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wide range of biological activities, making them a focus of extensive research in recent
years. This review explores the multifunctional properties of flavonoids, including their
antioxidant, anti-inflammatory, anticancer, antimicrobial and cardioprotective effects.
Furthermore, it empathizes how flavonoids can help prevent chronic illnesses like
diabetes, cardiovascular disease and neurological diseases. These through analysis
emphasizes how flavonoids are used in both nutrition and medicine.

INTRODUCTION

A particular class of plant organs, including
leaves, fruits, roots, and stems can accumulate
polyphenols, which are chemical products of
secondary plant metabolism. They are broad class
of bioactive compounds with the variety of
biological roles. All vascular plants contain
flavonoids, which are phenolic compounds
(Karak, 2019). They have several beneficial
biochemical and antioxidant properties linked to a
number of illnesses, including atherosclerosis,
cancer, and Alzheimer’s diseases. Flavonoids are
a vital part of many pharmacological, cosmetic,
nutraceutical and medicinal applications and are

associated with a variety of health advantages.
This is due to their ability to modify important
cellular enzyme functions as well as their
antioxidative, anti-inflammatory, anti-mutagenic,
and anti-carcinogenic qualities. They are also
known to be potent inhibitors of certain enzymes,
such as xanthine oxidase (XO), lipoxygenase,
cyclo-oxygenase and phosphoionositide 3-kinase
(A.N.Panche, 2016). In 1930, a Hungarian
scientist named  Albert  Szent-Gyorgyino
conducted an experiment that resulted in the
discovery of flavonoids using a novel chemical
that was extracted from orange. It was initially
categorized as vitamin P, but later on, researchers
determined that it was actually a flavonoid. Other
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types have also been found. Amidst scientific and
human evidence demonstrating its range of
biological and therapeutic effects. The flavonoids
category has emphasized its significance since this
historical event. Over 8,000 distinct flavonoids
have been identified to date. They belong to a class
of polyphenolic chemicals with low molecular
weights. Their primary classes fall under a variety
of names, including anthocyanins, isoflavones,
flavonols, flavones and flavanones (Juca, 2018).
Plants naturally produce flavonoid compounds,
which are found in different parts of the plant.
Vegetables use flavonoids to promote growth and
defend against plaques. These low molecular
weight phenolic chemicals are abundantly
distributed across the plant world. They are a key
class of chemicals found in higher plants. Many
flavonoids are easily identified as floral colours in
most angiosperm families. However, they can be
found in all parts not just flowers. The term
‘dietary flavonoids’ refer to the abundance of
flavonoids found in plant-based foods and drinks,
including fruits, vegetables, tea, chocolate and
wine. Flavonoids functions as UV filters, signal
molecules, allopathic compounds and protective
agent against biotic and abiotic stress in plants,
phytoalexins, detoxifying agents, and
antimicrobial defence compounds. Flavonoids can
improve cold hardiness, drought resistance, plant
heat acclimatization and freezing tolerance
(A.N.Panche, 2016). Because of their strong
antioxidant potential in both in vitro and in vivo
systems, flavonoids are believed to have health
promoting qualities. Flavonoids can activate the
enzyme systems that protect humans (kumar,
2013). The  extraction, isolation, and
characterization of these compounds from various
plant families has been the focus of recent
research. This has led to the focus of recent
research. This has led to the development of
modern, environmental friendly extraction
techniques, such as  microwave-assisted
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extraction, ultrasound-assisted extraction,
supercritical fluid extraction, pressurized liquid
extraction, matrix solid phase dispersion, pulsed
electric field extraction and enzyme-assisted
extraction which may also have industrial
applicability in a number of sectors, including the
food, pharmaceutical, and cosmetic industries.
Traditional  extraction methods, such as
maceration, decoction, percolation, and Soxhlet
extraction have been replaced by these techniques
(liga, 2023)

Biological Activities of Flavonoids:

In addition to their primary antioxidant function,
flavonoids have a wide range of biological actions
that contribute to human heath. These include anti-
inflammatory, anti-ulcer, antiviral, anti-cancer,
anti-diabetic, and cytotoxic properties, among
others (Karak, 2019).

