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ABSTRACT

Cancer is one of the most challenging health problems in the entire world today. It is a complex disease to treat.
Conventional cancer therapies evoke severe side effects and in many cases, patients recover from cancer and die due
to organ failure and immunosuppression. To redress these anomalies recourse to phytochemicals is advocated. The
induction of apoptosis in a neoplastic cell line without affecting normal cells of the body is a key to the use of
phytochemicals (chemopreventive agents) which perform a vital function in the battle against cancer. These
chemopreventive agents inhibit, retard or reverse multi-stages of carcinogenesis via their anticarcinogenic and
antimutagenic properties and also suppress cancer proliferation through induction and stimulation of cell growth.
Research has shown that they exert these abilities by counteracting certain signals that cause genotoxic damage and
reduction-oxidation imbalance in cells. This discourse reviews the role of phytochemical chemopreventive agents,

benefits and limitations associated with their use in cancer prevention.
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INTRODUCTION

Cancer is a growing health problem around the
World. It is one of the leading causes of morbidity
and mortality worldwide. WHO reported more than
10 million cases of cancer per year worldwide.
According to Hetts (Hetts 1998) this multistage
carcinogenic disease is a net accumulation of atypical
cells arising from excess proliferation, an insufficient
apoptosis or a combination of the two. Cancer cells
occur as a result of unique and complicated multiple
genetic disorders that may arise from exposure to
environmental and occupational carcinogenic agents
or dietary habits and infectious agents (Sugimura
1992). Synthetic anticancer drugs evoke severe side
effects and in many cases. The increased incidence of
cancer in the world today justifies the application of
phytochemical chemoprevention.

CHEMOPREVENTION WITH DIETARY
PHYTOCHEMICALS: Chemoprevention has been
in the limelight as a new anti-cancer strategy and
various reviews focus on the subjects, principles,
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mechanisms and prospects of chemoprevention have
been suggested (Bode and Dong 2000).
Chemoprevention by photochemical lower the risk of
cancer by radical scavenging, anti-oxidation
mechanisms, anti-inflammatory and anti-proliferative
mechanism (Kwak and Kenster 2010, Parys et al
2010, Surh 2003). These agents reported to interfere
with tumor initiation, promotion and progression.
Chemopreventive agents are broadly classified into
two major categories- blocking agents and
suppressing agents. Blocking agents inhibit the
carcinogens from interaction with target molecules,
metabolic activation or subsequently interaction with
important cellular molecules- DNA, RNA and
proteins. These agents suppress carcinogen activation
and promote detoxification. While suppressing these
agents prevent the tumor promotion and progression.
Plants have been used as a source of traditional
medicines throughout history. Besides containing
macronutrients like protein, fat, carbohydrate plants
also have non-nutritive micronutrients-dietary fiber,
vitamins and minerals. Plants also contain non-
nutritive components like polyphenols, terpenes and
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alkaloids that could serve considerable health
advantages beyond the basic nutrition (Aggrawal and
Shisodia, 2006). These non-nutritive components are
called phytochemicals and have been reported to
have substantial biological properties such as anti-
carcinogenic and anti-mutagenic effects (Surh, 2003).
Hundreds of phytochemicals have been identified as
potential chemopreventive agent: allicin,anethol,
capsaicin, catechins, cucumin, diallyl sulfide, dietary
fiber, diosgenin, ellagic acid, eugenol, evodiamine,
genistein, gingerol, indole-3-carbinol, isoflavones,
lutein, lycopene, phytosterols, resveratrol, S-allyl
cysteine, saponins, selenium, silymarin, ursolic acid,
B-carotene to name a few. (Nichols and Katiyar,
2010).

PHYTOCHEMICALS USED AS CANCER
CHEMOPREVENTIVE AND TREATMENT
AGENTS

Apigenin from parsley: Apigenin is obtained from
the vegetables like parsley, celery, chamomile
(Hoensch 2011) and Egyptian plant Moringa
peregrine (EI-Afy TS2011). It demonstrates
cytotoxic activities against breast cancer lines (MCF
7, colon cell line (HCT 116), and its cytotoxic
activity is comparable to that of doxorubicin (TS
2011).  This phytochemical is considered as a
mediator for chemoprevention in the cancerous
process and induces a process of autophagia
(Ferriera2006). It induces apoptosis in human colon
cancer  prevention  (LeonardiT2010), affects
leptin/leptin receptor pathway, and induces cell
apoptosisin -~ lung  adrenocarcinoma cell line
(BrunoA2011).

Curcumin from turmeric: Curcumin is the major
components of popular Indian spice turmeric,
Curcuma longa. Its anti-cancer effects have been
studied for colon cancer, breast cancer (Bachmeier
2010), lung metastases and brain tumor (Senft2010).
Curcumin modulate growth of tumor cells through
regulation of multiple cell signaling pathways
including cell proliferation pathway (cyclin D1, c-
myc), cell survival pathway (Bcl-2, Bcl-x, cFLIP,
XIAP, c-1API), caspase activation pathway (caspase-
8, 3, 9), tumor suppressor pathway (p53,p21), death
receptor pathway (DR4, DR5), mitochondrial
pathways, and protein kinase pathway (JNK, Akt,
and AMPK) (Ravindran 2009). Curcumin inhibits
p65 and cell invasion by downregulation of COX-2
and MMP-2 expression (Su CC 2006); by
suppression of gene expression of EGFR and
modulation of Akt/mTOR signaling, and inhibition of
cell growth (Chen2006, Johnson2009).
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Crocetin from saffron: Saffron is a spice from the
flower of the Saffron crocus and a food colorant
present in the dry stigmas of the plant Crocus sativus
L. Saffron is reported as a potential agent for a novel
anti-cancer drug against hepatocellular carcinoma
(Gutheil2011, Amin2011, Abdullaev2004). The
ethanolic extracts are also reported for the studies on
human lung cancer (Samarghandian 2011),
pancreatin cancer cell line (Bakshi 2010), skin
carcinoma (Das 2010), colorectal cancer cell (Aung
2007) and breast cancer (Chryssanthi 2011). Crocetin
affects the growth of cancer cells by inhibiting
nucleic acid synthesis, enhancing anti-oxidative
system, inducing apoptosis and hindering growth
factor signaling pathways (Gutheil2011). In another
study conducted by Nam it has been shown that this
is effective for the inhibition of LPS-induced nitric
oxide release , for the reduction of the produced
TNF-0, IL-1B, and intracellular reactive oxygen
species, for the activation of NF-«xB, and blockage of
the effect of LPS on hippocampal cell death (Nam
2010).

Cyanidins from grapes: Cyanidin is an extract of
pigment from red berries such as grapes, blackberry,
cranberry, raspberry, or apples and plums, red
cabbage and red onion. Its antioxidant and radical-
scavenging effects reduce the risk of cancer.
Cyanidin is reported to inhibit cell proliferation, and
iINOS and COX-2 gene expression in colon cancer
cells (Kim2008). C3G blocks ethanol-induced
activation of the ErbB2/cSrc/FAK pathway in breast
cancer cells and may prevent/reduce ethanol-induced
breast cancer metastasis (Xu2011). Cyanidin
markedly inhibited UVB-induced COX-2 expression
and PGE?2 secretion in the epidermal skin cell line by
suppressing NF-xB and AP-1 which are regulated by
MAPK. In this study, MKK-4, MEK1 and Raf-1 are
targets of cyaniding for the suppression of UVB-
induced COX-2 expression (Kim2010). Cyanidin-3-
galactoside and cyanidin-3-glucoside are found to be
BRCP substrates, and cyanidin, 3,5-diglucoside, and
cyanidin -3- rutinoside are potential BRCP inhibitors
but their effects were weak (Dreiseitel 2009).

Diindolylmethane (DIM)/ Indole-3-cabinol (13C)
from Brassica vegetables: Indole-3-cabinol (I3C) is
found in Brassica vegetable, such as broccoli,
cauliflower, collard greens. Diindolylmethane (DIM)
is a digestion derivative of indole-3-carbinol via
condensation formed in the acidic environment of the
stomach. Both are studied for their anticarcinogenic
effects. 13C has been studied for cancer prevention
for tobacco smoke carcinogen-induced lung
adenocarcinoma in A/J mice and it was found that the
lung cancer preventive effects are mediated via
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modulation of the receptor tyrosine kinase/P13KAkt
signaling pathway, at least partially (Qian2011). 13C
and DIM demonstrated tremendous anti-cancer
effects against responsive cancers like breast, prostate
and ovarian cancers (Acharya2010).

