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Abstract: Cervical cancer represents the second leading cause of death for women worldwide.
The importance of the diet and its impact on specific types of neoplasia has been highlighted, focusing
again interest in the analysis of dietary phytochemicals. Polyphenols have shown a wide range of
cellular effects: they may prevent carcinogens from reaching the targeted sites, support detoxification
of reactive molecules, improve the elimination of transformed cells, increase the immune surveillance
and the most important factor is that they can influence tumor suppressors and inhibit cellular
proliferation, interfering in this way with the steps of carcinogenesis. From the studies reviewed
in this paper, it is clear that certain dietary polyphenols hold great potential in the prevention and
therapy of cervical cancer, because they interfere in carcinogenesis (in the initiation, development
and progression) by modulating the critical processes of cellular proliferation, differentiation,
apoptosis, angiogenesis and metastasis. Specifically, polyphenols inhibit the proliferation of HPV
cells, through induction of apoptosis, growth arrest, inhibition of DNA synthesis and modulation of
signal transduction pathways. The effects of combinations of polyphenols with chemotherapy and
radiotherapy used in the treatment of cervical cancer showed results in the resistance of cervical tumor
cells to chemo- and radiotherapy, one of the main problems in the treatment of cervical neoplasia that
can lead to failure of the treatment because of the decreased efficiency of the therapy.
Keywords: natural polyphenols; cervical cancer; carcinogenesis; bioavailability; chemotherapy

1. Introduction
Cervical cancer represents the second leading cause of death in women worldwide. In 2012
in Europe there were 58,300 new diagnoses and nearly 24,400 deaths [1]. According to the WHO,
Romania holds the first place in Europe regarding cervical cancer mortality, with mortality rates in
Romania 2–2.7-fold higher than in other Central and Eastern Europeancountries and 6.3 times higher
than the average of the EU countries. A similar situation is also found in underdeveloped regions
such as Africa, Asia and South America. This is explained primarily by the fact that in Romania,
the diagnosis typcal occurs in the advanced stages of the disease [2]. According to a study by the
International Agency of Research for Cancer, it is expected that the mortality due to cancer may double
in the next 50 years, rising to 15 million by the year 2020 [3].
Several studies have proven that the cancer risk at the point of specific organs is due to exposure
to specific environmental chemicals, biological agents (as Human Papilloma virus, Epstein Barr Virus,
HIV1, HCV, Helicobacter pylori) or physical agents (such as ionizing radiation, UV) [4,5].
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In another report from 2014, it was pointed out that cancer has multifactorial causes, the most
important being environmental and life style factors, the etiology being associated with genetic
abnormalities and inherited genetic aberrations, both caused by endogenous and exogenous agents [6].
Some epidemiological studies from 2014 have highlighted the importance of the diet and its impact
on specific types of neoplasia, raising again interest in the analysis of dietary phytochemicals [7,8].
Phytochemicals are bioactive compounds, including polyphenols, alkaloids, nitrogen compounds
or carotenoids, that are classified according to their chemical structure. It had been demonstrated
that these compounds can interfere with cell regulation and proliferation, being involved in multiple
signaling pathways that are disrupted during tumor initiation, proliferation and propagation. They can
be found in vegetables, grains, fruits and other plant products [9–12].
Daniele del Rio [13] reported in an extensive study from 2013 the importance of polyphenols in the
prevention and treatment of different types of cancers, concluding that the anticancer effects of these
natural compounds are still not totally known, the studies with promising data indicated that regular
consumption of green tea can interfere with the development of cancer. Rodriguez-Mateos et al. [14]
also studied the impact of dietary polyphenols on health, highlighting the bioavailability and
bioactivity of these compounds. They also observed that clinical trials regarding the effects of
polyphenols on cervical cancer are limited, and the most frequent studied compounds are green
tea polyphenols and curcumin.
Several studies on human and animal cervical cancer cells proved that polyphenols and their
derivatives have antioxidant and anticancer potential. In the last years, the potential chemopreventive
and chemotherapy properties of diet-derived agents have raised great interest among esearchers.
The polyphenolic compounds have received the most attention for their effects in preventing and
treating cervical cancer.
As it can be observed, the global cancer incidence is on an ascending curve, therefore
understanding the importance and mechanism of these natural products may improve the health
worldwide through the contribution to the development of more and more specific treatment strategies
against cancer.
The advantages of polyphenols are, according to Brglez Mojzer el al. [15], their high accessibility,
specificity of their response, low toxicity, while the main problems of these compounds are their
rapid metabolism and low bioavailability. Recent studies have proposed the nanoformulation of
polyphenols in order to prevent their rapid degradation and consequently enable delivery of increased
concentrations to the target cells. Another solution to the low bioavailability of these compounds
is that combinations of existing anti-cancer drugs with some polyphenols have showed promising
results. The purpose of this study was to review the bioavailability, anticarcinogenic properties and the
effects of the combination between different polyphenols and anti-cancer drugs used in the treatment
of cervical cancer.
2. Carcinogenesis—An Overview of the Multifactorial Process
The term of carcinogenesis is defined as a process cauased by an environmental carcinogenic
factor (biological, chemical, physical agent) that is characterized by distinct molecular changes that can
result ultimately in the formation of a malignant tumor [12,16]. It is a complex multi-step, multi- path
and multi-factorial process that requires the participation of innumerable critical molecular players
and targeted pathways. In recent years it was pointed out that the process needs an underlying balance
of aberrant activation of proto-oncogenes and also an inactivation of tumor suppressor genes [13–18].
The most important changes of the cell during carcinogenesis are initiation, promotion and
progression. Figure 1 represents a diagram showing the process of carcinogenesis that can transform a
normal cell into a cancerous one and the chemopreventive effects of polyphenols, that can block key
events of tumor initiation, promotion and propagation.
The exposure of normal cells to a carcinogenic agent is the first step of carcinogenesis, leading
to tumor initiation, an irreversible and rapid process, that results from non-lethal mutations in the
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cellular DNA. These cells accumulate irreversible genetic modifications with every new cycle of DNA
replication. Quail et al. concluded in their study that initiated cells are more immune to inhibitory
signals,
mediated
by1055
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Figure 1. Carcinogenesis—a multifactorial, multi-step process caused by environmental agents—mediated

Figure 1.
Carcinogenesis—a multifactorial, multi-step process caused by environmental
carcinogenesis and steps modulated by chemopreventive polyphenols (adapted after Maru [17] and
agents—mediated carcinogenesis and steps modulated by chemopreventive polyphenols (adapted
Kotecha [18]).
after Maru [17] and Kotecha [18]).

Barcellos-Hoff et al. [20] studied the final stage of neoplastic transformation and concluded that

Barcellos-Hoff
et irreversible
al. [20] studied
theinfinal
stage
neoplastic
transformation
and
progression is an
process,
which
the of
additional
genetic
mutations lead
toconcluded
new tumor that
cell clones
that
possess increased
invasive
cellular
metastatic
potential.
The
progression
is an
irreversible
process,
in which
thephenotypes
additionaland
genetic
mutations
lead
toresearch
new tumor
showed
that
the
tumor
development
is
influenced
by
genetic
mutations
in
two
classes
of
genes:
cell clones that possess increased invasive cellular phenotypes and metastatic potential. The
research
proto-oncogenes
(activation
of
proto-oncogenes
results
in
increased
proliferative
signals)
and
showed that the tumor development is influenced by genetic mutations in two classestumor
of genes:
suppressor genes (loss or inactivation of these genes), related to the exposure to environmental
proto-oncogenes (activation of proto-oncogenes results in increased proliferative signals) and tumor
carcinogens [21]. The accelerated carcinogenesis may be explained by the epigenetic modifications of
suppressor genes (loss or inactivation of these genes), related to the exposure to environmental
tumor suppression genes (through DNA methylation) in paraneoplastic tissues [20,22,23].
carcinogens
[21].
accelerated
carcinogenesis
may be explained
the epigeneticthe
modifications
Even
if The
significant
progress
was made significant
progresses by
in understanding
molecular of
tumormechanism
suppression
genes
(through
methylation)
in paraneoplastic
tissues [20,22,23].
of the
malignant
cellDNA
development,
the early
detection and treatment
of cancer is still a
Even
if significant
was made
significant
progresses
in understanding
the
molecular
challenging
purpose.progress
For this reason,
nowadays,
preventive
interventions
had gained the
attention
of researchers,
with important
being made
inearly
this field.
Polyphenols
have shown
wide range
mechanism
of the malignant
cellefforts
development,
the
detection
and treatment
ofacancer
is still a
of
cellular
effects:
they
may
prevent
carcinogens
from
reaching
the
targeted
sites,
support
detoxification
challenging purpose. For this reason, nowadays, preventive interventions had gained the attention of
of reactive
molecules,
improve
elimination
of this
transformed
cells, increase
the immune
researchers,
with
important
effortsthe
being
made in
field. Polyphenols
have
shown asurveillance
wide range of
and
the
most
important
factor,
they
influence
the
tumor
suppressors
and
inhibit
cellular
proliferation,
cellular effects: they may prevent carcinogens from reaching the targeted sites, support detoxification
interfering in this way with the steps of carcinogenesis [24,25].
of reactive molecules, improve the elimination of transformed cells, increase the immune surveillance
and the
most important
theyininfluence
theCancer
tumor suppressors and inhibit cellular proliferation,
3. Antioxidants
and factor,
Their Role
Preventing
interfering in this way with the steps of carcinogenesis [24,25].
A state in which there is an increased production of reactive oxygen species (ROS) along with a

decreased antioxidant
is specific
for oxidative stress. When high levels of ROS are
3. Antioxidants
and Theircellular
Role instock
Preventing
Cancer

present in the cell, genotoxic damage can occur. Recent studies show a direct correlation between ROSs′

Arole
state
in which messengers
there is an in
increased
production
reactive
oxygen
species (ROS)
along with
a
as secondary
intracellular
signaling of
cascades
inducing
oncogenesis
[26]. Specific
to
decreased
antioxidant
cellular
is specific
for oxidative
stress.the
When
high of
levels
of ROS
cervical
carcinogenesis
are stock
high levels
of 8-OhdG
determining
evolution
lesions
fromare
SILpresent
to
carcinomas
[27]. Changes
in lipid
peroxidation
impairment
of antioxidant
in theinvasive
cell, genotoxic
damage
can occur.
Recent
studies along
showwith
a direct
correlation
betweensystems
ROSs0 role
(either enzymatic
or not)
seen in serum
studies of
patients inducing
with diverse
malignant pathologies
of to
as secondary
messengers
in are
intracellular
signaling
cascades
oncogenesis
[26]. Specific
the
cervix
[28,29].
cervical carcinogenesis are high levels of 8-OhdG determining the evolution of lesions from SIL to

