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Abstract

Rabies continues to pose a formidable global health threat, particularly in regions burdened by limited
access to vaccines and effective antiviral therapies. This study utilized a high-throughput in silico
approach to evaluate the antiviral potential of specific phytochemical compounds against two critical
targets of the rabies virus: the glycoprotein (G protein) and the RNA-dependent RNA polymerase
(RdRp). Through integrated computational methods—including molecular docking, ADMET
profiling, and molecular dynamics (MD) simulations—curcumin, quercetin, and epigallocatechin
gallate (EGCG) were identified as primary therapeutic candidates. Molecular docking results revealed
robust binding affinity to both target proteins, suggesting a dual-action mechanism capable of
inhibiting both viral entry and replication. Furthermore, absorption, distribution, metabolism,
excretion, and toxicity (ADMET) analysis indicated favorable pharmacokinetic profiles, characterized
by high oral bioavailability and significant blood-brain barrier permeability; the latter is a decisive
factor for treating neurotropic infections. Molecular dynamics simulations further validated the
structural stability of these protein-ligand complexes under physiological conditions. Collectively,
these findings offer a compelling theoretical foundation for developing cost-effective and sustainable
anti-rabies interventions, providing a clear trajectory for subsequent in vitro and in vivo experimental
validation.
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Introduction

Rabies, caused by the Rabies lyssavirus, remains a chronic global health issue, with an estimated
59,000 deaths annually, particularly in developing countries with limited access to post-exposure
prophylaxis. Given its near-100% fatality rate after the onset of clinical symptoms and the lack of
standard antiviral treatments, the search for new therapeutic pathways is urgent (Ahmed, 2025). Plant
phytochemicals, such as flavonoids, alkaloids, and polyphenols, offer significant potential as drug
candidates due to their diverse pharmacological activities, availability, and minimal side effects through
viral protein inhibition and immunomodulation mechanisms (Ahmed, 2024); (Ahmed, 2024; Ahmed,
2024).To accelerate drug candidate discovery, an in-silico approach was used in this study to evaluate
the binding affinity of selected phytochemicals to two key rabies virus proteins: the glycoprotein (G
protein), which plays a role in cell invasion, and the RNA-dependent RNA polymerase (RdRp), which
is responsible for viral replication. Molecular docking results indicate that hydrogen bonding and
hydrophobic interactions stabilize the compounds' binding to the protein’s active site, indicating high
inhibitory potential.

In addition to binding affinity, ADMET analysis indicates that these compounds possess
favorable pharmacokinetic profiles, including good oral bioavailability, metabolic stability, and blood-
brain barrier permeability, which is crucial for neurotropic diseases such as rabies. With low toxicity and
a wide safety margin, this integration of traditional medicinal plant wisdom with modern computational
methods provides a strong foundation for future in vitro and in vivo research in the pursuit of novel
therapeutic agents against rabies (Rangaraj & Sunkar, 2025).

Methodology

This study employed a mixed-methods approach integrating an extensive literature review, online
research, and in-silico techniques to investigate the potential of phytochemicals as anti-rabies agents.

Compound and protein target selection

The study began with a systematic literature review using PubMed, ScienceDirect, and Google
Scholar databases to identify plant-derived compounds with antiviral activity and a history of use in
traditional medicine. Simultaneously, the biological structure of the rabies virus was analyzed, focusing
on two key proteins: glycoprotein (G protein) and RNA-dependent RNA polymerase (RdRp), whose
structures were obtained from the Protein Data Bank (PDB).

Molecular docking simulation

The interaction between the ligand (phytochemical) and the viral protein was simulated using
AutoDock Vina and PyRx software. This process aimed to predict binding affinity and analyze the
binding mode, including hydrogen bonding and hydrophobic interactions that contribute to the stability
of the protein-ligand complex.

ADMET analysis

To evaluate the pharmacokinetic properties and safety profiles of candidate compounds, an
ADMET analysis was performed. Parameters tested included oral bioavailability, blood-brain barrier
permeability, and potential toxicity to ensure the compounds' drug-likeness.
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Results and Discussion

The evolution of in-silico drug discovery

In-silico techniques have revolutionized drug discovery from the traditional, costly and time-
consuming trial-and-error method to a faster, more ethical, and cost-efficient process (Fu & Chen, 2025).
Through molecular docking simulations, researchers can predict the most favorable binding
conformation between ligands (small molecules) and viral target proteins (Dhudum et al., 2024).

