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Abstract
Flavonoids are polyphenolic compounds of very important class of plant second-
ary metabolites having a broad spectrum of biological activities. Because of their 
antioxidative, anti-inflammatory, antimutagenic, and anticarcinogenic proper-
ties, flavonoids have become an indispensable component in nutraceuticals, 
pharmaceuticals, medicinal, and cosmetic applications. The bioavailability, 
metabolism, and biological activities of many flavonoids have drawn the attention 
of researchers to use them as an alternative source of therapeutics for the 
treatment of various diseases; flavonoids have been shown to disrupt the initiation, 
promotion, and progression of cancer by modulating various signaling pathways 
and their downstream components associated with cellular proliferation, 
differentiation, inflammation, apoptosis, metastasis, angiogenesis, and reversal 
of multidrug resistance. Many natural flavonoids and their synthetic analogs are 
being investigated for their potential applications in anticancer therapies, because 
of their multi-targeted mechanism of action. Thus, the aim of the present chapter 
is to highlight the new insights on the recent progress of flavonoids as effective 
candidates in cancer therapeutics and prevention.
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13.1	 �Introduction

Plants have been an integral part of our daily diet due to their nutritional properties 
(Namdeo 2007). Since decades, several chemical and biological studies have well 
elucidated the role of their primary metabolites, such as carbohydrates, amino acids, 
and lipids in performing critical functions such as cell division, growth, respiration, 
storage, and reproduction (Bourgaud et  al. 2001). Besides this, the plants also 
synthesize a broad range of low molecular weight chemical compounds, which may 
be distinctive from primary metabolites and vary from species to species which are 
known as “secondary metabolites.” They are responsible for specific tastes, odors, 
and colors of plant. Secondary metabolites do not have any significant role in 
maintenance of basic functions of plants, but play an imperative role in the 
communication of plant with its environment (Dixon 2001; Oksman-Caldentey and 
Inze 2004).

Plants are the chief sources of secondary metabolites, which have been fre-
quently used in pharmaceutical, agrochemical, flavor, and aroma industries. 
Secondary metabolites are known as allelochemicals, which function as chemical 
defense compounds and influence molecular targets in herbivores or microbes. 
Secondary metabolites can be grouped into the alkaloids, terpenes, phenolics, and 
flavanoids (Karuppuswamy 2009; Rattan 2010). Alkaloids are the important class of 
highly diversified group of secondary metabolites containing a ring structure having 
a nitrogen atom and are often characterized by their bitter taste. Alkaloids are widely 
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distributed in the plant kingdom mainly in higher plants. Moreover, several alkaloids 
also exhibited significant biological activities like anti-inflammatory, anticancer, 
antimetastatic, and antiangiogenic properties (Benyhe 1994; Lee 2011; Huang et al. 
2007; Chen et al. 2008). Similarly, terpenoids are more numerous and structurally 
diverse compounds which have been used in the perfumery and cosmetic industries 
and also possess several biological and pharmacological properties. Terpenoids are 
classified on the basis of number and carbon skeleton formed by the joining of 
isoprene units followed by cyclization and rearrangements into monoterpenes 
(C10), sesquiterpenes (C15), diterpenes (C20), triterpenes (C30), tetraterpenes 
(C40), and polyterpenes. The terpenoids such as mono-, di-, and tetraterpenoids are 
synthesized from 2-C-methyl-D-erythritol 4-phosphate pathway while sesqui- and 
triterpenoids by the mevalonate pathway (Ludwiczuk et  al. 2017). It has been 
demonstrated that terpenoids exhibit various properties such as antimicrobial 
activity, anti-inflammatory activity, anticancer activity, etc. (Raut and Karuppayil 
2014; Lesgards et al. 2014).

Phenolics, being ubiquitously present in plant organs, are often regarded as inte-
gral component of our diet. These are the compounds which possess one or more 
aromatic rings with one or more hydroxy groups. These are the most abundant plant 
secondary metabolites. They are prominently involved in plant defense against 
pathogens, parasites, and predators, and also they are responsible for the colors of 
the plants. They are the prevalent constituents of plant foods like fruits, vegetables, 
etc. and beverages such as tea, coffee, beer, wine, etc. Plant phenolics chiefly include 
phenolics, flavonoids, tannins, and the less common stilbenes and lignans. Phenolics 
are primarily responsible for the bitterness and astringency of fruits and fruit juices 
(Nijveldt et al. 2001). The biosynthesis of phenolic compounds initiates with the 
commitment of glucose to the pentose phosphate pathway (PPP) and transforming 
glucose-6-phosphate irreversibly to ribulose-5-phosphate. On the other hand, PPP 
also produces erythrose-4-phosphate along with phosphoenolpyruvate from 
glycolysis, which is then used through the phenylpropanoid pathway to generate 
phenolic compounds after being channeled to the shikimic acid pathway to produce 
phenylalanine (Lin et  al. 2010; Vattem et  al. 2005). Phenolics can inhibit the 
absorption of amylase in the treatment of carbohydrate absorption, such as diabetes 
(Sales et  al. 2012). There are many fruits and vegetables that contain phenolic 
compounds, especially, grapes, berries, and tomatoes. Phenolic compounds, such as 
phenolic acids and flavonoids, could promote health benefits by reducing the risk of 
metabolic syndrome and the related complications of type 2 diabetes. However, 
different groups of phenolic compounds have different biological characteristics, 
and very little is known about the mechanisms by which they could contribute to the 
prevention of disease; there still is a need for further studies. Reactive oxygen (ROS) 
and reactive nitrogen species (RNS) are highly reactive oxidized molecules, which 
are generated constantly by normal cellular conditions, for instance, the activity of 
the mitochondrial respiratory chain and inflammation, which could lead to damage 
in other biological molecules, like proteins and DNA (Halliwell 2002; Urso and 
Clarkson 2003; Lea et al. 2015).
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Flavonoids are widely distributed phenolics in the plant kingdom. More than 
5000 different flavonoids have been discovered till date, and on the basis of their 
chemical structure, they are classified into various groups. Among them, flavones, 
flavonols, flavanols, flavanones, anthocyanins, and isoflavones are particularly 
important because of their presence in various fruits and vegetables (Harbone 1993).

