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Prostate cancer has become a major public health problem worldwide and prevention strategies would
attenuate its economic, emotional, physical and social impact. Until recently, however, we have had
only modest information about risk factors for this disease, apart from the well-established
characteristics of age, family history and place of birth. The current body of literature supports the role
of nutritional products in reduction of prostate cancer. Thus, dietary agents have gained considerable
attention as chemopreventive agents against prostate cancer. This review critically addresses the
natural products with the greatest potential to reduce the risk of prostate cancer, including, honey,
vitamin E, selenium, soy, tomatoes, cruciferous vegetables and green tea. Many products have been
linked with the development and aggressiveness of prostate cancer, through a range of molecular
mechanisms. The toxicity of certain dietary products (fat, red and processed meat) is addressed. The
direction of future clinical trials lies in clarifying the effects of these agents and exploring the biological
mechanisms responsible for the prevention of prostate cancer. Until large randomized trials confirm the
benefit of chemopreventive and dietary modifications, patients are advised to pursue a diet and lifestyle

that enhances overall health.
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INTRODUCTION

Prostate cancer is a common frequent cause of cancer
death. In the United States, prostate cancer is the most
commonly diagnosed visceral cancer; in 2010, there were
expected to be 218,000 new prostate cancer diagnoses
and about 32,000 prostate cancer deaths. The current
lifetime risk of prostate cancer for men living in the United
States is estimated at approximately one in six (Jemal et
al., 2010). The current survival from the time of diagnosis
in patients with metastatic disease and those with locally
advanced prostate cancer, if not-treated, is 3.5 and 4.5
years (Mazhar and Waxman, 2008), respectively. Despite
a substantial morbidity and mortality, the etiology of
prostate cancer remains largely unknown.

There are three well-known and indisputable risk

factors for development of prostate cancer, namely
heredity, ethnic origin, and increasing age. Although
several genetic factors that predispose to prostate cancer
have been discovered, an environmental trigger is
probably necessary for manifestation of the disease.
Geographic variations in incidence rates are considera-
ble; therefore, it has been suggested that environmental
factors may also play an important role. Data from
migration studies clearly show that men with similar
genetic background (unless identical twins) raised in
different environments present the risk of the disease
associated with their country of residency (Schmid et al.,
2011). Prostate cancer prevalence varies widely among
different countries; this variation may be related to
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environmental factor. Chemopreventive agents are
subdivided into two main categories: blocking agents and
suppressing agents (Wattenberg, 1985). Blocking agents
prevent carcinogens from reaching the target sites, from
undergoing metabolic activation, or from subsequently
interacting with crucial cellular macromolecules (for
example, DNA, RNA and proteins). Suppressing agents,
on the other hand, inhibit the malignant transformation of
initiated cells, in either the promotion or the progression
stage (Surh, 2003). Preventing cancer by blocking
development of these precancerous cells is extremely
important, because even healthy people have a certain
number of latent tumors in their tissues (Thompson,
2010).

There has been growing interest in the use of naturally
occurring compounds with chemopreventive and
chemotherapeutic properties in the treatment of cancer
(Samarghandian et al., 2010; Samarghandian et al.,
2011b; Mutee et al.,, 2012; Samarghandian and
Shabestri, 2013). Plant foods are a source of biologically
active compounds certain phytochemicals possess
substantial anti-carcinogenic and anti-mutagenic proper-
ties (Surh, 2003, Wong et al., 2011). They may incite the
immune system, reduce the toxicity of adverse chemical
products, influence hormonal levels, and control cellular
growth (Divisi et al., 2006; Maurice et al., 2009). Dietary
factors are major elements accounting for the interna-
tional and interethnic differences in the rate of prostate
cancer (Folkman, 2006; Hahn-Obercyger et al., 2005;
Karunagaran et al., 2005; Talalay and Fahey, 2001).
Many agents have been evaluated for their primary and
secondary chemopreventive capacities, including soy
proteins, tomatoes and lycopene, vitamin E, selenium,
fish and marine fats, w-3 fatty acids, polyphenols,
isoflavones, cruciforms and green tea (Hahn-Obercyger
et al., 2005). These agents potentially interact with a
range of carcinogenic pathways in the prostate, including
androgen metabolism, cell cycle processes and apopto-
sis. ldentifying molecular mechanisms involved in
carcinogenesis provides the rationale for developing
strategies for disease prevention. Dietary intervention
targeting multiple pathways might be a particularly
effective therapeutic approach, either alone, or in
conjunction with targeted pharmaceutical agents.

We provide an evidence-based review of dietary
recommendations for the prevention and treatment of
prostate cancer. This review addresses clinical studies
that focus on dietary factors that may reduce risk for the
development for prostate cancer.

DIETARY RISK FACTORS

Many studies focus on the relationship between the
intake of different types of foods and nutrients and the
development of prostate cancer. Among individual food
groups/nutrients, a high consumption of total fat,
saturated fats, meat, dairy, and calcium are related to an
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increased risk (Theobald, 2006).

High fat intake

Epidemiological studies have examined an array of
dietary and nutritional factors in relation to prostate
cancer incidence. In particular, epidemiological studies
indicate that high intake of animal fat and of poly-
unsaturated oils may increase prostate cancer risk (Ma
and Chapman, 2009; Lophatananon et al., 2010). Also,
some studies in animal models have shown increased
tumor growth with high fat intake and inhibition with low
fat intake (Ngo et al., 2003a; Pollard and Luckert, 1986).
However, other preclinical studies have found no
relationship between the growth of transplanted prostate
carcinoma and variations in dietary fat (Clinton et al.,
1988; Pour et al., 1991). The three blood serum based
studies that sought to link total fat and prostate cancer
risk show no association (Harvei et al., 1997; Severson et
al., 1989; Thune and Lund, 1994). Likewise, the Nether-
lands cohort study, a large prospective cohort study,
found no association between prostate cancer and total
fat intake (Rohan et al., 1995; Schuurman et al., 1999a).

Investigators have also searched for a potential
association between specific kinds of fat and prostate
cancer. Results have been mixed (Bostwick et al., 2004).
Essential fatty acids found in fish inhibit the growth of
prostate cancer cells in vitro and in vivo (Terry et al.,
2001). In a study during 30 years of follow-up, men who
ate no fish had a 2 to 3 fold higher frequency of prostate
cancer than those who ate moderate or high amounts of
fish (Terry et al., 2001). One epidemiological study found
a negligible reduction in risk of prostate cancer (7%) in
men who consumed fish three times a week versus two
times a week (Augustsson et al., 2003). The two fatty
acids whose potential association with prostate cancer
risk is most frequently investigated are alpha-linolenic
and linoleic acid. A study that has shown low plasma
levels of alpha-linolenic acid might be associated with
reduced risk of prostate cancer (Gann et al., 1994). For
linoleic acid, with the predominate omega-6 fatty acid in
the Western diet, three out of four studies showed no
effect (Dagnelie et al., 2004).

Researchers have proposed several mechanisms to
explain a possible association between dietary fat and
prostate cancer development and progression. First, it
has been demonstrated that dietary fat increases the
levels of serum testosterone, thereby increasing the
growth of prostate cancer cells (Hill et al., 1979). Second,
others have shown that dietary fat also increases
oxidative stress and levels of reactive oxygen species
that interfere with cellular processes (Rao et al., 1999). In
addition, dietary fat reduction may impact serum insulin-
like growth factor levels in the serum (Table 1) (Ngo et
al., 2003b). Therefore, there was a positive statistically
significant association between prostate cancer risk and
energy-adjusted intake of total fat and fat subtypes.
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Table 1. Epidemiological studies considering association diet and prostate cancer.

Dietary . . .
agent Effect Epidemiologic study
Fat Increase risk Ma and Chapman (2009), Harvei et al. (1997), Severson et al. (1989), Thune and Lund (1994)
. . Allen et al. (2008), Chan et al. (2001), Michaud et al. (2001), Gao et al. (2005), Mitrou et al.
Dairy Increase risk (2007), Neuhouser et al. (2007), Qin et al. (2007)
Meat Increase risk Kolonel (2001), John et al. (2011)
So Decrease risk Jacobsen et al. (1998), Nomura et al. (2004), Yan and Spitznagel (2009), Hebert et al. (1998),
y Hamilton-Reeves et al. (2007), Cheung et al. (2008), Khan et al. (2010), Theil et al. (2010)
Green Tea Decrease risk  Jian et al. (2004), Kikuchi et al. (2006), Kurahashi et al. (2008), Severson et al. (1989)
. . Giovannucci et al. (1995), Giovannucci et al. (1995), Kavanaugh et al. (2007), Matos et al.
Carotenoids  Decrease risk (2001), Caraballoso et al. (2003), Tzonou et al. (1999), Etminan et al. (2004)
Y . Ni and Yeh (2007), Wang et al. (2006), Zhao et al. (2006), Hartman et al. (1999), Wright et al.
Vitamin E Decrease risk (2007), Jiang et al. (2004)
Vitamin D Decrease risk  Gupta et al. (2009), Mucci and Spiegelman (2008)
Vitamin C Decrease risk Bidoli et al. (2009), Gaziano et al. (2009b), Lewis et al. (2009)
Selenium Decrease risk Helzlsouer et al. (2000), Yoshizawa et al. (1998), Li et al. (2004a), Yoshizawa et al. (1998), Li
et al. (2004b)
Cruciferous Decrease risk ~ Cohen et al. (2000b), Jain et al. (1999), Joseph et al. (2004), Kolonel et al. (2000)

These results potentially identify a modifiable risk factor
for early-onset prostate cancer and also the high intake of
total fat and certain saturated fatty acids may worsen
prostate cancer survival.

