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Abstract

Oxidative stress is a major contributing factor in the pathogenesis of various chronic diseases, particularly
cardiovascular disorders. Natural flavonoid compounds have gained attention due to their ability to modulate
oxidative stress pathways. In this study, we present a computational analysis of a flavonoid-derived molecule,
3'-hydroxy-5,7-dimethoxy-4-O-2'-cycloflavan, using Density Functional Theory (DFT). The molecular
geometry was optimized using the B3LYP/6-31G(d) basis set via Gaussian 09 software. Key electronic
properties such as HOMO-LUMO gap, dipole moment, and molecular electrostatic potential (ESP) were
evaluated to assess the antioxidant potential of the molecule.

Key Words: DFT; flavonoid; oxidative stress; antioxidant activity; HOMO-LUMO

1. Introduction

Oxidative stress [1], resulting from an imbalance between the production of
reactive oxygen species (ROS) and antioxidant defenses, plays a central role
in the onset and progression of chronic diseases such as cardiovascular [2],
neurodegenerative [3], and inflammatory [4] disorders. Flavonoids, a diverse
group of plant-derived polyphenolic compounds, have demonstrated strong
antioxidant properties through free radical scavenging, metal chelation, and
modulation of enzymatic pathways [5].

3'-Hydroxy-5,7-dimethoxy-4-O-2'-cycloflavan is a naturally derived
flavonoid-like compound that possesses multiple functional groups
conducive to electron donation and delocalization. This study employs a
quantum chemical approach to investigate the electronic and structural
properties of this molecule and evaluate its theoretical potential as an
oxidative stress regulator.

2. Computational Analysis Methodology

The molecular structure of the compound in its lowest energy configuration
was simulated using the Gaussian 09W software suite [6]. To accurately
capture the intricate interplay between molecular forces and electronic
distributions, Density Functional Theory (DFT) techniques were applied.
The extensive computational results were then thoroughly examined and
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graphically represented with the aid of Gaussian View 5 visualization
software [7], enabling an in-depth insight into the molecule’s behavior.

All calculations employed the B3LYP hybrid functional, which integrates
Becke’s exchange functional with the LYP correlation component [8]. This
approach was complemented by the adoption of the 6-311++G(d,p) basis set
[9], recognized for its robustness in modeling electronic properties and
reaction energetics of molecular systems. The use of this basis set provided
a detailed perspective on molecular interactions, thereby improving the
reliability of the findings.

3. Results and Discussion
3.1. Electronic Properties

Quantum chemical computational techniques such as Density Functional
Theory (DFT) allow for precise calculation of molecular orbitals. In this
research, the Enomo and Erumo energy levels of the flavan-containing
molecule were determined using the DFT approach. These values were then
used to calculate important electronic parameters including the energy gap
(AE), electron affinity (A), ionization potential (I), electronegativity (y),
chemical softness (S), and chemical hardness (1) based on electron density-
derived formulas. The summarized results are presented in Table 1.
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Table 1. Molecular orbital energy calculations of the flavan-based molecule.
Parameter B3LYP /6-311++G(d,p)
Enomo (eV) -5.85
ELumo (eV) -0.57
AE = ELumo - Enomo (eV) 5.28
lonization Potential, | (V) 5.85
Electron Affinity, A (eV) 0.57
Electronegativity, y (¢V) 3.21
Chemical Hardness, n (eV) 2.64
Chemical Softness, S (eV™") 0.09
Total Energy, EtoraL (a.u) -0.25

The concepts of the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) are essential in evaluating a
molecule’s reactivity, stability, and electronic behavior. In the present study,
the energy values of Enomo and ELumo were calculated for the flavonoid-
derived compound using DFT at the B3LYP/6-31G(d) level. A detailed
visualization of the HOMO and LUMO orbitals is provided in Figure 1,
highlighting electron-dense and electron-deficient regions within the

molecular framework. These regions are particularly relevant for
understanding the compound’s potential interaction with reactive oxygen
species (ROS), which is central to its proposed role as an oxidative stress
regulator. The HOMO-LUMO gap also contributes valuable insight into the
compound’s overall chemical stability and biological applicability, laying
the groundwork for future pharmacological evaluations

AE=5.3 ¢V

EnxomMmo

Figure 1: Three-dimensional visualization of HOMO and LUMO orbitals in the flavan-based molecule

3.2. Molecular Electrostatic Potential Surfaces (MEPS)

Molecular electrostatic potential (MEP) analysis is an essential tool for
evaluating a molecule's reactivity, intermolecular interactions, and possible

biological activity. In this study, the three-dimensional electrostatic potential
surface of the optimized structure of the flavonoid-derived compound was
generated using the B3LYP/6-31G(d) level of theory. The resulting MEP
map is presented in Figure 2.

Figure 2: Molecular electrostatic potential (MEP) surface map
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The MEP surface reveals a heterogeneous electron density distribution
across the molecule. Electron-rich (negatively charged) regions are
represented in red, while electron-deficient (positively charged) regions
appear in blue. Upon examination of the map, areas of high electron density
were observed primarily around the hydroxyl (~OH) and methoxy (—OCHs)
substituents, indicating potential sites for hydrogen bonding or radical
scavenging. In contrast, lower electron density regions were localized around
the hydrophobic carbon framework, especially near C—H bonds.

