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Mini-review Article

ABSTRACT

The general frequency and mortality consisting of Oral Squamous Cell Carcinoma (OSCC) is very
high and the overall number of oral cancers has been consistently increasing in the world. Oral
Squamous Cell Carcinoma (OSCC) is the most typical variety of oral cancer; it causes damage to
oral epithelial cells due to accumulation consisting of multiple genetic changes in the cells. OSCC
continues to be major cause of mortality in sufferers along with head and neck cancers. Alcohol,
smoking and tobacco chewing alone or as well as smokeless tobacco and betel quid are potential
carcinogens which contribute to the far natural event of OSCC. The current review focuses on
apoptosis induction in human Oral Squamous Cell Carcinoma (OSCC) cells. Several natural
products, chemotherapeutic drugs metabolic inhibitors, gene manipulations and hormone receptor
ligands cause the general programmed cell death immediately or not directly via relapsing the anti-
apoptotic pathways. The main focus of this review is on Apoptotic activities caused by Natural
compounds in OSCC which provide us a chemoprevention against cancer.
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1. INTRODUCTION

Cancer is the commonest cause of death in
adult; this disease refers to the uncontrolled
growth of abnormal cells anywhere in a body.
Oral cancer refers to cancer occurring between
the vermilion border of lips and the junction of the
hard and soft palates or the posterior one third of
the tongue [1]. Over 95% of people with Oral
squamous cell carcinoma smoke tobacco, drink
alcohol, or both. Some other reasons like
impaired ability to repair DNA damaged by
mutagens, deficiencies of Vitamin AJE or C or
trace elements can also cause OSCC. Oral
squamous cell carcinoma develop in almost
65,000 people in the United States per year. In
India, 90-95% of the oral cancers is squamous
cell carcinoma. National Institute of Health and
Family Welfare specified than India alone
accounts for 80% of the total Oral cancer figure
across the world. This is considered as the sixth
most common cancer and accounts for 6% of all
cancers in worldwide. More than 30,000 new oral
cancers diagnosed each year. Overall, 60% of
people with oral cancer will survive for five years
or more the earlier the stage at diagnosis, the
higher the cancer of survival after treatment.

Apoptosis or programmed cell death (prosses
which promote self-degradation of damaged and
disinfected cells in body) has become a hallmark
for the treatment of many diseases which cause
very harmful effects in human being. The term
“apoptosis” was first introduced by Kerr et al. It is
an active, inherently programmed phenomenon
which can be initiated or inhibited by a variety of
environmental stimuli, both physiological and
pathological. Nowadays its becomes a center of
attraction of many cell biologist as they want to
use specify of this process for targeting a
particular cell type. The mechanism of apoptosis
occurs in various steps and any small change
can disturb the whole scenario and becomes the
reason of any type of cancer.

The Study shows, from ancient time lots of
natural compounds had been used for treating
many diseases. Many effective medicines are
made up from natural compounds and also play
important role in the field of pharmaceutical and
research. Generally cell growth regulation and
there disruptions remain normal either there are
no disturbance of factors and inducing mutation.
These disturbance changes undergo apoptosis
and normal cells become cancer cells. In this
review the study which is compile is shows how
natural compound prevent cells from these
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factors by inhibiting their effect on apoptosis and
OSCC cancer.

2. CELL DEATH PROGRAMME

Apoptosis is a regular occurring process in body
which refers to organized death of damaged and
disinfected cells under physiological conditions.
The process gets affected by some factors like
environmental change, hormonal secretion and
decreased mass of growth factors. An average of
cells consumption by apoptotic process is 50 -70
billion in mature human body in a day. while in
children the average decrease till 20-30 billion in
a day. Apoptosis take place by two different
pathways:

Extrinsic  Pathway-Extrinsic  pathway was
regulated by the death receptor which contains
Fas receptor, tumor necrosis factor receptors
(TNF), and TNF related apoptosis-inducing
legend (TRIAL) receptors [2]. These receptors
binds with extrinsic legends and common
intercellular information get disturbed and several
caspases (cystein-aspartic protease-which
control the whole process of apoptosis by
signaling, initiation and regulation of the prosses)
like protease affect cell function and this
disturbance in cells regulatory function
condemned death of cell.

Intrinsic Pathway-Intrinsic pathway takes place in
mitochondria because of exogenous and
endogenous factors like DNA damage and
oxidative changes. The intrinsic pathway was
influenced by members of the bcl family bound to
the mitochondrial membrane, including Bax and
Bcl-2, which acts as pro-or antiapoptotic
regulatory proteins [3]. These apoptotic proteins
release cytochrome C in cell and release
caspases activated protein which starts the
activity of caspase 9 and caspase 3 &7 get active
and becomes the reason of cell death.

2.1 Autophagy

Some cells like Lysosomes contains property of
self-degradation or self-lysis of proteins,
organelles and some type of bacteria. The
autophagy pathway is useful for curing several
diseases for example neurodegeneration,
myopathy, liver disease and diabetes.

2.2 Necrosis

Necrosis refers to premature death of cells by
self digestion because of some enzymatic



change in the environment of cell, this change
occurs by external factors like infection, toxins
etc. Necrosis does not contain any signaling
pathway like apoptosis. It occurs when it is
induced by some non-physiological disturbances
(Iytic viruses, hypothermia hypoxia, ischemia,
metabolic poisons) without any energy provided.