Meat

Consumption of red meat, particularly well-done meat,
has been associated with increased prostate cancer risk.
High-temperature cooking methods such as grilling and
barbecuing may produce heterocyclic amines (HCASs)
and polycyclic aromatic hydrocarbons (PAHSs), which are
known carcinogens (John et al., 2011). Red meat is also
a major contributor of zinc, which is essential for
testosterone synthesis in addition to having anticancer
effects in the prostate (Kolonel, 2001). Studies on meat
consumption point to a possible increased risk of prostate
cancer with high meat consumption, especially of pro-
cessed or burned meats (Ma and Chapman, 2009;
Koutros et al., 2008). One case-control study have shown
the consumption of processed meat and red meat cooked
at high temperature to be associated with increased risk
of advanced, but not localized, prostate cancer (John et
al., 2011).

Among epidemiological studies, 17 out of the 23 case
control and cohort studies summarized in the review by
Kolonel (2001) showed a positive relation between high
consumption of meat and increased risk of prostate
cancer. All these studies but one have shown at least a
30% increased risk related to high meat consumption
(Kolonel, 2001). By contrast, a CARET (CARotene and
RETinol) study has shown that red meat was not
associated with prostate cancer (Table 1) (Neuhouser et
al., 2007).

Dairy products

Despite the prevalence of prostate cancer worldwide,
only a few risk factors have been well-established. The
role of dairy products, in the etiology of prostate cancer is
still controversial. Some large cohort studies (with 4500
cases) have reported significant positive associations
between dairy products and/or calcium intake and risk
(Allen et al., 2008; Chan et al., 2001; Michaud et al.,
2001; Raimondi et al., 2010), while the results from some
studies do not support this hypothesis (Park et al., 2007;
Schuurman et al., 1999b), and the possible association
between dairy products and prostate cancer risk also
remains unclear. In a meta-analysis of 16 prospective
trials, dairy products were found to slightly increase the
risk of prostate cancer (relative risk (RR) = 1.09; 95%
confidence interval (Cl) = 1.00 to 1.2) (Gao et al., 2005;
Severi et al.,, 2006). In another analysis of 18 cohort
studies, it was found out that consumption of milk and
dairy products increases the risk of prostate cancer (RR =
1.13; 95% Cl = 1.02 1.24) (Qin et al., 2007). The Alpha-
Tocopherol Beta-Carotene (ATBC) Cancer Prevention
Study reported that high versus low intake of dairy
products may be associated with an increased risk of
prostate cancer (Mitrou et al., 2007). However, CARET
study has shown that higher dairy intake had a
statistically significant reduced risk of aggressive prostate
cancer than lower dairy intake (HR = 0.59, 95% CIl = 0.40
to 0.85) (Neuhouser et al., 2007). A US cohort study
(CLUE 1) have shown that higher intake of dairy foods
but not calcium was positively associated with increased
risk of prostate cancer (HR = 1.65, 98% Cl = 1.02 to
2.66) (Rohrmann et al., 2007). By contrast, a meta-
analysis of 26,769 cases from 45 observational studies
found that no evidence of an association between dairy



(RR = 1.06; 95% CI = 0.92 to 1.22) or milk intake (RR =
1.06; 95% CI = 0.91 to 1.23) and risk of prostate cancer
(Huncharek et al., 2008). In a prospective study of 10,011
men with 815 prostate cancer cases, neither increasing
intake levels of dairy products nor calcium from dairy
products (P trend; 0.23 and 0.64, respectively, or calcium
supplements was associated with prostate cancer risk
(relative risk, 1.05; 95% Cl = 0.84 to 1.31) (Table 1) (Koh
et al., 2006).

DIETARY FACTORS POSSIBLY ASSOCIATED WITH
DECREASED RISK

Plant food including tomato products, lycopene, soy and
micronutrients (selenium, vitamin E) have been shown to
possess certain anti-carcinogenic properties (Theobald,
2006). This section focuses on the epidemiological
evidence for individual groups of dietary items postulated
to specifically reduce the risk of prostate cancer.

Honey

Honey has been used as a traditional food source since
ancient times. It consists of carbohydrates, proteins,
amino acids, vitamins, water, minerals, and enzymes (all
traces, except glucose and fructose). Honey is thought to
exhibit a broad spectrum of therapeutic properties
including antibacterial, antifungal, cytostatic and anti-
inflammatory  activity, proapoptotic, antiproliferative
activity (Jeddar et al., 1985; Samarghandian et al.,
2011a). Honey contained many biologically active com-
pounds including caffeic acid, caffeic acid phenethyl
ester, flavonoid glycones and Chrysin (Chen et al., 2003;
El-Refaei and EI-Naa, 2010; Samarghandian et al.,
2011c). These compounds demonstrated to have an
inhibitory effect on tumor cell proliferation and transfor-
mation by the down regulation of many cellular enzymatic
pathways including protein tyrosine kinase, cyclooxy-
genase and ornithine decarboxylase pathways (O'Prey et
al., 2003). Honey affected the growth patterns of prostate
cancer cells. Higher concentrations of honey are safe for
non-malignant cells, but exert antitumor cytotoxicity and
anti-proliferative effects in a prostate cancer-derived cell
line (Table 1) (Samarghandian et al., 2010).

Our in vivo recent results suggest that honey has anti-
proliferative effects on prostate cancer cells and the
effects are mainly due to chrysin (Samarghandian et al.,
2011 c¢). Chrysin (5,7-dihydroxyflavone) is a natural
flavone commonly found in honey and many of which
cause biological activity in humans and animals. In test
tubes, this substance inhibits the conversion of
testosterone to estrogen. Chrysin is most well known for
being a testosterone boosting compound.

Soy

Phytoestrogens (flavones, isoflavones and lignans) are
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naturally occurring plant compounds that have estrogen-
like activity. Phytoestrogens also are important regulators
of proteins, such as 5a-reductase, tyrosine kinase,
topoisomerase, and P450 aromatase, and have inhibitory
effect on vitamin D metabolism in the prostate (Qin et al.,
2007). There is a lower incidence of prostate cancer and
other common cancers in populations eating soy product.
Soy isoflavones influence sex hormone metabolism and
biological activity through intracellular enzymes, protein
synthesis, growth factor actions, malignant cell prolifera-
tions, differentiation and angiogenesis (Choueiri et al.,
2006; Messina, 2010). Geneistein and diadzein, the
predominant isoflavones in human nutrition, are derived
mainly from soybeans and other legumes (Cheung et al.,
2008). Some animal studies have suggested that
isoflavones in soy may suppress the development of
invasive prostate cancers (Khan et al., 2010; Theil et al.,
2010). A study of soy protein isolate consumption in 58
men demonstrated an effect on androgen receptor
expression, which suggests that soy consumption could
be beneficial in preventing prostate cancer (Hamilton-
Reeves et al., 2007). A large-scale epidemiological study
of the effects of soy-derived products on prostate cancer
development was a cross-national study conducted in 59
countries. In this study, soy products were shown to be
significantly protective (Hebert et al., 1998). A 2009 meta-
analysis of the research on the association between soy
consumption and prostate cancer risk concluded that
"consumption of soy foods is associated with a reduction
in prostate cancer risk in men” (Yan and Spitznagel,
2009). A 16-year long prospective health study found that
men who consumed more than one glass of soy milk per
day had a 70% lower risk of prostate cancer (Jacobsen et
al., 1998). Although, the majority of studies support a
benefit of soy products; a few studies do not show a
benefit, including a study of 5855 Japanese-American
men who were followed for over 20 year (Nomura et al.,
2004). Overall, the epidemiological data suggest that
phytoestrogens may play a protective role against the
development prostate cancer (Adlercreutz, 1995).

Green tea

Tea is the most consumed drink in the world after water.
Green tea is a ‘non-fermented’ tea and it derived from the
plant Camellia sinensis (Cabrera et al., 2006). Green tea
has been considered a medicine and a healthful
beverage since ancient times. The traditional Chinese
medicine has recommended this plant for headaches,
body aches and pains, digestion, depression, detoxifica-
tion, as an energizer, and in general, to prolong life.
Green tea leaves contain three main components which
act upon human health: xanthic bases (caffeine and
theophylline), essential oils and especially, polyphenolic
compounds (Cabrera et al., 2006). Polyphenols constitute
the most interesting group of green tea leaf components,
and in consequence, green tea can be considered an
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important dietary source of polyphenols, particularly
flavonoids (Cabrera et al., 2006; Vinson et al., 1995). The
main flavonoids present in green tea include catechins
(flavan-3-ols). The four major catechins include
epicatechin-3-gallate (ECG), epigallocatechin (EGC),
epigallocatechin-3-gallate (EGCG), and epicatechin (EC)
(McKay and Blumberg, 2002). Green tea also contains
gallic acid (GA) and other phenolic acids such as
chlorogenic acid and caffeic acid, and flavonols such as
kaempferol, myricetin and quercetin (Wang et al., 2008).
Many epidemiological, animal, and in vitro studies have
demonstrated that green tea polyphenols may play a role
in the risk and pathogenesis of several chronic diseases
such as prostate cancer (Bemis et al., 2006; McKay and
Blumberg, 2002). Over the last two decades a host of
epidemiological studies that include cohort and case-
control studies have suggested that green tea
consumption correlates with a lower risk of certain
cancers that include breast, colon, and prostate. A
collection of six epidemiological studies that included two
case-control, as well as four cohort studies, evaluated the
role of green tea in reducing the risk of developing
prostate cancer (Jian et al., 2004; Kikuchi et al., 2006;
Kurahashi et al., 2008; Severson et al., 1989). In majority
of these studies a significant decrease in the
development of prostate cancer was observed with
increasing intake of green tea. In another case control
study performed in China of 130 cases of prostate cancer
and 274 controls, tea drinking was strongly associated
with decreased risk of prostate cancer. They reported
reduced prostate cancer risk with increasing frequency,
duration, and quantity of green tea consumption (Jian et
al., 2004). Recently, a large cohort study of 49,920
subjects in Japan found a dose-dependent decrease in
the risk of advanced prostate cancer for men drinking
more than 5 cups a day (Kurahashi et al., 2008). Three
other cohort studies have been performed and found
green tea had a non-statistically significant effect in
decreasing the risk of prostate cancer (Kikuchi et al.,
2006; Kurahashi et al., 2008). A fourth cohort study of
Japanese ancestry subjects [n=7,999] from Hawaii (USA)
prospectively analyzed the demographics and diet for the
risk of developing prostate cancer and found a non-
significant relative risk of 1.47 (95% CI = 0.99 to 2.19) of
developing prostate cancer with increased green tea
consumption (Severson et al.,, 1989). The anti-carcino-
genic potential of tea polyphenols has been shown by
several in vitro and experimental studies, which have
detailed the ability of these compounds to bind directly to
carcinogens and induce phase Il enzymes (Khan and
Mukhtar, 2008). Several molecular anticancer mecha-
nisms have been proposed, including cell cycle arrest in
both androgen-sensitive and androgen-insensitive
prostate cancer cells (Adhami et al., 2007), induction of
apoptosis (Stuart et al., 2006), inhibition of transcription
factors NFkB (156) and AP-1, and reduction of protein
tyrosine kinase activity and c-jun messenger RNA expres-