Antioxidant Activity:

Numerous investigations have demonstrated the
wide ranging nutritional benefits of flavonoids to
antioxidant activity. The majority of chemical tests
for antioxidants demonstrate pathways for
scavenging free radicals. Reactive chemical
substances called antioxidant shield cells in plants,
animals, and humans from the harm that reactive
oxygen species (ROS) can cause. One of the finest
phytochemicals for preventing disease is
flavonoids, which function as antioxidants. The
configuration of functional groups in the flavan
nucleus determines antioxidant activity (Karak,
2019). Direct scavenging of ROS, (b) inhibition of
ROS formation through the chelation of trace
elements (quercetin for example, has iron-
chelating and iron stabilizing properties) or
inhibition of the enzyme involved in the
production of free radicals (such as glutathione S-
transferase, microsomal monooxygenase,
mitochondrial succinoxidase, NADH oxidase,
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xanthine oxidase) are some of the antioxidant
action mechanisms of flavonoids and (c) activation
of antioxidant. A combination of some of these
processes, such as radical scavenging action and
enzyme activity suppression, may also occur. The
majority of flavonoids appear as glycosides, and
the number and position of sugar linkages
influence the flavonoids antioxidant effects.
Aglycone forms, on the other hand, are less readily
available despite having a greater antioxidant
capability (dias, 2021).

Anti-inflammatory Activity:

The intricate biological reactions of bodily tissues
to damaging stimuli, including pathogens
infection, damaged cells, tissue injury, and
chemical irritation, is known as inflammation. It is
a defence mechanism that includes blood vessels,
immune cells and molecular mediators. The
release of chemical mediators at the site of tissue
damage and the migration of immune cells from
blood vessels start this. Leukaemia sepsis, asthma,
sclerosis, atherosclerosis, porosis, allergic rhinitis
illnesses, colitis, rheumatoid arthritis and other
conditions have been linked to flavonoids crucial
involvement in inflammation. In order to eradicate
invading pathogens and heal damaged tissues, this
process is followed by the recruitment of
inflammatory cells and the release of ROS, RNS
and proinflammatory cytokines (Karak, 2019).

Anti-bacterial Activity:

Flavonoids have the ability to combat germs
through a variety of techniques. By causing
bacterial membrane disruption, they can break
lipid bilayers and prevent a number of functions,
including the generation of ATP cells envelopes,
biofilms, nucleic acids, and electron transfer
chains. Catechin epicatechin and epigallocatechin
galatte, as well as the flavonol quercetin, appears
to cause an oxidative burst, which raises the
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generation of ROS and damages the permeates
membranes. Apigenin can break down the
structure of membranes and result in membrane
leakage by disorganizing and confounding the
membrane lipids. While quercetin, luteolin,
myricetin, and baicalein prevents bacterial DNA
replication, flavonoids such as apigenin, chrysin,
naringenin, kaempferol, quercetin, daidzein, and
geninstein disrupt the formation of biofilms (dias,
2021).

Antiaging Activity:

The effect of oxidative damage, which is caused
by macromolecules like carbohydrates, DNA,
proteins, and lipids that gradually build up in the
cells, is one of the cause of aging. This buildup
result from the body’s normal metabolic
processes, which generate waste products that the
body can’t always properly get rid of as we age.
According to a study the high polyphenolic
content of acai pulp has a high capacity to
eliminate superoxide and peroxyl radicals,
indicating antiaging properties. flavonoids with
their antioxidant capacity, may represent a viable
source of elimination of this metabolic waste.
Drinking red wine has also been linked to a lower
risk of developing age related illnesses (Juca,
2018).

Anticancer Activity:

The potential anti cancer property of flavonoids,
which are found in fruit, fruit juices, and
vegetables have been well investigated. For
example cranberry juice is widely drunk in North
America because of its ability to prevent urinary
tract infections, which is mostly attributed to
cranberry protocyanidins. Phenolic substances
found in cranberry fruit include triterpenoids, a
range of phenolic acids, the most important of
which is p-hydroxycinamic acid, catechins flavan-
3-ols, and flavonoids (flavonols and
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protoanthrocyanidins). Cranberry extracts have
been found to prevent oxidative damage to
neurons, vascular endothelium, and LDL
oxidation based on preliminary research.
Cranberry extracts are therefore seen to be a
promising candidate for anti-tumor activity due to
their antioxidant properties (Atmani, 2009).