3. RISK FACTORS FOR OSCC

Many factors are known that cause OSCC that
results in increase the number of patients every
year. There are some major risk factors that have
been shown.

3.1 Chemical Factors

Tobacco-Study of several cases shows tobacco
in various forms, including smoking, chewing and
in betel quid etc., have carcinogenic impact on
oral cavity.

Alcohol-Many cases of Oral cancer shows that
alcohol is a major risk factor and also a known
reason, studies have shown that individuals
consuming more than 170g of whisky daily have
ten times higher risk of Oral cancer than the light
social drinkers. The current evidences do not
suggest that pure ethanol alone is carcinogen for
the development of OSCC cancer [4].

3.2 Biological Factors

Viruses-Human papilloma viruses are
epitheliotropic viruses are found in the anogenital
tract, urethra, skin, and larynx, tracheobronchial
and oral mucosa. Frequency of HPV in oral
squamous cell carcinoma and malignant
potential of HPV infection has been hypothesized
but not definitely confirmed.

Candida-Candida plays a role in initiation of Oral
cancer. Studies have reported that nodular
leukoplakia infected with candida has a tendency
for higher rate of dysplasia and malignant
transformation [4].

4, APOPTOTIC INDUCER

Apoptotic Incites expose pro-apoptotic
consequence by means of a number of
processes which included DNA cross-linking,
inhibition of antiapoptotic proteins and activation
of caspases. The apoptosis inducing compounds
may target a specific cellular process in order to
induce antitumor or antineoplastic effects.
Natural compounds are able to reduce oxidative
stress, which is the most likely mechanism

Rani et al.; AORJ, 3(3): 6-15, 2020; Article no.AORJ.56638

mediating the protective effects against cancer
development. In addition, in vitro and in vivo
studies have suggested that natural compounds,
such as (-)-epigallocatechin-3-gallate (EGCG),
Nimbolide, Theaflavin (TF), Resveratrol and
Curcumin, act by the mechanism of apoptosis.

5. NATURAL COMPOUNDS
5.1 EGCG

Green tea is a typical drink worldwide and has
been read in regards to its value for wellbeing [5].
An epidemiological examination has uncovered
that green tea has preventive impacts against
malignancy [6]. Polyphenols in green tea
incorporate numerous catechins-chiefly
epigallocatechin-3-gallate (ECGG), epigalloca-
techin (EGC), epicatechin-3-gallate (ECG) and
epicatechin (EC)- though EGCG is the most
productive important polyphenol [5]. The
utilization of EGCG has been presented to
repress malignancy progress in vitro in creature
models: the information capacity and movement
or metastasis, numerous disease assortments
like lung, liver, bosom, colorectal, prostate and
skin cancer [7]. The quality exhibit investigation
further affirmed this remarkable property of green
tea polyphenols. While NHEK react to EGCG by
experiencing a separation pathway [8], p21WAF1
was portion conditionally repressed on both
mRNA and protein levels. Conversely, OSC2
cells, which focus on caspase 3-interceded
apoptosis when presented to EGCG [9], shows
raised p21WAF1 mRNA at 2 h and expanded
protein levels. These perceptions propose that
p21WAF1 is engaged with EGCG-initiated
development capture and apoptosis in OSC2
cells; in any case, in NHEK, concealment of
p21WAF1 by EGCG is related with an inhibitory
instrument for caspase 3-interceded apoptosis.
It's been agreeing for which green tea poly-
phenol EGCG contrarily controls the declaration
of p21WAF1 in NHEK versus OSC2 cells; and
EGCG-incited p21WAF1 is included basically in
the development capture pathway just as
decreased effect along caspase 3-interceded
apoptosis [10].

EGCG has been proved as an inducer of
apoptosis in different cell lines, e.g., HCT116,
HelLa, A549, and HepG2 cells [11-12]. Various
roles of EGCG with regards to apoptosis in
malignant growth cells have been accounted for.
An recent study proposes that EGCG increases
the movement of phosphorfructokinase, causing
a diminished Bcl-2 expression, which prompts
expanded apoptosis in hepatocellular carcinoma



cells [13]. The affect of EGCG on apoptosis has
been accounted for colon malignant growth cell
line through expanded expression of p53,
prompting decreased Bcl-2 protein articulation
and increased Bax protein articulation [14]. It has
been accounted for that the apoptotic impact of
EGCG is directed by rise of oxidative anxiety in
colon malignancy cells. Hindrance of ROS by N-
acetyl-lcysteine (NAC), an antecedent of
glutathione, can reverse the impact of EGCG-
actuated apoptosis in the HT-29 cell line [15].
ROS can repress Ca2+-ATPase, prompting
exhaustion of Ca2+ in the endoplasmic reticulum
(ER). This exhaustion of calcium increases ER
stress and triggers apoptosis [16].

In OSC2 cells p21WAF1 is involved in EGCG-
induced growth arrest and apoptosis. However,
in NHEK, suppression of p21WAF1 by EGCG is
related with an inhibitory mechanism for caspase
3-mediated apoptosis. In the previous study it
was found that Induction of p21WAF1 is a
downstream event of p53 stabilization by EGCG
[171.