Molecules 2016, 21, 1055

4 of 32

invasive carcinomas [27]. Changes in lipid peroxidation along with impairment of antioxidant systems
(either enzymatic or not) are seen in serum studies of patients with diverse malignant pathologies of
the cervix [28,29].
When considering a chemopreventive compound we should mention its specific capabilities
of interfering early in the carcinogenesis process in order to eliminate any type of pre-malignant
cells that may induce further malignancy [30]. The characteristics of an ideal chemopreventive
agent are a selective approach to damaged cells, increased bioavailability in the lesion, multiple
mechanisms of action and easy manner of administration. Because of their specificities, dietary
compounds are considered the best chemopreventive agents [31,32]. Among these dietary compounds,
polyphenols have shown benefit activity as they have anti-proliferative and cytotoxic effects toward
tumor cells [32,33]. At 1 g/day their daily intake was shown to be the highest among all classes of
dietary anti-oxidants [32,33].
4. Natural Sources of Polyphenols, Bioavailability and Effects on Cervical Cancer
Polyphenols are a group of chemical substances from natural and herbal extracts that are arising
great interest because of their safe and powerful anticancer effects. Several studies have pointed out
that these substances have the property to target viral oncogenes and also to inhibit the deregulation
and signaling of gene expression of the host cells [30,34].
These compounds can be divided into two main groups: flavonoids and non-flavonoids [33].
Flavonoids are subdivided into seven subgroups: flavanols, flavanones, flavonols, flavones, isoflavones,
anthocyanidins, proanthocyanidins, while the non-flavonoid group includes stilbenes, phenolic acids,
lignans and other polyphenols [35,36]. The natural sources, chemical structure and biological activities
of dietary polyphenols are summarized in detail in Table 1.
In the following sections are described the most recent research about the anti-cancerogenic
activities of the most commonly studied natural polyphenols used for the prevention and treatment of
cervical cancer.
4.1. Flavonoids
The flavonoids are the most frequent polyphenolic compounds identified in the human diet,
being ubiquitously found in plants. They are considered the most important plant pigments
involved in flower coloration and being also involved in UV filtration and symbiotic nitrogen fixation.
Flavonoids have also other actions as cell cycle inhibitors, physiological regulators and chemical
messengers [37]. The chemical structure consists of two aromatic rings (A and B) bound together
by three carbon atoms that form an oxygenated heterocycle (ring C). They are subdivided into six
subclasses: flavonols, isoflavones, flavones, flavanols (catechins and proanthocyanidins), flavanones
and anthocyanidins [37,38].
4.1.1. Flavonols
Are a class of flavonoids widely distributed in numerous fruits and vegetables. Some important
food sources are berries, apples, onions, teas, red grapes, broccoli, red wine, curly kale, leeks,
broccoli [36,39]. For example, in apples, the flavonols, and particularly quercetin glycosides, are
almost exclusively found in the apple peel [40]. The most common flavonols found in the diet are:
quercetin, kaempferol, fisetin and myricetin [40]. A study by Somerset et al. identified that the dietary
flavonoid sources in the Australian population were 12.53 mg quercetin, 5.6 mg kaempferol and 2.4 mg
myricetin [41], the most frequent sources being tea (green and black). In Europe, namely in Spain, in
2010 a study was conducted where the flavonols intake was investigated. Their results showed that
2/3 of ingested flavonols have their origin in onions (mainly quercetin) and the remaining 1/3 of the
flavonols intake was from apples, red wine and lettuce [42].
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Table 1. Sources of polyphenols, chemical structure and their biological activities [13–15,35,36,43–48].

Molecules 2016, 21, 1055
Molecules 2016,
2016, 21, 1055
1055
Molecules
Molecules 2016,21,
21, 1055

Table
1. Sources of polyphenols, chemical structureSources
and their biological activities [13–15,35,36,43–48].
Chemical
Structure
Biological Effects
Table
1. Sources of polyphenols, chemical Dietary
structure and their biological activities [13–15,35,36,43–48].

Compound
Compound
Compound
Compound
Compound

Molecules 2016, 21, 1055

EpicatechinEpicatechin
Epicatechin
Epicatechin
Compound
Epicatechin

Epicatechin
Catechin

Catechin Catechin
Catechin

Catechin

Catechin
Apigenin

Apigenin
Apigenin Apigenin
Apigenin
Apigenin
Luteolin

Luteolin
Luteolin
Luteolin
Luteolin Luteolin
Chrysin

Chrysin

5 of 30
of 30
30
555of
of 30

Chrysin
Chrysin
Chrysin
Chrysin

Table
Table1.1.Sources
Sourcesof
ofpolyphenols,
polyphenols,chemical
chemicalstructure
structureand
andtheir
theirbiological
biologicalactivities
activities[13–15,35,36,43–48].
[13–15,35,36,43–48].
Chemical Structure
Dietary
Sources
Biological Effects
Flavonols
Chemical
Structure
Dietary
Sources
Biological Effects
Effects
Chemical
Dietary
Biological
ChemicalStructure
Structure
DietarySources
Sources
Biological Effects
Flavonols
Flavonols
Antioxidative,
anti-proliferative,
pro-apoptotic, 5 of 30
Flavonols
Flavonols
Antioxidative, anti-proliferative, pro-apoptotic, antiangiogenic,
antiangiogenic,
suppression
of growth
and invasion,
Antioxidative,
anti-proliferative,
pro-apoptotic,
antiangiogenic,
Antioxidative,
anti-proliferative,
pro-apoptotic,
antiangiogenic,
Antioxidative,
pro-apoptotic,
antiangiogenic,
suppression
ofanti-proliferative,
growth and invasion,
anti-inflammatory,
Table 1. Sources of polyphenols,
chemical
structure
their
biological
activities
[13–15,35,36,43–48].
Apple,
berries,
red
wine,
green
anti-inflammatory,
antimetastatic,
antimutagenic,
Apple, berries,
grapes,
redgrapes,
wine,and
green
and
suppression
of growth
growth and
and invasion,
invasion,
anti-inflammatory,
suppression
of
anti-inflammatory,
suppression
of growth
and invasion,
anti-inflammatory,
antimetastatic,
antimutagenic,
inhibition
of telomerase activity
Apple, berries,
berries, grapes,
grapes, red
red wine,
wine, green
green and
Apple,
and
black
tea,
chocolate
inhibition
of telomerase
activity
lipid peroxidation,
Apple,
berries,
grapes,
red
wine, greenand
and
black tea,
chocolate
antimetastatic,
antimutagenic,
inhibition
of and
telomerase
activity
antimetastatic,
antimutagenic,
inhibition
of
activity
Chemical Structure
Dietary
Sources
Biological
Effects
antimetastatic,
antimutagenic,
inhibition
oftelomerase
telomerase
activity
and lipid peroxidation,
modulation
of estrogen
activity,
black tea,
tea, chocolate
chocolate
black
modulation
of
estrogen
activity,
modulation
and
black tea, chocolate
and
lipid
peroxidation,
modulation
of
estrogen
activity,
and
lipid
peroxidation,
modulation
of
estrogen
activity,
Flavonols
and
lipid peroxidation,
modulation
of estrogen
modulation
and reversal
of epigenetic
changes activity,
reversal
of
epigenetic
changes
modulation
and
reversal
of
epigenetic
changes
modulation
reversal
changes
Antioxidative,
anti-proliferative,
pro-apoptotic,
modulationand
and
reversalof
ofepigenetic
epigenetic
changes antiangiogenic,
suppression
of growth
and invasion,
anti-inflammatory,
Antioxidative,
anti-proliferative,
pro-apoptotic,
antiangiogenic,
Apple,
berries,
grapes,
wine,
greenapricots,
and
Red wine,
broad
beans,red
black
grapes,
antimetastatic,
antimutagenic,
inhibition of telomerase
activity
Antioxidative,
anti-proliferative,
pro-apoptotic,
inhibition
of tumor
growth,
anti-inflammatory,
suppression
of
black
tea,
chocolate
tea, strawberries
Antioxidative, anti-proliferative,
anti-proliferative, pro-apoptotic,
pro-apoptotic, antiangiogenic,
antiangiogenic,
and
lipid
peroxidation,
modulation
of
activity,
Antioxidative,
anti-proliferative,
pro-apoptotic,
antiangiogenic,
wine,
broad
grapes,Antioxidative,
antiangiogenic,
inhibition
ofestrogen
tumor growth,
growth
and
invasion,
pro-oxidative
Red wine,
wine,Red
broad
beans,
blackbeans,
grapes,black
apricots,
Red
broad
beans,
black
grapes,
apricots,
Red wine, broad beans, black grapes, apricots, inhibition
inhibition of
of tumor
tumor growth,
growth, anti-inflammatory,
anti-inflammatory, suppression
suppression of
of
modulation
reversal
of epigenetic
changes
inhibition
ofand
tumor
growth,
anti-inflammatory,
suppression of
apricots, tea, strawberries
anti-inflammatory,
suppression
of growth
tea, strawberries
strawberries
tea,
tea, strawberries
growth and
and invasion,
invasion, pro-oxidative
pro-oxidative
growth
Flavones
growthand
and invasion,
invasion, pro-oxidative
pro-oxidative
Antioxidative,
pro-apoptotic, antiangiogenic,
Antioxidative,anti-proliferative,
anti-mutagenic, anti-inflammatory,
anti-viral,
Red wine, broad beans, black grapes, apricots,
inhibition
of
tumor
growth,
anti-inflammatory,
suppression
of
inhibition
of
tumor
growth,
pro-apoptotic,
suppression
of tumor
Flavones
tea,
strawberries
Flavones
Parsley,
celery, celeriac,
and
chamomile tea
Flavones
Flavones
growth
and invasion,
pro-oxidative
progression,
anti-invasive,
antiangiogenic, antimetastatic, antiproliferative,
modulation
of epigenetic changes
Antioxidative,
anti-mutagenic,
anti-inflammatory,
Antioxidative,
anti-mutagenic,
anti-inflammatory,
anti-viral,
Antioxidative,
anti-mutagenic,
anti-inflammatory,
anti-viral,
Flavones
Antioxidative,
anti-mutagenic,
anti-viral,
anti-viral,
inhibition
ofanti-inflammatory,
tumor growth,
pro-apoptotic,
inhibition
of
tumor
growth,
pro-apoptotic,
suppression
of tumor
tumor
inhibition
of
tumor
growth,
pro-apoptotic,
suppression
of
Parsley,
celery,
celeriac,
Antioxidative,
anti-mutagenic,
anti-inflammatory,
anti-viral,
inhibition
of
tumor
growth,
pro-apoptotic,
suppression
of tumor
Celery, celery,
broccoli,
green pepper,
parsley,tea
thyme,
Parsley,
celery,
celeriac,
and chamomile
chamomile
tea
Parsley,
celeriac,
and
suppression
of
tumor
progression,
anti-invasive,
Parsley, celery,
celeriac, and
chamomile tea
progression, anti-invasive,
anti-invasive, antiangiogenic,
antiangiogenic, antimetastatic,
antimetastatic, antiantiprogression,
and
chamomile
tea
inhibition
of tumor
growth,
pro-apoptotic,anti-proliferative,
suppression
of tumor
progression,
anti-invasive,
antiangiogenic,
antimetastatic,
antidandelion, chamomile tea, carrots, olive oil,
antiangiogenic,
antimetastatic,
Parsley, celery, celeriac, and chamomile tea
Anti-inflammatory,
anti-mutagenic,
anti-carcinogenic
proliferative,
modulation
of epigenetic
epigenetic
changes
proliferative,
modulation
of
changes
progression,
anti-invasive,
antimetastatic, antiproliferative,
modulation
ofantiangiogenic,
epigenetic
changes
peppermint, rosemary, navel oranges, and
modulation
of epigenetic
changes
proliferative, modulation of epigenetic changes
oregano
Celery, broccoli,
broccoli, green
green pepper,
pepper, parsley,
parsley, thyme,
thyme,
Celery,
Celery,
pepper,
parsley,
thyme,
Celery, broccoli,
broccoli,
green
pepper,
parsley,
thyme,
Celery,green
broccoli,
green
pepper,
parsley,
dandelion, chamomile
chamomile tea,
tea, carrots,
carrots, olive
olive oil,
oil,
dandelion,
dandelion,
chamomile
tea,
olive
dandelion,
chamomile
tea, carrots,
carrots,
olive oil,
oil,tea, Anti-inflammatory,
thyme,
dandelion,
chamomile
Anti-inflammatory,
anti-mutagenic,
anti-carcinogenic
anti-mutagenic,
anti-carcinogenic
Anti-proliferative,
anti-anxiety,
anticonvulsant,
antioxidant,
Anti-inflammatory,
anti-mutagenic,
anti-carcinogenic
Anti-inflammatory,
anti-mutagenic,
anti-carcinogenic
Anti-inflammatory,
anti-mutagenic,
anti-carcinogenic
peppermint,
rosemary,
navel oranges,
oranges,
and
peppermint,
rosemary,
Passion flowers,
chamomile,
honeycomb
peppermint,
rosemary,
navel
oranges,
and
peppermint,
rosemary,
navel
oranges,and
androsemary,
carrots,
olivenavel
oil, peppermint,
anti-inflammatory
oregano
oregano
oregano
oregano navel oranges, and oregano

Anti-proliferative, anti-anxiety, anticonvulsant, antioxidant,
Passion flowers, chamomile, honeycomb
Anti-proliferative, anti-anxiety,
anti-anxiety, anticonvulsant,
anticonvulsant, antioxidant,
antioxidant,
Anti-proliferative,
anti-inflammatory
Anti-proliferative,
anti-anxiety,
anticonvulsant, antioxidant,
Passion flowers,
flowers, chamomile,
chamomile, honeycomb
honeycomb
Anti-proliferative,
anti-anxiety,
Passion
Passion flowers,
honeycomb honeycomb
anti-inflammatory
Passionchamomile,
flowers, chamomile,
anti-inflammatory
anti-inflammatory
anticonvulsant, antioxidant, anti-inflammatory