Antiviral Activity:

Since the 1914s and many reports show that
naturally occurring flavonoids exhibit a
remarkable antiviral activity. They aid in the
Suppression of several enzymes involved in the
viral life cycle. It has been noted how flavonoids
structural and functional relationships relate to
their ability to inhibit enzymes. Flavon-3-ol was
found to be more effective than flavones and
flavonones in selective inhibition of HIV-1 &
HIV-2 and similar immunodeficiency virus
causing infections. The different study show that
quercetin, hesperetin, and naringin also possess
anti dengue activity (Karak, 2019).

CONCLUSION

It is well recognised that phytochemical
substances, particularly flavonoids can be used to
prevent and cure diseases. Fruits and vegetables
naturally contain flavonoids. These
phytochemicals, known as flavonoids, have a
variety of biological characteristics that are
advantageous to human health. In human diets,
they are abundant in naturally occurring
antioxidants. flavonoids help prevent numerous
diseases by effectively counteracting the negative
effect of free radicals. Antioxidant, free radicals
scavenger, anti inflammatory, anti bacterial,
antiviral, antiaging and particularly anti-cancer
capabilities are only a few of the many cellular
targets they interact with. The dietary sources and
several significant biological activity of flavonoids
that contribute to their positive effects on human
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health are highlighted in this review. Their
industrial uses extend beyond the realm of
therapeutic candidate compounds and
nutraceuticals.

REFERENCES

1. Fernandez SP, Wasowski C, Loscalzo LM,
Granger RE, Johnston GAR, Paladini AC
and Marder M: Central nervous system
depressant action of flavonoid glycosides.
European Journal of Pharmacology 2006;
539: 168-176.

. Burak M & Imen Y (1999) Flavonoids and
their antioxidant properties. Turkiye Klin
Tip Bil Derg 19, 296-304.

3. Ovando C, Hernandez D, Hernandez E, et al.
(2009) Chemical studies of anthocyanins: a
review. Food Chem 113, 859-871.

4. Lee Y, Yuk D, Lee J, et al. (2009)
Epigallocatechin-3-gallate prevents
lipopolysaccharide-induced elevation of [-
amyloid generation and memory deficiency.
Brain Res 1250, 164-174.

5. Metodiewa D, Kochman A & Karolczak S
(1997) Evidence for antiradical and
antioxidant properties of four biologically
active N, N, diethylaminoethyl ethers of
flavanone oximes: a comparison with natural
polyphenolic  flavonoid  (rutin) action.
Biochem Mol Biol Int 41, 1067-1075.

6. Hayashi T, Sawa K, Kawasaki M, et al.
(1988) Inhibition of cow’s milk xanthine
oxidase by flavonoids. J Nat Prod 51, 345—

N

348.

7. Walker E, Pacold M, Perisic O, et al. (2000)
Structural determinations of
phosphoinositide 3-kinase inhibition by
wortmannin, LY294002, quercetin,
myricetin, and staurosporine. Mol Cell 6,
909-9109.

1675 | Page



Vaibhavi Vishe, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 6, 1672-1678 |Review

8. Kumar S, Pandey A. 2013. Chemistry and
biological activities of C. longa. Trends Food
Sci Technol. 2013:533-548.

9. Nijveldt RJ, van Nood E, van Hoorn DE,
Boelens PG, van Norren K, van Leeuwen
PA. 2001. Flavonoids: a review of probable
mechanisms of action and potential
applications. Am J Clin Nutr. 74:418-425.

10. van Acker SABE, Van Den Berg D, Tromp
MNJL, Griffioen DH, Van Bennekom WP,
Van Der Vijgh WJF, Bast A. 1996.
Structural aspects of antioxidant activity of
flavonoids. Free Radic Biol Med. 20:331—
342.

11. Havsteen B (2002) The biochemistry and
medical significance of the flavonoids.
Pharmacol Ther 96, 67-202.

12. Dewick PM (2001) The shikimate pathway:
aromatic amino acids and phenylpropanoids.
In  Medicinal Natural Products: a
Biosynthetic Approach, 2nd ed., pp. 137-
186 [PM Dewick, editor]. Chichester: John
Wiley.

