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Abstract: A group of plant secondary
metabolites are flavonoids, which are polyphenolic
compounds. The predominant dietary intake forms
of flavonoids are fruits, vegetables, plant-based
beverages such as wine, green tea and cocoa-based
foods. Many plants and spices produce flavonoids
that are being widely utilized in herbal remedies
since earlier civilization. A vast range of
pharmacological action, including anticancer
activities, is known for flavonoids. Signal
transduction mechanisms linked to cellular
proliferation, differentiation, apoptosis,
inflammation, angiogenesis, metastasis and reversal
of multidrug resistance have been documented.
They also impede cancer onset, propagation and
advancement by altering various enzymes and
receptors. Flavonoids are now being researched for
their possible anticancer activities due to their
various molecular modes of action. Through
offering insights into dietary origins, metabolism
and molecular pathways, and their essential protein
interactions, the current review highlights the
remedial possibilities of flavonoids as agents
against cancer.
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Introduction

Cancer is a type of disease with common features,
not a strictly specified disorder caused by a
particular cause (Huminiecki, Horbanczuk, 2018).
Cancer, with high incidence and mortality
worldwide, is a major challenge to the wellbeing
and health of people (Bhatt et al., 2017; Cronin et
al., 2018). Studies have indicated that cancer
markers include proliferation maintenance, growth
inhibitory factor elusion, apoptosis inhibition,
angiogenesis, replicative perpetuity, and enhanced
infiltration and pathologic spread. These biological
roles are preserved because of genetic diversity
induced by genomic instability (Hanahan,
Weinberg, 2011). An approximated 18.1 million
emerging cancer incidents took place globally in
2018, this is expected to increase by 2030 to 23.6
million new cases each year. (Bray et al., 2018). In
addition, 9.6 million people estimated to have died
from cancer were recorded internationally in 2018
(Bray et al., 2018). Most cancer sufferers identified
at a late phase of the ailment aggravate the cancer
death rate (Miller et al., 2019; Siegel et al., 2019).
Cancer often creates a huge financial burden on
healthcare systems as well as inciting considerable
injury to the patient's body, and the pressure on
developing nations is very troubling (Vineis, Wild,
2014). Cancer treatment methods depend on the
type, stage and location of cancer. Tumor surgery,
radiotherapy, immunotherapy, chemotherapy,
cancer vaccines, photodynamic therapy, stem cell
renewal alone, or a blend of these approaches can
be involved (Baskar et al., 2012). Antimetabolites
(e.g., methotrexate), DNA-interactive agents (e.g.,
cisplatin, doxorubicin), anti-tubulin agents
(taxanes), hormones and molecular targeting agents
(Nussbaumer et al., 2011) are the mainly available
chemotherapeutic drugs from natural sources for
cancer treatment. The significant drawbacks of
chemotherapy are cancer recurrence, exorbitant
prices, drug resistance and adverse effects on non-
targeted tissues that can restrict anticancer agents
and compromise the patient’s quality of life.
Searching for novel, hopeful anticancer drugs with
improved effectiveness and lower toxicities
continues, to solve existing therapy problems.
Plant-based phytochemicals and derivatives are
promising solutions to enhance the effectiveness of
therapy of people with cancer and to mitigate
adverse effects. A number of these secondary
metabolites are substances that are present in nature
which have major biologically active antitumor
potential. From 1940 to 2014, approximately 60%
of approved anti-cancer drugs originated from
plants or are naturally derived (Newman and Cragg,
2016).

Different plant parts such as buds, flower stigmas,
pericarp, sprouts, fruits, seeds, roots, rhizomes,
stems, leaves, embryos, barks contain
phytochemicals and perform various
pharmacological functions. These phytochemicals
including alkaloids, flavonoids, saponins, terpenes,
glycosides perform vital functions in suppressing
cancer cells (Thakore et al., 2012; Tariq et al.,
2017).
An attempt has been made in the present review to
collect information explicitly on flavonoids and
their anticancer activity and molecular mechanisms
involved.