sion (Khan et al., 2010; Khan and Mukhtar, 2008;
Mukhtar and Ahmad, 2000). An inhibition of
angiogenesis, down regulates Cyclin D, Cyclin E, CDK 4,
CDK 1, and induction of clusterin with cleavage of both
pro—caspase 8 and pro—caspase 3 (Thangapazham et
al., 2007; Yang et al., 2011; Yang and Wang, 2010) have
also been observed. In addition, several studies have
shown that EGCG is instrumental in inhibiting the IGF-I
pathway (Adhami et al., 2004). EGCG effectively inhibits
5a-reductase in cell-free assays, indicating that it can
regulate androgen action in target organs. Replacement
of the gallate ester in EGCG with long-chain fatty acids
produces potent 5a-reductase inhibitors that are active in
both cell-free and whole-cell assay systems (Liao and
Hiipakka, 1995).

Lycopene

Lycopene is a red carotenoid pigment found in tomatoes
and a few red fruits and vegetables, such as, water-
melons and papayas. However, the 11 conjugated and
two non-conjugated double bonds in lycopene make it
highly reactive towards oxygen and free radicals, and this
anti-oxidant activity probably contributes to its efficacy as
a chemoprevention agent (van Breemen and Pajkovic,
2008). Some early epidemiologic studies suggested that
increasing consumption of tomatoes or tomato products
was significantly associated with decreased prostate
cancer risk (Giovannucci et al., 1995; Kavanaugh et al.,
2007; Matos et al., 2001). Studies have shown that
lycopene rich tomato sauce consumption could reduce
oxidative DNA damage in human prostate and prostate
cancer (Stacewicz-Sapuntzakis and Bowen, 2005).
Lycopene in tomato was suggested to be the main factor
for reducing prostate cancer risk (Zhang et al., 2007). In
addition, a phase Il study showed that whole-tomato
lycopene supplementation had significant results and
maintained its effect on prostate specific antigen (PSA)
over one year (Caraballoso et al., 2003). A study in
Greece, that involved 320 prostate cancer case and 246
controls, found that consumption of cooked tomatoes
rather than raw tomatoes reduced prostate cancer risk by
close to 15% (Tzonou et al., 1999). A meta-analysis of 11
case-control and ten cohort studies found an association
between lycopene intake and a decreased risk of
prostate cancer (Table 1) (Etminan et al., 2004).
However, several studies failed to show an association
between lIycopene and prostate cancer. A recently
concluded phase Il trial showed that lycopene-rich
supplement was not effective in patients with androgen-
independent prostate cancer (Jatoi et al., 2007).

Vitamin E

Vitamin E refers to a group of naturally occurring



compounds: the tocopherols, tocotrienols, and their
natural and synthetic derivatives. Out of the eight
different tocopherols included in the term, vitamin E, a-
tocopherol exerts specific functions and is the
predominant form of vitamin E found in plasma and
tissues (Syed et al., 2007). While y-tocopherol is the most
prevalent form of vitamin E found in a typical diet, a-
tocopherol is the most biologically available form and it is
usually found in dietary supplements (Cheung et al.,
2008; Phutthaphadoong et al., 2012). Vitamin E is a
potent intracellular antioxidant, known to inhibit lipid
peroxidation and DNA damage and recognized to have a
wide range of anticancer properties (Venkateswaran and
Klotz, 2010). Comprehensive studies from human
epidemiological studies, animal tumor models, and
molecular levels suggested that alpha-vitamin E and its
derivatives possess remarkable chemopreventive and
chemotherapeutic against prostate cancer (Ni and Yeh,
2007; Wang et al., 2006; Zhao et al., 2006). Vitamin E
and its analogues have several mechanisms of action.
Vitamin E protects polyunsaturated fatty acids against
auto-oxidation and protects cell membranes from
oxidative damage (Jansen et al., 2001). It can modulate
transforming growth factor-h and AR/PSA signaling
pathway and regulate cell cycle through DNA synthesis
arrest prostate cancer cells (Israel et al., 1995).

Induction of apoptosis, by causing depletion of cytosolic
Fas with increase in the membrane levels of Fas,
decreased production of vascular endothelial growth
factor, and inhibition of matrix metalloproteinases are
other mechanisms through which vitamin E inhibits
prostate carcinogenesis (Basu and Imrhan, 2005). o-
Tocopherol, Beta-Carotene Cancer Prevention study
(ATBC trial,1994) indicated that daily supplementation of
vitamin E could reduce the incidence of prostate cancer
among men who smoked (1994). This study of 29,133
male smokers found a 32% reduction in prostate cancer
incidence and a 41% lower mortality in those receiving 50
mg of a-tocopherol daily for 5 to 8 years. Hartman et al.
(1999) performed a cross-sectional analysis to assess
the relationship between baseline levels of serum a-
tocopherol and serum sex hormones in men. Serum a-
tocopherol levels were inversely associated with serum
androstendione, testosterone, sex hormone-binding
globulin and estrone. Some studies suggested that y-
tocopherol may be more relevant than a-tocopherol to the
protection by vitamin E against prostate cancer
(Helzlsouer et al., 2000; Ju et al., 2010). A recent large
prospective study examined 295,344 American men for
the association of prostate risk with supplemental vitamin
E consumption and dietary intakes of a-, B-, y-, and o-
tocopherols. The study showed that supplemental vitamin
E did not reduce prostate cancer risk. However, an
increase in y-tocopherol uptake was significantly inver-
sely associated with the risk of advanced prostate cancer
(Wright et al., 2007). Men in the highest quintile of
plasma concentration of y-tocopherol had a 5-fold reduc-
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ed risk of prostate cancer (Jiang et al., 2004). Several
studies have failed to show that vitamin E reduces the
risk of prostate cancer development (Chan et al., 1999;
Gaziano et al., 2009; Kirsh et al., 2006). Vitamin E was
tested prospectively in a large, well-designed clinical trial
in 31,000 men with incident prostate cancer as the end
point Selenium and Vitamin E Cancer Prevention Trial
(SELECT). This study documented no apparent benefit of
administering vitamin E (Table 1) (Lippman et al., 2009).

Vitamin D

Vitamin D is a group of fat-soluble prohormones which
synthesis in the skin is induced by ultraviolet radiation. It
is also contained in various types of food, including fish
and eggs. The two major physiologically relevant forms of
which are vitamin D2 (ergocalciferol) and vitamin D3
(cholecalciferol) (Vieth, 2004). The active metabolite of
vitamin D, apart from a crucial role in maintaining mineral
homeostasis and skeletal functions, has anti-proliferative,
apoptosis and differentiation inducing, as well as
immunomodulatory effects in cancer (Speer, 2010).

Epidemiological, molecular, and cellular studies have
implicated vitamin D deficiency as a risk factor for the
development and/or progression of prostate cancer
(Gupta et al.,, 2009; Mucci and Spiegelman, 2008).
Studies using cell culture systems and animal models
suggest that vitamin D acts to reduce the growth of
prostate cancer through regulation of cellular proliferation
and differentiation. However, although preclinical studies
provide a strong indication for anti-cancer activity, proof
of therapeutic benefits in men is still lacking. The anti-
proliferative and pro-differentiating properties of vitamin D
have been attributed to calcitriol [1, 25(0OH2) D3], the
hormonally active form of vitamin D, acting through the
vitamin D receptor (VDR).

