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Abstract

Prostate cancer (PCa) is the second most widely diagnosed cancer in men
and the sixth leading cause of death among them due to cancer.
Phytochemicals play a significant role in chemo preventions. Recently, an
increasing number of studies have looked into the role of polyphenols with
regard to prostate cancer cell growth, highlighting their ability to target
various cellular mechanisms. For this reason, we specifically focused on
the studies published in the last twenty years by using different search
engines including Google Scholar, PubMed, Web of Sciences, and Scopus
in order to select and identify the potential role of polyphenols in targeting
prostate cancer through calcium channel blockers. We concluded that
polyphenols are the primary chemopreventive agents for prostate cancer.

Keywords: calcium channel blocker, cancer, chemopreventive,
polyphenols, prostate cancer

Introduction

Prostate cancer is among the second most leading reasons for cancer death
within men. It is also the second leading cause of internal malignancy in
males. Furthermore, from about 6, 00,000 cases of prostate cancer per
annum, 220,000 deaths occur each year. Prostate malignancy is the sixth
most primary cause of death in males around the globe. Due to
environmental and lifestyle factors, the highest prostate cancer rate was
observed among the population of North America and Western Europe,
while the lowest rates was observed in Asian populations [1].
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Chemoprevention is defined as the use of artificial and natural substances
that may gradually inhibit or alter the process of carcinogenesis. It is usually
achieved by changing the regulatory and genetic system of the cell that has
been altered by a carcinogen. Some strategies play a pivotal role in
chemoprevention including anti-initiating, anti-promoting, and anti-
progressive free radical scavenging, intensive detoxification of the
carcinogens, and stimulating DNA repair mechanisms [2]. Additionally,
dietary agents play an important role in the chemoprevention of prostate
cancer [1]. An unhealthy diet is one of the foremost reasons for few types
of cancer, such as the consumption of tea at high temperatures, alcohol, red
meat, salt, a diet with low whole grains, fresh vegetables, and green tea.
Prostate cancer is also prevented by the use of green tea polyphenols,
namely epigallocatechin gallate. It reduces prostate cancer if consumed
regularly [3]. Plant polyphenols attained significant consideration due to
their antitumor as well as their anticarcinogenic characteristics. These
characteristics are particular to those species of plant that produce green and
black tea (-epigallocatechin-3-gallate) [4, 5]. Countries with high
consumption of plant polyphenols, such as green tea and soya been foods,
have a low morbidity rate of prostate cancer in the countries. [6]. Anti-
oxidation characteristic of plant polyphenols stems from their capability to
trap peroxyl and hydroxyl radicals. Furthermore, forage reactive oxygen
species (ROS) is a well-known antioxidant property of tea catechins, it also
inhibits angiogenesis [6]. Rosehip is the pseudo fruit of the rose plant,
specifically Rosa canica L. (dog rose). It is also considered a valuable
source of polyphenols and vitamin C [7]. Vitamin C can inhibit the
development of carcinogens such as nitrosamines, modulate the immune
response, and might promote oxidative damage (antioxidant function),
resulting in cancer [8-11].

Resveratrol is a polyphenol that also acts as a cancer preventive due to
its antioxidant, anti-proliferative, pro-apoptotic, anti-inflammatory, and
anti-invasive properties [12, 13]. Family history, race, and age are currently
the established risk factors for prostate cancer. Hence, environmental and
hereditary factors may also be risk factors [14].
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2. Chemopreventive Polyphenols

The term chemoprevention is used to denote a reversion or a decrease in
carcinogenesis when it is in its early stages. This treatment reduces the
development of invasive cancer by natural or synthetic compounds. In the
last ten years, certain factors have increased the use of chemoprevention to
treat prostate cancer. These factors include elevated prevalence, gradual
nature of progression as well as considerable latency period [1]. Recent
experiments demonstrated that a mixture of green tea and quercetin may
inhibit methylation, which consequently improves the success rate for
prostate cancer chemoprevention and exhibits zero practical demerits [15].
The utilization of tea, mainly green tea, has also been reported to be linked
with cancer prevention [16]. The role of epigenetic factors in
chemoprevention is also getting attention. The re-expression of DNA
methylation-silenced tumor suppressor genes mediated by DNA
methyltransferase enzymes (DNMTs) is a novel approach in
chemoprevention [17]. Flavonoid and curcumin are used to develop
therapeutic drugs used in chemoprevention of various types of cancer [18].
Several studies have investigated how produce could be used to create therapeutic
drugs to treat cancer [19, 20, 21]. For example, pomegranate, rich in ellagic
acid, inhibits markers involving migration and proliferation and initiates
apoptosis and adhesion of cells within prostate cancer cell lines [22].
Tomatoes, products of tomatoes, and soy might also prove to be preventive
in the initial stages of prostate cancer [23].

