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ABSTRACT
Introduction: Resveratrol, Epigallocatechin -3-gallate (EGCG) and Diallyl Trisulfide (DATS) are 
bioactive compounds in which two polyphenols and an organosulfur are naturally occurring 
bioactive chemicals that can be efficacious in skin cancer chemoprevention either independently 
or in combination. Objectives: Conglomerate analysis of RES, EGCG, and DATS was performed as 
a single and in binary combinations to investigate cancer cell viability, in vitro in the A431 (human 
epidermoid carcinoma) skin cancer cell line. Materials and Methods: Screening of cytotoxicity 
potential of bioactive combinations by MTT assay, nuclear fragmentation: Acridine orange / 
ethidium bromide AO/EtBr assay on skin cancer cell lines (A431). Results: Our result showed 
that the half-maximal growth inhibitory concentration for RES-(IC50)-42 µM/mL, EGCG (IC50)-44 
µM/mL, and DATS (IC50)-36 µM/mL whereas the binary combination RES + EGCG (IC50)-20 µM/mL; 
EGCG + DATS (IC50)-13 µM/mL; DATS + RES (IC50)-24 µM/mL which is evident from the uptake of 
AO and EtBr dyes by live/dead cells. Conclusion: Amalgam of RES, EGCG, and DATS can succor to 
develop skin cancer treatment better than as a single. Compared to all the combinations EGCG + 
DATS possess higher anticancer potentials against A431 skin cancer cell line.

Keywords: Skin cancer, Synergistic effect of Resveratrol, Epigallocatechin-3-gallate, Diallyl 
trisulfide, Dietary bioactive compound.

INTRODUCTION

Though skin provide the first line of defence against oxidative 
damage induced by environmental factors, photo oxidative damage 
plays a vital role of mechanism in skin cancers. The circumstance 
of skin cancer is linked with dietary factor, longtime exposure 
to sunlight (UV), noxious agents, microorganisms, and ozone 
depletion. Epidemiological evidence in Asia over the past decades 
reveals that a poor-quality diet, chemotherapeutic side effects is 
also a strong risk factor for multiple malignancies by which rate 
of skin cancer morbidity is elevated.1,2 Chemotherapeutic agents, 
radiotherapy used to treat cancer are ineffective, mostly resistant 
to skin cancer. The overall positive response to skin cancer 
monotherapy using conventional anticancer drugs are weak 
ranges from 4% to 26%.3 There is a strong association between 
diet and cancer which has persisted in the early history of 
medicine. In contrast cancer chemoprevention using bio-active 
food agents present in common fruits and vegetables so called 

as phytochemicals which function on distinct mechanism such 
as overlapping, gene expression regulation in apoptosis and 
cell proliferation, complementary, transition of detoxifying 
enzymes.4-6 A secured chemotherapeutic strategy and chemo 
preventive nature of Phytochemicals are due to its pleiotropic, 
non-toxic, and cost-effective by which the therapeutic effects 
for skin cancer are improved by removing negative effects of 
chemotherapy, other cancer treatment and aiming metastasis.3,6,7 
Several dietary bioactive agents induce apoptosis like luteoline, 
and an increase in chemotherapy sensitivity by a dietary 
supplement indole-3-carbinol by in vivo method.8 To subside 
the risk of developing cancer several dietary guidelines had been 
developed by the WHO.9

Skin cancer is a multi-factorial disease, hence one strategy 
using a single dietary bioactive compound in common fruit and 
vegetable agents may be ineffective to determine efficacy mainly 
compounds differ in molecular size, polarity, solubility which 
may affects their availability and distribution.6,10 A multi-pronged 
approach such as the concept of using a combination of 
different dietary bio active agents with different mechanism of 
action may involve either single or multiple targets with several 
divergent interactions (synergistic, additive, or antagonistic) are 
possible making certain combination inefficient. So, it is salient 
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to achieve a combination of different dietary bioactive agents 
which is a recent advancement in cancer chemoprevention that 
will synergistically interact with each other, thereby increasing 
the effectiveness of treatment thereby combination regimen 
reduces the risk of emergent drug resistance.11,12 It has been 
reported that exploit of anticancer effect presents in fruits, 
vegetables are due to an additive or synergistic interaction of the 
complex mixture of bioactive compound present in them.13,14 
The principal in cancer pharmacologic research is managed with 
inhibition of proliferation in vitro cell as a model. For assessment 
of bioactive compound combination effects, the current latest 
technology uses a quantify of synergy as terminus because cell 
kill is always insignificantly increased by adding another drug 
to a combination with cytotoxic action. The current expensive 
anticancer therapies are replaced by use of inexpensive dietary 
bioactive combination.13,15

