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Abstract : Flavonoids are plant-derived phenolic secondary metabolites 

synthesized via the phenylpropanoid pathway and characterized by a C6–C3–

C6 carbon skeleton. Their antioxidant properties are directly associated with 

their molecular structure. The present study analyzes the principal structural 

determinants governing the antioxidant activity of flavonoids and elucidates 

their radical-scavenging mechanisms. The results indicate that the presence of 

a 3′,4′-ortho-dihydroxy (catechol) moiety in the B ring, conjugation between the 

C2–C3 double bond and the 4-oxo functional group, as well as the 3-hydroxyl 

substituent, enhance electron delocalization and contribute to the stabilization 

of the corresponding phenoxyl radical. These structural features increase the 

efficiency of hydrogen atom transfer (HAT) and single electron transfer (SET) 

mechanisms. The findings support a structure–activity relationship (SAR)-

based evaluation of the antioxidant potential of flavonoids and provide a 

theoretical framework for the rational design of bioactive molecules. 
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INTRODUCTION 

 In recent years, the role of oxidative stress in various chronic diseases—

including cardiovascular pathologies, diabetes mellitus, neurodegenerative 

disorders, and inflammatory processes—has been extensively investigated [1]. 

Although reactive oxygen species (ROS) are natural byproducts of cellular 

metabolism, their excessive generation leads to the oxidative modification of 

lipids, proteins, and nucleic acids. Therefore, the efficiency of antioxidant 

defense mechanisms in biological systems is of critical importance [1–3]. 

Among natural antioxidants, flavonoids occupy a prominent position. 

Flavonoids are a group of phenolic secondary metabolites synthesized in plants 

via the phenylpropanoid pathway and characterized by a C6–C3–C6 carbon 
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skeleton. Their biological activity, particularly their antioxidant capacity, is 

closely associated with the distribution of functional groups within the 

molecular structure and the electron density pattern [4]. 

The present study is aimed at elucidating the molecular mechanisms 

underlying the antioxidant activity of flavonoids and determining the 

relationship between their structural elements and biological activity. 

Research Methodology. The present study was designed to analyze the 

antioxidant activity of flavonoids based on structure–activity relationship (SAR) 

principles. The work was grounded in a systematic literature review, examining 

the correlation between the molecular structure of flavonoids and their radical-

scavenging mechanisms. The selected literature encompassed data evaluated by 

IC₅₀ values obtained through DPPH and ABTS assays. 

During the analysis, the ortho-dihydroxy moiety in the B ring, the 

conjugation of the 2,3-double bond with the 4-oxo group, and the presence of a 

hydroxyl group at the 3-position were assessed as principal structural 

determinants. The obtained data enabled the interpretation of flavonoids’ 

propensity toward HAT (Hydrogen Atom Transfer) and SET (Single Electron 

Transfer) mechanisms in relation to their structural features. 

Results and Discussion. The manifestation of antioxidant activity depends 

on the synergistic combination of several structural determinants, which is 

governed by the degree of electron delocalization within the flavonoid molecule 

and the reactivity of phenolic hydrogens. In particular, the number and 

positional distribution of phenolic hydroxyl groups, the presence of a π-

conjugated system, and the capacity to form complexes with metal ions exert a 

significant influence on radical-scavenging efficiency. 

In order to systematically elucidate the structure–activity relationship, the 

principal structural determinants within the flavonoid molecule and their 

effects on antioxidant mechanisms were summarized in tabular form. 

Table 1. 

Principal structural determinants governing the antioxidant activity of 

flavonoids 

N

o. 

