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ABSTRACT

In developed countries, Prostate cancer (PCa) is a major cause of cancer mortality among
humans mainly in men. Tumor cells adapt the capability to escape cell death and develop
resistance to existing therapies. There are many new curative approaches for the management
of prostate cancer which involves cell death induction, tumor growth suppression, & inhibition
of metastasis and angiogenesis in which the natural products have been commonly used for
their anti-prostate cancer activities. A number of studies have been shown that the
phytochemicals can particularly target the androgen receptor (AR) signaling ,as well as the
prostate cancer stem cells (PCSCs). A number of clinical trials have been done to test the
efficiency of nutraceuticals in human subjects, and they have partially confirmed the promising
results obtained in vitro and in preclinical models. This review discusses about the anti-cancer
mechanisms and curative capabilities of many different natural compounds in the prevention
and treatment of prostate cancer in humans.
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Introduction
Cancer is a very harmful disease found all over the world and it
is the second most important cause of death around the world,
mainly in Europe and the United States with an occurrence rate of
about 2.6 million cases per year [Siegel et al.,2008 and Jemal et
al.,2012] The unregulated and uncontrolled cellular propagation
in the spectrum of cell is the main cause of cancer. The Cancer
occurs in developing countries that has been known by tumor
types that are related to bacterial contamination , viral and genetic
mutations [Siegel et al.,2010]. Cancer has a high impact and a long
period of latency on its growth and in the succession of the
sickness. There are many types among humans of cancers namely
prostate cancer, cervical cancer, renal cancer ,breast cancer ,etc. In
all of these types of cancers ,Prostate cancer (PCa) is the most
commonly diagnosed tumor that mainly occurs in men ,that is
being particularly common in Western countries [Fitzmaurice et
al.,2015]. In about 90% of cases, Local radiotherapy or
prostratectomy proves to be useful to treat organ restricted
prostate cancer. However, 30–40% of patients generally
experience development of disease [Stephenson et al.,2006]; at
this stage, where tumor growth depends on androgens ,the
androgen –deprivation therapy proves to be most useful for the
treatment , which aims at blocking hormone secretion. There are
many natural products that can selectively target numerous
molecules and signaling pathways which involves in tumor
growth and development. Many of them have been tested in, in
vitro and in vivo studies, while some clinical trials have been
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conducted and some are going on [Salehi et al.,2019 ; Kallifatidis et
al.,2016 ; Taylor et al.,2017]. The naturally occurring molecules
like, quercetin, fisetin , luteolin , resveratrol, genistein, silibinin,
kaempferol, epigallocatechin-3-gallate (EGCG), tocotrienols,
circumin, cellophane ,apigenin , ginsenosides , berberine,
honokiol, xanthoumol, oridonin ,ursolic acid and tannic acid have
shown great potential in the treatment of prostate cancer as antiProstate cancer agent in in vitro and preclinical experiments.
Role of natural compounds in cancer prevention
Natural products obtained from plant is a vast reservoir which
shows important structural diversity, and they suggest a wide
variety of novel & exciting chemical entities that have been used
for a long time for curing numerous diseases. The importance of
natural products in health care is supported by a report that 80%
of the population even now depend on plant-derived medicines to
take care of their health [Fulda et al.,2010]. It is also reported that
50% of all drugs in clinical use are natural products, their
derivatives [Hsu et al.,2010 ], and 74% of the most important drugs
consist of plant-derived active ingredients [Jaganathan et
al.,2009]. More than 3,000 plant species have been reported to be
used in treatment of cancer in modern medicine [Amin et al.,2009 ;
Cragg et al.,2005 ; Elmore et al.,2007 ; Koehn et al.,2005]. There is a
continued interest in the investigation of extracts of
microorganisms, marine life forms, and terrestrial plants to search
for anticancer compounds [Cragg et al.,2005]. Since 1920s along
with Berren blum, chemopreventive began [Amin et al.,2009],
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through the work of Sporn and colleagues , it re-entered the cancer
research mainstream in the 1970s [Sporn et al.,1976]. Till now,
natural products have been played an most important role in the
discovery of compounds that is used in development of drug for the
treatment of many human diseases [Koehn et al.,2005]. Medical use
of natural compounds and related drugs, including antibacterial,
anticancer, antiparasitic, immune suppressant agents and
anticoagulants , are being used to treat 87% of all known human
diseases [Cragg et al.,2005]. Till the 1970s, drug discovery was based
on screening of a great number of natural and synthetic compounds;
until with the introduction of computer and other molecular biology
techniques, which resulted in the modern and rational drug
discovery [Patwardhan et al.,2005]. Many natural products and
compounds have provided a rich source of drugs for cancer
treatment [Amin et al.,2009]. While different approaches are
available for discovery of novel and potential curative agents, natural
products from medicinal plants are good source for novel agents
with advanced medicinal activities. So, identification of natural
compounds has ability not only to block but also inhibit the initiation
of carcinogenesis ,and also to reverse the initial stages by inducing
apoptosis and development in cancer cells without cytotoxic effects
in normal cells [Lekphrom et al.,2009].
Apoptotic signalling pathways
Apoptosis plays a significant role in embryonic development and
tissue homeostasis of multicellular organisms. It is carried out in a
regulated way, which is linked with typical morphologic features like
cell shrinkage, cytoplasmic membrane blabbing and chromatin
condensation . A variety of diseases has been implicated by
unregulated apoptosis , which involves tumor formation or
development of cancer cell drug resistance [Johnstone et al.,2002].In
mammalian cells , apoptosis is activated through two wellcharacterized pathways . The first is extrinsic pathway, which
depends on activation of death receptors (e.g., TNF),
transmembrane proteins expressed on the cell surface, and the
second is intrinsic pathway ,which mediated by molecules released
from the mitochondria [e.g., Bcl-2 protein family; Green et al.,2000].
The extrinsic apoptosis pathway is initiated through the binding of
ligand to death receptors that consist an intracellular death domain
[death-inducing signaling complexes; Ashkenazi et al.,1998 and
Block et al.,1992]. So, intrinsic pathway is activated by physical or
chemical stimulations, such as growth factor deprivation, hypoxia,
stress signals or cell detachment. The activation of the initiator
caspases caused by both the pathways of apoptotic signaling along
with a set of cysteine proteases, which then activate effector
caspases. Caspases are cysteine-dependent aspartate-specific
proteases and are regulated at a post translational level which
ensures that they can be frequently activated. They are first
synthesized or expressed in cells as inactive proenzyme which
consists of a prodomain, and a large subunit forms that require
cleavage for activation. However, caspase-independent apoptosis is
also reported [Anichini et al.,2006].It is characterized by chromatin
condensation and DNA fragmentation, and it is mediated by caspases
[Hengartner et al.,2000]. There are many apoptotic signals that are
mediated to cell death machinery through p53 with other proteins