The use of bioactive compounds that are derived from the diet 
for chemoprevention which provides a strategy to inhibit cancer 
that should have limited toxicity. Selected dietary bioactive 
compound such as Resveratrol (RES), Epigallocatechin-3-gallate 
(EGCG), and Diallyl Trisulfide (DATS) agents, extensively 
investigated. Dietary polyphenol such as resveratrol (3,4’,5- 
trihydroxy-trans-stilbene) abundant in berries, peanuts, red 
wines, grapes, and its skin which is a functional inhibitor for cell 
cycle and inducer of cell apoptosis in multiple carcinomas with 
its distinctive structural character with diverse phenolic hydroxyl 
groups competent of scavenging free radicals to form stronger 
molecules.16,17 Resveratrol chemo prevention and therapeutic 
activity against skin cancer are proposed to be due to properties 
such as its antioxidant nature, alteration in the expression and 
function of surviving, a member of the Inhibitors of Apoptosis 
(IAP) gene.13,18 Resveratrol proved its efficacy against melanoma 
and non-melanoma skin cancer in both in vivo animal models and 
widespread data on in vitro cell lines confirmed that resveratrol 
can alter many mechanisms incorporated in apoptosis, cell 
proliferation, and inflammation reported a CD-1 mice chemically 
induced skin carcinogenesis was treated with RES as a topical 
application provided significantly protective effects.13,19 It has 
been demonstrated combination of resveratrol with ellagic acid, 
grape seed extract which acts as potent inhibitors of skin cancer 
(in vivo) by preventing mutation in the Has-ras gene.20

Epigallocatechin-3-gallate (EGCG) is a flavan-3-ols, and a 
subclass of flavonoids, which are found mainly in green tea, 
berries, nuts, red wine, chocolate fruits.21 It has been reported that 
Epigallocatechin-3-gallate (EGCG) is poly-phenolic flavanols 
which exhibit cytotoxic effect, antioxidant, photo-protective 
against different tumours including skin cancer both in vivo and 
in vitro models. EGCG is known to impede photo-carcinogenesis, 
chemical carcinogenesis and reduce UV-B induced skin cancer.22 
It has been reported as EGCG exerts direct and selective 

antiproliferative, pro-apoptotic effects on skin cancer cells (A375 
and Hs-2947), without affecting normal cells.23

Diallyl Trisulfide (DATS), the important organosulfur 
components of allium vegetables, such as garlic an oil-soluble 
fraction which has been used for flavouring and DATS is set 
on the top of a vegetable pyramid by the National Cancer 
Institute (NCI).24 DATS efficacy and biotics function such as 
anticarcinogenic, chemo preventive and anti-inflammatory 
reaction were determined by the number such as three sulfur 
atoms and two allyl sulfides moieties exhibit. DATS triggered 
DNA damage, induces G2/M arrest by both caspase-dependent 
and independent apoptosis through p53 pathway in skin cancer 
cells.25 Wang et al., 2010 reported cell growth inhibition in A375 
and Basal Cell Carcinoma (BCC) by DATS in which integral part 
more than 80% of skin cancers are due to Endoplasmic Reticulum 
(ER) stress, and by enhanced levels of Reactive Oxygen Species 
(ROS).15 The above selected compounds (RES, ECGC, and DATS) 
were all most consumed dietary bioactive agents worldwide.

The goal of the current work is to assess the antiproliferative 
proficiency of RES, EGCG and DATS as single bioactive agents 
as well as in binary bioactive combinations in skin carcinoma cell 
line A431.To determine synergistic effects of selected compound 
using binary combination on A431cell line and HEK 293 (normal 
human cell line) using 5-fluro-uracil as a positive standard. 
Though various studies have reported the anticancer properties 
of single dietary bioactive compound, this is the first proceed of 
research to explore the combination of RES, EGCG and DATS in 
A431skin cancer cell line and it may also be contemplated as a 
pilgrim in skin cancer therapeutics.

MATERIALS AND METHODS

Preparation of study compounds
Resveratrol>99% (HPLC), Epigallocatechin-3-gallate 
(ECGC)>98% (HPLC), and Diallyl trisulphide (DATS)>98% 
were all purchased from Sigma Aldrich with analytic or reagent 
grade products used for assessing their cytotoxic potentials 
against A431cell line. As well the following combinations RES + 
EGCG; EGCG + DATS; and DATS + RES were prepared by using 
fixed ratio (1:1) according to Betina et al., 2020 for identifying the 
suitable bioactive combinations for the treatment.26

Cell culture maintenance
Skin carcinoma A431 (human epidermoid carcinoma cells) 
and normal cell HEK293 were procured from Pune at National 
Centre for Cell Sciences (NCCS), India. Dulbecco Modified Eagle 
Medium (DMEM) are used for culturing the cells, which consist 
of 1.5 g/L glucose, essential nutrients, bovine serum and, 1.5 g/L 
Na2CO3 was supplemented with 2 mM L-glutamine and stabilized 
salt solution. The cells were grown in a 5% CO2 at 37°C condition. 
The concentration of penicillin and streptomycin (100IU/100 
g) were calibrated to 1 mL/L. The cells were exposed to various 
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ratios of hesperidin (10, 20, or 50 M) for around 2 hr before being 
exposed to 6-OHDA (100 M) for 24 hr.