Calcitriol exhibits several anti-inflammatory effects
including suppression of prostaglandin (PG) action,
inhibition of p38 stress kinase signaling, and the
subsequent production of pro-inflammatory cytokines and
inhibition of NF-kB signaling. Calcitriol also decreases the
expression of aromatase, the enzyme that catalyzes
estrogen synthesis in breast cancer, both by a direct
transcriptional repression and indirectly by reducing PGs,
which are major stimulators of aromatase transcription.
Other important effects include the suppression of tumor
angiogenesis, invasion, and metastasis. These calcitriol
actions provide a basis for its potential use in cancer
therapy and chemoprevention (Krishnan and Feldman,
2011). In study by Tuochimaa et al. (2004), the serum 25
(OH) - vitamin D levels of 622 prostate cancer cases and
1451 matched controls found that low (<19 nmol/L) and
high (>80 nmol/l) levels are associated with higher
prostate cancer risk. Several studies suggest that vitamin
D does not decrease prostate cancer risk (Table 1) (Ahn
et al., 2008; Travis et al., 2009).
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Vitamin C

Vitamin C or ascorbic acid is an essential nutrient for
humans in collagen, carnitine and neurotransmitter
biosynthesis. The following foods are excellent sources:
citrus fruits, strawberries, currants, cabbages, and pota-
toes. Vitamin C is a cofactor in at least eight enzymatic
reactions, including several collagen synthesis reactions
that cause the most severe symptoms of scurvy when
they are dysfunctional. It also influences cell metabolism
and has anti-oxidative qualities (Mandl et al., 2009).

Besides its anti-oxidant activities, there was little
information about other potential anticancer mechanisms
for vitamin C, except that the expression and function of
the androgen receptor was shown to be inhibited by
vitamin C in a prostate cancer cell line (Wang et al.,
2003). The epidemiologic evidence on dietary vitamin C
and prostate cancer is controversial. In an overview of
epidemiological and intervention trial studies for vitamin C
out of nine reports (Berndt et al., 2005; Kirsh et al., 2006;
Meyer et al., 2005) mentioned, only three (Bidoli et al.,
2009; Gaziano et al., 2009; Lewis et al., 2009) showed
that vitamin C had protection effects on prostate cancer
risk. It has been shown that injection of mega doses of
vitamin C can produce pharmacologic levels in circulation
that cannot be achieved by oral administration (Frei and
Lawson, 2008). Some studies show that the pharma-
cologic levels of vitamin C may selectively be toxic to
cancer cells (Table 1) (Chen et al., 2008; Yeom et al.,
2009).

Selenium

Selenium is an essential trace element found in the soil
that enters the food chain through plants. Humans
receive selenium in their diet through plant and animal
products (Venkateswaran and Klotz, 2010). Selenium
serves as a precursor to the synthesis of selenocysteine
and selenoproteins, such as glutathione peroxidase
(GPx), thioredoxin reductase, and selenoprotein P
(Sabichi et al., 2006). Recent epidemiological studies
have demonstrated that selenium may be an effective
chemopreventive and anticancer agent with a broad
spectrum against several human cancer cells (prostate,
colon, bladder, lung, liver, ovarian, leukemia). A wide
range of potential mechanisms have been proposed for
the antitumorigenic effects of selenium and these include
antiandrogen activity, growth inhibitory effects by
regulation of p53 and antioxidant function, and through
DNA damage (Sanmartin et al., 2008).

Several large prospective studies reported 50 to 65%
reductions in risk of developing prostate cancer asso-
ciated with high versus low selenium levels as measured
in toenails (Helzlsouer et al., 2000; Yoshizawa et al.,
1998) and plasma (Li et al., 2004a; Yoshizawa et al.,
1998). In a study by Li et al. (2004a), 586 men with

prostate cancer were compared with 577 controls over a
13-year follow-up period. The investigators found that
prediagnostic plasma serum selenium levels were
inversely related with risk of advanced prostate cancer (Li
et al., 2004b). In addition, an analysis of the Nutritional
Prevention of Cancer Trial revealed that the men who
took selenium supplements daily were half as likely to be
diagnosed with prostate cancer (Beer and Myrthue,
2004). These findings have been confirmed in vitro
together with animal models, and many observational
studies (Brinkman et al., 2006; Jian et al., 2004; Muecke
et al.,, 2010a; Penney et al., 2010; Ramoutar and
Brumaghim, 2010; Valdiglesias et al., 2010).

Not all studies agree on the cancer-fighting effects of
selenium. One study of naturally occurring levels of
selenium in over 60,000 participants did not show a
significant correlation between those levels and cancer
(Garland et al.,, 1995). In 2009, the 5.5 year SELECT
study reported selenium and vitamin E supplementation,
both alone and together, did not significantly reduce the
incidence of prostate cancer in 35,000 men who
"generally were replete in selenium at baseline” (Lippman
et al., 2009).

Selenium has several mechanisms of action,
depending on its form (Duffield-Lillico et al., 2002).
Selenomethionine inhibits proliferation and induces cell
cycle arrest of human prostate cancer cells (Brinkman et
al., 2006). Selenium in the form of selenomethionine or
methyl seleninic acid induces apoptosis and inhibits
angiogenesis, mediated in part by the androgen receptor
(Dong et al., 2004; Morris et al., 2006; Venkateswaran et
al., 2002).

Methylseleninic acid induces apoptosis through a
caspase-mediated pathway, as well as through the
release of cytochrome c, the exhibition of cleaved poly-
merase (PARP) and the end stage of DNA fragmentation
(Hu et al., 2005). These events are associated with the
phosphorylation of c-jun and p38 (Jiang et al., 2002).
Some study have identified various selenium targets,
including GADD153, cyclin A, cyclin-dependent kinase-1
(CDK-1), CDK-2, CDK-4, CDC25, E2Fs, and the
mitogen-activated protein kinase/c-Jun-NH2-kinase and
PI3K pathways in pc-3 prostate cancer cells (Muecke et
al., 2010b). The relationship between selenium dose and
prostate carcinogenesis is complex, and excessive
accumulation of selenium is potentially dangerous, as
indicated by the U-shaped dose-response curve of
selenium in association with increased DNA damage in
aging dogs (Table 1) (Waters et al., 2005).

Cruciferous vegetables

Cruciferous or brassica vegetables come from plants in
the family known to botanists as Cruciferae or
alternatively, Brassicaceae. Many commonly consumed
cruciferous vegetables come from the Brassica genus,



including broccoli, Brussels sprouts, cabbage, cauli-
flower, collard greens, kale, kohlrabi, mustard, rutabaga,
turnips, bok choy and Chinese cabbage (Kristal and
Lampe, 2002).

Like other vegetables, cruciferous vegetables contain a
number of nutrients and phytochemicals with cancer
chemopreventive properties, including folate, fiber,
carotenoids and chlorophyll. However, cruciferous
vegetables also have a high content of other
phytochemicals, such as phenethyl isothiocyanate,
sulfophorane and indole-3-carbinol, which have been
shown to exhibit potential anti-cancer (Kristal and Lampe,
2002; Singh et al., 2005). Consumption of cruciferous
vegetables has been reported to be associated with
reduced incidence of prostate cancer cases. The results
of epidemiological studies of cruciferous vegetable intake
and prostate cancer risk are inconsistent. Four out of
eight case control studies published since 1990 found
that cruciferous vegetable intake was significantly lower
in men diagnosed with prostate cancer than men in a
cancer-free control group (Cohen et al., 2000; Jain et al.,
1999; Joseph et al., 2004; Kolonel et al., 2000). Of the
four prospective cohort studies that have examined
associations between cruciferous vegetable intake and
the risk of prostate cancer, none found statistically
significant inverse associations overall (Giovannucci et
al., 2003; Hsing et al., 1990; Key et al., 2004; Hardin et
al. 2011). However, the prospective study that included
the longest follow-up period and the most cases of
prostate cancer found a significant inverse association
between cruciferous vegetable intake and the risk of
prostate cancer when the analysis was limited to men
who had a PSA test (Giovannucci et al., 2003). Since
men who have PSA screening are more likely to be
diagnosed with prostate cancer, limiting the analysis in
this way is one way to reduce detection bias (Kristal and
Stanford, 2004). Presently, epidemiological studies
provide only modest support for the hypothesis that high
intakes of cruciferous vegetables reduce prostate cancer
risk (Kristal and Lampe, 2002). Kirsh et al. (2007)
similarly found that a high intake of cruciferous
vegetables decreased the risk of disseminated prostate
cancer compared to a low intake (P = 0.02) providing
some evidence for the possible reduction of risk of
advanced prostate cancer with dietary intervention (Kirsh
et al.,, 2007). Large randomized controlled trials could
provide more definitive evidence (Ma and Chapman,
2009).

DISCUSSION

Here, this study sought to provide an update on the latest
studies investigating the role of dietary to reduce prostate
cancer risk. Multiple molecular signaling pathways are
involved in prostate carcinogenesis and cancer pro-
gression, many of which are affected by dietary and
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lifestyle factors. In ancient times, man ate food that was
available in nature: wild fruit, vegetables, seeds and
roots. They drank animal milk, but did not eat lots of
meat. In modern times, many countries have adopted the
meat-and-fat diet with an excessive use of salt. Scientific
research has indicated some guidelines for a healthy life-
style aiming at the reduction of the risk of tumors. Several
countries have detrimental food habits, because of the
large use of fats, meat, and salted food associated to an
insufficient use of fibers. On the other hand, several lines
of evidence have emerged regarding the anticancer and
therapeutic benefit of dietary agents. Substantial
epidemiologic and preclinical evidence supports the view
that dietary modification and ingestion of appropriate
micronutrients will reduce the incidence and mortality of
prostate cancer. Overall, a diet low in saturated fat, high
in vegetables, fruits and whole grains can be
recommended for disease prevention, in addition to
avoiding excessive intake of red meat. Such a diet would
target multiple pathogenic pathways in prostate cancer,
and mimics traditional diets in geographical regions with
low incidences of the disease. Better food habits should
include soya, honey, vitamins, legumes, fruits and
vegetables. However, despite the plethora of confounding
factors present in clinical studies assessing the effect of
diet on cancer risk, the sum total of data remains
compelling in regards to the potential for a variety of
nutrients to potentially prevent the development and
progression of prostate cancer. Data from migration
studies provide evidence that environmental factors are
responsible for the transformation of latent prostate
cancer to a clinically apparent form and that diet appears
to influence this progression. Insufficient clinical evidence
exists to warrant recommending wholesale dietary
changes to patients to reduce their risk of prostate
cancer. However, until more interventional studies are
carried out, physicians should recognize the importance
of dietary modification in a patient’s overall health profile.
Although prostate cancer is the most common non-skin
cancer in American men and the second leading cause of
cancer death, cardiovascular disease was the leading
cause of patient mortality in each of the previously
mentioned clinical trials. Dietary changes that reduce the
risk of cardiovascular disease, such as reducing dietary
fat should be recommended to all patients. Some
mechanisms potentially involved in increasing a man’s
risk for heart disease may also increase his risk of
prostate cancer. The most practical approach for
physicians is to recommend changes that may favorably
benefit the risk of both cardiovascular and prostate
cancer. Fortunately, many of the lifestyle changes proven
to reduce cardiovascular risk seem helpful in reducing
prostate cancer risk as well. This fact should be
reinforced with patients who inquire about ways to lessen
their risk of prostate cancer.