In NHSCC cells, time and dose dependent
apoptosis of EGCG has been demonstrated by
Linet al(SAS and Cal-27). Expression of
Fas/CD95 induces apoptosis. In addition to
increased expression of Fas/CD95, EGCG
inhibits STAT3 phosphorylation, translocation to
the nucleus, and leads to downregulation of the
target gene products of STAT3, such as Bcl-2,
Mcl-1, VEGF and cyclin D1 [18]. Thus, EGCG
can induce apoptosis through effects on the
mitochondria-mediated and the death receptor-
mediated pathway.

Apoptosis can proceed via the mitochondria-
mediated (intrinsic) pathway (including Bax, Bcl-
2, and Bcl-XL proteins) and a death receptor-
mediated (extrinsic) pathway  (including
Fas/CD95 and FADD) [19] and can be induced
by agents such as drugs used for chemotherapy.

5.2 Nimbolide

Nimbolide, a terpenoid lactone followed from
Azadirachta indica (neem), has different organic
exercises, including cancer prevention agent,
calming, antimalarial, and anticancer exercises
[20]. Nimbolide has a conventional limonoid
under frame with a, b-unsaturated ketones
arrangement of rules and a d-lactone ringing. Its
anticancereous action is alluding another, b-
unsaturated ketones basic component [21].
Nimbolide as indicated by incite GO/G1 cell cycle
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capture, tweaks the apoptotic pathway, and
increment the age of receptive oxygen species in
malignant growth cells [22]. At present,
nimbolide, a principle limonoid from the general
neem tree (Azadirachta indica) joined in the
posting going from ten potential characteristic
mixes for OSCC treatment as per immense strip
mining other than comment of solid mixes and
bioactivity databases [23]. It has been explored
through stream cytometry a portion subordinate
increment in the sub-G1-stage populace and
G2/M capture. In addition, annexin V and
propidium iodide (PI) twofold recoloring
uncovered an expanded extent of apoptotic cells
after 24 h of nimbolide treatment [24]. What's
more, 40,6-diamidino-2-phenylindole over
refinement was finished so as to survey
apoptosis in HONE-1 cells. Past examination has
been uncovered that nimbolide causes apoptosis
in NPC cell lines, recommending that it truly is an
alluring chosen one for tumor treatment plans
[25].

According to a recent study the inherent pathway
of apoptosis prompted by nimbolide and its
collaboration with the outward pathway in human
bosom malignancy cell lines (MCF-7 and MDA-
MB-231) [26]. The inhibitory impact of nimbolide
on the development of leukemic (HL-60, U937
and THP-1) and melanoma (B16) cell lines [27]
has also been explored. It has been shown that
nimbolide applies antiproliferative  impacts
against BeWo cells by prompting apoptosis. A
recent  study showed that  nimbolide
simultaneously reverses NF-kB and Wnt flagging
and initiates characteristic apoptosis in HepG2
cells [28].

Previously, it has already being studied that
nimbolide induces apoptosis of HBP carcinomas
by abrogating the PI3K/Akt pathway with
consequent activation of GSK-38 [29]. It has
already been shown that nimbolide negatively
regulates activation of PI3K/Akt in oral cancer
cells by inhibiting phosphorylation of Akt at
Ser473 with consequent increase in p-
GSK3pTyr216, the active form of GSK3f that
inhibits autophagy. Nimbolide mediated ROS
generation was shown to inhibit proliferation and
metastasis of pancreatic cells via blockade of
PIBK/AKT/mTOR/ERK signalling and activation
of mitochondrial apoptosis [30].

5.3 Theaflavin-3,30 -Digallate (Tf3)

Theaflavin (TF) its derivative products, will be
collectively known as theaflavins, are going to



be antioxidant polyphenols that are shaped of the
condensation consisting of flavan-3-ols in tea
leaves throughtout the enzymatic oxidation of
black tea. Theaflavin-3’-gallate, theaflavin-3-3’-
gallate, and theaflavin-3-digallate are the major
theaflavins [31]. Theaflavins are varieties of
thearubigins, and are therefore red in color. It
has been studied that Theaflavin-3, 30 -digallate,
a polyphenol in black tea, induces apoptosis in
HSC-2 cell by its prooxidant action (elevation of
reactive oxygen species (ROS) production) [32].
Green tea polyphenol caused apoptosis in OSCC
cell line (HSC-2) in the middle of the overall
gradual consisting of gene expression. The
general cells redacted of caspase-3 gene didn’t
autonomic functions of apoptosis. This means
that green tea polyphenol-caused apoptosis may
be a mitochondria-targeted, caspase-3-executed
steering system [33].

It has already been suggested that green tea
polyphenol-inducemitochondria-targeted apotosis
through, caspase-3-executed mechanism [34].
p58/KIP2 is a determinant pro-survival factor for
cell protection from green tea polyphenol induced
apoptosis [35].