Flavonoids Overview

Flavonoids are phytochemicals implicated in many
physiological processes of plants including
germination and pollination (Harborne, 1986;
Havsteen, 2002; Winkel-Shirley, 2002).
Epidemiological studies have shown that low risks
of different cancers are associated with periodic
fruits and vegetables intake (Wattenberg, 1997;
Block et al., 1992). In a study of about 200
epidemiological studies by Block et al. (1992), the
correlation between the intake of fruits and
vegetables and the occurrence of various cancers
was examined. The consumption of fruits and
vegetables was observed to possess a strong
protective action in 128 of 156 dietary studies. The
possibility of developing cancer was twice greater
in persons with a reduced consumption of
vegetables and fruits than those with a high intake.
The protective effect was primarily caused by
flavonoids, which are prevalent in plant-based
foods and are essential parts of the human edibles
(Knekt et al., 1997; Hertog et al., 1993; Digiovanni,
1990), and an inverse relation was shown between
the intake of flavonoids and the subsequent
occurrence of lung cancer.
Flavonoids are the subclass of polyphenols which
are extensively dispersed in plants. They comprise
of a framework of diphenylpropane comprising two
aromatic rings (A-ring and B-ring), each containing
at least one hydroxyl group, and the two aromatic
rings are linked by a three-carbon bridge that
becomes part of the heterocyclic six-member ring
(Liu, Jackie, 2007). Flavonoids could be further
categorized into six major classes namely: flavones,
isoflavonoids, flavanones, flavanols, flavonols, and
anthocyanidins depending on their chemical
structure and unsaturation of chain linkage and
degree of oxidation, as shown in Table 1 (Panche et
al., 2016; Abotaleb et al., 2018; Durazzo et al.,
2019).
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Table 1: Flavonoids' categories and food origins

S/N Flavonoid

subclass Examples of compounds Food source References

1 Flavonol Kaempferol, quercetin,
myricetin and tamarixetin

Onion, red wine, kale, olive oil,
broccoli, apples, cherries, berries,
and grapefruit and tea

(Stewart et al., 2000)

2 Flavones Chrysin, apigenin ,Rutin,
luteolin, and glucosides
tangeretin

Fruit skins, red wine, buckwheat,
red pepper, tomato skin, Parsley,
Thyme

(Hara et al., 1995;
Middleton, 1998; Kreft
et al., 1999; Lopez et
al., 2001)

3 Flavanones Hesperidin, naringin,
naringenin and taxifolin

Oranges, lemons, citrus fruits,
grapefruits

(Rousseff et al., 1987;
Miyake et al., 2000)

4 Flavanol Catechin, epicatechin,
epigallocatechin,glausan-3-
epicatechin,
proanthocyanidins

Tea, apple (Stewart et al., 2000)

5 Anthocyanidins Apigenidin,c yanidin,
delphinidin, pelargonidin,
malvidin

Grapes, cherries, raspberry,
strawberry

(Kreft et al., 1999;
Stewart et al., 2000)

6 Isoflavones Genistein, daidzein Soya beans, Legumes (Reinli et al., 1996;
Kaufman et al., 1997)

Management of cardiovascular diseases (Nair,
Gupta, 1996), antioxidants (Vanacker et al., 1995),
vascular defense (Stocklet et al., 2004),
hepatoprotection (Gilani et al., 1997), anti-allergic
(Amella et al., 1985), anti-inflammatory
(Middleton et al., 2000), anti-ulcer (Martin et al.,
1994), antibacterial (Cushni, Lamb, 2005), are
reported pharmacological activities of dietary
flavonoids.

Fig. 1. Diphenylpropane skeleton of flavonoids

Flavonoid Metabolism

Flavonoids are often attached to sugars in plants, so
the diet includes a complex mixture of glycosides
of flavonoids and their respective aglycones
(Hollman, 2004). In the conduct of many biological
functions, flavonoid metabolism is considered a
significant part (Spencer et al., 2003). The hepatic
cytochrome P450s (CYP) can hydroxylate
flavonoids on ring A usually at the C5 and C6

