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ABSTRACT

Cancer is one of the deadliest diseases which is caused when abnormal cells
divide uncontrollably and destroy body tissue. Colorectal cancer (CRC), also
known as colon cancer, is one of the most common type of cancers in humans
is closely linked to the global cancer - related mortalities worldwide. The
ongoing clinical treatment for colorectal cancer or colon cancer largely
engages surgery and chemotherapy. But as there are many side effects and
due to emergence of drug resistance, it has become very necessary to find
novel and more effectual drugs for colon cancer treatment. Chemo prevention,
anovel method for controlling cancer encompasses the use of specific natural
products or synthetic chemical agents to reverse, suppress or prevent
premalignancy before the development of invasive cancer. Many studies have
signified that various natural products have efficacious anti CRC effects and
may be used as substitutional chemotherapy agents for CRC therapy. Various
natural compounds have been shown to be promising on the basis of their anti
cancerous effects and low toxicity. In this review we summarise the natural
compounds having anti CRC effects from distinct sources. This review suggest
that they provide a novel opportunity for treatment of colon cancer.
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INTRODUCTION

Cancer

Cancer is a crucial public health issue and the second prime
cause of mortality globally. Cancer is a fatal disease whose
progression occurs in many stages -normal cells get altered,
development of tumour takes place and the tumour starts
spreading to new areas of the body which is known as
metastasis, that consist a chain of many events [Jemal et al.,
2008]. A tumour can be malignant and benign. A malignant
tumour can grow and spread to other parts of the body that
means malignant tumours are cancerous while benign
tumour only grows and doesn’t spread to other parts of the
body. There are a many number risk factors namely age, race
and region which are involved in the development of cancer
[Wiart 2007]. However cancer is a disease that can be cured.

Some recent research demonstrated that the dysfunctioning
of certain genes which codes for the protein like receptors of
growth factor, growth factors, inhibitor of tumour etc which
account for the target of cancer treatment are the cause of
most cancers [Glade 1999]. Cancer are of different types
depend on in which part of the body it grows such as
Carcinomas, Sarcomas, leukemia, and lymphomas.

Colon Cancer

Colon cancer refers to any malignant tumour appearing from
the inner lining of colonic epithelium. It is the third most
familiar malignancy globally, being often diagnosed in
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advanced stages. Basically colon cancer also known as rectal
cancer, bowel cancer or colorectal cancer is the progression
of cancer from the colon or rectum. There are numerous
factors that are involved in the development of colorectal
cancer such as insufficiency of physical activity [Watson et
al,, 2011], immoderate alcohol consumption [Huxley et al.,
2009], old age [Schultz et al., 2010], family history [Johns et
al,, 2001], high-fat diets with no fiber and red meat, diabetes
[Meyerhardt et al.,2003] and inflammatory bowel diseases,
including ulcerative colitis and disease [Terzi¢ et al., 2010].
The incident of colon cancer is mainly correlated with the
occurrence aberrant crypt foci (ACF), an untimely neoplastic
lesion which are mass of mucosal cells with an enlarged and
thicker layer of epithelia than the nearby normal crypts that
develop in to polyps followed by adenomas and
adenocarcinomas [Board PDQATE et al,, 2002].

Prohibition of colorectal cancer generally depends on
screening methods to detect adenomatous polyps which are
predecessor lesions to colon cancer [Schmoll et al.,, 2012].
The standard treatment of cancer is usually based on
cytotoxic drugs, radiotherapy, chemotherapy and surgery
[Reilly et al., 1997]. Except these treatments, antiangiogenic
agents are also used for the cure and management of cancer
development [Pasquier et al., 2004].
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Colon cancer has various stages: 0,1, I1, [Il and IV. Treatment
for stages 0 to III generally includes surgery while for the
stage IV and the recurrent colon cancer both surgery and
chemotherapy are the choices. [Cappell 2007]. Various
chemotherapeutic drugs and diets have been suggested for
the management of colorectal cancer based on the cancer
stage and the patients characteristics [Schmoll et al., 2012].
The outcome of contrast between self proliferation and
apoptosis determines colorectal tumour growth.

In order to make sure the evolution of colorectal cancer,
many genetic variations are required in a sequential manner.
The gene modification of TP53, KRAS, BRAF and PIK3CA play
a very major role in colon cancer. There is a disturbance of
signalling pathways caused by Gene modification, along with
increment of proliferative potential and declined apoptosis.
The three main epigenetic regulatory mechanisms are as
follows (a) Histones modification (b) non coding RNA
interference (c) Methylation of DNA [Samowitz et al., 2008].

Programmed cell death in normal and carcinogenic
colon cells

Apoptosis is a suicidal procedure of cells in which the
quantity of cells are controlled and cells having mutation or
divergent cell cycle are eliminated. [Zimmermann et al,,
2001]. Therefore, there is a great significance of explaining
the apoptosis mechanism for malignant transformation,
tumor eluding, and therefore for anti-cancer therapy. [Kimm
et al, 2002; Kaufmann et al., 2003]. Malformation in
apoptotic function results in the manner of development of
colorectal cancer i.e. pathogenesis and radiotherapy and
chemotherapeutics resistivity. [Watson et al., 2004].

Pathways of Apoptosis

Apoptosis is a form of programmed cell death. Apoptosis
consist of different pathways named as metabolic pathways
and biological pathways that has a very importantrole in the
maintenance of an internal steady state within a define
tissue of an organism known as tissue homeostasis and
progression [Negrini et al, 2010]. Tumorigenesis may
encouraged along with the initiation of resistance to cancer
cells treatment due to apoptosis pathway regulation [Watson
etal., 2004]. Various morphological features of the cells are
showed by the apoptotic process such as : shrinkage of cell
with nuclear fragmentation and condensation of chromatin,
self fragmentation of cell and membrane blebbing .there are
two fundamental signaling pathways which is responsible
for the initiation of apoptosis: (a) the extrinsic pathway and
(b) the intrinsic (or mitochondrial) pathway [Su etal., 2015].
Between the two apoptotic pathways there is an overlap: the
intrinsic pathway also get activated by the extrinsic pathway,
and with the recruitment and stimulation of caspases both
the pathways get terminate. [Elmore et al., 2007; Taylor et
al,, 2008]. The protein apoptosis’s caspase family is initiated
and it cleaves the major components of cells which are
required for the normal function of cells on receiving the
particular signals which commands the cells to undergo
apoptosis. [Hassan et al., 2009].

(A) The intrinsic pathway is also known as mitochondrial
pathway. Intrinsic pathway is triggered by Certain cytotoxic
drugs (sometimes known as antineoplastics), Deficiency of
growth factor, damage of DNA, overloading of Ca2+ and
activation of cancer causing genes [Hassan et al., 2009;
Mendelsohn ] et al, 2015]. The formation of the
mitochondrial permeability transition pore (MPTP) initiates
intrinsic pathway [Yang et al., 2009], which results in

mitochondrial outer membrane permeabilization (MOMP).
The osmotic distension of the matrix is instigated by the
decrease in the mitochondrial membrane potential. Then an
apoptosome complex is formed by the association of
Cytochrome c with apoptotic protease apoptotic factor-1
(APAF-1) and caspase-9 .The cleavage of caspase-3 ,
initiation of endonuclease and fragmentation of nuclear DNA
are the result of caspase-9 and/or caspase-8 activation,
which is hallmark of apoptosis [Yang et al., 2009; Giansati et
al,, 2011]. The central regulators of intrinsic pathway are Bcl
2 family proteins (B cell leukaemia/lymphoma 2), which
either repress or develop modification in permeability of
mitochondrial membrane [Daniel et al., 2004].

