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ABSTRACT

Flavonoids are the secondary metabolites of the plant.
Chemically they are polyphenolic. They are synthesized by the
polypropanoid pathway. Capers, apples, tea plant, onions, red
grapes, citrus fruits, curly kale, broccoli, cherries, raspberry,
cranberry, and blueberry etc. are the richest source of flavonoids.
Flavonoids are classified into six groups which are flavones,
flavonols, flavanones, flavan-3-ols, isoflavones, and
anthocyanidins. Extraction of flavonoids can be done by
techniques like sequential solvent extraction, microwave assisted
extraction (MAE), Supercritical fluids extraction etc. Flavonoids
show various pharmacological action likes cardiotonic activity,
hepatoprotective activity, antiulcer activity etc. Flavonoid
derivatives such as silymarin, apigenin was found to be effective
against microcystin LR-induced hepatotoxicity. Some flavanoid
acts as free radical scavengers such as quercetin and silybin.
Significant anti-inflammatory and analgesic effects were
observed in Hesperidin, a citrus flavonoid. Cell growth was
suppressed by flavonoids such as kaempferol, catechin, taxifolin,
and fisetin thus found effective in tumors. Antiviral activity
against two strains of type 1 and type 2 Herpes simplex virus was
found to be effective by flavonoid polymer of molecular weight
2,100 daltons. Flavones and Flavonones are the class of
flavonoids which are found to be effective in the selective
inhibition of HIV-1 and HIV-2. A number of enzymes such as
aldose reductase, lipooxygenase, adenosine deaminase etc can
be inhibited by flavonoids. Flavonoids regulate estrogen,
androgen levels in humans.
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INTRODUCTION

Flavonoids are secondary metabolites. Chemically they are polyphenol. They are synthesized
by the polypropanoid pathway with phenylalanine as starting molecule. Flavonoids exhibit
several biological effects such as 2. They also inhibit enzymes such as aldose reductase and
xanthine oxidase etc. They found to be potent antioxidants and have free radical scavenging
abilities. Many have antiallergic, antiviral actions and some provide protection against
cardiovascular mortality®>*. Capers, apples, tea plant, onions, red grapes, citrus fruits, curly
kale, broccoli, cherries, raspberry, cranberry, and blueberry etc. are the richest source of
flavonoids out of which citrus fruit has high concentrations of flavanoid. They are involved in
the synthesis of pigmentation in flowers. For example, blue color results from the presence of
anthocyanin (delphinidin-based) in petals. Anthocyanins are, also, responsible for the autumn’s
colors in many plant species and photoprotection of leaf's cells. Their ability to act as natural
UV filters comes from their absorption in 280-315 nm regions. Different plant flavonoids have
the role in protection from microbes and insects. Some of them (isoflavones, flavones, and
flavanones) are recognized as constitutive antifungal plant agents. Others (flavonoids, tannins,
etc) play role in plant’s protection from insects and mammalian herbivor.® Besides, many
flavonoids have an ability to alter enzymatic and chemical reactions, and thus impact on human

health positively or negatively.®

FLAVONOIDS STRUCTURE AND CLASSIFICATION:
They are classified as followed :

1. Flavones

2. Flavonols

3. Flavanones

4. Flavan-3-ols

5. Isoflavones

6. Anthocyanidins’?,
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Flavones

Flavanones
Flavonols

Figure 1: Chemical structure of flavones,flavonols,and flavanones

OH

Anthocyanidins

Isoflavones

Figure 2: Chemical structure of anthrocyanidins and isoflavonones

Flavonoids occur as glycosides and methylated derivatives. Aglycone part of flavonoid consists

of a benzene ring condensed with a six-membered ring, this six-membered ring carries a phenyl

ring as a substituent at 2-position. This Six-member ring condensed with the benzene ring is

either a-pyrone or its dihydro derivative (flavanols and flavanones). The substituent at the