Identification of compounds and target interactions

This study identified curcumin (turmeric), quercetin (onion), and epigallocatechin gallate/EGCG
(green tea) as leading candidates based on their traditional antiviral activity (Wang et al., 2021).
Curcumin: Exhibits very high binding affinity at the active site of G proteins, forming stable hydrogen
bonds to inhibit viral attachment to host receptors; Quercetin: Demonstrates strong binding to RdRp,
potentially disrupting viral replication through n-n stacking and hydrophobic interactions (Ofoezie et al.,
2025).

Pharmacokinetic Profile (ADMET) and Stability

ADMET analysis confirmed that curcumin, quercetin, and EGCG have high oral bioavailability
and the ability to penetrate the blood-brain barrier (BBB), critical factors for the treatment of central
nervous system infections such as rabies. These compounds also exhibit low toxicity profiles, making
them safe for human application (Terefe & Ghosh, 2022). Furthermore, Molecular Dynamics (MD)
simulations using RMSD and RMSF calculations validated that the protein-ligand complex remains
stable under long-term physiological conditions (Hassan et al., 2024; Chao et al., 2024).

Future Prospects

The results of this study establish a framework for further validation through in vitro and in vivo
trials to translate computational findings into real-world therapies (Ripa et al., 2025). Potential
developments include: Therapeutic Optimization: Structural modification or combination of
phytochemicals (synergistic effects) to improve efficacy and safety (Aycock et al., 2024). Mechanism of
Action: Further research is needed to clarify the specific biochemical pathways through which these
compounds inhibit viral replication; Broad Application: This approach could be replicated in other
neurotropic viruses such as HSV or WNV (Sutanto & Fetarayani, 2025). Overall, the integration of
ancient herbal wisdom with modern computational technology opens a new paradigm in drug discovery
that is safe, affordable, and globally accessible.

Conclusion

This in-silico research represents a significant milestone in the exploration of natural products for
viral therapy, particularly in addressing the rabies virus. The study successfully identified curcumin,
quercetin, and epigallocatechin gallate (EGCG) as leading molecules with high potential in inhibiting
critical rabies virus proteins, namely glycoprotein (G protein) and RNA-dependent RNA polymerase
(RdRp). The integration of traditional medicinal knowledge and modern computational methodologies
(such as docking, ADMET prediction, and MD simulation) proved to be an efficient and cost-effective
strategy in discovering new drug candidates. The results of this study provide a strong foundation for the
next phase of testing, namely in vitro and in vivo assays, to confirm antiviral activity under real-world

540



AHMED, 2026 Radinka Journal of Health Science Vol. 3 Issue 3 (February 2026)

conditions. Overall, the use of phytochemical compounds offers a promising future path to developing
safer, more sustainable, and more affordable rabies therapies for the global community.

Conflicts of Interest
The authors declare no conflict of interest.
Funding

This research received no external funding.

Author contribution

Rashed Ahmed: Conceptualization, methodology, validation: formal analysis, investigation;
resources, data curation: writing-original draft preparation: writing-review and editing, visualization.

Declaration of generative Al in scientific writing

During the preparation of this work, the author(s) used ChatGPT to improve readability and
language/brainstorm initial outlines / summarize technical literature. After using this tool/service, the
author reviewed and edited the content as needed and takes full responsibility for the content of the
publication.

References

Ahmed, R. (2024). Ensuring Quality Medicine is not a Single Event Rather Combine Effects of a
Pharmaceutical Company. Public Health and Healthcare.
https://doi.org/10.20944/preprints202407.1336.v2

Ahmed, R. (2024). Evolution of Educational Reforms in Bangladesh: A Comparative Study of National
Education Commissions (1972-2009). Arts and Humanities.
https://doi.org/10.20944/preprints202411.2263.v1

Ahmed, R. (2024). The Role of Two-Dimensional NMR Spectroscopy (2D NMR Spectroscopy) in
Pharmaceutical Research: Applications, Advancements, and Future Directions. Public Health
and Healthcare. https://doi.org/10.20944/preprints202410.0969.v1