(B)The extrinsic pathway when the ligand such as TNF
(tumour necrosis factor), TRAIL (tumour necrosis related-
apoptosis-inducing ligand) and CD95 (Fas or APO1) binds to
their certain death receptors, then these death receptors get
activated which ultimately initiates the extrinsic pathway of
apoptosis [Locksley et al, 2001]. Death receptors are
transmembrane proteins. In the cytosolic region of death
receptor, a death domain is present. The oligomerization of
these receptors is caused by the binding of ligands and then
these receptors expose their death domains in their cytosolic
tail. After then the binding between exposed death domain
and Fas-Associated Death Domain (FADD) occurs. Various
TNF- family receptors utilize the activation of caspase as a
signaling mechanism [Ashkenazi et al., 1998; Walczak et al.,
2000]. At the cytosolic domain of these receptors several
intracellular proteins are recruited by the binding of these
receptors at the cell surface. It results in the “death-inducing
signaling complex” (DISC) formation, after which caspase-8
activation takes place [Kuwana et al., 2005; Hassan et al.,
2014]. In the case of TNFR1, after the binding of ligand to
TNFR1, the receptor’s cytosolic region binds to TNFR1-
associated death domain protein (TRADD adaptor), other
signaling proteins instead of binding to FADD. Then, from
the receptor initial complex is released, binding of TNFR1-
associated death domain protein (TRADD) to Fas-Associated
Death Domain (FADD) occurs in the cytoplasmic matrix, and
the recruitment of caspase-8 takes place. Further
interactivity takes place with proteins like FLICE-like
inhibitory protein which forms the basis of downstream
signaling, leading to the formation of a complex that contains
caspase-8 and c-FLIP heterodimers which will suppress
apoptosis. However, activation of caspase-8 takes place and
cell undergoes apoptosis when the activity of NF-Kb is
stopped or disrupted, or the expression of c-FLIP is
suppressed. [Mendelsohn et al., 2015; Lavrik et al., 2005].

Apoptosis-based regulation in colon cancer treatment
Apoptosis is especially grouped into two pathways: the
intrinsic and therefore the extrinsic pathway. The intrinsic
pathway (mitochondrial pathway) can trigger the caspase
cascade and results in apoptosis via the discharge of
cytochrome [Roemer et al., 2007]. The extrinsic pathway
initiates the activation of apoptosis by triggering cell death
receptors (DRs), like FasL/CD95 L and TRAIL, on the cell
surface [Fulda 2006; Dranoff et al., 2004] . Several natural
products having an anticancer effect are mediated by the
intrinsic apoptotic pathway. Natural products persuade
apoptosis primarily by inducing the generation of ROS,
reducing the mitochondrial membrane potential and the
Bcl2 /Bax ratio, and activating the related caspase proteins,
which ultimately results in DNA fragmentation and
apoptosis.
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Ithas been found that Alkylresorcinols (ARs), extracted from
wheat bran, stimulate cell cycle arrest and mitochondrial
apoptosis by initiating and accumulating p53. ARC15 and AR
C17 are found to downregulate the amount of Bcl2 and XIAP,
and upregulate the amount of pro-apoptotic factors
including cytochrome c, caspase 3/9, and PUMA in both
HCT116 and HT-29 cells [Fu et al., 2018]. It has been found
that Quercetrin from Toona sinensis leaves (QTL) persuade
apoptosis by upregulating cytochrome c, Bax, Apaf-1,
caspase-3/9. Moreover QTL has also been shown to activate
ROS generation and persuade the dropping of mitochondrial
membrane potential within the human CRC cell line SW620
[Zhang et al., 2017]. A prime bioactive compound named
cardol extracted from Trigona incisa propolis, can trigger
caspase-3, caspase-9,and PARP, and induce ROS generation
in SW620 cells [Kustiawan et al.,, 2017]. Furthermore, 6-
bromoisatin, extracted and identified from an Australian
marine gastropod, Dicathais orbita, has been shown to
induce apoptosis by prolong the expression of caspase-3 and
-7 inboth HT-29 and Caco-2 cells [Esmaeelian etal., 2013]. 1t
has been found that a thiophene, 2-(Pro-1-ynyl)-5-(5,6-
dihydroxypenta-1,3diynyl) thiophene (PYDDT), extracted
from the roots of Echinops grijsii, stimulate mitochondrial-
mediated apoptosis by regulating the amount of the related
proteins, producing ROS, and activating ERK1/ 2 and JNK in
SW460 CRC cells [Xu et al., 2015]. A completely unique
compound isolated from the Chinese liverwort plant,
Riccardin D, suppress the proliferation of HT-29 cells and
initiate their apoptosis via the NF-«B signaling pathway [Liu
etal.,, 2018]. A novel ent-kaurane diterpenoid, Pteisolic acid
Gisolated from Pteris semipinnata, has been found to inhibit
the viability of HCT116 cancer cells, along with stimulating
apoptosis via the generation of intracellular ROS, stimulation
of p53, and downregulation of NF-«kB p65 activity [Qiu etal.,

Compounds Source

Thiophene Chinese liverwort plant

Table 1: Natural products inducing apoptosis in colorectal cancer cells

Mechanism Of Action

Upregulate cleaved caspase-3, -9 and the ratio
of Bax/Bcl-2, block the NF-kB signaling
pathway

2017]. The PI3K/Akt/mTOR signaling pathway is a crucial
pathway; it has been reported that the dysregulation of this
pathway is related to the proliferation, survival, metabolism,
and drug resistance of CRC cells [Li et al., 2018; Porta et al,,
2014; Bahrami et al., 2018].

There are many natural products that exert anticancer
effects mediated by the extrinsic apoptotic pathway.
Proanthocyanidins (Pcys) isolated from 11 berry species are
shown to activate the extrinsic apoptosis pathway by
triggering caspase-8 in SW620-TRAIL-resistantand SW480-
TRAIL-sensitive CRC cells, which illustrate its potential to
function an alternate to chemotherapeutic agents for CRC
treatment [Minker et al., 2015]. It has been shown that
Oplopantriol A, a compound extracted from Oplopanax
horridus, has been shown to encourage apoptosis by the
regulation of the related genes and TNF-mediated cell death
pathways, including the TNF, FADD, TRADD, and caspase-3, -
7,and -8 signaling pathways [Zhang et al., 2014] . It has been
found that Calotroposid A, extracted from Calotropis
gigantean and determined to be a terpenoid glycoside,
activate the extrinsic apoptosis pathway by propagating the
caspase-8 expression in WiDr carcinoma cells [Mutiah et al.,
2018].