second position of benzenoid divides the flavonoid class into flavonoids and at the third

position of benzenoid divides the flavonoid class into isoflavonoids. Flavonols differ from

flavonones by hydroxyl group at the 3-position and a C2=C3.” It is also found as Methyl ethers

and acetyl esters of the alcohol group. The glycosidic linkage is normally located at 3 or 7

positions. Glycones can either be L-rhamnose, D-glucose, glucor-rhamnose, galactose or

arabinose. °

Citation: Khan Nilofar et al.
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BIOSYNTHESIS OF FLAVONOIDS:
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Figure 3 Biosynthesis of flavonoids
EXTRACTION:

- When Flavonoids are collected from plant material in fresh or nondried form; It (particularly

glycosides) can be degraded by enzyme action.
- When dry plant material is used it is ground into a powder.

- For extraction, the solvent is chosen based on the function of the type of flavonoid required

and polarity.

- Less polar flavonoids are extracted either by using chloroform, dichloromethane, diethyl
ether, or ethyl acetates such as isoflavones, flavanones, methylated flavones, and flavonols and

more polar aglycones with alcohols or alcohol-water mixtures.

- If the content of flavonoid is more in plant material then it is extracted by simple direct solvent
extraction. It is generally first extracted with hexane, to remove lipids and then extracted with

ethyl acetate or ethanol to get flavanoid.

Citation: Khan Nilofar et al. Ijppr.Human, 2018; Vol. 12 (3): 383-396.
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- Sequential solvent extraction is a convenient and frequently used procedure. For example,
in this, it is first extracted with dichloromethane which will extract flavonoid aglycones and
less polar material and then with alcohol which will extract flavonoid glycosides and polar

constituents.

- Flavan-3-ols generally extracted directly with water or alcohol-water mixture such as
catechins, proanthocyanidins.

- Supercritical fluid extraction (SFE) can also be used. Due to fewer viscosities and high
diffusion rates of supercritical fluids, it is ideal for the extraction of flavanoid. It has advantages
such as less solvent consumption, selectivity, and less thermal or chemical degradation over
the other method. 2

~ Ultrasound-assisted extraction can also be used with mixtures of immiscible solvents: such as
hexane with methanol-water (9:1), For example, extraction of Brazilian plant Lychnophora
ericoides (Asteraceae). In this hexane and aqueous alcohol is used. In hexane phase less polar
sesquiterpene lactones and hydrocarbons are concentrated and in aqueous alcohol phase

flavonoids and more polar sesquiterpene lactones are concentrated.™

"~ Microwave-assisted extraction (MAE) can also be used for the extraction of various
compounds from different matrices.'* It is the simplest technique which can be completed in a
few minutes. In this sample suspended in the solvent, by using either closed vessel or open

cell and to this Microwave energy is applied.t®
PHARMACOLOGICAL EFFECTS OF FLAVONOIDS:

1. CNS Activity: Synthetic flavonoids displace[3H] flumazenil binding to membranes from
rat cerebellum for examples 6-bromoflavone and 6-Bromo-3'-nitro- flavones, which indicates
they are selectivity for the BZ-Omega receptor subtype. Results indicate these flavonoids

shows anxiolytic properties which are either similar or superior to that of diazepam .18

2. Cardiotonic activity: Isoquercetin was available with the brand name ‘flavoce’, useful in
the treatment of atherosclerosis and Flavone dilate coronary artery was available under the
brand name ‘Chromocor'. 3-methyl quercetin shows a positive chronotropic effect on guinea

pig right atrium and shows the antiarrhythmic effect on left atrium.’