The review of the literature led to the following con-
clusions: a diet rich in fruit and vegetables may reduces
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the risk of prostate cancer; a diet rich in saturated fat, red
meat probably increases the risk of prostate cancer
slightly; supplementation with vitamins (E, D and C)
offers the low risk of prostate cancer; natural products
may reduce the risk of prostate cancer; prostate cancer
and its effects can be ameliorated by a healthy diet.

REFERENCES

Adhami VM, Malik A, Zaman N (2007). Combined inhibitory effects of
green tea polyphenols and selective cyclooxygenase-2 inhibitors on
the growth of human prostate cancer cells both in vitro and in vivo.
Clin. Cancer Res. 13:1611-1619.

Adhami VM, Siddiqui IA, Ahmad N, Gupta S, Mukhtar H (2004) . Oral
consumption of green tea polyphenols inhibits insulin-like growth
factor-l-induced signaling in an autochthonous mouse model of
prostate cancer. Cancer Res. 64: 8715-8722.

Adlercreutz H (1995). Phytoestrogens: epidemiology and a possible role
in cancer protection. Environ. Health Persp. 103:103-112.

Allen NE, Key TJ, Appleby PN (2008). Animal foods, protein, calcium
and prostate cancer risk: the European Prospective Investigation into
Cancer and Nutrition. Br. J. Cancer 98:1574-1581.

Augustsson K, Michaud DS, Rimm EB, Leitzmann MF, Stampfer MJ,
Willett WC, Giovannucci E (2003). A prospective study of intake of
fish and marine fatty acids and prostate cancer. Cancer Epidemiol.
Biomarkers Prev.12:64-67.

Basu A, Imrhan V (2005). Vitamin E and prostate cancer: is vitamin E
succinate a superior chemopreventive agent? Nutr. Rev. 63:247-251.

Beer TM, Myrthue A (2004). Calcitriol in cancer treatment: from the lab
to the clinic. Mol. Cancer Ther. 3 :373-81.

Bemis DL, Katz AE, Buttyan R (2006). Clinical trials of natural products
as chemopreventive agents for prostate cancer. Expert. Opin.
Investig. Drugs 15:1191-1200.

Berndt SI, Carter HB, Landis PK (2005). Prediagnostic plasma vitamin
C levels and the subsequent risk of prostate cancer. Nutrition 21:686-
690.

Bidoli E, Talamini R, Zucchetto A (2009). Dietary vitamins E and C and
prostate cancer risk. Acta Oncol.48:890-894.

Bostwick DG, Burke HB, Djakiew D (2004). Human prostate cancer risk
factors. Cancer 101:2371-2490.

Brinkman M, Reulen RC, Kellen E, Buntinx F, Zeegers MP (2006). Are
men with low selenium levels at increased risk of prostate cancer?
Eur. J. Cancer 42:2463-2471.

Cabrera C, Artacho R, Gimenez R (2006). Beneficial effects of green
tea--areview. J. Am. Coll. Nutr.25:79-99.

Chan JM, Stampfer MJ, Ma J, Gann PH, Gaziano JM, Giovannucci EL
(2001). Dairy products, calcium, and prostate cancer risk in the
Physicians' Health Study. Am. J. Clin. Nutr.74:549-554.

Chan JM, Stampfer MJ, Ma J, Rimm EB, Willett WC, Giovannucci EL
(1999). Supplemental vitamin E intake and prostate cancer risk in a
large cohort of men in the United States. Cancer Epidemiol.
Biomarkers Prev. 8:893-899.

Chen Q, Espey MG, Sun AY (2008). Pharmacologic doses of ascorbate
act as a prooxidant and decrease growth of aggressive tumor
xenografts in mice. Proc. Natl. Acad. Sci. USA. 105:11105-11109.

Chen YC, Shen SC, Lin HY (2003). Rutinoside at C7 attenuates the
apoptosis-inducing activity of flavonoids. Biochem. Pharmacol.
66:1139-1150.

Cheung E, Wadhera P, Dorff T, Pinski J (2008). Diet and prostate
cancer risk reduction. Expert. Rev. Anticancer Ther.8:43-50.

Choueiri TK, Wesolowski R, Mekhail TM (2006). Phenoxodiol:
isoflavone analog with antineoplastic activity. Curr. Oncol. Rep.8:104-
107.

Clinton SK, Palmer SS, Spriggs CE, Visek WJ (1988). Growth of
Dunning transplantable prostate adenocarcinomas in rats fed diets
with various fat contents. J. Nutr. 118:908-914.

Cohen JH, Kristal AR, Stanford JL (2000). Fruit and vegetable intakes
and prostate cancer risk. J. Natl. Cancer Inst. 92:61-68.

Dagnelie PC, Schuurman AG, Goldbohm RA, van den Brandt PA

(2004). Diet, anthropometric measures and prostate cancer risk: a
review of prospective cohort and intervention studies. BJU. Int.
93:1139-1150.

Divisi D, Di TS, Salvemini S, Garramone M, Crisci R (2006). Diet and
cancer. Acta. Biomed. 77:118-123.

Dong Y, Lee SO, Zhang H, Marshall J, Gao AC, Ip C (2004). Prostate
specific antigen expression is down-regulated by selenium through
disruption of androgen receptor signaling. Cancer Res. 64:19-22.

Duffield-Lilico AJ, Reid ME, Turnbull BW (2002). Baseline
characteristics and the effect of selenium supplementation on cancer
incidence in a randomized clinical trial: a summary report of the
Nutritional Prevention of Cancer Trial. Cancer Epidemiol. Biomarkers
Prev. 11:630-639.

El-Refaei MF, El-Naa MM (2010). Inhibitory effect of caffeic acid
phenethyl ester on mice bearing tumor involving angiostatic and
apoptotic activities. Chem. Biol. Interact. 186:152-156.

Etminan M, Takkouche B, Caamano-Isorna F (2004). The role of tomato
products and lycopene in the prevention of prostate cancer: a meta-
analysis of observational studies. Cancer Epidemiol. Biomarkers
Prev. 13:340-345.

Folkman J (2006). Angiogenesis. Annu. Rev. Med.57:1-18.

Frei B, Lawson S (2008). Vitamin C and cancer revisited. Proc. Natl.
Acad. Sci .U S A.105:11037-11038.

Gann PH, Hennekens CH, Sacks FM, Grodstein F, Giovannucci EL,
Stampfer MJ (1994). Prospective study of plasma fatty acids and risk
of prostate cancer. J. Natl. Cancer Inst. 86:281-286.

Gao X, LaValley MP, Tucker KL (2005). Prospective studies of dairy
product and calcium intakes and prostate cancer risk: a meta-
analysis. J. Natl. Cancer Inst. 97:1768-1777.

Garland M, Morris JS, Stampfer MJ, Colditz GA, Spate VL, Baskett CK,
Rosner B, Speizer FE, Willett WC, Hunter DJ (1995). Prospective
study of toenail selenium levels and cancer among women. J. Natl.
Cancer Inst. 87:497-505.

Gaziano JM, Glynn RJ, Christen WG (2009). Vitamins E and C in the
prevention of prostate and total cancer in men: the Physicians' Health
Study Il randomized controlled trial. JAMA. 301:52-62.

Giovannucci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA, Willett
WC (1995). Intake of carotenoids and retinol in relation to risk of
prostate cancer. J. Natl. Cancer Inst.87:1767-1776.

Giovannucci E, Rimm EB, Liu Y, Stampfer MJ, Willett WC (2003). A
prospective study of cruciferous vegetables and prostate cancer.
Cancer. Epidemiol. Biomarkers Prev.12:1403-1409.

Gupta D, Lammersfeld CA, Trukova K, Lis CG (2009). Vitamin D and
prostate cancer risk: a review of the epidemiological literature.
Prostate Cancer Prostatic. Dis. 12:215-226.

Hahn-Obercyger M, Stark AH, Madar Z (2005). Grapefruit and
oroblanco enhance hepatic detoxification enzymes in rats: possible
role in protection against chemical carcinogenesis. J. Agric. Food
Chem. 53:1828-1832.

Hamilton-Reeves JM, Rebello SA, Thomas W, Slaton JW, Kurzer MS
(2007). Isoflavone-rich soy protein isolate suppresses androgen
receptor expression without altering estrogen receptor-beta
expression or serum hormonal profiles in men at high risk of prostate
cancer. J. Nutr. 137:1769-1775.

