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Abstract: Polyphenols, the plant secondary metabolites produced by the shikimic pathway, are categorized into flavonoids,
stilbenes, lignans and phenolic acids. Fruits, vegetables, grains, spices and herbs are now known as the good source of dietary
polyphenols. Polyphenols exhibit their anticancer effects by suppressing the carcinogenesis process. They modulate multiple
signaling pathways, induce apoptosis and prevent DNA mutations due to their anti-oxidant property. Because of high cost and
limited success of cancer therapy it has become increasingly recognized that cancer prevention is cost effective. Promotion of
healthy diet, i.e., eating variety of foods which are identified as good sources of polyphenols, in regular manner and in high
amount is a potential cancer prevention strategy. In this review, the up-to-date findings on cancer fighting mechanisms of dietary
polyphenols are summarized. In addition, the potential of Ethiopia in using dietary polyphenols as cancer prevention strategy is

elaborated.
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1. Introduction

Polyphenols are polyhydroxylated phytochemicals
produced as secondary metabolites by the shikimic pathway in
plants [1, 2]. In plants, polyphenols usually act as defense
agent against reactive oxygen and nitrogen species, UV light,
herbivores, plant infecting fungi and bacteria, and also
accelerate pollination by attractively coloring flowers [2, 3].
Structurally, polyphenols comprise one or more
polyhydroxylated aromatic ring. In polyphenols that have two
or more phenyl moieties, the rings are interconnected by a
carbon bridge. In some of them, particularly in flavonoids, the
carbon bridge connecting one ring (ring A) with the other (ring
B) forms covalent bond with a hydroxyl group on the ring A
and forms the third aromatic ring, ring C [4]. In most cases,
polyphenols are found glycosylated with glucose or other
carbohydrates. Accordingly, polyphenols are found either as
glycosides and aglycones [3, 5]. Polymerization of
polyphenols to lager and complex structure also occurs in
plants [6].

1.1. Classification of Polyphenols

Depending on the number of aromatic rings and other
structural elements, polyphenols are categorized into four
groups including flavonoids, stilbenes, lignans and phenolic
acids [7]. Flavonoids are the most abundant polyhenol
characterized by containing two or more aromatic rings, each
bearing one or more phenolic hydroxyl groups, and connected
by a three carbon atoms bridge [1]. They are further classified
based on the presence or absence of double bond on ring C and
other structural issues. Accordingly, the subclasses of
flavonoids include flavones, isoflavones, isoflavanes,
flavanones, flavanols, anthocyanidins, chalcones and
dihydrochalcones [5, 8].

Stilbenes contain two phenyl moieties connected by a
two-carbon methylene bridge [9]. Resveratrol is a common
stilbene which has been extensively studied for its
anti-carcinogenic effects [8]. Moreover, phenolic acids are
derivatives of benzoic acid that contains seven carbon atoms
and cinnamic acid (comprising nine carbon atoms) by
hydroxylation. Hydroxybenzoic acids (for example,
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gallotannins which are hydrolysable tannin) are found in few
edible plants. The hydroxycinnamic acid includes caffeic acid,
ferulic acid, p-coumaric acid, and sinapic acid [10]. Lignans
are polyphenols having structural similarities with estrogens
and classified as phytoestrogens, similar to isoflavones [11].
Lignans and their synthetic derivatives have potential
applications in cancer chemotherapy and various other
pharmacological effects [12].

1.2. Food Sources of Dietary Polyphenols

Many research findings indicate that consumption of plenty
and variety of fruits, vegetables, legumes and grains can
prevent 10 to 70% of cancer death as these foods have
polyphenols [3, 6, 13]. Polyphenols are found in plants,
particularly, in fruits, seeds and leaves [10]. In general, fruits,
vegetables, grains, spices and herbs are the richest source of
dietary polyphenols [14].