Furthermore, certain natural products can activate apoptosis
via both the intrinsic and extrinsic pathways. A cyclic
sesquiterpene, Zerumbone isolated from Zingiber zerumbet,
can repress cell growth and promote cell apoptosis via the
initiation of ROS and commencement of caspase3, -8, and -9
[Sithara et al, 2018]. It has been demonstrating that
Mertensene, which is extracted from the red alga
Pterocladiella capillacea, activate apoptosis by regulating the
expression of caspases, PARP, and TRADD in HT-29 and
LS174 cells. [Tarhouni-Jabberi et al., 2017].

References

[Liu et al,, 2018]

Grapes, peanuts, red wine,

Riccardin D h
mulberries

Activation of caspase

NF-kB suppression

FasL elicitation

MEK/ERK pathway initiation
Downregulation of Bcl-2
Increment of ROS and p53 levels.

[Cagnol et al., 2010;
Kong et al., 2008; Raj
etal. 2011; Cal etal,,
2003; Panaro et al.,,
2012; Liu et al., 2003;
Fouad et al., 2013]

coffee, fava, Soyabeans,

Suppression of NF-Kb
Initiation of Caspase

[Banerjee et al., 2008;

capers, radish, leaves, dill,
cilsntro, fennel, red onion,
radicchio, kale

Genistein lupin. beans PTK suppression Nakamura et al,,
pin, AKT pathway prohibition 2009]
downregulation of mdm?2
seeds, nuts, tea, red wine, .
Fruits such as craneberry, Dovs{nregulatlop Of. B?l_z.’E.G.FR' [Kim et al., 2008;
Cyclin D1, survive in inhibition
black plumps, blueberry, Wnt /beta-catenin signalling pathwa Cagnol et al., 2010;
Quercetin apples, Vegetables such as g gP y Kong et al., 2008; Raj

prohibition
Increase in ROS and p53 levels
MEK/ERK pathway stimulation

etal. 2011; Fridrich
etal, 2008]

2-(Pro-1-ynyl)-

5-(5,6- . o . -
dihydroxypenta- Roots of Echinops grijsii ROS-Mediated JNK Activation [Xuetal, 2015]
1,3diynyl)
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NF-kBinhibition [Yogosawa et al.,
Turmeric, curry, ROSinduction 2012; Tuetal,, 2015;
Curcumin mustard ’ ’ Modulation of MAPK Camacho-Barquero et
pathwayDownregulationofsurvivinandIGF-1 | al,, 2007; He et al,,
expression 2011; Lietal,, 2015]
Mertensene Red alga Pterocladiella Activate caspase-3 and PARP cleavage and [Tarhouni-]Jabberi et
capillacea increase TRADD al,, 2017]
Chamomile tea, Parsley, . . [Shao et al, 2013;
Apigenin celery, ' Alteration of survival and death effectors ( Turktekin et al.,
Dandelion, coffee. Mcl-1,P13K, STATS3, JNK, ERK,AKT) 2011]
Zerumbone Zingiber zerumbed Induce ROS, activate caspase-3/8/9 and [ Sithara et al., 2018]
downg regulate Bcl2
[Rajamanickam et
Down regulation of Bcl-2 al., 2008; Kaur et al.,,
el . . up regulation of Bax 2010; Velmurugan et
Silibinin Milk thistle seeds cyclinngand c-myc expression decline al,, 2010; Kauntgé et
death receptors DR4,DR5 up regulation al,, 2012; Raina et al.,,
2013]
Calotroposid A Calotropis gigantean Increase caspase-8 [ Mutiah et al., 2018]
mitochondrial membrane potential drop
Naringenin Grape, oranges and initiation of Caspase-3 [Lee et al., 2008;
tomatoes (skin) production of Intracellular ROS Totta et al., 2004]
Sustained ERK activation
. . Up regulate TNFRSF10A, TNF, TNFSF8,
Oplopantriol A Oplopanax horridus CPI;AD%, FADD, TRADD, caspase-3, -7 and -8 [ Zhang et al., 2014]
Bcl2-XL down regulation [Adhami et al, 2009;
Pomegranate Initiation of Caspase-3 and caspase-9 ]agan'athan etal,
juice Pomegranate Suppression of NF-Kb 2014; Adams et al.,
AKT Pathway inhibition 2006; Larrosa etal,
2006]
Alkylresorcinols | Wheat bran cD;t((:)rce}?:oen?glé i{lei\)f;ﬁl::’a ;npc:sej_sge;nliil\/_[?, [Fuetal, 2018]
mustard, turnip, radish,
arugula, [Grabacka et al.,,
watercress . 2014; Zeng et al,,
Sulphoraphane Broccoli, , cauliflower, gaxl,v[p21nUpr(legulat10tn 2011; Ho et al,,
Brussels sprouts, 2/M cell cycle arres 2009; Myzak et al,,
cabbage, 2006]
collards, kohlrabi
Increase caspase-3, caspase-9, cleavage of [ Kustiawan et al
Cardol Trigona incisa propolis pro-caspase-3 and pro-caspase-9, PARP and ”
ROS 2017]
Pteisolic acid G Pteris semipimmata pDé);N ggzg;rﬁfgol\igggspgfo?iité‘t/il?g stimulate [Qiu etal,2017]
Watermelons, Tomatoes, upregulation.of Bax and FasL [Hu.ang e‘F al,, 2015;
Lycopene downregulation of Bcl-2 and Bcl-XL Trejo-Solis et al.,
papayas and red carrots Akt,NF-K b downregulation 2013]

There are various natural compounds that shows a broad
variety of biological exertion, encompassing anti-
inflammatory and cytoprotective activities, and many of
them behave as anti-cancer reagents. Curcumin, genistein,
tea polyphenols such as epigallocatechin, gallate,
resveratol, sulforaphane broccoli, isothiocyanates,
silymarin, diallyl sulphide, rosemarinic acid, gingerol and
quercetin have great anti oxidant activities, and showed
anti-proliferative results in case of different cancer cell
lines [Fulda et al,, 2010].

Resveratrol (RSV, trans-3, 4’trihydroxystilbene) is a
polyphenol phytoalexin. It is a naturally occurring
compound which is found in large amount in many plants
and their products such as grapes and red wine,
mulberries, etc. Resveratrol has shown effect against

inflammation, tumorigenesis, aging, and virus. It also
shows effect in protecting the heart and nerve cells from
dysfunction or damaged. [Zhang et al., 2012; Castillo-
Pichardo et al.,, 2012]. Prohibiting proliferation of cells,
induction of programmed cell death (apoptosis),
declination in development of new blood vessels
(angiogenesis), and causing cell cycle arrest, Resveratrol
has illustrated anti-colon cancer properties [Mahyar-
Roemer et al., 2002; Cal et al,, 2003].

Genistein (GST 4’,5,7-trihydroxyisoflavone), a compound
which occurs naturally whose main source is soyabeans,
coffee, lupin, fava beans, and is abundantly present in soy
products [Nicastro et al., 2012]. Similar to etoposide and
doxorubicin, genistein is an active suppressor of
topoisomerase. Genistein is responsible of wide varieties
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of activity. It shields the normal cells from their
modification into malignant transformation, it protects
cancer cells proliferation and declaration [Banerjee et al.,
2008; Nakamura et al., 2009].

