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Introduction

1. The Committee considered a review of the literature on vitamin E and the risk
of prostate cancer at its meeting in July 2012. Members agreed that a draft
statement should be produced which was reviewed at the meeting in September
2013 and is provided in Annex 1. Minutes from the meeting held in September 2013
can also be found in Annex 1. Following comments from the Committee, a revised
draft statement is presented in Annex 2. Annex 3 contains tables summarising the
studies on vitamin E and risk of prostate cancer described in the statement along
with the findings.

2. A literature search was carried out in PubMed in June 2014 for years 2013
and 2014 to identify any new publications since the previous draft statement was
seen by the Committee. These have been included in the draft statement and tables.

3. Members are invited to comment on the second draft statement on vitamin E
and the risk of prostate cancer in Annex 2 and the tables in Annex 3.

Secretariat
June 2014



Annex 1 to CC/2014/09

COMMITTEE ON CARCINOGENICITY OF CHEMICALS IN FOOD,
CONSUMER PRODUCTS AND THE ENVIRONMENT (COC)

Second draft statement on vitamin E and the risk of prostate cancer

Minutes from the meeting held on the 19" September 2013 for
“ITEM 5: Vitamin E and risk of prostate cancer — 1st Draft Statement” (CC/2013/8)

22. The Committee had considered a review of the literature on vitamin E and the
risk of prostate cancer at its meeting in July 2012. This had been prompted by the
results of the SELECT intervention study which appeared to indicate that treatment
with vitamin E increased the risk of prostate cancer.

23. When the issue was discussed at the July 2012 meeting, Members had enquired
about the nature of the placebo used in the SELECT study an issue also raised in a
recent letter to the Journal of American Medical Association’. The authors of the
SELECT study had responded that the placebo was composed of soybean oil. Since
plant-derived oils were known to be rich sources of vitamin E (both tocopherols and
tocotrienols) it was possible that rather than being a physiologically inert substance,
as a placebo should be, it was possible that it was having a protective effect against
prostate cancer. Results from both in vitro and animal studies have suggested that
the y- and &- tocopherols and the tocotrienols showed a more protective action
against prostate cancer than a-tocopherol, with comparable findings in human
studies. It had also been shown that high levels of supplemental a-tocopherol (269
mg/day RRR-a-tocopherol equivalents; same dose as the SELECT study) could
suppress levels of y-tocopherol (median level lowered from 0.92 pg/ml to 0.42 ug/ml
after 2 months), which could lead to an increased risk of prostate cancer. Therefore
the vitamin E intervention might actually have a lower effect or no effect but appear
to increase the risk in comparison. This higher intake of y- and &- tocopherols and
tocotrienols by the placebo group in the SELECT study and concurrent lowering of y-
tocopherol levels in the supplemented group may be the reason for relatively lower
number of prostate cancer cases in the placebo group. This hypothesis was
supported by the observation that the median serum y-tocopherol levels of the
placebo group had increased from 1.3 pg/ml (baseline) to 1.69 pg/ml after 4 years
while that of the vitamin E only group had decreased from 1.43 ug/ml (baseline) to
0.80 pg/ml after 4 years.

24. It was unclear whether the suppressive effect of a-tocopherol on y-tocopherol
levels had been observed in other randomised controlled trials as y-tocopherol levels
were rarely measured. However it had been demonstrated in some human studies.

25. In light of the nature of the placebo used, Members agreed that the results of the
SELECT study could be flawed and that the relative increase in risk with a-

' Hoskote SS, Nadkarni GN, Fried ED. (2012). Prostate cancer risk and vitamin E. JAMA. 307(5):454; author
reply 454



tocopherol supplementation might not be a true indicator of the increased risk of
prostate cancer.

26. Members considered that although the SELECT study was flawed, it was still
worthwhile preparing a detailed statement as a compilation of the available data on
vitamin E and prostate cancer.

27. Members had reviewed the data and agreed that a statement would be produced
outlining the Committee’s views on the available data. This statement and its
accompanying tables were attached in Annexes 1 and 2. Members made a number
of suggestions with regard to wording and structure for incorporation in the next draft
of the statement.”



This is a draft statement for discussion. It does not reflect the final views of the Committee
and should not be cited.

Annex 2 to CC/2014/09

COMMITTEE ON CARCINOGENICITY OF CHEMICALS IN FOOD,
CONSUMER PRODUCTS AND THE ENVIRONMENT (COC)

Second draft statement on vitamin E and the risk of prostate cancer

Draft statement July 2014

Introduction

1. Results from the selenium and vitamin E cancer prevention trial (SELECT),
which investigated the hypothesised chemoprotective effects of selenium and
vitamin E, suggested that vitamin E supplementation in the general population of
healthy men significantly increased the risk of prostate cancer (Klein et al 2011). Due
to the results of this study, the Food Standards Agency asked the Committee to
review the information available on vitamin E and the risk of prostate cancer,
including epidemiological, animal and in vitro studies on this topic.

2. Prostate cancer is the most common cancer in men in the UK, accounting for
a quarter of all new cases of cancer in males. Prostate cancer incidence is strongly
related to age, family history of prostate cancer and racial background (more
common in black Caribbean, black African, and mixed race men than it is in white or
Asian men). Other factors that influence the incidence are genetic susceptibility and
androgen metabolism as well as lifestyle factors like smoking, exercise and body
size. The incidence of prostate cancer has tripled over the last 35 years but much of
this increase (both in the UK and in many other countries worldwide) could possibly
be attributed to screening (Cancer Research UK, 2012). Previously many prostate
cancer cases would have been asymptomatic and undetected. Longer lifespan and a
stable mortality rate may also contribute to this apparent increase in incidence.

3. Studies have shown that dietary factors such as fat, protein and fibre intake
could affect the aetiology of prostate cancer; dietary fat for instance has been
associated with increased prostate cancer risk (Dagnelie et al, 2004). Consumption
of plant-based foods like tomatoes, soy, cruciferous vegetables such as broccoli,
cauliflower and Brussels sprouts have shown an inverse association with risk of
developing prostate cancer. Epidemiological studies have also indicated that
vitamins and other nutrients may have roles in preventing and inhibiting growth of
prostate cancer. Soy, isoflavones, polyphenols, lycopene and antioxidant vitamins
(A, C and E) and minerals like calcium, iron and selenium have been studied for their
potential to prevent and reduce the risk of prostate cancer (Crawford, 2003 and
Gronberg, 2003).

4. Vitamin E is an antioxidant and may help control cell damage that can lead to
cancer. While some in vitro studies, animal experiments, observational and
intervention studies had indicated that vitamin E could prevent and reduce the risk of
prostate cancer, other studies have shown no significant association. SELECT is the
first study that has reported an increased risk of prostate cancer with vitamin E
supplementation (Klein et al 2011).
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Vitamin E - sources, structure and stereoisomers

5. Vitamin E is a family of naturally occurring, essential, fat-soluble vitamin
compounds. Vegetable oils and vegetable oil-containing products such as
margarine, mayonnaise and shortening are the richest sources of natural vitamin E
in the diet, followed by whole-wheat products and nuts. Vitamin E is also present in
small quantities in a wide range of foods including vegetables, milk, animal fat and

egg yolk.

6. At least eight different tocopherols and tocotrienols have vitamin E biological
activity, all sharing a common 6-hydroxychroman ring and a long, saturated phytyl
side chain structure (see Figure 1). The tocopherols (a-, B-, y- and &-) differ in the
number of methyl groups on the chroman moiety and are characterized by a fully
saturated phytyl chain, while the tocotrienols represent the same a-, 3-, y- and o -
moieties but with three unsaturated chain bonds in the hydrocarbon tail.

tocopherols

1.6 e - -Me -Me -Me
B- -Me -H -Me
Y- -H -Me -Me
o- -H -H -Me

Figure 1: Structure of vitamin E (tocopherols and tocotrienols)

7. Tocopherols are most commonly found in nuts and vegetable oils, whereas
tocotrienols are primarily derived from palm oil, oat, rye, wheat germ, barley and rice
bran. a-Tocopherol is the predominant tocopherol in European diets, whereas a
standard American diet contains larger amounts of y-tocopherol due to high intake of
soybeans and corn oil (Barve et al, 2009 and Key et al 2007).

8. Tocopherols have three chiral centres and, in nature, exist as the RRR
stereoisomers (RRR-a, RRR-B, RRR-y and RRR-& tocopherols?. The corresponding
tocotrienols have one chiral centre, occurring in nature as the R stereoisomers. The
most active and bioavailable form is RRR-a-tocopherol (formerly called d-a-
tocopherol); it is also among the most abundant and is widely distributed in nature
and is the predominant form in human tissues.

2 The eight possible stereoisomers for each tocopherol are the RRR, SRR, RRS, RSS, RSR, SSR, SRS and SSS
forms.
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9. Vitamin E activity is expressed as RRR- a-tocopherol equivalents, which
accounts for about 90% of the activity in human tissue; the relative potency of a-, -,
y-, and &-tocopherol is reported to be approximately 100:50:25:1 (IOM, 2000).

10.  The nutritional requirement for vitamin E is met by the naturally occurring form
(RRR) and the other three synthetic 2R-stereocisomer forms (RRS, RSR and SRR) of
a-tocopherol. The other naturally occurring forms of vitamin E (-, y- and &-
tocopherols and the tocotrienols) do not contribute towards the vitamin E
requirement because (although absorbed) they are not converted to a-tocopherol by
humans and are recognized poorly by the a-tocopherol transfer protein (a-TTP) in
the liver.

11.  Synthetic a-tocopherol is the form of vitamin E that is present in most
nutritional supplements. It is designated all-racemic-a-tocopherol (all-rac-a-
tocopherol; formerly referred to as dl-a-tocopherol) and is an equimolar mixture of
the 8 stereoisomers. All eight stereoisomers of a-tocopherol have an identical
chromanol group and similar antioxidant properties, yet only four of them are
retained in the body. Synthetic a-tocopherol has one-half the activity of RRR-a-
tocopherol found in foods or present with the other 2R stereocisomeric forms (RRS-,
RSR- and SRR-) of a-tocopherol in fortified foods and supplements. a-Tocopherol is
often esterified to prolong its shelf life while protecting its antioxidant properties. In
healthy humans, the body hydrolyzes and absorbs these esters (a-tocopheryl
acetate and succinate) as efficiently as a-tocopherol. The commercially available
synthetic all-rac-a-tocopheryl acetate has the activity of 0.67 x RRR-a-tocopherol.
For practical purposes, 1 International Unit (1U) of vitamin E is referred to as 1 mg of
all-rac-a-tocopheryl acetate (IOM, 2000).

Vitamin E - recommended amounts, supplements and safe limits

12. The Committee on Medical Aspects of Food and Nutrition Policy (COMA)
concluded that daily intakes of 4 mg and 3 mg of a-tocopherol equivalents could be
adequate for men and women respectively (COMA, 1991). Intakes of 3.8 - 6.2
mg/day appeared to be satisfactory for pregnant and lactating women.

13.  The daily average and high-level (97.5" percentile) intake of vitamin E from
food and supplements by men aged 19-64 years in the UK as estimated from the
National Diet and Nutrition Survey (NDNS)® is 10.2 mg and 18.6 mg respectively
(PHE, 2014). Plasma a-tocopherol concentrations can be used as a measure of
vitamin E status. It has been suggested that 14 ymol/L (6 mg/L) is an adequate
plasma a-tocopherol concentration (IOM, 2000). In the NDNS, the mean plasma ao-
tocopherol concentration of 19 - 64 year old men was 32.8 (x 11.5) umol/L (14.1
4.9 mg/L) (PHE, 2014).

® The National Diet and Nutrition Survey (NDNS) is a continuous cross-sectional survey, designed to assess the
diet, nutrient intake and nutritional status of the general population aged 18 months upwards living in private
households in the UK.
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14.  Vitamin E supplements are widely available both individually and as a part of
multivitamin supplements. Single dose capsules with varying amounts of vitamin E
up to 670 mg are available and multivitamin supplements contain from 2 mg to 83.9
mg.

15.  The Expert Group on Vitamins and Minerals (EVM) established a safe upper
level of consumption of 540 mg RRR-a-tocopherol equivalents/day over a lifetime,
based on the absence of adverse effects in human volunteers taking 536 — 1072 mg
of vitamin E per day (EVM, 2003). The EU Scientific Committee on Food (SCF)
derived a Tolerable Upper Level (TUL) of 300 mg based on the same data (no
observed adverse effects at 540 mg) incorporating an uncertainty factor of two, and
rounded to 300 mg/day (EFSA, 2006).

16. The Department of Health advises that the best way for most people to get
the required vitamin E is by eating a balanced, varied diet.

Absorption, distribution, metabolism and excretion of vitamin E

17.  Tocopherols and tocotrienols are absorbed equally well in the intestine via a
nonsaturable, non-carrier-mediated passive diffusion process and are secreted with
chylomicrons into the lymph. In the liver, a-TTP (tocopherol transfer protein) selects
a-tocopherol from the available tocopherols for incorporation into VLDL (very-low-
density-lipoprotein). a-Tocopherol-enriched lipoproteins are then secreted into the
circulation and delivered to peripheral tissues.

18. a-TTP exhibits little affinity for the other vitamin E isomers and they are
metabolized to a large extent and excreted through bile and urine. (Brigelius-Flohé et
al 1999, 2002; Blatt et al, 2001, 2004)

19.  Thus, the bioavailability and bioequivalence of the different forms of vitamin E
differ. For example, even though the amount of y-tocopherol in the diet is higher than
that of a-tocopherol, the plasma y-tocopherol concentration is only = 10% of that of
a-tocopherol, which is the most abundant in plasma. There are also various
differences in uptake between the different chemical forms of tocopherol with, for
example, synthetic all-rac-a-tocopherol increases plasma a-tocopherol
concentrations only half as much as the equivalent dose of RRR-a-tocopherol
(Brigelius-Flohé et al, 2002).

20. Tocopherol uptake varies between individuals. The underlying reasons are
unknown but may include variations in a-TTP activity, metabolic rate, dietary lipid
content and composition, the status of other micronutrients that recycle a-tocopherol
and environmental conditions (Brigelius-Flohé et al, 2002).

21.  Single doses (364 — 1092 mg) of all-rac-a-tocopherol resulted in peak plasma
concentrations at 12 - 24 hours, repeated administration (28 days) resulted in a
steady state by days 4 - 5 of supplementation (Dimitrov et al, 1991). The plasma
concentrations returned to baseline values 12 - 20 days after supplementation
ceased. The plasma elevation of a-tocopherol was affected by dietary fat intake, with
significantly higher levels in individuals consuming a high-fat diet.
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22.  Vitamin E is extensively metabolised before excretion. After supplementation
with RRR-a-tocopherol, 2,5,7,8-tetramethyl-2(2’-carboxyethyl)-6-hydroxychroman (a-
CEHC) was the major urinary metabolite (Schultz et al 1995, Brigelius-Flohé et al
1999, 2002). This metabolite is analogous to the metabolite of &-tocopherol found
previously in rats and that of y-tocopherol in human urine. The total degradation of
all-rac-a-tocopherol to a-CEHC is 3-4 times that of RRR-a-tocopherol. Identification
of the immediate precursors of CEHC led to the proposed pathway of side-chain
degradation via w- and - oxidation shown in Figure 2.
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Figure 2: Proposed pathway of side-chain degradation of a-tocopherol via w- and B-
oxidation (from Brigelius-Flohé et al 2002)

23. a-Tocopherol can be oxidized to the tocopheroxyl radical-one-electron
oxidation product, which can be reduced back to the unoxidised form by reducing
agents such as vitamin C. Further oxidation of the tocopheroxyl radical forms
tocopheryl quinone, the two-electron oxidation product. The tocopheryl quinone is
not converted in any physiologically significant amounts back to tocopherol. Other
oxidation products, including dimers and trimers, as well as adducts, are formed
during in vitro oxidation; their importance in vivo is unknown (Traber and Stevens,
2011).

Anti-cancer activity of Vitamin E

24.  The possible role of antioxidant vitamins in the prevention of cancer has been
the subject of numerous studies. Chemopreventive properties of vitamin E were first
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suspected when studies showed that people in the Mediterranean area, who
consume diets rich in vitamin E isoforms, have a lower risk of colon cancer than
people in Northern Europe and the USA (reviewed by Constantinou et al, 2008).

25.  Vitamin E may influence the development of cancer through several
mechanisms. a-Tocopherol is a major lipid-soluble chain-breaking antioxidant, which
protects cell membranes and DNA from free radical damage that may lead to
malignant transformation (Klein et al, 2000). It has a strong inherent potential for
autoxidation of highly reactive and genotoxic electrophiles, such as hydroxyl,
superoxide, lipid peroxyl and hydroperoxyl, and nitrogen radicals, thereby preventing
propagation of free radical damage in biological membranes, and decreasing
mutagenesis and carcinogenesis (Burton and Ingold, 1981).

26. Vitamin E also blocks nitrosamine formation. a-Tocopherol inhibits protein
kinase-C activity (Mahoney and Azzi, 1988) and the proliferation of smooth muscle
cells (Chatelain et al, 1993) and melanoma cells (Ottino et al, 1997), thus possibly
affecting tumour growth or aggressiveness. Vitamin E also induces the detoxification
enzyme NADPH: quinone reductase in cancer cell lines (Wang et al, 1995), and
inhibits arachadonic acid and prostaglandin metabolism. Effects on hormones that
can increase cellular oxidative stress and proliferative activity and on cell-mediated
immunity have also been reported (Traber and Packer, 1995).

27.  In vitro studies suggest that vitamin E can inhibit the growth of certain human
cancer cell lines, including prostate, lung, melanoma, oral carcinoma and breast.
Animal experiments show prevention of various chemically induced tumours,
including hormonally mediated tumours (Israel et al, 1995). In vivo and in vitro
studies have shown that vitamin E inhibits growth and induces apoptosis only in
carcinoma cells or transformed cells, but not in normal cells. Mechanistic studies
indicated that it induces apoptosis through targeting multiple molecules/signaling
pathways, including transforming growth factor-g (TGF-B), Fas (CD95/APO-1), the c-
Jun N-terminal kinase (JNK), mitogen-activated protein kinase (MAPK), and Bcl-2
family in various types of carcinoma cells. In addition to pro-apoptotic function, the
antitumor activity occurs through blocking cell cycle progression, inducing
differentiation, inhibiting invasion and suppressing angiogenesis in vitro and/or in
vivo (Ni et al, 2007).

28. Investigations specifically on prostate cancer have shown that the growth of
prostate tumours has been slowed by vitamin E in vitro as well as in vivo (rats and
transgenic mice and rat models). Studies on possible mechanisms of action on
prostate cancer cell lines have suggested that vitamin E has the potential to trigger
both caspase-dependent and -independent DNA damage (Constantinou et al, 2012).
It was proposed that vitamin E may suppress androgen/ androgen receptor (AR)-
mediated cell growth and prostate specific antigen (PSA) expression by inhibiting AR
expression at both the transcription and translation levels (Zhang et al, 2002). It was
found that the inhibition was through a G1/S arrest mediated by vitamin E at
concentrations of 10-20-mcM and significant decrease of the expression of the cell
cycle regulatory proteins cyclin D1, D3, and E, cyclin-dependent kinases - cdk2 and
4, but not cdk6 and reduced cdk4 kinase activity, retinoblastoma phosphorylation,
and cyclin E mRNA expression (Ni et al, 2003). In the case of RRR-y-tocopherol, it
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was also shown that growth arrest (40%) and PPAR y* mRNA and protein
upregulation was achieved in 6 hours (Campbell et al, 2009). Proteins downstream
of the PPAR vy - cyclin D1, cyclin D3, bel-2 and NFk B proteins were also found to be
downregulated following y-tocopherol treatment, indicating the growth arrest follows
a PPAR-y-dependent mechanism. Other mechanistic studies have shown that y-
tocopherol induces cell death in a prostate cancer cell line by interrupting de novo
synthesis of sphingolipids (Jiang et al, 2004). It was also suggested that the anti-
cancer effect was due to the up-regulation of insulin-like growth factor binding
protein-3 (IGFBP-3) mediated by vitamin E (Yin et al, 2007).

29. Results from a-tocopherol supplementation studies in human volunteers
suggested that the anti-tumour activity was through inhibition of tumour
angiogenesis. Serum vascular endothelial growth factor levels (VEGF, a cytokine
integrally involved in angiogenesis) were significantly reduced in men who had
received the supplement (ATBC study, Woodson et al, 2002).

30. Other isoforms of tocopherol: Recent literature has suggested that the
other isoforms of tocopherol and the tocotrienols may have important anticancer
properties (Ju et al, 2010, Jiang et al, 2001). It has been postulated that y-tocopherol
is a powerful nucleophile that traps electrophilic mutagens forming stable carbon-
centered adducts through the nucleophilic 5-position, which is blocked in a-
tocopherol (Christen et al, 1997). In vitro studies have also shown that y-tocopherol
exhibits a more significant growth inhibitory effect than a-tocopherol (Torricelli et al,
2012) with better inhibition of cell proliferation, cell cycle progression and DNA
synthesis in prostate cancer cells than a- tocopherol (Gysin et al, 2002).

31.  Tocotrienols: These vitamin E isoforms with unsaturated side chains also
possess antioxidant activity and have been shown to display stronger anticancer
potential in vitro than tocopherols, with y- and &-tocotrienols exhibiting greater
potency of cancer preventing effects than a-tocotrienol (Ju et al, 2010, Constantinou
et al, 2012). Their anticancer activity may be independent of the antioxidant activity
because some redox-silent tocotrienol derivatives still exhibit anticarcinogenic
properties. Tocotrienols have been shown to suppress proliferation and induce
apoptosis in a wide variety of tumour cells including those of the prostate (Aggarwal
et al, 2010, Patel, 2011). A number of mechanisms have been suggested for the
anticarcinogenic action of tocotrienols such as antiproliferative effect, induction of
apoptosis, modulation of cell cycle, antioxidant activity, inhibition of angiogenesis,
and suppression of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase
activity both in vivo and in vitro (Wada, 2012).

32.  Several in vitro and animal studies as well as studies on human volunteers
have been carried out examining the effect of vitamin E on prostate cancer. These
are summarised in the following paragraphs.

* PPAR y is peroxisome proliferator-activated receptor y, a nuclear receptor involved in fatty acid metabolism
as well as modulation of cell proliferation and differentiation.
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Vitamin E and prostate cancer - in vitro studies

33.  In vitro studies with human prostate carcinoma cell lines have shown that
tocopherols and tocotrienols have anti-proliferative action. Tocopherols and their
esters significantly inhibited cell proliferation of human prostate carcinoma cells PC3,
DU-145 and LNCaP. The inhibition was selective for prostate cancer cells while
normal prostate PrEC cells were not significantly affected (Gysin et al 2002,
Campbell et al, 2009, 2011, Israel et al, 2000, Tomasetti et al, 2010).

34. A comparison between tocopherols showed that y- and d-tocopherols were
more effective at growth inhibition of prostate cancer cells than a-tocopherol and in
turn d-tocopherol was more effective than the y-form. Tocotrienols were more active
than tocopherols with about an 8 to 10 fold difference between the potential growth
inhibition by y- and &-tocotrienols compared to tocopherols (Campbell et al, 2011,
Constantinou et al, 2012).

35. Mechanistic studies with both androgen-dependent and -independent LNCaP
cells showed tocotrienols to be effective (Krycer et al, 2012), with cell death induced
by apoptosis (Campbell et al, 2011). The mode of action of y-tocotrienol was similar
to y-tocopherol (Campbell et al, 2009); it modulates the expression of PPAR-y
nuclear receptor in the PC3 human prostate cancer cells. y-Tocotrienol treatment
promoted apoptosis, necrosis and autophagy and led to a marked increase of
intracellular dihydroceramide and dihydrosphingosine (which potently reduced the
viability of the prostate cell lines), the sphingolipid intermediated in de novo
sphingolipid synthesis pathway but had no effects on ceramide or sphingosine. The
elevation of these sphingolipids by y-tocotrienol preceded or coincided with
biochemical and morphological signs of cell death and was much more pronounced
than that induced by y-tocopherol (Jiang et al, 2012).

36.  Selenium (Venkateswaran, Fleshner and Klotz, 2004), a combination of
vitamin K3 and ascorbic acid (Tomasetti et al, 2010) and narigenin® (Torricelli et al,
2011) were found to potentiate the proliferation-inhibitory effect of vitamin E. Cell
proliferation inhibition by vitamin E was potentiated by a-TTP and its expression. It
was concluded that individual changes in the expression level or activity of a-TTP
(individual genetic traits for example) may determine the responsiveness of prostate
cancer patients to intervention strategies involving vitamin E (Morley et al, 2010).

37.  While in vitro studies have demonstrated that tocopherols and tocotrienols
have anti-proliferative action towards prostate cancer cell lines and that the action
might be selective towards prostate cancer cells, other factors such as the role of a-
TTP and its expression in individuals as well as the influence of other agents like
selenium also need to be taken into consideration.

> Narigenin - the predominant flavone in grapefruit - is considered to have a bioactive effect on human health
as antioxidant, free radical scavenger, anti-inflammatory, carbohydrate metabolism promoter and immune
system modulator. It is known to have an inhibitory effect on cell proliferation.
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Vitamin E and prostate cancer - Animal Studies

38.  Various rodent models of prostate cancer have been developed to mimic
human prostate cancer (Valkenburg et al, 2011).