positions, on C3 of ring C, and also on C3' and C4' of
ring B. Flavonoid

hydroxylation in humans are mostly by CYP1A2,
CYP3A4 and CYP2C9 (Breinholt et al., 2003).
Glucose transporters actively transport some
flavonoids glycosides through small intestinal
epithelium (Wolffram et al., 2002; Cermak et al.,
2003), whereas sugar moiety hydrolysis for other
flavonoids may be necessary to enhance their
absorption (Nemeth et al., 2003; Sesink et al., 2003;
Day et al., 2003). Phase I and II enzymes easily
metabolize flavonoids in the intestine and liver. Re-
secretion of flavonoid metabolites (largely
glucuronic acid conjugates, sulfonyl or methyl
groups) into the lumen of the intestines direct from
all small intestinal cells or with bile. The
metabolites (mainly) and the parent compounds (to
a little extent, if at all) may enter the bloodstream
from where they are then distributed to target
tissues or the kidney for urinary excretion
eventually (Hollman, 2004). The gut microbiome is
essential for the absorption and metabolism of
flavonoids. Glycosylated flavonoid such as
flavones, isoflavones, flavonols and anthocyanins
may be hydrolyzed into their respective aglycones
after intake before being absorbed by intestinal or
colon microflora. (Hollman, Katan, 1997; Cassidy,
Minihane, 2017). Aglycones, being lipid soluble,
undergo passive diffusion into the cells of intestinal
epithelium while the epithelial transporters control
the glycosides absorption into the intestinal
epithelial cells (Cassidy, Minihane, 2017).

Anticancer Mechanisms
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Suppression of cancer cell cycle

The cell cycle is the process of critical cell division
and is primarily divided into four phases: phase G1
(pre-DNA synthesis), phase S (phase of DNA
synthesis), phase G2 (late phase of DNA synthesis)
and phase M (mitotic phase). As essential
controllers of cell cycle progression, Cyclin and
Cyclin-dependent kinases (CDKs) have been
identified. The pathogenic defining features of
neoplasia are the modification and deregulation of
CDK function. Several cancers are linked with
overactivity of CDKs due to CDK gene or CDK
gene inhibitor mutation. It would therefore be of
interest to investigate inhibitors or modulators as
innovative chemotherapeutic agents (Senderowicz,
1999; Senderowicz, 2001). Flavonoids including
kaempferol, apigenin, silymarin, genistein,
quercetin, daidzein, luteolin, and epigallocatechin
3-gallatechin disrupt control points of the cell cycle
at both G1/S and G2/M in cultured cancer cell lines.
(Zi et al., 1998; Choi et al., 2001; Casagrande,
Darbon, 2001).

Apoptosis of cancer cells

Cancer cells are immune to apoptosis (a form of
cell death in which a programmed sequence of
events leads to the elimination of cells without
releasing harmful substances into the surrounding
area) (Abotaleb et al. 2018; McArthur, Kile 2018).
It primarily involves apoptotic pathways that are
intrinsic (also called mitochondrial) and extrinsic
(also called death receptor) (Fernald, Kurokawa,
2013). The mitochondrial release of cytochrome c
(cyt c) triggers the intrinsic pathway and the
extrinsic pathway is activated by the death
receptors TRAILR and FAS, which together cause
a sequence of proteases including caspase3, 6, 7, 8,
9 and 10 and ultimately lead to cell death.
Oncogenic genes such as c-Myc are overexpressed,
leading to cell proliferation and p53 inhibition, and
the Bcl-2 family of activated anti-apoptotic proteins
in cancer cells, while pro-apoptotic proteins as well
as caspases could be significantly decreased
(McArthur, Kile, 2018; Jan, Chaudhry, 2019).
It is especially noteworthy that tumor cells escape
apoptosis and then generate tumor growth. In
anticancer treatment, therefore, inducing tumor cell
apoptosis has become a major achievement
(Ghobrial et al., 2005).
Quercetin triggers caspase 3, 8, 9 during the
intrinsic apoptotic pathway in gastric cancer stem
cells, activates the manifestation of Bax and Bad
and inhibits the anti-apoptotic proteins such as Bcl-
2, Bcl-XL and Mcl-1. Quercetin simultaneously
increased the release of cytochrome c from the
mitochondria to the cytoplasm. Such studies
therefore, clarify that Bcl-2 can also be specifically