Cell viability assay

To get the measure of the inhibitory concentration (IC50) of cells a 
colorimetric assay called as MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide) assay was used which exploit 
with colourless dye in tetrazolium and alter it into a formazan 
salt colorless, later absorbance is quantified by measuring at 
570 nm. To seed 100 μL medium containing cells at a density of 
(1×104cells/well) cells per well to obtain 80% cell confluence were 
seeded in 96-well format. Taking gradient concentration of RES, 
ECGC, and DATS which were dissolved in DMSO were treated 
in A431 and HEK293 after 24 hr incubation. The culture medium 
was maintained at 0.2% with the final concentration of DMSO. 
With drawl of the spent medium was after 24 hr of incubation, 
and PBS were used twice to wash the wells. Cells were incubating 
37°C in dark for 4 hr by add up 100 μL of MTT (5 mg/mL in PBS) 
and 100 μL of fresh medium. 50μL of 100% DMSO was added 
by which product formazan gets dissolved after the medium 
removed from each well. The A431 cells was measured for optical 
density using a Biotek multi-mode plate reader (USA) at 570 nm.

% Cell viability = OD of experimental sample/OD of experi-
mental control ×100

Analysis of cell morphology

The A431 cells (1x105) cells per cover slip and HEK293 were treated 
with various doses of compound (0.05 mg/mL, 0.025 mg/mL and 
0.1 mg/mL) for about 24 hr then static in an acetic acid: ethanol 
(1:3; v/v). Morphological study of the treated cells was done 
subsequently, the cover slip was gently mounted on glass slides 
for the morphological study. Three monolayers micro-graphic are 
present in each experimental group. Nikon (Japan) bright field 
microscope inverted light at microscopy at 40X magnifications 
were used to inspect the morphology variations.

Analysis of apoptotic cell death by fluorescence 
microscope

Combination of a dye of almost 1µL of (AO: EtBr, 1:1 v/v) was 
prepared using deionized water on clean microscopic cover slips 
with 900 µL of cell suspension (1x105 cells/mL). The A431 cells 
pre-handled with 6-hydroxydopamine were dealt with distinctive 
concentrations of hesperidin and collected simultaneously, by 
using PBS to wash. The procedure was pursed by staining of 10µL 
of AO/EtBr. Then the cells were imagined under fluorescence 
microscope (Nikon Eclipse, Inc., Japan) after washing.

Experimental prototype of the binary combination 
of work

The Inhibitory Concentration (IC50) of RES, ECGC, and DATS 
were obtained as a single and by binary combination such as 

RES + EGCG; EGCG + DATS; and DATS + RES with gradient 
concentration as (0,5,25,50,100, and 200μM) on A431 cell and 
HEK293 which were all calculated using a Graph-pad prism 
software, version 5.02. Positive control as a standard drug 
5-Fluro-uracil (5FU) was used.

Statistical analysis

Absolutely experiments were done in vitro in triplicate. Analysis 
of data was done by SPSS software. Recorded outcomes were 
as mean ± SD. GraphPad 5.0 software was used for statistical 
examination. A value of *p<0.05 was considered as statistically 
notable.

RESULTS

Preparation of RES, EGCGC and DATS

The selected bioactive compounds such as Resveratrol, 
Epigallocatechin-3-gallate and diallyl trisulfide was dissolved in 
0.2% DMSO with gradient concentration (0, 5, 25, 50,100, and 
200μM) both as single as well as in binary combination. Figure 1 
depicts the chemicals structure of dietary bioactive compounds 
which is selected for the present study.

Cell viability assay

The cytotoxicity of RES, EGCG, and DATS as individually and 
in binary combination against A431 and HEK293 cells was 
determined using the MTT method. The results are shown in 
Table 1 depicts the IC50 concentration of RES, EGCG, and DATS. 
Each of three compounds tested as a single showed as RES 
(IC50) 42μM/L; EGCG (IC50) 44 μM/L and DATS (IC50) 36μM/L. 
Thus, the result depicts from Figure 2 among the three selected 
dietary compounds RES, EGCG, and DATS manifest a notable 
inhibition of cell proliferation in the A431 cells at concentration 
of (5-200 μM) when compared to the control as 5-fluro-uracil. 
Table 1 depicts the IC50 concentration of DATS against A431 cells 
was found to be 36 μM/Hence, result could be stated that among 
the three selected dietary bioactive, DATS as a single bioactive 
compound resulted a uncommon inhibition of cell proliferation 
in the A431 cells while for HEK293 cells, the selected bioactive 
compounds RES, EGCG and DATS did not exhibit any remarkable 
toxicity.