Reactive oxygen species (ROS) can damage DNA, and division of cells with unre-
paired or misrepaired damage leads to mutations. If these changes appear in critical 
genes, such as oncogenes or tumor suppressor genes, initiation or progression of 
carcinogenesis may result. Moreover, ROS can interfere directly with cell signaling 
and growth (Loft and Poulsen 1997; Pryor 1997). The antitumor activity of flavo-
noids has recently gained attention because of their potential to quench and neutral-
ize the ROS and ROS-mediated damage in the cellular compartment. Moreover, 
flavonoids have also been shown to modulate various altered cellular signaling path-
ways associated with cancer progression and development. Thus, the aim of the pres-
ent chapter is to highlight the new insights on the recent progress of flavonoids as 
effective candidates in cancer therapeutics and prevention (Table 13.1 and 13.2).

13.2	 �Flavonoids

Flavonoids are the most ever-present plant-specific secondary metabolites having a 
benzo-ǖFE;-pyrone in their variable phenolic structures and are predominantly 
found in fruits, vegetables, grains, bark, roots, stems, flowers, tea, wine, etc. A large 
number of flavonoids have been recognized, many of which are responsible for the 
attractive colors of flowers, fruit, and leaves (Nijveldt et al. 2001). These compounds 
are chiefly involved in various essential functions such as reproduction by recruiting 
pollinators and seed dispersers. It has been suggested that flavonoids are also 
responsible for the beautiful display of fall color which as a result protect leaf cells 
from photo-oxidative damage, thereby enhancing the efficiency of nutrient retrieval 
during senescence (Winkel-Shirley 2002). The chemical nature of flavonoids 
depends on their structural class, degree of hydroxylation, other substitutions and 
conjugations, and degree of polymerization (Kumar and Pandey 2013).

Table 13.1  Dietary sources of different flavonoids

Flavonoid classes Dietary sources Examples
Flavonols Tea Catechin, Epicatechin, epigallocatechin
Flavone Fruit skins, red wine, buckwheat, 

red pepper, and tomato skin
Chrysin, Apigenin, Rutin, luteolin, and 
luteolin glucosides

Flavonol Kaempferol, quercetin, myricetin, 
and tamarixetin

Onion, red wine, olive oil, berries, and 
grapefruit

Flavanone Naringin, naringenin, taxifolin,  
and hesperidin

Citrus fruits, grapefruits, lemons, and 
oranges

Isoflavone Genistin, daidzin Soya bean
Anthocyanidin Apigenidin, cyanidin Cherry, raspberry, and strawberry
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13.2.1	 �Structure and Classification of Flavonoids

Chemically, flavonoids consist of 15 carbons and two phenyl rings (A and B) and a 
heterocyclic ring C.  Flavonoids are chemically diverse group of secondary 
metabolites which can be divided into subgroups including anthocyanidins, 
flavonols, flavones, flavanols, flavanones, chalcones, dihydrochalcones, and 
dihydroflavonols (Treutter 2006). Flavonoids are classified on the basis of degree of 
oxidation, annularity of ring C, and connection position of ring B. Flavones and 
flavonols contain the largest number of compounds, representing the narrow sense 
flavonoids, namely, 2-benzo-γ-pyrone category. Quercetin is the most extensively 
studied flavonoids which belong to the flavonol class. The classification of flavonoids 
is shown in the figure (Fig.  13.1). The class flavanones and flavanonols possess 
saturated C2 = C3 bonds and frequently coexist with relevant flavones and flavonols 
in plants. Isoflavones, such as daidzein, are 3-phenyl-chromone substances. 
Chalcones being as the key precursors of flavonoid biosynthesis are ring C-opening 
isomers of dihydroflavones which are responsible for color appearance of plants. 
Although aurones are five-membered ring C benzofuran derivatives, they lack the 
typical structure of flavonoids. Anthocyanidins are primarily responsible for 
characteristic color of plants because they belong to a group of important chromene 
pigments and thus exist in the form of ions. Flavanols are reduction products of 
dihydroflavonols, particularly with flavan-3-ols widely distributed in the plant 
kingdom, also known as catechins. Nevertheless, there are still other flavonoids 
without C6—C3—C6 skeleton, for instance, biflavones, furan chromones, and 
xanthones (Fig. 13.2).