Citation: Khan Nilofar et al. Ijppr.Human, 2018; Vol. 12 (3): 383-396.
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3. Hepatoprotective activity: By using several substances including phalloidin (toxic obtained
from mushroom, Amanita phalloides), CCls, galactosamine, ethanol, and other compounds,
Acute and potentially lethal injury are developed in the liver. Flavonoids hepatoprotective
activity possesses. In a study, the flavonoid derivatives like silymarin, apigenin, quercetin, and
naringenin, found to be effective on microcystin LR-induced hepatotoxicity, silymarin was
most effective among them.8 The flavonoid such as rutin and venoruton tested on experimental

cirrhosis, showed regenerative and hepatoprotective effects.®

4. Antiulcer activity: Flavonoid glycosides of Ocimum basilicum (Labiatae) decreased ulcer
index; in aspirin-induced ulcers in rats and inhibited gastric acid and pepsin secretions.?’ Dose-
dependent gastric damage produced by acidified ethanol in rats has been inhibited by quercetin,
rutin, and kaempferol when they are administered intraperitoneally (25-100 mg/kg).?

5. Antioxidant activity: In animal cells accidental or deliberate free radical is produced. The
release of free radical leads to a lot of human diseases?*?®. Flavonoids such as quercetin,
kaempferol, morin, myricetin and rutin show antioxidants activity hence, found to be effective
against inflammation, allergy, viral infection, cancer etc. In reperfusion ischemic tissue
damage, quercetin and silybin show the protective effect by acting as free radical scavenger 2+
26 Flavonoids shows the scavenging activity in the following order: myricetin > quercetin >
rhamnetin > morin > diosmetin > naringenin > apigenin > catechin > 5,7- dihydroxy-3',4',5'-

trimethoxy flavone > robinin > kaempferol > flavone. 2’

6. Effect on heat shock proteins: Against physiological stress such as heat shock, heavy
metals and glucose starvation Heat shock proteins (HSP) have been recognized. Recent
progress has revealed the role of HSPs in various diseases. HSP27 involved in acquiring
resistance against tumor cells, hyperthermic and chemotherapeutic treatment. Aberrant
expression of HSP causes various autoimmune diseases. The expression of HSP27, HSP47,
and HSP72/73 was inhibited by flavonoids.?

7. Anti-inflammatory activity. A number of reports show that flavonoids can inhibit cyclo-
oxygenase (COX) and lipoxygenase activity (LO) thus can modulate arachidonic acid
metabolism.2® Among flavones/flavonols kaempferol, quercetin, myricetin, fisetin was
reported to possess LO and COX inhibitory activities.®® Hesperidin, a citrus flavonoid,
possesses significant anti-inflammatory and analgesic effects L. Recently apigenin, luteolin,

and quercetin have been reported to exhibit anti-inflammatory activity .32

Citation: Khan Nilofar et al. Ijppr.Human, 2018; Vol. 12 (3): 383-396.
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8. Antineoplastic activity: Number of flavonoids shows antineoplastic activity. Detailed
studies have revealed that quercetin exerted a dose-dependent inhibition of cell growth and
colony formation. The flavonoids kaempferol, catechin, taxifolin and fisetin also suppressed
cell growth?335 3837 On screening antileukemic efficacy on human promyelocytic leukemia
HL-60 cells of genistein, an isoflavone was found to have the strong effect than other 28
naturally occurring and synthetic flavonoids. Out of the 14 flavonoids tested 2',6'-diacetoxy -
4,4" —dimethoxy dihydrochalcone found most potent against murine and human cancer cell

lines. 39-43

9. Effects on blood vessels: Quercetin and rutin used in several pharmaceuticals which are
used for the treatment of capillary fragility and phlebosclerosis. The activities of certain
flavonoids in inhibiting capillary permeability and Arthus phenomenon were found to be in the
following order, hesperetin > rutin > quercetin > naringenin > kaempferol > isoquercitol 447
Beneficial physiological effects on capillaries of Flavonoids is due to free hydroxyl groups at
3, 3" and 4' positions. Quercetin, 3-methyl quercetin, troxerutin, fisetin, dihydroquercetin and
flavone inhibit aggregation of platelets. Nobeletin and sinensetin might be useful in the dietary
control of high blood viscosity syndrome as In vitro they decreased erythrocyte aggregation
and sedimentation **°1. Orally administered flavonoids weakly inhibit the vascular
permeability and prevent pulmonary hemorrhage. Capillary fragility in mice is reduced by
Acacetin at 25-100 mg/kg oral dose and Acacetin reduced vascular permeability at 50-100
mg/kg 50,51