Structural 

element 

Chemical 

characteristic 

Effect on 

antioxidant 

mechanism 

General 

activity trend 

1 B ring 3′,4′-

ortho-dihydroxy 

(catechol) moiety 

Electron-

donating, 

resonance 

stabilization 

Stabilizes the 

phenoxyl radical 

(enhanced HAT/SET 

efficiency) 

Associat

ed with high 

activity 
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2 2,3-double 

bond + 4-oxo 

group (C ring) 

π-

conjugated 

system 

Enhances 

electron 

delocalization and 

increases radical 

form stability 

Increase

d activity 

observed 

3 3-OH group 

(in flavonols) 

Additional 

hydrogen donor 

Enhances 

radical-scavenging 

capacity 

Moderat

e–high effect 

4 5-OH + 4-

oxo combination 

Metal-

chelating 

capacity 

Limits the 

Fenton reaction via 

Fe²⁺/Cu²⁺ chelation 

Protecti

ve effect 

present 

5 Glycosylatio

n (–O-glycoside) 

Steric 

hindrance, 

reduced –OH 

reactivity 

May decrease 

HAT/SET mechanism 

efficiency 

Often 

associated 

with reduced 

activity 

6 Methoxy 

groups (–OCH₃) 

Alters 

electron density 

Radical-

scavenging capacity 

may decrease due to 

reduced number of 

phenolic –OH groups 

Generall

y decreased 

activity 

The data presented in Table 1 demonstrate that the antioxidant activity of 

flavonoids is closely associated with specific structural determinants within 

their molecular architecture. In particular, structures containing a 3′,4′-ortho-

dihydroxy (catechol) moiety in the B ring have been reported in the literature to 

exhibit higher radical-scavenging efficiency. This effect is attributed to 

enhanced electron delocalization following the formation of the phenoxyl 

radical. 

Moreover, conjugation of the 2,3-double bond with the 4-oxo group in the C 

ring results in expansion of the π-system and increases the relative stability of 

the radical form. The hydroxyl group at the 3-position further contributes to 

antioxidant activity as an additional hydrogen donor.  

Overall, it is evident that antioxidant potential is not determined by a 

single factor but rather depends on the combination of multiple structural 

elements. 

Conclusion. The results of the present study confirm that the antioxidant 

activity of flavonoids is directly determined by their molecular structure. The 

most significant structural determinants were identified as the ortho-dihydroxy 

moiety in the B ring, the conjugation between the 2,3-double bond and the 4-oxo 

group, and the presence of a 3-hydroxyl group. These elements enhance the 
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efficiency of HAT (Hydrogen Atom Transfer) and SET (Single Electron 

Transfer) mechanisms. 

The elucidation of the structure–activity relationship provides a theoretical 

framework for the scientifically grounded evaluation of the antioxidant 

potential of flavonoids, as well as for the rational selection and structural 

modification of biologically active natural compounds. 

 

REFERENCES: 

 

1. Rice-Evans C.A., Miller N.J., Paganga G. Structure–antioxidant 

activity relationships of flavonoids and phenolic acids // Free Radical Biology 

and Medicine. – 1996. – Vol. 20, № 7. – P. 933–956. 

2. Heim K.E., Tagliaferro A.R., Bobilya D.J. Flavonoid antioxidants: 

chemistry, metabolism and structure–activity relationships // Journal of 

Nutritional Biochemistry. – 2002. – Vol. 13, № 10. – P. 572–584. 

3. Amić D., Davidović-Amić D., Bešlo D., Trinajstić N. Structure–radical 

scavenging activity relationships of flavonoids // Croatica Chemica Acta. – 2003. 

– Vol. 76, № 1. – P. 55–61. 

4. Wolfe K.L., Liu R.H. Structure–activity relationships of flavonoids in 

the cellular antioxidant activity assay // Journal of Agricultural and Food 

Chemistry. – 2008. – Vol. 56, № 18. – P. 8404–8411. 

5. Костюк В.А., Потапович А.И. Антиоксидантные свойства 

флавоноидов и их связь со структурой молекулы // Биомедицинская химия. 

– 2004. – Т. 50, № 5. – С. 459–470. 

6. Чекман И.С., Горчакова Н.А., Беленичев И.Ф. Антиоксидантная 

активность природных флавоноидов: структурные аспекты и механизмы 

действия // Экспериментальная и клиническая фармакология. – 2010. – Т. 

73, № 3. – С. 42–48. 

 

  