Epigallocatechin gallate (EGCG) from green tea:
EGCG is the most abundant catechin compounds in
green tea. Yang et al reviewed tea with cancer
prevention on molecular level, molecular targets and
human relevance of tea constituents (Yang 2007,
2006; Lambert 2003). It has been reported that
EGCG binds and inhibits the anti-apoptotic protein
Bel-xI (Leone2003), a protein involved in both
cancer cell and normal cell survival (Cherbonnel-
Lasserre1997). EGCG suppressed AOM-induced
colonic premalignant lesions in mice (Shimizu2008),
interfered with EGFR signaling (Adachi2009), and
inhibited hepatocyte growth factor-induced cell
proliferation in  human colon cancer cells
(Larsen2010). EGCG inhibits mitogen-activated
protein kinases (MAPK), cyclin dependent kinases,
growth factor-related cell signaling, activation of
activator protein I and NF-«B, topisomerase I and
matrix metalloproteinases.

Fisetin from strawberries, apples: Fisetin is a
flavone found in various plants such as Acacia
greggii, Acacia berlandieri, Euroasian smoketree,
parrot tree, strawberries, apple, persimmon, grape,
onion, and cucumber (Gaborl966, Maher2011,
Arai2000). Fisetin induces the expression of Nrf2 and
the phase Il gene product HO-1 in human retinal
pigment epithelial (RPE) cells which could protect
RPE cells from oxidative stress-induced death with a
high degree of potency and low toxicity
(Hanneken2006) and reduced hydrogen peroxide-
induced cell death (Lee2011). Fisetin inhibited Wnt
signaling through the modulation of beta-catenin
expression, transcriptional activity and of the
subsequent expression of Wnt target genes (Teiten
2011). Fisetin decreased cell viability with G-1 phase
arrest and disrupted Wnt/B-catenin signaling (Syed
2011), exhibited an inhibitory effect on the abilities
of adhesion, migration, and invasion, and
significantly decreased the nuclear levels of nuclear
factor kappa B (NF-«xB) and aactivator protein-1 (AP-
1) (Liao2009). Fisetin was also found to help to
overcome the multidrug resistance caused by the high
expression of the plasma membrane drug transporter
P-glycoprotein (P-gp), which is associated with an
elevated intracellular glutathione (GSH) content in
various human tumors (Angelini2010).

Genistein  from soyabean: Genistein ia an
isoflavone originates from a number of plants such as
lupine, fava beans, soybeans, kudzu, and psoralea,
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Flemingia vestita, and coffee. Genistein has been
found to have antigiogenic effects and may block the
uncontrolled cell growth associated with cancer, by
inhibiting the enzymes that regulate cell division and
cell survival. This phytochemical is considered as
DNA topoisomerase Il inhibitor (Markovits1989,
Lopez-Lazaro2007). Estrogen metabolism produces
genotoxic waste, which may cause disruption of cell
cycle, apoptosis, DNA repair, and forms tumor.
Genistein can compete with the estrogen by binding
to its receptor and shows higher affinity towards
estrogen receptor B and towards estrogen receptor o
(Kuiper1998). Genistein was proved to increase the
rate of growth of some estrogen receptor in breast
cancer and rate of proliferation of estrogen-dependent
breast cancer when not co-treated with an estrogen
antagonist (Ju2006). In colon cancer, genistein is
thought to contribute to reduced colonic
inflammation in 2, 4, 6-trinitrobenzenesulfonic acid
(TNBS)-induced colitis (Seibel2009).

Gingerol from gingers: Gingerol is the active
component of fresh ginger with distinctive spiciness.
Gingerol has been widely studied for its
anticancerous effects for the tumors in colon (Jeong
2009), breast and ovarian (Lee 2008, Rhode 2007)
and pancreas (Park 2006). Gingerol  has
demonstrated antioxidant, anti-inflammation , and
antitumor promoting activities, decreases iNOS and
TNF-alpha expression via suppression of IkBa
phosphorylation and NF-xB nuclear translocation
(Oyaghemi,2010).On human hepatocarcinoma cells,
gingerol, along with 6-shogaol were found to exert
anti-invasive activity against hepatoma cells through
regulation of MMP-9 and TIMP-1, and 6shogaol
further regulated urokinase-type plasminogen activity
(Weng 2010).

Kaempferol from tea, broccoli, grapefruit:
Kaempferol is a natural flavonol isolated from tea,
broccoli, Witch-hazel, grapefruit, Brussel sprouts,
apples etc. (Park 2006). Kaempferol has been studied
for pancreatic cancer (Nothlings2007), and lung
cancer (Cui 2008). It has been investigated for its
antiangiogenic, anticancer, and radical scavenging
effects (Gacche2011, Calderoon2011). Kaempferol
showed moderate cytostatic activity of 24.8-64.7uM
in cell lines of PC3, HeLa and K562 human cancer
cells (Bigovic 2011). Luo et al found that kaempferol
induces apotosis in ovarian cancer cells through the
activation of p53 in the intrinsic pathway (Luo 2011).
Niestroy et al studied that Kaempferol, BaP, and
quercetin activated Nrf2pathway by induction of
Nrf2, and its target genes NQO1, GSTP1, GSTAl
and GCLC. However, in spite of their own induction
potential for Nrf2, both kaempferol and quercetin
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counteract the effects of BaP on expression of AhR,
AhRR, Nrf2, GSTP1 and NQO1 (Niestroy 2011).

Lycopene from tomato: Lycopene is a bright red
pigment and phytochemical from tomatoes, red
carrots, watermelons, and red papayas. It shows
antioxidant activity and chemopreventive effects in
many studies, mainly in prostate cancer. Its anti-
cancer activity is attributed to activating cancer
preventive enzymes such as phase Il detoxification
enzymes (Giovannuccil995). Lycopene finds role in
the prevention of endometrial cancers and other
tumors (Levy 1995), shows inhibitory effects on
breast cancer cells (Nahum 2001), prostate cancer
cells  (Giovannuccil995) and colon cancer
cells(Narisawal1996).

Phenethyl Isothiocyanate  (PEITC)  from
cruciferous vegetable: PEITC from cruciferous
vegetable such as watercress, broccoli, cabbage, etc.
have been studied for induction of apoptosis in cell
lines that are resistant to some currently used
chemotherapeutic drugs. PEITC has strong potency
against melanoma, chemopreventive against breast
cancer cells (Hahm2011, Moon2011), non-small cell
lung cancer (YYan2011), cervical cancer (Huong2011,
Wang2011), oestrogenic sarcoma U-2 OS (Wu2011)
prostate  cancer (  Xiao2010, Hwang2010,
Powolny2010), and myeloma  cell lines
(Jakubikova2011).

Resveratrol from grapes: Resveratrol is a natural
phenol and can be found in the red grapes skin,
peanuts and in other fruits. In his study Jang et al
reported that Resveratrol possess anti-initiation
activity by inducing phase Il drug metabolizing
enzymes, anti promotion activity by mediating anti-
inflammatory effects and inhibiting cyclooxygenase
and hydroperoxidase functions, and anti-progression
activity by inducing cell differentiation in human
promyelocytic leukemia (Jang 1997). Resveratrol has
anti-carcinogenesis effects in skin tumor (Kim2011,
Nichols2010) and gastrointestinal tract tumor in rats
(Li 2002). Resveratrol was found to inhibit metastasis
via reducing hypoxia inducible factor-1o and MMP-9
expression in colon cancer cells (Wu2008).