Flavonoids are present in tea, coffee, wine, onions, spinach,
broccoli, berries, cherries, grapes, apples, seeds of cocoa,
rosemary, corn, peaches, plums, celery, garlic, turmeric,
pepper, nuts, banana, orange, lemon, mandarin, tomatoes, rice,
soybean, beans, green peas, potatoes, and cabbage. While, the
main food sources of phenolic acids include wheat, oat, rice,
rye, barley, tef, clove buds, apples, dates, coffee beans, carrots,
grapes, wine, green and black teas, mangoes and berries.
Whereas, stilbenes are found in grapes, berries, plums,
peanuts, and pine nuts, red wine, cabbage and spinach.
Lignans are present in high concentration in linseed and in
minor concentration in algae, soybean, beans, green peas,
ginger, wheat, oat, rice, rye, barley, tef, vegetables, and fruits
like avocado and pumpkin [4, 10, 11, 15-18].

2. Cancer Fighting Effects of Dietary
Polyphenols

Cancer is a group of diseases in which genetically damaged
cells proliferate autonomously and cannot respond to normal
regulatory mechanisms of cell division. Consequently, those
cells continue to proliferate, thereby robbing nearby normal
cells nutrients and eventually crowding surrounding healthy
tissue [19, 20]. Cells with damaged genetic material may form
either benign or malignant tumors. Benign tumors, which
grow slowly and are limited to a specific location, are not
considered cancerous and rarely cause death. In contrast,
malignant tumors are often fatal because they can undergo
metastasis, migration through blood or lymph vessels to
distant locations throughout the body. Wherever new
malignant tumors arise, they interfere with normal functions
of the neighboring tissue [19, 21].

Normal cell is transformed to cancerous cell through step
by step process that damage the cell capacity to be abided by
the normal cell proliferation and differentiation control
mechanism. The cell transformation process, carcinogenesis,
comprises enhanced expression of genes that promote cell
survival and proliferation and/or the loss of expression of
genes that control cell growth. As a result, cancerous cells

develop and proliferate autonomously, irresponsive to normal
regulatory mechanisms that ensure the intercellular
cooperation required in multi-cellular organisms [22].
Polyphenols interfere with the carcinogenesis process by
interacting with multiple signaling pathways, by inducing
apoptosis, and preventing mutations due to their anti-oxidant
effects.

2.1. Anti-tumerogenic Effects of Polyphenols by Modulating
Cell Signaling Pathways

2.1.1. MAPK Pathway

Polyphenols, for example, epigallocatechin-3-O-gallate
(EGCQG), curcumin (CUR), resveratrol (RES), quercetin and
apigenin have demonstrated potent anti-cancer activity by
suppressing cancerous cell proliferation and inducing cell
cycle arrest in diversified mechanisms. The main way is by
affecting the MAPK pathway in variety of cancers by
suppressing epidermal growth factor receptor (EGFR)
phosphorylation and/or inhibiting fos expression and/or
inhibiting ERK1/2 activation [11, 23, 24].

2.1.2. NF-kB-Mediated Pathway

Polyphenols like EGCG, delphinidin, anthocyanins, caffeic
acid, CUR and RES exhibit their anti-cancer effects as they
inhibit the constant activation of the NF-kB-mediated
pathway which is a common feature of tumor cells.
Up-regulated activation of the NF-kB-mediated pathway
results in high production of inflammatory mediators such as
tumor necrosis factor (TNF), interleukin-1 (IL-1), IL-6,
prostaglandin E2 (PGE2), reactive oxygen species (ROS), and
development of chemoresistance in tumor cells. These lead to
inhibition of apoptosis and increased metastatic capability [3,
11, 24-30].

2.1.3. Hedgehog (Hh) Signaling Pathway

Dietary polyphenols have demonstrated cancer fighting
effect by down regulating the Hedgehog (Hh) signaling
pathway. Hh pathway is responsible for induction of cell
differentiation, morphogenesis and organogenesis in
vertebrates’ embryogenetic processes. Hh pathway is also has
curtail regulatory activity in cell proliferation and survival.
Particularly, activation of Hh pathway is the mechanism by
which stem cells, for example, hematopoietic stem cell,
promote regeneration and expansion. However, sustained
activation of Hh pathway leads to increased expression of
glioma-associated oncogene I (GLI) transcription factor which
enhances gene expression and synthesis of proteins promoting
carcinogenesis in up-regulating cell survival and proliferation.
Accordingly, a cell with sustained activation of Hh pathway
develops migration and invasion capacity [32—-34].