Quercetin (QCT, 3, 3’, 4’,5,7-pentahydroxyflavone) is a
significant dietary flavonoid, which is found in various
vegetables such as carpers, leaves of raddish, fennel, red
onion etc, fruits such as apples, craneberry, black plums
etc, it can also be found in tea, red wine and seeds.
Quercetin also takes part in the inhibition of processes
related to tumor, which includes the phenomenon caused
by an imbalance of free radical and antioxidants in the
body i.e. oxidative stress, cellular proliferation and
spreading of tumour cells to the new areas or parts of
body known as metastasis. Whether then acting on cells
which are normal and non-transformed, quercetin has a
precise activity on the cell lines of tumour by acting as pro
apoptotic flavonoid [Sanchez-Gonzalez et al., 2011]. The
suppression of the expression of survivin and Cyclin D (1)
along with the suppression of Wnt/beta-catenin signalling
pathway was correlated with the anti tumour effect which
was established in cell line SW480 of colorectal cancer
[Shan et al,, 2009].

Curcumin (CRM, 1,7-bis-(4-hydroxy-3-methoxyphenyl1)-
1,6-heptadiene-3,5-dione) is a biphenyl lheptanoid (also
known as diarylheptanoid). It is the major turmeric’s
curcuminoid, which is isolated from Curcuma longa.
Besides its antioxidant properties it also exhibits effects
against inflammation. In the HT-29 and HCT-15 cell lines
of human colorectal cancer, curcumin actively inhibits the
proliferation of cells [Kawamori et al.,, 1999; Jhonson et al,,
2007].

Apigenin (APG, 4”, 5, 7-trihydroxyflavone) is one of the
most frequently found flavonoids which is extensively
found in many fruits and vegetables. Nevertheless,
towards cancer cells, an un pretentious anti tumour
activity was merely showed by Apigenin. There is a need
to promote the anti-tumour effectiveness of apigenin by
introducing the novel strategies [Shao et al., 2013].

Lycopene is a tetraterpenoid pigment and is a chemical
which is produced by plants through primary and
secondary metabolism (phytochemical). Some major
source of lycopene involved watermelons, red carrots,
tomatoes etc. Even though Lycopene is chemically a
photosynthetic pigment important for photosynthesis i.e.
carotene, there is an absence of vitamin A activity in it.
Some foods which are not red in colour also have a
presence of lycopene like parsley. Lycopene is an active
carcinopreventive agent. Threat of Different categories of
human cancer which also involve colorectal cancer can be
reduced by intake or eating tomatoes [Tang et al., 2008;
Lin etal., 2011].

Pomegranate juice is attained from Punica granatum.
Pomegranate juice owns precise activity against parasites,
microbes, inflammation and carcinogen [Akpinar-Bayizit et
al, 2012]. In the preclinical studies of animal, the
progression of several type of cancer including colorectal
cancer, prostate cancer, lung cancer and skin cancer was
prohibited by the oral intake of extract of pomegranate
[Adhami et al., 2009]. By the intrinsic pathway activation,
the derivative of pomegranate juice was illustrated was
shown to endorse programmed cell death (apoptosis) of
colorectal cancer «cells, however there was no

consequences on the extrinsic pathway [Jaganathan et al.,
2014].

Naringenin (5,7-dihydroxy-2-(4-
hydroxyphenyl)chroman-4-1) is a type of flavanoid
(flavanone). As an antioxidant, initiator of metabolism of
carbohydrate, controller or regulator of immune system
and forager of free radical, Naringenin has depicted a
bioactive result on wellbeing of human. [Lee et al., 2008].

Silibinin is also called as silibin. It ia a very important
component of silymarin, a flavonolignans isolated from
the milk crystal seeds. It was depicted that in the cells of
colorectal cancer apoptosis was initiated by silibinin [Kaur
etal, 2010; Kauntz et al., 2012].

Glucobrassicin is found in cabbages, broccoli, mustards,
horseradish and woad. Myrosinase is responsible for the
degradation of indole-3-carbinol (main hydrolysis product
subsequent to glucobrasscin), which shows apoptosis-
triggeringg effect in concentration-and time-dependent
manner colorectal cancer cells of human [Bonnesen et al.,
2001; Zheng et al., 2002].

Conclusion

Cancer is a crucial public health issue and the second prime
cause of mortality globally. The insufficiency of suppression
of the whole cellular population of tumour and the chemo
resistance subsequent progression is a major provocation
for flourishing colorectal cancer cure. Natural products
have been confirmed to exert undoubted advantages and
have potential use for cancer treatment. Natural products
are potentially capable to hinder growth and proliferation
of colorectal cancer cells. Contrast data of several natural
compounds having anti cancer effect in colorectal cancer
are available. The results of oncolytic drug can be
persuaded against the colorectal cancer cell development
and apoptosis by these natural compounds having
anticancer effects. Natural products such as grains, cereals,
fruits, vegetables, medicinal plants and their various
phytochemical constituents confer protective effects
against wide range of cancers including colorectal cancer
(CRC). On the basis of apoptosis related anticancer effects
certain compound were shown to be promising when the
wide variety of natural compounds were investigated.
Chemoprevention strategies is represented by the
utilization of natural occurring compounds that play a
major role in the hindrance of cancer development,
obstruct stimulation, reduced caspase activity, or
persuade inhibition or reversal of carcinogenesis at a
premalignant stage. Natural compounds usage in treating
colon cancer leads to disruption of balance between pro-
and anti-apoptotic proteins, altered redox status in
apoptosis induction and impaired death receptors
signalling. In this review, it has been summarized the
recently explored natural products that have been used or
have great potential for use in the treatment of colorectal
cancer (CRC).

References
[1] Jemal, A, R. Siegel, E. Ward, Y. Hao, ]. Xu, T. Murray,
“Cancer statistics.” CA Cancer] Clin. 58: 71-96, 2008.

[2] WiartC. Goniothalamus species: “a source of drugs for
the treatment of cancers and bacterial infections?
“Evid Based Complement Alternat Med; 4: 299-311,
2007.

@IJTSRD | Unique Paper ID - IJTSRD42387 |

Volume -5 | Issue-4 |

May-June 2021 Page 648



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470

3]

Glade M]. “Food, nutrition, and the prevention of
cancer: a global perspective.” American Institute for
Cancer Research/World Cancer Research Fund,
American Institute for Cancer Research. Nutrition; 15:
523-6,1999.

“Current status of the molecular mechanisms of
anticancer drug-induced apoptosis. The contribution
of molecular-level analysis to cancer chemotherapy”.
Cancer Chemother Pharmacol. 50: 343-352, 2002.