Rosmarinic acid from rosemary: Rosmarinic acid
(RA) is a natural antioxidant found in culinary spice
and medicinal herbs such as lemon balm, peppermint,
sage, thyme, oregano, and rosemary to treat
numerous ailments, The extract of rosemary has vital
roles in anti-inflammation, anti-tumor,and anti-
proliferation in various studies. Rosmarinic acid
inhibits the migration, adhesion, and invasion in
Ls174-T human colon carcinoma cells (Xu2010). In
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human leukemia U938 cells, rosmarinic acid
significantly sensitized TNF-a-induced apoptosis
through the suppression of NF-kB and reactive
oxygen species (ROS), and suppressed NF-«xB
activation through the inhibition of phosphorylation
and degradation of IkBa (Moon2010). Rosmarinic
acid has the potentiality to reduce 12-O-
tetradecanoylphorbol-13-acetate (TPA)-induced
COX-2 promoter activity and protein levels in colon
cancer HT-29 cells (Scheckel2008).

Sulforaphane from cruciferous vegetables:
Sulforaphane is an organosulfur compound obtained
from cruciferous vegetables like broccoli, Brussels
sprouts and cabbages. Sulforaphane has exhibited
induction of phase Il drug metabolism enzymes of
xenobiotic transformation, such as quinine reductase
and glutathione S-transferase, and enhances the
transcription of tumor suppression proteins. It
protected skin against UV radiation damage
(Talalay2007) and inhibited histone deacetylase
(HDAC) activity (Dashwood2007). Sulforaphane
induced cytotoxicity and lysosome-and
mitochondria-dependent cell death in colon cancer
with deleted p53. It also increased Bax in the
presence of INK-mediated Bcl-2 inhibition followed
by mitochondrial release of cytochrome c and
activation of apoptosis (Rudolf2009). In human colon
HT-29 cancer cells, sulforaphane increased AP-1-
luciferase activity dose-dependently and then
decreased at higher doses, and induced JNK activity
(Jeong2005). In human prostate cancer PC-3 cells
sulforaphane suppressed NF-kB and NF-xB-
regulated gene expression through IxB-alpha, and
IKK pathway (Xu2005). Sulforaphane demonstrated
synergistic effects when combined with EGCG in
HT-29 AP-1 human colon carcinoma cells (Khor
2006), or with dibenzoylmethane in Apc™™* mice for
reducing intestinal adenomas (Xu2005), or with
phenethyl  isothiocyanate in  down-regulating
inflammation markers TNF, IL-1, NO, PGE2 and
inducing phase Il/antioxidant enzymes like HO-1,
NQO1l in RAW 264.7 cells. There are many
laboratories very active in the research on
sulforaphane and it is a promising compound for its
druggability.

Triterpenoids from wax-like coatings of fruits and
medicinal herbs: Triterpenoids are biosynthesized in
plants by cyclization of squalene, a triterpene
hydrocarbon and precursor of all steroids (Philips
2006). This group of phytochemicals is sub-classified
into  cucurbitanes, = dammaranes,  ergostanes,
friedelanes,  lanostanes,  limonoids,  lupanes,
oleananes, tirucullanes, ursanes (Bishayee2011) and
so on. Triterpenoids had been used in various in vitro
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and in vivo studies for the chemoprevention and
therapy of breast cancer and pancreatic cancer
(Chidambara2011) using triterpenoids. This group of
phytochemicals exert their chemopreventive and anti-
cancer activities via enhancing apoptosis, NO,
stimulating DR4, DR5, caspase-3/7, caspase 8, Bax,
JNK, MAPK, p38, decreasing phosphor-STATS3,
PARP cleavage, suppressing COX-2, IL-1p, NF-«B,
IKKa/B, cyclin D1,cyclin a, cyclin B1, ERa protein
and mRNA, HER2 phosphorylation caveolin -1, Akt,
JAK1, STAT 3, Bcl2, c-Jun, c-Fos, JNK, mTOR,
blocking cell cycle at G1, G-S, G2-M, etc .

Vitamin D from mushroom: Light exposed
mushroom could also be excellent source of Vitamin
D. Vitamin D has been involved in breast cancer
(Buyru2003), colon cancer (Gorham2007), ovarian
cancer (Garland2006), and pancreatic cancer
(Skinner2006). The mechanism of action is still not
clear but may be vitamin D receptor (VDR) appears
playing an important role.Vitamin D2
(ergocalciferol) and D3 (cholecalciferol) are the two
physiologically relevant vitamin Ds. Vitamin Ds anti-
cancer effect may be mediated via vitamin D
receptors (VDR) in cancer cells (Buyru2003).
Increased risk of breast cancer has been linked with
the polymorphisms of VDR gene (Chen2005).
Kovalenko et al showed that low diet vitamin D or
VDR deletion provided a prostrate environment that
is permissive to early pro-carcinogenic events that
enhance prostate cancer risk (Kovalenko2011).
Stefanska et al reported that vitamin D3 possess high
efficacy in the reduction of PTEN promoter
methylation by a complex regulation of the DNA
methylation machinery (Stefanska2011). But vitamin
D supplementation failed to demonstrate a benefit in
prostate cancer patients in clinical practice
(Buttigliero2011). Therefore, vitamin D’s skin cancer
and prostate cancer prevention are still inconclusive
(Clipp2011, Barnett2011).

Vitamin E from plant oil: Vitamin E represents a
family of compounds comprising both tocopherols
and tocotrienols and is a fat-soluble antioxidant that
exists in foods like wheat germ oil, sunflower oil, and
safflower oils. Both these tocopherols and
tocotrienols have anti-tumor activitydue to their
antioxidant properties. Both show antiproliferative,
proapoptic and COX-2 inhibiting effects in in vitro
studies (Wada2011). In vitro and in vivo studies
showed the activity of tocotrienols (hypomethylated
forms) in cytoprotection, cancer prevention and even
in chemotherapy (Viola2011). Nesaretnam and
Meganathan reported that tocotrienols have their
roles in inflammation and cancer by cellular signaling
pathways of NF-xB, STAT3, and COX-2
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(Nesaretnam2011). Unlike tocopherols, tocotrienols
possess an unsaturated isoprenoid side chain that
confers superior anti-cancer properties. In pancreatic
cancer cell lines, tocotrienols selectively inhibit the
HMG-CoA reductase pathway through
posttranslational degradation and suppress the
activity of transcription factor NF-xB. Sylvester et al
discussed the approach to combine tocotrienols with
agents that have complementary anticancer
mechanisms of action to achieve synergistic
anticancer response (Sylvester2011).

MECHANISMS INVOLVED IN CANCER
CHEMOPREVENTION

Chemopreventive agents as inhibitors of the NF-
kB activation pathway: The multistep process of
carcinogenesis consists of three phases: tumor
initiation, promotion and progression phases. Dietary
agents are believed to suppress the transformative,
hyperproliferative and inflammatory processes that
initiate carcinogenesis. These inhibitory influences
may ultimately suppress the final steps of
carcinogenesis, namely angiogenesis and metastasis.
These dietary agents have been classified as
chemopreventive agents since their ability to delay
the onset of the carcinogenic process has been
studied extensively. Because these chemopreventive
agents are derived from natural sources, they are
considered pharmacologically safe.
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closely related protein dimers that bind to a common
sequence motif in the DNA called the kB site
(Garg2002). Research over the past decade has
revealed that NF-xB is an inducible transcription
factor for genes involved in cell survival, cell
adhesion, inflammation, differentiation and growth.
In most resting cells, NF-kB is sequestered in the
cytoplasm by binding to the inhibitory IkB proteins
which blocks the nuclear localization sequences of
NF-xB. NF-«kB is activated by a variety of stimuli
such as carcinogens, inflammatory agents, tumor
promoters including cigarette smoke, phorbol esters,
okadaic acid, H,0, and TNF. These stimuli promote
dissociation of IkB-a through phosphorylation,
ubiquitinylation and its ultimate degradation in the
proteasomes. This process unmasks the nuclear
localization sequence of NF-«xB, facilitating its
nuclear entry, binding to kB regulatory elements and
activation of transcription of target genes.