Binary combination of RES, EGCG, and DATS on A431 
cells

To investigate the nature of interactions among selected dietary 
bioactive compounds, here binary combination regimens were 
designed at fixed ratios of bioactive compounds (Material and 
methods). In binary combination bioactive compounds were 
examined after 24 hr of treatment in A431 cells from the result 
shown in Table 1 in which EGCG + DATS IC50 13µM/L; RES + 
EGCG IC50 20 µM/L; revealed that almost all binary combination 
of dietary phytoconstituents causes a decrease in proliferation 
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of A431 cells when compared with single Compound. From the 
Figure 3, A431 cells were treated with binary combination of (RES 
+ EGCG; EGCG + DATS; and DATS + RES) respectively with 
control as medium alone at gradient concentration (0, 5, 25, 50, 
100, and 200 µM). The percentage of viable cells through binary 
combination at all concentration was <50%, ranging from 10%-
25% whereas the percentage of viable through single compound 
was not <50% ranging from 50%-60% which shows that binary 
combination of bioactive compounds resulted in greater efficacy 
in inhibiting the growth and viability of A431 (Figure 3). The 
effect of binary combination of bioactive compounds was also 
studied on normal cell HEK29 which show no changes in cellular 
viability because it is believed that an effective combination of 
bioactive agents for the management of skin cancer should not be 
cytotoxic to normal cells.

Analysis of cell morphology

The morphological change in A431cells and HEK293 treated 
with binary combination of bioactive compounds are depicted in 
Figure 4 (A) RES + EGCG, (B) EGCG + DATS, (C) DATS + RES 
that the (a) Absence of any notable morphological alteration in 
control cells. (a) Control, (b) 10µM, (c) 25µM, and (d) 50µM. In 
binary combination like DATS + RES, EGCG + DATS appear some 
changes such as shrinkage of cell, membrane blebbing, floating of 
cells when contrast with single bioactive compound with A431, 
while in all treatments with selected bioactive compound with 

HEK293 depicts the absence of notable morphological changes. 
Thus, binary combination of bioactive compounds appeared 
to have some significant morphological alteration and changes 
(EGCG + DATS), (DATS + RES) when compared with all other 
compounds as a single and binary combination by which the 
toxicity effects (EGCG + DATS) disclose that the cytotoxic effects 
which transpire through disturbance of cytoskeleton, membrane 
instability in the treated cells.

Apoptotic cell death analysis by fluorescence 
microscope
Apoptotic cell death analysis for binary combination of bioactive 
compounds was done to examine the apoptogenic activity by 
fluorescence microscopic analysis. Figure 5 (A, B and C) (AO/
EtBr) shows the potency of combination among three binary 
combinations of bioactive compound in which Figure 5(B) EGCG 
+ DATS; Figure 5(C) DATS + RES; show the significant efficacy 
against A431 cells. Figure 5(a) depicts the control cells that show 
only green fluorescence colour indicating no sign of apoptosis 
while Figure 5(b-d) depicts the fluorescence colour changes of 
cells from green to orange yellow/red colour in A431, due to 
effect of the nuclear condensation and initiation of apoptosis 
attributed to the potency of binary combination EGCG + DATS 
in a dose-dependent manner.

DISCUSSION

Chemo preventive approach such as intake of fruits and 
vegetables will reduce skin cancer than by promoting using a 
habit of sunscreen protection.12,27 Disruption in critical pathways 
of the carcinogenesis is postulated by the combination of 
bioactive over single bioactive compound. In present study, by 
employing in vitro skin cancer model A431, an attempt was 
made to provoke the chemopreventive combinatorial outcome 
of bio-active compounds RES, EGCG and DATS. This study 
clearly indicates that binary combination of bio-active agents 
exerts more chemopreventive effects rather than single bioactive 
agent. As shown in Figure 1a, 2c, 3e. None of the single bioactive 
compound in the present study exhibit greater cytotoxic effects 
on A431 cell line, while DATS IC50 36µM had some significant 
effect on the inhibition of cell viability in A431 as a single, when 
compared with other two bioactive compounds. Because DATS is 
an organ sulfur compound known to react with sulfhydryl group, 

Figure 1: Chemical structure of selected bioactive compounds, (A). 
Resveratrol, (B). Epigallocatechin-3-gallate, (C). Diallyl trisulfide.

Cell lines 5FU Fixed ratio and concentration of bioactive compounds for the combination

RES EGCG DATS RES + EGCG EGCG + DATS DATS + RES

IC50 (µM/L) IC50

(µM/L)
FR IC50

(µM/L)
FR IC50

(µM/L)
FR

A431 8+0.5 42±0.5 44±0.2 36±0.8 20±1.5 1:1 13±0.5 1:1 24±0.7 1:1
HEK293 8+0.7 NEGLIGIBLE TOXICITY

Note: 5-FU: 5-Fluorouracil; RES-Resveratrol; EGCG: Epigallocatechin-3-gallate; DATS: Diallyl trisulfide; IC50: Half maximal inhibitory concentration; FR: Fixed ratio.