Hence, polyphenols are anticarcinogenic due to their antioxidant
properties, which act as a safeguard against oxidative damage for DNA.
Many antioxidants, such as polyphenols, restrict the initiation of redox-
sensitive signals in the cell and play an essential role in chemoprevention
[24]. Polyphenols manipulate the expression of several cancer-linked genes
[25]. Genistein is an isoflavone abundant in soybeans. It is
chemopreventive against hormone-responsive prostate malignancies and
act as a radical scavenger [26]. Curcumin is also a well-known polyphenol
with chemopreventive activity [27].
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2.1. The Anti-Inflammatory Action of Polyphenols

Inflammation is a physical condition where the affected area experiences
elevated temperature, swelling, redness, and pain as a reaction towards an
infection or injury. When there is excessive inflammation, it may cause
other diseases such as prostate cancer. Polyphenols have been reported to
display significant anti-inflammatory characteristics [28]. Virgin olive oil
also contains polyphenol content and is anti-inflammatory [29]. Similarly,
intake of green tea polyphenols has also been reported to display reduced
inflammation levels [30]. Catechins are also present in green tea. They act
as anti-inflammatory agents by using different pathways such as modulation
of NO synthase isoforms [31].

Quince peel also has several plant flavonoids. Numerous topical
applications of plant extracts have been reported to contain flavonoids,
which are anti-inflammatory compounds [32]. As described earlier, quercetin
is a type of flavonoid that might have a vital role in reducing the threat of
atherosclerosis by activating inflammatory signalling [33]. Polyphenol-rich
foods, including grapes or their derivative that have anti-inflammatory
characteristics, could be utilized to reduce inflammation. Grape products have
also been known to lessen inflammation in several mechanisms. For instance,
it might block pro-inflammatory cytokines, restrain the inflammatory
expression of genes, and trigger transcription factors that provoke chronic
inflammation. Hence, grape products are polyphenol-rich and can reduce
chronic inflammation that is caused by obesity [34, 35].

Polyphenols could affect vascular inflammation and injury as
antioxidants and modulators of signaling pathways as inflammatory redox
[36]. Dietary polyphenols could also modulate signal transduction to
extract their advantageous effects [6]. Polyphenols can modify the immune
reaction by inducing prospective anti-inflammation activity [37].

The constituent polyphenolics of sweet potato greens are highly
nutritious and show anti-inflammatory and anticancer activity [38, 39].

2.2. Antioxidant Role of Polyphenol

Epigallocatechin-3-gallate (EGCG) has a significant effect on prostate
cancer. In prostate cancer cells, EGCG initiates apoptosis and growth is
captured initially through p53-dependent pathways. In androgen-sensitive
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LNCaP cells and PC-3 that are insensate cancer cells of the prostate, it
restricts COX-2, exclusive of disturbing expression of COX-1, at both the
protein and mMRNA levels [40].

Polyphenols also affect the modulation of the enzymes of cytochrome
P450 expression that are engaged in carcinogen initiation. They ease the
emission of cytochrome P450 by raising conjugating enzymes of phase Il
expression. This initiation of enzymes of phase Il may have its basis in
polyphenol toxicity. In the body, toxic quinones can be formed by
polyphenols, which act as enzyme substrates. The consumption of
polyphenols might later initiate these enzymes for detoxification of cells.
This enhances body’s protective machinery against toxic xenobiotics. The
abundant polyphenols that are present in black tea are thearubigins.
Polyphenols restrict proliferation and enhance apoptosis in Du 145
carcinoma cells of the prostate [41].

Green tea, along with constituents like EGCG, initiate apoptosis,
restricts cell growth, and inhibits the progression of the cell cycle. It is also
reported to limit the invasion of tumour cells as well as matrix
metalloprotease expression that is over-expressed in angiogenesis.It is also
important in invading the basement membrane ionic barriers. In plasma,
among the elevated stages of a matrix metalloprotease, two are related to
metastasis in patients of prostate cancer and high Gleason score.
Polyphenols in green tea restricts prostate carcinogenesis [42]. The
development of PCa is a resulting process of epigenetic and genetic
alterationswhich changes the normal glandular epithelium of prostrate into
the preneoplastic lesions. It later mutates into invasive carcinoma.

In contrast, insulin-like growth factor 1 (IGF-I) occurs more than the
formation of constant chromosomal defects in specific levels of CaP.
NKX3.1 is a gene that is found near 8p21.2 and is engaged in the activation
stage of prostatic tumour formation [43]. Curcumin has chemopreventive
potential in opposition to prostate cancer. It is a specified inhibitor of
nuclear factor-kappaB (NF-kB) and also an initiator of apoptosis. It has a
restricted effect on EGFR phosphorylation within cells of PC-3 b-
phenylethyl isothiocyanate (PEITC) taken from cruciferous vegetables.
These vegetables are an extremely potent chemopreventive agent and
initiate apoptosis in cancer cells of the prostate and other cell types [44].
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Phenolic acids and anthocyanins have anticancer effects. Anthocyanins
possess chemopreventive mechanisms, such as hunting free radicals,
decreasing proliferation of the cell, initiating apoptosis, and modifying
activities of MAPK. Speciality (coloured) potato (Solanum tuberosum L.)
is also reported to have multiple levels of anthocyanins and phenolic acids.
Little knowledge is accessible on the molecular mechanisms of the pro-
apoptotic and anti-proliferative characteristics of potato polyphenols for
treating prostate cancer [45].