Hardin J, Cheng I, Witte JS (2011) Impact of consumption of vegetable,
fruit, grain, and high glycemic index foods on aggressive prostate
cancer risk. Nutr. Cancer 63:860-872

Hartman TJ, Dorgan JF, Virtamo J, Tangrea JA, Taylor PR, Albanes D
(1999). Association between serum alpha-tocopherol and serum
androgens and estrogens in older men. Nutr. Cancer 35:10-15.
Harvei S, Bjerve KS, Tretli S, Jellum E, Robsahm TE, Vatten L
(1997). Prediagnostic level of fatty acids in serum phospholipids:
omega-3 and omega-6 fatty acids and the risk of prostate cancer. Int.
J. Cancer 71:545-551.

Hebert JR, Hurley TG, Olendzki BC, Teas J, Ma Y, Hampl JS (1998).
Nutritional and socioeconomic factors in relation to prostate cancer
mortality: a cross-national study. J. Natl. Cancer Inst. 90:1637-1647.

Helzlsouer KJ, Huang HY, Alberg AJ, Hoffman S, Burke A, Norkus EP,
Morris JS, Comstock GW (2000). Association between alpha-
tocopherol, gamma-tocopherol, selenium, and subsequent prostate
cancer. J. Natl. Cancer Inst. 92:2018-2023.

Hill P, Wynder EL, Garbaczewski L, Garnes H, Walker AR (1979). Diet



and urinary steroids in black and white North American men and
black South African men. Cancer Res. 39:5101-5105.

Hsing AW, MclLaughlin JK, Schuman LM , Bjelke E, Gridley G,
Wacholder S, Chien HT, Blot WJ (1990). Diet, tobacco use, and fatal
prostate cancer: results from the Lutheran Brotherhood Cohort Study.
Cancer Res. 50:6836-6840.

Huncharek M, Muscat J, Kupelnick B (2008). Dairy products, dietary
calcium and vitamin D intake as risk factors for prostate cancer: a
meta-analysis of 26,769 cases from 45 observational studies. Nutr.
Cancer 60:421-441.

Israel K, Sanders BG, Kline K (1995). RRR-alpha-tocopheryl succinate
inhibits the proliferation of human prostatic tumor cells with defective
cell cycle/differentiation pathways. Nutr. Cancer 24:161-169.

Jacobsen BK, Knutsen SF, Fraser GE (1998). Does high soy milk intake
reduce prostate cancer incidence? The Adventist Health Study
(United States). Cancer Causes Control 9:553-557.

Jain MG, Hislop GT, Howe GR, Ghadirian P (1999). Plant foods,
antioxidants, and prostate cancer risk: findings from case-control
studies in Canada. Nutr. Cancer 34:173-184.

Jansen MC, Bueno-de-Mesquita HB, Rasanen L, Fidanza F, Nissinen
AM, Menotti A, Kok FJ, Kromhout D (2001). Cohort analysis of fruit
and vegetable consumption and lung cancer mortality in European
men. Int. J. Cancer 92:913-918.

Jatoi A, Burch P, Hillman D, Vanyo JM, Dakhil S, Nikcevich D, Rowland
K, Morton R, Flynn PJ, Young C, Tan W (2007). A tomato-based,
lycopene-containing intervention for androgen-independent prostate
cancer: results of a Phase Il study from the North Central Cancer
Treatment Group. Urology 69:289-294.

Jeddar A, Kharsany A, Ramsaroop UG, Bhamjee A, Haffejee IE, Moosa
A (1985). The antibacterial action of honey. An in vitro study. S. Afr.
Med .J. 67:257-258.

Jemal A, Siegel R, Xu J, Ward E (2010). Cancer statistics, 2010. CA.
Cancer J. Clin. 60:277-300.

Jian L, Xie LP, Lee AH, Binns CW (2004). Protective effect of green tea
against prostate cancer: a case-control study in southeast China. Int.
J. Cancer 108:130-135.

Jiang C, Wang Z, Ganther H, Lu J (2002). Distinct effects of
methylseleninic acid versus selenite on apoptosis, cell cycle, and
protein kinase pathways in DU145 human prostate cancer cells. Mol.
Cancer Ther. 1:1059-1066.

Jiang Q, Wong J, Fyrst H, Saba JD, Ames BN (2004). gamma-
Tocopherol or combinations of vitamin E forms induce cell death in
human prostate cancer cells by interrupting sphingolipid synthesis.
Proc. Natl. Acad. Sci. U S A. 101:17825-17830.

John EM, Stern MC, Sinha R, Koo J (2011). Meat consumption, cooking
practices, meat mutagens, and risk of prostate cancer. Nutr. Cancer
63:525-537.

Joseph MA, Moysich KB, Freudenheim JL, Shields PG, Bowman ED,
Zhang Y, Marshall JR, Ambrosone CB (2004). Cruciferous
vegetables, genetic polymorphisms in glutathione S-transferases M1
and T1, and prostate cancer risk. Nutr. Cancer 50:206-213.

Ju J, Picinich SC, Yang Z , Zhao Y, Suh N, Kong AN, Yang CS (2010).
Cancer-preventive activities of tocopherols and tocotrienols.
Carcinogenesis 31:533-542.

Karunagaran D, Rashmi R, Kumar TR (2005). Induction of apoptosis by
curcumin and its implications for cancer therapy. Curr. Cancer Drug
Targets 5:117-129.

Kavanaugh CJ, Trumbo PR, Ellwood KC (2007). The U.S. Food and
Drug Administration's evidence-based review for qualified health
claims: tomatoes, lycopene, and cancer. J. Natl. Cancer Inst.
99:1074-1085.

Key TJ, Allen N, Appleby P, Overvad K, Tjgnneland A, Miller A, Boeing
H, Karalis D, Psaltopoulou T, Berrino F, Palli D, Panico S, Tumino R,
Vineis P, Bueno-De-Mesquita HB, Kiemeney L, Peeters PH, Martinez
C, Dorronsoro M, Gonzélez CA, Chirlaque MD, Quiros JR, Ardanaz
E, Berglund G, Egevad L, Hallmans G, Stattin P, Bingham S, Day N,
Gann P, Kaaks R, Ferrari P, Riboli E (2004). Fruits and vegetables
and prostate cancer: no association among 1104 cases in a
prospective study of 130544 men in the European Prospective
Investigation into Cancer and Nutrition (EPIC). Int. J. Cancer
109:119-124.

Khan N, Adhami VM, Mukhtar H (2010). Apoptosis by dietary agents for

Samarghandian et al. 2949

prevention and treatment of prostate cancer. Endocr. Relat. Cancer
17:R39-R52.

Khan N, Mukhtar H (2008). Multitargeted therapy of cancer by green tea
polyphenols. Cancer Lett.269:269-280.

Kikuchi N, Ohmori K, Shimazu T, Nakaya N, Kuriyama S, Nishino Y,
Tsubono Y, Tsuji | (2006). No association between green tea and
prostate cancer risk in Japanese men: the Ohsaki Cohort Study. Br.
J. Cancer 95:371-373.

Kirsh VA, Hayes RB, Mayne ST Chatterjee N, Subar AF, Dixon LB,
Albanes D, Andriole GL, Urban DA, Peters U (2006). Supplemental
and dietary vitamin E, beta-carotene, and vitamin C intakes and
prostate cancer risk. J. Natl. Cancer Inst. 98:245-254.

Kirsh VA, Peters U, Mayne ST, Subar AF, Chatterjee N, Johnson CC,
Hayes RB (2007). Prospective study of fruit and vegetable intake and
risk of prostate cancer. J. Natl. Cancer Inst. 99:1200-1209.

Koh KA, Sesso HD, Paffenbarger Jr RS, Lee IM (2006). Dairy products,
calcium and prostate cancer risk. Br. J. Cancer 95:1582-1585.

Kolonel LN (2001). Fat, meat, and prostate cancer. Epidemiol. Rev.
23:72-81.

Kolonel LN, Hankin JH, Whittemore AS et al (2000). Vegetables, fruits,
legumes and prostate cancer: a multiethnic case-control study.
Cancer Epidemiol. Biomarkers Prev.9:795-804.

Koutros S, Cross AJ, Sandler DP, Hoppin JA, Ma X, Zheng T, Alavanja
MC, Sinha R (2008). Meat and meat mutagens and risk of prostate
cancer in the Agricultural Health Study. Cancer Epidemiol.
Biomarkers Prev. 17:80-87.

Krishnan AV, Feldman D (2011). Mechanisms of the anti-cancer and
anti-inflammatory actions of vitamin D. Annu. Rev. Pharmacol.
Toxicol. 51:311-336.

Kristal AR, Lampe JW (2002). Brassica vegetables and prostate cancer
risk: a review of the epidemiological evidence. Nutr. Cancer 42:1-9.
Kristal AR, Stanford JL (2004). Cruciferous vegetables and prostate
cancer risk: confounding by PSA screening. Cancer Epidemiol.

Biomarkers Prev.13:1265.

Kurahashi N, Sasazuki S, Iwasaki M, Inoue M, Tsugane S (2008).
Green tea consumption and prostate cancer risk in Japanese men: a
prospective study. Am. J. Epidemiol.167:71-77.

Lewis JE, Soler-Vila H, Clark PE, Kresty LA, Allen GO, Hu JJ (2009).
Intake of plant foods and associated nutrients in prostate cancer risk.
Nutr. Cancer 61:216-224.

Li H, Stampfer MJ, Giovannucci EL, Morris JS, Willett WC, Gaziano JM,
Ma J (2004). A prospective study of plasma selenium levels and
prostate cancer risk. J. Natl. Cancer Inst. 96:696-703.