Molecules 2016, 21, 1055

Molecules 2016, 21, 1055
Molecules 2016, 21, 1055
Molecules 2016, 21, 1055
Molecules
2016, 21, 1055
Compound

Quercetin
Quercetin
Quercetin
Quercetin
Quercetin

Kaempferol
Kaempferol
Kaempferol
Kaempferol
Kaempferol

Naringenin
Naringenin
Naringenin
Naringenin
Naringenin

6 of 32

Table 1. Cont.
Chemical Structure

6 of 30
6 of 30
6 of 30
6 of 30

Table 1. Cont.
Dietary
Biological Effects
TableSources
1. Cont.
Table
1.
Cont.
Flavonols
Flavonols
Table
1. Cont.
Flavonols
Antioxidative;
pro-oxidative,
inhibition
Flavonols
Antioxidative;
pro-oxidative,
antiviral,antiviral,
inhibition
of tumorof
Antioxidative;
pro-oxidative,
antiviral,
inhibition
of tumor
Flavonols
tumor
formation
and
migration,
pro-apoptotic,
formation
and migration,
pro-apoptotic,
anti-proliferative,
Antioxidative;
pro-oxidative,
antiviral, inhibition
of tumor
formation
and migration,
pro-apoptotic,
anti-proliferative,
Onions,Onions,
broccoli,
apples,apples,
apricots,
berries,berries,
nuts, nuts,
broccoli,
apricots,
anti-proliferative,
antimetastatic,
anti-angiogenic,
Onions, broccoli, apples, apricots, berries, nuts, Antioxidative;
antimetastatic,
anti-angiogenic,
inhibition
of lipidofperoxidation,
pro-oxidative,
antiviral,
inhibition
tumor
formation
and
migration,
pro-apoptotic,
anti-proliferative,
antimetastatic,
anti-angiogenic,
inhibitionreduction
of lipid peroxidation,
seeds,
tea,cocoa
wine,
cocoa
inhibition
of lipid peroxidation,
of tumor
seeds,
tea,
wine,
Onions,
broccoli,
apples,
apricots, berries, nuts, formation
seeds,
tea,
wine, cocoa
reduction
of tumor
incidence
and
multiplicity,
prevention
of
and
migration,
pro-apoptotic,
anti-proliferative,
antimetastatic,
anti-angiogenic,
inhibition
of
lipid
peroxidation,
incidence
and
multiplicity,
prevention
of
GJIC
reduction of tumor incidence and multiplicity, prevention of
Onions,
broccoli,
seeds, tea,
wine, apples,
cocoa apricots, berries, nuts, antimetastatic,
GJIC
inhibition,
modulation
of
epigenetic
changes
anti-angiogenic,
inhibition
of
lipid
peroxidation,
reduction
of tumor
incidence
prevention of
inhibition,
modulation
of multiplicity,
epigenetic
changes
GJIC
inhibition,
modulation
ofand
epigenetic
changes
seeds, tea, wine, cocoa
reduction
of tumor
incidence and
multiplicity,
prevention of
GJIC inhibition,
modulation
of epigenetic
changes
Apples, grapes, tomatoes, green tea, potatoes,
GJIC inhibition, modulation of epigenetic changes
Apples,Apples,
grapes,grapes,
tomatoes,
green tea,
potatoes,
tomatoes,
green
tea, potatoes,
onions,
broccoli,
Brussels
sprouts,
squash,
Antioxidant, anti-viral, antibacterial, antiproliferative, antiApples,onions,
grapes,broccoli,
tomatoes,
green
tea,
potatoes,
onions,
broccoli,
Brussels
sprouts,
squash,
anti-viral,anti-viral,
antibacterial,
antiproliferative, antiBrussels sprouts, squash, Antioxidant,
Antioxidant,
antibacterial,
inflammatory
cucumbers,
lettuce,
greengreen
beans,tea,
peaches,
Apples,
grapes,
tomatoes,
potatoes,
onions,
broccoli,
Brussels
sprouts,
squash,
Antioxidant,
anti-viral, antibacterial,
antiproliferative, anticucumbers,
lettuce,lettuce,
green beans,
peaches,
cucumbers,
green beans,
peaches, inflammatory
antiproliferative,
anti-inflammatory
blackberries,
raspberries,
and
spinach
onions,
broccoli,
Brussels
sprouts,
squash,
Antioxidant,
anti-viral,
antibacterial,
antiproliferative,
antiinflammatory
cucumbers,
lettuce,
green
beans,
peaches,
blackberries,
raspberries,
and spinach
blackberries,
raspberries,
and spinach
inflammatory
cucumbers,
lettuce,
green beans,
peaches,
blackberries,
raspberries,
and spinach
Flavanones
Flavanones
blackberries, raspberries,
and
spinach
Flavanones
Flavanones
Anti-oxidative, anti-inflammatory, anti-metastatic, delayed
Anti-oxidative, anti-inflammatory, anti-metastatic, delayed
Flavanones
Anti-oxidative,
anti-inflammatory,
anti-metastatic,
tumor
development,
reduction
of tumor
incidence,
Anti-oxidative,
anti-inflammatory,
anti-metastatic,
tumor
development,
reduction of tumor
incidence, delayed
Grapefruit, oranges, and tomatoes
delayed
tumor
development,
reduction
ofdelayed
tumor
Grapefruit, oranges, and tomatoes
anticarcinogenic,
lipid-lowering,
superoxide
scavenging,
Anti-oxidative,
anti-inflammatory,
anti-metastatic,
tumor
development,
reduction
of
tumor
incidence,
anticarcinogenic,
lipid-lowering,
superoxide
scavenging,
Grapefruit,
oranges,
and tomatoes
Grapefruit,
oranges,
and tomatoes
incidence,
anticarcinogenic,
lipid-lowering,
anti-apoptotic,
metal
chelatingof tumor
tumor
development,
reduction
incidence,
anticarcinogenic,
lipid-lowering,
superoxide
scavenging,
anti-apoptotic,
metal
chelating anti-apoptotic,
Grapefruit, oranges, and tomatoes
superoxide
scavenging,
metal
anticarcinogenic,
lipid-lowering,
superoxide scavenging,
anti-apoptotic,
metal
chelating
Anthocyanins
chelating
Anthocyanins
anti-apoptotic, metal chelating
Anthocyanins
Anthocyanins
Blueberry, cranberry,
bilberry;
black raspberry,
Anthocyanins
Blueberry, cranberry, bilberry;
black raspberry,
red
raspberry,
blackberry;
blackcurrant,
cherry,
Blueberry,
cranberry,
bilberry;
black raspberry,
red raspberry, blackberry; blackcurrant,
cherry,
Anti-inflammatory, anti-edema, antiproliferative, antioxidant,
eggplant
(aubergine)
peel, blackcurrant,
black
rice,raspberry,
Concord
Blueberry,
cranberry,
bilberry;
black
red
raspberry,
blackberry;
cherry, Anti-inflammatory,
anti-edema, antiproliferative, antioxidant,
eggplant
(aubergine)
peel, black
rice,black
Concord
Blueberry,
cranberry,
bilberry;
raspberry,
red
grape,
red(aubergine)
cabbage,
and
violet
petals.
antiangiogenic,
antimetastatic
red
raspberry,
blackberry;
blackcurrant,
cherry,
Anti-inflammatory,
anti-edema, antiproliferative, antioxidant,
eggplant
peel,
black
rice,
Concord
grape, red
cabbage,
and violetblackcurrant,
petals.
antiangiogenic,
antimetastatic
raspberry,
blackberry;
cherry,
Red-fleshed
peachesand
andviolet
apples
Anti-inflammatory,
anti-edema,
antiproliferative,
antioxidant,
eggplant
(aubergine)
peel,
blackpetals.
rice, Concord
Anti-inflammatory,
anti-edema,
antiproliferative,
grape,
red
cabbage,
antiangiogenic,
antimetastatic
Red-fleshed
peaches
and apples
eggplant
(aubergine)
peel, black rice, Concord
contain
anthocyanins
antioxidant,
antiangiogenic, antimetastatic
grape,
red
cabbage,
and
violet
petals.
antiangiogenic,
antimetastatic
Red-fleshed
peaches
and
apples
containgrape,
anthocyanins
red cabbage, and violet petals. Red-fleshed
Red-fleshed
peaches
and apples
containpeaches
anthocyanins
and apples
contain anthocyanins
contain anthocyanins
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Cinnamon, aronia fruit,Table
cocoa1.beans,
Cont. grape

Cinnamon,
aronia
fruit,
cocoa beans, grape Antioxidant,
seed,
Cinnamon,
aronia
fruit, skin,
cocoa red
beans,
grape
seed,
grape
wines,
bilberry,
antiproliferative,
antibacterial,
Antioxidant,
antiproliferative,
seed, grape skin, red
wines,
bilberry,
Antioxidant,
antiproliferative,
antibacterial, anti-inflammatory
grape
skin,
red wines, bilberry,
cranberry,
black
Proanthocyanidins
cranberry,
black
currant,
green
tea,
black
tea
antibacterial,
anti-inflammatory
Cinnamon,
aronia
fruit,
cocoa
beans,
grape
Cinnamon,
aronia
fruit,
cocoa
beans,
grape
cranberry, black currant,
green
tea, black
tea
currant,
green
tea, black
tea

anti-inflammatory

seed,
grape
skin,
red wines,
bilberry,
Antioxidant,
antiproliferative,
antibacterial,
anti-inflammatory
seed,
grape
skin,
red wines,
bilberry,
Antioxidant,
antiproliferative,
antibacterial,
anti-inflammatory
cranberry,
black
currant,
greengreen
tea, black
cranberry,
black
currant,
tea, tea
black tea

Daidzein

Daidzein
Daidzein

Daidzein
Daidzein
Genistein

Isoflavones
Cinnamon, aronia
fruit, cocoa beans, grape
Isoflavones
Isoflavones
seed, grape skin, red wines, bilberry,
Antioxidant, antiproliferative, antibacterial, anti-inflammatory
Kwao Krua, Kudzu,Maackia amurensis cell
cranberry, black currant, green tea, black
tea
Antioxidant,
estrogenic and anti-estrogenic effects
Isoflavones
cultures, tofu

Isoflavones
KwaoKudzu,Maackia
Krua, Kudzu, Maackia
Kwao Krua,
amurensis
cell
Antioxidative, anti-invasive,
anti-inflammatory,
anti-metastatic,
Antioxidant,
estrogenic
and anti-estrogenic
Antioxidant,
estrogenic
and anti-estrogenic
effects effects
amurensis
cell cultures,amurensis
tofu
cultures,
tofuKudzu,Maackia
Kwao
Krua,
cell of tumor development/growth, reduction of
delay/repression
Kwao
Krua,
Kudzu,Maackia
amurensis
cell
Lupin, fava beans, soybeans, kudzu, psoralea,
Antioxidant,
estrogenic
and anti-estrogenic
effects
Antioxidant,
estrogenic
and anti-estrogenic
effects
tumor multiplicity
and volume,
pro-apoptotic,
antiproliferative,
cultures,
tofutofu
coffee cultures,
Isoflavones estrogenic activity, prevention of GJIC inhibition, modulation of
epigenetic changes

Daidzein

Genistein
Genistein
Genistein

Resveratrol
Genistein

Genistein

Secoisolari-ciresinol
Resveratrol
Resveratrol
Resveratrol
Resveratrol

Resveratrol

Antioxidative,
anti-invasive,
anti-inflammatory,
Antioxidative,
anti-invasive,
anti-inflammatory,
anti-metastatic,