Free radical harms the DNA, lipids, and proteins; however, they can be
removed using antioxidants and the system of enzymes related to
antioxidants. Flavonoids possess several biological functions. They are anti-
inflammatory, have antioxidant activity, and possess several other cancer
prevention functions [46].

A rate-limiting enzyme of the polyamine pathway, known as ornithine
decarboxylase (ODC), plays a vital role as a target in preventing and treating
prostate cancer in humans. The activity of ODC is synchronized using the
specific androgens. Considerable elevation in the level of ODC enzyme
activity has been observed when LNCaP cells are treated with testosterone
[47]. Resveratrol, a polyphenol found abundantly in grapes, causes a decline
in proliferation and an elevation in apoptosis in cancer cells [48].

Epigallocatechin gallate is the active constituent of tea polyphenols. It
has a protective effect, which is mediated via radical scavenging, inhibiting
the accumulation of reactive oxygen species (ROS) and blocking the
activators of specific intracellular signaling pathways. It ultimately
modulates apoptosis and cell cycle. It also blocks an enzyme known as
ornithine decarboxylase, which triggers the proliferation of cells and avoids
apoptosis. Additionally, it is known to reduce several growth factors that
block angiogenesis and de-differentiation. It also initiates cell line growth
[49]. Curcumin, DIM, EGCG, lycopene, and soy isoflavones all target
several pathways that help prevent tumour progression [50].

Lycopene, present among all species of tomatoes, is responsible for
reducing prostate cancer. It has the same properties as an antioxidant and
enhances communication with cells by uplifting the gap junctions among
cells and altering the cell cycle progression [51].
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Abundant polyphenols found in PJ are Ellagitannins (ETs). ETs restrict
the growth of the cell of PCa cells by arresting the cell cycle and initiating
apoptosis. They inhibit PCa growth in vitro [52].

2.3. Calcium Channel Blocker Activity of Polyphenols

Ca?* signalling is utilized in cell apoptosis, differentiation, proliferation,
phenotypes, cell excitability, secretion, and contraction activities. Each cell
phenotype is known to be characterized by specific action of Ca?
irrespective of the cell's phenotype whether it is pathological or normal.
This property has been revealed through localization, amplitude, and
Kinetics of signals of Ca?* [53].

3. The Effect of Polyphenols on ER Calcium Homeostasis and
Role in Prostate Cancer

Antitumor activity is reportedly present in polyphenols due to the
consequence of pro or antioxidant stimulation in cancer cells, which
advance priming of defensive tumour-suppressing immunity. In murine
melanoma cells, The role of severe endoplasmic reticulum (ER) stress in
apoptosis mediated by a polyphenol-rich extract of Caesalpinia spinosa
(P2Et) and ICD (immunogenic cancer death of cells) was discovered. When
B16-F10 cells of melanoma are examined with P2Et, considerable
discrimination in the initiation of particular ER-stress mediators was
demonstrated. In cells of melanoma, the initiation of PERK that is driven
by P2Et was reported to improve the release of ER calcium and cause
disturbance in mitochondrial membrane potential. It also enhances the up-
regulation of drivers of ICD, expression of surface calreticulin, and
extracellular discharge of HMGB1 and ATP [54].

A lot of research and evidence supports the fact that polyphenols have
therapeutic and preventive effects against prostate cancer [55].
Consumption of green tea polyphenols is known to hinder the carcinogen
processes in prostate cancer. On the other hand, epidemiological results
revealed contradictory consequences of anticancer activity [56].

Cellular senescence is one of the most common issues that occur during
cancer therapy. It is reported to promote recurrence, chemoresistance, and
cancer relapse and is often developed by the patients undergoing

[00)
LI

I{ Scientific Inquiry and Review
' Volume 5 Issue 4, December 2021




Perveen et al.

chemotherapy[57]. Docetaxel is a chemotherapy medication that has been
FDA-approved, it is used to deal with prostate cancer. It initiates cellular
senescence to downgrade the overall survival of patients [58]. DSAs
exposure has also been reported to down-regulate and reverse cellular
senescence linked with p21/FOXO1/TGFBR1 signalling [59]. DSAs have
been reported to induce the death of the cells via the initiation of apoptotic
signalling. In the mice with PC-3 xenograft tumours, DSAs revealed
targeting behaviour, anticancer activity, and anti-senescence activity by
inhibition of TGFBR1 protein and regression of growth tumour. Asawhole,
DSAs proved to target cancer and help in cellular internalization, which
promotes the efficacy of docetaxel [60].