Table 13.2  Anticancer effects of flavonoids on various human cancer cell lines

Cancers Cancer cell lines Flavonoids
Human oral 
cancer

HSC-2, HSG, SCC-25 Flavanones, isoflavans, EGC, chalcones, 
EGCG, curcumin, genistein, ECG, quercetin, 
cisplatin

Human breast 
cancer

MCF-7 Flavanones, daidzein, genistein, quercetin, 
luteolin

Human thyroid 
cancer

ARO, NPA, WRO Genistein, apigenin, kaempferol, chrysin, 
luteolin, biochanin A

Human lung 
cancer

SK-LU1, SW900, H441, 
H661, haGo-K-1, A549

Catechin, epicatechin, quercetin, kaempferol, 
luteolin, genistein, apigenin, myricetin, 
silymarin

Human colon 
cancer

Caco-2, HT-29, IEC-6, 
HCT-15

Flavone, quercetin, genistein, anthocyanin

Human prostate 
cancer

LNCaP, PC3, DU145 Catechin, epicatechin, quercetin, kaempferol, 
luteolin, genistein, apigenin, myricetin, 
silymarin

Human leukemia 
cancer

HL-60, K562, Jurkat Apigenin, quercetin, myricetin, chalcones
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13.2.2	 �Biosynthesis of Flavonoids

Biosynthesis of flavonoids takes place through the phenylpropanoid pathway in 
which phenylalanine is converted into 4-coumaroyl-CoA, the ultimate precursor of 
the flavonoid biosynthesis pathway as shown in Fig. 13.3. Chalcone synthase is the 
first enzyme specific for the flavonoid pathway which produces chalcones. All the 
flavonoids are derivatives of these chalcones. Although the central pathway for 
flavonoids biosynthesis is conserved in plants, depending on the species, a group of 
enzymes, such as isomerases, reductases, hydroxylases, and several Fe2+/2-
oxoglutarate-dependent dioxygenases, modify the basic flavonoid skeleton, leading 
to the different flavonoid subclasses (Martens et  al. 2010). Lastly, transferases 
modify the flavonoid backbone with sugars, methyl groups, and/or acyl moieties, 

Fig. 13.1  Basic chemical structure of flavonoids

Fig. 13.2  Classification of major classes of flavonoids
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modulating the physiological activity of the resulting flavonoid by altering their 
solubility, reactivity, and interaction with cellular targets (Bowles et al. 2005; Ferrer 
et al. 2008).

Biosynthesis of flavonoids begins with the condensation of one molecule of 
4-coumaroyl-CoA and three molecules of malonyl-CoA yielding naringenin 
chalcone, and the reaction is catalyzed by the enzyme chalcone synthase (CHS) 
(Fig.  13.1). The two immediate precursors of the chalcone, coumaroyl-CoA and 
malonyl-CoA, originate from two different pathways of primary metabolism. 
Coumaroyl-CoA is derived from the amino acid phenylalanine by phenylpropanoid 
pathway and is common to the biosynthesis of a variety of compounds such as 
lignin, coumarins, stilbenes, and flavonoids. Malonyl-CoA is produced by the 
carboxylation of acetyl-CoA, a central intermediate in the Krebs cycle. Chalcone is 
subsequently isomerized by the enzyme chalcone flavanone isomerase (CHI) to 
yield a flavanone. From these central intermediates, the pathway diverges into 
several side branches, each yielding a different class of flavonoids (Heller and 
Forkmann 1988).

Fig. 13.3  Biosynthesis of major classes of flavonoids through phenylpropanoid pathway
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13.2.3	 �Biological Properties of Flavonoids

The biological properties of flavonoids have been attributed to their potential cyto-
toxic property and their capacity to interact with various enzymes. The cumulative 
effects of flavonoid are shown in Fig.  13.4. A large number of flavonoids are 
accountable for providing stress protection via acting as scavengers of free radicals 
such as reactive oxygen species (ROS), as well as chelating metals that generate 
ROS through the Fenton reaction (Williams et  al. 2004). Flavonoids are also 
involved in developing resistance to metal toxicity in plants (Kidd et  al. 2001). 
Flavonoids could inhibit polar auxin transport and enhance consequent localized 
auxin accumulation in plants (Peer and Murphy 2007; Kuhn et al. 2011; Lewis et al. 
2011). The various biological properties of flavonoids are as follows:

13.2.3.1	 �Role of Flavonoids in Root Nodulation
Flavonoids have been shown to be predominantly involved in the initiation of nodu-
lation process. This phenomenon has been observed in transgenic plants having 
flavonoid-deficient roots produced by knockdown of chalcone synthase enzyme by 
RNA interference. The flavonoid-deficient roots were not able to initiate formation 
of nodules (Wasson et al. 2006).

13.2.3.2	 �Role of Flavonoids in Plant Defense
In several studies, flavonoids have been shown to protect plants from UV rays, and 
it is attributed to their UV-absorbing property. Moreover, biosynthesis of flavonols 
has been shown to induce by the UV light in various studies (Ryan et al. 2002; Berli 

In plant defense

Anti-microbial

Anti-mutagenic

Anti-carcinogenic

Anti-hepatic

Scavenging free
radicals

Anti-inflammatory

Anti-oxidant

FLAVONOIDS

Fig. 13.4  Flowchart showing cumulative effects of flavonoids

I. A. Ansari and M. S. Akhtar



433

et al. 2010; Stracke et al. 2007; Agati et al. 2011; Kusano et al. 2011). The presence 
of the hydroxy group in the third position of the flavonoid skeleton is accountable 
for chelating metal ions such as aluminum, zinc, iron, and copper and, consequently, 
inhibiting the formation of free radicals as well as to reduce ROS (Verdan et al. 
2011). Flavonoids also provide protection to plants against pathogen and herbivores 
(Cornell and Hawkins 2003; Kliebenstein 2004; Bidart-Bouzat and Imeh-Nathaniel 
2008).