10. Antimicrobial activity: Flavonoids and esters of phenolic acids were investigated for their
antibacterial, antifungal and antiviral activities. All samples were active against the fungal and

gram-positive bacterial test strains and most showed antiviral activity 2.

i) Antibacterial Activity: Number of flavonoids shows antibacterial activity. 25 out of 182
flavonoid studies were found to be active against many bacteria. °2. Quercetin has been reported

to completely inhibit the growth of Staphylococcus aureus. 3.

ii) Antifungal Activity: Fungistatic activity towards Deutero phoma tracheiphila was shown by
flavonoids isolated from the peel of a tangerine orange. Antifungal antibiotic activity against

Aspergillus candidus was shown by Chlorflavonin; the first chlorine-containing flavonoid .

iii) Antiviral Activity: Antiviral activity against 11 types of viruses possess by Quercetin,

morin, rutin, dihydroquercetin (taxifolin), apigenin, catechin, and hesperidin etc®. The
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antiviral activity appears to be associated with the non-glycosidic compounds, and
hydroxylation at the 3-position is apparently a prerequisite for antiviral activity. It has been
observed that against Herpes simplex virus type 1 flavonols are more active than flavones.The
order of importance of such flavones was galangin>kaempferol>quercetin °® Antiviral activity
against two strains of type 1 and type 2 Herpes simplex virus was found to be effective by
flavonoid polymer of molecular weight 2,100 daltons. Flavones and Flavonones are the class

of flavonoids which are found to be effective in the selective inhibition of HIVV-1 and HIV-
2_57-59

11.Antidiabetic effects: Regeneration of pancreatic islets and probably increases insulin
release in streptozotocin-induced diabetic rats is showed by Flavonoids, especially quercetin.®
It is also revealed that quercetin stimulate insulin release and enhanced Ca?* uptake from

isolated islets cell which suggests a place for flavonoids in non-insulin-dependent diabetes.%%62

12. Anti-Atherosclerotic effects: Foam cells formation takes place due to the rapid uptake of
oxidatively-modified LDL via a scavenger receptor. Some radical species are directly
scavenged by flavonoids as it is acting as a chain-breaking antioxidant. % The ability of
quercetin is to protect LDL against oxidative modification has shown a significant protective
effect.®* A Japanese study reported that flavonoid intake and total plasma cholesterol

concentrations are inverse correlated.5®

13. Anti-thrombogenic effects: Endothelial formation of prostacyclin and nitrous oxide is
inhibited by lipid peroxides and oxygen free radicals generate by platelets adhering to vascular
endothelium. It was shown in the 1960s that tea pigment can reduce blood coagulability,
increase fibrinolysis, and prevent platelet adhesion and aggregation . Flavonoids such as
quercetin, kaempferol, and myricetin were tested in dogs and monkey and were found to be
effective inhibitors of platelet aggregation®’. Flavonols maintaining the proper concentration
of endothelial prostacyclin and nitric oxide because they directly scavenge free radicals . In
vitro and in vivo study it is reported that flavonoids inhibit the activity of cyclooxygenase and

lipoxygenase pathways hence it is a powerful antithrombotic agent. ©°

14. Cardioprotective effects: Recent show flavonoids show potential health benefits arising
from the antioxidant activity. Due to the antioxidant activity, it results in the high propensity
to transfer electrons, chelate ferrous ions, and scavenge reactive oxygen species’®. Due to these

properties, flavonoids are potential protectors against chronic cardiotoxicity caused by the
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cytostatic drug doxorubicin. Doxorubicin is a very effective antitumor agent but its clinical use
is limited by the occurrence of a cumulative dose-related cardiotoxicity, resulting in, for
example, congestive heart failure (negative inotropic effect). In a recent report, the
cardiotoxicity of doxorubicin on the mouse left atrium has been inhibited by flavonoids, 7-
monohydroxyethylrutoside and 7°,3°,4’- trinydroxyethylrutoside’"2,