5.4 Resveratrol

Resveratrol is a characteristic polyphenolic
compound (trans-3, 4, 5-trihydroxystilbene) that
is found in red grapes, berries, and peanuts and
in food items got from them, for example, wine
[36] and has solid enemy of inflammatory,
against oxidant, cardioprotective and hostile to
tumor properties [37]. Late examinations have
indicated that resveratrol  hinders the
development of a wide assortment of tumor cells
and balances numerous pathways associated
with cell development hindrance, including cell-
cycle capture, apoptosis, the concealment of
interpretation variables, and inflammations [38].
Resveratrol treatment brought about
morphological changes related with the
apoptosis of OSCC cells (CAL27, SCC15 and
SCC25 cell line). Hoechst recoloring exhibited
that resveratrol incites a change in atomic
morphology [39]. The Bcl-2 protein family
assumes an essential job in the enlistment of
apoptosis [40]. Bcl-2 family proteins works as to
hinder and advance apoptosis; bcl-2 and bcl-xl
have an enemy of apoptotic capacity; and Bax
and Bak have an ace apoptotic work [41]. The
job of Bcl-2 family proteins in resveratrol-initiated
apoptosis was inspected utilizing Western blotch
tests. Through examination it has been
demonstrated that the resveratrol-incited
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apoptosis happens by means of the
mitochondrial flagging pathway [33]. It has been
discovered that resveratrol down-manages MMP,
enacts Bax and Bak, restrains Bcl-2 and Bcl-XL,
and discharges cytochrome ¢ from the
mitochondria [33]. Likewise, it has been
demonstrated that the actuation of caspases
ICAD and PARP, are related with apoptosis by
resveratrol. The ongoing investigation it was
exhibited that resveratrol hinders multiplication of
OSCC cell lines by improving cell cycle capture
in the G2/M stage and by initiating apoptosis
[42].

It has additionally been indicated that resveratrol
causes apoptosis by hindering the PI3K/
Akt/mTOR pathway [43,44,45,46], balancing the
mitogen-enacted protein kinase pathway (MAPK)
[47,48,49] and restraining NF-kB initiation
[50,51]. Resveratrol activated apoptosis inside
human T-cell heightened lymphoblastic leukemia
MOLT-4 cells by reversing Akt phosphorylation,
and hence forestalling GSK3B from being
initiated [52]. Thus, resveratrol provokes
apoptosis in ovarian, [53] bosom, [54] uterine,
[55] prostate, [44] and different myeloma cells
[56], by hindering Akt phosphorylation.
Resveratrol activates apoptosis and discourages
expansion of, human various myeloma cells by
means of repressing the constitutive activation of
NF-kB through revoking the IkB-a kinase
enactment, and consequently down-controlling
certain enemy of apoptotic and genius
multiplication quality items, for example, survivin,
clAP-2, cyclin D1, XIAP, Bcl-xL, Bfl-1/A1, Bcl-2,
and TNF-a receptor-related factor 2 (TRAF2)
[56,57].

Resveratrol induce  apoptosis via the
mitochondrial ~ signaling pathway. It was
suggested that resveratrol down-regulates MMP,
activates Bax and Bak, inhibits Bcl-2 and Bcl-XL,
and releases cytochrome c¢ from the
mitochondria. In addition, to that the activation of
caspases ICAD and PARP, are found to be
associated with apoptosis by resveratrol. The
expression levels of Apaf-1 caspase-9, caspase-
3, ICAD, and PARP proteins activated and
cleave caspase-3, that causes an increase in
CAL27 cells. Thus, it can be suggested that
resveratrol induces apoptosis via activation of the
mitochondrial pathway and caspase cascades in
OSCC cells [58].

5.5 Curcumin

Curcumin is a yellow shade found in the rhizome
of turmeric (Curcuma longa) and has been



credited to different properties including, cancer
prevention agent, calming, hostile to angiogenic,
against proliferative and wound mending [59],
without cytotoxic impacts on solid cells. It has
additionally demonstrated noteworthy chemo
preventive adequacy against different
malignancies [60]. Different audits submit to
trained that curcumin actuates apoptotic demise
in malignant cells by the help of the two qualities
p53-subordinate and p53-free [61,62]. The exact
procedures comprising of curcumin-caused
apoptosis despite everything stay not well
portrayed, just as questioned characters the Bcl-
2 family line and cancer prevention agent. There
will be developing proof for which curcumin can
cause demise in cells that is invulnerable to
apoptosis [63]. As of now, treatment alongside
curcumin  has been expressed to actuate
autophagic apoptosis in harmful cells [64]. This
sort of cell passing happens without chromatin
fracture, and was portrayed by the arrangement
of autophagic vacuoles [65]. Curcumin shows
highlights of cytotoxicity, overwhelmingly as per
the general inductive thinking of mitotic calamity
(MC) coldhearted mammalian cell that was
among highlights of apoptosis or protein union
[66]. Curcumin alone or in mix with tea
polyphenols restrain the oral carcinogenesis in
hamsters, conceivably by stifing the cell
expansion, acceptance of apoptosis and
angiogenesis [67].

Curcumin causes apoptosis in tranquil rodent
thymocyte and splenocytes, human fringe blood
lymphocytes, multiplying IL-2-subordinate T-
cells, human leukemic (MOLT-4) cells and
mouse leukemic (L1210) cells, and just in HL-60
cells old style apoptosis occurs [68].

It has also been previously analyzed that
curcumin-treated OSCC cells for the presence of
biochemical markers was associated with
autophagy. Sudden increase of LC3-1 to LC3-II
conversion in curcumin-treated cells relative to
control cells, proves that curcumin induces
autophagy in OSCC cells. The percentage of
dead cells resulting from curcumin treatment is
not only attributable to apopto sis induction but
also potentially autophagy when taken together.
Curcumin suppresses proliferation and survival
of OSCC cells through autophagic cell death.
Further investigation was done to study the
mechanism of curcumin induced cell death, the
levels of PARP cleavage and procaspase
cleavage to active caspase-3, markers of
apoptotic activity, in OSCC cells. The levels of
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cleaved PARP and caspase-3 in response to
curcumin is time-dependent [69].