13.2.3.3	 �Role of Flavonoids in Plant Reproduction and Fertility
The role of flavonoids in pollination has been established through the revelation of 
their role in providing characteristic colors to the pollen grains in different species 
of plants which can be detected by insects, facilitating successful pollination 
(Zerback et al. 1989; Van Der Meer et al. 1992). The role of flavonoids in pollen 
germination and pollen tube formation is elucidated by producing flavonoid-
deficient mutants lacking chalcone synthase in maize and petunia (Pollak et  al. 
1993). Moreover, the silencing of chalcone synthase gene results in parthenocarpy 
in tomato (Schijlen et al. 2007). The silencing of FLS in tobacco causes production 
of less-seeded fruits, and silenced lines had lower flavonol and anthocyanidins 
levels. In addition, the pollen of these silenced lines was unable to produce func-
tional pollen tubes. These experiments revealed that flavonoids have essential roles 
in pollen germination and consequently in plant fertility (Mahajan et al. 2011).

13.3	 �Pharmacological Effects of Flavonoids

Various studies have now established the protective role of flavonoids in various 
human ailments. The polyphenolic structure of flavonoids is attributed to their 
various pharmacological activities. Flavonoids are considered to be good source of 
natural antioxidants in human diets, and this property is accredited to the hydroxy 
(OH-) group present in the flavonoids via scavenging free radicals or by chelating 
metal ions. Thus, flavonoids could prevent free radical generation that leads to 
oxidative stress and consequently, many diseases. Flavonoids have been shown to 
play a protective role against many diseases such as cancer, cardiovascular and 
respiratory disorders, arthritis, and early aging. They have been accredited to boost 
the antioxidant defense system via inducing the expression of many antioxidant 
enzymes. In addition to all these properties, flavonoids also possess diverse 
biological activities which are important for various health aspects in human, for 
instance, anti-inflammatory, anti-ulcer, antiviral, anticancer, anti-diabetic, and 
cytotoxic properties (Nijveldt et al. 2001). The mechanism of action of flavonoids is 
shown in Fig. 13.5. In the next section, we have explained these biological properties 
individually in detail.
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13.3.1	 �Antioxidative Property of Flavonoids

Antioxidant property of almost every group of flavonoids is the most studied prop-
erty. In this regard, flavones and catechins have been recognized as the most power-
ful flavonoids having free radical scavenging property against reactive oxygen 
species. Human cells and tissues are in a continuous threat to be damaged by 
indigenous free radicals and reactive oxygen species produced during normal 
metabolism or by exogenous radicals generated due to environmental factors (Groot 
1994; Grace 1994). The most important event by which free radicals interfere with 
cellular functions is lipid peroxidation resulting in cellular membrane damage. This 
membrane damage causes a shift in the net charge of the cell and osmotic pressure, 
leading to swelling and eventually cell death. Moreover, free radicals can induce 
pro-inflammatory mediators and initiate an inflammatory cascade, contributing to a 
general inflammatory response and tissue damage. To protect themselves from the 
damage caused by reactive oxygen species, living organisms have evolved an 
effective antioxidant defense system that includes enzymes such as superoxide 
dismutase, catalase, and glutathione peroxidase, as well as nonenzymatic 
counterparts such as glutathione, ascorbic acid, and alpha-tocopherol (Halliwell 
1995). The increased production of reactive oxygen species during injury results in 
consumption and depletion of the endogenous scavenging compounds.

Antioxidants are specific compounds that protect human, animal, and plant cells 
against the damaging effects of free radicals. Flavonoids are best known 
phytochemicals that act as antioxidants and may have an additive effect to the 
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Fig. 13.5  Circular representation showing mechanism of action of flavonoids
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endogenous scavenging compounds (Kelly et  al. 2002; Kukic et  al. 2006). The 
antioxidant action of flavonoids includes suppression of ROS formation via 
inhibition of certain enzymes like NADPH oxidases, by scavenging free radicals, 
and regulation of antioxidant defense system (Mishra et al. 2013). Flavonoids have 
also been shown to protect the lipid membranes which are damaged due to lipid 
peroxidation. Thus, the flavonoids act as antioxidants and could play protective role 
in the onset and prevention of many diseases caused due to oxidative stress 
(Ramchoun et al. 2009).

13.3.2	 �Antiviral Property of Flavonoids

Naturally occurring flavonoids have been shown to exhibit significant antiviral 
property. They have been found to inhibit various enzymes associated with the life 
cycle of viruses. Flavon-3-ol was found to be more effective than flavones and 
flavonones in selective inhibition of HIV-1 and HIV-2. Baicalin, another flavonoid, 
isolated from Scutellaria baicalensis, also is known to inhibit immune-deficiency 
virus infections (Gerdin & Srensso 1983). Anti-dengue virus properties of quercetin, 
hesperetin, and naringin have also been reported, recently (Zandi et al. 2011).