such as TNF, FAS, and TRAIL receptors which are highly specific
physiologic mediators of the extrinsic signaling pathway of
apoptosis. Mitochondria is also involved in a number of key events,
i.e., release of caspases activators, loss of mitochondrial membrane
potential (MMP), changes in electron transport and participation of
both pro-and antiapoptotic Bcl-2 family proteins [Heinrich et
al.,1998 and Kreuger et al.,2012]. This breakthrough leads an
important implication for targeted cancer therapy and modern
application of natural compounds.
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Molecular targets of chemopreventive agents
Flavonoids, alkaloid, sesquiterpenes lactones, polyphenolic, and
diterpenoid, are natural compounds that have been mostly studied
and show a broad spectrum of chemo preventive properties against
multiple cancer types in both cell culture and animal models. A
number of preventive trials are ongoing now-a-days. The numerous
and different anticancer natural compounds agents are activated by
cell signaling pathways for different targets. Along with that, the
same compound activates different signaling pathways depending
on the cell types.
Natural compounds used to treat prostate cancer
1.Quercetin
A penta-hydroxylated flavonol named as Quercetin, that is
naturally occurring in tea, onions, apples, tomatoes ,and capers and
consist an important chemo preventive and anti-cancer properties
[Rauf et al.,2018]. Yuan et al. demonstrated that in LNCaP PCa cells a
protein complex containing the AR, specific protein 1 (Sp1) and c-Jun
was generated in response to quercetin treatment and suppressed
AR function. This resulted in the inhibition of the production of the
prostate-specific, androgen-related tumor markers prostatespecific antigen (PSA) and human kallikrein-2 (hK2), as well as in the
downregulation of androgen-related genes, such as ornithine
decarboxylase (ODC) and NKX3.1 [Xing et al.,2001 ; Yuan et al.,2004 ;
Yuan et al.,2005 and Yuan et al.,2010]. The expression of the AR
splice variant 7 (AR-V7) was repressed by Quercetin, which
correlates to resistance to enzalutamide and poor prognosis, by
inhibition of Hsp70 [Kita et al.,1827].
2.Fisetin
A flavonol named as Fisetin which is present in strawberries,
apples, persimmons, onions, kiwi, and cucumbers, that has been
recently demonstrated to exhibit the powerful neuroprotective
effects and different anti-tumor activities [Pal et al.,2016 and Lall et
al.,2016]. In Prostate cancer, it was shown to specifically bind to the
AR LBD. This interaction resulted in a decreased AR stability and
amino-terminal/carboxyl-terminal (N-C) interaction, which leads to
reduce transactivation of AR target genes. Moreover, fisetin
treatment of LNCaP cells was followed by a downregulation of AR
levels, due to a reduction in its promoter activity and to an increase of
its degradation. In this cell line, the flavonol also synergized with
bicalutamide in promoting apoptotic cell death. Finally, in ARpositive CWR22υ1 PCa cell-bearing mice, fisetin inhibited tumor
growth and decreased PSA serum levels, suggesting that this
compound is able to suppress AR activity also in vivo [Khan et
al.,2008].
3.Epigallocatechin-3-gallate (EGCG)
Epigallocatechin-3-gallate, a green tea compound, was used in
the regulation of androgen receptor acetylation in androgendependent prostate cancer cells. The prostate cancer cell death,
suppressed agonist-dependent androgen receptor activation and
AR-regulated gene transcription was induced by green tea
compounds [Yoon et al.,2012]. A novel study based on a prostate
cancer reported that human prostate cancer cell lines are repressed
by the green active compound epigallocatechin-3-gallate [Tang et
al.,2010]. A evolved study was made to confirm the combined useful
anticancer effects of curcumin and EGCG on prostate cancer cells,
which are resistant to chemotherapy drugs and apoptosis inducers.
A lower inhibitory effect on cancer cell proliferation was
demonstrated by EGCG than prostate cancer cell lines. Co-treatment
of curcumin improved antiproliferative effect of epigallocatechin-3gallate on prostate cancer cells. The co-treatment of EGCG and
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curcumin were significantly increased by the protein expressions of
p21, while they were unchanged by the treatment with each
compound alone [Eom et al.,2015]. The synergistic effect of
epigallocatechin-3-gallate and ibuprofen was evidenced in prostate
cancer and it was demonstrated that epigallocatechin-3-gallate and
ibuprofen treatment in combination around 90% of growth
inhibition [Kim et al.,2007]. EGCG showed anticancer effects, and it
was proved that this catechin inhibited cancer cell proliferation in a
concentration-dependent fashion. The treatment of prostate cancer
cells with EGCG caused in time and concentration-dependent
activation of the extracellular signal regulated kinase pathway
[Albrecht et al.,2008]. The inhibitory effects of green tea
components, epigallocatechin-3- gallate, were tested on the prostate
cancer cell lines. EGCG was demonstrated to be the greatest powerful
catechin at preventing cell growth. The inhibition induced by EGCG
was shown to increase through apoptotic cell death, as observed by
changes in nuclear morphology and DNA fragmentation [Paschka et
al.,1998].
4.Resveratrol
Natural agent Resveratrol (3,4′,5-trihydroxy-trans-stilbene) has
been shown to possess many biological activities related to human
cancer prevention and treatment [Baur et al.,2006, Saiko et al.,2008).
Resveratrol is a phytoalexin, or plant antibiotic, produced in large
quantities in various plants in response to environmental stress and
pathogenic attack and thus acts as a natural inhibitor of cell
proliferation [Harikumar et al.,2008]. Perhaps most widely known
as a constituent of red wine, resveratrol has been detected in more
than 70 plant species, including grapes, berries, plums, peanuts, and
pines [Harikumar et al.,2008 and Aggarwal et al.,2006]. Dietary
resveratrol significantly reduced the incidence of prostatic
adenocarcinoma in the transgenic adenocarcinoma mouse prostate
model. The decrease in cell proliferation and insulin-like growth
factor-I, downregulation of phospho-extracellular signal-regulated
kinase (ERK)-1 and ERK-2, and increase in ERβ provided a
biochemical basis for resveratrol-mediated suppression of prostate
cancer development [Harper et al.,2007]. Resveratrol in the drinking
water suppressed prostate cancer growth in the transgenic rat for
adenocarcinoma of prostate model with induction of apoptosis.
Moreover, resveratrol not only downregulated the androgen
receptor expression but also suppressed the androgen-responsive
glandular kallikrein 11 at the mRNA level [Seeni et al.,2008].
5.Curcumin
Curcumin is a polyphenolic compound isolated from the
rhizomes of Curcuma longa, exhibiting anti inflammatory, anticancer
and antioxidant activities based on its chemical features and its
ability to interact with multiple signaling molecules [Witkin et
al.,2013]. Curcumin exerts a cytotoxic and cytostatic action in many
transformed cells, prevents carcinogen-induced cancer in rodents
and inhibits the growth of human tumors in xenograft or
orthotransplanted animal models, either as single treatment or in
combination with chemotherapeutic drugs or radiation [ Rahmani et
al.,2016]. Curcumin and its derivatives have been described to
inhibit different signaling pathways in cancer resulting in apoptotsis
[Gupta et al.,2011 and Zikaki et al.,2014] or In caspase-independent
cell death mechanisms, like autophagy [Sullivan et al.,2009 ; Wolanin
et al.,2006 ; Aoki et al.,2007 and Zhou et al.,2014]. Curcumin-induced
autophagy is generally described as a prodeath signal [ Aoki et
al.,2007;Kim et al.,2012 and Li et al.,2013], however it has recently
been demonstrated to exert a prosurvival and prodifferentiation role
in tumor initiating cells [ Zhuang et al.,2012] and to precede or