[18] Kaufmann, S. H, D. L. Vaux, “Alterations in the
[4] J. M. Watson and P. D. Collins, “Colon cancer: a apoptotic machinery and their potential role in
civilization disorder,” Digestive Diseases, vol. 29, no. anticancer drug resistance.” Oncogene. 22(47): 7414~
2,pp. 222-228,2011. 7430, 2003.
[5] R. R. Huxley, A. Ansary-Moghaddam, P. Clifton, S. [19] Watson, A. ]. M., “Apoptosis and colorectal cancer.”
Czernichow, C. L. Parr, and M. Woodward, “The Gut.53:1701-1709, 2004.
impact of dietary and lifestyle risk factors on risk of . . - .
o . [20] Negrini,S., V. G. Gorgoulis, T. D. Halazonetis, “Genomic
colorectal cancer: a quantitative overview of the . o i ”
. X . . " i instability an evolving hallmark of cancer.” Nat Rev
epidemiological evidence,” International Journal of Mol Cell Biol. 11(3): 220228, 2010
Cancer, vol. 125, no. 1, pp. 171-180, 2009. ’ ’ g ’
[6] D.]J.Schultz, N. S. Wickramasinghe, M. M. Ivanova et (2] Su Z, Z Yang, Y. Xl.l’ Y. Chen, X. Yu, qupEOSIS’
« e autophagy, necroptosis, and cancer metastasis.” Mol
al,, “Anacardic acid inhibits estrogen receptor a-DNA
. . Cancer. 14: 48, 2015.
binding and reduces target gene transcription and
breast cancer cell proliferation,” Molecular Cancer [22] Elmore, S., “Apoptosis: a review of programmed cell
Therapeutics, vol. 9, no. 3, pp. 594-605, 2010. death.” Toxicol Pathol. 35(4): 495-516, 2007.
[71 L.E.]Johns and R. S. Houlston, “A systematic review [23] Taylor, R. C, S. P. Cullen, S. J. Martin, “Apoptosis:
and meta-analysis of familial colorectal cancer risk,” controlled demolition at the cellular level.” Nat Rev
The American Journal of Gastroenterology, vol. 96, no. Mol Cell Biol. 9(3): 231-241, 2008.
10, pp. 2992-3003, 2001. [24] Hassan, M., 0. Feyen, E. Grinstein, “Fas-induced
[8] J. A. Meyerhardt, P. ]. Catalano, D. G. Haller et al, apoptosis of renal cell carcinoma is mediated by
“Impact of diabetes mellitus on outcomes in patients apoptosis  signal-regulating  kinase 1 via
with colon cancer,” Journal of Clinical Oncology, vol. mitochondrial damage- dependent caspase-8
21, no. 3, pp. 433-440, 2003. activation.” Cell Oncol. 31(6): 437-456, 2009.
[91 . Terzi¢, S. Grivennikov, E. Karin, and M. Karin, [25] Mendelsohn]., P. M. Howley, M. A. Israel, ]. W. Gray, C.
“Inflammation and colon cancer,” Gastroenterology, B. Thompson, editors. “The Molecular Basis of
vol. 138, no. 6, pp. 2101-2114. e5, 2010. Cancer.” 4th ed. Philadelphia (PA): Elsevier; 863 p,
[10] Board PDQATE, “Colon Cancer Treatment” (PDQ(R)): 2015.
Health Professional Version. PDQ Cancer Information [26] Yang, S.Y., K. M. Sales, B. Fuller, A. M. Seifalian, M. C.
Summaries, National Cancer Institute (US), Bethesda, Winslet, “Apoptosis and colorectal cancer:
MD, USA, 2002. implications for therapy.” Trends Mol Med. 15: 225-
[11] H.]. Schmoll, E. van Cutsem, A. Stein et al., “ESMO 233900
consensus guidelines for management of patients with [27] Giansanti, V., A. Torriglia, A. 1. Scovassi, “Conversation
colon and rectal cancer. A personalized approach to between apoptosis and autophagy: is it your turn or
clinical decision making,” Annals of Oncology, vol. 23, mine?” Apoptosis. 16(4): 321-333, 2011.
no. 10, pp. 2479- 2516, 2012. [28] Danial, N.N,, S.]. Korsmeyer, “Cell death: critical control
[12] M.S.O'Reilly, T. Boehm, Y. Shing et al., “Endostatin: an points.” Cell. 116: 205-219, 2004.
endogenous inhibitor of angiogenesis and tumor . 9
growth,” Cell, vol. 88, no. 2, pp. 277285, 1997. [29] Locksley,R. M., N. Klllee.n,.M. ]: Lenardlo, The TNFa.nd
TNF receptor superfami-lies: integrating mammalian
[13] E.Pasquier, M. Carré, B. Pourroy etal,, “Antiangiogenic biology.” Cell. 104(4): 487-501, 2001.
activity of pachtaxel 1s.atss.0c.1ated with its ¢y to§tat1c [30] Ashkenazi, A, V. M. Dixit, “Death receptors: signaling
effect, mediated by the initiation but not completion of e
; . . . . ” and modulation.” Science. 281(5381): 1305-1308,
a mitochondrial apoptotic signaling pathway, 1998
Molecular Cancer Therapeutics, vol. 3, no. 10, pp. )
1301-1310, 2004. [31] Walczak, H., P. H. Krammer, “The CD95 (APO-1/Fas)
[14] Cappell MS. “From colonic polyps to colon cancer: and the TRAIL (APO-2L) apoptosis systems.” Exp Cell
. e . . Res. 256(1): 58-66, 2000.
pathophysiology, clinical presentation, screening and
colonoscopic therapy.” Minerva Gastroenterol Dietol; [32] Kuwana, T. L. Bouchier-Hayes, J. E. Chipuk, “BH3
53:351-373. [PubMed: 18043553], 2007. domains of BH3-only proteins differentially regulate
[15] Samowitz, W. S. “Genetic and epigenetic changes in Bax-med@lted. ml.tochondrla.d . m”embrane
colon cancer.” Exp MolPathol. 85(1): 64-67, 2008 permeabilization bothdirectly and indirectly.” Mol Cell.
' ' ’ ’ ' 2005; 17(4): 525-535, 2005.
[16] Zlmmermann, K. €, C. Bonzon, D. R. "Green, The [33] Hassan, M, H. Watari, A. AbuAlmaaty, Y. Ohba, N.
machinery of programmed cell death.” Pharmacol Cw . .
Ther. 92: 57-70. 2001. Sakuragi, “Apoptosis and Molecular Targeting Therapy
’ in Cancer.” BioMed Res Int Article ID 150845, 23 p,
[17] Kim, R, K. Tanabe, Y. Uchida, M. Emi, H. Inoue, T. Toge, 2014.
@IJTSRD | Unique PaperID -1JTSRD42387 | Volume-5|Issue-4 | May-June 2021 Page 649



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

http://dx.doi.org/10.1155/2014/150845:150845.

Lavrik, I, A. Golks, P. H. Krammer, “Death receptor
signaling.” J Cell Sci. 118(2): 265-267, 2005.

G. Kroemer, L. Galluzzi, C. Brenner, “Mitochondrial
membrane permeabilization in cell death,” Physiol.
Rev. 87, 99-163, 2007. https://doi.org/10.
1152 /physrev. 00013. 2006.

S. Fulda, K. M. Debatin, “Extrinsic versus intrinsic
apoptosis pathways in anticancer chemotherapy,”
Oncogene. 25, 4798-4811, 2006.
https://doi.org/10.1038/sj.onc.1209608.

G. Dranoff, “Cytokines in cancer pathogenesis and
cancer therapy,” Nat. Rev. Cancer 4 11-22, 2004.
https://doi.org/10. 1038/nrc1252.