13.3.3	 �Free Radical Scavenging Property of Flavonoids

Flavonoids play protective role in preventing injuries caused by free radicals. 
Flavonoids neutralize the highly reactive oxygen radicals via their hydroxy groups 
(Korkina and Alfanas’ev 1997). Epicatechin and rutin are powerful radical 
scavengers (Hanasaki et al. 1994). Moreover, the scavenging property of rutin has 
been attributed to its inhibitory activity on the enzyme xanthine oxidase. Furthermore, 
flavonoids can also inhibit LDL oxidation in  vitro by neutralizing free radicals. 
Thus, flavonoids may exert protective effect against atherosclerosis (Kerry and 
Abbey 1997).

13.3.4	 �Anti-Inflammatory Effect

Eicosanoids such as prostaglandins, thromboxanes, and leukotrienes are known to 
be important lipid-derived inflammatory mediators (Moroney et al. 1988). They are 
produced by the action of cyclooxygenases and lipoxygenases on arachidonic acid 
released from lipid membrane under the influence of certain inflammatory signals. 
Flavonoids have been shown to inhibit eicosanoid biosynthesis, thus acting as potent 
anti-inflammatory agents. Different flavonoids like quercetin have been demonstrated 
to inhibit both cyclooxygenase and lipoxygenase activities (Kim et al. 1998).

13  Recent Insights on the Anticancer Properties of Flavonoids: Prospective…
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13.3.5	 �Hepatoprotective Activity

A number of flavonoids such as quercetin, rutin, catechin, apigenin, and naringenin 
have been previously described for their hepatoprotective properties (Tapas et al. 
2008). Zhu et al. demonstrated that anthocyanin cyanidin-3-O-𝛽- glucoside (C3G) 
increases hepatic glutamate-cysteine ligase (GCLC) expression by increasing 
cAMP levels to activate protein kinase A (PKA), which in turn upregulates cAMP 
response element binding protein (CREB) phosphorylation to promote CREB-
DNA binding and increase GCLC transcription. Increased GCLC expression 
results in a decrease in hepatic ROS levels and proapoptotic signaling. Furthermore, 
C3G treatment lowers hepatic lipid peroxidation, inhibits the release of pro-inflam-
matory cytokines, and protects against the development of hepatic steatosis (Zhu 
et al. 2012).

13.3.6	 �Anticancer Property

The anticancer property of flavonoids has garnered the attention of researchers to 
use them as anticancer therapeutics. Flavonoids, having antioxidant activity, have 
been accredited to exert anticarcinogenic activity (Stefani et al. 1999). Some flavo-
noids such as luteolin, apigenin, and fisetin have been demonstrated to be potent 
inhibitors of cell proliferation (Fotsis et al. 1997). An inverse association between 
flavonoid intake and the subsequent incidence of lung cancer has been established 
in a large clinical study (Knekt et al. 1997). This effect was mainly ascribed to quer-
cetin, which provided >95% of the total flavonoid intake in that particular study. 
Moreover, quercetin and apigenin inhibited melanoma growth and influenced its 
invasiveness and metastatic potential in mice (Caltagirone et al. 2000). Furthermore, 
flavonoids have also been speculated to inhibit angiogenesis (Fotsis et al. 1997).

13.4	 �Flavonoids as Prospective Anticancer Agents

Flavonoids are a large group of heterogenous polyphenols ubiquitously present in 
fruits and vegetables having several health benefits. Dietary factors play an 
imperative role in the prevention of cancers. It has been reported that fruits and 
vegetables having flavonoids are promising source of cancer chemopreventive 
agents. The critical relationship of fruit and vegetable intake and cancer prevention 
has been extensively documented. In one such study, an inverse relationship between 
consumption of onions and/or apples, two major sources of the flavonol quercetin 
with the incidence of cancer of the prostate, lung, stomach, and breast, has been 
observed. Several mechanisms have been proposed for the effect of flavonoids on 
the initiation and progression of carcinogenesis including regulation of 
developmental and hormonal actions. Major molecular mechanisms of action of 
flavonoids are (i) inhibition of mutant p53 protein expression, (ii) abrogation of cell 
cycle progression, (iii) inhibition of tyrosine kinase signaling, (iv) suppression of 
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heat shock proteins, (v) affinity with estrogen receptor, and (vi) suppression of Ras 
family protein expression.

