c,d). In case of combined treatment its

expression was further downregulated (Figure 4c,d).

3.4 | Effect of EGCG, eugenol, and amarogentin
individually and in combination on key regulatory
genes in the G1/S phase of cell cycle

In quantitative mRNA and western blot analysis, RB did not change

significantly after individual treatment of the drugs and also in

combination (Figure 5a–c). However, ppRB (Ser 807/811) protein

expression significantly decreased after individual treatment of the drugs

(except eugenol) and also in combination (Figure 5b). Similar trend has

also been seen in case of ppRB (Ser 567) protein expression (Figure 5b).

In immunocytochemical analysis, Rb expression was seen mainly in

the cytoplasm whereas, ppRB (Ser 807/811) and ppRB (Ser 567)

expressions were seen in both nucleus and cytoplasm (Figure 5d). In case

of EGCG and amarogentin treatment increased the RB expression in the

nucleus with considerable reduced expression of both ppRBs (Figure 5d).

On the other hand, eugenol treatment reduced the nuclear expression of

ppRBs slightly without changes in the pattern of RB expression

(Figure 5d). In combinatorial treatment (C1 and C2), the expression of

both ppRB was highly reduced without changes in RB expression

(Figure 5d). This indicates the inhibition of RB phosphorylation by the

drugs either alone or in combinations.

To understand the mechanism of inhibition of RB phosphoryla-

tion the expression (mRNA/protein) of G1/S cell cycle inhibitors

LIMD1, RBSP3, and P16 along with activator CYCLIND1 were

analyzed. The mRNA expression of LIMD1, RBSP3, and P16

increased after drug treatment and significant increase was observed

in case of C1 and C2 (Figure 6a–c). Similar trend has been seen in

case of protein expression (Figure 6a–c). On the other hand, mRNA

and protein expression of CYCLIND1 was decreased after individual

and combined treatment of the drugs with significant decrease in

EGCG, amarogentin, and combined treatment (Figure 6a–c).

In immunocytochemical analysis considerable increase in cyto-

plasmic expression of LIMD1 has been seen after treatment with

drugs either alone or in combination (Figure 6d). Similarly,

cytoplasmic and nuclear expressions of RBSP3 and P16 have been

increased after treatment with drugs either alone or in combination.

However, the expression increased more in combination (Figure 6d).

Thus, the increased expression of LIMD1, RBSP3 and P16 along

with reduced expression of CYCLIND1 could synergistically reduce

the Rb phosphorylation after treatment of the drugs either alone or

in combination resulting G1/S cell cycle blockage.

3.5 | Effect of EGCG, eugenol, and amarogentin
individually and in combination on epigenetic
modification of the regulators of cell cycle

To understand the mechanism of upregulation of the cell cycle

inhibitors LIMD1, RBSP3, and P16 after treatment of drugs promoter

methylation status of these genes were analyzed. Hypomethylation

F IGURE 3 (a) Representative images of soft agar colonies of different experimental groups. Histograms are shown to represent (b) total number of

colonies in each group and (c) numbers of colonies with sizes (>20 μM) in each group; **p<0.01 [Color figure can be viewed at wileyonlinelibrary.com]

6 | PAL ET AL.



of the promoters of LIMD1 and P16 has been seen after treatment of

drugs alone or in combination (Figure 7b). No such changes have

been seen in case of RBSP3 after treatment of the drugs (Figure 7b).

3.6 | Effect of EGCG, eugenol, and amarogentin
individually and in combination on expression of
DNMT1

To understand the mechanism of hypomethylation of the promoter

region of LIMD1 and P16, the expression of DNMT1 was analyzed.

The mRNA expression of DNMT1 significantly decreased after

treatment of the drugs either alone or in combination (Figure 8a).

