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Abstract: The Flavonoids naturally occurring plant pigments, natural polyphenols are secondary metabolites and are
interesting class of phytochemicals due to their pharmacological properties. The potency of different class of flavonoids
in medicinal uses are attributed to their chemical structures. The basic structure is a Diphenyl propane skeleton in
which two benzene rings are linked by a chain of three carbon which forms a closed pyran ring. The substitution
pattern and nature of substituents decide the potency of flavonoids against a particular disease and make them an
interesting class of phytochemicals.
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I. INTRODUCTION

Flavonoids are a large collection of naturally occurring plant pigments. The medical applications of these naturally
occurring substances have always been a field of interests for phytochemists. These naturally abundant plant pigments
are phenolic and polyphenolic in nature and have various remarkable pharmaceutical values. Flavonoids or
bioflavonoids are also known as Vitamin P and citrin. The medicinal value of natural products always draw attention of
phytochemists and is a field to explore. Flavonoids in particular among various natural substances are abundant in
nature, good sources form plant origin. The bioavailability and bioactivity of flavonoids make them an important class
of natural pigments. Flavones are the highest explored subclass of flavonoids and are present in nature both as O- and
C- glycosides and are easily absorbed by intestine. Basic skeleton structure of all flavonoids has Benzopyrane ring (1).
All flavonoids are polyphenols but polyphenols are not flavonoids/flavones. . The flavonoids are secondary metabolites
of plants and fungus and provide color to flowers, fruits and some leaves. The coloring pattern is based on the
chemical structures of chromophoric moieties and provide some properties like UV filtration, nitrogen fixation, floral
pigmentations etc. The various types of natural flavonoids are Flavones, Anthocyanidines, Flavonones, Isoflavones,
Flavonols, Quercetin, Catechin, Anthocyanin, Luteolin, Myrcicetin, Naringenin etc.

All flavonoids are natural occurring in origin whereas, polyphenols may be natural, synthetic or semi synthetic.
Flavonoids are free radical scavengers and helpful in controlling Dementia as these reduce oxidative stress the main
cause of Dementia [1]. By enhancing effective cellular activity in positive direction flavonoids regulate the body
metabolism. The polyphenolic nature of flavonoid make them powerful antioxidant. Thus these are pharmacologically
important against coronary heart diseases, potential viral activities, cancer cells growth and liver functions [2].
Flavonoids as flavones also have neuroprotective and anti-inflammatory properties. The cost effective and abundant
natural sources make them a field of interest for phytochemiststs. Commercially these are also used in skincare
products [3,4]. The health promoting properties of flavonoids due to their high antioxidant capacity have been studied
both in vivo and in vitro systems [5,6].