accompany a senescence/quiescence-promoting effect in cancer
cells [Moaieniak et al.,2012 ; Kantara et al.,2014 and Patchan et
al.,2008]. Curcumin affected cell proliferation of androgen-sensitive
(22Rv1), but not of androgen-independent (DU145 and PC-3) PCa
cells, through the induction of G2 cell cycle arrest and modulation of
Wingless (Wnt/β-catenin) signaling pathway. The reduction of cell
viability observed after curcumin treatment (20 μM for 24 h) in
22Rv1 cells was linked to autophagy induction as demonstrated by
the appearance of LC3-II form and the decrease of Bcl-XL expression
[Teiten et al.,2011]. Bcl-XL is an antiapoptotic protein, but also an
antiautophagic protein via its inhibitory interaction with Beclin 1
[Fu et al.,2013 and Kang et al.,2011]. This highlights the complex
interrelationship existing between autophagy and the apoptotic cell
death pathway.
6.Genistein
Genistein [5,7-dihyroxy-3-(-4-hydroxyphenyl)-4H-1benzopyran-4-one] is a major isoflavone in soy and soy-based food
products that are regularly consumed by people in Asian countries
[Ronis, 2016]. Indeed, median daily intake of isoflavones among
adults in Japan and China is about 25–50 mg which is several-folds
higher than the consumption of these compounds by women in the
western countries (less than 3 mg) [Sak, 2017a]. A number of
epidemiological studies have suggested a lower incidence of certain
cancer types, such as breast and prostate cancer, in Asian countries
as compared to the western world.
Conclusion
Natural products have been very useful source of bioactive
molecules. In this review, we have highlighted the recent progress of
the natural compounds from nature with cytotoxic activities. Plants
provide a vast spectrum of sources for modern anticancer drugs. A
number of preclinical findings and results of many in vitro and in
vivo studies , disagree the effective role of natural compounds in the
diagnosis of many types of cancer. Many reports on mechanism of
actions target multiple signaling pathways, which depends on
cancer origin [Amin et al.,2000 and Yang et al.,2013]. The use of
phytochemicals for the management of prostate cancer offers
several advantages. The natural products are safe and well tolerated
and are also affordable. Along with that, they are capable with
various in vitro and in vivo anti-tumor properties, which involves
growth-suppressing, pro-death, anti-invasive, and anti-angiogenic
activities. Natural compounds appear to be able to selectively target
the AR axis. Though, these promising pleiotropic effects have been
just partly confirmed in the patients of prostate cancer, where
nutraceutical intake has been associated with chemoprevention
rather than with tumor eradication. so, many new clinical trials are
required to validate nutraceutical effectiveness in human subjects.
Aknowledgement
The Authors acknowledge the help provided by Department of
Biotechnology, Faculty of Life sciences, Institute of Applied
Medicines and Research, Ghaziabad, India.
Conflict of Interest
The authors declare that there is no conflict of interest.
References
1.

Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer statistics. CA Cancer J
Clin 2008;58:71– 96. CrossRefPubMedGoogle Scholar

2.

Jemal A.Cancer statistics for Hispanics/Latinos. CA Cancer J Clin
2012;62:283– 98. CrossRefPubMedGoogle Scholar

Gunjan Choudhary, et al./Int J Biol Med Res.12(3):7334-7338

3.

Siegel R, Xu J, Ward E. Cancer statistics. CA Cancer J Clin 2010;60:277–300.
CrossRefPubMedGoogle Scholar

4.

Fitzmaurice C.; Allen, C.; Barber, R.M.; Barregard, L.; Bhutta, Z.A.; Brenner,
H.; Dicker, D.J.; Chimed-Orchir, O.;Dandona, R.; Dandona, L.; et al. Global,
regional, and national cancer incidence, mortality, years of life lost,years
lived with disability, and disability-adjusted life-years for 32 cancer
groups, 1990 to 2015. JAMA Oncol.2017, 3, 524. [PubMed]

5.

Stephenson, A.J.; Scardino, P.T.; Eastham, J.A.; Bianco, F.J., Jr.; Dotan, Z.A.;
Fearn, P.A.; Kattan, M.W.Preoperative nomogram predicting the 10-year
probability of prostate cancer recurrence after radical prostatectomy. J.
Natl. Cancer Inst. 2006, 98, 715–717. [CrossRef]

6.

Salehi, B.; Fokou, P.V.T.; Yamthe, L.R.T.; Tali, B.T.; Adetunji, C.O.; Rahavian,
A.; Mudau, F.N.;. Martorell, M.;Setzer, W.N.; Rodrigues, C.F.; et al.
Phytochemicals in Prostate Cancer: From Bioactive Molecules to
Upcoming Therapeutic Agents. Nutrients. 2019; 11: 1483. [CrossRef]
[PubMed].

7337

26.

Heinrich M, Robles M, West JE, Ortiz de Montellano BR, Rodriguez E.
Ethnopharmacology of Mexican asteraceae (Compositae). Annu Rev
Pharmacol Toxicol 1998;38:539– 65. CrossRefPubMedGoogle Scholar.

27.