13. Griesbach R (2005) Biochemistry and
genetics of flower color. Plant Breed Rev 25,
89-114.

14. Takahashi A & Ohnishi T (2004) The
significance of the study about the biological
effects of solar ultraviolet radiation using the
exposed facility on the international space
station. Biol Sci Space 18, 255-260.

15. Samanta A, Das G & Das S (2011) Roles of
flavonoids in plants. Int J Pharm Sci Tech
6,12-35.

16.N. C. Cook and S. Samman, “Review:
flavonoids-chemistry, metabolism,
cardioprotective effects and dietary sources,”
Journal of Nutritional Biochemistry, vol. 7,
no. 2, pp. 66—76, 1996.

17. C. A. Rice-Evans, N. J. Miller, P. G. Bolwell,
P. M. Broamley, and J. B. Pridham, “The
relative antioxidant activities of plant

derived polyphenolic flavonoids,” Free
Radical Research, vol. 22, no. 4, pp. 375-
383, 1995.

. Dias, M.C.; Pinto, D.C.G.A.; Silva, A.M.S.

Plant Flavonoids: Chemical Characteristics
and Biological Activity. Molecules 2021, 26,
5377. [CrossRef] [PubMed]

. Tzanova, M.; Atanasov, V.; Yaneva, Z.;

Ivanova, D.; Dinev, T. Selectivity of Current
Extraction Techniques for Flavonoids from
Plant Materials. Processes 2020, 8, 1222.
[CrossRef]

. Chavez-Gonzéalez, M.L.; Sepulveda, L.;

Verma, D.K.; Luna-Garcia, H.A.;
Rodriguez-Duréan, L.V.; llina, A.; Aguilar,
C.N. Conventional and Emerging Extraction
Processes of Flavonoids. Processes 2020, 8,
434. [CrossRef]

.Vessal M, Hemmati M and Vasei M:

Antidiabetic effects of quercetin in
streptozocin-induced diabetic rats. Comp
Biochem Physiol 2003; 135: 357-364.

. Ghasemzadeh A and Jaafar HZE: Anticancer

and antioxidant activities of young
Malaysian ginger (Zingiber officinale
Roscoe) varieties grown under different CO2
concentration. Jour. Med. Plant Res 1986;
5:3247-3255.

.Zhang J, Wu Y and Zhao X:

Chemopreventive effect of flavonoids from
Ougan (Citrus reticulata cv. Suavissima)
fruit against cancer cell proliferation and
migration. J Funct Foods 2014; 10: 511-5109.

. Kelly EH, Anthony RT and Dennis JB:

Flavonoid antioxidants: Chemistry,
metabolism and structure-activity
relationships. Nutri.Biochem 2002; 13(10):
572-584.

. Kukic J, Petrovic C and Niketic: Antioxidant

activity of four endemic Stachys taxa. Biol
Pharmaceut Bull 2006; 29: 725-729.

I\

{531} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 1676 | Page

= <<



Vaibhavi Vishe, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 6, 1672-1678 |Review

26. Kumar, S.; Pandey, A.K. Chemistry and

biological activities of flavonoids: An
Overview. Sci. World J. 2013, 2013,
162750.[CrossRef] [PubMed]

27. Agrawal, A.D. Pharmacological activity of

flavonoids: A Review. Int. J. Pahrmaceut.
Sci. Nano 2011, 4, 1394-1398 [CrossRef]

. Sandoval, V.; Sanz-Lamora, H.; Arias, G.;
Marrero, P.F.; Haro, D.; Relat, J. Metabolic
impact of flavonoids consumption in obesity:
From central to peripheral. Nutrients 2020,
12, 2393. [CrossRef] [PubMed]

. Kaleem, M.; Ahmad, A. Flavonoids as
nutraceuticals. In Therapeutic, Probiotic, and
Unconventional Foods; Grumezescu, M.A.,
Holban, A.M., Eds.; Academic Press:
Cambridge, MA, USA, 2018; pp.137-155.
[CrossRef]

.Pan MH, Lai CS and Ho CT: Anti-
inflammatory activity of natural dietary
flavonoids. Food and Function 2010; 1(1):
15-31.