Chemopreventive agents as inhibitors of the AP-1
activation pathway: Activated protein-1 (AP-1) is
another transcription factor that regulates the
expression of several genes that are involved in cell
differentiation and  proliferation.  Functional
activation of the AP-1 transcription complex is
implicated in tumor promotion as well as malignant
transformation. This complex consists of both homo
or hetero dimers of the members of the JUN and FOS
family of proteins (Eferl2003). This AP-1 mediated
transcription of several target genes can also be
activated by a complex network of signaling
pathways that involves external signals such as
growth factors, mitogen activated protein kinases
(MAPK), extracellular-signal regulated protein
kinases (ERK) and JUN-terminal kinases (JNK).
Some of the target genes that are activated by AP-1
transcription complex mirror those activated by NF-
kB and include Cyclin D1, bcl-2 , bel-X,, VEGF,
MMP and urokinase plasminogen activator (UPA).
Expression of genes such as MMP and uPA
especially promotes angiogenesis and invasive
growth of cancer cells. Most importantly, AP-1 can
also promote the transition of tumor cells from an
epithelial to mesenchymal morphology which is one
of the early steps in tumor metastasis. These
oncogenic properties of AP-1 are primarily dictated
by the dimer composition of the AP-1 family proteins
and their post-transcriptional and translational
modifications.

Chemopreventive agents as inhibitors of cell
proliferation and initiators of apoptosis: Several
reports were published which showed that activation
of NF-kB promotes cell survival and proliferation
and down regulation of NF-kB sensitizes the cells to
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apoptosis Expression of several genes including bcl-
2, bel-X,, clAP, survivin, cyclin D1, TRAF1, TRAF2
have been reported to be up-regulated by NF-kB
(Garg2002). The proteins coded by these genes
function primarily by blocking the apoptosis
pathway. Several studies have demonstrated that NF-
kB activation promotes cell survival and proliferation
mechanisms and that suppression of NF-kB leads to
an abrogation of these mechanisms. Similarly, c-JUN
is primarily a positive regulator of cell proliferation
since c-JUN deficient fibroblasts have a marked
proliferation defect in vitro and in vivo.

Chemopreventive agents as inhibitors of growth
factor activation pathway: The potent cell
proliferation signals generated by various growth
factor receptors such as the epidermal growth factor
(EGF)-receptor, insulin-like growth factor (IGF)-1
receptor and VEGF-receptor networks constitute the
basis for receptor driven tumorigenicity in the
progression of several cancers (Hahn2002). Several
chemopreventive phytochemicals including
curcumin, genistein, resveratrol and catechins have
been recently shown to be powerful inhibitors of
several growth factor receptors, including EGFR.
Some of these phytochemicals, such as curcumin also
possess the capacity to inhibit the ligand stimulated
activation of the EGF-Receptor indicating that they
have the potential to break the autocrine loops that
are established in several advanced cancers
(Korutlal995).

These chemopreventive chemicals function by
inhibiting other tyrosine kinases such as c-src which
are involved in the coupling of activation of the G-
protein coupled receptor to the transactivation of
EGF-Receptor which occurs extensively in
established cancers. Curcumin was earlier shown to
not only inhibit the tyrosine kinase activity of this
receptor but also deplete the protein itself, by
interfering with the function of the ATP dependent
GRP94 chaperone protein which is involved in the
maintenance of the properly folded state of the
receptor (Hong1999).

Chemopreventive agents as inhibitors of the JAK-
STAT pathway: Even though cancer arises by
several genetic or epigenetic  mechanisms
contributing to a number of abnormal oncogenic
signaling pathways, all seem to converge on a very
limited number of nuclear transcription factors that
function as final effectors, starting specific gene
expression patterns for a particular cancer. They are
the canonical STAT (signal transducers and
activators of transcription) family of proteins
(Yu2004). They can be activated by phosphorylation
through JAK kinases or cytokine receptors, G-protein
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coupled receptors or growth factor receptors such as
EGFR or by platelet derived growth factor receptor
that have intrinsic tyrosine kinase activity, or by
intracellular non-receptor tyrosine kinase recruitment.
Of the seven STAT proteins known so far,
constitutive activation of STAT3 and STAT5 have
been implicated in human cancers such as multiple
myeloma, lymphomas, leukemias and several solid
tumors which makes them logical targets for cancer
therapy. These STAT proteins contribute to cell
survival and growth by preventing apoptosis through
increased expression of anti-apoptotic proteins such
as bcl-2 and bcl-X,.

Chemopreventive agents as inhibitors of multi-
drug resistance: The use of chemotherapy to treat
cancer invariably results in the development of broad
resistance to a wide variety of drugs with different
chemical structures and mechanism of action. The
multidrug resistance (MDR) related P-Glycoprotein
is inherently expressed at high levels in cancers
derived from epithelial tissues such as Kkidney,
prostrate and colon. In the multidrug resistant human
cervical carcinoma cells (KB-V1), curcumin was
shown to down regulate the expression of P-
glycoprotein at the protein as well as at the RNA
levels (Anuchapreeda2002). Treatment of these cells
increased their sensitivity to vinblastine, which was
consistent with the increased accumulation of the
rhodamine (Rh123) dye. Recent reports suggest that
agents such as curcumin may interfere with the drug
resistance processes mediated by Topoisomerase-I|
(TOPO-II) poisons, either by inhibiting the associated
heat shock proteins or by inhibiting the intracellular
proteasomal function (Aggarwal2003).

Chemopreventive agents as inhibitors of COX-2:
Many studies revealed the importance of regulation
of cyclo-oxygenase-2 (COX-2) expression in the
prevention and in the treatment of several
malignancies. Over expression of this enzyme is a
consequence of deregulation of transcriptional and
post- transcriptional control. Several growth factors,
cytokines, oncogenes, tumor promoters stimulate
COX-2 transcription. Depending upon the stimulus
and the cell type, different transcription factors
including AP-1, NF-IL-6, NF-kB can stimulate COX-
2 transcription (Subbaramaiah2003). Curcumin was
one of the first chemopreventive phytochemicals
shown to have significant COX-2 inhibiting activity
through the suppression of NF-kB. Thus, non-toxic
compounds such as curcumin is useful in the
treatment of several cancers targeting angiogenesis
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since COX-2 expression stimulates angiogenesis
(Iniguez2003). COX-2 inhibitors are useful in the
treatment of advanced breast cancers through
inhibition not only of HER-2/neu activity but also of
aromatase activity (Subbaramaiah 2003).

Chemopreventive agents as inhibitors of
angiogenesis: Angiogenesis is the formation of new
blood vessels from existing ones. It is the basis of
several physiological processes such as embryonic
development, placenta formation and wound healing.
Several inhibitors of angiogenesis are in clinical
trials. These include curcumin, resveratrol and
catechins (Arbiser1998, Brakenhielm2001,
Lamy2002, Chen2004). Curcumin can interfere with
the activity of MMP-2 and 9, reducing the
degradation of ECM which forms the basis of
angiogenic switch (Chen2004). By inhibiting several
growth factor receptors such as EGF-R and VEGF-R,
it can also significantly have effect upon the
mechanisms of angiogenic switch and vessel
cooption that are necessary for the sprouting growth
of new blood vessels in the tumor (Dorai2001). Most
notably, curcumin and to a lesser extent genistein can
also interfere with the expression of VEGF by
processes other than hypoxia, such as transforming
growth  factor  (TGF)-p  release, @ COX-2
overexpression, hydrogen peroxide release from bone
cells, constitutive and aberrant EGF-R in established
cancers.

CONCLUSION

Natural dietary phytochemicals have been widely
used in in vitro, in vivo, and preclinical cancer
prevention and treatment studies. Some of these
clinical trials have shown various degrees of success.
Because of their pharmacological safety, most
chemopreventive agents can be used in combination
with chemotherapeutic agents to enhance the effect at
lower doses and thus minimize chemotherapy-
induced toxicity. As cancer chemoprevention and
treatment using natural phytochemicals have been
such an attractive approach, further efforts are fully
justifiable to thoroughly understand their potencies,
pharmacokinetic performances, pharmacodynamic
responses, metabolisms,  toxicities,  drug-drug
interactions, polymorphisms, and then formulations,
stabilities and degradations, and dosage regimemens.
Natural dietary phytochemicals have been and will
continue to be a promising and active research area in
the near future.

430



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

REFERENCES

1. Hetts SW. To die or not to die: An overview of apoptosis and its role in disease. JAMA, 2011; 279(4):300-7.

2. Sugimura T. Multi-step carcinogenesis: a 1992 perspective. Science, 1992; 258:603-7.

3. Bode AM, & Dong Z, Signal transduction pathways: targets for chemoprevention of skin cancer. Lancet
Oncology, 2000; 1: 181-188.