5.6 Plant Extracts
5.6.1 Imperata cylindrical

The grass with lots of pharmaceutical and
medicinal values named Imperata cylindrical
inhibit cell proliferation and promote apoptosis in
Oral squamous cell carcinoma cell line SCC-9 as
in vitro model system. The methanol extract of /.
cylindrical stimulate cytotoxicity by MTT assay.
Colony forming capacity of cell line was
evaluated because of clonogenic assay [70]
cytometry and induction of apoptosis shown by
DNA fragmentation assay [71]. The calculated
value was affected by cell line and death rate of
cells depends upon the treatment quantity [71].
Dose of treatment decrease the potential of cell
tolerance against extract and stop the
proliferation of cell cycle in G2/M phase and DNA
fragmentation assay shows the death of cells
because of apoptosis, which shows anticancer
activity of Imperata cylindrical in Oral squamous
cell carcinoma [71].

5.6.2 Holarrhena antidysenterica

A medicinal plant Holarrhena antidysenterica
found usually in Srilanka and India and is used to
treat various diseases related to stomach and
intestine. It is also useful in diabetes but besides
this the methanol extract of the leaves of H.
antidysenterica shows an appreciable effect
upon Cas9-22 gingival and HSC-3 tongue cell
because of the phenolic content become toxic for
reactive oxygen species, reactive oxygen
species produce oxidative stress and damaged
of DNA stimulus mutation and cause death of cell
(apoptosis) which is useful in the treatment of
oral cancer [72].

6. CONCLUSION

Carcinoma chemoprevention therapy gives an
opportunity to interfere with the cancerous
process and stop upcoming outbreaks. This
review is focused on the apoptosis-inducing
properties of several natural compounds which
form an important component of the human diet
and has described their beneficial effects against
cancer development. These natural compounds
and plant extracts play a contributing role to
induce apoptosis in OSCC.



CONSENT

It is not applicable.
ETHICAL APPROVAL
It is not applicable.
ACKNOWLEDGEMENT

The authors acknowledge the help provided by
the Department of Biotechnology, Faculty of Life
Sciences, Institute of Applied Medicines and
Research, Ghaziabad, Uttar Pradesh, India.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Bradley A. Schiff, MD, Montefiore Medical
Center, The University Hospital of Albert
Einstein College of Medicine; 2019.

2. Elmore S. Apoptosis: A review of of
programmed cell death. Toxicology
Pathology. 2007;35(4):495-516,.

3. Loreto Carla, La Rocca Giampiero,
Anzalone Rita, Caltabiano Rosario,
Vespasiani Giuseppe, Castorina Sergio, J.
Ralph David, Cellek Selim, Musumeci
Giueseppe, Giunta Salvatore, Djinovic
Rados, Basic Dragoslav, Sansalone
Salvatore, BioMed Research International,
Hindawi Publishing Corporation. 2014;10.

4. Ram Hari, Sarkar Jayanta, Kumar Hemant,
Konwar Rituraj, Mohammad Sadab, Bhatt
MLB. J Maxillofac Oral Surg. 2011;
10(2):132-137.

5. Chu C, Deng J, Man Y and Qu Y: Green
tea extracts epigallocatechin-3-gallate for
different treatments. Biomed res int 2017:
5615647; 2017.

6. Imai K, Suga K and nakachi K: cancer-
preventive effects of drinking green tea
among a Japanese population. Prev Med.
1997; 26: 769-775.

7. Lecumberri E, Dupertuis YM, Miralbell R,
Pichard C. Green tea polyphenol
epigallocatechin-3-gallate  (eGcG) as
adjuvant in cancer therapy. Clin nutr. 2013;
32: 894-903.

8. Scholzen T, Gerdes J: The Ki-67 protein:
From the known and the unknown. J cell
Physiol. 2000;182: 311-322.

12

Rani et al.; AORJ, 3(3): 6-15, 2020; Article no.AORJ.56638

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hsu, Stephen, Farrey, Kajuana, Wataha,
John, Lewis, Jill, Borke, James, Singh,
Baldev, Qin, Haiyan, Lapp, Carol, Lapp,
David, Schuster, George. Role of p21
WAF1 in green tea polyphenol-induced
growth arrest and apoptosis of oral
carcinoma cells. Anticancer research.
2005;25:63-7.

Hitoshi  Yoshimura, Hisato Yoshida,
Shinpei Matsuda, Takashi Ryoke, Keiichi
Ohta, Masahiro Ohmori, Satoshi
Yamamoto, Tamotsu Kiyoshima, Motohiro
Kobayashi and Kazuo Sano; Molecular
Medicine Reports. 2019;20:1139-1148.
Cromie MM, Gao W. Epigallocatechin-3-
gallate enhances the therapeutic efects of
leptomycin B on human lung cancer a549
cells. Oxid Med Cell Longev. 2015;2015:
217304.

Zou C, Liu H, Feugang JM, Hao Z, Chow
HH, Garcia F. Green tea compound in
chemoprevention of cervical cancer. Int J
Gynecol Cancer. 2010;20:617-24.

Li S, Wu L, Feng J, Li J, Liu T, Zhang R,
Xu S, Cheng K, Zhou Y, Zhou S, et al. In
vitro and in vivo study of epigallocatechin-
3-gallate-induced apoptosis in aerobic
glycolytic hepatocellular carcinoma cells
involving inhibition of phosphofructokinase
activity. Sci Rep. 2016;6:28479.