Mutations of p53 are among the most common genetic abnormalities in human 
cancers (Nigro et al. 1989). The inhibition of p53 expression could lead to arrest the 
cancer cells in the G2/M phase of the cell cycle. Flavonoids have been found to 
suppress the expression of mutant p53 protein to nearly undetectable levels in 
human breast cancer cell lines (Avila et al. 1994). Tyrosine kinases are a family of 
proteins located in or near the cell membrane involved in the transduction of growth 
factor signals to the nucleus. Their expression is thought to be involved in 
oncogenesis through an ability to override normal regulatory growth control (Boutin 
1994). Drugs inhibiting tyrosine kinase activity are thought to be possible antitumor 
agents without the cytotoxic side effects seen with conventional chemotherapy. 
Quercetin was the first tyrosine kinase inhibiting compound tested in a human phase 
I trial. Heat shock proteins form a complex with mutant p53, which allows tumor 
cells to bypass normal mechanisms of cell cycle arrest. Heat shock proteins also 
allow for improved cancer cell survival under different bodily stresses. Flavonoids 
are known to inhibit production of heat shock proteins in several malignant cell 
lines, including breast cancer, leukemia, and colon cancer. Recent studies have 
shown that the flavanol epigallocatechin-3-gallate inhibited fatty acid synthase 
(FAS) activity and lipogenesis in prostate cancer cells, an effect that is strongly 
associated with growth arrest and cell death. Contrastingly, expression of FAS is 
markedly increased as compared to normal tissues in various human cancers. 
Upregulation of FAS occurs early in tumor development and is further enhanced in 
more advanced tumors. Quercetin is known to produce cell cycle arrest in 
proliferating lymphoid cells. It has been reported that in addition to its antineoplastic 
activity, quercetin exerted growth inhibitory effects on several malignant tumor cell 
lines in vitro. These included P-388 leukemia cells, gastric cancer cells (HGC-27, 
NUGC-2, NKN-7, and MKN-28), colon cancer cells (COLON320DM), human 
breast cancer cells, human squamous and gliosarcoma cells, and ovarian cancer 
cells (Zhao 2003). Markaverich et al. proposed that tumor cell growth inhibition by 
quercetin may be due to its interaction with nuclear type II estrogen binding sites 
(EBS). It has been experimentally proved that increased signal transduction in 
human breast cancer cells is markedly reduced by quercetin acting as an 
antiproliferative agent. Barnes has extensively reviewed the anticancer effects of 
genistein on in  vitro and in  vivo models. In a study to determine the effects of 
isoflavones genistein, daidzein, and biochanin A on mammary carcinogenesis, 
genistein was found to suppress the development of chemically induced mammary 
cancer without reproductive or endocrinological toxicities. Neonatal administration 
of genistein (a flavonoid) exhibited a protective effect against the subsequent 
development of induced mammary cancer in rats (Chung 1995). Hesperidin, a 
flavanone glycoside, is known to inhibit azoxymethane-induced colon and mammary 
cancers in rats. The anticancer properties of flavonoids contained in citrus fruits 
have been reviewed by Carroll et al. (2003). Several flavonols, flavones, flavanones, 
and the isoflavone biochanin A are reported to have potent antimutagenic activity. A 
carbonyl function at C-4 of the flavone nucleus was found to be essential for their 
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activity. Flavone-8-acetic acid has also been shown to have antitumor effects. In 
earlier studies, ellagic acid, robinetin, quercetin, and myricetin have been shown to 
inhibit the tumorigenicity of BP-7, 8-diol-9, and 10-epoxide-2 on mouse skin (Urso 
and Clarkson 2003). Higher consumption of phytoestrogens, including isoflavones 
and other flavonoids, has been shown to provide protection against prostate cancer 
risk. It is well known that due to oxidative stress, cancer initiation may take place, 
and thus, potent antioxidants show potential to combat progression of carcinogenesis. 
Potential of antioxidant as an anticancer agent depends on its competence as an 
oxygen radical inactivator and inhibitor. Therefore diets rich in radical scavengers 
would diminish the cancer-promoting action of some radicals (Treutter 2006).

13.5	 �Anticancer Activities of Some Bio-active Flavonoids

The essential feature of bio-active flavonoids is their free radical scavenging activ-
ity. These antioxidant properties are solely responsible for their antitumor effects 
(Nijveldt et  al. 2001). They reportedly prevent cell damage caused by reactive 
oxygen formed via normal metabolic processes and induced by exogenous factors 
(e.g., UV radiation, xenobiotics) that can modify transcriptional factor and protein 
kinase activities and lead to DNA damage that increases mutation probability and 
mismatch repair. Proto-oncogene activation and changes in suppressor genes can 
initiate cancer transformation (Nijveldt et  al. 2001). These bio-active flavonoids 
have antiproliferative effects and induce apoptosis in diverse cancer cell lines. As 
free radical scavengers, flavonoids inhibit invasion and metastasis (Kuntz et  al. 
1999). Nijveldt et  al. (2001) reported that these bio-active flavonoid compounds 
were cytotoxic for cancer but not for normal cells. Flavones also regulate macro-
phage function in cancer cell elimination and are potential inhibitors of cell prolif-
eration (e.g., apigenin and luteolin). An inverse relationship exists between 
bio-active flavonoids in the diet and the occurrence of lung cancer (Nijveldt et al. 
2001). The anticancer properties of some bio-active flavonoids have been thor-
oughly described below.

13.5.1	 �Quercetin

Quercetin (3, 3′,4′,5,7-pentahydroxyflavone) is a polyphenolic flavonoid widely 
found in plants. Frequently, quercetin exists as glycosides (sugar derivatives), e.g., 
rutin, in which the hydrogen of the R-4 hydroxy groups is replaced by a disaccharide. 
Quercetin is termed as aglycone, or sugarless form of rutin (Cody 1988). Several 
in vitro and in vivo studies have suggested that quercetin plays an imperative role in 
protecting cells from oxidative stress induced by reactive oxygen species. Oxidative 
stress is one of the chief hallmarks of cancer development as shown in Fig. 13.6. It 
is widely demonstrated that reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) play key role in cancer development (Wiseman and Halliwell 1996) 
(Fig. 13.7).
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The molecular mechanism of action of quercetin has been reported in the down-
regulation of mutant p53 protein expression in various breast cancer cell lines (Avila 
et al. 1994). The inhibition of expression of p53 has been found to arrest the cells in 
the G2/M phase of the cell cycle. This downregulation is found to be much less in 
cells with an intact p53 gene (Avila et al. 1996). The G1 checkpoint controlled by 
the p53 gene is a major site for the control of cellular proliferation. It has been 
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Fig. 13.6  Role of ROS/RNS in cancer development

Fig. 13.7  Flowchart model showing apoptotic nature of quercetin on cancer cells
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reported that quercetin arrests the human leukemic T-cells in the late G1 phase of 
the cell cycle (Yoshida et al. 1992). This G1 arrest is also observed in gastric cancer 
cells when treated with quercetin (Yoshida et al. 1990).