J. Fu, D. N. Soroka, Y. Zhu, S. Sang, “Induction of
apoptosis and cell-cycle arrest in human colon-cancer
cells by whole-grain alkylresorcinols via activation of
the p53 pathway,” ]. Agric. Food Chem. 66, 11935-
11942, 2018.
https://doi.org/10.1021/acs.jafc.8b04442

Y. Zhang, Y. Guo, M. Wang, H. Dong, . Zhang, L. Zhang,
“Quercetrin from Toona sinensis leaves induces cell
cycle arrest and apoptosis via enhancement of
oxidative stress in human colorectal cancer SW620
cells” Oncol. Rep. 38, 3319-3326, 2017.
https://doi.org/10.3892/0r.2017.6042.

P. M. Kustiawan, K. Lirdprapamongkol, T. Palaga, S.
Puthong, P. Phuwapraisirisan, J. Svasti, C. Chanchao,
“Molecular mechanism of cardol, isolated from
Trigona incisa stingless bee propolis, induced
apoptosis in the SW620 human colorectal cancer cell
line, BMC Pharmacol.” Toxicol. 18, 32, 2017.
https://doi.org/10.1186/s40360-017-0139-4.

B. Esmaeelian, K. Benkendorff, M. R. Johnston, C. A.
Abbott, “ Purified brominated indole derivatives from
Dicathais orbita induce apoptosis and cell cycle arrest
in colorectal cancer cell lines, Mar Drugs.” 11, 3802-
3822, 2013. https://doi.org/10.3390/md11103802.

D. G.Xu, W. Lv, C. Y. Daj, F. F. Zhu, G. H. Xu, Z. ]. Ma, Z.
Chen, “2-(Pro-1-ynyl)-5- (5, 6-dihydroxypenta-1, 3-
diynyl) thiophene induces apoptosis through reactive
oxygen species-mediated jnk activation in human
colon cancer SW620 cells,” Anat. Rec. Hoboken
(Hoboken) 385, 376-385, 2015.
https://doi.org/10.1002/ar.23045.

H. Liu, G. Li, B. Zhang, D. Sun, J. Wu, F. Chen, F. Kong, Y.
Luan, W. Jiang, R. Wang, X. Xue, “Suppression of the
NFkappaB signaling pathway in colon cancer cells by
the natural compound Riccardin D from
Dumortierahirsute,” Mol. Med. Rep. 17, 5837-5843,
2018. https://doi.org/10. 3892 /mmr.2018.8617.

S. Qiu, X. Wu, H. Liao, X. Zeng, S. Zhang, X. Lu, X. He, X.
Zhang, W. Ye, H. Wy, X. Zhu, “Pteisolic acid G, a novel
ent-kaurane diterpenoid, inhibits viability and induces
apoptosis in human colorectal carcinoma cells,” Oncol.
Lett. 14, 5540-5548, 2017.
https://doi.org/10.3892/01.2017.6889.

Y. Li, C. Zeng, J. Hy, Y. Pan, Y. Shan, B. Liu, L. Jia, “Long
non-coding RNA-SNHG?7 acts as a target of miR-34a to

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

increase GALNT?7 level and regulate PI3K/Akt/ mTOR
pathway in colorectal cancer progression,” ]. Hematol.

Oncol. 11, 1-17, 2018.
https://doi.org/10.1186/s13045-018-0632-2.
C. Porta, C. Paglino,b A. Mosca, “Targeting

PI3K/Akt/mTOR signaling in Cancer,” Front. Oncol. 4,
64,2014. https://doi.org/10.3389/fonc.2014.00064.

Bahrami, M. Khazaei, M. Hasanzadeh, S. ShahidSales,
M. Joudi Mashhad, M. Farazestanian, H. R. Sadeghnia,
M. Rezayi, M. Maftouh, S. M. Hassanian, A. Avan,
“Therapeutic potential of targeting PI3K/AKT pathway
in treatment of colorectal Cancer: rational and
progress,” ]. Cell. Biochem. 119, 2460-2469, 2018.
https://doi.org/10.1002/jcb.25950.

Minker, L. Duban, D. Karas, P. Jarvinen, A. Lobstein, C.
D. Muller, “Impact of procyanidins from different
berries on caspase 8 activation in Colon Cancer,” Oxid.
Med. Cell. Longev. 2015, 154164, 2015.
https://doi.org/10.1155/2015/154164.

Z. Zhang, C. Yu, C. F. Zhang, X. H. Wu, X. D. Wen, S.
Anderson, W. Du, W. H. Huang, S. P. Lj, C. Z. Wang, C. S.
Yuan, “Chemopreventive effects of oplopantriol A, a
novel compound isolated from Oplopanax horridus, on
colorectal cancer,” Nutrients 6, 2668-2680, 2014.
https://doi.org/10.3390/nu6072668.

R. Mutiah, A. Widyawaruyanti, S. Sukardiman,
Calotroposid A: “a glycosides terpenoids from
Calotropis gigantea induces apoptosis of colon cancer
WiDr cells through cell cycle arrest G2 /M and caspase
8 expression,” Asian Pac. J. Cancer Prev. 19, 1457-
1464,2018. https://doi.org/10.22034/apjcp.2018.19.
6.1457.

T. Sithara, B. P. Dhanya, K. B. Arun, S. Sini, M. Dan, R.
Kokkuvayil Vasu, P. Nisha, Zerumbone, “a cyclic
sesquiterpene from Zingiber zerumbet induces
apoptosis, cell cycle arrest, and antimigratory effects
in SW480 colorectal Cancer cells,”]. Agric. Food Chem.
66, 602-612, 2018.
https://doi.org/10.1021/acs.jafc.7b04472.

S. Tarhouni-Jabberi, 0. Zakraoui, E. loannou, I. Riahi-
Chebbi, M. Haoues, V. Roussis, R. Kharrat, K. Essafi-
Benkhadir, “Mertensene, a halogenated monoterpene,
induces G2/M cell cycle arrest and caspase dependent
apoptosis of human colon adenocarcinoma HT29 cell
line through the modulation of ERK-1/-2, AKT and NF-
Kappab signaling,” Mar. Drugs 15, 2017.
https://doi.org/10.3390/md15070221.

Cagnol, S., ]J. C. Chambard, “ERK and cell death:
mechanisms of ERK-induced cell death—apoptosis,
autophagy and senescence.” FEBS . 277: 2-21, 2010.

Kong, E. H,, Y. J. Kim, H. J. Cho, S. N. Yu, K. Y. Kim, J. H.
Chang, S. C. Ahn “Piplartine induces caspase-mediated
apoptosis in PC-3 human prostate cancer cells.” Oncol
Rep. 20: 785-792, 2008.

Raj, L., T.1de, A. U. Gurkar, M. Foley, M. Schenone, X. Li, N.
J. Tolliday, T. R. Golub, S. A. Carr, A. F. Shamiji, A. M.
Stern, A. Mandinova, S. L. Schreiber, S. W. Lee,
“Selective Kkilling of cancer cells by a small molecule
targeting the stress response to ROS.” Nature. 475:
231-234,2011.