Kim D, Mollah ML, Kim K. Induction of
apoptosis of SW480 human colon cancer
cells by (-)-epicatechin isolated from
Bulnesia sarmienti. Anticancer Res. 2012;
32:5353-61.

Chen C, Shen GX, Hebbar V, Hu R, Owuor
ED, Kong ANT. Epigallocatechin3-gallate-
induced stress signals in HT-29 human
colon adenocarcinoma cells. Carcino-
genesis. 2003;24:1369-78.

Yokouchi M, Hiramatsu N, Hayakawa
K, Okamura M, Du S, Kasai A, Takano
Y, Shitamura A, Shimada T, Yao J,
Kitamura M. Involvement of selective
reactive oxygen species upstream of
proapoptotic branches of unfolded protein
response. J Biol Chem. 2008;283:4252—
60.

Hastak K, Gupta S, Ahmad N, Agarwal
MK, Agarwal ML, Mukhtar H: Role of p53
and NF-kappaB in epigallocatechin-3-
gallate-induced apoptosis of LNCaP cells.
Oncogene. 2003;22:4851- 4859.

Lin HY, Hou SC, Chen SC, Kao MC, Yu
CC, Funayama S, Ho CT and Way TD: (-)-
Epigallocatechin gallate induces Fas/
CD95-mediated apoptosis through



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

inhibiting constitutive and IL-6-induced
JAK/STAT3 signaling in head and neck
squamous cell carcinoma cells. J Agric
Food Chem. 2012;60:2480—2489.

Rivera C: Essentials of oral cancer. Int J
Clin Exp Pathol. 2015;8:11884—11894.
Bodduluru LN, Kasala ER, Thota N, Barua
CC, Sistla R. Chemopreventive and
therapeutic effects of nimbolide in cancer:
the underlying mechanisms. Toxicol in
vitro. 2014;28(5):1026—-1035.

Glinsukon T, Somjaree R, Piyachaturawat
P, Thebtaranonth Y. Acute toxicity of
nimbolide and nimbic acid in mice, rats and
hamsters. Toxicol Lett. 1986;30(2):159—
166.

Roy MK, Kobori M, Takenaka M, et al.
Antiproliferative effect on human cancer
cell lines after treatment with nimbolide
extracted from an edible part of the neem
tree (Azadirachta indica). Phytother Res.
2007;21(3):245-250.

Bundela S, Sharma A, Bisen PS. Potential
compounds for oral cancer treatment:
resveratrol, nimbolide, lovastatin,
bortezomib, vorinostat, berberine,
pterostilbene, deguelin, andrographolide,
and colchicine. PLoS One. 2015;10:
e0141719.

Josephraj Sophia, Jaganathan Kowshik,
Anju Dwivedi, Sujit K Bhutia,
Bramanandam Manavathi, Rajakishore
Mishra, Siddavaram Nagini; Cell Death
and Disease. 2018;9:1087.

Su-Yu Chien, Ching-Hui Hsu,Chia-Chieh
Lin, Yi-Ching Chuang, Yu-Sheng Lo, Yi-
Ting His, Ming-Ju Hsieh, Mu-Kuan
Chen, Environmental Toxicology. 2017;1—
8.

Elumalai P, Gunadharini DN, Senthilkumar
K, Banudevi S, Arunkumar R, Benson CS,
Sharmila G, Arunakaran J. 2 Elsevier
Ireland Ltd. 2012;215:131-142.

Harish Kumar G, Chandra Mohan KV,
Jagannadha Rao A, Nagini S. Nimbolide a
limonoid from Azadirachta indica inhibits
proliferation and induces apoptosis of
human choriocarcinoma (BeWo) cells.
Investigational New Drugs. 2009;27:246—
252.

Kavitha K, Vidya Priyadarsini R, Anitha P,
Ramalingam K, Sakthivel R, Purushotha-
man G, Singh AK, Karunagaran D, Nagini
S. Nimbolide, a neem limonoid abrogates
canonical NF-kappaB and Whnt signaling to
induce caspase-dependent apoptosis in
human hepatocarcinoma (HepG2) cells.

13

Rani et al.; AORJ, 3(3): 6-15, 2020; Article no.AORJ.56638

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

European Journal of Pharmacology. 2012;
681:6-14.

Hsu S, Lewis J, Singh B, Schoenlein P,
Osaki T, Athar M, et al. Green tea
polyphenol targets the mitochondrial in
tumor cells inducing caspase 3-dependent
apoptosis. Anticancer Res. 2003;23:
1533—9.

Hsu S, Yu FS, Lewis J, Singh B, Borke J,
Osaki T, et al. Induction of p57 is required
for cell survival when exposed to green tea
polyphenols. Anticancer Res 2002;22:
4115—20.

Sophia J, Kiran Kishore TK, Kowshik J,
Mishra R, Nagini S. Nimbolide, a neem
limonoid inhibits phosphatidyl inositol-3
kinase to activate glycogen synthase
kinase-38 in a hamster model of oral
oncogenesis. Sci. Rep. 2016;6:22192.
Subramani R, et al. Nimbolide inhibits
pancreatic cancer growth and metastasis
through ROS-mediated apoptosis and
inhibition  of  epithelial-tomesenchymal
transition. Sci. Rep. 2016;6:19819.
Theaflavin Effectiveness, Safety, and Drug
Interaction on RxList. rxlist.com.