Kreuger MR,Grootjans S, Biavatti MW, Vandenabeele P, D'Herde K.
Sesquiterpene lactones as drugs with multiple targets in cancer
treatment: focus on parthenolide. Anticancer Drugs 2012;23:883–96.
PubMedGoogle Scholar.

28.

Rauf, A.; Imran, M.; Khan, I.A.; Ur-Rehman, M.-; Gilani, S.A.; Mehmood, Z.;
Mubarak, M.S. Anticancer potential of quercetin: A comprehensive review.
Phyther. Res. 2018, 32, 2109–2130. [CrossRef] [PubMed].

29.

Xing N. Quercetin inhibits the expression and function of the androgen
receptor in LNCaP prostate cancer cells. Carcinogenesis. 2001;22:409414. Doi:10.1093/carcin/22.3.409.[PubMed] [CrossRef] Google Scholar]
[Ref list].

30.

Yuan H.; Pan, Y.; Young, C.Y.F. Overexpression of c-Jun induced by
quercetin and resverol inhibits the expression and function of the
androgen receptor in human prostate cancer cells. Cancer Lett. 2004, 213,
155–163. [CrossRef] [PubMed].

31.

Yuan H.; Gong, A.; Young, C.Y.F. Involvement of transcription factor Sp1 in
quercetin-mediated inhibitory effect on the androgen receptor in human
prostate cancer cells. Carcinogenesis 2005, 26, 793– 801. [CrossRef].

32.

Yuan H.; Young, C.Y.F.; Tian, Y.; Liu, Z.; Zhang, M.; Lou, H. Suppression of the
androgen receptor function by quercetin through protein-protein
interactions of Sp1, c-Jun, and the androgen receptor in human prostate
cancer cells. Mol. Cell. Biochem. 2010, 339, 253–262. [CrossRef]
[PubMed].

33.

Kita, K.; Shiota, M.; Tanaka, M.; Otsuka, A.; Matsumoto, M.; Kato, M.;
Tamada, S.; Iwao, H.; Miura, K.;Nakatani, T.; et al. Heat shock protein 70
inhibitors suppress androgen receptor expression in LNCaP95 prostate
cancer cells. Cancer Sci. 2017, 108, 1820–1827. [CrossRef] [PubMed] .

7.

Kallifatidis, G.; Hoy, J.J.; Lokeshwar, B.L. Bioactive natural products for
chemoprevention and treatment ofcastration-resistant prostate cancer.
Semin. Cancer Biol. 2016, 40–41, 160–169. [CrossRef]

8.

Taylor, W.F.; Jabbarzadeh, E. The use of natural products to target cancer
stem cells. Am. J. Cancer Res. 2017,7, 1588–1605. [PubMed]

9.

Fulda S.. Evasion of apoptosis as a cellular stress response in cancer. Int J
CellBiol 2010;2010:370835.PubMedGoogle Scholar

10.

Hsu CL , Yu YS, Yen GC. Anticancer effects of Alpinia pricei Hayata roots. J
Agric Food Chem 2010;58:2201–8. CrossRefPubMedGoogle Scholar

11.

Jaganathan SK, Mandal M. Antiproliferative effects of honey and of its
polyphenols: a review. J Biomed Biotechnol 2009;2009:830616.

12.

Amin AR , Kucuk O, Khuri FR, Shin DM. Perspectives for cancer prevention
with natural compounds. J Clin Oncol 2009;27:2712–25. Abstract/FREE
Full Text

34.

13.

Cragg GM , Newman DJ. Plants as a source of anti-cancer agents. J
Ethnopharmacol 2005;100:72– 9. CrossRefPubMedGoogle Scholar

Pal H.C.; Pearlman, R.L.; Afaq, F. Fisetin and its role in chronic diseases. Adv.
Exp. Med. Biol. 2016, 928, 213–244. [PubMed] .

35.

14.

Elmore S. Apoptosis: a review of programmed cell death. Toxicol Pathol
2007;35:495– 516. Abstract/FREE Full TextGoogle Scholar

Lall R.K.; Adhami, V.M.; Mukhtar, H. Dietary flavonoid fisetin for cancer
prevention and treatment. Mol. Nutr. Food Res. 2016, 60, 1396–1405.
[CrossRef] [PubMed].

15.

Koehn FE, Carter GT. The evolving role of natural products in drug
d i s c o v e r y. N a t R e v D r u g D i s c o v e r y 2 0 0 5 ; 4 : 2 0 6 – 2 0 .
CrossRefPubMedGoogle Scholar

36.

Khan, N.; Asim, M.; Afaq, F.; Zaid, M.A.; Mukhtar, H. A novel dietary
flavonoid fisetin inhibits androgen receptor signaling and tumor growth
in athymic nude mice. Cancer Res. 2008, 68, 8555–8563. [CrossRef].

16.

Sporn MB, Dunlop NM, Newton DL, Smith JM. Prevention of chemical
carcinogenesis by vitamin A and its synthetic analogs (retinoids). Fed Proc
1976;35:1332–8. PubMedGoogle Scholar

37.