associated with quercetin-induced apoptosis
(Primikyri et al., 2014; Primikyri et al., 2018).
TRAIL (TNF-related apoptosis inducing ligand)
performs a crucial function during the apoptotic
process. TRAIL triggered tumor cell death is often
apoptotic. In anticancer research, apoptosis by
extrinsic pathway is a crucial target as it largely
kills tumor cells whereas preserving normal cells
(Ghobrial et al., 2005). Quercetin impacts TRAILR,
FAS, TNFR1 expression (Youn et al., 2013). In
several cancer cells including non-small cell lung
cancer, glioma and colon cancer, quercetin can
interact with TRAIL to stimulate apoptosis in two
different ways including boosting DR5 expression
and suppressing surviving expression (Psahoulia et
al., 2007; Chen et al., 2007; Siegelin et al., 2009).
So, by a twin mechanism that activates anti-
apoptotic proteins and suppresses pro-apoptotic
proteins and caspases, flavonoids may trigger
apoptosis signal transduction in cancerous cells.
Other flavonoids such as genistein (Solomon et al.,
2008; Shafiee et al., 2016), daidzein (Liu et al.,
2012; Park et al.,2013), hesperetin (Zhang et al.,
2015; Elango et al., 2018 ), naringenin (Bao et al.,
2016; Zhang et al., 2016), kaempferol (Luo et al.,
2011), apigenin (Pandey et al., 2012; Shukla et al.,
2014), chrysin (Xue et al., 2016; Abotaleb et al.,
2018), pelargonidin (Lopez de Las Hazas et al.,
2017; Chen et al., 2018) have been reported to hold
anti-apoptotic actions in different cell lines.

Cancer cell angiogenesis and metastasis
suppression

Angiogenesis is a natural formation of new blood
vessels from established vasculature. It is an
intricate process that involving degradation of the
basement membrane mediated by protease, loss of
endothelial cells' adhesion, proliferation as well as
the cells' migration to the neighbouring stroma, and
eventually endothelial cell reassembly to create the
new vasculature's lumen (Auerbach et al., 2003).
Dysfunctional angiogenesis is strongly associated
with different cancers and influences tumour
growth and metastasis (Folkman, 2007). The
angiogenesis process includes numerous proteins,
of which the vascular endothelial growth factor
(VEGF) and its receptors (VEGFR) have been
discovered to perform a vital function in the control
of angiogenesis and the development of tumours
(Plate et al., 1992; Carmeliet, Jain, 2000). By
controlling the manifestation of VEGF, EGFR and
matrix metalloproteinases (MMPs), flavonoids
induce antiangiogenic effects (Mojzisa et al., 2008).
Quercetin inhibits the angiogenesis process induced
by VEGFR-2 in prostate and breast cancers,
suppresses AKT (a downstream regulatory factor)
expression and restricts the development of
tumours (Pratheeshkumar et al., 2012;
Balakrishnan et al., 2016). Suppression of
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angiogenesis in-vitro as well as in-vivo has been
documented with genistein (Su et al., 2005: Farina
et al., 2006; Guo et al., 2007). In cancer cell lines,
both under normal and low oxygen conditions,
apigenin has been demonstrated to suppress HIF-1
and VEGF expression through
PI3K/AKT/p70S6K1 and HDM2/p53 signalling
pathways (Fang et al., 2005; Liu et al., 2005).
Experimentally, studies show that other flavonoids
including chrysin (Fu et al., 2007; Lin et al.,
2006a), fisetin (Joussen et al., 2000; Sung et al.,
2007) and wogonin (Lin et al., 2006b, c) exhibit
antiangiogenic effects.