To modulate pathways of signal transduction linked with cancer, dietary
phytochemicals play a vital role. They are predominantly used for
chemoprevention. The most plentiful source of phenolic compounds is olive
oil, which is an essential part of the Mediterranean diet. The extraction of
olive oil results in the production of a waste material that reportedly
contains water-soluble polyphenols, known as ‘olive mill wastewater’
(OMWW) [61]. Another study reported that AO09 targeted NF-«xB also
reduces pro-angiogenic growth factors and reduces the production of
CXCL12, CXCLS8, and VEGF. It also regulates IL-6/STAT3 axis. In a
nutshell, these results are in agreement with the notion that food waste can
be utilized to produce nutraceutical products. This would be a cost-efficient
process that aids the environment as well as the industrial sector [62].

Previous studies revealed that colonic metabolites may help to prostate
cancer chemoprevention through a diversified polyphenol-rich diet and the
preparation of composite polyphenols. [63].

Endoplasmic reticulum (ER) stress plays a significant part in
chemotherapy. Unfolded proteins may accumulate in cells due to the
interruption in the endoplasmic reticulum functions, which can be detected
by transmembrane sensors. The interruptions lead to the initiation of the
unfolded protein response [64]. For that reason, the controlling strategy of
unfolded protein response through endoplasmic reticulum stress via the
naturally occurring compounds might prove to be a novel approach towards
the management of cancer of the prostate. For the treatment of prostate
cancer, a naturally occurring polyphenol, Tannic acid, was used to
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determine the unfolded protein response pathway mediated by the
endoplasmic reticulum stress. This treatment restricted the clonogenic,
growth, migratory, and invasive potential of prostate cancer cells [65].

Moreover, this treatment also initiates the endoplasmic reticulum stress
response to change its regulatory protein expressions, such as ATF4, PDI,
and Bip [66]. Moreover, in this treatment, accelerating the regulation of
markers and the retardation of the pro-survival proteins, such as Bcl-xL and
Bcl-2, have also been reported to be associated with apoptosis, including
cleaved PARP, caspase 3, Bim, and Bak. Particular Gi population,
restricted expression of cyclin D1, reduction of MMP9 and MMP2, and
restored E-cadherin have also been demonstrated by the results of this
treatment [67].

4. Conclusion

This study overviews polyphenols’ ability to reduce the incidence of
prostate cancer. Polyphenols are widely thought to have significant
potential for the treatment of prostate cancer. Polyphenols, among other
dietary components, have been demonstrated to have anti-cancer properties.
Dietary polyphenols, generally regarded as non-toxic, operate as critical
modulators of signalling pathways, and are good chemopreventive agents.
Until well-designed clinical trials could confirm their effectiveness in
patients, the effect of dietary polyphenols on PCa remains uncertain.
Signaling pathways could also be used as a suitable approach to minimize
drug resistance. Further research and investigation are needed to determine
the exact role of each polyphenol with regards to its anticarcinogenic
abilities. Hence, the link between dietary polyphenols and PCa can
potentially make dietary polyphenols an appropriate choice for PCa
prevention and therapy.

Conflict of Interest
The authors declare no conflict of interest.
References

[1] Sural YS, Sari D, Turgay AS, Turan D. Dietary agents in prevention of
prostate cancer. Asian Pac J Cancer Prev. 2008;9(2):183-6.

Scientific Inquiry and Review
Volume 5 Issue 4, December 2021

10—

g
=]
[



Perveen et al.

[2] Bilecova-Rabajdova M, Birkova A, Urban P, Gregova K, Durovcova E,
Marekova M. Naturally occurring substances and their role in chemo-
protective effects. Central Euro J Public Health. 2013;21(4):213-219.

[3] Zeng YW, Yang JZ, Pu XY, et al. Strategies of functional food for
cancer prevention in human beings. Asian Pacific J Cancer Prevention.
2013;14(3):1585-92.

[4] Wang Y, Ho CT. Polyphenolic chemistry of tea and coffee: a century of
progress. J Agric Food Chem. 2009;57(18):8109-14. https://doi.org/
10.1021/jf804025c¢

[5] Yang CS, Lambert JD, Sang S. Antioxidative and anti-carcinogenic
activities of tea polyphenols. Archiv Toxicol. 2009;83(1):11-21.
https://doi.org/10.1007/s00204-008-0372-0

[6] Rahman I, Biswas SK, Kirkham PA. Regulation of inflammation and
redox signaling by dietary polyphenols. Biochem Pharmacol.
2006;72(11):1439-52. https://doi.org/10.1016/j.bcp.2006.07.004

[7] Chrubasik C, Roufogalis BD, Miuller-Ladner U, Chrubasik S. A
systematic review on the Rosa canina effect and efficacy profiles.
Phytotherapy Research: An International Journal Devoted to
Pharmacological and Toxicological Evaluation of Natural Product
Derivatives. 2008;22(6):725-33. https://doi.org/10.1002/ptr.2400

[8] Carr AC, Frei B. Toward a new recommended dietary allowance for
vitamin C based on antioxidant and health effects in humans. Am J Clin
Nutr. 1999;69(6):1086-107. https://doi.org/10.1093/ajcn/69.6.1086

[9] Hecht SS. Approaches to cancer prevention based on an understanding
of N-nitrosamine carcinogenesis. Proceed Soc Exp Bio Med.
1997;216(2):181-91.