Antioxidative, anti-invasive, anti-inflammatory, anti-metastatic,
Kwao Krua, Kudzu,Maackia
amurensis cell
Stilbenes
anti-metastatic,
delay/repression
of tumor
Antioxidant,
estrogenic
and
effects
delay/repression
of
tumor
development/growth,
reduction
Antioxidative,
anti-invasive,
anti-inflammatory,
anti-metastatic,
delay/repression
ofanti-estrogenic
tumor
development/growth,
reduction of
of
cultures,
tofu
Lupin,
fava
kudzu,
psoralea,
Lupin,Lupin,
fava beans,
beans,
soybeans,
kudzu,
psoralea,
fava soybeans,
beans,
soybeans,
development/growth,
reduction
of tumor
delay/repression
of
tumor
development/growth,
reduction
of
Antioxidative,
anti-inflammatory,
anti-cyclooxygenase,
tumor
multiplicity
and
volume,
pro-apoptotic,
antiproliferative,
tumor multiplicity and volume, pro-apoptotic, antiproliferative,
Skin ofLupin,
grapes,
blueberries,
raspberries,
fava
beans,
soybeans,
kudzu,
psoralea,
coffee
multiplicity
and
volume,
pro-apoptotic,
coffee kudzu, psoralea, coffee antiproliferative,
proapoptotic,
antiestrogenic,
modulation
ofof GJIC
tumor
multiplicity
and
volume,
pro-apoptotic,
antiproliferative,
Antioxidative,
anti-invasive,
anti-inflammatory,
anti-metastatic,
estrogenic
activity,
prevention
inhibition,
modulation
of
estrogenic
activity,
prevention
of GJIC
inhibition,
modulation
of
mulberries
coffee
antiproliferative,
estrogenic
activity,
prevention
of
lipid metabolism,
inhibition
of platelet
aggregation
estrogenic
activity,
prevention
of
GJIC
inhibition,
modulation
delay/repression
of
tumor
development/growth,
reduction
of of
epigenetic
changes
epigenetic
changes
Lupin, fava beans, soybeans, kudzu, psoralea,
GJIC
modulationantiproliferative,
of epigenetic changes
epigenetic
changes
tumor multiplicity
andinhibition,
volume, pro-apoptotic,
Lignans
Stilbenes
coffee
Stilbenes
Stilbenes
estrogenic activity, prevention of GJIC inhibition, modulation of
Stilbenes
epigenetic changes
Antioxidative, anti-inflammatory, anti-cyclooxygenase,
Antioxidant, anti-inflammatory, Antioxidative,
antiproliferative, anti-inflammatory,
Skin of grapes, blueberries,
raspberries,
Stilbenes
Antioxidative,
anti-inflammatory,
anti-cyclooxygenase,
Flax, sunflower, sesame, pumpkin seeds
antiproliferative,
proapoptotic,
antiestrogenic,
modulation of
Antioxidative,
anti-inflammatory,
anti-cyclooxygenase,
anticarcinogenic
Skin
grapes,
blueberries,
raspberries,
mulberries
Skin
of of
grapes,
blueberries,
raspberries,
Skin
of
grapes,
blueberries,
anti-cyclooxygenase,
antiproliferative,
proapoptotic,
antiproliferative,
proapoptotic,
antiestrogenic,
modulation
of
lipid metabolism,
inhibition
of platelet
aggregation
antiproliferative,
proapoptotic,
antiestrogenic,
modulation
of
Antioxidative,
anti-inflammatory,
anti-cyclooxygenase,
mulberries
mulberries
raspberries,
mulberries
antiestrogenic, modulation of lipid metabolism,
Skin
of grapes,
blueberries,
raspberries,
lipid
metabolism,
inhibition
of
platelet
aggregation
lipid
metabolism,
inhibition
of
platelet
aggregation
antiproliferative, proapoptotic, antiestrogenic, modulation of
inhibition of platelet aggregation
mulberries
Lignans
lipid metabolism, inhibition of platelet aggregation
Lignans
Lignans
Lignans
Lignans

Secoisolari-ciresinol
Secoisolari-ciresinol
Secoisolari-ciresinol

Antioxidant, anti-inflammatory, antiproliferative,
anticarcinogenic
Antioxidant, anti-inflammatory,
antiproliferative,
Antioxidant, anti-inflammatory,
Flax, sunflower,
sesame, pumpkin
Flax, sunflower,
sesame,seeds
pumpkin seeds
anticarcinogenic antiproliferative, anticarcinogenic
Flax, sunflower, sesame, pumpkin seeds
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Benzoic acids
Benzoic acids
(Gallic acid)
Benzoic
acids
(Gallic acid)
Benzoic
(Gallicacids
acid)
Benzoic
acids
Benzoic
acids
(Gallic
acid)
(Gallic
acid)
Benzoic
acids
(Gallic acid)
(Gallic acid)
Cinnamic
acids
Cinnamic acids
Cinnamic acids
Cinnamic acids
Cinnamic acids
Cinnamic acids

Curcumin
Curcumin
Curcumin
Curcumin
Rosmarinic
acid
Curcumin
Curcumin
Curcumin
Rosmarinic acid
Rosmarinic acid
Rosmarinic
acid
6-Gingerol
Rosmarinic acid

6-Gingerol
RosmarinicRosmarinic
acid
acid
6-Gingerol

6-Gingerol

6-Gingerol 6-Gingerol
6-Gingerol
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Phenolic
Acids
Table
1. Cont.

Phenolic
Table
1. Acids
Cont.
Table
1.
Cont.
Antioxidative, pro-oxidative, anti-inflammatory,
Phenolic
Antioxidative, pro-oxidative, anti-inflammatory, antibacterial,
Table Acids
1. Cont.
antibacterial, antiviral, anti-melanogenic,
Table
1.
Cont.
Phenolic
Acids
antiviral, anti-melanogenic,
suppression
of
Phenolic
Acids
Antioxidative,
pro-oxidative,antimutagenic,
anti-inflammatory,
antibacterial,
Gallnuts, sumac, witch hazel, tea leaves, oak
antimutagenic, suppression of tumor growth,
Phenolic
Acids
tumor
growth,
anti-invasive,
antiproliferative,
inhibition
of
Antioxidative,
pro-oxidative,
anti-inflammatory,
antibacterial,
antiviral,
anti-melanogenic,
antimutagenic,
suppression
of
Antioxidative,
pro-oxidative,
anti-inflammatory,
antibacterial,
Gallnuts, sumac,
witch
hazel,
tea
leaves,
oak
bark
bark
Gallnuts,
sumac, witch Phenolic
hazel, tea Acids
leaves, oak
anti-invasive,
antiproliferative,
inhibition
Antioxidative,
pro-oxidative,
anti-inflammatory,
antibacterial,
tumorigenesis,
anti-angiogenic,
modulation
of inhibition
androgen
antiviral,
anti-melanogenic,
antimutagenic,
suppression
of of
tumor
growth,
anti-invasive,
antiproliferative,
of
antiviral,
anti-melanogenic,
antimutagenic,
suppression
Antioxidative,
pro-oxidative,
anti-inflammatory,
antibacterial,
Gallnuts,
sumac,
witch
hazel,
teatea
leaves,
oak
bark
Gallnuts,
sumac,
witch
hazel,
leaves,
oak
of tumorigenesis,
anti-angiogenic, of
antiviral,
anti-melanogenic,
antimutagenic,
receptor
tumor
growth,
anti-invasive,
antiproliferative,
inhibition
of of
tumorigenesis,
anti-angiogenic,
modulationsuppression
of
androgen
tumor
growth,
anti-invasive,
antiproliferative,
inhibition
antiviral, anti-melanogenic,
antimutagenic,
of
Gallnuts,
sumac, witch hazel, tea leaves, oak
bark
bark
modulation
of androgensuppression
receptor
Gallnuts, sumac, witch hazel, tea leaves, oak
tumor
growth,
anti-invasive,
antiproliferative,
inhibition
tumorigenesis,
anti-angiogenic,
modulation
of of
androgen
receptor
tumorigenesis,
anti-angiogenic,
modulation
androgen of
tumor
growth,
anti-invasive,
antiproliferative,
inhibition
of
bark
Oil
of
cinnamon,
balsams
such
as
storax,
shea
Antioxidative,
antimicrobial,
anti-inflammatory,
bark
tumorigenesis,
anti-angiogenic, modulation of androgen
receptor
receptor
tumorigenesis,
anti-angiogenic,
modulation
of
androgen
butter
antiproliferative
Oil of cinnamon,
balsams such
as storax, shea
Antioxidative,
antimicrobial,
anti-inflammatory,
Oil of cinnamon,
balsams
Antioxidative,
antimicrobial,
receptor
receptor
Oilbutter
of cinnamon,
balsams
such
as butter
storax, shea
Antioxidative,
antimicrobial,
anti-inflammatory,
antiproliferative
such as
storax,
shea
anti-inflammatory,
antiproliferative
Oil of cinnamon, balsams such
as
storax,
shea
Antioxidative,
antimicrobial,
anti-inflammatory,
Tannins
butter
antiproliferative
Oil
of
cinnamon,
balsams
such
as
storax,
shea
Antioxidative,
antimicrobial,
anti-inflammatory,
butter
antiproliferative
Tannins
Tannins
butter
antiproliferative
Tannins
Grape skins, seeds and stems,
cranberries,
Tannins
Tannins
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial activities, Antitumor activities, Inhibition of the
Grape
skins, seeds
and stems,
cranberries,
Tannins
pecans,
Cloves,
tarragon,
cumin,
thyme,
mutagenicity of
carcinogens,
Inhibition
of tumor
promotion
Grape
skins,
seeds
and stems,
cranberries,
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial
activities,
Antitumor
activities,
Inhibition
of the
Grape
skins,
seeds
and
stems,
Antimicrobial activities, Antitumor activities,
vanilla,skins,
and
cinnamon
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial
Antitumor
activities,
Inhibition
of the
pecans,
Cloves,
tarragon,
cumin,
thyme,
mutagenicityactivities,
of carcinogens,
Inhibition
of tumor
promotion
Grape
seeds
andstrawberries,
stems,
cranberries,
cranberries,
blueberries,
Grape skins, seeds and stems, cranberries,
Inhibition
of
the
mutagenicity
of
carcinogens,
Grape
skins,
seeds
and
stems,
cranberries,
pecans,
Cloves,
tarragon,
cumin,
thyme,
of carcinogens,
Inhibition
of tumorInhibition
promotion
vanilla,
and
cinnamon
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial
activities, Antitumor
activities,
of the
hazelnuts,
walnuts,
pecans,
Cloves,mutagenicity
tarragon,
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial activities,
Antitumor
activities,
Inhibition of the
Inhibition
of tumor
promotion
strawberries,
blueberries,
hazelnuts,
walnuts,
Antimicrobial
activities,
Antitumor
activities,
Inhibition
of the
vanilla,
and
cinnamon
pecans,
Cloves,
tarragon,
cumin,
thyme,
mutagenicity
of
carcinogens,
Inhibition
of
tumor
promotion
cumin,
thyme,
vanilla,
and
cinnamon
pecans, Cloves, tarragon,
cumin,
thyme,
mutagenicity
of
carcinogens,
Inhibition
of
tumor
promotion
Other
Polyphenols
pecans,
tarragon,
cumin,
thyme,
mutagenicity of carcinogens, Inhibition of tumor promotion
vanilla, Cloves,
and cinnamon
vanilla, and cinnamon
Other Polyphenols
Antioxidative, anti-angiogenic, anti-adhesive, tumor growth
vanilla, and cinnamon
Other Polyphenols
Turmeric
suppressive, antiproliferative,
Antioxidative,
anti-angiogenic,proapoptotic,
anti-adhesive,antimetastatic,
tumor growthantiOther Polyphenols
inflammatory,
modulation and
reversal of epigenetic
changes
Antioxidative,
anti-angiogenic,
anti-adhesive,
tumor
growth
Other Polyphenols
Turmeric
suppressive,
antiproliferative,
proapoptotic,
antimetastatic,
antiOther Polyphenols
Other Polyphenols
Antioxidative,
anti-angiogenic,
tumor
Turmeric
suppressive,
antiproliferative,
proapoptotic,
antiinflammatory,
modulation
and
reversal
of antimetastatic,
epigenetic
changes
Antioxidative,
anti-angiogenic,
anti-adhesive,
tumoranti-adhesive,
growth
Antioxidative, anti-angiogenic, anti-adhesive, tumor growth
Basil, lemon balm, rosemary, marjoram, sage, inflammatory,
reduction
of
HCA
formation,
modulation
of proapoptotic,
Antioxidative,
anti-angiogenic,
anti-adhesive,
tumorchanges
growth
growthand
suppressive,
modulation
reversal
of antiproliferative,
epigenetic
Turmeric
suppressive,
TurmericTurmeric
suppressive, antiproliferative,
antiproliferative, proapoptotic,
proapoptotic, antimetastatic,
antimetastatic, antiantithyme,
peppermint
epigenetic changes
Turmeric
suppressive,
antiproliferative,
proapoptotic,
antimetastatic,
Basil,
lemon
balm, rosemary, marjoram, sage,
Antioxidative,
reduction
of and
HCA
formation,
modulation
of antiantimetastatic,
anti-inflammatory,
modulation
and
inflammatory,
modulation
reversal
of epigenetic
changes
inflammatory, modulation and reversal of epigenetic changes
Basil,
lemon
balm, rosemary, marjoram, sage,
Antioxidative,
reduction
of HCA
formation,
modulation
of
inflammatory,
modulation
and
reversal ofchanges
epigenetic changes
thyme,
peppermint
epigenetic
changes
reversal
of
epigenetic
thyme, peppermint
epigenetic changes
Basil, lemon balm, rosemary, marjoram, sage,
Antioxidative, reduction of HCA formation, modulation of
Fresh lemon
ginger balm, rosemary, marjoram, sage,
anti-inflammatory
Basil,
Antioxidative,
reduction
of HCA formation, modulation of
thyme, peppermint
epigenetic changes
Basil,
lemon
balm,marjoram,
rosemary,sage,
marjoram,
Antioxidative,
reduction modulation
of HCA formation,
Basil,
lemon
balm,
rosemary,
reduction
of HCA formation,
of
Fresh
ginger
Antioxidative,
anti-inflammatory
thyme,
peppermint
epigenetic changes
sage, thyme, peppermint
modulation of epigenetic changes
thyme,
peppermint
epigenetic changes
Fresh
ginger
Antioxidative,
anti-inflammatory
Fresh ginger

