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Abstract. Flavonoids are widely distributed polyphenolic compounds found
in the plant kingdom and are distinguished by their antioxidant, anti-
inflammatory, antimicrobial, antiviral, antidiabetic, cardioprotective, and
neuroprotective properties. The biological activities of flavonoids such as
quercetin, kaempferol, apigenin, naringenin, hesperetin, and myricetin were
reviewed. In addition, their bioactivity, metabolism, safety, and limitations
associated with clinical studies were discussed.
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, and |roots. The chemical diversity of flavonoids
enables them ith various biological targets. Recent studies have
reported that fla possess antioxidant, anti-inflammatory, antibacterial,
antidiabetic, cytotoxic, and lipid metabolism-modulating properties. The
pharmacological significance of flavonoids cannot be explained by a single
mechanism [1,2]. They may act by scavenging free radicals, modulating the
activity of certain enzymes, and influencing apoptotic processes. Therefore,
flavonoids are being actively investigated for their potential role in
cardiovascular, metabolic, inflammatory, infectious, oncological, and
neurodegenerative diseases. The aim of this review is to systematically describe
the major pharmacological properties of flavonoids, examine their mechanisms of
action, and discuss their potential applications and prospects in the
pharmaceutical field.

Flavonoids are a group of polyphenolic compounds characterized by a
common C6-C3-C6 carbon skeleton. The major classes include flavones,
flavonols, flavanones, flavan-3-ols, anthocyanins, and isoflavonoids [3]. The
number and position of hydroxyl groups, degree of glycosylation, and other
structural characteristics influence their solubility, metabolism, and biological
activity. The biological activity of flavonoids is closely associated with their
chemical structure. Hydroxyl groups play an important role in reactions with free
radicals and the chelation of metal ions, while lipophilicity may influence
membrane permeability and interactions with proteins. Consequently, even
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flavonoids belonging to the same class may exhibit different levels of
pharmacological activity.

Antioxidant activity. One of the most extensively studied biological
properties of flavonoids is their antioxidant activity. Excessive production of
reactive oxygen species (ROS) and reactive nitrogen species (RNS) in the body can
lead to oxidative stress. This process may damage essential cellular components,
including cell membranes, lipids, proteins, and DNA, and can contribute to the
development of various pathological conditions [6]. Flavonoids may reduce
oxidative stress through several complementary mechanisms. These include the
direct neutralization of free radicals, chelation of pro-oxidant metal ions, and
modulation of endogenous antioxidant defense systems. In addition, flavonoids
may regulate the activity of antioxidant enzymes such as superoxide dismutase,
catalase, and glutathione peroxidase, thereby contributing to the maintenance of
cellular redox homeostasis.Flavonoids can also modulate NADPH oxidase-related
pathways involved in the generation of reactive oxygen species. By influencing
these cellular signaling pathways,| flavonoids may exert not only antioxidant

effects but also anti-inflammatpry $andi cytop i activities. These
broa Ca ntial of flavonoid-
anti ant’ p ; avonoids are

mechanisms ma

containing ants.The

particularly e protection of organs and tissues, including the
cardiovascul , and |[nervous system, against oxidative damage.
Consequently, ave aftracted considerable attention in modern
pharmacologica as naturally occurring bioactive compounds with

potential therapeutic applications.H

owever, strong antioxidant activity observed

in vitro does not necessarily indica

te equivalent clinical efficacy in humans. The

biological effects of flavonoids are influenced by their absorption, metabolism,
biotransformation, tissue distribution, and the formation of biologically active
metabolites. Therefore, a comprehensive assessment of their therapeutic
potential requires the integration of in vitro, in vivo, and clinical evidence.
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FLAVONOIDS: STRUCTURE, CLASSES AND BENEFITS & T 3
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Flavonoids are general term for polyphenolic compounds
with a C6-C3-C6 carbon skeleton. They are classified into
main classes: flavones, flavonols, flavanones, flavan-3-ols,
anthocyanidins and isoflavonoids. They exhibit a wide
range of biological activities, including antioxidant,
anti-inflammatory, anticancer, metabolic regulation and 6
various other effects [3].
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|.! A 2024 study showed that apigenin, galangin, hesperetin, kaempferol, -()- The reason different flavonoids have different pharmacological effects
= myricetin, naringenin and quercetin have significant pharmacological potential [1]. is due to their structural differences.

Anti-infl ivity. Chronic inflammation plays a significant role
in the develop rogression of numerous diseases. Current research
indicates that flavonoids may exert anti-inflammatory effects by reducing the
production of pro-inflammatory mediators, including tumor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-1f), and interleukin-6 (IL-6). In addition,
flavonoids may modulate cyclooxygenase (COX) and lipoxygenase (LOX)
pathways, which are involved in the synthesis of inflammatory mediators [5].
These mechanisms may explain the potential relevance of flavonoids in
inflammatory conditions such as arthritis, metabolic disorders, cardiovascular
diseases, and other chronic inflammatory states. However, their pharmacological
effects can vary considerably depending on the specific flavonoid structure,
administered dose, metabolic transformation, bioavailability, and biological
environment. Therefore, although experimental findings provide promising
evidence, well-designed and controlled clinical studies are required to determine
the clinical significance of flavonoids as potential anti-inflammatory agents.