[10]Jacob RA, Sotoudeh G. Vitamin C function and status in chronic
disease. Nutr Clin Care. 2002;5(2):66-74. https://doi.org/10.1046/
].1523-5408.2002.00005.x

[11]Li Y, Schellhorn HE. New developments and novel therapeutic
perspectives for vitamin C. J Nutr. 2007;137(10):2171-84.
https://doi.org/10.1093/jn/137.10.2171

School of Science A@ :

11
Volume 5 Issue 4, December 2021 AT



https://doi.org/%2010.1021/jf804025c
https://doi.org/%2010.1021/jf804025c
https://doi.org/10.1007/s00204-008-0372-0
https://doi.org/10.1016/j.bcp.2006.07.004
https://doi.org/10.1002/ptr.2400
https://doi.org/10.1093/ajcn/69.6.1086
https://doi.org/10.1046/%20j.1523-5408.2002.00005.x
https://doi.org/10.1046/%20j.1523-5408.2002.00005.x
https://doi.org/10.1093/jn/137.10.2171

Role of Polyphenols in Preventing Prostate. ..

[12]Whitlock NC, Baek SJ. The anticancer effects of resveratrol:
modulation of transcription factors. Nutr Cancer. 2012;64(4):493-502.
https://doi.org/10.1080/01635581.2012.667862

[13]Aluyen JK, Ton QN, Tran T, Yang AE, Gottlieb HB, Bellanger RA.
Resveratrol: potential as anticancer agent. J Diet Suppl. 2012;9(1):45-
56. https://doi.org/10.3109/19390211.2011.650842

[14]Shavers VL, Underwood W, Moser RP. Race/ethnicity and the
perception of the risk of developing prostate cancer. Am J Prevent Med.
2009;37(1):64-67. https://doi.org/10.1016/j.amepre.2009.03.007

[15]Wang P, Vadgama JV, Said JW, et al. Enhanced inhibition of prostate
cancer xenograft tumor growth by combining quercetin and green tea. J
Nutr Biochem. 2014;25(1):73-80. https://doi.org/10.1016/j.jnutbio.
2013.09.005

[16]Fujiki H, Suganuma M, Imai K, Nakachi K. Green tea: cancer
preventive beverage and/or drug. Cancer Lett. 2002;188(1-2):9-13.
https://doi.org/10.1016/S0304-3835(02)00379-8

[17]Yoo0 J, Medina-Franco JL. Discovery and optimization of inhibitors of
DNA methyltransferase as novel drugs for cancer therapy. Drug
Development—A Case Study Based Insight into Modern Strategies.
2011:3-22.

[18] Stepani¢ V, Kujundzi¢ RN, Troselj KG. Epigenome, cancer prevention
and flavonoids and curcumin. Epigenetics and Epigenomics. InTech.
2014:173-210.

[19] Meyer F, Galan P, Douville P, et al. Antioxidant vitamin and mineral
supplementation and prostate cancer prevention in the SU. VI. MAX
trial. Int J Cancer. 2005;116(2):182-6. https://doi.org/10.1002/

1jc.21058

[20] Schroder FH, Roobol MJ, Boevé ER, et al. Randomized, double-blind,
placebo-controlled crossover study in men with prostate cancer and
rising PSA: effectiveness of a dietary supplement. Euro Urol.
2005;48(6):922-31. https://doi.org/10.1016/].eururo.2005.08.005

Scientific Inquiry and Review
Volume 5 Issue 4, December 2021

[EY
N
g

===

[



https://doi.org/10.1080/01635581.2012.667862
https://doi.org/10.3109/19390211.2011.650842
https://doi.org/10.1016/j.amepre.2009.03.007
https://doi.org/10.1016/j.jnutbio.%202013.09.005
https://doi.org/10.1016/j.jnutbio.%202013.09.005
https://doi.org/10.1016/S0304-3835(02)00379-8
https://doi.org/10.1002/%20ijc.21058
https://doi.org/10.1002/%20ijc.21058
https://doi.org/10.1016/j.eururo.2005.08.005

Perveen et al.