@IJTSRD |

Unique Paper ID - [JTSRD42387 |

Volume -5 | Issue-4 |

May-June 2021 Page 650



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470

[56]

[60]

[61]

[62]

[64]

[65]

[67]

Cal, C., H. Garban, A. Jazirehi, C. Yeh, Y. Mizutani, B.
Bonavida, “Resveratrol and cancer: chemoprevention,
apoptosis, and chemoimmunosensitizing activities.”
Curr Med Chem Anti-Cancer Agents. 3: 77-93, 2003.

Panaro, M. A, V. Carofiglio, A. Acquafredda, P. Cavallo,
A. Cianciulli, “Anti- inflammatory effects of resveratrol
occur via inhibition of lipopolysaccharide-induced
NF-kB activation in Caco-2 and SW480 human colon
cancer cells.” BrJ Nutr. 108: 1623-1632,2012.

Liu, B, Z. Zhou, W. Zhou, J. Liu, Q. Zhang, J. Xia, J. Liu, N.
Chen, M. Lij, R. Zhu, Resveratrol inhibits proliferation
in human colorectal carcinoma cells by inducing G1/
S-phase cell cycle arrest and apoptosis through
caspase/cyclin-CDK pathways.” Mol Med Rep.10: 1697~
1702, 2014.

Fouad, M. A, A. M. Agha, M. M. Merzabani, S. A.
Shouman, “Resveratrol inhibits proliferation,
angiogenesis and induces apoptosis in colon cancer
cells: calorie restric- tion is the force to the
cytotoxicity.” Hum Exp Toxicol. 32: 1067-1080, 2013.

Banerjee, S, Y. Li, Z. Wang, F. H. Sarkar,
“ Multi-targeted therapy of cancer by genistein.”
Cancer Lett. 269(2): 226-242,2008.

Nakamura, Y., S. Yogosawa, Y. Izutani, H. Watanabe, E.
Otsuji, T. Sakai, “A combination of indole-3-carbinol
and genistein synergistically induces apoptosis in
human colon cancer HT-29 cells by inhibiting AKT
phosphorylation and progressionof autophagy.” Mol
Cancer. 8: 100-115, 2009.

Kim, Y. H,, D. H. Lee, ]J. H. Jeong, Z. S. Guo, Y. ]. Lee,
“Quercetin augments TRAILinduced apoptotic death:
involvement of the ERK signal transduction pathway.”
Biochem Pharmacol. 75: 1946-1958, 2008.

Fridrich, D., N. Teller, M. Esselen, G. Pahlke, D. Marko,
“Comparison of delphi- nidin, quercetin and
(-)-epigallocatechin-3-gallate as inhibitors of the
EGFR and the ErbB2 receptor phosphorylation.” Mol
Nutr Food Res. 52: 815-822, 2008.

Yogosawa, S. Y. Yamada, S. Yasuda, Q. Sun, K.
Takizawa, T. Sakai, “Dehydro- zingerone, a structural
analogue of curcumin, induces cell-cycle arrest at the
G2/M phase and accumulates intracellular ROS in
HT-29 human colon cancer cells.” ] Nat Prod. 75(12):
2088-2093, 2012.

Tu, S. P., H. Jin, ]. D. Shi, L. M. Zhu, Y. Suo, G. Lu, A. Liu,
T. C. Wang, C. S. Yang Curcumin induces the
differentiation of myeloid-derived suppressor cells and
inhibits their interaction with cancer cells and related
tumor growth.” Cancer Prev Res. 5(2): 205-215,2012.

Camacho-Barquero, L., I. Villegas, ]. M. Sanchez-Calvo,
E. Talero, S. Sdnchez-Fidalgo, V. Motilva, C. Alarcén de
la Lastra, “Curcumin, a Curcuma longa constituent, acts
on MAPK p38 pathway modulating COX-2 and iNOS
expression in chronic experi- mental colitis.” Int
Immunopharmacol. 7(3): 333-342, 2007.

He, Z.Y., C. B. Shi, H. Wen, F. L. Li, B. L. Wang, |]. Wang,
“Upregulation of p53 expression in patients with
colorectal cancer by administration of curcumin.
Cancer Investig.” 29: 208-213, 2011.

[68]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Shao, H, K. Jing, E. Mahmoud, H. Huang, X. Fang, C. Yu,
“ Apigenin sensitizes colon cancer cells to antitumor
activity of ABT-263.” Mol Cancer Ther. 12(12): 2640-
50,2013.

Turktekin, M., E. Konac, H. L. Onen, E. Alp, A. Yilmaz, S.
Menevse, “Evaluation of the effects of the flavonoid
apigenin on apoptotic pathway gene expression on the
colon cancer cell line (HT29).” ] Med Food. 14(10):
1107-17,2011.

Rajamanickam, S., R. Agarwal, “Natural products and
colon cancer: current status and future prospects.”
Drug Dev Res. 69(7): 460-471, 2008.

Kaur, M., B. Velmurugan, A. Tyagi, C. Agarwal, R. P. Singh,
R. Agarwal, “Silibinin suppresses growth of human
colorectal carcinoma SW480 cells in culture and
xenograft through down-regulation of
beta-catenin-dependent signaling.” Neoplasia. 12(5):
415- 424, 2010.

Velmurugan, B, S. C. Gangar, M. Kaur, A. Tyagi, G.
Deep, R. Agarwal, “Silibininexerts sustained growth
suppressive effect against human colon carcinoma
SW480 xenograft by targeting multiple signaling
molecules.” Pharm Res. 27(10): 2085-2097, 2010.

Kauntz, H., S. Bousserouel, F. Gosse, F. Raul, “The
flavonolignan silibinin potentiates TRAIL-induced
apoptosis in human colon adenocarcinoma and in
derived TRAIL-resistant metastatic cells.” Apoptosis.
17(8): 797-809, 2012.

Raina, K., C. Agarwal, R. Agarwal, “Effect of silibinin in
human colorectal cancercells: targeting the activation
of NF-xB signaling.” Mol Carcinog. 52: 195-206,2013.

Lee, E. R, Y. ]. Kang, H. J. Kim, H. Y. Choi, G. H. Kang, J.
H. Kim, B. W. Kim, H. S. Jeong, Y. S. Park, S. G. Cho,
“Regulation of apoptosis by modified naringenin
derivativesin human colorectal carcinoma RKO cells.”
J Cell Biochem. 104(1): 259-73, 2008.

Totta, P., F. Acconcia, S. Leone, I. Cardillo, M. Marino,
“Mechanisms of naringenin- induced apoptotic cascade
in cancer cells: involvement of estrogen receptor alpha
andbeta signalling.” IUBMB Life. 56(8): 491-9, 2004.

Adhami, V. M., N. Khan, H. Mukhtar, “Cancer
chemoprevention by pomegranate: laboratory and
clinical evidence.” Nutr Cancer. 61(6): 811-815,20009.

Jaganathan, S. K., M. V. Vellayappan, G. Narasimhan, E.
Supriyanto, “Role of pomegranate and citrus fruit
juices in colon cancer prevention.” World |
Gastroenterol. 20(16): 4618-4625, 2014.

Adams, L. S., N. P. Seeram, B. B. Aggarwal, Y. Takada, D.
Sand, D. Heber, “Pome-granate juice, total pomegranate
ellagitannins, and punicalagin suppress inflammatory cell

signaling in colon cancer cells.” ] Agric Food. 54(3):
980-985, 2006.