Retrieved 24 April 2018.

Schuck AG, Ausubel MB, Zuckerbraun HL,
Babich H. Theaflavin-3-digallate, a
component of black tea: an inducer of
oxidative stress and apoptosis. Toxicol in
vitro. 2008;22:598—609.

Hsu S, Lewis J, Singh B, Schoenlein P,
Osaki T, Athar M, et al. Green tea
polyphenol targets the mitochondrial in
tumor cells inducing caspase 3-dependent
apoptosis. Anticancer Res. 2003;23:1533-
9.

Seong-Eon Kim, Sang-Hun Shin, Jae-Yeol
Lee, Chul-Hoon Kim, In-Kyo Chung, Hae-
Mi Kang, Hae-Ryoun Park, Bong-Soo Park
& In-Ryoung Kim; nutrition and cancer
2018;70(1):125-135.

Wang Y, Catana F, Yang Y, Roderick R,
and Van Breemen RB: An LC-MS method
for analyzing total resveratrol in grape
juice, cranberry juice, and in wine. J Agric
Food Chem. 2002;50:431-435.

Ang M, Cai L, Udeani GO, Slowing KV,
Thomas CF, et al. Cancer chemopreven-
tive activity of resveratrol, a natural product
derived from grapes. Sci. 1997;275:218-
220.

Bhardwaj A, Sethi G, Vadhan-Raj S,
Bueso-Ramos C, Takada Y, et al
Resveratrol inhibits proliferation, induces
apoptosis, and overcomes chemoresis-



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

tance through downregulation of STAT3
and nuclear factor-kB-regulated antia-
poptotic and cell survival gene products in
human multiple myeloma cells. Blood.
2007;109:2293-2302.

Seong-Eon Kima, Sang-Hun Shina, Jae-
Yeol Leea, Chul-Hoon Kimb, In-Kyo
Chunga, Hae-Mi Kangc E, Hae-Ryoun
Parkd E, Bong-Soo Parkc E and In-
Ryoung Kim. Nutriton and Cancer.
2018;70(1):125-135.

Zhou H-B, Yan Y, Sun Y-N, and Zhu J-R:
Resveratrol induces apoptosis in human
esophageal carcinoma cells. World J
Gastroenterol. 2003;9:408-411.

Youle RJ, and Strasser A: The BCL-2
protein family: opposing activities that
mediate cell death. Nat Rev Mol Cell Biol.
2008;9:47-59.

Xiao-Dong Yu, Jing-lei Yang, Wan-Lin
Zhang, Dong-Xu Liu. Tumor Biol; 2015.

Bai Y, Mao QQ, Qin J, Zheng XY, Wang
YB, Yang K, Shen HF, Xie LP. Resveratrol
induces apoptosis and cell cycle arrest of
human T24 bladder cancer cells in vitro
and inhibits tumor growth in vivo. Cancer
Sci. 2010;101:488-493.

Aziz MH, Nihal M, Fu VX, Jarrard DF,
Ahmad N. Resveratrol-caused apoptosis of
human prostate carcinoma LNCaP cells is
mediated via modulation of phosphatidy-
linositol 30 -kinase/Akt pathway and Bcl-2
family proteins. Mol. Cancer Ther. 2006;5:
1335-1341.

Faber AC, Dufort FJ, Blair D, Wagner D,

Roberts MF, Chiles TC. Inhibition of
phosphatidylinositol 3-kinase-mediated
glucose  metabolism coincides  with

resveratrol-induced cell cycle arrest in
human diffuse large B-cell lymphomas.
Biochem. Pharmacol. 2006;72:1246-1256.
He X, Wang Y, Zhu J, Orloff M, Eng C.
Resveratrol enhances the anti-tumor
activity of the mTOR inhibitor rapamycin in
multiple breast cancer cell lines mainly by
suppressing  rapamycin-induced = AKT
signaling. Cancer Lett. 2011;301:168—
176.

Banerjee Mustafi S, Chakraborty PK, Raha
S. Modulation of Akt and ERK1/2 pathways
by resveratrol in chronic myelogenous
leukemia (CML) cells results in the
downregulation of Hsp70. PLoS ONE.
2010;5:e8719.

Parekh P, Motiwale L, Naik N, Rao KV.
Downregulation of cyclin D1 is associated
with decreased levels of p38 MAP kinases,

14

Rani et al.; AORJ, 3(3): 6-15, 2020; Article no.AORJ.56638

50.

51.

52.

53.

54.

55.

56.

57.

Akt/PKB and Pak1 during chemopreven-
tive effects of resveratrol in liver cancer
cells. Exp. Toxicol. Pathol. 2011;63:167—
173.

Colin D, Limagne E, Jeanningros S,
Jacquel A, Lizard G, Athias A, Gambert P,
Hichami A, Latruffe N, Solary E, et al.
Endocytosis of resveratrol via lipid rafts
and activation of downstream signaling
pathways in cancer cells. Cancer Prev.
Res. 2011;4:1095-1106.

Pozo-Guisado E, Merino JM, Mulero-
Navarro S, Lorenzo-Benayas MJ, Centeno
F, Alvarez-Barrientos A, Fernandez-
Salguero PM. Resveratrol-induced
apoptosis in MCF-7 human breast cancer
cells involves a caspase-independent
mechanism with downregulation of Bcl-2
and NF-kB. Int. J. Cancer. 2005;115:74—
84.

Benitez DA, Hermoso MA, Pozo-Guisado
E, Fernandez-Salguero PM, Castellon EA.
Regulation of cell survival by resveratrol
involves inhibition of NF kB-regulated gene
expression in prostate cancer cells.
Prostate. 2009;69:1045-1054.

Cecchinato V, Chiaramonte R, Nizzardo M,
Cristofaro B, Basile A, Sherbet GV, Comi
P. Resveratrol-induced apoptosis in human
T-cell acute Iymphoblastic leukaemia
MOLT-4 cells. Biochem. Pharmacol. 2007;
74:1568-1574.

Kueck A, Opipari AW Jr., Griffith KA, Tan
L, Choi M, Huang J, Wahl H, Liu JR.
Resveratrol inhibits glucose metabolism in
human ovarian cancer cells. Gynecol.
Oncol. 2007;107:450-457.

Li Y, Liu J, Liu X, Xing K, Wang Y, Li, F,
Yao L. Resveratrol-induced cell inhibition
of growth and apoptosis in MCF7 human
breast cancer cells are associated with
modulation of phosphorylated Akt and
caspase-9. Appl. Biochem. Biotechnol.
2006;135:181-192.

Sexton E, Van Themsche C, LeBlanc K,
Parent S, Lemoine P, Asselin E.
Resveratrol interferes with AKT activity and
triggers apoptosis in human uterine cancer
cells. Mol. Cancer. 2006;5:45.

Bhardwaj A, Sethi G, Vadhan-Raj S,
Bueso-Ramos C, Takada Y, Gaur U, Nair
AS, Shishodia S, Aggarwal BB.
Resveratrol inhibits proliferation, induces
apoptosis and overcomes chemoresis-
tance through down-regulation of STAT3
and nuclear factor-kB-regulated antia-
poptotic and cell survival gene products in



58.

59.

60.

61.

62.

63.

64.

65.

human multiple myeloma cells. Blood.
2007;109:2293-2302.

Jazirehi AR, Bonavida B. Resveratrol
modifies the expression of apoptotic
regulatory proteins and sensitizes non-
Hodgkin’'s  lymphoma and  multiple
myeloma cell lines to paclitaxel-induced
apoptosis. Mol. Cancer Ther. 2004;3, 71—
84.

Ji Young Kim, Tae Jin Cho , Bok Hee Woo,
Kyung Un Choi, Chang Hun Lee, Mi Heon
Ryu , Hae Ryoun Park ; archives of oral
biology. 2012;57:1018 — 1025.

Sharma RA, Gescher AJ, Steward WP,
Curcumin: the story so far. Eur J Cancer.
2005;41: 1955 — 1968.

Surh YJ. Cancer chemoprevention with
dietary phytochemicals. Nat Rev Cancer .
2003;3:768 — 780.

Karunagaran D, Rashmi R, Kumar TR.
Induction of apoptosis by curcumin and its
implications for cancer therapy. Curr
Cancer Drug Targets. 2005;5:117—- 129.
Salvioli S, Sikora E, Cooper EL,
Franceschi C. Curcumin in cell death
processes: a challenge for CAM of age-
related pathologies. Evid Based
Complement Alternat Med. 2007;4:181—
190.

Holy JM. Curcumin disrupts mitotic spindle
structure and induces micronucleation in
MCF-7 breast cancer cells. Mutat Res.
2002;518:71-84.

Aoki H, Takada Y, Kondo S, Sawaya R,
Aggarwal BB, Kondo Y. Evidence that
curcumin suppresses the growth of

Rani et al.; AORJ, 3(3): 6-15, 2020; Article no.AORJ.56638

66.

67.

68.

69.

70.

71.

72.

malignant gliomas in vitro and in vivo
through induction of autophagy: Role of
Akt and extracellular signal-regulated
kinase signaling pathways. Mol Pharmacol.
2007; 72:29-39.

Degterev A, Yuan J. Expansion and
evolution of cell death programmes. Nat
Rev Mol Cell Biol. 2008;9:378-390.
O’Sullivan-Coyne G, O’Sullivan GC,
O’Donovan TR, Piwocka K, McKenna SL.
British Journal of Cancer. 2009;101:1585 —
1595.

Li N, Chen X, Han C, Chen J.
Chemopreventive effect of tea and
curcumin on DMBA-induced oral

carcinogenesis in hamsters. Wei Sheng
Yan Jiu. 2002;31:354—357.
Bielak-Zmijewska A, Koronkiewicz M,
Skierski J, Piwocka K, Radziszewska E,
Sikora E. Effect of curcumin on the
apoptosis of rodent and human
nonproliferating and proliferating lymphoid
cells. Nutr. Cancer. 2000;38:131-138.
Franken NA, Rodermond HM, Stap J, et al.
Cologenic assay of cells in vitro.Nat
Protoc. 2006;2315-9.

Keshava Rohini1, Muniyappa Nagesh 2,
Gope Rajalakshmi3 Saligrama
Ramaswamaiah Ananthanarayanai. Asian
Pac J Cancer Prev. 2016;17(4):1891-1898.
Yoon Heein, Park Junhee, Park Kwang-
Kyun, Kim Jim, Bandara N. Champika,

Bandara BMR, Tilakaratne M,
Wanninayake 6, Won-Yoon Chung.
Evidence-based @ complementary  and

alternative medicine. 2017;8.

© 2020 Rani et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/56638

15