These findings support the molecule’s predicted antioxidant potential. The
presence of electron-rich sites suggests possible reactivity toward reactive
oxygen species (ROS), aligning with the compound’s proposed function as
an oxidative stress regulator. MEP analysis thus provides critical insight into
the physicochemical behavior of the molecule and its likely interactions in
biological environments, particularly in the context of redox balance and
cellular protection.

4. Conclusion

In this study, the flavonoid-derived compound 3'-hydroxy-5,7-dimethoxy-4-
O-2'-cycloflavan was investigated using Density Functional Theory (DFT)
at the B3LYP/6-31G(d) level to evaluate its structural, electronic, and
potential biological properties. Geometry optimization confirmed a stable
conformation, while calculated HOMO-LUMO energies, dipole moment,
and molecular electrostatic potential (MEP) surfaces revealed favorable
electronic characteristics associated with antioxidant activity.

The observed electron-rich regions around the hydroxyl and methoxy
groups, as demonstrated by the MEP analysis, suggest strong potential for
free radical scavenging and hydrogen bonding, both of which are key in
mitigating oxidative damage. The moderate HOMO-LUMO energy gap
indicates a balance between chemical reactivity and molecular stability,
further supporting the compound's potential as an oxidative stress modulator.

These findings support the hypothesis that the investigated compound may
serve as a promising candidate for pharmacological applications, particularly
in managing oxidative stress-related conditions such as cardiovascular
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diseases. Theoretical results presented here form a foundational basis for
future experimental validation and drug development studies targeting
oxidative damage pathways.

References

1. Oke, O.E., Akosile, O. A, Oni, A. I., Opowoye, I. O., Ishola, C.
A etal., (2024). Oxidative stress in poultry production. Poultry
Science, 103(9), 104003.

2. Welsh, A., Hammad, M., Pifia, I. L., & Kulinski, J. (2024).
Obesity and cardiovascular health. European Journal of
Preventive Cardiology, 31(9), 1026-1035.

3. Klemmensen, M. M., Borrowman, S. H., Pearce, C., Pyles, B.,
& Chandra, B. (2024). Mitochondrial dysfunction in
neurodegenerative disorders. Neurotherapeutics, 21, e00292.

4. Li,R, Ye, J.J, Gan, L., Zhang, M., Sun, D., Li, Y., Wang, T.,
& Chang, P. (2024). Traumatic inflammatory response:
Pathophysiological role and clinical value of cytokines.
European Journal of Trauma and Emergency Surgery, 50(4),
1313-1330.

5. Anand, M. Upadhyay, V., & Maranas, C. D. (2025).
minChemBio: Expanding chemical synthesis with chemo-
enzymatic pathways using minimal transitions. ACS Synthetic
Biology, 14(4), 756-770.

6. Frisch, M. J., Trucks, G. W., Schlegel, H. B., et al. (2009).
Gaussian 09, Revision A.1. Gaussian, Inc., Wallingford, CT.

7. Dennington, R., Keith, T., & Millam, J. (2009). GaussView
Version 5. Semichem Inc., Shawnee Mission, KS.

8. Becke, A. D. (1993). Density-functional thermochemistry. IlI.
The role of exact exchange. Journal of Chemical Physics, 98(7),
5648.

9. Lee, C, Yang, W., & Parr, R. G. (1988). Development of the
Colle-Salvetti correlation-energy formula into a functional of the
electron density. Physical Review B, 37(2), 785.

Ready to submit your research? Choose Auctores and benefit from:

@. BY This work is licensed under Creative

Commons  Attribution 4.0 License

To Submit Your Article Click Here:

YV V V V V VY

DOI:10.31579/2690-8808/264

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/journal-of-clinical-case-reports-

and-studies

Auctores Publishing LLC — Volume 6(5)-264 www.auctoresonline.org
ISSN: 2690-8808

Page 3 of 3


https://doi.org/10.1016/j.psj.2024.104003
https://doi.org/10.1016/j.psj.2024.104003
https://doi.org/10.1016/j.psj.2024.104003
https://doi.org/10.1093/eurjpc/zwae025
https://doi.org/10.1093/eurjpc/zwae025
https://doi.org/10.1093/eurjpc/zwae025
https://doi.org/10.1016/j.neurother.2024.e00292
https://doi.org/10.1016/j.neurother.2024.e00292
https://doi.org/10.1016/j.neurother.2024.e00292
https://doi.org/10.1007/s00068-023-02388-5
https://doi.org/10.1007/s00068-023-02388-5
https://doi.org/10.1007/s00068-023-02388-5
https://doi.org/10.1007/s00068-023-02388-5
https://doi.org/10.1007/s00068-023-02388-5
https://doi.org/10.1021/acssynbio.4c00692
https://doi.org/10.1021/acssynbio.4c00692
https://doi.org/10.1021/acssynbio.4c00692
https://doi.org/10.1021/acssynbio.4c00692
https://cir.nii.ac.jp/crid/1370298757422456580
https://cir.nii.ac.jp/crid/1370298757422456580
https://pubs.aip.org/aip/jcp/article-abstract/98/7/5648/842114
https://pubs.aip.org/aip/jcp/article-abstract/98/7/5648/842114
https://pubs.aip.org/aip/jcp/article-abstract/98/7/5648/842114
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.37.785
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.37.785
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.37.785
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies

