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Original Article

Tea and lycopene protect against prostate cancer

Le Jian MD Php" %, Andy H Lee php > and Colin W Binns MBBS PhD >

'Medical College of Zhejiang University, Hangzhou, PR China
2School of Public Health, Curtin University of Technology, Western Australia

Prostate cancer is the most common male cancer in developed countries and is increasing in the developing
world. Its long latency and geographical variation suggest the possibility of prevention or postponement of onset
by dietary modification. To investigate the possible joint effect of lycopene and green tea on prostate cancer risk,
a case-control study was conducted in Hangzhou, China, with 130 prostate cancer patients and 274 hospital con-
trols. Information on tea and dietary intakes, and possible confounders was collected using a structured ques-
tionnaire. The risk of prostate cancer for the intake of tea and lycopene and their joint effect were assessed using
multivariate logistic regression models. Prostate cancer risk was reduced with increased consumption of green
tea. The protective effect of green tea was significant (odds ratio 0.14, 95% CI: 0.06-0.35) for the highest quar-
tile relative to the lowest after adjusting for total vegetables and fruits intakes and other potential confounding
factors. Intakes of vegetables and fruits rich in lycopene were also inversely associated with prostate cancer risk
(odds ratio 0.18, 95% CI 0.08-0.39). Interaction analysis showed that the protective effect from tea and lycopene
consumption was synergistic (p<0.01). This study suggests that habitual drinking tea and intakes of vegetables
and fruits rich in lycopene could lead to a reduced risk of prostate cancer in Chinese men. Together they have a
stronger preventive effect than either component taken separately. This is the first epidemiological study to in-
vestigate the joint effect between tea drinking and lycopene intake.

Key Words: green tea, lycopene, prostate cancer, joint effect, China

Introduction

Prostate cancer is the most commonly diagnosed non-skin
cancer in men in western countries. In contrast, the inci-
dence in developing countries such as China is considera-
bly lower (age standardized rate, ASR 1.7/100,000). Large
difference in incidence has been noted between different
racial and ethnic groups with the highest in the USA (ASR
104/100, 000)."* Studies on immigrants from Asian coun-
tries to North America revealed that the incidence of pros-
tate cancer increased in immigrants compared with their
native population.* * The geographic variations in inci-
dence rate and the increased incidence in immigrants sug-
gest a significant role of environmental factors, including
nutrition, for developing the disease. The sharp increase
incidence of prostate cancer worldwide in recent decade
can be partly attributed to the increase in PSA screening.
Whilst PSA testing is popular in China, PSA screening is
not widespread and prostate cancer is typically diagnosed
at an advanced stage. Thus, it is important to put forward
strategies for primary prevention.

Recent studies have shown that regular drinking tea and
consumption of diet rich in vegetables and fruits are asso-
ciated with the reduced risk of cancers.”® Green tea may
induce apoptosis and inhibit cancer cell growth through
their antioxidant properties and by causing cell cycle ar-
rest.” ' Two recent case-control studies evaluated green
tea and prostate cancer risk in Asian countries.* ' Both
studies received high methodological quality ratings from
the US FDA."? The Chinese study showed drinking three
cups of green tea per day was significantly associated with
a reduced risk of prostate cancer (odds ratio 0.27, 95% CI
0.15-0.48).° However the Japanese study reported that

drinking two to ten cups of green tea per day was not sig-
nificantly associated with prostate cancer risk (odds ratio
0.67, 95% CI 0.27-1.64)."" A double-blind, placebo-
controlled clinical trial in Italy using 600 mg/d green tea
catechins has shown encouraging results.

Red-orange, dark green vegetables and fruits are rich
sources of carotenoids, including lycopene, carotene, lutin,
zeaxanthin and cryptoxanthin. Lycopene gives the red
color to foods including tomatoes, tomato products, water-
melon, pink grapefruit, apricots, papaya and pink guavas.
In Western countries, over 80% of dietary lycopene comes
from the consumption of tomatoes and tomato-based prod-
ucts including tomato sauce/juice/soup, spaghetti sauce,
salsa, chili, pasta and pizza sauce.'"*'> The ability of lyco-
pene to act as an antioxidant and scavenger of free radicals
is considered as the most likely mechanism that could
account for the hypothesized beneficial effects on human
health. Lycopene may quench singlet oxygen, interact with
reactive oxygen species and prevent oxidative damage to
lipoproteins and DNA." It may increase cell cycle arrest
and induction of apoptosis in human prostate cancer cell
lines.'"" ' A well-designed animal study compared the
effects of different diets on rats (n=194)."®
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Rats fed with tomato powder experienced a significant
(26%) decrease in prostate cancer specific mortality. The
epidemiological study providing the strongest evidence
thus far concerning tomatoes and prostate cancer preven-
tion was a cohort study in the USA."” This study fol-
lowed 47,894 men. Raw tomatoes and tomato sauce were
the only fruits or vegetables from a 131-item FFQ found
to be associated with a reduced risk of prostate cancer

with RR=0.74 (95% CI: 0.58-0.93) and RR=0.66 (95% ClI:

0.49-0.90), respectively. Our recent case-control study in
Chinese men also showed a protective effect of red-
orange vegetables and fruits rich in carotenoids against
prostate cancer.”’

The majority of studies so far have focused on individ-
ual foods or nutrients. However free-living populations
are simultaneously exposed to a variety of food items in
one meal. Phytochemicals in whole meals may behave
differently to individual compounds given in experimen-
tal situations. These complex exposure situations may
result in different health outcomes. Thus, investigating
the health benefit of different diets and phytochemicals in
terms of their joint effects is necessary in order to under-
stand their underlying protective mechanism against can-
cers. This study aims to assess the possible joint effect of
tea and lycopene on prostate cancer risk.

Methods

Subjects

The subjects were men residing in Zhejiang Province for
at least 10 years and over 45 years of age. They were
recruited during 2001 and 2002 at eight public hospitals
in Hangzhou, capital of Zhejiang Province located in
southeast China. Potential participants with a history of
stroke or Alzheimer’s disease were excluded to avoid
memory error. Cases were confirmed by histopathologi-
cal reports of prostate adenocarcinoma. Controls were
recruited in the same hospitals during the same period and
had no previous diagnosis of malignancies confirmed by
physical examination, x-ray, operation or biopsy. Among
the 140 cases recruited, 130 (93%) were interviewed and
10 (7%) declined to participate in the study, including one
with Alzheimer’s disease. Of the 284 eligible controls
identified, 274 (96.5%) participated in the study. Two
men (3.5%) with Alzheimer’s disease and one with a his-
tory of stroke were excluded.

Data collection

The interviews were conducted using a structured ques-
tionnaire which included a quantitative FFQ component.
The interviewer was blind to the final diagnosis when
doing the interviews. The study protocol included instruc-
tions to follow the printed questionnaire exactly to avoid
bias. The reproducibility and validity of the FFQ were
assessed by several methods.”’ Information on demo-
graphic characteristics, family history of prostate cancer,
height, weight and physical activity, and medical history
were also collected. A reference recall period (5 years
before diagnosis for cases and 5 years before interview
for controls) was adopted. Interviews were usually con-
ducted in the presence of next-of-kin to assist in recall.
The study was approved by the Human Research Ethics
Committee of Curtin University, the Zhejiang hospital

administration and the doctors in charge of the relevant
wards. Informed consent was sought prior to interview.

Dietary assessment
The FFQ contained questions on 130 food items including
all foods in the usual diet of Zhejiang residents. The ha-
bitual frequencies and quantities of foods consumed per
meal were recorded.

Tea assessment

Tea drinking questions included both qualitative and
quantitative measurements. Participants were first classi-
fied as “ever” or “never” (less than once per month) ha-
bitual tea drinkers. Information on consumption pattern
was then collected from those “ever” tea drinkers. The
details of measurement can be obtained from our previous
paper.°

Physical activity assessment

Information on habitual physical activity was assessed in
terms of type, intensity and duration. Daily metabolic
equivalent task (MET) scores were calculated by multi-
plying the reported duration of any activity by the respec-
tive intensity score and then summing over all activities.””

Statistical analysis

The data analysis was undertaken using the SPSS package
(version 11; SPSS Inc., Chicago, IL, USA). Independent-
samples t, Mann-Whitney and Chi-square tests were used
to compare the demographic characteristics and potential
risk factors between cases and controls. Energy and nu-
trient intakes were calculated using the Chinese nutrient
database established by the Institute of Nutrition and
Food Health, Chinese Academy of Preventive Medicine.”
Conversion of lycopene from food items was undertaken
using the U.S. Department of Agriculture Database
(USDA) because of no available Chinese database.”* The
level of supplementations among the participants were
very low, therefore, they were not included in the analysis.
Risk of prostate cancer for the intake of tea and lycopene
and their joint effect were assessed by odds ratios (ORs)
and their 95% confidence intervals (95% CI) using un-
conditional multivariate logistic regression models. Each
fitted regression equation adjusted for age, height, weight,
body mass index (BMI), locality, education, income,
marital status, family history of prostate cancer, physical
activities (MET), intakes of fat and caloric. The quanti-
ties of tea and lycopene intakes were classified into quar-
tiles. Adjusted ORs were obtained with the lowest quar-
tile as the reference category. In addition, when assessing
green tea consumption, fresh vegetables and fruits were
included for adjustment in the model. Meanwhile, when
assessing lycopene intakes, green tea intakes were
weighted in the model. When assessing their joint effect,
a new variable (joint effect of tea and lycopene) was gen-
erated according to the match of each pair of established
quartiles. For example, if the case was both in the lowest
quartile of green tea and lycopene consumptions, he was
classified into the lowest quartile of the new variable, and
vice versa. If intakes of green tea and lycopene were not
in the same category (level) e.g. green tea intake was in
the lowest quartile but lycopene intake wasn’t, they were
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Table 1. Characteristics of participants

Cases (N =130) Controls (N =274)
Age at interview, mean years (SD) 72.7(7.1) 71.4 (7.2)
Height, mean cm (SD) 168 (5.3) 169 (5.6)
Weight*, mean kg (SD) 66 (10.3) 65 (9.9)
BMI*, mean kg m? (SD) 23.4(3.1) 22.7(3.1)
Locality of residence, N (%)
Urban 97 (74.6) 207 (75.5)
Rural 33 (25.4) 67 (24.5)
Education, N (%)
No formal education 18 (13.8) 29 (10.6)
Primary 37 (28.5) 78 (28.5)
Secondary 44 (33.8) 110 (40.1)
Tertiary 31(23.8) 57 (20.8)
Personal monthly income in 2000(RMB), N (%)
<500 24 (18.5) 50 (18.2)
501-1000 55(42.3) 113 (41.2)
1001-2000 43 (33.1) 99 (36.1)
>2001 8(6.2) 12 (4.4)
Marital status, n (%)
Married, 114 (87.7) 245 (89.4)
Widowed, divorced, separated 16 (12.3) 29 (10.6)
Prostate cancer in first-degree relatives®, N (%)
No 111 (85.4) 241 (88.0)
Yes 3(2.3) 0(0.0)
Unclear 16 (12.3) 33 (12.0)
Weekly MET 157 (59.2) 157 (55.4)
Fat, mean g day™ (SD) 60.3 (24.6) 56.2 (20.7)
Calorie, mean kcal day™!(SD) 2386 (809) 2333 (619)
Fresh vegetables and fruits*, mean g day™(SD) 500 (321) 865 (478)
Drink tea*, N (%)
No 58 (44.6) 55(20.1)
Yes 72 (55.4) 219 (79.9)
* p<0.05

Table 2. Quartiles of green tea, lycopene and their joint effect on prostate cancer risk

Cases Controls Crude OR  (95.0 % C.L.) OR' (95.0% C.I.)

Green tea leaves (g day™)

o 58 53 1.00 1.00

(2)0.3-2.9 50 110 0.42 (0.25-0.69) 0.45 (0.25-0.82)

(3)3.0-4.9 13 48 0.25 (0.12-0.51) 0.24 (0.10-0.57)

(4) =5 9 63 0.13 (0.06-0.29) 0.13 (0.05-0.32)
Lycopene (g day™)

(1) <1609 55 68 1.00 1.00

(2) 1609-3081 32 69 0.57 (0.33-0.99) 0.47 (0.25-0.86)

(3) 3081-4917 30 69 0.54 (0.31-0.94) 0.40 (0.21-0.77)

(4)>4917 13 68 0.24 (0.12-0.47) 0.17 (0.08-0.39)
Joint effect of tea & lycopene

(1) Low 24 15 1.00 1.00

(2) Other combinations * 92 192 0.30 (0.15-0.60) 0.28 (0.13-0.59)

(3) Middle 11 31 0.22 (0.09-0.57) 0.21 (0.08-0.57)

(4) High 3 36 0.05 (0.01-0.20) 0.03 (0.01-0.16)

"Variables adjusted for: age at interview, locality (urban, rural), education (none, primary, secondary, tertiary), family income (RMB,
<500, 501-1000, 1001-2000, >2001), marital status (married, widowed/divorced/separated), family history of prostate cancer (yes, no,
uncertain), MET, BMI, fat intakes and calories. In addition, when analyzing green tea leaves intakes, total fresh vegetables and fruits were
adjusted and when analyzing lycopene intakes, green tea consumption was adjusted. *Intakes of green tea and lycopene were not in the
same category (level) e.g. green tea intakes in the lowest quartile bur lycopene intakes in the highest quartile

categorized as “other combinations”. well as fat and caloric intakes. Compared with the con-
trols, cases tended to have higher BMI, more prostate

Results cancer patients in the family, drank less tea and ate less

Table 1 shows the characteristics of the participants. fresh vegetables and fruits.

Demographic characteristics such as age, education, in- The relationships between green tea drinking, lycopene

come and marital status were similar in both groups, as intakes and prostate cancer risk are presented in Table 2.
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Table 3. Interactions of tea and lycopene on prostate cancer using binary variables

Lycopene

intakes Cases (%) Controls (%) Adjusted OR (95%CI) p
Green tea drinking
Low Low 74 (56.9) 88 (32.1) 1.00
Low High 34 (26.2) 75 (27.4) 0.44 (0.25-0.78) 0.005
High Low 13 (10.0) 49 (17.9) 0.26 (0.13-0.54) 0.000
High High 9(6.9) 62 (27.6) 0.11 (0.05-0.26) 0.000
Interaction 0.20 (0.09-0.44) 0.000

*Variables adjusted for: age at interview, locality, education, family income, marital status, family history of prostate cancer, MET, BMI,

fat intakes and calories.

After adjusting for age, family history of prostate cancer
and other demographic characteristics, BMI, MET, fat,
caloric and fresh vegetables and fruits intakes, the OR
was 0.13 (95% CI 0.05-0.32) for men who consumed at
least 5 g green tea leaves daily compared with non-tea
drinkers. Similarly, men who consumed over 4917ug of
lycopene daily had adjusted OR 0.17 (95% CI 0.08-0.39)
compared with the lowest quartile (<1608.6pg day™) of
intake.

The possible joint effects and interactions of tea and ly-
copene on prostate cancer risk are presented in Table 2
and Table 3. Compared with the independent effects of
tea and lycopene on the cancer risk, the joint effect was
0.03 (95% CI 0.007-0.164) in high dose combination
group relative to low dose combination group. The ad-
justed OR was 0.11 (95%CI 0.05-0.26) for high dose of
both green tea and lycopene intakes relative to low dose
of tea and lycopene intakes.

Discussion

Many risk factors such as age, race, and family history
cannot be controlled. However, research on risk of pros-
tate cancer suggests that some environmental and lifestyle
factors might be modified to achieve better outcome in
terms of decreasing the risk of the cancer.”®'** In this
study, we observed the synergistic protective effect of
green tea and lycopene against prostate cancer.