Antioxidative, anti-inflammatory

Fresh ginger
Fresh ginger
Fresh ginger

Antioxidative, anti-inflammatory
Antioxidative, anti-inflammatory
Antioxidative, anti-inflammatory
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Kaempferol
The flavonoid kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl-4H-1-benzopyran-4-one) is a low
molecular weight yellow compound commonly found in plant-derived foods and in plants used in
traditional medicine [49]. The biosynthesis of kaempferol is relatively common in the plant kingdom.
In order for kaempferol to form glycosides some sugars (glucose, galactose, rhamnose, and rutinose)
are bound to it [50].
Kaempferol is commonly ingested in glycoside form. In many studies, it is reported that highly
polar glycosides prevent their absorption, whereas the intermediate polarity of aglycones facilitates
it, which makes us believe that for absorbing glycosides hydrolysis to generate aglycones is needed.
Aniya et al. [51] reported that glycosides can be absorbed without hydrolysis. Due to the lipophilicity
of kaempferol, its absorption is facilitated by passive diffusion, but evidence suggests that it can
be absorbed by facilitated diffusion or active transport. In 2010 Lehtonen et al. [52] showed that
kaempferol, like other flavonoids is absorbed in the small intestine. Before absorption it can be
metabolized under the action of enzymes in the small intestine and further under the action of bacterial
flora in the colon, being hydrolyzed into aglycones and sugars. C3 aglycone ring breakage leads to the
generation of simple phenolic compounds such as 4-hydroxyphenylacetic acid, phloroglucinol and
4-methylphenol which can be absorbed or excreted in the feces and after absorption are excreted in
urine. After absorption, kaempferol is extensively metabolized in the liver to the corresponding
glucurono- and sulfo-conjugated forms [52]. A study from 2007 investigated the percentage of
kaempferol excreted in urine and found 2.5% of kaempferol while Lehtonen’s study from 2010 found a
percentage 0.6% lower [52,53]. In Barve’s et al. study, eight healthy volunteers received endive as a
source of kaempferol A, which contained 8.65 mg kaempferol in the form of kaempferol-3-glucuronide
(79%), kaempferol-3-glucoside (14%) and kaempferol-3-(6-malonyl)-glucoside (7%).The conclusion
of the study was that the mean maximum plasma concentration was 100 nM at 5.8 h after oral
ingestion [54]. Also, Radket et al. measured the plasma concentrations of several flavonoids in
48 healthy women and pointed out that the mean intake of kaempferol was 4.7 mg/day and that the
corresponding mean plasma concentration was 10.7 nM [55]. In another article by Cao et al. [56] it
was reported that an estimated intake of 14.97 mg kaempferol/day led to a plasma concentration
of 57.86 nM.
The possible association between the daily intake of food that contains kaempferol and a decreased
risk of developing several pathologies as cancer has been evaluated in several epidemiological
studies [13,14,50]. For 15 years, numerous scientists, starting with Sanz and his collaborators in
1994 [57] and ending with Verma et al. in 2009 [58] have shown that kaempferol, some glycosides of
kaempferol and several kaempferol-containing plants have antioxidant activity not only in vitro but
also in vivo. In their papers, we can also see that the most important structural feature of kaempferol,
involved in the antioxidant activity is the presence of the double bonds at C3-C4 in conjugation with
oxo C4, and the presence of hydroxyl group at C3, C4 and C5 [57–62].
Quercetin
In the past years, attention was focused on the activity of quercetin, one of the main flavonoids
present in fruits and vegetables, in foods derived from plants and beverages. It contains a basic
diphenylpropane C6-C3-C6 skeleton. Fruits and vegetables that contain a high quantity of this
compound are onions, apples and strawberries [63].
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Quercetin is consumed daily by millions of people through nuts, tea, vegetables and herbs in
the diet. It is also available as a commercial dietary supplement, and it is now being included in
functional foods. Quercetin is generally recognized as safe in oral dosages of 1000 mg/day or in
intravenously administered dosages of 756 mg/day. Up to 60% of orally ingested quercetin is absorbed
and the average dietary intake of quercetin are somewhere between 6 and 31 mg daily (not including
supplement/intravenous use) [64].
The bioavailability of this compound differs among different food sources, being dependent on
the type of glycosides containing it. Onions are considered better sources of bioavailable quercetin
than apples and tea, which contain rutin and other glycosides [64]. Quercetin is not present as
an aglycone, 20%–40% of quercetin being methylated in the 30 -position [65]. Day et al. identified
in their study, in which they investigated the exact nature of the metabolites present in plasma
after the ingestion of onion, that quercetin-3-O-glucuronide, quercetin-30 -O-sulfate 30 -O-methyl and
quercetin-3-O-glucuronide are the major conjugates [66].
The degradation of this polyphenol produces mainly 3-methoxy-4-hydroxyphenylacetic
(homovanillic acid), 3-hydroxyphenylacetic acid and 3,4-dihydroxyphenylacetic [67]. The reported
half-lives range from 11 to 28 h, this characteristic being very important when talking about the
elimination of quercetin metabolites because this fact could favor the accumulation in plasma with
multiple intakes [68,69].
After absorption, it is metabolized in the small intestine, liver, colon and kidney being conjugated
to methyl and sulfate groups and glucuronic acid [70]. The absorption of quercetin also depends on
gut microflora. Manach et al. [71] reviewed the bioavailability of this compound and pointed out
that the total quercetin derived from the diet is present in plasma at <100 nM, but it can be increased
after supplementation (1 month of supplementation with 1 g/day increased plasma concentrations
to 1.5 µM) [71,72]. Several articles in the literature have reported a synergistic interaction between
quercetin and other bioactive polyphenols [73,74].
4.1.2. Flavones
Flavones are a class of flavonoids that possess a 2-phenylchromen-4-one (2-phenyl-1-benzopyran4-one) backbone. Among the natural flavones, we can identify apigenin (40 ,5,7-trihydroxyflavone),
tangeritin (40 ,5,6,7,8-pentamethoxyflavone), luteolin (30 ,40 ,5,7-tetrahydroxyflavone), baicalein (5,6,7trihydroxyflavone), chrysin (5,7-dihydroxyflavone) and wogonin (5,7-dihydroxy-8-methoxy-flavone).
These compounds are mainly found in cereals and herbs, with daily intakes ranging between 20 and
50 mg per day. Among their numerous biological effects, the most important ones are their antioxidant,
anti-microbial, estrogenic, anti-proliferative and anti-inflammatory activities [13–15,75].
Apigenin
Apigenin, with the chemical structure 40 ,5,7-trihydroxyflavone, is found in fruits and vegetables
such as onions, parsley, oranges, tea, wheat sprouts and chamomile [76,77]. It is considered the most
active flavone in plants [13–15].
The first extensive study published by Nielsen et al. [78], detected apigenin in urine samples of
the participants of a randomized study after having administered a parsley supplement. The urinary
excretion rate was estimated to be 0.58% of apigenin [78].
Apigenin compounds are taken up mainly by passive diffusion, because as shown in other
studies, only some polyphenol glycosides and aglycones and can be absorbed in the intestine and
other glycosides can be hydrolyzed by the microflora in the colon. Other flavonoids found in parsley
(quercetin, isorhamnetin and luteolin) interact with apigenin absorption according to the results of
Janssen et al. [79]. Other authors [13–15,35,36,80] compared the flavonoid absorption, namely between
flavones such as apigenin and isoflavones as genistein and observed that intestinal conjugates excreted
amounts were 61 nmol/30 min for genistein and 150 nmol/30 min apigenin. Also, apigenin conjugates
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were excreted much faster than genistein conjugates and apigenin absorption was increased in colon
and reduced in the ileum.
Several studies have investigated the anti-carcinogenic effects of this compound, pointing out
that apigenin inhibits the growth of cervical cancer cell lines (CaSki, HeLa, and C33A) that cause G1
phase growth arrest through the induction of apoptosis, which was p53 dependent and associated
with a marked increase in the expression of p21/WAF1 protein and with the induction of Fas/APO-1
and caspase-3 expression. Apigenin also decreased the expression of Bcl-2 protein, an antiapoptotic
factor [81,82].
A study by Czyz et al. [83] pointed out that this polyphenol can interfere at the level of gap
junctional coupling and also with the proliferation and survival of the cell. In their study, they exposed
HeLa cells and also their connexin43 (Cx43) to apigenin and concluded that this exposure induced an
inhibition of translocation of these cells. In the case of low concentrations, the effect of apigenin on the
proliferation of the cell was less pronounced, but some modifications were observed in the cell motility
(that can mean a reduction of the invasive potential of the HeLa Cx43 cells) [83]. Taken together, these
results suggest that apigenin may provide a new therapeutic approach to cervical cancer.
4.1.3. Isoflavones
Isoflavones are most commonly found in vegetables, mostly in soybeans, the major isoflavones
being genistein and daidzein [84]. In the literature, it is stated that the levels of isoflavones in soybean
vary between 560 and 3810 mg/kg [85]. Soy proteins isolated from soybean contain 466–615 mg
isoflavones/kg, while soymilk, bean sprouts and bean curds have up to 2030 mg isoflavone/kg. Izumi
et al. reported in their study that the isoflavone aglycones are absorbed in greater amounts and faster
than their glycosides in humans [85].
After the ingestion, the isoflavone glucosides are hydrolyzed by bacterial and intestinal mucosal
β-glucosidases, releasing the aglycones [84,86], which are then absorbed directly or metabolized by
the intestinal microflora in the large intestine into other metabolites [87]. The gut microflora have an
important role in the metabolism of isoflavones, in particular in the degradation of daidzein (which
is converted to equol—the highly active metabolite and ODMA—the inactive metabolite) [84,86].
The excretion in urine of the isoflavones is as acidic conjugates (glucuronides) and in a small amount
as sulphates [88]. After ingestion of food rich in soy compounds, the urinary excretion of genistein
and daidzein is typically highest after 7 to 8 h [89].
Yashar et al. [90] studied the hypothesis that genistein can increase the efficacy of radiation used
for the treatment of cervix cancer, based on earlier studies that have investigated the effectiveness
of genistein as a radiosensitizer against other types of cancer [90–92]. Genistein has a heterocyclic
diphenolic structure and has been shown to inhibit: (1) tyrosine protein kinases; (2) topoisomerase
I and II; (3) protein histidine kinase and (4) 5α-reductase [93–96]. It also induces G2M cell cycle
arrest in some cells. The mechanism that results in the augmentation of cell apoptosis induced by
radiation may be due to the disruptive effect of genistein on the cell cycle. The results of the study
showed that genistein possesses a dose-dependent inhibition effect on the cervical cell lines and also a
radiosensitizing effect on CaSki and Me180 cells. In the case of daidzein, it was reported that it had no
effect on radiosensitivity [90].
Populations who typically consume a diet rich in isoflavones have reduced incidence of some
types of cancer [97]. Some large epidemiological studies were conducted on Asian populations who
consumed approximately 80 mg of total isoflavones per day, compared to European populations
who consumed 50 mg/day. The regular dietary intake results in the nanomolar quantities of
genistein [98]. In a study from 2006 the effect of combined treatment with genistein was investigated,
concluding that the inhibition of the cell growth of cervical cancer cells treated with genistein was
time- and dose-dependent. They reported that the treatment with 4 Gy associated with 40 µmol/L of
genistein-induced the maximum apoptotic rate, resulting that this combined treatment reduces the
possible adverse reactions of the radiotherapy [99]. Guo et al. [100] studied one of the most frequent
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isoflavones, daidzein and its effect on the treatment of cervical cancer in vitro. Their results showed
that at various concentrations, from 6.25 to 100 µmol/L, this compound inhibited the growth of HeLa
cells. They concluded that daidzein affected human non hormone-dependent cervical cancer cells in
different ways (including cell cycle, cell growth and telomerase activity in vitro). Since treatment of
cervical cancer involves multi-modal treatments, new combined approaches need to be developed by
clinicians [99,100].
4.1.4. Flavan-3-ols
Flavan-3-ols are represented by catechin, epicatechin, gallocatechin, epigallocatechin,
epigallocatechin gallate. A study from 2007 identified [36] catechin and epicatechin as the most
commonly found flavan-3-ols originated from fruits (berries, cherries, grapes, plums, apricots),
chocolate, red wine and different teas (Camellia sinensis) [101,102].
The dietary intake of flavan-3-ols differs among various populations. A study of
Somerset et al. [41] pointed out that the daily average intake of catechin and epicatechin in Australia
was 9.36 mg and 16.64 mg, respectively, the most common sources consumed being tea (black and
green), apples and wine [41]. A similar study performed in Spain also identified wine, tea and apples
as the most frequent sources of flavan-3-ols intake [42]. It is well known that tea is frequently consumed
in Japan, and the study conducted by Otaki et al. sustained this fact and pointed out that among
this population, tea was consumed by 98%, while apples contributed to 1.9% of the daily intake [103].
Even if they are present in many fruits, catechins’ bioavailability has been studied predominantly after
ingestion of tea and cocoa.
The only known compound present in plasma in free form in a high proportion is EGCG
(77%–90%) [104,105]. The other compounds are conjugated with glucuronic acid ± sulfate groups. The
major circulating metabolites of epicatechin are epicatechin-30 -O-glucuronide, 40 -O-methylepicatechin-5-,
40 -O-methylepicatechin-30 -O-glucuronide or 7-O-glucuronide, 40 -O-methylepicatechin and the
aglycone epicatechins [106]. Meng et al. [107] identified microbial metabolites in plasma and urine,
after intake of tea, accounting for 6%–39% of the ingested epigallocatechin and epicatechins. The
actions of catechins could be prolonged by these metabolites, because they appear later in plasma
and also they have long half-lives, according to the study of Lee et al. [108]. Catechins are rapidly
eliminated, while galloylated catechins are not found in urine [109] because of the preferential excretion
of these compounds in bile [105]. Bioavailability differs between different types of catechins. A study
that focused mainly on the plasma concentrations of tea catechins showed that galloylation of catechins
reduces their absorption and only epigallocatechin was methylated (40 -O-methylepigallocatechin was
found in an amount of 30%–40% of the total metabolites of epigallocatechin) [105]. In another study,
the concentrations of methylated form of epigalocatechin (40 -O-methylepigallocatechin) was five times
higher than the pure form of epigallocatechin in plasma and three times higher than in urine [110].
Epigallocatechin-3-gallate
It is the most bioactive agent found in green tea, extracted from Camellia sinensis and it displays
characteristics such as antiproliferative, antiangiogenic, antimetastatic, and proapoptotic effects.
EGCG shows antiproliferative effects such as the arrest of the cell cycle in the G1 phase preceding
chronologically the programmed cell death through apoptosis [111]. Multiple studies have shown a
critical role of the estrogen in the HPV-positive mechanism of cervical cancer. Considering that, the
overexpression of aromatase results in increased expression and activity of estrogen receptor, inhibition
of ERα and aromatase and also inhibition of the growth of the tumor cells [112–114].