4. Kwak MK, Kenster WK. Targeting NRF2 signaling for cancer chemoprevention. Toxicol Appl Pharmacol,
2010; 244:66-76.

5. Parys S, Kehraus S, Krick A, Glombitza KW, Carmeli S, Klimo K. In vitro chemopreventive potential of
flucophlorethols from the brown alga Fucus vesiculosus L. by anti-oxidant activity and inhibition of selected
Cytochrome P450 enzymes. Phytochemistry; 2010; 71:221-9.

6. Surh YJ. Cancer chemoprevention with dietary phytochemicals. Nat Rev Cancer. 2003; 3:768-80.

7. Aggarwal, BB, Shishodia S. Molecular targets of dietary agents for prevention and therapy of cancer.
Biochemical Pharmacology, 2006; 71(10):1397-1421.

8. Nichols JA, & Katiyar SK. Skin photoprotection by natural polyphenols: antiinflammatory, antioxidant and
DNA repair mechanisms. Archives of Dermatological Research, 2010; 302(2): 71-83.

9. Hoensch HP, Oertel R. Emerging role of bioflavonoids in gastroenterology: Especially their effects on intestinal
neoplasia. World J Gastrointest Oncol. 2011; 3(5): 71-4.

10.EI-Alfy TS, Ezzat SM, Hegazy AK, Amer AM, Kamel GM. Isolation of biologically active constituents from
Moringa peregrine (Forssk.) Fiori. (family: Moringaneae) growing in Egypt. Pharmacogn Mag, 2011; 7(26):
109-15.

11.Ferreira CV, Justo GZ, Souza AC, Queiroz KC, Zambuzzi WF, Aoyama H, Peppelenbosch MP. Natural
compounds as a source of protein tyrosine phosphatase inhibitors: application to the rational design of small-
molecule derivatives. Biochimie, 2006; 88(12):1859-73.

12. Leonardi T, Vanamala J, Taddeo SS, Davidson LA, Murphy ME, Patil BS, Wang N, Carroll RJ, Chapkin RS,
Lupton JR, Turner ND. Apigenin and naringenin suppress colon carcinogenesis through the aberrant crypt stage
in azoxymethane-treated rats. Exp Biol Med (Maywood), 2010; 235 (6):710-17.

13.Bruno A, Siena L, Gerbino S, Ferraro M, Chanez P, Giammanco M, Gjomarkaj M, Pace E. Apigenin affects
leptin/leptin receptor pathway and induces cell apoptosis in lung adenocarcinoma cell line. Eur J Cancer. 2011.

14. Bachemeier BE, Mirisola V, Romeo F, Generoso L, Esposito A, Dell’eva R, Blengio F, Killian PH, Albini A,
Pfeffer U. Reference profile correlation reveals estrogen-like transcriptional activity of Curcumin. Cell Physiol
Biochem, 2010; 26(3):471-82.

15. Senft C, Polacin M, Priester M, Seifert VV, Kogel D, Weissenberger J. The nontoxic natural compound Curcumin
exerts anti-proliferative, anti-migratory, and anti-invasive properties against malignant gliomas. BMC Cancer,
2010; 10:491.

16. Ravindran J, Prasad S, Aggarwal BB. Curcumin and cancer cells: how many ways can curry Kill tumor cells
selectively? Aaps J, 2009; 11(3): 495-10.

17.Su CC, Chen GW, Lin JG, Wu LT, Chung JG. Curcumin inhibits cell migration of human colon cancer colo 205
cells through the inhibition of nuclear factor kappa B /p65 and down-regulates cyclooxygenase-2 and matrix
metalloproteinase-2 expressions. Anticancer Res, 2006; 27(1):1281-88.

18.Chen A, Xu J, Johnson AC. Curcumin inhibits human colon cancer growth by suppressing gene expression of
epidermal growth factor Egr-1. Oncogene, 2006; 25(2):278-87.

19.Johnson SM, Gulhati P, Arrieta I, Wang X, Uchida T, Gao T, Evers BM. Curcumin inhibits proliferation of
colorectal carcinoma by modulating Akt/mTOR signaling. Anticancer Res, 2009; 29(8): 3185-90.

20. Gutheil WG, Reed G, Ray A, Dhar A. Crocetin: an Agent Derived from Saffron for Prevention and Therapy for
Cancer. Curr Pharm Biotechnol: 2011

21. Amin A, Hamza AA, Bajbouj K, Ashraf SS, Daoud S. Saffron: A potential target for a novel anticancer drug
against hepatocellular carcinoma. Hepatology: 2011

22. Abdullaev FI, Espinosa-Aguirre JJ. Biomedical properties of saffron and its potential use in cancer therapy and
chemoprevention trials. Cancer Detect Prev. 2004; 28(6):426-32.

23. Samarghandian S, Boskabady MH, Davoodi S. Use of in vitro assays to assess the potential antiproliferative and
cytotoxic effects of saffron (crocus sativus L.) in human lung cancer line. Pharmacogn Mag, 2011; 6(24): 309-
14.

24.Bakshi H, Sam S, Rozati R, Sultan P, Islam T, Rathore B, Lone Z, Sharma M. Tripathi J, Saxena RC. DNA
fragmentation and cell cycle arrest: a hallmark of apoptosis induced by crocin from kashmiri saffron in a human
pancreatic cell line. Asian Pac J Cancer Prev, 2010; 11(3):675-79.

www.pharmascholars.com 431



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42,

43.
44,

45,

46.

47.

48.

Das I, Das S, Saha T. Saffron suppresses oxidative stress in DMBA-induced skin carcinoma: A histopathological
study. Acta Histochem, 2010; 112(4):317-27.

Aung HH, Wang CZ, Ni M, Fishbein A, Mehendale SR, Xie JT, Shoyama CY, Yuan CS. Crocin from Crocus
sativus possesses significant anti-proliferation effects on human colorectal cancer cells. Exp Oncol, 2007; 29(3):
175-80.

Chryssanthi DG, Dedes PG, Karamanos NK, Cordopatis P, Lamari FN. Crocetion inhibits invasiveness of MDA-
MB-231 breast cancer cells via downregulation of matrix metalloproteinases. Plant Med, 2011; 77(2): 146-51.
Nam KN, Park YM, Jung HJ, Lee JY, Min BD, Park SU, Jung WS, Cho KH, Park JH, Kang I, Hong JW, Lee
EH. Anti-inflammatory effects of crocin and crocetin in rat brain microglial cells. Eur J Pharmacol, 2010; 648(1-
3):110-16.

Kim JM, Kim JS, Yoo H, Choung MG, Sung MK. Effects of black soybean [Glycine max (L.) Merr.] seed coats
and its anthocyanidins on colonic inflammation and cell proliferation in vitro and in vivo. J Agric Food Chem,
2008; 56(18):8427-33.

Xu M, Bower KA, Wang S, Frank JA, Chen G, Ding M, Wang S, Shi X, Ke Z, Luo J. Cyanidin-3-glucoside
inhibits ethanol-induced invasion of breast cancer cells overexpressing ErbB2. Mol Cancer, 2011; 9:285.

Kim JE, Kwon JY, Seo SK, Son JE, Jung SK, Min SY, Hwang MK, Heo YS, Lee KW, Lee HJ. Cyanidin
suppresses ultraviolet B-induced COX-2 expression in epidermal cells by targeting MKK4, MEK1, and Raf-1.
Biochem Pharmacol, 2010; 79(10): 1473-82.

Dreiseitel A, Oosterhuis B, Vukman KV, Schreier P, Ochme A, Locher S, Hajak G, Sand PG. Berry
anthocyanins and anthocyanidins exhibit distinct affinities for the efflux transporters BRCP and MDR1. Br J
Pharmacol, 2009; 158(8): 1942-50.

Qian X, Melkamu T, Upadhyaya P, Kassie F. Indole-3-carbinol inhibited tobacco smoke carcinogen-induced
lung adenocarcinoma in A/J mice when administered during the postinitiation or progression phase of lung
tumorigenesis. Cancer Lett; 2011.