Antimicrobial and antiviral properties. Flavonoids have also attracted
considerable scientific interest because of their potential antimicrobial and
antiviral activities. Their antimicrobial effects may involve several mechanisms,
including disruption of microbial membrane integrity, interaction with essential
enzymes, interference with nucleic acid synthesis, and inhibition of biofilm
formation. These mechanisms suggest that flavonoids may contribute to the
protective properties of medicinal plants used in traditional medicine.Recent
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reviews have discussed the antibacterial and antiviral potential of flavonoids
based on evidence obtained from both in vitro and in vivo studies. Their antiviral
activity is particularly promising, as certain flavonoid compounds may interfere
with different stages of the viral life cycle, including viral entry into host cells,
replication, and interactions with viral proteins.Nevertheless, a substantial
proportion of the available evidence originates from laboratory experiments and
animal models. Consequently, these findings should not be directly extrapolated
to human treatment without appropriate clinical validation. Further
investigations are required to establish effective concentrations, pharmacokinetic
profiles, safety, and clinical efficacy.From a pharmaceutical perspective, the
antimicrobial properties of flavonoids provide an important basis for
investigating them as active constituents of medicinal plant extracts. At the same
time, the chemical composition and concentration of flavonoids should be
carefully characterized and standardized to ensure consistent quality,
reproducibility, safety, and therapeutic performance of plant-based
pharmaceutical preparations.

Antidiabetic and metabolic |efféets. 0 r flavonoids in
metabolic disor i i ient iténfion in recent years.
These natura g ayinfluence several
processes i i omeostasis, insulin signaling, and lipid
metabolism. ave summarized experimental evidence suggesting
that certain fla ' xhibit antidiabetic and lipid-lowering properties.The

potential antidi ects of flavonoids may be associated with improved
insulin sensitivity, modulation of glucose uptake and metabolism, and reduction
of oxidative stress and chronic inflammation. In addition, some flavonoids have
been investigated for their ability to modulate a-glucosidase and other enzymes
involved in carbohydrate metabolism. Through these mechanisms, flavonoids
may represent promising candidates for the development of complementary
therapeutic strategies for metabolic syndrome and type 2 diabetes.Nevertheless,
clinical evidence supporting the antidiabetic efficacy of flavonoids remains
considerably more limited than evidence obtained from laboratory and animal
studies. Therefore, flavonoids should not currently be regarded as substitutes for
established antidiabetic medications. Instead, they should be considered
potential bioactive molecules for future pharmacological research and drug
development.

Cardioprotective effects. Cardiovascular diseases are closely associated
with chronic inflammation, impaired lipid metabolism, oxidative stress, and
endothelial dysfunction. The antioxidant and anti-inflammatory properties of
flavonoids may contribute to their potential cardioprotective effects.
Experimental and observational studies suggest that certain flavonoids may
influence lipid metabolism, vascular function, oxidative processes, and
inflammatory signaling.Flavonoids may contribute to cardiovascular protection
by regulating vascular function, reducing lipid peroxidation, and modulating
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signaling pathways involved in inflammation and endothelial dysfunction. Among
the compounds investigated in this field, anthocyanins, quercetin, and related
flavonoids have received particular scientific attention.However, establishing a
direct relationship between dietary flavonoid intake and clinical cardiovascular
outcomes remains challenging. Cardiovascular health is influenced by multiple
factors, including overall dietary patterns, physical activity, lifestyle, genetic
background, metabolism, and the bioavailability of individual flavonoids.
Consequently, the results of dietary studies cannot always be directly
extrapolated to standardized pharmaceutical preparations.For potential
pharmaceutical applications, further research is needed to determine appropriate
doses, pharmacokinetic characteristics, safety profiles, and standardized
formulations of flavonoid-based products. Such investigations could facilitate the
development of more predictable and clinically relevant flavonoid-containing
preparations.

Conclusion. Flavonoids are wiidely distributed plant-derived polyphenolic

compounds that demonstrate a 0 lly beneficial
cates that their
i ], antidiabetic,

pharmacological Exp

antioxidant,

cardioprotec ve activities may arise from interactions with
multiple mo pathways.Individual flavonoids, including
quercetin, ka in, naringenin, hesperetin, and myricetin, have

attracted consi tention in pharmaceutical and biomedical research
because of their diverse biological activities. However, translating these
experimental findings into |[clinically effective therapies remains
challenging.Important limitations include relatively low or variable
bioavailability, extensive metabolism, differences in pharmacokinetic profiles,
possible drug-drug interactions, and difficulties associated with the
standardization of plant-derived preparations. Advances in drug-delivery
systems, nanoformulations, encapsulation technologies, and other
pharmaceutical approaches may help overcome some of these limitations by
improving solubility, stability, absorption, and tissue distribution.Overall,
flavonoids represent promising naturally occurring molecules for the
development of future pharmaceutical products. Nevertheless, their therapeutic
potential should be evaluated through well-designed in vitro, in vivo, and clinical
studies, with particular attention to dose-response relationships, long-term
safety, bioavailability, and standardized pharmaceutical formulations.
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