Molecules 2016, 21, 1055

13 of 32

Moreover, the study conducted by Qiao et al. [115] mentions several other aspects of the use of
EGCG: inhibition of HPV E6/E7 expression, ERα and aromatase. Other researchers, Sharma et al. [116]
studied HeLa cells treated with EGCG and reported a time-dependent manner of growth inhibition
mediated through apoptosis. Along with the EGCG, polyphenol E also derived from green tea had
inhibitory effects on cervical cancer. Zou et al. [117] compared in an original study from 2010 the
effect of the two substances on the affected cells. Differences were found between two types of cells,
respectively squamous cell carcinoma and adenocarcinoma. The inhibition was less when dealing with
adenocarcinoma cells concluding thus that the type of cells involved in the development of cervical
cancer can modulate the results of the treatment [117].
4.1.5. Flavanones
Flavonoids are potentially involved in the reduction of carcinogenesis by protecting against
DNA damage (induction), inhibiting tumor development (promotion) and regressing tumor
invasion (proliferation) [13–15,35,36]. Anticancer effects of flavonoids have also been established
in eukaryotic cell models through selective cytotoxicity, antiproliferative actions and by inducing
apoptosis [13–15,35,36].
Naringenin
Naringenin (NAR) (4,5,7-trihydroxy flavonone) is one of the naturally widespread flavonones
present in citrus and grapes [118,119]. Naringenin has various pharmacological effects such as
anti-inflammatory, hepatoprotective, antimutagenic, antiatherogenic and anticancer [120,121]. Several
studies reported that naringenin induces cytotoxicity and apoptosis in various cancer cell lines [122,123].
But this compound has a poor bioavailability and permeability, instability and extensive first-pass
metabolism before reaching the systemic circulation, because of the low aqueous solubility [124].
In order to overcome the obstacles associated with naringegin bioavailability, several researchers
developed the nanoparticles of naringenin.
A study conducted in 2011 [125] investigated the anticancer mechanism in cervical cancer
cells of naringenin-loaded nanoparticles (NARNP). They reported that only the nanoparticles
less than 400 nm in size can cross the vascular endothelium and accumulate at the level of the
tumor [126,127]. The results of this study, correlated with other studies indicated that in HeLa
cells no cytotoxic or apoptotic effects were found under the influence of naringenin at lower
concentrations [128,129]. Only the treatment of HeLa cells with NARNPs produced a dose-dependent
cytotoxicity, apoptotic morphological changes, reduced intracellular glutathione levels, alterations
in mitochondrial membrane potential, increased intracellular ROS and lipid peroxidation levels and.
Therefore, NARNPs have superior advantages over free naringenin in HeLa cells. Ramesh et al. [130]
also studied the effects of naringenin on the cervical cancer cell and concluded that this compound
inhibits the proliferation through cell cycle arrest at the G2/M phase of human cervical SiHa cells and
induce apoptosis through the disruption of DwM.
Other researchers [131] investigated the effect of naringenin on cell growth inhibition and
apoptosis through the inhibition of NF-κB-COX-2/caspase-1 pathway HeLa cells. Their study was in
accordance with other research that pointed out the antiproliferative effects of naringenin [132,133],
reporting that naringenin had important anticancer effects, (by decreasing the cell viability and
increasing the number of apoptotic cells and the expression level of cleaved caspase-3 in HeLa cells).
It was concluded that treatment of HeLa cells with naringenin attenuated the expression levels of
NF-κB p65 subunit, COX-2 and caspase-1 [131–133].
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4.1.6. Anthocyanidins
Anthocyanins are compounds that are wildly distributed in vegetables and fruits. There
are numerous natural anthocyanins, being O-glucosylated with various sugar substituents [134].
A review estimated that in the human diet, the daily intake of anthocyanins is approximately
180–250 mg/day [134,135]. The representative types of anthocyanins are cyanidin, malvidin, peonidin,
delphinidin and pelargonidin.
In nature, they are found in blueberries, cranberries, and bilberries, black currant, cherry, eggplant,
and black rice [136,137]. The biological effects of these compounds are numerous, from reducing the
risks of cancers and cardiovascular diseases, anti-inflammatory, chemoprotective and antioxidant
properties [138,139]. Another study of anthocyanins showed that they are able to inhibit the low-density
lipoprotein oxidation in vitro and decrease serum lipids in cholesterol [140]. Other researchers have
discovered that inhibition of cell proliferation of various types of cancer cells and the expressions of
cyclooxygenase enzyme can be a consequence of the effects of cyanidin and peonidin [141]. As we
discussed before, phenolic compounds have been shown to inhibit tumor cell proliferation, and a
study of Fostis et al. supported the notion that anthocyanins have the same effect [142].
Several studies have pointed out the effects of anthocyanins on various cancers. These compounds
may inhibit the growth of different cancers by inducing cancer cells toward apoptosis and scavenging
ROS. A study from 2006 by Chen et al. [137] investigated the effects of cyanidin 3-glucoside and
peonidin 3-glucoside on cell invasion, adhesion, motility and DNA binding activity, MMPs and
u-PA expression. They concluded that the inhibition of cancer cell invasion by cyanidin 3-glucoside
or peonidin 3-glucoside, may be due to a downregulation of MMP-2, MMP-9 or u-PA expression
of various cancer cells [137]. Another study that investigated the mechanism by which cyanidin
3-glucoside acts at the cellular and molecular levels on the proliferation and apoptosis in the cell line
HeLa was conducted by Song et al. [143]. They pointed out that the proliferation of HeLa cells was
inhibited by black rice anthocyanin and C3G in a dose- and time-dependent manner. The probable
mechanism involved in inducing apoptosis was regulation of the expressions of Bax Bcl-2 [143].
4.2. Non-Flavonoids
4.2.1. Phenolic Acids
Are an important class of polyphenols being divided into two major groups: hydroxycinnamic
acids and hydroxybenzoic acids. They are found in different vegetables like broccoli, spinach, kale,
in various fruits as berry fruits and apples, in olive oil or coffee and citrus juices [144].
The most investigated hydroxybenzoic acids are ellagic, gallic and protocatechuic acids while the
derivatives of cinnamic acids are mainly represented by caffeic (the most common, which accounts
for up to 70% of total hydroxycinnamic acids in fruits), ferulic (cereal grains) and p-coumaric acids.
These acids esterified with quinic, tartaric acids or carbohydrate derivatives, being rarely found in the
free form [13–15,35,36].
Because of their low distribution in foods, few bioavailability studies have been carried out
on hydroxybenzoic acids The absorption of gallic acid was found under 4-O-methylated and
O-glucuronidated forms [145]. This study investigated the urinary excretion of this compound,
concluding that hydroxybenzoic acids were eliminated in an amount of 39.6% of the ingested dose [145].
Another phenolic acid investigated in the literature is ellagic acid, a more complex compound
that is found in walnuts, oak-aged wine, strawberry or pomegranate. A study from 2010 has shown
that ellagic acid was found without structure modification in human plasma after pomegranate juice
consumption [146]. Several studies were conducted regarding the absorption of hydroxycinnamic
acid as caffeic acid and ferulic acid. After the ingestion of the free form of hydroxycinnamic acids
the absorption was rapid from the stomach or the small intestine being conjugated by the intestinal
and/or hepatic detoxification enzymes [147].
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The most important acid from the hydroxybenzoic class is gallic acid and the most important
source of gallic acid is tea. Shahidi et al. [144] discovered that tea leaves may contain up to 4.5 g/kg
fresh tea. Also, gallic acid is widely distributed in various plants and foods, and its various biological
effects have been reported in various studies [145].
Several studies have reported that gallic acid may be responsible for the decrease of angiogenesis
in vitro and in vivo. Following the intraperitoneal administration of 250 mg Rubus extract for 2 days,
serum from the rats exhibited significant inhibition of angiogenic initiation and subsequent neovessel
growth. The HUVECs were less sensitive to the cytotoxicity induced by gallic acid compared with
HeLa and HTB-35 cells at the concentrations of 5, 10 and 15 µg/mL. Based on this data, gallic acid
may be considered useful for targeting angiogenesis. Many researchers had studied the action of
gallic acid on the EGFR activities and they observed that this compound significantly decreases the
phosphorylation of PI3K/AKT and MAPK/ERK signaling pathways, which play key roles in cell
proliferation and invasion. Based on this data we can say that gallic acid may be responsible for
decreased invasiveness through the suppression of the EGFR/PI3K/AKT and EGFR/MAPK/ERK
pathways [145,146].
The hydroxycinnamic acids are more common than the hydroxybenzoic acids and consist mainly
of p-coumaric, caffeic, ferulic, and sinapic acids. These acids are rarely found in the free form; being
found in their bound forms. The bound forms are glycosylated derivatives or esters of quinic acid,
shikimic acid, and tartaric acid. Clifford et al. reported in 2000 that caffeic and quinic acid combine to
form chlorogenic acid, being found in many types of fruit and in high concentrations in coffee: a single
cup may contain 70–350 mg chlorogenic acid [147]. Olthof et al. [148] showed that the esterification
of caffeic acid, as in chlorogenic acid, markedly reduced its absorption. In fact, the absorption of
chlorogenic acid occurs mainly in the colon, after hydrolysis by microbial esterases. Other studies
conducted by Sosulski et al. [149] in 1982 and Van de Putte et al. [150] in 2000 reported that ferulic
acid is the most abundant phenolic acid found in cereal grains, which constitute its main dietary
source. The ferulic acid content of wheat grain is 0.8–2 g/kg, which may represent up to 90% of
total polyphenols [149,150]. Kern et al. [151] measured in 2003 the urinary excretion and plasma
concentrations of ferulic acid metabolites after ingestion of breakfast cereals. They deduced from the
kinetic data that absorption of ferulic acid from cereals takes place mainly in the small intestine, from
the soluble fraction present in cereals. Only a minor amount of ferulic acid linked to arabinoxylans
was absorbed after hydrolysis in the large intestine [151].
4.2.2. Curcumin
Curcumin is a polyphenol extracted from Curcuma longa Linn, known generally as turmeric. It is a
yellow substance from the polyphenol class that had been used as a medical agent and also as a dietary
spice. Curcumin (diferuloylmethane) with the chemical structure C21 H20 O6 is the main curcuminoid
found in turmeric, being the most active compound [152].
Curcumin it a hydrophobic polyphenol derived from the rhizome of the herb Curcuma longa. It is
commonly called diferuloylmethane and it has a wide spectrum of biological and pharmacological
activities [153]. The anti-inflammatory and antioxidant activities of curcumin have been observed
in vitro studies that showed that the inhibition of lipo-oxygenase and cyclo-oxygenase activities can
induce inflammation [154]. Commercial curcumin contains approximately 77% diferuloylmethane,
17% demethoxycurcumin, and 6% bisdemethoxycurcumin. Curcumin has been shown to exhibit
antioxidant, anti-inflammatory, antimicrobial, and anticarcinogenic activities. Curcumin is extremely
safe, even at very high doses. For example, in some animal models or human studies it was proved
that curcumin, when taken as high as 12 g per day, is well tolerated. The pharmacological safety and
efficacy of curcumin make it a potential compound for treatment and prevention of a wide variety of
human diseases, including cancer [153,154].
To increase the bioavailability, better permeability and longer circulation it was necessary to add
different components such as nanoparticles, liposomes, micelles and phospholipid complexes [155]
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After that, various pharmacological studies revealed that curcumin is safe and effective in treatment
and prevention of a wide variety of human diseases including cancer. Wahlstrom et al. [156] were the
first one to report that after oral administration of 1 g/kg of curcumin in rats, in blood plasma of rats
were found negligible amounts of curcumin, being a consequence of the poor absorption from the
gut. Later, in another study, when curcumin was given orally at a dose of 2 g/kg to rats, a maximum
serum concentration of 1.35 ± 0.23 µg/mL was observed at 0.83 h, whereas in humans the same dose
of curcumin resulted in either undetectable or extremely low (0.006 ± 0.005 µg/mL at 1 h) serum
levels [157].
Ryu et al. [158] also studied the bioavailability of curcumin in different mice organs. Intravenous
injection of curcumin in mice found persistently accumulation in the liver and spleen while lung
uptake were found to decrease with time. A study using radioactive curcumin and piperine in mice,
observed that initial brain uptake of curcumin increased by 48% relative to that without piperine,
although other organ uptakes were almost similar to those without piperine [159].
The effect of curcumin in HPV-associated cells was found to involve the downregulation of
viral oncogenes, NF-jB and AP-1 [160,161]. Similarly, a major metabolite of curcumin called THC
increased the sensitivity of vinblastine, mitoxantrone, and etoposide in a drug-resistant human cervical
carcinoma cell line. In a phase I clinical trial, a daily 0.5–12 g dose of curcumin taken orally for
3 months resulted in the histologic improvement of precancerous lesions in one out of four patients
with uterine cervical intraepithelial neoplasms. Some in vitro studies over the past decade have shown
that curcumin and a curcumin-paclitaxel conjugate had therapeutic effects in ovarian cancer cell lines.
In the in vivo study, tumors were grown by orthotopic injection of cells and 1 week after orthotopic
implantation animals were treated with curcumin (500 mg/kg/day, gavage) alone or in combination
with docetaxel (35–50 µg/animal/week, i.p.) for 4 weeks [159–162]. Curcumin alone resulted in
49%–55% reductions in mean tumor growth compared with controls whereas when combined with
docetaxel 77% reductions in mean tumor growth compared with controls was obtained for curcumin
in normal ovarian tumor models [163,164].
Strimpakos et al. [165] reported in their study that curcumin inhibits carcinogenesis through
various mechanisms including antioxidant, anti-inflammatory, proapoptotic, anti-angiogenic and
immunomodulatory properties. The result of this mechanism is the pleiotropic effect on cell-signaling
pathways and genes, at different levels [166–168]. A study in vitro of human cervical cancer
cells performed by Aggarwal in 2009 concluded that curcumin has the property to downregulate
COX-2 [169].
Its effect on NF-κB activity in cervical cancer cells was observed in 2005 when increased
sensitization to cisplatin treatment for the SiHa cell line firstly treated with curcumin was noticed [170].
Moreover, according to several studies, curcumin is involved in the suppression of all three stages
of carcinogenesis: initiation, promotion and progression, therefore it is the perfect candidate for
sensitizing difficult to treat cells. Curcumin shows sensitizing effects for cervical cells treated
subsequently with taxol, acting on down-regulation of NF-κB and serine kinase AKT pathway [171,172].
Similarly, curcumin administered during paclitaxel treatment acts as a downregulator of paclitaxel on
preo-survival pathways linked to NF-κB and Akt activation [173].
The chemotherapeutic activity of curcumin was investigated in a phase I clinical study performed
by Cheng et al. in a group of patients with preinvasive malignant or high-risk premalignant
affections [174]. A dose of 1 to 8 g of curcumin was administered daily for 3 months, with the
histological improvement of the premalignant lesions in 25% of patients with cervical intraepithelial
lesions being noted [174].
Finally, another important aspect of curcumin’s activity is the radioprotective effect on normal
cells and radiosensitizing effects on cancer cells, even if the mechanisms of these opposing actions
are not fully known. Some authors have suggested that the ability of curcumin to reduce oxidative
stress and inhibit the transcription of genes related to oxidative stress and inflammatory responses
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may afford protection against the harmful effects of radiation, while the radiosensitizing activity might
be due to the upregulation of genes responsible for cell death [174–178].
A study of Maher et al. from 2011 showed that curcumin has a molecular target on
down-regulating HPV-18 transcription, inhibiting AP-1 binding activity and reversing the expression of
c-fos and fra-1 in HeLa cells [177]. More important, curcumin was shown to decrease the transformation
of the phenotype and to stop the cellular growth of malignant cells [178].
Taking into account the information presented regarding the role of curcumin on malign modified
cervical cells is clear that curcumin shows important potential in treating and preventing cervical
cancer, but further studies need to be done to confirm this role.
4.2.3. Stilbenes
Stilbenes are identified in the human diet in low quantities, resveratrol being the most representative
and extensively studied over the past years. Chemically known as 5-((E)-2-(4-hydroxyphenyl)ethenyl)
benzene-1,3-diol; C14 H12 O3 ), resveratrol is a polyphenolic flavonoid found in the seeds and skins of
grapes, red wine, mulberries, peanuts, and rhubarb. Its beneficial effects are seen in those who consume
mostly fresh fruits and vegetables as it has been demonstrated that this kind of diet sustains a long
healthy life through various processes such as activation of intracellular pathways [13–15,35,36,179].
Resveratrol is shown to act as an anti-tumoral factor interacting with the Fa pathway, Rb-E2F/DP
pathway, NF-κB and AP-1 transcriptional factors [179]. In some epidemiological studies, the absorption
of resveratrol using a moderate intake of wine (25 mg) was investigated, but the authors didn’t
identify unmetabolized resveratrol in plasma, concluding that resveratrol has a very low oral
bioavailability [180,181]. The absorption of this compound was unusually high for a dietary polyphenol,
mostly because of the poor aqueous solubility [13–15,35,36].
Lu et al. reviewed in 2007 the accumulation of resveratrol in tissue, being known that this
compound accumulates mostly in tissues as compared with plasma [181]. A high amount of resveratrol
accumulation has been found in intestinal tissue in mice [182]. As reviewed by Hsu et al. in 2009 [183]
resveratrol had demonstrated to inhibit proliferation and induce autophagy and apoptotic death
in cervical cancer cells. In cervical cancer cells, after a treatment with resveratrol, it was pointed
out that autophagy responses increased significantly after 6 h. Other several studies have been
conducted in order to investigate the effects of resveratrol on the cervical cancer cells. A study
from 2012 [184] pointed out that this polyphenolic compound determines a reduction in the generation
of ROS and induces invasion and migration in HeLa cells. It also decreases the expression and the
enzymatic activity of MMP-9. The conclusion of the study was that resveratrol inhibits NF-κB and
AP-1 transactivation suppressing the transcription of MMP-9, leading to suppression of migration and
invasion of cervical cancer cells.
Studies conducted by Zoberi and Garcia Zepeda et al. [185,186] and Kramer et al. [187] confirm
the role of resveratrol in inducing an early S-phase arrest, being involved thus in the regulation
of the cell cycle progression. Many other researchers brought proof of the role of resveratrol on
COX. Among these scientists, Garcia Zepeda et al. [186] noticed a suppression of COX-2 when using
resveratrol on cervical cancer cells. Another anti-tumoral mechanism that is present in resveratrol is
the inhibition of metalloproteinases (MMP). A study conducted on CaSki cervical cancer cells showed
a decreased expression of MMP-9 after exposure to resveratrol. The inhibition of AKT and ERK1/2 in
cervical cancer cells thus decreasing the angiogenic activity, destabilization of lysosomes, induction of
autophagy increased cytosol translocation are other mechanisms of resveratrol [186].
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5. Studies of Polyphenols and Cervical Cancer
Polyphenols showed marked biological abilities both in vitro and in vivo experiments: scavenge
free radicals, induce apoptosis, inhibit cell proliferation and angiogenesis and exhibit phytoestrogen
activity. Moreover, they suppress the NF-κB and the activating protein (AP-1), inhibit the
mitogen-activated proteins ( MAPKs), the protein kinase and growth factor receptor-mediated
pathways, are involved in cell cycle arrest and possess anti-inflammatory properties [13–15,35,36].
Despite the promising in vitro study results, clinical trials focused on the anticarcinogenic effects
of polyphenols are missing. To date, most of the available clinical studies on humans focused on
polyphenols’ bioavailability, pharmacokinetics and metabolism and only a few reports showed that
polyphenols could represent a promising agent in the treatment of cancerogenesis. Several clinical
studies regarding the anticarcinogenic effects of polyphenols on cervical cancer were conducted. EGCG
and curcumin were the most investigated compounds.
Table 2 summarize the studies found in the literature regarding the anticarcinogenic properties of
different classes of polyphenols, the attention being focused on their activity and mechanism of action.
In a phase I study [174] the effects of curcumin in patients with cervical cancer were
investigated. The results pointed out that in 25% of the patients under treatment, curcumin showed a
chemopreventive effect. They also investigated the bioavailability and toxicology of this compound,
concluding that the safe dose of curcumin is up to 8 mg by day. Talwar et al. [188] tested curcumin on
280 women with HPV infections, in order to investigate the safety and efficacy against HPV infection.
A phase II randomized study from 2013 [189] also evaluated the efficacy of curcumin in cervical
cancer. Vaginal capsules and Basant polyherbal vaginal cream (containing extracts of curcumin, reetha,
amla and aloe vera) were used on 287 women. Their results showed that HPV clearance rate in case of
using Basant vaginal cream was 87.7% while the use of curcumin vaginal capsule showed a rate of
clearance of 81.3%.
The second most investigated polyphenolic compound in the treatment of cervical cancer lesions
was EGCG. The researchers [190] investigated the clinical efficacy of EGCG and also other green tea
compounds (poly E capsule 200 mg EGCG, 37 mg epigallocatechin, and 31 mg epicatechin) in patients
with HPV cervical lesions. Their results pointed out that 60% of patients under EGCG capsule therapy,
50% under poly E capsule therapy, 74% under poly E ointment therapy and 75% under poly E ointment
plus poly E capsule therapy showed a response, mainly a 69% response rate as compared with a 10%
response rate in untreated controls. They concluded that green tea compounds used orally ± vaginally
are effective in the treatment of HPV-related cervical lesions.
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Table 2. Comparative anticarcinogenic properties of polyphenols in cervical cancer [12–15,35,36,191].
Class