Acharya A, Das I, Singh S, Saha T. Chemopreventive properties of indole-3-carbinol, diindolylmethane and
other constituents of cardamom against carcinogenesis. Recent Pat Food Nutr Agric, 2010; 2(2):166-177.
[PubMed: 20653562]

Yang CS, Lambert JD, Ju J, Lu G, Sang S. Tea and cancer prevention molecular mechanisms and human
relevance. Toxicol Appl Pharmacol, 2007; 224(3): 265-73.

Yang CS, Lambert JD, Hou Z, Ju J, Lu G, Hao X. Molecular targets for the cancer preventive activity of tea
polyphenols. Mol Carcinog, 2006; 45(6):431-5.

Lambert JD, Yang CS. Mechanisms of cancer prevention by tea constituents. J Nutr, 2003; 133(10):3262-7.
Leone M, Zhai D, Sareth S, Kitada S, Reed JC, Pellecchia M. Cancer prevention by tea polyphenols is linked to
their direct inhibition of antiapoptotic Bcl-2-family proteins. Cancer Res, 2003; 63(23):8118-21.
Cherbonnel-Lasserre C, Dosanjh MK. Suppression of apoptosis by overexpression of Bcl-2 or Bcl-xL promotes
survival and mutagenesis after oxidative damage. Biochimie, 1997; 79(9-10): 613-17.

Shimizu M, Shirakami Y, Sakai H, Adachi S, Hata K, Hirose Y, Tsurumi H, Tanaka T, Moriwaki H. (-)-
Epigallocatechin gallate suppresses azoxymethane-induced colonic premalignant lesions in male C57BL/KsJ-
db/db mice. Cancer Prev Res (Phila), 2008; 1(4):298-4.

Adachi S, Shimizu M, Shirakami Y, Yamauchi J, Natsume H, Matsushima-Nishiwaki R, To S, Weinstein IB,
Moriwaki H, Kozawa O. (-)-Epigallocatechin gallate downregulates EGF receptor via phosphorylation at
Ser1046/1047 by p38 MAPK in colon cancer cells. Carcinogenesis, 2009; 30(9):1544-52.

Larsen CA, Dashwood RH. (-)-Epigallocatechin-3-gallate inhibits Met signaling, proliferation, and invasiveness
in human colon cancer cells. Arch Biochem Biophys, 2010; 501(1):52-7.

Gabor M, Eperjessy E. Antibacterial effect of fisetin and fisetinidin. Nature, 1966; 212(5067): 1273.

Maher P, Dargusch R, Ehren JL, Okada S, Sharma K, Schubert D. Fisetin lowers methylglyoxal dependent
protein glycation and limits the complications of diabetes. PLoS One, 2011; 6(6):e21226.

Arai Y, Watanabe S, Kimira M, Shimoi K, Mochizuki R, Kinae N. Dietary intakes of flavonols, flavones and
isoflavones by Japanese women and the inverse correlation between quercetin intake and plasma LDL
cholesterol concentration. J Nutr, 2000; 130(9):2243-50.

Hanneken A, Lin FF, Johnson J, Maher P. Flavonoids protect human retinal pigment epithelial cells from
oxidative-stress-induced death. Invest Ophthalmol Vis Sci, 2006; 47(7):3164-77.

Lee SE, Jeong Sl, Yang H, Park CS, Jin YH, Park YS. Fisetin induces Nrf2-mediated HO-1 expression through
PKC- delta and p38 in human umbilical vein endothelial cells. J Cell Biochem, 2011.

Teiten MH, Gaascht F, Dicato M, Diederich M. Targetting the Wingless Signaling Pathway with natural
compounds as Chemopreventive or Chemotherapeutic Agents. Curr Phar Biotechnol, 2011.

www.pharmascholars.com 432



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

49. Syed DN, Afaq F, Maddodi N, Johnson JJ, Sarfaraz S, Ahmad A, Setaluri V, Mukhtar H. Inhibition of human
melanoma cell growth by the dietary flavonoid fisetin is associated with disruption of Wnt/beta-catenin signaling
and decreased Mitf levels. J Invest Dermatol, 2011; 131(6): 1291-99.

50.Liao YC, Shih YW, Chao CH, Lee XY, ChiangTA. Involvement of the ERK signaling pathway in fisetin
reduces invasion and migration in the human lung cancer cell line A549. J Agric Food Chem, 2009; 57(19):
8933-41.

51. Angelini A, Di llio C, Castellani ML, Conti P, Cuccurullo F. Modulation of multidrug resistance p-glycoprotein
activity by flavonoids and honokiol in human doxorubicin-resistant sarcoma cells (MES-SA/DX-5); implications
for natural sedatives as chemosensitizing agents in cancer therapy. J Biol Regul Homeost Agents, 2010; 24(2):
197-5.

52. Markovits J, Linassier C, Fosse P, Couprie J, Pierre J, Jacquemin-Sablon A, Saucier JM, Le Pecq JB, Larsen
AK. Inhibitory effects of the tyrosine kinase inhibitor genistein on mammalian DNA topoisomerase Il. Cancer
Res, 1989; 49(18):5111-17.

53. Lopez-Lazaro M, Willmore E, Austin CA. Cells lacking DNA topoisomerase Il beta are resistant to genistein. J
Nat Prod, 2007; 70(5):763-67.

54. Kuiper GG, Lemmen JG, Carlsson B, Corton JC, Safe SH, van der Saag PT, van der Burg B, Gustafsson JA.
Interaction of estrogenic chemicals and phytoestrogens with estrogen receptor beta. Endocrinology, 1998;
139(10): 4252-63.

55.Ju YH, Allred KF, Allred CD, Helferich WG. Genistein stimulates growth of human breast cancer cells in a
novel, postmenopausal animal model, with low plasma estradiol concentrations. Carcinogenesis, 2006; 27(6):
1292-99.

56. Seibel J, Molzberger AF, Hertramptf T, Laudenbach- Leschowski U, Diel P. Oral treatment with genistein
reduces the expression of molecular and biochemical markers of inflammation in a rat model of chronic TNBS-
induced colitis. Eur J Nutr, 2009; 48(4): 213-20.

57.Jeong CH, Bode AM, Pugliese A, Cho YY, Kim HG, Shim JH, Jeon YJ, Li H, Jiang H, Dong Z. [6]-Gingerol
suppresses colon cancer growth by targeting leukotriene A4 hydrolase. Cancer Res, 2009; 69(13):5584-91.

58. Lee HS, Seo EY, Kang NE, Kim WK. [6]-Gingerol inhibits metastasis of MDA MB-231 human breast cancer
cells. J Nutr Biochem, 2008; 19(5):313-19.

59. Rhode J, Fogoros S, Zick S, Wahl H, Griffith KA, Huang J, Liu JR. Ginger inhibits cell growth and modulates
angiogenic factors in ovarian cancer cells. BMC Complement Altern Med, 2007; 7:44.

60. Park YJ, Wen J, Bang S, Park SW, Song SY. [6]-Gingerol induces cell cycle arrest and cell death of mutant p53-
expressing pancreatic cancer cells. Yonsei Med J, 2006; 47(5):688-97.

61.Oyagbemi AA, Saba AB, Azeez OIl. Molecular targets of [6]-gingerol: Its potential roles in cancer
chemoprevention. Biofactors, 2010; 36(3):169-78.

62. Weng CJ, Wu CF, Huang HW, Ho CT, Yen GC. Anti-invasion effects of 6-shogaol and 6- gingerol, two active
components in ginger, on human hepatocarcinoma cells. Mol Nutr Food Res, 2010; 54(11):1618-27.

63.Park JS, Rho HS, Kim DH, Chang IS. Enzymatic preparation of kaempferol from green tea seed and its
antioxidant activity. J Agric Food Chem, 2006; 54(8):2951-56.

64. Nothlings U, Murphy SP, Wilkens LR, Henderson BE, Kolonel LN. Flavonols and pancreatic cancer risk: the
multiethnic cohort study. Am J Epidemiol, 2007; 166(8):924-31.

65. Cui Y, Morgenstern H, Greenland S, Tashkin DP, Mao JT, Cai L, Cozen W, Mack TM, Lu QY, Zhang ZF.
Dietary flavonoid intake and lung cancer--a population-based case-control study. Cancer. 2008; 112(10):2241-
48.