Promotion of differentiation

Cancers originate from cells which possess genetic
variations that forgo the need for external growth
factors. Growth control deregulation eventually
contributes to the preference of replica cell lines
that split at primordial rate and thus do not react
appropriately to signals of differentiation and
maturation. As ground-breaking remedy for cancer
management and prevention, non-physiological
mediators of ultimate separation have been used.
The activation of flavonoid terminal differentiation
can contribute to the eventual removal of tumour
cells as well as to the rebalancing of normal
cellular homeostasis. It was therefore possible to
develop these compounds into potential anticancer
drugs. Some flavonoids induce the differentiation
of unspecialized cancer cell lines into cells with
established morphologic features (Kim et al., 2000;
Mata-Greenwood et al., 2001). The flavones
including apigenin, luteolin, genistein, quercetin
and phloretin have been reported to activate the
division of human acute myelogenous leukemia
HL-60 cell granulocytes and monocytes (Takahashi
et al., 1998). It was also able to do so with the
isoflavone, daidzein (Jing et al., 1993). Genistein
also could promote erythroid division of the human
myelogenous leukemia K562 cell line and a
multidrug resistant subline (K562R) (Honma et al.,
1990; Constantinou et al., 1990).

Multidrug resistance modulation

The increasing resistance of a tumour to a
previously successful medication is a major
chemotherapy issue. Up-regulation of P-
glycoprotein (Pgp) (a drug efflux pump dependent
on ATP) is linked to multidrug resistance (MDR) to
chemotherapy (Sharom, 2008). P-glycoprotein
comprises pair of homologous halves, each
consisting a drug binding and efflux-related
transmembrane domain (TMD) and a cytosolic
nucleotide-binding domain (NBD) involved in ATP
binding and hydrolysis, with a general topology
(TMD-NBD)-2 domain. Alteration by Pgp-
mediated cell multidrug resistance of flavonoids

could be by (i) suppression of multidrug resistance
gene-1 (MDR1) overexpression, (ii) direct
attachment to high-affinity NBDs, (iii) suppression
of ATPase action, nucleotide hydrolysis, and
transporter-enriched membrane energy-dependent
association with drugs (Ren et al., 2003). Pgp
modulation has been demonstrated by some
flavonoids as well as quercetin, kaempferol,
apigenin, myricetin, kaempferide and naringenin
(Hooijberg et al., 1997; de Wet et al., 2001). In
recently times, a molecular action mechanism to
counter multidrug resistance concerning the
uninterrupted association of the flavonoid (EGCG)
on the chaperone protein ATP binding site (GRP78)
has indeed been put forth (Ermakova et al., 2006).

Topoisomerase inhibition

Topoisomerases are enzymes that, during DNA
replication, transcription and recombination
processes, play a significant role in preserving
DNA topology. As chemotherapy agents, the drugs
that compete with these are of great concern
(Topcu et al., 2008). They can be divided
topoisomerase inhibitors and topoisomerase
poisons, depending on the catalytic cycle stage
which they inhibit. Inhibitors of topoisomerase
inhibit the catalytic cycle by attaching to the
unengaged enzyme thereby obstructing the
development of a covalent enzyme-DNA complex.
These agents are also called antagonists of
topoisomerase. The drugs that permit the
topoisomerase to attach DNA are the
topoisomerase poisons. Nevertheless, they skip the
step of re-ligation, thus generating firm covalent
enzyme-DNA complexes referred to as "cleavage
complexes”. As they transform the critical enzyme
into a lethal cellular toxin, they are referred to as
topoisomerase poisons. (Mc Clendon, Osheroff,
2007).
Recombinant human topoisomerase I and human
leukemia HL 60 cell line studies have shown that
topoisomerase I-catalyzed DNA re-ligation has
been inhibited by flavonoids such as quercetin,
acacetin, apigenin, kaempferol, morin and luteolin.
Topoisomerase I suppression has also been
reported to be limited to flavones and groups of
flavonols, while chalcones, aurones, flavanones,
and isoflavones are ineffective. Some flavonoids,
such as EGCG, quercetin, fisetin, kaempferol,
apigenin and acacetin, morin and luteolin, have
been demonstrated to suppress topoisomerase I
through the use of recombinant human
topoisomerase I and human leukemia HL 60 cell
lines. The lack of sugar, a C2-C3 double bond, an
oxo group at C4, one hydroxyl group at C3, C7 and
C4, and two hydroxyl groups at phenyl B are
essential for activity on topoisomerase I
(Constantinou et al., 1995; Boege et al., 1996;
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Ahmad et al., 1997; Ahmad et al., 2000; Berger et
al., 2001; Chowdhury et al., 2002).
Several flavonoids including quercetin,
quercetagetin, myricetin, baicalein, kaempferol,
luteolin, fisetin, genistein, galangin, daidzein,
biochanin A, catechin and EGCG can antagonize
topoisomerase II (Constantinou et al., 1995; Austin
et al., 1992). The β isoform of topoisomerase II has
been documented to be more susceptible to the
inhibitory effect of these flavonoids relative to the
α isoform (Bandele and Osheroff, 2007). In relation
to the C2-C3double bond and an oxo group at C4,
topoisomerase II action requires the existence of a
hydroxyl group in positions 5, 7, 30 and 40.