In recent years, there are increasing number of epide-
miological studies on “functional food” and their correla-
tions with cancers. Phytochemicals in plants are often
considered as the major bioactive compounds with human
health benefits linked to their antioxidant activities. Un-
fermented green tea leaves contain up to 30 percent dry
weight of tea polyphenols.”* Lycopene is the most abun-
dant carotenoid in tomatoes, tomato products and water-
melon. While both green tea and lycopene have been
shown to prevent prostate cancer, we have found no pub-
lished studies examined their joint effects on prostate
cancer. As prostate cancer is a multifactor disease and
food is consumed in meals, studies of the interactions of
protective factors may provide useful information on pre-
vention. The joint effects and the high consumption of
tea and fresh vegetables and fruits in Asian countries may
partially explain the different clinical incidence of pros-
tate cancer between countries. To the best of our knowl-
edge, this is the first report that investigated the possible
joint effect of green tea and lycopene consumption on
prostate cancer risk in Chinese people, a population with
low risk of the cancer.

Nevertheless, attempt to investigate the joint effect of
dietary factors on the risk of prostate cancer via a case-
control study is vulnerable to selection and information
bias. However, effort has been made to minimize the
selection bias by recruiting participants from eight major
public hospitals including four provincial hospitals and
four city hospitals in Hangzhou. The low refusal rate of
participation in both case and control groups may also
indirectly demonstrate our effort in minimizing selection
bias. Because of the latency of the cancer, the reference
recall period was set at five years before diagnosis for
cancer cases and five years before interview for controls.
Therefore, the food and tea consumptions could represent
habitual intakes before the onset of the disease. More
detailed information on tea and food consumption was
collected in our study than other studies such as a recent
cohort study from Japan, in which, only one question re-
lated to tea consumption and 36 on food items.” In addi-
tion, the relationship of tea, lycopene, and prostate cancer
risk was not established at the time of interview, so that
information bias could be assumed to be minimum. Fur-
thermore, people with Alzheimer’ disease or recent stroke
were excluded to avoid memory error. For participants
who neither shopped for food nor cooked meals, 97% of
interviews were conducted in the presence of participants’
next of kin to confirm the usual quantities and frequencies
of habitual food and beverage consumption. Standard
containers were shown to the participants to help in recall.
To avoid inter-interviewer bias, a single interviewer con-
ducted all interviews following the same protocol. In
addition, the risk of prostate cancer was assessed using
adjusted OR and accounted for possible confounders. In
the logistic regression analysis, three sets of models were
used separately to exam potential joint effects.

In summary, diets rich in lycopene and green tea are
inversely related to the prostate caner risk, together, they
offer stronger preventive effect. This preliminary study
may provide an example for nutritional cancer epidemiol-
ogical studies for assessing the joint effect of foods and
nutrients on cancer risks. Further laboratory study is
needed to understand the molecular mechanism and bio-
chemistry of the joint effect between phytochemicals.
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Abstract

Ellagitannins (ET) and ellagic acid (EA) are polyphenols, present in common foods, which may exhibit
significant health benefits against inflammation, infection and cancer. EA is metabolised by the gut flora to
produce urolithins, which are absorbed into the systemic circulation. Urolithins are widely documented to
reduce oxidative stress associated with many diseases including cancer, heart disease and liver damage. In
particular, Urolithin C and D have been shown to have high anti-oxidant properties through the inhibition
of reactive oxygen species (ROS). The anti-inflammatory properties of EA have been demonstrated through
the down-regulation of pro-inflammatory enzymes such as COX-2 and iNOS as well as decreasing the
expression of adhesion molecules. EA also regulates the gut microflora and possesses antimicrobial activity
against various strains of harmful bacteria such as methicillin-resistant Staphylococcus aureus (MRSA) and
Helicobacter pylori. Numerous studies have documented the anticarcinogenic benefits of EA and have been
performed on, but not limited to, prostate, colon and breast cancer cell lines and in vivo

models. Conventional treatments for cancer, such as chemotherapy, can often be associated with significant
side effects such as fatigue, hair loss and alopecia. Naturally-occurring food substances such as ETs
potentially offer a risk-free preventative measure against cancer and could perhaps be used in synergy with
current treatments. More level 1 studies are required to inform the evidence-base on this topic.

Categories: Oncology, Nutrition
Keywords: antimicrobial, cancer, anti-inflammatory, antioxidant, polyphenol, ellagitannin, ellagic acid

Introduction And Background

Polyphenols are a large group of phytochemicals which form part of a plant’s immune system protecting
them from bacteria, viruses and fungi. Ellagitannins (ETs) and ellagic acid (EA) are commonly occurring
polyphenols present in certain fruits, nuts and seeds including pomegranate, raspberries, strawberries,
walnuts and almonds. In recent years, polyphenols have been extensively researched due to their potential
health benefits. They represent a major source of antioxidant in our diet and have been shown to have
beneficial health effects in cancer, cardiovascular disease, inflammation, diabetes and Alzheimer’s disease

[1]-

This review explores the bioavailability, metabolism and health effects of ET and EA with a primary focus on
their anti-cancer properties. A narrative review of the literature was conducted using PubMed, Web of
Science, Scopus and reference lists of chosen articles. Keywords including ‘polyphenol’, ‘ellagitannins’, ‘anti-
inflammatory’, ‘anti-oxidant’ and ‘cancer’ were used to narrow the search. Only English-written papers were
included and the full text of each paper was reviewed prior to its inclusion in this review. Recently published
articles were prioritized. References were managed using Endnote software.

Review
Dietary intake

Various studies have attempted to estimate the average dietary intake of polyphenols and ETs. In a Spanish
diet, the mean daily intake of total polyphenols was estimated between 2,590 and 3,016 mg/day [2]. France
and Denmark produced similar results of 1,193 + 510 mg/day and 1,786 mg/day, respectively. Finland and
Greece had more modest estimations with average daily intakes of 863 * 415 mg/day and 744 mg/day,
respectively. The daily intake of ET was 12 mg/day in Finland, 13 mg/day in America and only 5 mg/day in
Germany [3]. In France, the average person consumes around 1.7 kg of strawberries every year, which is their
primary source of ETs. This would correspond to a daily consumption of around 0.4 mg/day total EA [4]. As
demonstrated by these studies, polyphenol and ET intake varies drastically between countries. Accurately
measuring the daily intake of polyphenols is extremely challenging due to the inability to control all aspects
of a subject’s diet.

Bioavailability and metabolism
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EA can occur in either its free form, EA glycosides, or bound as ETs. ETs are hydrolysed to EAs under
physiological conditions and then metabolised by the intestinal gut flora to produce urolithins, which are
absorbed into the circulation. The low bioavailability of ETs are likely due to their large size and high
polarity with the presence of C-C linkage. ETs which are sensitive to hydrolysis in the stomach and
duodenum release EAs which are also poorly bioavailable due to low water solubility, extensive degradation
before absorption and its irreversible binding to DNA, which may affect transcellular absorption [5]. When
mice were given ETs (from raspberries or pomegranates) 10% of the total EA dose was detected in the urine
and faeces. However, there was virtually no trace of it in the blood or tissues [6]. In a human subject, EA was
detected in plasma at a maximum concentration after one hour of ingesting pomegranate juice but was
rapidly eliminated after four hours [7].

Studies have shown that urolithins are much more readily bioavailable and appear in human systemic
circulation within a few hours of pomegranate ingestion reaching maximum concentrations between 24 and
48 hours. They were found to exist in both free and conjugated forms in the plasma and urine [8,9]. In view
of this they are considered the bioactive forms of ETs.

Toxicity of ET

Before delving into the potential health benefits of ETs and EA, one must consider the negative effects
associated with their intake. Tasaki et al. performed a toxicity study on EA using F344 rats with doses
ranging between 9.4 and 42.3 g/kg of body weight. Haematology and serum biochemistry revealed sporadic
alterations in mean corpuscular volume (MCV), aspartate transaminase (AST) and ALP observed in both
genders but this was not felt to be treatment-related. Histological testing revealed sporadic lesions in the
lungs, heart, liver and kidneys. However, incidence of lesions was similar to the control group. Body weight
gain was slightly decreased in the female group but not to the extent of affecting biochemical markers. In
conclusion, the no-observed-adverse-effect level in female rats was estimated to be 3,254 mg/kg/day,
significantly higher than normal dietary amounts [10].

Polyphenols bind iron in the intestines and can prevent it from being absorbed. This can have a beneficial
impact in cases of iron overload and preventing formation of oxygen free radicals which will be discussed
later [11]. However, it can also be detrimental and may increase the risk of iron-deficient anaemia.

Binding of polyphenols to digestive enzymes such as amylase, protease and lipase can impair their function
and disturb the function of the gastrointestinal system. This could be particularly harmful to people with
food intolerances who lack certain enzymes such as gluten and lactose intolerance, coeliac disease or cystic
fibrosis. Further to this, elderly people are at higher risk of digestive enzyme deficiency and ingestion of a
high polyphenol diet could exacerbate this [12]. Other negative impacts include disturbing the gut
microbiome and impacting the metabolism of certain drugs by either increasing or diminishing their
therapeutic effect.

Antioxidant effects

The cellular injury caused by oxidative stress and free radicals has been associated with many diseases
including cancer, heart disease and liver damage. Polyphenols are widely considered to have strong anti-
oxidant potency acting as reactive oxygen species (ROS) scavengers (Type 1 antioxidants), peroxide
decomposers and electron donors (type 2 antioxidants) [13]. EA exerts its effects against free radicals using
type 1 and type 2 mechanisms. Importantly, it inhibits the endogenous production of radial hydroxyl which
is responsible for tissue and DNA damage. It also chelates and subtracts metal ions such as Fe2+ and copper
ions involved in the production of free radicals [14]. As previously mentioned, only trace amounts of EA have
ever been found in human blood whereas their metabolites, urolithins, are readily absorbed into the
systemic circulation.

Urolithin A, when tested as a direct radical scavenger showed an IC50 OF 152.66mM in the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) test compared to EA which had an IC50 of 6.6 mM. However, rather than being
prolific free radical scavengers Urolithin A exerted most of its antioxidant effects through the inhibition of
oxidase enzymes, such as MAO-A and tyrosinase, with IC50 values of 71.44 and 29.4 mM, respectively [15].
Bialonska et al. demonstrated that Urolithin C and D exerted the highest antioxidant activity with IC50
values of 0.16 and 0.33 UM, respectively, when compared to IC50 value of 1.1 of the EA. Urolithin C had
superior lipophilicity and hence was more bioavailable that Urolithin D [16].

Anti-inflammatory effects

The effects of pomegranate extract (POMx) have been tested on collagen-induced arthritis (CIA) in

mice. POMXx is a highly rich source of ETs. It was found that consumption of POMx delayed the onset and
reduced the incidence of CIA at doses of 13.6 mg/kg and 34 mg/kg. Activated macrophages produce several
inflammatory mediators and infiltrate joints in arthritis. One such mediator is nitric oxide (NO). POMx was
shown to significantly inhibit NO production in LPS-stimulated macrophages at a dose of 20 ug/ml. The
POMx-fed mice demonstrated reduced joint infiltration by the inflammatory cells and levels of interleukin-6
(IL-6) were significantly decreased [17].
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Endothelial cell expression of adhesion molecules has been recognized as an early step in

inflammation. Papoutsi et al examined the effect of EA from walnuts on the expression of vascular cell
adhesion molecule (VCAM)-1 and intracellular adhesion molecule (ICAM)-1 in human aortic endothelial
cells. Results showed that EA significantly decreased the TNF-a-induced endothelial expression of both
VCAM-1 and ICAM-1 at a concentration range of 0-1-10 um [18]. Mirzaie et al. conducted a randomised
controlled trial where individuals with Inflammatory Bowel Disease (IBS) received 180mg of EA per day for
two months. They found a significant reduction in the IBS severity score in the treatment group owing to
less severe abdominal pain/distension and frequency of symptoms [19].

Anti-microbial and probiotic effects

It has been shown that EA can influence the gut microflora by either destroying harmful bacteria or
enhancing the growth of beneficial bacteria. When EA-rich foods, such as pomegranate, are consumed the
ETs accumulate in the large intestines, where they interact with and promote the gut

microflora. Using fluorescence in situ hybridization (FISH) analysis, POMx enhanced the growth of total
bacteria, bifidobacterium spp and Lactobacillus spp using human faecal samples. These two groups of
bacteria are associated with many health benefits. POMx did not influence the Clostridium coccoides-
Eubacterium rectale group and the C. histolyticum group. The lack of growth enhancement in the latter
group has clinical significance as it contains proteolytic bacteria, the metabolism of which have been linked
to IBS and colorectal cancer [20].

EA along with other pomegranate-containing compounds have antimicrobial activity when assayed against
various strains of bacteria including E. coli and methicillin-resistant Staphylococcus aureus (MRSA)

[21]. They elicited a dose-dependent bactericidal effect in Helicobacter pylori by inhibiting the action of
Arylamine N-acetyltransferase and Staph. aureus with an IC50 value of 0.47 mM through the inhibition of
N-acetylation of 2-aminofluorene [22,23]. They are believed to disrupt the cell membrane in both gram
positive and gram negative bacteria through direct binding or binding with biomolecules such as
peptidoglycans in cell membranes [24]. Mycobacterium abscessus (Mabs) is a cause of various types of
infection including respiratory infection in patients with cystic fibrosis. EA demonstrated antimicrobial
activity against Mabs due to its high binding affinity to Dihydrofolate reductase at a minimum inhibitory
concentration of 1.56 mg/mL and bactericidal concentration of of 3.12 mg/mL [25].

Unfortunately, the inhibitory effect of polyphenols is not just limited to pathogens. The inhibitory effect of a
variety of polyphenols on the gut microbiome is noted in multiple studies including myricetin inhibiting the
effect of intestinal lactic acid bacteria, epigallocatechin inhibiting non-pathogenic E.coli and quercetin
inhibiting Ruminococcus gauvreauii [26-28].

Anti-cancer effects

Polyphenols mediate their anti-cancer effects through antioxidant, anti-inflammatory and anti-proliferative
mechanisms as well as influencing subcellular signalling pathways and inducing cell-cycle arrest and
apoptosis. Many different types of cancer have been investigated in vitro. This review will focus on prostate,
colon and breast cancer.

Prostate Cancer

EA treatment of prostate cancer PC3 cells resulted in decreased cancer cell proliferation through a reduction
of phosphorylated STAT3, ERK and AKT signalling proteins after 72 hours in a dose-dependent manner (0-
100 uM) [29]. Other studies have reached similar conclusions by assessing different components of
pomegranate such as the peel, juice seeds and seed oil (rich sources of ETs) on various prostate cancer cell
lines. They consistently demonstrated pro-apoptotic and inhibitory effects on cancer cell proliferation. In
vivo they demonstrated potent inhibition of PC3 xenograft growth in mice [30,31]. Urolithins have also been
shown to inhibit the growth of both androgen-dependent and androgen-independent prostate cancer cell
lines in vitro with IC50 values lower than EA, however, the exact mechanisms by which they exert these
effects need to be investigated [32]. Furthermore, the IC50 values of urolitihins were higher than what is
physiologically achievable.

Inflammation is a hallmark of many cancers, in particular prostate cancer, and is dependent on the
transcription factor NF-kB. NF-kB activation leads to immune activity, inflammation and cell proliferation
whilst also upregulating the transcription genes that produce collagenases, cell adhesion molecules and
inflammatory cytokines. It is also associated with the transcription of genes involved in cell survival and
inhibiting apoptosis. Inflammation can result in persistent oxidative stress in cancer cells and ROS may give
these cancer cells a survival advantage. EA has been shown to prevent prostate cancer growth, by inhibiting
inflammatory pathways including the NF-kB pathway [32].

Another hallmark of cancer is angiogenesis. Sartipour et al. administered oral POMx to severe combined
immunodeficient mice which had been previously injected with LAPC4 human prostate cancer cells. After
four weeks of treatment POMx decreased prostate cancer xenograft size, tumour vessel density, vascular
endothelial growth factor (VEGF) levels and HIF-1 alpha expression, thereby suggesting that POMx has an
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inhibitory effect on tumour-associated angiogenesis [33].

A clinical trial was carried out which looked at the effects of pomegranate juice on rising

prostate specific antigen (PSA) in prostate cancer patients after surgery or radiotherapy was conducted. The
mean length of time for PSA to double was significantly prolonged following daily pomegranate juice
consumption [34].

Colon Cancer

EA was extracted from the pulp and seeds of five different types of raspberries and exerted antiproliferative
effects against human colon carcinoma cells in vitro. The extent of this effect was correlated with the
content of EA in the extract [35]. The activation of Wnt signalling pathways are known to play a key role in
human colon carcinogenesis. Using the 293T colon cancer cell line it was observed that Urolithin A inhibited
the Wnt signalling pathway at physiologically relevant concentrations - IC50 of 39 uM [36]. The doses of ET
and EA needed to inhibit Wnt signalling were unfortunately not physiologically relevant.

Cytochrome p450-1 (CYP1) enzymes are involved in the activation of procarcinogens into cancer-inducing
chemicals. ET and urolithins showed a significant dose-dependent inhibition of CYP1 enzymes in HT-29
colon cancer cells, whilst also demonstrating anti-proliferative effects mediated through cell cycle arrest in
the GO/G1 and G2/M stages followed by induction of apoptosis [37]. Gonzalez-Sarrias et al. reached similar
conclusions and found that EA, Urolithin A and Urolithin B modulated phase I and phase II detoxifying
enzymes in colon cancer Caco-2 cells. The three compounds induced the expression and activity of CYP1A1
which, unlike the other CYP enzymes, is involved in detoxification [38].

5-Fluorouracil (5-FU) remains a first line treatment for colorectal cancer. However, only 10-15% of patients
with advanced colorectal cancer respond positively to 5-FU monotherapy. Therefore, new strategies to
enhance the 5-FU effectiveness are critically needed. The co-treatment of 5-FU with Urolithin A, resulted in
decreased IC50 values for 5-FU and cell cycle arrest at the G2/M phase together with a slight increase in
caspases 8 and 9 activation. Urolithin A may therefore potentiate the effects of 5-FU on colon cancer

cells. This potentially means that lower doses of 5-FU could be used to achieve therapeutic effects thereby
decreasing the likelihood of adverse effects [39].

Black raspberries have a high concentration of phenolic compounds including ETs and flavonoids. A clinical
trial examined the effects of concentrated berry power in 20 colorectal cancer (20g freeze dried berry powder
diluted in 100ml of water consumed x3 times a day for 1-9 weeks). Immunohistochemistry demonstrated
that blackberries protectively modulated a number of anti-cancer proteins including B-catenin (Wnt
pathway), Ki-67 (cell proliferation), terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
(apoptosis) and CD105 (angiogenesis) [40]. Smad4 is a tumour suppressor gene, which, when poorly
expressed, is associated with worse outcomes in colorectal cancer. Colorectal specimens from patients who
had ingested black raspberries showed increased Smad4 expression in the epithelium compared to control
subjects [41]. Upregulating Smad4 expression in the colonic epithelium could reduce the risk of malignant
transformation in colonic tumours. Of course, a limitation with foods such as blackberries is the varying
concentrations of phenolic compounds within them, which thereby lessens the reliability and consistency of
chemopreventive effects.

Breast Cancer

Polyphenols from fermented juice, pericarp and oil inhibited the growth of breast cancer cell lines in

vitro. This effect was greater in the oestrogen-dependent MCF-7 line than the oestrogen-independent MB-
MDA-231 line. Fermented pomegranate juice polyphenols consistently showed about twice the anti-
proliferative effect as fresh pomegranate juice polyphenols. Oestrogen synthesis was inhibited by a 60-80%
reduction in aromatase activity.

As previously mentioned, a tumour needs to receive sufficient nutrients and oxygen and have the ability to
evacuate waste in order to sustain growth. It achieves this through angiogenesis and VEGF is the most
potent stimulator of this process. EA markedly inhibits angiogenesis-associated activities including
proliferation, migration/invasion and capillary formation on VEGF-stimulated endothelial cells in vitro at
doses of 2.5 to 20 uM. It directly inhibited VEGFR-2 tyrosine kinase activity and its downstream signalling
pathways including MAPK and PI3K/Akt in endothelial cells. In vivo, EA inhibited vessel formation in chick
chorioallantoic membrane and sprouts formation of chicken aorta. In breast cancer xenografts, EA
significantly inhibited MDA-MB-231 cancer growth and P-VEGFR2 expression. The authors concluded very
low toxicity of EA given there were no abnormal morphological changes to the cancer cell lines and in vivo
there was sprout recurrence from the chick aortic arch once EA was removed [42]. To our knowledge, there
have been no clinical studies performed regarding the effects of EA on breast cancer.

Synergistic Effects of Polyphenols

EA is widely considered the key compound in pomegranate in terms of its anti-carcinogenic
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effects. However, it is believed that its action is enhanced by other polyphenols present in

pomegranate. Seeram et al. compared the effect of pure pomegranate juice with individual polyphenols (EA
and punicalagin) on human oral, prostate and colon cancer cells. It found that the polyphenols
independently decreased the viable cell number of cancer cells but not nearly as much as the pure
pomegranate juice. The juice also had a more profound effect on inducing apoptosis compared with the
separated polyphenols [43].

Conclusions

In recent years, an abundance of research has led to the idea that ETs, EA and their derived metabolites may
be protective against many diseases including cancer. The prospect of natural chemotherapy is very
appealing because medical chemotherapy often produces distressing side-effects, which may hinder
compliance. The in vitro and in vivo evidence of ET health benefits is strong, however, there is a dearth of
research assessing the effects of ETs in human subjects. The clinical significance of many of the
aforementioned studies isn’t clear as ET are not readily found in the bloodstream following ingestion of ET-
rich foods. Studies involving EA and/or urolithins are perhaps more clinically revelant as these have better
bioavailability. EA and urolithins have been shown to accumulate in the prostate and intestines where they
may exert their most potent anti-cancer effects. It is unclear why they localise here in relation to other
organs.

Clinical studies investigating the timing of ET-rich supplements in cancer therapy would be useful. For
example, neo-adjuvant versus adjuvant treatment and in combination with other existing therapies such as
chemoradiotherapy or hormone therapy. Current evidence on urolithins potentiating the effects of
chemotherapy agents such as 5-FU are very promising and could significantly improve the quality of life of
patients undergoing chemotherapy treatment. There is also benefit in the cost-effectiveness of
chemopreventive foods which may represent a more affordable option for developing countries than
pharmacological agents. Randomised controlled trials should be carried out to investigate recurrence rates
following primary cancer treatment used in conjunction with ET supplementation. Finally, the therapeutic
doses of EA and urolithins need to be better defined in order to analyse the risk-benefit profile of oral
supplementation. The negative health impacts of polyphenols and their metabolites have been discussed
and should be considered when conducting clinical trials.
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Abstract

Prostate cancer is a prevalent and debilitating disease that necessitates effective prevention
and treatment strategies. Green tea, a well-known beverage derived from the Camellia
sinensis plant, contains bioactive compounds with potential health benefits, including
catechins and polyphenols. This comprehensive review aims to explore the potential benefits
of green tea in prostate cancer prevention and treatment by examining existing literature.
Green tea possesses antioxidant, anti-inflammatory, and anti-carcinogenic properties
attributed to its catechins, particularly epigallocatechin gallate. Epidemiological studies have
reported an inverse association between green tea consumption and prostate cancer risk,
with potential protection against aggressive forms of the disease. Laboratory studies
demonstrate that green tea components inhibit tumor growth, induce apoptosis, and
modulate signaling pathways critical to prostate cancer development and progression.
Clinical trials and human studies further support the potential benefits of green tea. Green
tea consumption has been found to be associated with a reduction in prostate-specific
antigen levels, tumor markers, and played a potential role in slowing disease progression.
However, challenges remain, including optimal dosage determination, formulation
standardization, and conducting large-scale, long-term clinical trials. The review suggests
future research should focus on combinatorial approaches with conventional therapies and
personalized medicine strategies to identify patient subgroups most likely to benefit from
green tea interventions.

Principali conclusioni della review (aprile 2024)

o Proprieta biologiche confermate: il t€ verde, grazie alle catechine (soprattutto
EGCG), esercita effetti antiossidanti, anti-infiammatori e antitumorali, modulando
vie molecolari rilevanti nella carcinogenesi prostatica, come proliferazione cellulare,
apoptosi e segnalazioni chiave .

¢ Studi epidemiologici: alcuni suggeriscono un’associazione inversa tra consumo
regolare di té verde e rischio di carcinoma prostatico, soprattutto nelle forme
aggressive; tuttavia, i dati non sono uniformi e restano tentativi da consolidare
PubMedResearchGate.
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o Evidenza clinica: alcuni studi su umani mostrano una riduzione moderata dei livelli
di PSA e di altri marcatori tumorali, oltre a un potenziale rallentamento della
progressione, ma i risultati non sono omogenei né definitivi.

e Limitazioni critiche:
o Dosaggivariabili e poco standardizzati tra gli studi;

o Formulazioni differenti (estratti vs tisane vs integratori), con effetto dose-
dipendente;

o Dimensioni campionarie ridotte e durata insufficiente dei trial clinici;

o Mancanza di follow-up a lungo termine e limitata identificazione dei sottogruppi
di pazienti che ne trarrebbero maggiore beneficio PubMedResearchGate.

e Raccomandazioni future:
o Necessita di studi su larga scala, con protocolli RCT ben disegnati;

o Standardizzazione del dosaggio, della forma di somministrazione e delle
formulazioni (es. concentrazione di EGCG);

o Approcci combinati con terapie convenzionali;

o Ricerca orientata alla medicina personalizzata, per identificare chi puo trarne
vantaggio, potenzialmente in base a caratteristiche biologiche/genetiche
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