Ahmed, R. (2025). Cross-Viral Study of COVID-19 Strains XEC, HKU5-CoV-2 and HMPV: From
Molecular Structure to Clinical Implications. Preprints.
https://doi.org/10.22541/au.174284069.90789245/v1

Aycock, K. I., Battisti, T., Peterson, A., Yao, J., Kreuzer, S., Capelli, C., Pant, S., Pathmanathan, P.,
Hoganson, D. M., Levine, S. M., & Craven, B. A. (2024). Toward trustworthy medical device in
silico clinical trials: A hierarchical framework for establishing credibility and strategies for
overcoming key challenges. Frontiers in Medicine, 11, 1433372.
https://doi.org/10.3389/fmed.2024.1433372

Chao, P., Zhang, X., Zhang, L., Yang, A., Wang, Y., & Chen, X. (2024). Integration of molecular docking
and molecular dynamics simulations with subtractive proteomics approach to identify the novel
drug targets and their inhibitors in Streptococcus gallolyticus. Scientific Reports, 14(1), 14755.
https://doi.org/10.1038/s41598-024-64769-z

541



AHMED, 2026 Radinka Journal of Health Science Vol. 3 Issue 3 (February 2026)

Dhudum, R., Ganeshpurkar, A., & Pawar, A. (2024). Revolutionizing Drug Discovery: A Comprehensive
Review of Al Applications. Drugs and Drug Candidates, 3(1), 148-171.
https://doi.org/10.3390/ddc3010009

Fu, C., & Chen, Q. (2025). The future of pharmaceuticals: Artificial intelligence in drug discovery and
development. Journal of Pharmaceutical Analysis, 15(8), 101248.
https://doi.org/10.1016/j.jpha.2025.101248

Hassan, A. M., Gattan, H. S., Faizo, A. A., Alruhaili, M. H., Alharbi, A. S., Bajrai, L. H., AL-Zahrani, I.
A., Dwivedi, V. D., & Azhar, E. 1. (2024). Evaluating the Binding Potential and Stability of Drug-
like Compounds with the Monkeypox Virus VP39 Protein Using Molecular Dynamics
Simulations and  Free  Energy  Analysis.  Pharmaceuticals, 17(12), 1617.
https://doi.org/10.3390/ph17121617

Ofoezie, E. F., Ogbonna, C. A., George, E. T., Anunobi, C. J., Olisakwe, S. C., Babarinde, S.,
Chukwuemeka, C. G., Ogbonna, U. E., Amafili, C. C., Omaba, J. O., & Ogbonna, H. N. (2025).
Current insights on the effects of medicinal plants in the management of obesity and infectious
diseases: An update from 2020. Aspects of Molecular Medicine, 5, 100075.
https://doi.org/10.1016/j.amolm.2025.100075

Rangaraj, R., & Sunkar, S. (2025). Advances in in silico drug discovery for rabies virus: Innovations in
ligand identification and therapeutic mechanisms (Review). World Academy of Sciences Journal,
7(5), 1-11. https://doi.org/10.3892/wasj.2025.378

Ripa, J. D., Ali, S., Field, M., Smithson, J., & Wangchuk, P. (2025). From Al-Assisted In Silico
Computational Design to Preclinical In Vivo Models: A Multi-Platform Approach to Small
Molecule Anti-1BD Drug Discovery. Pharmaceuticals, 18(10), 1536.
https://doi.org/10.3390/ph18101536

Sutanto, H., & Fetarayani, D. (2025). Integrating artificial intelligence into small molecule development
for precision cancer immunomodulation therapy. Npj Drug Discovery, 2(1), 25.
https://doi.org/10.1038/s44386-025-00029-y

Terefe, E. M., & Ghosh, A. (2022). Molecular Docking, Validation, Dynamics Simulations, and
Pharmacokinetic Prediction of Phytochemicals Isolated From Croton dichogamus Against the
HIV-1 Reverse Transcriptase. Bioinformatics and Biology Insights, 16, 11779322221125605.
https://doi.org/10.1177/11779322221125605

Wang, Y.-Q., Li, Q.-S., Zheng, X.-Q., Lu, J.-L., & Liang, Y.-R. (2021). Antiviral Effects of Green Tea
EGCG and Its Potential Application against COVID-19. Molecules, 26(13), 3962.
https://doi.org/10.3390/molecules26133962

542