Hh signaling pathway is initiated by the binding of the Hh
protein ligand to its cell surface receptor known as PTCHI.
This, in turn, activates the genetic factor GLI which induces
gene expression and protein synthesis. Hh ligand has different
isoforms in different tissues. The common Hh isoforms
include sonic Hedgehog (SHh), desert Hedgehog (DHh) and
Indian Hedgehog (IHh). Polyphenols including CUR, EGCG,
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genistein, apigein, quercetin and RES have shown anti-cancer
effect by modulating the Hh downstream signaling pathway
by inhibiting expression of Hh ligand, GLI and PTCHI
proteins [11, 34-38].

2.2. Cancer Fighting Effects of Polyphenols by Modulating
Apoptosis

Polyphenols have demonstrated also pro-apoptotic effect by
up-regulation of p53 expression, increasing Bax/Bcl-2 ratio,
blocking Akt activity and suppressing the expression of
survivine which results in cancer cell death [40—43]. During
chronic inflammation, in which NF-kB-mediated pathway is
up-regulated, expression of anti-apoptotic genes such as the
caspase-8 inhibitor and members of the Bcl2 family of
apoptosis regulators is enhanced. Therefore, polyphenols
inhibit this pathway and enhance programmed death of cancer
cells [28, 43-45].

2.3. Anti-tumerogenic Effects of Polyphenols by DNA
Mutation Prevention (Antioxidant Activity)

Dietary polyphenols exhibit cancer chemo-prevention
potential due to their anti-oxidant property [13]. Exposure to
pathogenic bacteria or virus leads to the production of reactive
oxygen and nitrogen species (ROS and RNOS) from immune
cells as a means of killing the pathogens. However, persistent
and long term immune responses can cause homeostatic
imbalance of the immune regulatory functions, leading to
irreversible damage of the tissues. Besides, over exposure to
various stimuli such as pollutants, smoke, drugs, xenobiotics,
ionizing radiation and heavy metal ions, induces excess
production of ROS and RNOS including nitric oxide,
hydroxyl radical and superoxide anion, peroxyl radicals,
hypochlorous acid (HOCI) and peroxynitrous acid (ONOOH).
Over production of these radicals results in oxidative stress
which possibly causes DNA mutation. Accordingly,
polyphenols like quercetin inhibit DNA mutation by
interrupting the propagation stage of the lipid autoxidation
chain reactions as effective radical scavengers or act as metal
chelators to convert hydroperoxides or metal prooxidants into
stable compounds [12, 13, 14, 23, 24, 46].

Additionally, dietary polyphenols exhibit their anti-oxidant
activity, indirectly, by enhancing the expression of antioxidant
enzymes such as superoxide dismutase (SOD), glutathione
S-transferase (GST), glutathione peroxidase (GPO), heme
oxygenase-1 (HO-1) and catalase (CAT) mainly by activating
Nrf2 pathway [48-50].

3. Dietary Polyphenols as Cancer
Prevention Strategy for Ethiopia

Cancer is becoming a leading cause of death globally. It is
estimated that cancer kills over 7.9 million people globally

every year constituting close to 13% of total deaths worldwide.

In Ethiopia, cancer accounts for about 5.8% of total national
mortality. It is estimated that the annual incidence of cancer in
Ethiopia is around 60,960 cases and the annual mortality is
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over 44,000 [51]. The occurrence of cancer is increasing
because of the growth and aging of the population, as well as
an increasing prevalence of established risk factors, such as
smoking, overweight, physical inactivity, and changing
reproductive patterns associated with urbanization and
economic development [52, 53]. Lung and breast cancer are
the most frequently diagnosed cancers and the leading causes
of cancer death in men and women, respectively, both overall
and in less-developed countries [54]. The most prevalent
cancers in Ethiopia among the adult population are breast
cancer (30.2%), cancer of the cervix (13.4%) and colorectal
cancer (5.7%). About two-thirds of reported annual cancer
deaths occur among women [51].