[21]Brasky TM, Kristal AR, Navarro SL, et al. Specialty supplements and
prostate cancer risk in the VITamins and Lifestyle (VITAL) cohort.
Nutr Cancer. 2011;63(4):573-82. https://doi.org/10.1080/01635581.
2011.553022

[22]Wang L, Alcon A, Yuan H, Ho J, Li QJ, Martins-Green M. Cellular
and molecular mechanisms of pomegranate juice-induced anti-
metastatic effect on prostate cancer cells. Integrative Bio.
2011;3(7):742-54. https://doi.org/10.1039/c0ib00122h

[23]Mandair D, Rossi RE, Pericleous M, Whyand T, Caplin ME. Prostate
cancer and the influence of dietary factors and supplements: a
systematic review. Nutr Metabolism. 2014;11(1):1-1. https://doi.org/
10.1186/1743-7075-11-30

[24] Suganuma M, Sueoka E, Sueoka N, Okabe S, Fujiki H. Mechanisms of
cancer prevention by tea polyphenols based on inhibition of TNF-\alpha
expression. Biofactors. 2000;13(1-4):67-72.

[25]van Erk MJ, Roepman P, van der Lende TR, et al. Integrated
assessment by multiple gene expression analysis of quercetin bioactivity
on anticancer—related mechanisms in colon cancer cells in vitro. Euro J
Nutr. 2005;44(3):143-56. https://doi.org/10.1007/s00394-004-0503-1

[26]Cai YZ, Sun M, Xing J, Luo Q, Corke H. Structure—radical scavenging
activity relationships of phenolic compounds from traditional Chinese
medicinal plants. Life Sci. 2006;78(25):2872-88.

[27]Kunnumakkara AB, Anand P, Aggarwal BB. Curcumin inhibits
proliferation, invasion, angiogenesis and metastasis of different cancers
through interaction with multiple cell signaling proteins. Cancer Lett.
2008;269(2):199-225.

[28] Santangelo C, Vari R, Scazzocchio B, Di Benedetto R, Filesi C,
Masella R. Polyphenols, intracellular signalling and inflammation.
Annali-istituto superiore di sanita. 2007;43(4):394-405.

[29] Martininez-Dominguez E, De la Puerta R, Ruiz-Gutiérrez V. Protective
effects upon experimental inflammation models of a polyphenol-
supplemented virgin olive oil diet. Inflamm Res. 2001;50(2):102-6.

School of Science A@ :

1
Volume 5 Issue 4, December 2021 AT 3



https://doi.org/10.1080/01635581.%202011.553022
https://doi.org/10.1080/01635581.%202011.553022
https://doi.org/10.1039/c0ib00122h
https://doi.org/
https://doi.org/10.1007/s00394-004-0503-1

Role of Polyphenols in Preventing Prostate. ..

[30]Meeran SM, Akhtar S, Katiyar SK. Inhibition of UVB-induced skin
tumor development by drinking green tea polyphenols is mediated
through DNA repair and subsequent inhibition of inflammation. J Invest
Dermatol. 2009;129(5):1258-70. https://doi.org/10.1038/jid.2008.354

[31] Sutherland BA, Rahman RM, Appleton I. Mechanisms of action of
green tea catechins, with a focus on ischemia-induced
neurodegeneration. J  Nutr  Biochem.  2006;17(5):291-306.
https://doi.org/10.1016/j.jnutbio.2005.10.005

[32] Kim HP, Mani I, Iversen L, Ziboh VA. Effects of naturally-occurring
flavonoids and biflavonoids on epidermal cyclooxygenase and
lipoxygenase from guinea-pigs. Prostaglandins, Leukot Essent Fatty
Acid. 1998;58(1):17-24.

[33] Kostyuk VA, Potapovich Al, Suhan TO, de Luca C, Korkina LG.
Antioxidant and signal modulation properties of plant polyphenols in
controlling vascular inflammation. Euro J Pharmacol. 2011;658(2-
3):248-56. https://doi.org/10.1016/j.ejphar.2011.02.022

[34]Fu L, Xu BT, Xu XR, et al. Antioxidant capacities and total phenolic
contents of 62 fruits. Food Chem. 2011;129(2):345-50.

[35]Chuang CC, Mclintosh MK. Potential mechanisms by which
polyphenol-rich grapes prevent obesity-mediated inflammation and
metabolic diseases. Ann Rev Nutr. 2011;31:155-76.

[36] Vauzour D, Rodriguez-Mateos A, Corona G, Oruna-Concha MJ,
Spencer JP. Polyphenols and human health: prevention of disease and
mechanisms of action. Nutr. 2010;2(11):1106-31. https://doi.org/
10.3390/nu2111106

[37]Larrosa M, Luceri C, Vivoli E, et al. Polyphenol metabolites from
colonic microbiota exert anti-inflammatory activity on different
inflammation models. Mol Nutr Food Res. 2009;53(8):1044-54.

[38]Islam S. Sweetpotato (Ipomoea batatas L.) leaf: its potential effect on
human health and nutrition. J Food Sci. 2006;71(2):R13-21.