Liao S, Hiipakka RA (1995). Selective inhibition of steroid 5 alpha-
reductase  isozymes by tea  epicatechin-3-gallate  and
epigallocatechin-3-gallate. Biochem. Biophys. Res. Commun.
214:833-838.

Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford
LG, Parnes HL, Minasian LM, Gaziano JM, Hartline JA, Parsons JK,
Bearden JD 3rd, Crawford ED, Goodman GE, Claudio J, Winquist E,

Cook ED, Karp DD, Walther P, Lieber MM, Kristal AR, Darke AK, Arnold
KB, Ganz PA, Santella RM, Albanes D, Taylor PR, Probstfield JL,
Jagpal TJ, Crowley JJ, Meyskens FL Jr, Baker LH, Coltman Jr CA
(2009). Effect of selenium and vitamin E on risk of prostate cancer
and other cancers: the Selenium and Vitamin E Cancer Prevention
Trial (SELECT). JAMA. 301:39-51.

Lophatananon A, Archer J, Easton D (2010). Dietary fat and early-onset
prostate cancer risk. Br. J. Nutr. 103:1375-1380.

Ma RW, Chapman K (2009). A systematic review of the effect of diet in
prostate cancer prevention and treatment. J. Hum. Nutr. Diet 22:187-
199.

Mandl J, Szarka A, Banhegyi G (2009). Vitamin C: update on
physiology and pharmacology. Br. J. Pharmacol. 157:1097-1110.

Matos HR, Capelozzi VL, Gomes OF, Mascio PD, Medeiros MH (2001).
Lycopene inhibits DNA damage and liver necrosis in rats treated with
ferric nitrilotriacetate. Arch. Biochem. Biophys. 396:171-177.

Maurice HB, Phillips RM, Karodia N (2009). Design, synthesis and
biological evaluation of novel acridine-polyamine conjugates against
prostate cancer. Afr. J. Pharm. Pharmacol. 3:602-610.

Mazhar D, Waxman J (2008). Early chemotherapy in prostate cancer.
Nat. Clin. Pract. Urol.5:486-493.

McKay DL, Blumberg JB (2002). The role of tea in human health: an



2950 J. Med. Plants Res.

update. J. Am. Coll. Nutr.21:1-13.

Messina M (2010). A brief historical overview of the past two decades of
soy and isoflavone research. J. Nutr. 140:1350S-1354S.

Meyer F, Galan P, Douville P, Bairati I, Kegle P, Bertrais S, Estaquio C,
Hercberg S (2005). Antioxidant vitamin and mineral supplementation
and prostate cancer prevention in the SU.VI.MAX trial. Int. J. Cancer
116:182-186.

Michaud DS, Augustsson K, Rimm EB, Stampfer MJ, Willet WC,
Giovannucci E (2001). A prospective study on intake of animal
products and risk of prostate cancer. Cancer Causes Control 12:557-
567.

Mitrou PN, Albanes D, Weinstein SJ, Pietinen P, Taylor PR, Virtamo J,
Leitzmann MF (2007). A prospective study of dietary calcium, dairy
products and prostate cancer risk (Finland). Int. J. Cancer 120:2466-
2473.

Morris JD, Pramanik R, Zhang X, Carey AM, Ragavan N, Martin FL,
Muir GH (2006). Selenium- or quercetin-induced retardation of DNA
synthesis in primary prostate cells occurs in the presence of a
concomitant reduction in androgen-receptor activity. Cancer Lett.
239:111-122.

Mucci LA, Spiegelman D (2008). Vitamin D and prostate cancer risk--a
less sunny outlook? J. Natl. Cancer Inst. 100:759-761.

Muecke R, Schomburg L, Buentzel J, Kisters K, Micke O (2010a).
Selenium or no selenium--that is the question in tumor patients: a
new controversy. Integr. Cancer Ther. 9:136-141.

Muecke R, Schomburg L, Buentzel J, Kisters K, Micke O (2010b).
Selenium or no selenium--that is the question in tumor patients: a
new controversy. Integr. Cancer Ther. 9:136-141.

Mukhtar H, Ahmad N (2000). Tea polyphenols: prevention of cancer
and optimizing health. Am. J. Clin. Nutr. 71:1698S-1702S.

Neuhouser ML, Barnett MJ, Kristal AR et al (2007). (n-6) PUFA
increase and dairy foods decrease prostate cancer risk in heavy
smokers. J. Nutr. 137:1821-1827.

Mutee AF, Salhimi SM, Ghazali FC, Al-Hassan FM, Lim PC, Ibrahim K,
Asmawi MZ (2012). Apoptosis induced in human breast cancer cell
line by Acanthaster planci starfish extract compared to tamoxifen. Afr.
J. Pharm. Pharmacol. 6:129 - 134

Ngo TH, Barnard RJ, Cohen P, Freedland S, Tran C, deGregorio F,
Elshimali YI, Heber D, Aronson WJ (2003a). Effect of isocaloric low-
fat diet on human LAPC-4 prostate cancer xenografts in severe
combined immunodeficient mice and the insulin-like growth factor
axis. Clin. Cancer Res.9:2734-2743.

Ngo TH, Barnard RJ, Leung PS, Cohen P, Aronson WJ (2003b).
Insulin-like growth factor | (IGF-I) and IGF binding protein-1 modulate
prostate cancer cell growth and apoptosis: possible mediators for the
effects of diet and exercise on cancer cell survival. Endocrinology
144:2319-2324.

Ni J, Yeh S (2007). The roles of alpha-vitamin E and its analogues in
prostate cancer. Vitam. Horm.76:493-518.

Nomura AM, Hankin JH, Lee J, Stemmermann GN (2004). Cohort
study of tofu intake and prostate cancer: no apparent association.
Cancer Epidemiol. Biomarkers Prev. 13:2277-2279.

O'Prey J, Brown J, Fleming J, Harrison PR (2003). Effects of dietary
flavonoids on major signal transduction pathways in human epithelial
cells. Biochem. Pharmacol. 66:2075-2088.

Park Y, Mitrou PN, Kipnis V, Hollenbeck A, Schatzkin A, Leitzmann MF

(2007). Calcium, dairy foods, and risk of incident and fatal prostate
cancer: the NIH-AARP Diet and Health Study. Am. J. Epidemiol.
166:1270-1279.
Penney KL, Schumacher FR, Li H et al (2010). A large prospective
study of SEP15 genetic variation, interaction with plasma selenium
levels, and prostate cancer risk and survival. Cancer Prev. Res.
(Phila). 3:604-610.

Phutthaphadoong S, Yodkeeree S, Chaiyasut C, Limtrakul P ( 2012).
Anti-cancer activities of a- and y-tocotrienol against the human lung
cancer. Afr. J. Pharm. Pharmacol. 6(9):620-629.

Pollard M, Luckert PH (1986). Promotional effects of testosterone and
high fat diet on the development of autochthonous prostate cancer in
rats. Cancer Lett. 32:223-227.

Pour PM, Groot K, Kazakoff K, Anderson K, Schally AV (1991). Effects
of high-fat diet on the patterns of prostatic cancer induced in rats by
N-nitrosobis (2-oxopropyl)amine and testosterone. Cancer Res.

51:4757-4761.

Qin LQ, Xu JY, Wang PY, Tong J, Hoshi K (2007). Milk consumption is
a risk factor for prostate cancer in Western countries: evidence from
cohort studies. Asia. Pac. J. Clin. Nutr. 16:467-476.

Raimondi S, Mabrouk JB, Shatenstein B, Maisonneuve P, Ghadirian P
(2010). Diet and prostate cancer 70(10):1054-1065.

Ramoutar RR, Brumaghim JL (2010). Antioxidant and anticancer
properties and mechanisms of inorganic selenium, oxo-sulfur, and
oxo-selenium compounds. Cell Biochem. Biophys. 58:1-23.

Rao AV, Fleshner N, Agarwal S (1999). Serum and tissue lycopene and
biomarkers of oxidation in prostate cancer patients: a case-control
study. Nutr. Cancer 33:159-164.

Rohan TE, Howe GR, Burch JD, Jain M (1995). Dietary factors and risk
of prostate cancer: a case-control study in Ontario, Canada. Cancer
Causes. Control 6:145-154.

Rohrmann S, Platz EA, Kavanaugh CJ, Thuita L, Hoffman SC,
Helzlsouer KJ (2007). Meat and dairy consumption and subsequent
risk of prostate cancer in a US cohort study. Cancer Causes Control
18:41-50.

Sabichi AL, Lee JJ, Taylor RJ (2006). Selenium accumulation in
prostate tissue during a randomized, controlled short-term trial of I-
selenomethionine: a Southwest Oncology Group Study. Clin. Cancer
Res.12:2178-2184.

Samarghandian S, Afshari JT, Davoodi S (2011a). Honey induces
apoptosis in renal cell carcinoma. Pharmacogn. Mag. 7:46-52.

Samarghandian S, Boskabady MH, Davoodi S (2010). Use of in vitro
assays to assess the potential antiproliferative and cytotoxic effects
of saffron (Crocus sativus L.) in human lung cancer cell line.
Pharmacogn. Mag. 6:309-314.

Samarghandian S, Tavakkol AJ, Davoodi S (2011b). Suppression of
pulmonary tumor promotion and induction of apoptosis by Crocus
sativus L. extraction. Appl. Biochem. Biotechnol. 164:238-247.

Samarghandian S, Afshari JT, Davoodi S (2011c). Chrysin reduces
proliferation and induces apoptosis in the human prostate cancer cell
line pc-3. Clinics 66:1073-1079.