66. Gacche RN, Shegokar HD, Gond DS, Yang Z, Jadhav AD. Evaluation of Selected Flavonoids as Antiangiogenic,
Anticancer, and Radical Scavenging Agents: An Experimental and In Silico Analysis. Cell Biochem Biophys.
2011.

67. Calderon-Montano JM, Burgos-Moron E, Perez-Guerrero C, Lopez-Lazaro M. A review on the dietary flavonoid
kaempferol. Mini Rev Med Chem, 2011; 11(4):298-344.

68. Bigovic D, Savikin K, Jankovic T, Menkovic N, Zdunic G, Stanojkovic T, Djuric Z. Antiradical and cytotoxic
activity of different Helichrysum plicatum flower extracts. Nat Prod Commun.2011; 6(6):819-22.

69. Luo H, Rankin GO, Li Z, Depriest L, Chen YC. Kaempferol induces apoptosis in ovarian cancer cells through
activating p53 in the intrinsic pathway. Food Chem, 2011; 128(2):513-19.

70. Niestroy J, Barbara A, Herbst K, Rode S, van Liempt M, Roos PH. Single and concerted effects of
benzo[a]pyrene and flavonoids on the AhR and Nrf2-pathway in the human colon carcinoma cell line Caco-2.
Toxicol In Vitro, 2011; 25(3):671-683.

www.pharmascholars.com 433



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

71. Giovannucci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA, Willett WC. Intake of carotenoids and retinol
in relation to risk of prostate cancer. J Natl Cancer Inst, 1995; 87(23): 1767—76.

72.Levy J, Bosin E, Feldman B, Giat Y, Miinster A, Danilenko M, Sharoni Y. Lycopene is a more potent inhibitor
of human cancer cell proliferation than either alpha-carotene or beta-carotene. Nutr Cancer, 1995; 24(3):257-66.

73.Nahum A, Hirsch K, Danilenko M, Watts CK, Prall OW, Levy J, Sharoni Y. Lycopene inhibition of cell cycle
progression in breast and endometrial cancer cells is associated with reduction in cyclin D levels and retention of
p27(Kipl) in the cyclin E-cdk2 complexes. Oncogene. 2001; 20(26):3428-36.

74.Narisawa T, Fukaura Y, Hasebe M, Ito M, Aizawa R, Murakoshi M, Uemura S, Khachik F, Nishino H.
Inhibitory effects of natural carotenoids, alpha-carotene, beta-carotene, lycopene and lutein, on colonic aberrant
crypt foci formation in rats. Cancer Lett, 1996; 107(1):137-42.

75.Hahm ER, Singh SV. Bim contributes to phenethyl isothiocyanate-induced apoptosis in breast cancer cells. Mol
Carcinog: 2011.

76.Moon YJ, Brazeau DA, Morris ME. Dietary phenethyl isothiocyanate alters gene expression in human breast
cancer cells. Evid Based Complement Alternat Med. 2011; 2011

77.Yan H, Zhu Y, Liu B, Wu H, Li Y, Wu X, Zhou Q, Xu K. Mitogen-activated protein kinasemediates the
apoptosis of highly metastatic human non-small cell lung cancer cells induced by isothiocyanates. Br J Nutr,
2011:1-13.

78.Huong LD, Shim JH, Choi KH, Shin JA, Choi ES, Kim HS, Lee SJ, Kim SJ, Cho NP, Cho SD. Effect of beta-
Phenylethyl Isothiocyanate from Cruciferous Vegetables on Growth Inhibition and Apoptosis of Cervical Cancer
Cells through the Induction of Death Receptors 4 and 5. J Agric Food Chem. 2011.

79.Wang X, Govind S, Sajankila SP, Mi L, Roy R, Chung FL. Phenethyl isothiocyanate sensitizes human cervical
cancer cells to apoptosis induced by cisplatin. Mol Nutr Food Res: 2011

80.Wu CL, Huang AC, Yang JS, Liao CL, Lu HF, Chou ST, Ma CY, Hsia TC, Ko YC, Chung JG. Benzyl
isothiocyanate (BITC) and phenethyl isothiocyanate (PEITC)-mediated generation of reactive oxygen species
causes cell cycle arrest and induces apoptosis via activation of caspase-3, mitochondria dysfunction and nitric
oxide (NO) in human osteogenic sarcoma U-2 OS cells. J Orthop Res, 2011; 29(8):1199-009.

81. Xiao D, Powolny AA, Moura MB, Kelley EE, Bommareddy A, Kim SH, Hahm ER, Normolle D, Van Houten B,
Singh SV. Phenethyl isothiocyanate inhibits oxidative phosphorylation to trigger reactive oxygen species-
mediated death of human prostate cancer cells. J Biol Chem, 2010; 285(34):26558-69.

82. Hwang ES, Lee HJ. Effects of phenylethyl isothiocyanate and its metabolite on cell-cycle arrest and apoptosis in
LNCaP human prostate cancer cells. Int J Food Sci Nutr, 2010; 61(3):324-36.

83. Powolny AA, Singh SV. Differential response of normal (PrEC) and cancerous human prostate cells (PC-3) to
phenethyl isothiocyanate-mediated changes in expression of antioxidant defensegenes. Pharm Res. 2010;
27(12):2766-75.

84. Jakubikova J, Cervi D, Ooi M, Kim K, Nahar S, Klippel S, Cholujova D, Leiba M, Daley JF, Delmore J, Negri J,
Blotta S, McMillin D, Hideshima T, Richardson P, Sedlak J, Anderson K, Mitsiades C. Anti-tumor activity and
signaling events triggered by the isothiocyanates, sulforaphane and PEITC in multiple myeloma. Haematologica,
2011.

85.Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, Beecher CW, Fong HH, Farnsworth NR, Kinghorn AD,
Mehta RG, Moon RC, Pezzuto JM. Cancer chemopreventive activity of resveratrol, a natural product derived
from grapes. Science, 1997; 275(5297):218-20.

86. Kim KH, Back JH, Zhu Y, Arbesman J, Athar M, Kopelovich L, Kim AL, Bickers DR. Resveratrol targets
transforming growth factor-beta2 signaling to block UV-induced tumor progression. J Invest Dermatol, 2011;
131(1):195-02.

87. Nichols JA, Katiyar SK. Skin photoprotection by natural polyphenols; anti-inflammatory, antioxidant and DNA
repair mechanisms. Arch Dermatol Res, 2010; 302(2):71-83.

88.Li ZG, Hong T, Shimada Y, Komoto I, Kawabe A, Ding Y, Kaganoi J, Hashimoto Y, Imamura M. Suppression
of N-nitrosomethylbenzylamine (NMBA)-induced esophageal tumorigenesis in F344 rats by resveratrol.
Carcinogenesis, 2002; 23(9):1531-36.

89.Wu H, Liang X, Fang Y, Qin X, Zhang Y, Liu J. Resveratrol inhibits hypoxia-induced metastasis potential
enhancement by restricting hypoxia-induced factor-1 alpha expression in colon carcinoma cells. Biomed
Pharmacother, 2008; 62(9):613-21.

90. Xu Y, Jiang Z, Ji G, Liu J. Inhibition of bone metastasis from breast carcinoma by rosmarinic acid. Planta Med,
2010; 76(10):956-62.

www.pharmascholars.com 434



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

91. Moon DO, Kim MO, Lee JD, Choi YH, Kim GY. Rosmarinic acid sensitizes cell death through suppression of
TNF-alpha-induced NF-kappaB activation and ROS generation in human leukemia U937 cells. Cancer Lett,
2010; 288(2):183-91.

92. Scheckel KA, Degner SC, Romagnolo DF. Rosmarinic acid antagonizes activator protein-1-dependent activation
of cyclooxygenase-2 expression in human cancer and nonmalignant cell lines. J Nutr, 2008; 138(11):2098-105.
93.Talalay P, Fahey JW, Healy ZR, Wehage SL, Benedict AL, Min C, Dinkova-Kostova AT. Sulforaphane
mobilizes cellular defenses that protect skin against damage by UV radiation. Proc Natl Acad Sci, 2007;

104(44):17500-5.

94. Dashwood RH, Ho E. Dietary histone deacetylase inhibitors: from cells to mice to man. Semin Cancer Biol,
2007; 17(5):363-609.