The combinatorial treatment of the drugs has been seen to be more

effective than individual treatment (Figure 8a). The immunocyto-

chemical analysis showed reduced nuclear expression of DNMT1 in

the treated cells and combined treatment further downregulated the

expression of DNMT1 (Figure 8b).

4 | DISCUSSION

In this study the chemotherapeutic efficacies of EGCG, eugenol, and

amarogentin either individually or EGCG in combination with

eugenol–amarogentin were evaluated in Hela cell line. The com-

pounds were seen to be much more sensitive to the Hela cell line

than normal MEF, indicating their chemotherapeutic efficacies

F IGURE 4 (a) Representative images of apoptotic cells in different experimental groups. Here TUNEL positive cells were marked with

white arrows. (b) Histograms are shown for percentage of apoptotic cells for each experimental group; **p < 0.01. (c) Western blot analysis showing
expression of procaspase‐3, cleaved caspase‐3, and BCL2 with loading control tubulin. (d) Normalized peak densities of protein expression of BCL2
and cleaved caspase‐3 are plotted against each experimental group control (C), EGCG (EG), eugenol (EU), and amarogentin (AM), EGCG:eugenol
combination (C1), and EGCG:amarogentin (C2). Molecular weight marker points are marked along the side of the autoradiographs. EGCG:

epigallocatechin gallate; TUNEL: transferase dUTP nick‐end labeling [Color figure can be viewed at wileyonlinelibrary.com]
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(Figure 1). Among these compounds EGCG was most effective

(Figure 1). The antiproliferative and proapoptotic activity of EGCG

was found against several cancer cell lines excluding normal human

fibroblast cell line (Luo, Luo, & Yu, 2010; Tao, Park, & Lambert, 2015;

Weisburg, Weissman, Sedaghat, & Babich, 2004). Chemotherapeutic

potential of eugenol was reported against different cancer cell line

(Jaganathan & Supriyanto, 2012). Anticancer effect of amarogentin

was reported against liver cancer cell line (Sur et al., 2016). However,

F IGURE 5 Expression analysis of whole RB, ppRB (Ser 807/811), and ppRB (Ser 567). (a) mRNA analysis of whole RB. (b) Histograms

showing quantitative analysis of normalized peak densities of the above proteins for each experimental group control (C), EGCG (EG), eugenol
(EU), amarogentin (AM), EGCG:eugenol combination (C1), and EGCG:amarogentin (C2); **p < 0.01. (c) Western blot analysis showing expression
of RB, ppRB (Ser 807/811), and ppRB (Ser 567). Molecular weight marker points are marked along the side of the autoradiographs.

(d) Immunocytochemical expression analysis of RB, ppRB Ser 807/811, and ppRB Ser 567. Magnifications ×40. Scale bar = 50mm.
mRNA: messenger RNA; EGCG: epigallocatechin gallate [Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 6 Expression analysis of LIMD1, RBSP3, P16 and CYCLIND1. (a) mRNA analysis of the above genes. (b) Histograms showing
quantitative analysis of normalized peak densities of the above proteins for each experimental group control (C), EGCG (EG), eugenol (EU),

amarogentin (AM), EGCG:eugenol combination (C1), and EGCG:amarogentin (C2); **p < 0.01. (c) Western blot analysis showing expression
of corresponding proteins. Scale bar = 50mm. Molecular weight marker points are marked along the side of the autoradiographs.
(d) Immunocytochemical expression analysis of LIMD1, RBSP3 and P16. Magnifications ×40. mRNA: messenger RNA; EGCG: epigallocatechin

gallate [Color figure can be viewed at wileyonlinelibrary.com]
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effects of eugenol and amarogentin against normal cell line were not

reported earlier. In combination treatment, EGCG along with

eugenol–amarogentin could inhibit the tumor cell proliferation at

low concentrations, indicating the effectiveness of this treatment

than individual compound (Figure 2, Supporting Information Table).