Table: 1: Inhibitory concentration (IC50) (µM/L) of bioactive compound: IC50 – Values of respective sample (at 24 hr).
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cysteine modification would be crucial for cell growth inhibition 
while reported a prominent result by DATS on the inhibition 
of cell viability IC50 25µM and cause difference in morphology 
on BCC and A375 cells.15 It has been reported highest potent 
anti-proliferative rate in MCF-7 cells of human breast cancer 
was evinced by DATS.28 It has been studied anticancer effects 
of diallyl trisulfide on human colon cancer cells at 100 µg/
mL concentration for different interval of time indicated that 
anticancer potent of DATS due to reaction of its sulfhydryl group 
with the cysteine group of affected cell and eventually in control 
for mitotic arrest of cancer cells, microtubule network formation 
of the cancer cells are distorted by trisulfide, and during at the 
interphase microtubule fragments could be seen, finally by 

cell cycle arrest at G2/M phase.11 Diallyl trisulfide (DATS) can 
potentially and rapidly release H2S in the reduced glutathione 
tumor microenvironment and inflate the anti-tumor effect.10 In 
our study A431 cells treated with bioactive combination EGCG + 
DATS IC50 13µM was found to have the pronounced effective on 
the cell viability inhibition and caused changes in the morphology 
at 24 hr treatment in decreasing the rate of tumorgenicity which 
states that binary combination of bioactive compounds are more 
efficacious in skin cancer prevention than treatment with each 
agent alone, despite the fact the these compounds having opposing 
action on cell differentiation, they still be effective when used as 
a combination because of the shared property of antiproliferative 
activity on A431 cells. Naturally EGCG could block most signals 

Figure 2: Cytotoxic effect of single dietary compounds RES (C1), EGCG (C2), DATS (C3) in the viability in 
A431 cell line (a) and HEK293 cell line (b) was confirmed by MTT assay taking 5-fluorouracil as a positive 

control. Data are indicated as the comparative percentage to control. Bar diagram shows mean ±SD of three 
dissociated set analysis, *p<0.05.

Figure 3: Effect of binary combination (RES + EGCG), (EGCG + DATS), and (DATS + RES) in the viability in A431 cell line, HEK29 cell line was confirmed by 
MTT assay. Data are indicated as the comparative percentage to control. Bar diagram shows mean ± SD of three distinct set analysis, *p<0.05. (Note: C1-RES, 

C2-EGCG and C3-DATS).
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transduction from cell surface to nucleus A431 cells express 
high level of Epidermal Growth Factors receptors (EGF) which 
is inhibited by EGCG the tyrosine kinase activity of the EGF-R 
in intact A431 cell.22 It has been reported as EGCG + Curcumin 
resulted potent inhibitory effects against colorectal carcinoma.4 
It has been showed an epigenetic modulator as EGCG which 
decrease the overall DNA methylation levels in A431 cells and 
reported that effect of EGCG alone showed absence of notable 
effect on cell viability and no apparent changes in A431cell 
morphology.22 It has been reported combination of EGCG 
+ Curcumin in human keratinocytes.29 Previous studies also 
demonstrated combination of resveratrol + curcumin, piperine + 
resveratrol, curcumin + piperine on breast cancer cell line.26 It has 
been reported in a different study identified combination on garlic 
+ tomato on colon cancer.30 It has been reported combination of 
resveratrol, ellagic acid and grape seed extract on 3PC, MT1/2 
and Ca3/7 cell lines.20

Furthermore, the anticancer potency of EGCG is augmented by 
combining with different of specific polyphenols synergistically.31 
Apoptosis induction by combination of DATS + EGCG on A431 
cells may be due to over expression of anti-apoptotic protein 
such as Bc1-2, IAPs, or down regulation of proapoptotic proteins 
such as Bax, Apaf-1, and caspase8. DATS-induced apoptosis 
in BGC823 human gastric cancer cell line was coupled with 
down-regulation of Bcl-2 and activation of caspase-3.32 It has 
been reported the combinational study on isoflavones genistein 
and the polyphenol thearubigin, inhibited in vitro growth of 
prostate cancer.33 Currently, study demonstrated that a binary 
combination treatment with different polyphenols (RES + 
EGCG) and with other bioactive compound such as organosulfur 
compound (EGCG + DATS and DATS + RES) is a rational option 
in order to augment their effectiveness at lower dose by improving 
specificity, reducing adverse effects, and chemoresistance in 
which able to inhibit the growth of the A431 cell lines remarkably 