Various studies have confirmed that the intravenous administration of quercetin 
(dosages 60–1700 mg/m2) led to the inhibition of lymphocyte tyrosine kinase at 1 h 
in 9 of 11 cases of human cancer patients (Ferry et al. 1996). In vitro experiments 
have confirmed these results, both in nonmalignant cells (Yokoo and Kitamura 
1997) and in rat mammary tumor cells (Levy et  al. 1984). Quercetin has been 
reported to inhibit the production of heat shock proteins in several malignant cell 
lines, including breast cancer, leukemia, and colon cancer (Elia et al. 1996). Heat 
shock proteins form a complex with mutant p53, which allows tumor cells to bypass 
normal mechanisms of cell cycle arrest. Heat shock proteins also allow for improved 
cancer cell survival under different bodily stresses (low circulation, fever, etc.) and 
are associated with shorter disease-free survival and chemotherapy drug resistance 
in breast cancer (Ciocca et al. 1993). In addition to this, quercetin also inhibits the 
expression of the p21-ras oncogene in cultured colon cancer cell lines (Oesterreich 
et al. 1993; Ranelletti et al. 1999; DeVita et al. 1997).

13.5.2	 �Rutin

Rutin is also known as rutoside or quercetin-3-O-rutoside. It is a glycoside of the 
flavonoid quercetin. Rutin is present in many typical plants such as buckwheat, 
apples, black tea, apples, and vegetables. Various researches on natural compounds 
have explored the beneficial effects of rutin, including inhibition of platelet 
aggregation, being anti-inflammatory, antioxidant, and reduction of blood fat and 
cholesterol (Chan et al. 2007). The anticancer research has demonstrated that rutin 
could exert significant potential effect in decreasing the amount of precancerous 
lesions and inducing apoptosis in the large intestine cancer (Volate et al. 2005), but 
for the treatment of neuroblastoma, this effect has not been reported. Furthermore, 
it has been previously described that rutin induced in  vitro cytotoxic effects on 
various cancer cell lines including human colon cancer cells (Kuntz et  al. 1999; 
Guon and Sook Chung 2016). Rutin and their analogs, such as EGCG and quercetin, 
act as efficient radical inhibitors and have been shown to have chemopreventive 
activity in both variety of colonic cancer cell lines and in murine models (Deschner 
et al. 1993; Mahmoud et al. 2000). Nevertheless, rutin has shown antitumor effects 
in some in vivo models such as NK/Ly ascites and B16F10 cells (Molnar et al. 1981; 
Menon et  al. 1995). Therefore, it has also been illustrated that rutin exerted 
significant beneficial effects on decreasing the amount of precancerous lesions and 
inducing apoptosis in the large intestine cancer and human neuroblastoma LAN-5 
cells (Chen et al. 2013).
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13.5.3	 �Hesperitin and Naringenin

Major citrus flavanone naringenin and hesperetin possess antioxidant activities, 
although lower in comparison to other polyphenols (van Acker et al. 2000; Jeon 
et al. 2002). Hesperetin has been shown to inhibit chemically induced colon, urinary 
bladder, and mammary carcinogenesis in in vivo animal models. They have been 
reported to regulate apolipoprotein B secretion by HepG2 cells, possibly through 
inhibition of cholesterol ester synthesis, and to inhibit 3-hydroxy-3-methylglutaryl-
coenzyme A reductase and acyl coenzyme A:cholesterol O-acyltransferase in rats 
(Lee et  al. 1999; Kurowska et  al. 2000a, b). Naringenin has been attributed to 
possess anti-inflammatory actions and different types of effects on sex hormone 
metabolism (Ruh et  al. 1995; Rosenberg et  al. 1998; Dechaud et  al. 1999; Yoon 
et al. 2001). It has been shown to bind to estrogen receptors (Kuiper et al. 1998). 
Naringenin has been shown to increase the intestinal cytochrome P-450 IIIA 
(CYP3A4) enzyme expression (Bailey et al. 2000; Dresser et al. 2000).

13.5.4	 �Apigenin and Scutellarin

Apigenin (4-, 5, 7-trihydroxyflavone) is a member of the flavone class and possesses 
free radical scavenging, anticarcinogenic, and anti-inflammatory effects (Siddiqui 
et al. 2008). As a prospective anticancer agent, apigenin is capable of inhibiting cell 
growth and inducing apoptosis in cancer cells without incurring cytotoxic effects on 
normal cells (Liu 2004). It has been demonstrated that apigenin possessed growth 
inhibitory properties in breast cancer by the regulation of the p14ARF-Mdm2-p53 
pathway, in colon cancer by increasing the expression of UDP-glucuronosyltransferase, 
and in pancreatic cancer through the downregulation of NF-κB activity with the 
suppression of Akt (Lee et  al. 2008). In addition, apigenin can also increase the 
effect of cancer drugs when combined with other therapeutic reagents such as 
doxorubicin and taxol. Apigenin has also been shown to inhibit in vitro angiogenesis 
(Jiang and Fang 2006). The flavones derived from Scutellaria possess cytostatic and 
cytotoxic activities against many human cancer cells. They show no toxicity to 
normal epithelial and peripheral blood and myeloid cells. The combination use of 
baicalin and scutellarin could exhibit a synergistic effect and significantly improve 
their antitumor activity (Wu 2007). A new safe natural drug composed by berberine 
and baicalin has the property of inhibiting carcinogenesis and lowering tyrosine 
kinase activity (Zhao 2003).