95. Rudolf E, Andelova H, Cervinka M. Activation of several concurrent proapoptic pathways by sulforaphane in
human colon cancer cells SW620. Food Chem Toxicol, 2009; 47(9):2366—73.

96. Jeong WS, Keum YS, Chen C, Jain MR, Shen G, Kim JH, Li W, Kong AN. Differential expression and stability
of endogenous nuclear factor E2-related factor 2 (Nrf2) by natural chemopreventive compounds in HepG2
human hepatoma cells. J Bioschem mol Biol, 2005; 38(2): 167-76.

97.Xu C, Shen G, Chen C, Gelinas C, Kong AN. Suppression of NF-kappa B and NF-kappa B-regulated gene
expression by sulforaphane and PEITC through Ikappabalpha, IKK pathway in human prostrate cancer PC-3
cells. Oncogene, 2005; 24(28):4486-95.

98.Khor TO, Hu R, Shen G, Jeong WS, Hebbar V, Chen C, Xu C, Nair S, Reddy B, Chada K, Kong AN.
Pharmacogenomics of cancer chemopreventive isothiocyanate compound sulforaphane in the intestinal polyps of
ApcMin/+ mice. Biopharm Drug Dispos, 2006; 27(9):407-20.

99. Phillips DR, Rasbery JM, Bartel B, Matsuda SP. Biosynthetic diversity in plant triterpene cyclization. Curr Opin
Plant Biol, 2006; 9(3):305-14.

100. Bishayee A, Ahmed S, Brankov N, Perloff M. Triterpenoids as potential agents for the chemoprevention and

therapy of breast cancer. Front Biosci, 2011; 16: 980-96.

101. Chidambara Murthy KN, Jayaprakasha GK, Patil BS. Apoptosis mediated cytotoxicity of citrus obacunone in
human pancreatic cancer cells. Toxicol in Vitro, 2011; 25(4):859-67.

102. Buyru N, Tezol A, Yosunkaya-Fenerci E, Dalay N. Vitamin D receptor gene polymorphisms in breast cancer.
Exp Mol Med, 2003; 35(6):550-5.

103. Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M, Newmark HL, Giovannucci E, Wei M,
Holick MF. Optimal vitamin D status for colorectal cancer prevention: a quantitative meta analysis. Am J Prev
Med, 2007; 32(3):210-16.

104. Garland CF, Mohr SB, Gorham ED, Grant WB, Garland FC. Role of ultraviolet B irradiance and vitamin D in
prevention of ovarian cancer. Am J Prev Med, 2006; 31(6):512-14.

105. Skinner HG, Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS. Vitamin D intake and the risk
for pancreatic cancer in two cohort studies. Cancer Epidemiol Biomarkers Prev, 2006; 15(9):1688-95.

106. Chen WY, Bertone-Johnson ER, Hunter DJ, Willett WC, Hankinson SE. Associations between polymorphisms
in the vitamin D receptor and breast cancer risk. Cancer Epidemiol Biomarkers Prev, 2005; 14(10):2335-9.

107. Kovalenko PL, Zhang Z, Yu JG, Li Y, Clinton SK, Fleet JC. Dietary vitamin D and vitamin D receptor level
modulate epithelial cell proliferation and apoptosis in the prostate. Cancer Prev Res (Phila), 2011.

108. Stefanska B, Salame P, Bednarek A, Faianowska-Majewska K. Comparative effects of retinoic acid, vitamin D
and resveratrol alone and in combination with adenosine analogues on methylation and expression of
phosphatase and tensin homologue tumour suppressor gene in breast cancer cells. Br J Nutr, 2011; 1-10.

109. Buttigliero C, Monagheddu C, Petroni P, Saini A, Dogliotti L, Ciccone G, Berruti A. Prognostic Role of
Vitamin D Status and Efficacy of vitamin D Supplementation in Cancer patients: A Systematic Review.
Oncologist, 2011.

110. Clipp SL, Burke A, Hoffman-Bolton J, Alani R, Liegeois NJ, Alberg AJ. Sun-seeking behavior to increase
cutaneous vitamin D synthesis: when prevention messages conflict. Public Health Rep, 2011; 126(4):533-9.

111. Barnett CM, Beer TM. Prostrate cancer and vitamin D: what does the evidence really suggest? Urol Clin North
Am, 2011; 38(3):333-42.

112. Wada S. Cancer Preventive Effects of Vitamin E. Curr Pharm Biotechnol, 2011.

113. Nesaretnam K, Meganathan P. Tocotrienols: inflammation and cancer. Ann N Y Acad Sci, 2011; 1229(1):18-
22

114. Sylvester PW, Wali VB, Bachawal SV, Shirode AB, Ayoub NM, Akl MR. Tocotrienol combination therapy
results in synergistic anticancer response. Front Biosci, 2011; 17: 3183-95.

www.pharmascholars.com 435



Jayanti Mukherjee, et al. Int J Pharm 2015; 5(2): 424-436 ISSN 2249-1848

115.
116.
117.
118.
1109.
120.
121.
122.
123.
124.
125.
126.
127.

128.

Garg A, Aggarwal BB. Nuclear transcription factor-kB as a target for cancer Drug Development. Leukemia,
2002; 16:1053-68.

Eferl R, Wagner EF. AP-1: A double edged sword in tumorigenesis. Nat. Rev. Cancer, 2003; 3:859-68.

Hahn WC, Weinberg RA. Rules for making human tumor cells. New. Engl. J. Med, 2002; 347: 1593-03.
Korutla L, Cheung JY, Mendelsohn J, Kumar R. Inhibition of ligand induced activation of epithermal growth
factor receptor tyrosine phosphorylation by curcumin. Carcinogenesis, 1995; 16: 1741-5.

Hong RL, Spohn WH, Hung MC. Curcumin inhibits the tyrosine kinase activity of p185neu and also depletes
p185neu. Clin. Cancer Res, 1999; 5: 1884-91.

Yu H, Jove R. The STATS of cancer. New molecular targets come of age. Nat. Rev. Cancer,2004; 4: 97-103.
Anuchapreeda S, Leechanachai P, Smith MM, Amudkar SV, Limtrakul PN. Modulation of P-Glycoprotein
expression and function by curcumin in multi-drug resistant human KB cells. Biochem. Pharmacol, 2002;
64:573-82.

Aggarwal BB, Kumar A, Bharti AC. Anticancer potential of curcumin: preclinical and clinical studies.
Anticancer. Res, 2003; 23:363-98.

Subbaramaiah K, Dannenberg AJ. Cyclooxygenase-2: A molecular target for chemoprevention and treatment.
Trends Pharmacol Sci., 2003; 24: 96-102.

Iniguez MA, Rodriguez A, Volpert OV, Fresno M, Redondo JM. Cyclooxygenase-2: A therapeutic target for
angiogenesis. Trends. Mol.Med, 2003; 9:73-78.

Avrbiser JL, Klauber N, Rohan R, Leeuwen van R, Huang MT, Fisher C, Flynn E, Byers HR. Curcumin is an in
vivo inhibitor of angiogenesis. Mol. Med, 1998; 4: 376-83.

Brakenhielm E, Cao R, Cao Y. Suppression of angiogenesis, tumor growth and wound healing by resveratrol, a
natural compound in red wine and grapes. FASEB. J, 2001; 15: 1798-00.

Lamy S, Gingras D, Beliveau. Green tea catechins inhibit vascular endothelial growth factor receptor
phosphorylation. Cancer. Res, 2002; 62: 381-5.

Chen HW, Yu SL, Chen JJ, Li HN, Lin YC, Yao PC, Chou HY, Chien CT, Chen WJ, Lee YT, Yang PC. Anti-
invasive gene expression profile of curcumin in lung adenocarcinoma based on a high throughput microarray
analysis. Mol. Pharmacol, 2004; 65: 99-110.

129.Dorai T, Cao YC, Dorai B, Buttyam R, Katz AE. Therapeutic potential of curcumin in prostrate cancer-11I.

Curcumin inhibits proliferation, induces apoptosis and inhibits angiogenesis of LNCaP prostrate cancer cells in
vivo. Prostrate, 2001; 47:293-03.

www.pharmascholars.com 436