Samarghandian S, Afshari JT, Davoodi S (2010).Modulation of
programmed cell death by honey bee in human prostate
adenocarcinoma. J. Med. Plants Res. 23:2551-2556.

Samarghandian S, Shabestari MM (2013) DNA fragmentation and
apoptosis induced by safranal in human prostate cancer cell line.
Indian J. Urol. 29:177- 183.

Sanmartin C, Plano D, Palop JA (2008). Selenium compounds and
apoptotic modulation: a new perspective in cancer therapy. Mini. Rev.
Med. Chem. 8:1020-1031.

Schmid HP, Fischer C, Engeler DS, Bendhack ML, Schmitz-Drager BJ
(2011). Nutritional aspects of primary prostate cancer prevention.
Recent. Results. Cancer Res.188:101-107.

Schuurman AG, van den Brandt PA, Dorant E, Brants HA, Goldbohm
RA (1999a). Association of energy and fat intake with prostate
carcinoma risk: results from The Netherlands Cohort Study. Cancer
86:1019-1027.

Schuurman AG, van den Brandt PA, Dorant E, Goldbohm RA (1999b).
Animal products, calcium and protein and prostate cancer risk in The
Netherlands Cohort Study. Br. J. Cancer 80:1107-1113.

Severi G, English DR, Hopper JL, Giles GG (2006). Re: Prospective
studies of dairy product and calcium intakes and prostate cancer risk:
a meta-analysis. J. Natl. Cancer. Inst. 98:794-795.

Severson RK, Nomura AM, Grove JS, Stemmermann GN (1989). A
prospective study of demographics, diet, and prostate cancer among
men of Japanese ancestry in Hawaii. Cancer Res. 49:1857-1860.

Singh SV, Srivastava SK, Choi S et al (2005). Sulforaphane-induced
cell death in human prostate cancer cells is initiated by reactive
oxygen species. J. Biol. Chem. 280:19911-19924.

Stacewicz-Sapuntzakis M, Bowen PE (2005). Role of lycopene and
tomato products in prostate health. Biochim. Biophys. Acta 1740:202-
205.

Stuart EC, Scandlyn MJ, Rosengren RJ (2006). Role of epigallocatechin
gallate (EGCG) in the treatment of breast and prostate cancer. Life
Sci.79:2329-2336.

Surh YJ (2003). Cancer chemoprevention with dietary phytochemicals.
Nat. Rev. Cancer 3:768-780.

Syed DN, Khan N, Afag F, Mukhtar H (2007). Chemoprevention of



prostate cancer through dietary agents: progress and promise.
Cancer Epidemiol. Biomarkers Prev. 16:2193-2203.

Talalay P, Fahey JW (2001). Phytochemicals from cruciferous plants
protect against cancer by modulating carcinogen metabolism. J. Nutr.
131:3027S-3033S.

Terry P, Lichtenstein P, Feychting M, Ahlbom A, Wolk A (2001). Fatty
fish consumption and risk of prostate cancer. Lancet 357:1764-1766.

Thangapazham RL, Singh AK, Sharma A, Warren J, Gaddipati JP,
Maheshwari RK (2007). Green tea polyphenols and its constituent
epigallocatechin gallate inhibits proliferation of human breast cancer
cells in vitro and in vivo. Cancer Lett.245:232-241.

Theil C, Briese V, Gerber B, Richter DU (2010). The effects of different
lignans and isoflavones, tested as aglycones and glycosides, on
hormone receptor-positive and -negative breast carcinoma cells in
vitro. Arch. Gynecol. Obstet. 284:459-465.

Thompson R (2010). Preventing cancer: the role of food, nutrition and
physical activity. J. Fam. Health Care 20:100-102.

Thune |, Lund E (1994). Physical activity and the risk of prostate and
testicular cancer: a cohort study of 53,000 Norwegian men. Cancer
Causes Control 5:549-556.

Travis RC, Crowe FL, Allen NE, Appleby PN, Roddam AW, Tjgnneland
A, Olsen A, Linseisen J, Kaaks R, Boeing H, Kréger J, Trichopoulou
A, Dilis V, Trichopoulos D, Vineis P, Palli D, Tumino R, Sieri S,
Bueno-de-Mesquita HB, van Duijnhoven FJ, Chirlaque MD, Barricarte
A, Larranaga N, Gonzélez CA, Arglelles MV, Sanchez MJ, Stattin P,
Hallmans G, Khaw KT, Bingham S, Rinaldi S, Slimani N, Jenab M,
Riboli E, Key TJ (2009). Serum vitamin D and risk of prostate cancer
in a case-control analysis nested within the European Prospective
Investigation into Cancer and Nutrition (EPIC). Am. J. Epidemiol.
169:1223-1232.

Tuohimaa P, Tenkanen L, Ahonen M, Lumme S, Jellum E, Hallmans G,
Stattin P, Harvei S, Hakulinen T, Luostarinen T, Dillner J, Lehtinen M,
Hakama M (2004). Both high and low levels of blood vitamin D are
associated with a higher prostate cancer risk: a longitudinal, nested
case-control study in the Nordic countries. Int. J. Cancer 108:104-
108.

Tzonou A, Signorello LB, Lagiou P, Wuu J, Trichopoulos D,
Trichopoulou A (1999). Diet and cancer of the prostate: a case-
control study in Greece. Int. J. Cancer 80:704-708.

Valdiglesias V, Pasaro E, Mendez J, Laffon B (2010). In vitro evaluation
of selenium genotoxic, cytotoxic, and protective effects: a review.
Arch. Toxicol.84:337-351.

van Breemen RB, Pajkovic N (2008). Multitargeted therapy of cancer by
lycopene. Cancer Lett.269:339-351.

Venkateswaran V, Klotz LH (2010). Diet and prostate cancer:
mechanisms of action and implications for chemoprevention. Nat.
Rev. Urol. 7:442-453.

Venkateswaran V, Klotz LH, Fleshner NE (2002). Selenium modulation
of cell proliferation and cell cycle biomarkers in human prostate
carcinoma cell lines. Cancer Res. 62:2540-2545.

Vieth R (2004). Why "Vitamin D" is not a hormone, and not a synonym
for 1,25-dihydroxy-vitamin D, its analogs or deltanoids. J. Steroid.
Biochem. Mol. Biol. 89-90(1-5):571-573..

Vinson JA, Dabbagh YA, Serry MM, Jang J (1995). Plant Flavonoids,
Especially Tea Flavonols, Are Powerful Antioxidants Using an in Vitro
Oxidation Model for Heart Disease. J. Agric. Food Chem. 43:2800-
2802.

Wang MH, Abreu-Delgado Y, Young CY (2003). Effects of vitamin C on
androgen receptor mediated actions in  human prostate
adenocarcinoma cell line LAPC-4. Urology 62:167-171.

Samarghandian et al. 2951

Wang R, Zhou W, Jiang X (2008). Reaction kinetics of degradation and
epimerization of epigallocatechin gallate (EGCG) in aqueous system
over a wide temperature range. J. Agric. Food Chem. 56:2694-2701.

Wang XF, Dong L, Zhao Y, Tomasetti M, Wu K, Neuzil J (2006).
Vitamin E analogues as anticancer agents: lessons from studies with
alpha-tocopheryl succinate. Mol. Nutr. Food Res. 50:675-685.

Waters DJ, Shen S, Glickman LT, Cooley DM, Bostwick DG, Qian J,
Combs GF Jr, Morris JS (2005). Prostate cancer risk and DNA
damage: translational significance of selenium supplementation in a
canine model. Carcinogenesis 26:1256-1262.

Wattenberg LW (1985). Chemoprevention of cancer. Cancer Res. 45:1-
8.

Wong HC, Sagineedu SR, Lajis NH, Loke SC, Stanslas J (2011).
Andrographolide induces cell cycle arrest and apoptosis in PC-3
prostate cancer cells. Afr. J. Pharm. Pharmacol. 5(2):225-233.

Wright ME, Weinstein SJ, Lawson KA Albanes D, Subar AF, Dixon LB,
Mouw T, Schatzkin A, Leitzmann MF (2007). Supplemental and
dietary vitamin E intakes and risk of prostate cancer in a large
prospective study. Cancer Epidemiol. Biomarkers Prev. 16:1128-
1135.

Yan L, Spitznagel EL (2009). Soy consumption and prostate cancer risk
in men: arevisit of a meta-analysis. Am. J. Clin. Nutr. 89:1155-1163.
Yang CS, Wang H, Li GX, Yang Z, Guan F, Jin H (2011). Cancer
prevention by tea: Evidence from laboratory studies. Pharmacol. Res.

64:113-122.

Yang CS, Wang X (2010). Green tea and cancer prevention. Nutr.
Cancer 62:931-937.

Yeom CH, Lee G, Park JH, Yu J, Park S, Yi SY, Lee HR, Hong YS,
Yang J, Lee S (2009). High dose concentration administration of
ascorbic acid inhibits tumor growth in BALB/C mice implanted with
sarcoma 180 cancer cells via the restriction of angiogenesis. J.
Transl. Med. 7:70.

Yoshizawa K, Willett WC, Morris SJ, Stampfer MJ, Spiegelman D,
Rimm EB, Giovannucci E (1998). Study of prediagnostic selenium
level in toenails and the risk of advanced prostate cancer. J. Natl.
Cancer Inst. 90:1219-1224.

Zhang J, Dhakal I, Stone A (2007). Plasma carotenoids and prostate
cancer: a population-based case-control study in Arkansas. Nutr.
Cancer 59:46-53.

Zhao X, Li L, Wang Z (2006). Chemoprevention of breast cancer:
current status and future prospects. Front. Biosci. 11:2249-2256.