Figure 4: Morphometric analysis of A431 cells after exposure to various concentration of dietary bioactive compounds such as (A) RES + EGCG, (B) EGCG + 
DATS, and (C) DATS + RES. Inside a. Untreated control; b. 10µM; c. 25µM; d. 50µM; Scale bar = 50µm.
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more than the two compounds administered as a single. It has 
been also evaluated the combination of bioactive effect of (EGCG 
+ luteolin) on lung cancer cell line, head, and neck, which 
synergistically increase apoptosis in both cell lines.1

To investigate the apoptosis which is a decisive cellular process 
expressed by every cell to bring about cell death as per to 
stimulation so skin cancer proliferation can be prevented 
by inducing apoptosis by AO/Etbr analysis using a binary 
combination of bioactive compounds. In conclusion, the selected 
for the present study (RES, EGCG, and DATS) in which the RES 
and EGCG are the poly-phenolic compounds which had the 
ability to change different signal transduction pathways involved 
in carcinogenesis which indicates that binary combination of 
bioactive treatment with different polyphenols, or other bio active 
agent is a pragmatic idea in order to ameliorate their potential at 
different dose by increasing potential targeting, chemo-resistance 
and reducing hostile effects. It is reasonably estimated at present 
since different combination of bioactive compounds supplement 
have been already developed and it is currently recommended 

for adjuvant therapy as well as for the prevention of several skin 
disorders.

CONCLUSION

The outcome acquired in present study implicates that selected 
bioactive compound when combined in which combination 
could have the potential to exert dominant and synergistic 
protective effects against carcinogenic insults to skin, to restrain 
the development of skin cancer and oxidative effects. Thus, the 
present study reveals findings reported here are appreciable to a 
bioactive compound’s combination RES, EGCG, and DATS, which 
are already exist on the market as a single or combination with 
other drugs and prescribed by dermatologists for the adjuvant 
therapy and the prevention of skin cancer. Compared to all the 
combinations EGCG + DATS possess good anticancer potentials 
against A431 skin cancer cell line. Thus, binary combination 
of selected bioactive compounds synergistically decreased cell 
viability, initiated apoptosis, exert pleiotropic effect achieving 
a higher efficacy, potency with reduced toxicity than single 
bioactive compound effect on A431 cells. The present study of 

Figure 5: Apoptotic analysis for the binary combination of dietary phytoconstituents such as (A) RES + EGCG, (B) EGCG + DATS, (C) DATS + RES in A431 cells 
Inside, (a) Untreated, (b) 10 µM, (c) 25 µM, Scale bar = 50 µM.
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bioactive combinations is analytic strategy to improve response, 
tolerability, and decreasing resistance due to non-overlapping 
mechanism of action and the future in vitro studies of selected 
bioactive compounds may indicates combinations of bioactive 
agents are able to give the most promising effects than the single 
bioactive agents in vivo experiments also.
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SUMMARY

• Dietary bioactive compounds such as Resveratrol (RES), 
Epigallocatechin -3-gallate (ECGC) and Diallyl Trisulfide 
(DATS) exert pleiotropic effect when using as a binary 
combination, also achieving a higher efficacy against skin 
cancer cell lines.

• In worldwide, most of the phytochemicals producing good 
activity against numerous diseases with low bioavailability. 
Here we have attempted to make good combinational drug 
of dietary phytochemicals with high synergism and good 
bioavailability. 

• Overall, three bioactive combinations of RES + EGCG, 
EGCG + DATS & DATS + RES  were screened on skin 
cancer cell lines and found EGCG + DATS combinations  are 
exhibit potent anti-cancer activity against skin cancer cell 
line (A431) with higher synergism. 

REFERENCES
1. Amin AR, Wang D, Zhang H, Peng S, Shin HJ, Brandes JC, et al. Enhanced anti-tumor 

activity by the combination of the natural compounds (-)-epigallocatechin-3-gallate 
and luteolin: potential role of p53. J Biol Chem. 2010;285(45):34557-65. doi: 10.1074/ 
jbc.M110.141135, PMID 20826787.

2. Bhatia N, Agarwal C, Agarwal R. Differential responses of skin cancer-chemopreventive 
agents silibinin, quercetin, and epigallocatechin 3-gallate on mitogenic signaling 
and cell cycle regulators in human epidermoid carcinoma A431cells. Nutr Cancer. 
2001;39(2):292-9. doi: 10.1207/S15327914nc392_20, PMID 11759294.

3. Kalal BS, Upadhya D, Pai VR. Chemotherapy resistance mechanisms in advanced skin 
cancer. Oncol Rev. 2017;11(1):326. doi: 10.4081/oncol.2017.326, PMID 28382191.

4. F’guyer S, Afaq F, Mukhtar H. Photochemoprevention of skin cancer by botanical 
agents. Photodermatol Photoimmunol Photomed. 2003;19(2):56-72. doi: 10.1034/j. 
1600-0781.2003.00019.x, PMID 12945805.