1. BIOACTIVITY of FLAVONES and STRUCTURAL CORRELATION

The wide range of flavonoids present in nature and their bioactivities cover against a broad range of diseases, behaving
like anti-viral, anti-inflammatory, cardio protective, anticancer, anti-dementia, anti-oxidative stress, anti-aging etc. The
structural correlation with the potency of bioactivity has been reported [7]. The various epidemiological studies have
suggested that flavonoids in general have a remarkable impact on suppressing the development of various diseases and
it has been suggested that the typical structure of flavonoids help to interact it with enzyme systems of crucial
metabolic pathways to help them act positively[8]. The close relationship between the benzopyran/benzopyrone
skeleton of flavonoids with various substituents and their pharmacological effects have been studied and found to be an
important factor [9]. The C,=C3 double bond in parent skeleton has been documented in most cases as a basic favorable
moiety in the bioactivities of flavonoids as phytochemicals [10]. The flavone with 5-/7- hydroxyl groups and their
derivatives have shown a positive impact against HsN influenza virus. The lower hydrophobicity due to increasing no.
of hydroxyl groups has been attributed to obstructive for the flavonoids to partition into biological membranes with
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some exceptions[11]. A study on nine flavonoids isolated from the leaves of Zanthoxylum bungeanum and their
antioxidant activity suggested that the flavonoids having —OH group at 4' position of B ring and 7-position of A ring
show highest antioxidant activity[12]. The medicinal activity of flavonoids depends on their chemical structure, degree
of unsaturation, and number and position of hydroxyl groups.
Tian yang.Wang et al. have reported an extensive study on the relationship between structures of polyphenolic flavones
and their medicinal potentiality [13]. According to them the basic structure consisting of C¢-C3-Cg rings with different
substitution patterns are the precursors of several series of subclass compounds and formulated graphically Fig.1.
The antioxidant and prooxidant potentiality of flavonoids have been attributed to their ionization during radical
scavenging mechanism of free radicals Fig.2 [14]. A broad spectrum of study of correlation between chemical
structures and antioxidant, prooxidant and anti trypanosomatid properties suggested that hydroxy substituents in the
basic skeleton play the key role [15] . The various pharmacological activities of flavoneshave been attributed to the
number of hydroxyl groups attached to the basic structures of these compounds. Since most of the flavones occur in
glycosidic forms and the absorption is comparatively smoother in gastrointestinal tract their medicinal importance is
continuously increasing [16].

I1l. CLASSIFICATIONS

The flavonoids can be divided into various classes based on the oxidation level of the ring C like flavones, Flava-3-ols,
flavonols, Anthocyanins, Dihydroflavanols , Isoflavones and flavonones.

A. FLAVONES

Flavones (2) main structure includes an olefinic linkage between C, and Cs of basic skeleton and pyrone ring i.e. a
carbonyl at position C. in the central ring. Such types of flavones are pale yellow in color and are abundant in
derivative forms such as Luteolin, Woganin, Apigenin, Balcalein etc.

B. FLAVONOLS

Flavonols (3) also has an olefinic linkage between C, & Cs,.This class of flavonoids also have at least one -OH group
at Cs of basic skeleton e.g. Quercetin, Kaempferol, Myricetin, Fiscetin etc. These are commonly found in onions, kale,
lettuces, tomatoes, apples, grapes and berries.

C.FLAVANONES
Flavanones(4) basic skeleton is similar to flavones and these are precursors to many important biological
processes.The central ring is saturated and these are also called dihydroflavones [17].

D. FLAVAN-3-OLS Flavan-3-
ols(5) possess one hydroxyl grout at Cs position of central ring and do not have carbonyl system as part of the ring.
Colorless in appearance e.g. Gallate, epicatechin,catechins, gallowcatechines etc. The C, and Cs carbons are
asymmetric and give four isomers for each flavan-3-ol molecule. These are common in grapes and berries.

E. ANTHOCYANIDINS

Anthocyanidins (6) has One hydroxy group at C; and a double bond between C3; & C, of central ring, water soluble and
provide red to purple colour in plants. These are sugar free counterparts of anthocyanins. These are based on the
flavylium cation, an oxonium ion with various substituents. These are also known as universal colorants and are a class
with highest percentage of bioflavonoids.

F. ISOFLAVONES

Isoflavones(7) basic structure is 3-phenylchromen skeleton. Sometimes extra heterocyclic ring as D ring is present e.g.
rotenoid, coumestane, genisteine, daidzein etc.[18]. Isoflavones occur in four related structures named aglycons, 7-O-
glucosides, 6°-O-acetylglucosides and 7-O-malonylglucosides. These are closely related to phytoestrogens and are sold
as dietary supplements.