BIOCHEMICAL EFFECTS OF FLAVONOIDS:
(i) On enzymes:

Flavonoids inhibit a number of enzymes such as aldose reductase’™, xanthine oxidase”,
Phosphodiesterase’®, Ca** A TPase’’, lipo-oxygenase’®, and cyclooxygenase’. Flavonols like
quercetin, myricetin and kaempferol inhibit the activity of the adenosine deaminase of
endothelial cells, while flavones are inactive . Flavonoids inhibit intracellular Ca ?*elevation

by reducing phospholipase-C activity 8.
(i) On hormones:

Hormones activity is regulated by flavonoids, as it binds to 17 beta-hydroxysteroid
dehydrogenases, which further regulates estrogen and androgen levels in humans and by
binding to 3 beta-hydroxysteroid dehydrogenase, which further regulates progestin and
androgen levels in humans 2. Quercetin, myricetin, rutin, kaempferol affect the transport,

metabolism, and action of thyroid hormones. .
EXAMPLES OF FLAVONOIDS:

1) Onion: Allium cepa (Onion) possess a high content of flavonoid compounds (mainly
quercetin and its conjugates) and sulfur compounds (i.e. thiosulphinates) 8 Allium cepa has
many pharmacological properties such as Anti-microbial activity, Antioxidant activity, Anti-

carcinogenic activity, Anti-mutagenic activity, Anti-diabetic potential etc. 8

2) Berries: Cyanidin is anthocyanin pigment found in many berries (grapes, blackberry,
blueberry, cherry, cranberry, raspberry etc.), apples, plums and red cabbage. It exerts
antioxidant, anti-inflammatory and anticancer effects. It may have an important role in future

cancer treatment?®.
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3) Mandarin: Mandarin (Citrus reticulata Blanco) is very popular Citrus fruit and its
production constantly increases throughout the world flavonoids, especially polymethyl avones
and flavanones (hesperidin, narirutin and naringin) are identified in Citrus pulp as well as in

peel 87,88

4) Tea: A cup of brewed black tea contains approximately 268 mg of flavonoids, and a cup
of green tea contains around 316 mg of flavonoids The best effective polyphenol in tea is a
compound noted as epigallocatechin gallate and catechin 81

5) Apple: Apples contain flavonoids like quercetin which inhibits enzymes like alpha-amylase
and alpha-glucosidase. Since these enzymes are involved in the breakdown of complex
carbohydrates into simple sugars, your blood sugar has fewer simple sugars to deal with when
these enzymes are inhibited. Apple and wine is inversely associated with death from coronary

heart disease in postmenopausal women in a study of nearly 35,000 women in lowa®.
CONCLUSION

Flavonoids are the secondary metabolites of a plant. Chemically they are polyphenol. They can
be synthesized by the polypropanoids pathway. Capers, apples, tea plant, onions, red grapes,
citrus fruits, curly kale, broccoli, cherries, raspberry, cranberry, and blueberry etc. are the
richest source of flavonoids. Flavonoids are broadly classified into six class such as flavones,
flavonol, flavaones etc. It can be extracted by various different extraction techniques.
Flavonoids possess various activity like anti-inflammatory, antihepatotoxic, cardiotonic
activity, antioxidant, anti-ulcer actions etc. Flavones and Flavonones are the class of flavonoids
which are found to be effective in the selective inhibition of HIV-1 and HIV-2. Thus flavonoids

found to be a medical boon in various disease.
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