The burden of cancer on society, particularly, in developing
countries like Ethiopia is escalating. However, Ethiopia lacks
cancer control strategy until 2015. The first cancer control
plan was developed in 2015 in the history of the countries
health system. This plan included promotion of healthy diet
and physical activity as a cancer prevention strategy.
Accordingly, this review article is aimed in giving insight on
using fruits, vegetables, spices, grains and herbs as sources of
dietary polyphenols which have proven anti-cancer effect.
Therefore, the author of this review article strongly believes
that the article will eminently contribute to the attempt of
implementing the cancer control plan of Ethiopia.

Because of high cost and limited success of cancer therapy,
it has become increasingly recognized that cancer prevention
is cost effective. Promotion of healthy diet as the cancer
prevention strategy is with a double benefit. Because fruits,
vegetables, spices, grains and herbs are not only the food
sources of polyhenols but also the good sources of minerals
including vitamin which are essential for human health.
Besides, Ethiopia is the home of large number of species of
fruits, vegetables, spices, grains and herbs which are identified
as good sources of polyphenols. In addition, Ethiopia has a
high potential of production of tropical, sub-tropical and
temperate fruits, vegetables, spices, grains and herbs as she
has favorable climate and edaphic conditions [55]. Therefore,
dietary cancer prevention strategy is cost effective, easy and
recommendable for Ethiopia.

Moreover, poor bioavailability of dietary polyphenols in
human body hinders in vivo anticancer effects, especially
when taken singly [11]. Whereas, using combination of
polyphenols can exert significantly enhanced anticancer effect
at considerably lower concentration. Synergetic action of
phenolic mixtures additionally results in concurrent impact on
different carcinogenic pathways consequentially contributing
to significant cancer control and prevention effects of dietary
polyphenols [3]. High intake of foods containing polyphenols
has been linked to lowered risk of common chronic diseases
including cancer [14]. Therefore, regular intake of foods
containing polyphenols in high amount and in higher possible
variety is recommended diet for cancer prevention.

4. Conclusions and Future Directions

Eating variety of foods which are identified as good sources
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of polyphenols, particularly, fruits, vegetables, spices, grains
and herbs, in regular manner, and in high amount is a potential
cancer prevention strategy. Since, Ethiopia is the home for
these foods and the country has a high potential of production
of tropical, sub-tropical and temperate fruits, vegetables,
spices, grains and herbs, Ethiopia has a high potential of
dietary cancer prevention capacity by promoting healthy diet.

However, a detailed guideline on how to prepare and use
foods that are identified as good sources of dietary
polyphenols is highly required for Ethiopia. Furthermore,
awareness creation, for the general public, on the anticancer
effects of dietary polyphenols and how to prepare and use the

foods identified as sources of polyphenols is highly
recommended.
Abbreviations

uv Ultra violet.

EGFR Epidermal growth factor receptor.

DNA Deoxyribonucleic acid.

PTCHI1 Protein patched homolog 1 Homo sapiens.
MAPK Mitogen activated protein kinase.

EGCG Epigallocatechin-3-O-gallate.

CUR Curcumin.

RES Resveratrol.

ERK1/2 Extracellular signal-regulated protein kinases

1 and 2.

NF-xB Nuclear factor kappa B.

Nrf2 Nuclear factor erythroid 2-related factor.
TNF Tumor necrosis factor.

IL-1 Interleukin-1.

PGE2 Prostaglandin E2.

ROS Reactive oxygen species.

RNOS Reactive nitrogen species.

Hh Hedgehog.

GLI Glioma-associated oncogene I.

SHh Sonic Hedgehog.

DHh Desert Hedgehog.

IHh Indian Hedgehog.

Bax B-cell lymphoma 2 associated X protein.
Bcl-2 B-cell lymphoma 2.

Akt Protein kinase B.
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