[39]Huang Z, Wang B, Eaves DH, Shikany JM, Pace RD. Phenolic
compound profile of selected vegetables frequently consumed by

Scientific Inquiry and Review
Volume 5 Issue 4, December 2021

=Y
o
T

i)

[



https://doi.org/10.1038/jid.2008.354
https://doi.org/10.1016/j.jnutbio.2005.10.005
https://doi.org/10.1016/j.ejphar.2011.02.022
https://doi.org/%2010.3390/nu2111106
https://doi.org/%2010.3390/nu2111106

Perveen et al.

African Americans in the southeast United States. Food Chem.
2007;103(4):1395-402.

[40]Cimino S, Sortino G, Favilla V, et al. Polyphenols: key issues involved
in chemoprevention of prostate cancer. Oxid Med Cell Longev.
2012;2012:632959. https://doi.org/10.1155/2012/632959

[41]Pandey KB, Rizvi Sl. Plant polyphenols as dietary antioxidants in
human health and disease. Oxid Med Cell Longev. 2009;2(5):270-8.

[42] Kurahashi N, Iwasaki M, Sasazuki S, Otani T, Inoue M, Tsugane S.
Soy product and isoflavone consumption in relation to prostate cancer
in Japanese men. Cancer Epidemiol Prevent Bio. 2007;16(3):538-45.
https://doi.org/10.1158/1055-9965.EP1-06-0517

[43]Syed DN, Afaq F, Maddodi N, et al. Inhibition of human melanoma
cell growth by the dietary flavonoid fisetin is associated with disruption
of Wnt/B-catenin signaling and decreased Mitf levels. J Invest
Dermatol. 2011;131(6):1291-9.

[44]Khor TO, Keum YS, Lin W, et al. Combined inhibitory effects of
curcumin and phenethyl isothiocyanate on the growth of human PC-3
prostate  xenografts in immunodeficient mice. Cancer Res.
2006;66(2):613-21.

[45]Reddivari L, Vanamala J, Chintharlapalli S, Safe SH, Miller Jr JC.
Anthocyanin fraction from potato extracts is cytotoxic to prostate cancer
cells through activation of caspase-dependent and caspase-independent
pathways. Carcinog. 2007;28(10):2227-35.

[46] Yuan LP, Chen FH, Ling L, et al. Protective effects of total flavonoids
of Bidens pilosa L.(TFB) on animal liver injury and liver fibrosis. J
Ethnopharmacol. 2008;116(3):539-46. https://doi.org/10.1016/j.jep.
2008.01.010

[47]Adhami VM, Mukhtar H. Prostate cancer chemoprevention by dietary
agents: advocating a personalized multi-agent approach. InCritical
dietary factors in cancer chemoprevention. Springer. 2016 (pp. 13-29).

[48]Benitez DA, Pozo-Guisado E, Alvarez-Barrientos A, Fernandez-
Salguero PM, Castellon EA. Mechanisms Involved in Resveratrol-

School of Science A@ :
Volume 5 Issue 4, December 2021 AT

15


https://doi.org/10.1155/2012/632959
https://doi.org/10.1158/1055-9965.EPI-06-0517
https://doi.org/10.1016/j.jep.%202008.01.010
https://doi.org/10.1016/j.jep.%202008.01.010

Role of Polyphenols in Preventing Prostate. ..

Induced Apoptosis and Cell Cycle Arrest in Prostate Cancer—Derived
Cell Lines. J Androl. 2007;28(2):282-93. https://doi.org/10.2164/
jandrol.106.000968

[49] Thomas R, Williams M, Sharma H, Chaudry A, Bellamy P. A double-
blind, placebo-controlled randomised trial evaluating the effect of a
polyphenol-rich whole food supplement on PSA progression in men
with prostate cancer—the UK NCRN Pomi-T study. Prost Cancer Prost
Dis. 2014;17(2):180-6.

[50]Ahmad IU, Forman JD, Sarkar FH, et al. Soy isoflavones in conjunction
with radiation therapy in patients with prostate cancer. Nutr Cancer.
2010;62(7):996-1000. https://doi.org/10.1080/01635581.2010.509839

[51] Campbell JK, Canene-Adams BL, Lindshield TW, Boileau, SK,
Clinton, JW, Erdman Jr, Tomato phytochemicals and prostate cancer
risk. J Nutr. 2004;134(12):3486S-3492S.

[52] Seeram NP, Aronson WJ, Zhang Y, et al. Pomegranate ellagitannin-
derived metabolites inhibit prostate cancer growth and localize to the
mouse prostate gland. J Agric Food Chem. 2007;55(19):7732-7.
https://doi.org/10.1021/jf071303g

[53]Flourakis M, Prevarskaya N. Insights into Ca2+ homeostasis of
advanced prostate cancer cells. Biochimica et Biophysica Acta (BBA)-
Mol Cell Res. 2009;1793(6):1105-9. https://doi.org/10.1016/j.bbamcr.
2009.01.009

[54] Prieto K, Cao Y, Mohamed E, et al. Polyphenol-rich extract induces
apoptosis with immunogenic markers in melanoma cells through the ER
stress-associated kinase PERK. Cell Death Dis. 2019;5(1):1-5.