Yoon, H.-G.; Lee, Y.-H.; Kwak, J.; Choi, H.-K.; Choi, K.-C.; Kim, S.; Lee, J.; Jun,
W.; Park, H.-J. EGCG suppresses prostate cancer cell growth modulating
acetylation of androgen receptor by anti-histone acetyltransferase
activity. Int. J. Mol. Med. 2012, 30, 69–74. [Google Scholar] [CrossRef].

17.

Koehn FE, Carter GT. Rediscovering natural products as a source of new
drugs. Discov Med 2005;5:159–64. PubMedGoogle Scholar

38.

18.

Patwardhan B. Ethnopharmacology and drug discovery. J
Ethnopharmacol 2005;100:50– 2. CrossRefPubMedGoogle Scholar

Tang, S.N.; Singh, C.; Nall, D.; Meeker, D.; Shankar, S.; Srivastava, R.K. The
dietary bioflavonoid quercetin synergizes with epigallocathechin gallate
(EGCG) to inhibit prostate cancer stem cell characteristics, invasion,
migration and epithelial-mesenchymal transition. J. Mol. Signal. 2010, 5,
14. [Google Scholar] [CrossRef].

19.

Lekphrom R, Kanokmedhakul S, Kanokmedhakul K. Bioactive
styryllactones and alkaloid from flowers of Goniothalamus laoticus. J
Ethnopharmacol 2009;125:47–50. CrossRefPubMedGoogle Scholar

39.

20.

Johnstone RW, Ruefli AA, Lowe SW. Apoptosis: a link between cancer
g e n e t i c s a n d c h e m o t h e r a p y. C e l l 2 0 0 2 ; 1 0 8 : 1 5 3 – 6 4 .
CrossRefPubMedGoogle Scholar

Eom, D.-W.; Lee, J.H.; Kim, Y.-J.; Hwang, G.S.; Kim, S.-N.; Kwak, J.H.; Cheon,
G.J.; Kim, K.H.; Jang, H.-J.; Ham, J.; et al. Synergistic effect of curcumin on
epigallocatechin gallate-induced anticancer action in PC3 prostate cancer
cells. BMB Rep. 2015, 48, 461–466. [Google Scholar] [CrossRef].

40.

Kim, M.H.; Chung, J. Synergistic cell death by EGCG and ibuprofen in DU145 prostate cancer cell line. Anticancer Res. 2007, 27, 3947–3956.
[Google Scholar].

41.

Albrecht, D.S.; Clubbs, E.A.; Ferruzzi, M.; Bomser, J.A. Epigallocatechin-3gallate (EGCG) inhibits PC-3 prostate cancer cell proliferation via MEKindependent ERK1/2 activation. Chem. Biol. Interact. 2008, 171, 89–95.
[Google Scholar] [CrossRef] [PubMed].

42.

Paschka A.G.; Butler, R.; Young, C.Y. Induction of apoptosis in prostate
cancer cell lines by the green tea component, (−)-epigallocatechin-3gallate. Cancer Lett. 1998, 130, 1–7. [Google Scholar] [CrossRef].

43.

Baur JA Sinclair DA. Therapeutic potential of resveratrol: the in vivo
evidence. Nat Rev Drug Discov 2006;5:493–506.CrossRefPubMedGoogle
Scholar.

21.

Green DR. Apoptotic pathways: paper wraps stone blunts scissors. Cell
2000;102:1– 4. CrossRefPubMedGoogle Scholar

22.

Ashkenazi A, Dixit VM. Death receptors: signaling and modulation. Science
1998;281:1305– 8. Abstract/FREE Full Text.

23.

Block G, Patterson B, subar A. Fruit, vegetables, and cancer prevention: a
review of the epidemiological evidence. Nutr Cancer 1992;18:1–29.
CrossRefPubMedGoogle Scholar.

24.
25.

Anichini A, Mortarini R, Sensi M, Zanon M. APAF-1 signaling in human
melanoma. Cancer Lett 2006;238:168–79. CrossRefPubMed
Hengartner MO. The biochemistry of apoptosis. Nature 2000;407:770– 6.
CrossRefPubMedGoogle Scholar.

Gunjan Choudhary, et al./Int J Biol Med Res.12(3):7334-7338
7338
44.

saiko P,Szakmary A, Jaeger W, Szekeres T. Resveratrol and its analogs:
defense against cancer, coronary disease and neurodegenerative maladies
or just a fad?. Mutat Res 2008;658:68– 94.CrossRefPubMedGoogle
Scholar.

45.

Harikumar KB, Aggarwal BB. Resveratrol. A multitargeted agent for ageassociated chronic diseases. Cell Cycle
2008;7:1020–37.CrossRefPubMedGoogle Scholar.

46.

47.

48.

49.

61.