.Juca, M.M.; Filho, F.M.S.C.; de Almeida,
J.C.; Mesquita, D.S.; Barriga, J.R.M.; Dias,
K.C.F.; Barbosa, T.M.; Vasconcelos, L.C.;
Leal, L.K.AM.; Ribeiro, JR.; et al
Flavonoids:  Biological activities and
therapeutic potential. Nat. Prod. Res. 2020,
5, 692—705.[CrossRef]

. Gorniak, |.; Bartoszewski, R.; Kréliczewski,
J. Comprehensive review of antimicrobial
activities of plant flavonoids. Phytochem.
Rev. 2019, 18, 241-272. [CrossRef]

. Fathima, A.; Rao, J.R. Selective toxicity of
Catechin—a natural flavonoid towards
bacteria. Appl. Microbiol. Biotechnol. 2016,
100, 6395-6402. [CrossRef]

. Xu, X.; Zhou, X.D.; Wu, C.D. Tea catechin
epigallocatechin gallate inhibits
Streptococcus mutans biofilm formation by

35. Vasconcelos SML, Goulart MOF, Moura

JBDF, Manfredini V, Benfato MDS, Kubota
LT. 2007. Especies reativas de oxigenio e de
nitrogenio, antioxidantes e marcadores de
dano oxidativo em sangue humano:
Principais metodos analiticos para sua
determinacao. Quim Nova. 30:1323-1338.

.Mamede MEDO, Pastore GM. 2004.

Compostos fenolicos do vinho: estrutura e
acao antioxidante. B Ceppa. 22:233-252.

. Portinho JA, Zimmermann LM, Bruck MR.

2012. Efeitos Beneficos do Acai Beneficial
effects of acat. Int J Nutrology. 5:15-20.

. Cerqueira F, Cordeiro-Da-Silva A, Araujo

N, Cidade H, Kijjoa A, Nascimento MSJ.
2003. Inhibition of lymphocyte proliferation
by prenylated flavones: artelastin as a potent
inhibitor. Life Sci. 73:2321-2334.

. Neto CC. Cranberry and blueberry: Evidence

for protective effects against cancer and
vascular disease. Mol Nutr Food Res 2007,
51: 653-64.

. Porter ML, Krueger CG, Wiebe DA,

Cunningham DG, Reed JD. Cranberry
proanthocyanidins associate with low-
density lipoprotein and inhibit in vitro Cu2+-
induced oxidation. J Sci Food Agric 2001;
81: 1306-13.

. Neto CC, Sweeney-Nixon ML, Lamoureaux

TL, Solomon F. Cranberry phenolics: Effects
on oxidase processes, neuron cell death and
tumor cell growth. Phenolic compounds in
foods and natural health products.
Washington, DC: ACS Books 2005; pp. 271-
82.

. Youdim KA, McDonald J, Kalt W, Joseph

JA. Potential role of dietary flavonoids in
reducing microvascular endothelium
vulnerability to oxidative and inflammatory
insults. J Nutr Biochem 2002; 13: 282-88.

suppressing gtf genes. Arch. Oral Biol. 2012, 43. Gerdin B and Srensso E: Inhibitory effect of
57, 678-683. [CrossRef] the flavonoid on increased microvascular

I\

g\:':?i'p,‘}' INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

= <<

1677 |Page



Vaibhavi Vishe, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 6, 1672-1678 |Review

permeability induced by various agents in rat activity of four types of bioflavonoid against
skin. International Journal of dengue virus type-2. Vir Jour 2011; 8: 560.
Microcirculation, Clinical and Experimental

1983; 2(1): 39-46. HOW TO CITE: Vaibhavi Vishe*, Nikita Kor, Pradnya

. Tarmale, Pratiksha Sonawane, Biological Activity of
44. Zandi K, Teoh BT, Sam SS, Wong PF, = gpiondide Int. J. of Pharm. Sci., 2025, Vol 3, Issue 6,

Mustafa MR and Abubakar S: Antiviral 1672-1678. https://doi.org/10.5281/zenodo.15619295

EUERN
‘E' N\

(¥ %7 INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES 1678 | Page

N
A\

2 d