Combined treatment of EGCG and different other natural com-

pounds like luteolin and sapogenin also found to enhance the cancer

cell growth inhibition and apoptosis rate (Amin et al., 2010;

Du et al., 2013).

It was evident that the combinatorial treatments could reduce

the colony formation abilities of Hela cell line than individual

treatment, indicating its better antitumor efficacy (Figure 2). It has

been shown that EGCG along with doxorubicin inhibited the colony‐
forming ability of prostate cancer cells synergistically (Stearns &

Wang, 2011). It seems that better antitumor efficacies of combina-

torial treatment might be due to enhanced apoptosis rate than

individual treatment as seen in our study (Figure 4). Interestingly,

EGCG–amarogentin combination showed higher apoptotic percen-

tage than EGCG–eugenol. This has been validated by cleaved

caspase‐3 expression (Figure 4). It was evident that EGCG with

other natural compounds synergistically induced increased apoptosis

than individual compound (Amin et al., 2010; Oya et al., 2017).

It was evident that the combinatorial treatment could highly

modulate the genes associated with G1/S cell cycle checkpoint than

individual treatment. The phosphorylation of RB at Ser 807/811 and

Ser 567 was seen to be highly reduced due to combinatorial

treatment than individual. This might be due to the increased

expression of LIMD1, RBSP3 and P16 along with reduced expression

of cyclinD1 in the combinatorial treatment. This suggests that the

combinatorial treatment could effectively block the cell cycle at G1/S

cell cycle checkpoint of the Hela cell line resulting induction of

apoptosis. It was evident that EGCG treatment increased the cell

percentage at subG0 phase and restricted cells at G1/S phase of cell

cycle (Luo et al., 2010). Similarly, eugenol treatment increased the

percentage of cells in subG0 phase and G1/S phase indicating the

apoptotic cell death and restriction of cell cycle at this phase and

abrogation of G2/M phase in different cancer cell lines (Junior et al.,

2016). Indication of G1/S phase restriction was evident in case of

amarogentin treatment by upregulation of P16, LimD1, Rbsp3 and

downregulation of ppRbs in liver cancer mouse model (Pal et al.,

2012). Thus, it seems that in both combinations the growth of the

cells will be restricted at G1/S phase of cell cycle.

The upregulation of LIMD1 and P16 in the Hela cell line after

treatment with individual as well as combination of two compounds

have been suggested to be due to hypomethylation of their promoter

regions as seen in the methylation analysis (Figure 7). The expression

of LIMD1, P16, and RBSP3 was further increased due to combined

treatment indicating their synergistic action of the compounds.

F IGURE 7 Methylation analysis of LIMD1, RBSP3 and P16. (a) Schematic diagram showing promoter region including primer position
(horizontal arrows), numbers of restriction site (down arrows), and transcription start site (+1). (b) Corresponding gel images showing

band patterns of undigested (U) and digested (D) samples of each group, control (C), EGCG (EG), eugenol (EU), amarogentin (AM),
EGCG:eugenol combination (C1), and EGCG:amarogentin (C2). pUC 19 plasmid Msp1 digested is loaded as marker (M) in the left most lane,
band sizes are mentioned. EGCG: epigallocatechin gallate
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However, no promoter hypomethylation of RBSP3 was seen in Hela

cell line. So, upregulation of this gene might be due to hypomethyla-

tion of other regulatory regions or by some other means. It seems

that the hypomethylation of LIMD1 and P16 might be due to the

downregulation of DNMT1 (Figure 8). The reduced expression of

DNMT1 by EGCG has been reported by different studies (Henning,

Wang, Carpenter, & Heber, 2013; Morris et al., 2016), but no such

phenomenon has been reported in case eugenol and amarogentin.

In this study, it seems that apart from affecting common

pathways by the drugs to restrict cellular proliferation and induction

of apoptosis, the drugs could also inhibit different cellular pathways

simultaneously to inhibit the cellular processes. As a result

synergistic action of the drugs has been seen.
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