[55]Costea T, Nagy P, Ganea C, Sz6ll6si J, Mocanu MM. Molecular
mechanisms and bioavailability of polyphenols in prostate cancer. Int J
Mol Sci. 2019;20(5):1062.

[56] Miyata Y, Shida Y, Hakariya T, Sakai H. Anti-cancer effects of green
tea polyphenols against prostate cancer. Mol. 2019;24(1):193.
https://doi.org/10.3390/molecules24010193

Scientific Inquiry and Review
Volume 5 Issue 4, December 2021

[EY
(3]
g

===

[



https://doi.org/10.2164/%20jandrol.106.000968
https://doi.org/10.2164/%20jandrol.106.000968
https://doi.org/10.1080/01635581.2010.509839
https://doi.org/10.1021/jf071303g
https://doi.org/10.1016/j.bbamcr.%202009.01.009
https://doi.org/10.1016/j.bbamcr.%202009.01.009
https://doi.org/10.3390/molecules24010193

Perveen et al.

[57]Wyld L, Bellantuono I, Tchkonia T, et al. Senescence and cancer: A
review of clinical implications of senescence and senotherapies.
Cancers. 2020;12(8):2134.

[58] McKeage K. Docetaxel: a review of its use for the first-line treatment
of advanced castration-resistant prostate cancer [published correction
appears in Drugs. Drugs. 2012;72(11):1559-1577. https://doi.org/
10.2165/11209660-000000000-00000

[59]Nagesh PKB, Chowdhury P, Hatami E, et al. Cross-Linked
Polyphenol-Based Drug Nano-Self-Assemblies Engineered to Blockade
Prostate  Cancer  Senescence. ACS Appl Mater Interface.
2019;11(42):38537-38554. https://doi.org/10.1021/acsami.9b14738

[60] Nagesh PK, Chowdhury P, Hatami E, et al. Cross-Linked Polyphenol-
Based Drug Nano-Self-Assemblies Engineered to Blockade Prostate
Cancer Senescence. ACS Appl Material Interface. 2019;11(42):38537-
54. https://doi.org/10.1021/acsami.9b14738

[61] Steward WP, Brown K. Cancer chemoprevention: a rapidly evolving
field. Br J Cancer. 2013;109(1):1-7. https://doi.org/10.1038/bjc.2013. 280

[62]Baci D, Gallazzi M, Cascini C, et al. Downregulation of pro-
inflammatory and pro-angiogenic pathways in prostate cancer cells by
a polyphenol-rich extract from olive mill wastewater. Int J Mol Sci.
2019;20(2):307.

[63] Stanistawska 1J, Granica S, Piwowarski JP, et al. The activity of
urolithin A and M4 Valerolactone, colonic microbiota metabolites of
polyphenols, in a prostate cancer in vitro model. Planta Medica.
2019;85(02):118-25.

[64] Avril T, Vauleon E, Chevet E. Endoplasmic reticulum stress signaling
and chemotherapy resistance in solid cancers. Oncogenesis.
2017;6(8):e373-.

[65] Storm M, Sheng X, Arnoldussen YJ, Saatcioglu F. Prostate cancer and
the unfolded protein response. Oncotarget. 2016;7(33):54051-54066.
https://doi.org/10.18632/oncotarget.9912

School of Science A@ :

17
Volume 5 Issue 4, December 2021 AT



https://doi.org/%2010.2165/11209660-000000000-00000
https://doi.org/%2010.2165/11209660-000000000-00000
https://doi.org/10.1021/acsami.9b14738
https://doi.org/10.1021/acsami.9b14738
https://doi.org/10.1038/bjc.2013.%20280
https://doi.org/10.18632/oncotarget.9912

Role of Polyphenols in Preventing Prostate. ..

[66]Casas C. GRP78 at the centre of the stage in cancer and
neuroprotection. Front Neurosci. 2017;11:177. https://doi.org/10.3389/
fnins.2017.00177

[67]Nagesh PK, Hatami E, Chowdhury P, et al. Tannic acid induces
endoplasmic reticulum stress-mediated apoptosis in prostate cancer.
Cancer. 2018;10(3):68. https://doi.org/10.3390/cancers10030068

Scientific Inquiry and Review
Volume 5 Issue 4, December 2021

[EY
(0]
g

===

[



https://doi.org/10.3389/%20fnins.2017.00177
https://doi.org/10.3389/%20fnins.2017.00177
https://doi.org/10.3390/cancers10030068

	1
	SIR-5(4)-1-1