39. Experiments involving a-tocopherol alone did not show a modification in
prostate carcinogenesis (Nakamura et al, 1991, McCormick and Rao, 1999, Limpens
et al, 2006), but in combination with other agents like lycopene (Limpens et al, 2006,
Siler at al, 2004, Cervi et al, 2010) and selenium (Venkateswaran et al, 2004, 2009),
there was significant reduction in growth of prostate cancer cells. One study in the
Lady prostate cancer mouse model® suggested that lycopene was an essential
component to produce a reduction in prostate cancer as a combination of a-
tocopherol succinate and selenium alone was not effective. This study also found
that early intervention (within 8 weeks of age in transgenic mice) led to a significant
reduction in prostate cancer and liver metastasis when compared to controls; a delay
in intervention times (20 and 36 weeks of age) resulted in a significantly higher
proportion of animals developing high grade Prostate Intraepithelial Neoplasia (PIN)
and prostate cancer (Venkateswaran et al, 2009). Growth rates of transplanted
human prostate LNCaP xenografts in mice were found to be lower when treated with
vitamin E (form not specified) along with a high-fat diet (Fleshner et al, 1999) or a-
tocopheryl succinate with soybean oil (Basu et al, 2007). However, some studies
have reported a small increase in prostate cancer incidence when animals were
treated with a-tocopherol acetate with and without selenium in Wistar-Unilever rats
(where androgen dependent prostate tumours are induced by N-methyl-N-
nitrosourea + testosterone (McCormick et al, 2010) and in testosterone plus
estradiol-treated NBL rats (sex hormone-induced oxidative mechanisms and
prostatic inflammation) (Ozten et al, 2010).There was a statistically significant
decrease in survival rates of the rats that received a higher dose of all-rac-a-
tocopherol (4000 mg/kg diet) and a marginally significant increase in incidence of
cancers confined to the dorsolateral plus anterior prostate.

40. y-Tocopherol. Animal studies using y-tocopherol seemed to indicate
significant inhibition of prostate carcinogenesis. Experiments on transgenic
adenocarcinoma mouse prostate’ (TRAMP) mice (Barve et al, 2009, 2010) and
transgenic rat for adenocarcinoma of prostate® (TRAP) rats (Takahashi, 2009)
treated with y-tocopherol showed a significant reduction in tumour incidence in the
treated group compared to control animals. Treatment of TRAMP mice with y-
tocopherol also significantly increased expression levels of most detoxifying and

®The Lady mouse model is a less aggressive version of the original transgenic adenocarcinoma of the mouse
prostate (TRAMP) model and the mice develop precursor lesions [PIN] followed by localised and eventually
metastatic prostate cancer, mimicking progressive forms of the human disease thereby affording an
opportunity to study the events in prostate cancer progression.

’ The transgenic adenocarcinoma mouse prostate (TRAMP) mouse model demonstrates the progression of the
disease from early PIN lesions to a more aggressive metastatic adenocarcinoma that closely mimics the various
stages in human prostate cancer.

® The TRAP model features the development of high-grade PIN from 4 weeks and well-moderately
differentiated adenocarcinomas with high incidences by 15 weeks of age.
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antioxidant enzymes (Barve et al, 2009). In TRAP rats that received y-tocopherol
(50 or 100 mg/kg diet for 10 weeks) and a- tocopherol (50mg/kg diet), there were no
differences in incidences of PIN or adenocarcinoma between the treated rats and
controls (on a vitamin E free diet). However, in the y-tocopherol treated rats,
sequential progression from PIN to adenocarcinoma was significantly suppressed in
a dose-dependent manner in the ventral lobe while a- tocopherol did not show any
influence. Rats given y-tocopherol (50, 100 or 200 mg/kg diet for 7 weeks) showed a
significant dose-dependent suppression of prostatic lesions in the ventral but not
lateral lobe. The numbers of apoptotic cells in the ventral prostate of animals treated
with y-tocopherol were significantly increased and caspases 3 and 7 were clearly
activated compared to controls (on a vitamin E free diet). It was concluded that y-
tocopherol suppresses prostate carcinogenesis with induction of apoptosis through
caspase activation (Takahashi, 2009). However in another study on the growth of
androgen-dependent Dunning R3327-H rat® prostate adenocarcinomas in male
Copenhagen rats given y-tocopherol, selenium and lycopene alone or in
combination, only selenium was found to decrease tumour weight and final tumour
area with no changes in tumour proliferation 