M-H Teiten , F. Gasascht, M.Cronauer, E. Henry, M. Dicato, and M.
Diederich, “Anti-proliferative potential of curcumin in androgendependent prostate cancer cells occurs through modulation of the
Wingless signaling pathway,” International Journal of Oncology, vol. 38,
no. 3, pp. 603–611, 2011.View at: Publisher Site | Google Scholar.

62.

L.L. Fu, Y. Cheng, and B. Liu, “Beclin-1: autophagic regulator and
therapeutic target in cancer,” International Journal of Biochemistry and
Cell Biology, vol. 45, no. 5, pp. 921–924, 2013.View at: Publisher Site |
Google Scholar.

63.

Harper CE, Patel BB, Wang J, Arabshahi A, Eltoum IA, Lamartiniere CA.
Resveratrol suppresses prostate cancer progression in transgenic mice.
Carcinogenesis 2007;28:1946– 53.Abstract/FREE Full TextGoogle
Scholar.

R. Kang, H. J. Zeh, M. T. Lotze, and D. Tang, “The Beclin 1 network
regulates autophagy and apoptosis,” Cell Death and Differentiation, vol.
18, no. 4, pp. 571–580, 2011.View at: Publisher Site | Google Scholar.

64.

Seeni A, Takahashi S, Takeshita K, et al. Suppression of prostate cancer
growth by resveratrol in the transgenic rat for adenocarcinoma of prostate
(TRAP) model. Asian Pac J Cancer Prev 2008;9:7– 14.PubMedGoogle
Scholar.

Ronis, M. J. (2016). Effects of soy containing diet and isoflavones on
cytochrome P450 enzyme expression and activity. Drug Metab. Rev. 48,
331–341. doi: 10.1080/03602532.2016.120656 PubMed Abstract |
CrossRef Full Text | Google Scholar

65.

J.M. Witkin and X. Li, “Curcumin, an active constiuent of the ancient
medicinal herb Curcuma longa L.: some uses and the establishment and
biological basis of medical efficacy,” CNS & Neurol Disord—Drug Targets,
vol. 12, no. 4, pp. 487–497, 2013.View at: Publisher Site | Google Scholar.

Sak, K. (2017a). Current epidemiological knowledge about the role of
flavonoids in prostate carcinogenesis. Exp. Oncol. 39, 98–105. doi:
10.31768/2312-8852.2017.39(2):98-105PubMed Abstract | CrossRef
Full Text | Google Scholar

66.

Amin AR , Kucuk O, Khuri FR, Shin DM. Perspectives for cancer
prevention with natural compounds. J Clin Oncol 2009;27:2712–25.
Abstract/FREE Full TextGoogle Scholar.

67.

Yang C, Yang J,Sun M, Yan J, Meng X, Ma T. Alantolactone inhibits growth
of K562/adriamycin cells by downregulating Bcr/Abl and Pg lyc o p r o t e i n e x p r e s s i o n . I U B M B L i f e 2 0 1 3 ; 6 5 : 4 3 5 – 4 4 .
CrossRefPubMedGoogle Scholar

61.

C. Kantara, M. O'Connell, S. Sarkar, S. Moya, R. Ullrich, and P. Singh,
“Curcumin promotes autophagic survival of a subset of colon cancer
stem cells, which are ablated by DCLK1- siRNA,” Cancer Research, vol. 74,
no. 9, pp. 2487–2498, 2014.View at: Publisher Site | Google Scholar.

62.

S.Patschan, J. Chen, A. Polotskaia et al., “Lipid mediators of autophagy in
stress-induced premature senescence of endothelial cells,” The
American Journal of Physiology—Heart and Circulatory Physiology, vol.
294, no. 3, pp. H1119–H1129, 2008.View at: Publisher Site | Google
Scholar.

63.

M-H Teiten , F. Gasascht, M.Cronauer, E. Henry, M. Dicato, and M.
Diederich, “Anti-proliferative potential of curcumin in androgendependent prostate cancer cells occurs through modulation of the
Wingless signaling pathway,” International Journal of Oncology, vol. 38,
no. 3, pp. 603–611, 2011.View at: Publisher Site | Google Scholar.

64.

L.L. Fu, Y. Cheng, and B. Liu, “Beclin-1: autophagic regulator and
therapeutic target in cancer,” International Journal of Biochemistry and
Cell Biology, vol. 45, no. 5, pp. 921–924, 2013.View at: Publisher Site |
Google Scholar.

65.

R. Kang, H. J. Zeh, M. T. Lotze, and D. Tang, “The Beclin 1 network
regulates autophagy and apoptosis,” Cell Death and Differentiation, vol.
18, no. 4, pp. 571–580, 2011.View at: Publisher Site | Google Scholar.

66.

J.Y. Kim, T. J. Cho, B. H. Woo et al., “Curcumin-induced autophagy
contributes to the decreased survival of oral cancer cells,” Archives of Oral
Biology, vol. 57, no. 8, pp. 1018–1025, 2012.View at: Publisher Site | Google
Scholar.