Larrosa, M., F. A. Tomas-Barberan, J. C. Espin, “The
dietary hydrolysable tannin punicalagin releases
ellagic acid that induces apoptosis in human colon
adenocarcino- ma Caco-2 cells by using the
mitochondrial pathway. ] Nutr Biochem.”17: 611-625,
2006.

@IJTSRD |

Unique Paper ID - [JTSRD42387 |

Volume -5 | Issue-4 |

May-June 2021 Page 651



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470

[81]

[82]

[83]

[84]

[85]

[86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

Grabacka, M. M., M. Gawin, M. Pierzchalska,
“Phytochemical modulators of mitochondria: the
search for chemopreventive agents and supportive
therapeutics.” Pharmaceuticals (Basel). 7(9): 913-42,
2014.

Zeng, H. O. N. Trujillo, M. P. Moyer, ]. H. Botnen,
“ Prolonged sulforaphanetreatmentactivates survival
signaling in nontumorigenic NCM460 colon cells but
apoptotic signaling in tumorigenic HCT116 colon
cells.” Nutr Cancer. 63(2): 248-55, 2011.

Ho, E, ]J. D. Clarke, R. H. Dashwood, “Dietary
sulforaphane, ahistone deacetylaseinhibitor for cancer
prevention.” J Nutr. 139: 2393-2396, 2009.

Myzak, M. C., W. M. Dashwood, G. A. Orner, E. Ho, R. H.
Dashwood, “Sulforaphane inhibits histone deacetylase
in vivo and suppresses tumorigenesis in Apc-minus
mice.” FASEB]. 20(3): 506-508, 2006.

Huang, R. F, Y. J. Wei, B. S. Inbaraj, B. H. Chen,
“Inhibition of colon cancer cell growth by
nanoemulsion carrying gold nanoparticles and
lycopene.” Int ] Nanomed. 10: 2823-46, 2015.

Trejo-Solis, C., ]. Pedraza-Chaverri, M. Torres-Ramos,
D.Jiménez-Farfan, A. Cruz Salgado, N. Serrano-Garcia,
L. Osorio-Rico, ]J. Sotelo, “Multiple molecular and
cellular mechanisms of action of lycopene in cancer
inhibition.” Evid Based Complemen-tary and Alternative
Medicine, Article ID 705121, 17 p., 2013. http: /dx.doi.
org/10.1155/2013/705121.

Fulda, S., “Modulation of apoptosis by natural products
for cancer therapy.” Planta Med. 76: 1075-1079, 2010.

Zhang, C., G. Lin, W. Wan, X. Li, B. Zeng, B. Yang, C.
Huang, “Resveratrol, a polyphenol phytoalexin, protects
cardiomyocytes against anoxia/reoxygenation injury
via the TLR4/NF-xB signaling pathway.” Int ] Mol Med.
29(4): 557-563,2012.

Castillo-Pichardo, L., S. F. Dharmawardhane, “Grape
polyphenols inhibit Akt/ mammalian target of
rapamycin signaling and potentiate the effects of
gefitinib in breast cancer.” Nutr Cancer. 64(7): 1058-
1069, 2012.

Mahyar-Roemer, M., H. Kéhler, K. Roemer, “Role of Bax
in resveratrol- induced apoptosis of colorectal
carcinoma cells.” BMC Cancer. 2: 27, 2002.

Fulda, S., “Evasion of apoptosis as a cellular stress
response in cancer.” Int | Cell Biol. 2010; 2010:
370835-370841, 2010.

Thornthwaite, J. T., H. R. Shah, P. Shah, W. C. Peeples, H.
Respess, “The formulation for cancer prevention &
therapy.” Adv Biol Chem. 3: 356-387,2013.

Russo, M., C. Spagnuolo, I. Tedesco, G. L. Russo,

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

“Phytochemicals in cancer prevention and therapy:
truth or dare?” Toxins. 2: 517-551, 2010.

Rajamanickam, S., R. Agarwal, “Natural products and
colon cancer: current status and future prospects.” Drug
Dev Res. 69(7): 460-471, 2008.

Fox, ]. T, S. Sakamuru, R. Huang, N. Teneva, S. O.
Simmons, M. Xia, R. R. Tice, C. P. Austin, K. Myung,
“High-throughput genotoxicity assay identifies
antioxidantsas inducers of DNA damage response and
cell death.” Proc Natl Acad Sci. USA 109(14): 5423-
5428, 2012.

Tang, F. Y, C. ]. Shih, L. H. Cheng, H. ]. Ho, H. ]. Chen,
“Lycopene inhibits growthof human colon cancer cells
via suppression of the Akt signaling pathway.” Mol
Nutr Food Res. 52(6): 646-54, 2008.

Lin, M. C, F. Y. Wang, Y. H. Kuo, F. Y. Tang, “Cancer
chemopreventive effects of lycopene: suppression of
MMP-7 expression and cell invasion in human colon
cancer cells.” | Agric Food Chem. 59(20): 11304-18,
2011.

Akpinar-Bayizit, A., T. Ozcan, L. Yilmaz-Ersan, “The
therapeutic potential of pomegranate and its products
for prevention of cancer.” In “Cancer Prevention—
From Mechanisms to Translational Benefits”,331-373,
InTech, Croatia, Alexandros Georgakilas Ed., 1SBN
978-953-51-0547-3,2012.

Kauntz, H., S. Bousserouel, F. Gosse, ]. Marescaux, F.
Raul, “Silibinin, a natural flavonoid, modulates the
early expression of chemoprevention biomarkersina
preclinical model of colon carcinogenesis.” Int ] Oncol.
41(3): 849-54, 2012.

Bonnesen, C., [. M. Eggleston, ]. D. Hayes, “Dietary
indoles and isothiocyanates that are generated from
cruciferous vegetables can both stimulate apoptosis and
confer protection against DNA damage in human colon
celllines.” Cancer Res. 61(16): 6120-30, 2001.

Zheng, Q. Y. Hirose, N. Yoshimi, A. Murakami, K.
Koshimizu, H. Ohigashi, K. Sakata, Y. Matsumoto, Y.
Sayama, H. Mori, “Further investigation of the
modifying effectofvarious chemopreventive agents on
apoptosis and cell proliferation in human coloncancer
cells.” J Cancer Res Clin Oncol. 128(10): 539-46, 2002.

Li, Y. H, Y.B. Niu, Y. Sun, F. Zhang, C. X. Liu, L. Fan, Q. B.
Mei, “Role of phyto- chemicals in colorectal cancer
prevention.” World | Gastroenterol. 21(31): 9262-
9272,2015.

Park, S. Y, Y. ]. Jeong, S. H. Kim, J. Y. Jung, W. ]. Kim,
“Epigallocatechin gallate protects against nitric
oxide-induced apoptosis via scavenging ROS and
modulating the Bcl-2 family in human dental pulp
cells.” ] Toxicol Sci. 38(3): 371-8, 2013.

@IJTSRD |

Unique Paper ID - [JTSRD42387 |

Volume -5 | Issue-4 |

May-June 2021 Page 652