IV. STRUCTURAL ANALYSIS and POTENCY as PHYTOCHEMICALS

Despite the widely substantiated bioactivity of flavonoids the in vivo mechanism is still a little uncertain. The best
described property of all the types of flavonoids is their antioxidant activity via radical scavenging which has been
mostly studied in vitro[19]. The antioxidant capacity of flavonoids has been associated to their ability to act as effective
scavengers of most types of oxidizing species such as RONS through mechanisms that involve the transfer of H atom
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(HAT) or of a single electron (SET) to the radical to stabilize. The metal chelating efficiency has also been studied for
the radical scavenging tendency in vitro[20]. The toxicity of the metal ions has been attributed their catalyzing capacity
of oxidant species leading to the oxidation at different cellularl evels(Lipids, DNA, proteins). The metal ions catalyze
the formation of *OH or *O; radicals. The flavonoids having various hydroxyl groups at various positions of the basic
skeleton and carbonyl group effectively react with metal ions forming complexes and suppress the radical generation
[21,22]. The inverse relationship between dietary intake of citrus fruits and cardiovascular diseases has been studied
both in vitro and in vivo and importance of polyhydroxy substitution has been reported [23]. Flavonoids also inhibit the
enzymes involved in ROS generation i.e. microsomal monooxygenase, glutathione-S-transferase, mitochondrial
succinoxidase , NADH oxidase etc. Lipid peroxidation is a common consequence of oxidative stress. Due to their lower
redox potentials flavonoids are thermodynamically able to reduce highly oxidizing free radicals (redox potentials in the
range 2.13-1.0V) such as super oxide, peroxide, peroxyl, alkoxyl and hydroxyl radicals by H-atom donation [24]. The
free radical scavenging efficiency, antioxidant and metal chelation properties of flavonoids have been unanimously
attributedto the presence -OH group at Cs, an olefinic linkage between C; and Cs and a carbonyl at C4 positions [25].
The polyhydroxyletion of rings A and B enhance the potency of concerned flavonoid. Flavonoids are absorbed from the
gastrointestinal tract of humans and animals and are excreted either unchanged or as flavonoid metabolites in the urine
and feces. Epidemiological studies show an inverse correlation between dietary flavonoid intake and mortality rate
from coronary heart disease (CHD) which is explained in part by the inhibition of low density lipoprotein (LDL)
oxidation and reduced platelet agreeability. The potential antioxidant activity of citrus flavonoids showed significant
impact on blood and microvascular endothelial cells. Many of the pharmacological properties of citrus flavonoids can
be linked to the abilities of these compounds to inhibit enzymes involved in cell activation [26]. An interesting study
over a broad range of biological activities of E.Coli and reactivity mechanism of polyphenolic substances (flavonoids,
methoxy flavonoids, isoflavonoids etc.) showed that some polyphenols rigidified the ribosomal membrane whereas
some decreased membrane fluidity[27]. The polypharmacological behaviour of flavonoids are attributed to their
chemical structures. The patterns of methoxylation, glycosylation and hydroxylation decide their potency against
influenza virus, canine distemper virus, hepatitis C virus and E.Coli [28,29,30,31]. The antiviral activity appeared to be
associated with the non glycosidic compounds as well as hydroxylation at Cs. The antiulcerogenic properties are the
result of inhibition of related metabolites in presence of certain flavanoids. The C,=Cj3 linkage provides planarity to the
system and extended conjugation between rings C and A/B provide much needed environment for anti tumor activity.
The coexistence of C=C linkage and two hydroxyl groups in ring B works against the development of cancer cells [32].
The results of reactions of flavonoids with paraoxonase-1 (re PON 1) have shown that C,=C; in ring C_along with a
carbonyl at C4 have remarkable effects against cancer cells and make flavonoids as potent anti cancer phytochemicals
[33,34,35].

V. CONCLUSION

Dietary flavonoids are important class of naturally occurring phytochemicals acting as secondary metabolites. The
polyphenolic substitution on the basic skeleton along with their derivatives help them to act as powerful antioxidants,
active substances against many diseases both in vitro and in vivo. The natural abundacy, structural peculiarity and a
close correlation between their chemical structures and potential as phytochemicals make them an interesting field of
endless exploration. They act through cell signaling pathways and possess remarkable efficiency as antioxidants .
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Basic Mlavonoid structure.
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