Ronis, M. J. (2016). Effects of soy containing diet and isoflavones on
cytochrome P450 enzyme expression and activity. Drug Metab. Rev. 48,
331–341. doi: 10.1080/03602532.2016.120656 PubMed Abstract |
CrossRef Full Text | Google Scholar

67.

B.Li, T. Takeda, K. Tsuiji et al., “Curcumin induces cross-regulation
between autophagy and apoptosis in uterine leiomyosarcoma cells,”
International Journal of Gynecological Cancer, vol. 23, no. 5, pp. 803–808,
2013.View at: Publisher Site | Google Scholar.

Sak, K. (2017a). Current epidemiological knowledge about the role of
flavonoids in prostate carcinogenesis. Exp. Oncol. 39, 98–105. doi:
10.31768/2312-8852.2017.39(2):98-105PubMed Abstract | CrossRef
Full Text | Google Scholar

68.

Amin AR , Kucuk O, Khuri FR, Shin DM. Perspectives for cancer
prevention with natural compounds. J Clin Oncol 2009;27:2712–25.
Abstract/FREE Full TextGoogle Scholar.

69.

Yang C, Yang J,Sun M, Yan J, Meng X, Ma T. Alantolactone inhibits growth
of K562/adriamycin cells by downregulating Bcr/Abl and Pg lyc o p r o t e i n e x p r e s s i o n . I U B M B L i f e 2 0 1 3 ; 6 5 : 4 3 5 – 4 4 .
CrossRefPubMedGoogle Scholar

Aggarwal BB, Shishodia SShishodia S, Aggarwal BB. Resveratrol: a
polyphenol for all seasons. In: Aggarwal BB, Shishodia S, editors.
Resveratrol in health and disease. Boca Raton: CRC Press; 2006. p.
1–16.Google Scholar.

50.

A.H. Rahmani, M. A. Al Zohairy, S. M. Aly, and M. A. Khan, “Curcumin: a
potential candidate in prevention of cancer via modulation of molecular
pathways,” BioMed Research International, vol. 2014, Article ID 761608,
15 pages, 2014.View at: Publisher Site | Google Scholar.

51.

S.C. Gupta, S. Prasad, J. H. Kim et al., “Multitargeting by curcumin as
revealed by molecular interaction studies,” Natural Product Reports, vol.
28, no. 12, pp. 1937–1955, 2011.View at: Publisher Site | Google Scholar.

52.

K.Zikaki, I.-K. Aggeli, C. Gaitanaki, and I. Beis, “Curcumin induces the
apoptotic intrinsic pathway via upregulation of reactive oxygen species
and JNKs in H9c2 cardiac myoblasts,” Apoptosis, vol. 19, no. 6, pp.
958–974, 2014.View at: Publisher Site | Google Scholar.

53.

G. O'Sullivan-Coyne, G. C. O'Sullivan, T. R. O'Donovan, K. Piwocka, and S. L.
McKenna, “Curcumin induces apoptosis-independent death in
oesophageal cancer cells,” British Journal of Cancer, vol. 101, no. 9, pp.
1585–1595, 2009.View at: Publisher Site | Google Scholar.

54.

K. Wolanin, A. Magalska, G. Mosieniak et al., “Curcumin affects
components of the chromosomal passenger complex and induces mitotic
catastrophe in apoptosis-resistant Bcr-Abl-expressing cells,” Molecular
Cancer Research, vol. 4, no. 7, pp. 457–469, 2006.View at: Publisher Site |
Google Scholar.

55.

H. Aoki, Y. Takada, S. Kondo, R. Sawaya, B. B. Aggarwal, and Y. Kondo,
“Evidence that curcumin suppresses the growth of malignant gliomas in
vitro and in vivo through induction of autophagy: role of akt and
extracellular signal-regulated kinase signaling pathways,” Molecular
Pharmacology, vol. 72, no. 1, pp. 29–39, 2007.View at: Publisher Site |
Google Scholar.

56.

57.

58.

G. Z. Zhou, S. N. Zhang, L. Zhang, G. C. Sun, and X.-B. Chen, “A synthetic
curcumin derivative hydrazinobenzoylcurcumin induces autophagy in
A549 lung cancer cells,” Pharmaceutical Biology, vol. 52, no. 1, pp.
111–116, 2014.View at: Publisher Site | Google Scholar.

59.

W.Zhuang, L. Long, B. Zheng et al., “Curcumin promotes differentiation of
glioma-initiating cells by inducing autophagy,” Cancer Science, vol. 103,
no. 4, pp. 684–690, 2012.View at: Publisher Site | Google Scholar.

60.

G.Mosieniak, M. Adamowicz, O. Alster et al., “Curcumin induces
permanent growth arrest of human colon cancer cells: link between
senescence and autophagy,” Mechanisms of Ageing and Development, vol.
133, no. 6, pp. 444–455, 2012.View at: Publisher Site | Google Scholar.

c Copyright 2019 BioMedSciDirect Publications IJBMR - ISSN: 0976:6685.
All rights reserved.