Chemical Constituent

Study Type

Cell Type

Activity

Mechanism of Action

References

Induction of G2/M phase cell cycle arrest and mitochondrial apoptosis; inhibition of
anti-apoptotic AKT and Bcl-2 expression

[192]

Induction of G2/M phase growth arrest, decrease of cyclin B1 and CDK1, inhibition of
NF-κB nuclear translocation, upregulation of Bax and downregulation of Bcl-2

[193]

Significantly reduced tumor growth; Activation of the phosphorylation ERK1/2,
inhibition of ERK1/2 by PD98059, activation of caspase-8/-3 pathway

[194]

Decreased in the protein expression of Bcl-2 protein; induced p53 expression; down
regulation of Bcl-2 expression

[82]

Quercetin

In vitro

HeLa

Antiproliferation Induction
of apoptosis

Kaempferol

In vitro

HeLa

Antiproliferation

Fisetin

In vitro/in vivo

HeLa

Antiproliferation Induction
of apoptosis

Apigenin

In vitro

HeLa

cell cycle arrest and apoptosis

Luteolin

In vivo

HeLa

Induction of apoptosis and
tumor growth

Luteolin sensitized HeLa cells to TRAIL-induced apoptosis by both extrinsic and
intrinsic apoptotic pathways

[195]

Daidzein

In vitro

HeLa

Inhibition of tumor growth

Expression of human telomerase catalytic subunit mRNA decreased. Affected cell
growth, cell cycle and telomerase activity in vitro

[100]

Flavanols

Flavones

Isoflavones

Genistein

In vitro

CaSki

inhibits growth of
cervical cancer cells

Naringenin

In vitro

SiHa

Antiproliferation Induction
of apoptosis

Hesperetin

In vitro

SiHa

Anthocyanidins

Cyanidin

In vitro

Flavan-3-ols

EGCG

In vitro

Flavanones

Inhibition of Mcl-1 correlated with increase in radiosensitivity in Me180 cells.
Activated pAKT (Thr 308) was inhibited enhancement of the radiation effect that may
be partially mediated by G(2)M arrest, Mcl-1 and activation of the AKT gene.
migration-inhibition in a time-dependent manner by modulating the expression of
MMP-9 and TIMP-1

[91–93]

Induction of apoptosis through both death-receptor and mitochondrial pathways

[130,133]

reduction in cell viability and
the induction of apoptosis

Attenuation of mitochondrial membrane potential with increased expression of
caspase-3, caspase-8, caspase-9, p53, Bax, and Fas death receptor and its adaptor
protein Fas-associated death domain-containing protein (FADD) induced apoptosis
was confirmed by TUNEL and Annexin V-Cy3

[196,197]

HeLa

Antiproliferative

Induced the accumulation of peroxides. inhibited HeLa human cervical tumor cell
proliferation and increased generation of reactive oxygen species

[143]

HeLa

Antiproliferation

Combination of EGCG with RA induced apoptosis and inhibited telomerase activity

[198]

Induction of cell death via apoptosis and/or necrosis was accompanied by ROS
increase and GSH depletion

[146]

Suppression of C-33A, SiHa and HeLa cells growth through induction of cell apoptosis

[199]

Phenolic acids

Gallic acid

In vitro

HeLa

Induction of apoptosis

Stilbens

Resveratrol

In vitro

SiHa, HeLa,
C-33A

Antiproliferation

Tannins

Emodin

In vitro

Bu 25TK

Antiproliferative Induction
of apoptosis

Inhibited DNA synthesis and induced apoptosis by increased nuclear condensation,
annexin binding and DNA fragmentation apoptotic pathway is caspase-dependent

[200]

Curcuminoids

Curcumin

In vitro

HeLa SiHa
CaSki

Antiproliferation Induction
of apoptosis

Upregulation of Bax, AIF, release of cytochrome c and downregulation of Bcl-2, Bcl-XL,
COX-2, iNOS and cyclin D1

[201]

Lignans

methylenedioxy lignan

In vitro

HeLa

Antiproliferative Induction
of apoptosis

Inhibiting telomerase and activation of c-mycand caspases leading to apoptosis induces
apoptosis by bcl-2 suppression and activation of caspases

[202]
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6. Combinations of Polyphenols and Cervical Anti-Cancer Therapy
It is important to also point out the effects of polyphenols combined with different therapies used
in the treatment of cervical cancer. The resistance of cervical tumor cells to chemo- and radiotherapy
is one of the main problems in the treatment of cervical neoplasia, leading to failure of the treatment
because of the decreased efficacy of the therapy [203]. In the following section, we will point out the
effects of the combinations of polyphenols with chemotherapy and radiotherapy used in the treatment
of cervical cancer. Several recent studies have proven that the combination of polyphenols with cervical
cancer therapies may lead to sensitization of cervical cell cancer to chemo- and radiotherapy and also
it can minimize the toxicity of these therapies [203,204].
6.1. Polyphenols and Chemotherapy
One of the most used chemotherapeutic agents for the treatment of cervical cancer is cisplatin,
but chemoresistance to this drug is a major problem worldwide. It has remained a major limitation
of cisplatin-based chemotherapy [203,204]. A possible strategy to overcome this resistance is the
combination of this drug with natural flavonoids.
A study from 2013 conducted by Singh et al. [203] reported that green tea compounds such
as EGCG are capable of chemosensitizing cervical cancer cells (HeLa, SiHa) to cisplatin through
enhancement in cytotoxicity and also by induction of apoptosis due to excessive ROS generation.
Another flavonoid compound that was reported to sensitize cisplatin is wogonin, being proved that
the main effect is the synergistic cytotoxicity with enhancement of apoptotic death in human cervical
cancer cells [205]. Another adjuvant flavonoid of cisplatin, studied in the literature in the last years
was quercetin. The study of Jakubowicz-Gil et al. [206] concluded that this compound helps HeLa cells
to become more sensitized to apoptosis caused by cisplatin.
Another drug used in chemotherapy of cervical cancer is paclitaxel but it is well known that this
agent has harmful side effects. Therefore possible combinations of paclitaxel with flavonoids, that can
decrease the side effects were investigated. Xu et al. [207] reviewed apigenin and its effects on human
cervical cancer cells and concluded that this compound can sensitize HeLa cells to paclitaxel-induced
apoptosis thought to enhance the intracellular ROS accumulation.
The third agent used in chemotherapy for cervical cancer is epirubicin, but the main problem
is also the resistance. Lo et al. [208,209] extensively researched the effects of isoflavones on chemosensitizing HeLa cells. He identified 7,30 ,40 -trihydroxyisoflavone (7,30 ,40 -THIF) and formononetin, as
being able to increase the cytotoxicity of epirubicin, concluding that these compounds can be used as
adjuvants to increase the chemosensitivity of epirubicin in HeLa cells.
6.2. Polyphenols and Irradiation
One of the most important treatments for cervical cancer widely used is radiation, but as in the
case of chemotherapy, radioresistance is also considered a major issue. Quercetin is also used for
radiosensitizing the human cervical cancer cells. A study of Lin et al. showed a radiosensitizing
enhancement ratio of 1.65 in the case of a combination of radiotherapy and quercetin [210].
Other studies reported genistein as a potent radiosensitizing agent. It can enhance the
radiosensitivity of HeLa cells through modulating cell cycle progression and increasing apoptosis.
Shin et al. [211] reported that genistein behaves as a radiosensitizer also in another human cervical
cancer cell line as CaSki leading to inducing apoptosis via ROS modulation and a decrease in cellular
viability due to the downregulation of E6 and E7 expression.
7. Conclusions and Future Perspectives
Cervical cancer is 2nd cancer among women worldwide, especially in countries in development,
as it is the case of Romania. Even if the screening methods are available for the purpose of early
diagnosis and treatment of this neoplasia, it still represents a major problem of public health.
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Various natural polyphenols have shown cytotoxic effects on human cervical cancer cell lines,
providing new perspectives in drug development again cervical cancer. Natural polyphenols are
bioactive compounds that are demonstrated to have anticarcinogenic properties, in addition to
the anti-inflammatory and antioxidant ones. In the last years, the potential chemopreventive and
chemotherapy properties of diet-derived agents raised great interest for the researchers.
From the studies reviewed in this paper, we concluded that dietary polyphenols hold
potential in the prevention and therapy of cervical cancer because they interfere in carcinogenesis
(in the initiation, development and progression) by modulating the critical processes of cellular
proliferation, differentiation, apoptosis, angiogenesis and metastasis. Specifically, polyphenols inhibit
the proliferation of HPV cells, through induction of apoptosis, growth arrest, inhibition of DNA
synthesis and modulation of signal transduction pathways. The anticarcinogenic activity of natural
polyphenols is different depending on the origin of cervical carcinoma or cellular type line. The current
knowledge about the cytotoxic mechanism of polyphenols is still not fully known, only a few clinical
studies have been conducted focusing on the anticarcinogenic effects of dietary polyphenols.
Another important problem of the treatment of cervical cancer is the resistance to chemotherapy
and radiotherapy. In this review we observed that several polyphenols are able also to sensitize
cervical cancer cells to conventional chemo- and radiation therapy. This combined approach could
improve the efficiency of standard therapies and allow to decrease the doses of chemotherapy drugs
and irradiation leading to reduce the adverse side effects. A major challenge of cancer prevention is
to integrate the new molecular findings into clinical practice. The modification of these molecules
using nanotechnology could be a solution to improve their low bioavailability and also aid in targeting
them to specific tissues. Studies that focus on the natural polyphenols should continue to provide
researchers an improved understanding of polyphenols absorption, distribution, role in the anti-cancer
mechanism. From this review, we concluded that natural polyphenols could become key role players
in future treatment and prevention of cervical cancer. We summarized in this article some of the
polyphenolic compounds that have been studied until now for their possible anti-cancer therapeutic
properties. It is crucial to continue these studies for searching therapeutic drugs from natural resource
as well as investigating their mechanism of action in cervical tumor cells.
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Human cervical carcinoma cell line
Cyclin-dependent kinase 1
Cervical intraepithelial neoplasia
Cyclooxigenaze 2
Connexin43
Death receptor 5
Epigallocatechin gallate
Extracellular signal-regulated kinases
Estrogen receptor alpha
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Fas receptor/Apoptosis antigen 1
Human Epidermal Growth Factor Receptor 2
Human Immunodeficiency Virus
Human Papiloma Virus
High squamous intraepithelial lesions
c-Jun N-terminal kinase
Low Squamous Intraepithelial Lesions
Mitogen-Activated Protein Kinase
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Nuclear Factor-Kappab
Transcription factor p65
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Tumor Necrosis Factor-Related Apoptosis-Inducing Ligand)
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