5. Jensen JD, Wing GJ, Dellavalle RP. Nutrition and melanoma prevention. Clin Dermatol. 
2010;28(6):644-9. doi: 10.1016/j.clindermatol.2010.03.026, PMID 21034988.

6. Ng CY, Yen H, Hsiao HY, Su SC. Phytochemicals in skin cancer prevention and 
treatment: an updated review. Int J Mol Sci. 2018;19(4):941. doi: 10.3390/ijms1904 
0941, PMID 29565284.

7. Liang YC, Chen YC, Lin YL, Lin-Shiau SY, Ho CT, Lin JK. Suppression of extracellular 
signals and cell proliferation by the black tea polyphenol, theaflavin-3,3'-digallate. 

Carcinogenesis. 1999;20(4):733-6. doi: 10.1093/carcin/20.4.733. Erratum in: 
Carcinogenesis. 1999;20(4):733-6. doi: 10.1093/carcin/20.4.733, PMID 10223207.

8. Iqbal J, Abbasi BA, Ahmad R, Batool R, Mahmood T, Ali B, et al. Potential 
phytochemicals in the fight against skin cancer: current landscape and future 
perspectives. Biomed Pharmacother. 2019;109:1381-93. doi: 10.1016/j.biopha.2018 
.10.107, PMID 30551389.

9. Surh YJ. Cancer chemoprevention with dietary phytochemicals. Nat Rev Cancer. 
2003;3(10):768-80. doi: 10.1038/nrc1189, PMID 14570043.

10. Lee JD, Choi MA, Ro SW, Yang WI, Cho AE, Ju HL, et al. Synergic chemoprevention 
with dietary carbohydrate restriction and supplementation of AMPK-activating 
phytochemicals: the role of SIRT1. Eur J Cancer Prev. 2016;25(1):54-64. doi: 10.1097/C 
EJ.0000000000000141, PMID 25747515.

11. Lai KC, Kuo CL, Ho HC, Yang JS, Ma CY, Lu HF, et al. Diallyl sulfide, diallyl disulfide 
and diallyl trisulfide affect drug resistant gene expression in colo 205 human colon 
cancer cells in vitro and in vivo. Phytomedicine. 2012;19(7):625-30. doi: 10.1016/j.phy 
med.2012.02.004. PMID 22397993.

12. Rizeq B, Gupta I, Ilesanmi J, AlSafran M, Rahman MM, Ouhtit A. The power 
of phytochemicals combination in cancer chemoprevention. J Cancer. 
2020;11(15):4521-33. doi: 10.7150/jca.34374, PMID 32489469.

13. Athar M, Back JH, Tang X, Kim KH, Kopelovich L, Bickers DR, et al. Resveratrol: a 
review of preclinical studies for human cancer prevention. Toxicol Appl Pharmacol. 
2007;224(3):274-83. doi: 10.1016/j.taap.2006.12.025, PMID 17306316.

14. Chinembiri TN, du Plessis LH, Gerber M, Hamman JH, du Plessis J. Review of natural 
compounds for potential skin cancer treatment. Molecules. 2014;19(8):11679-721. 
doi: 10.3390/molecules190811679, PMID 25102117.

15. Wang HC, Yang JH, Hsieh SC, Sheen LY. Allyl sulfides inhibit cell growth of skin cancer 
cells through induction of DNA damage mediated G2/M arrest and apoptosis. J Agric 
Food Chem. 2010;58(11):7096-103. doi: 10.1021/jf100613x, PMID 20459099.

16. Signorelli P, Ghidoni R. Resveratrol as an anticancer nutrient: molecular basis, open 
questions and promises. J Nutr Biochem. 2005;16(8):449-66. doi: 10.1016/j.jnutbio.2 
005.01.017, PMID 16043028.

17. Finley JW. Proposed criteria for assessing the efficacy of cancer reduction by plant 
foods enriched in carotenoids, glucosinolates, polyphenols and selenocompounds. 
Ann Bot. 2005;95(7):1075-96. doi: 10.1093/aob/mci123, PMID 15784686.

18. Rauf A, Imran M, Butt MS, Nadeem M, Peters DG, Mubarak MS. Resveratrol as an 
anti-cancer agent: a review. Crit Rev Food Sci Nutr. 2018;58(9):1428-47. doi: 10.1080/ 
10408398.2016.1263597, PMID 28001084.

19. Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, Beecher CW, et al. Cancer 
chemopreventive activity of resveratrol, a natural product derived from grapes. 
Science. 1997;275(5297):218-20. doi: 10.1126/science.275.5297.218, PMID 8985016.

20. Kowalczyk MC, Walaszek Z, Kowalczyk P, Kinjo T, Hanausek M, Slaga TJ. Differential 
effects of several phytochemicals and their derivatives on murine keratinocytes 
in vitro and in vivo: implications for skin cancer prevention. Carcinogenesis. 
2009;30(6):1008-15. doi: 10.1093/carcin/bgp069. PMID 19329757, PMCID 
PMC2691143.