Inhibition of protein-kinases

The phosphorylation of various cellular substrates
is catalyzed by protein kinases (PKs), regulating
different cell function. In a homeostasis framework,
they are essential for multiple cellular processes
and their action is tightly controlled. PKs can,
however, be deregulated under pathological
conditions, leading to phosphorylation changes that
ensue in unregulated mitosis, apoptosis suppression,
and several malformations (Shchemelinin et al.,
2006). Phosphorylation deregulation has been
strongly connected to multiple cancers and more
conditions including diabetes as well as
inflammation (Lapenna and Giordano, 2009;
Wagner and Nebreda, 2009); PK suppression has
therefore been considered as a potential therapeutic
solution to cancer as well as other associated
illnesses. Diverse in-vitro analyses have shown that
suppression of PKs is a central component of
flavonoids' cancer prevention and treatment (Hu
and Kong, 2004). An in-vitro analysis of p40
protein-tyrosine kinase inhibition determination by
flavonoids including genistein, myricetin, quercetin,
apigenin, fisetin, robinetin and biochanin-A
indicated that polyhydroxylated flavones and
flavonols with a high affinity for p40 inhibit
protein-tyrosine kinase activity. The peak
inhibitory activity against bovine brain purified
protein kinase C (pkc) was shown by the flavonols
such as fisetin quercetin, myricetin, and the flavone
luteolin, while the least effective PKC inhibitors
were hesperetin, taxifolin, and rutin (Agullo et al.,
1997; Ferriola et al., 1989). An analysis of the
inhibitory actions of various flavonoids on cyclin-
dependent kinases 1 (cdk1) and cdk-2 in human
OCM-1 melanoma cells showed that luteolin,
quercetin and daidzein caused blockage of the G1
cell cycle by suppressing cdk2 action. In
comparison, by inhibiting cdk1, kaempferol,
apigenin, and genistein triggered cell aggregation at
the G2/M phase. No CDK inhibitions were
observed for catechin, taxifolin, hesperetin, and
naringenin. A study to establish flavonoids’
efficacy to block Phosphatidylinositol 3-kinase (PI

3-kinase) revealed that flavonol group (myricetin,
quercetin) elicited the highest inhibitory
activityrelative to flavones (luteolin, apigenin).
Flavanols, isoflavones and flavanones, by
comparison, were inefficacious. Flavopiridol, a
potent anticancer agent extracted from an Indian
plant, is a novel semi-synthetic rohitukine flavone
analog. The ATP substrate is competing directly
with flavopiridol and suppresses several cdks as
well as cdk1, cdk2, cdk4, cdk6, and cdk7 (Shapiro,
2004).

Conclusion

Cancer has been a malignant illness and drugs with
reduced toxicity, fewer adverse effects, availability
and efficacious for cancer treatment are urgently
needed. Flavonoids are secondary metabolites that
show numerous pharmacological actions which are
useful for human wellbeing, including anti-cancer
activity. Epidemiological findings have offered
information that increased consumption of dietary
flavonoids including fruits and vegetables could
also be linked to reduced human cancer prevalence.
Many mechanisms of action including cell cycle
inhibition, apoptosis induction and differentiation,
angiogenesis inhibition, multidrug resistance
reversal and/or a blend of the above modes, may be
involved, depending on in-vitro and animal
investigations. Flavonoids still offer great promises,
which in the future would prove valuable in
treating heinous diseases.
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