13  Recent Insights on the Anticancer Properties of Flavonoids: Prospective…



442

13.5.5	 �Genistein

Genistein has been shown to exhibit both chemopreventive and chemotherapeutic 
potentials in multiple tumor types (Dixon and Ferreira 2002; Empie and Gugger 
2005). Several in vitro and in vivo studies have established its anticancer activity in 
colon, prostate, breast, skin, urinary, and bladder cancer (Empie and Gugger 2005). 
Genistein has shown protective effect against UVR-induced skin sunburns, 
premature aging, and skin cancer. It has also shown to reduce bone loss in patients 
with osteoporosis and metastatic bone cancers. Moreover, a pharmaceutical product 
containing genistein has been shown to prevent epithelial ovarian cancer. The 
human epidermal growth factor (EGF) exerts its biological effect by binding to a 
specific 170 kDa cell membrane receptor (EGF-Rc). Conjugates of EGF-genistein 
have been shown to inhibit the EGF-Rc tyrosine kinase in breast cancer cells and 
trigger cell apoptosis. In addition, the conjugates had potent antitumor activity 
against breast cancer xenografts both in SCID mice and monkeys. Furthermore, 
EGF-genistein conjugates were also used as chemopreventive agent for the 
development or recurrence of EGF-Rc expressing breast cancer in mammal.

13.5.6	 �Epigallocatechin Gallate

Green tea mainly contain catechins such as (−)-epicatechin gallate (ECG), 
(−)-epigallocatechin (EGC), and (−)-epigallocatechin gallate (EGCG). Tea cate-
chins are potent inhibitors of cancer cell proliferation and metastasis against vari-
ous cancer cell lines like prostate, lung, colon, bladder, and cervical cancer cell 
lines. Epigallocatechin gallate (EGCG), the most abundantly found catechin in 
green tea, has been the focus of many investigations. EGCG could inhibit the 
growth of human lung cancer, particularly for 4-(methylnitrosamino)-1-(3-pyri-
dyl)- 1-butanone (NNK) lung tumorigenesis (Chung 1995). In addition, EGCG is 
an anti-folate agent, which can inhibit the activity of dihydrofolate reductase 
(DHFR). EGCG acts by disturbing the folic acid metabolism in cells, causing the 
inhibition of DNA and RNA synthesis, alteration of DNA methylation, and modu-
lation of cell signaling pathways (Navarro-Perán et al. 2007). Thus, the anti-folate 
compounds based on EGCG may be useful in the treatment of a range of disorders 
including cancer (Rodriguez-Lopez et al. 2007). It has been found that EGCG and 
other tea catechins might exert a synergistic effect in inhibiting tumor cell growth 
when combined with some active ingredients, such as A3 adenosine receptor ago-
nists or thymidylate synthase inhibitors (Rodriguez-Lopez et  al. 2008). 
Vanillylamine, the head group of capsaicin, combination with the tea catechins, 
displays unexpected potential utility for the treatment of cancer (Morre and Morre 
2007). Ascorbic acid, L-proline, and L-lysine could effectively enhance the activ-
ity of tea catechins in blocking cancer cell proliferation and metastasis (Netke 
et al. 2006; Rath et al. 2006).
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13.6	 �Conclusions and Future Prospects

Flavonoids have fascinated the researchers due to its nontoxic nature and wide 
range of biological activities. These flavonoids as natural compounds have received 
great advantage as therapeutic agent because these polyphenolic compounds are 
consumed daily and their half-life is also long and they are easily absorbed by the 
intestine. Consequently, the role of dietary flavonoids in cancer prevention is 
immensely studied. Epidemiological studies have established the association 
between high dietary intake of flavonoids with low cancer incidence in humans. 
These studies are supported by large number of in vitro and in vivo studies, which 
show that flavonoids may inhibit various stages in the carcinogenesis process, 
namely, tumor initiation, promotion, and progression. Mechanisms behind the 
anticarcinogenic activity of flavonoids include carcinogen inactivation, 
antiproliferation, cell cycle arrest, induction of apoptosis and differentiation, 
inhibition of angiogenesis, antioxidation, and reversal of multidrug resistance or a 
combination of these mechanisms. Furthermore, the intriguing results from various 
laboratories have encouraged the development of flavonoids as chemotherapeutic 
agents in human clinical trials. While these experiences strengthen the notion that 
flavonoids could be useful anticancer agents, to date, only few clinical studies have 
demonstrated the anticancer property of flavonoids in vivo. Therefore, more focused 
clinical studies are required to establish whether the dietary effects of these 
compounds can be exploited to achieve cancer preventive or therapeutic effects in 
human. This book chapter can be concluded by considering that many 
chemotherapeutic agents against tumor cells exhibit cytotoxicity against normal 
cells which remain a major obstacle in successful chemotherapy. Moreover, 
development of multidrug resistance further limits chemotherapy in cancer. Thus, 
the promising results will stimulate the development of flavonoids for cancer che-
moprevention and chemotherapy.
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