21. Marzocchella L, Fantini M, Benvenuto M, Masuelli L, Tresoldi I, Modesti A, et al. Dietary 
flavonoids: molecular mechanisms of action as anti- inflammatory agents. Recent Pat 
Inflamm Allergy Drug Discov. 2011;5(3):200-20. doi: 10.2174/187221311797264937, 
PMID 21827399.

22. Liang YC, Lin-shiau SY, Chen CF, Lin JK. Suppression of extracellular signals and cell 
proliferation through EGF receptor binding by (-)-epigallocatechin gallate in human 
A431 epidermoid carcinoma cells. J Cell Biochem. 1997;67(1):55-65. doi: 10.1002/(sic 
i)1097-4644(19971001)67:1<55::aid-jcb6>3.0.co;2-v, PMID 9328839.

23. Nihal M, Ahmad N, Mukhtar H, Wood GS. Anti-proliferative and proapoptotic effects 
of (-)-epigallocatechin-3-gallate on human melanoma: possible implications for the 
chemoprevention of melanoma. Int J Cancer. 2005;114(4):513-21. doi: 10.1002/ijc.2 
0785, PMID 15609335.

24. Moriarty RM, Naithani R, Surve B. Organosulfur compounds in cancer 
chemoprevention. Mini Rev Med Chem. 2007;7(8):827-38. doi: 10.2174/138955707 
781387939, PMID 17692044.

25. Münchberg U, Anwar A, Mecklenburg S, Jacob C. Polysulfides as biologically active 
ingredients of garlic. Org Biomol Chem. 2007;5(10):1505-18. doi: 10.1039/b703832a 
, PMID 17571177.

26. Schmidt B, Passos CL A, Ferreira C, Lima da Silva J, Fialho E. Synergistic effect of 
curcumin, piperine and resveratrol in MCF-7 and MDA-MB-231 breast cancer. 
Biomed Res. 2020;31(5):113-8.

27. Millen AE, Tucker MA, Hartge P, Halpern A, Elder DE, Guerry D, 4th ed, et al. Diet 
and melanoma in a case-control study. Cancer Epidemiol Biomarkers Prev. 
2004;13(6):1042-51. doi: 10.1158/1055-9965.1042.13.6, PMID 15184262.

28. Nkrumah-Elie YM, Reuben JS, Hudson A, Taka E, Badisa R, Ardley T, et al. Diallyl 
trisulfide as an inhibitor of benzo(a)pyrene-induced precancerous carcinogenesis in 
MCF-10A cells. Food Chem Toxicol. 2012;50(7):2524-30. doi: 10.1016/j.fct.2012.04.01 
0. PMID 22525868, PMCID PMC3374924.

29. Jin G, Yang Y, Liu K, Zhao J, Chen X, Liu H, et al. Combination curcumin 
and (-)-epigallocatechin-3-gallate inhibits colorectal carcinoma 
microenvironment-induced angiogenesis by JAK/STAT3/IL-8 pathway. Oncogenesis. 
2017;6(10):e384. doi: 10.1038/oncsis.2017.84, PMID 28967875.



Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024186

Arumugam and Yadav: Combination of resveratrol, ECGC, DATS against skin-cancer

30. Sengupta A, Ghosh S, Das S. Tomato, and garlic can modulate azoxymethane-induced 
colon carcinogenesis in rats. Eur J Cancer Prev. 2003;12(3):195-200. doi: 10.1097/ 
00008469-200306000-00005, PMID 12771557.

31. Singh BN, Shankar S, Srivastava RK. Green tea catechin, Epigallocatechin-3-gallate 
(EGCG): mechanisms, perspectives and clinical applications. Biochem Pharmacol. 
2011;82(12):1807-21. doi: 10.1016/j.bcp.2011.07.093, PMID 21827739.

32. Xiao D, Pinto JT, Gundersen GG, Weinstein IB. Effects of a series of organosulfur 
compounds on mitotic arrest and induction of apoptosis in colon cancer cells. 
Mol Cancer Ther. 2005;4(9):1388-98. doi: 10.1158/1535-7163.MCT-05-0152, PMID 
16170031.

33. Sakamoto K. Synergistic effects of thearubigin and genistein on human Prostate 
tumor Cell (PC-3) growth via cell cycle arrest. Cancer Lett. 2000;151(1):103-9. doi: 10. 
1016/s0304-3835(99)00423-1, PMID 10766429.

Cite this article: Arumugam G, Yadav SA. Identification of Suitable Amalgamation with Resveratrol, Epigallocatechin-3-gallate, and Diallyl Trisulphide against 
Skin Cancer Cell Lines (A431). Indian J of Pharmaceutical Education and Research. 2024;58(1):178-86.


