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			Abstract | Indonesia continues to report a high incidence of human infection with Influenza A (H5N1), a virus associated with high mortality rates. The emergence of antiviral resistance due to viral mutations highlights the urgent need for alternative anti-influenza agents. Neuraminidase (NA) plays a critical role in viral replication by facilitating the release of progeny virions, making it a key therapeutic target. Natural products, particularly flavonoids, have been widely investigated for their antiviral potential. Guazuma ulmifolia and Centella asiatica are medicinal plants rich in flavonoids, including quercetin, which has been reported to exhibit antiviral and anti-inflammatory activities. In this study, we evaluated the binding interaction of quercetin with NA of Influenza A (H5N1) using a molecular docking approach. Docking analysis was performed against the H5N1 neuraminidase structure (PDB ID: 3CKZ) using PyRx 0.9.9, with oseltamivir (PubChem CID: 65028) as a reference drug. The results showed that quercetin exhibited a lower binding energy toward neuraminidase (-8.5 kcal/mol) than oseltamivir (-6.6 kcal/mol) in the best-scoring docking pose, suggesting a potentially more stable ligand-receptor interaction. These findings suggest that quercetin derived from G. ulmifolia and C. asiatica may serve as a promising candidate for further investigation as a neuraminidase inhibitor based on in silico analysis. Further in vitro and in vivo studies are required to validate these results.

			Keywords | Centella asiatica, Guazuma ulmifolia, Influenza A (H5N1), molecular docking, antiviral activity, Neuraminidase

		

		
			Received | December 30, 2025; Accepted | January 26, 2026; Published | March 08, 2026		

			*Correspondence | Reviany V. Nidom and Chairul A. Nidom, Professor Nidom Foundation, Surabaya, Indonesia; Email: reviany@pnfinstitute.org, nidomca@fkh.unair.ac.id

			Citation | Pratiwi ED, Mawaddah TW, Nidom AN, Jonny, Ayyuba ZI, Rosytania IY, Indrasari S, Nidom RV, Nidom CA (2026). In silico evaluation of quercetin as a neuraminidase inhibitor against influenza A (H5N1). Adv. Anim. Vet. Sci., 14(3):524-528. 

			DOI | https://dx.doi.org/10.17582/journal.aavs/2026/14.3.524.528

			ISSN (Online) | 2307-8316

			[image: ]

			Copyright:  2026 by the authors. Licensee ResearchersLinks Ltd, England, UK.

			This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

		

		
			Introduction 

			Avian influenza A virus is regarded as one of the most virulent influenza viruses, capable of infecting birds, humans, and various mammalian species (Niu et al., 2019; Jeyaram et al., 2019). Among its subtypes, Influenza A (H5N1) has been identified by the World Health Organization as a major threat to human health due to its high pathogenicity and mortality rate (Maines et al., 2011). The high mutation rate of avian influenza viruses, driven by their segmented genome, contributes to the continuous emergence of new variants and may limit the effectiveness of existing antiviral therapies (Clercq and Neyts, 2007).

			Neuraminidase (NA) is one of the major surface glycoproteins of the influenza virus and plays a crucial role in viral replication by facilitating the release of newly formed virions from infected host cells. Due to its essential function, NA has become an important target in antiviral drug development (Verma and Hansch, 2006; Wang et al., 2022). Neuraminidase inhibitors such as oseltamivir have been widely used for influenza treatment; however, their clinical utility may be limited by adverse effects and the emergence of resistance-associated mutations, including substitutions within the neuraminidase gene (Clercq and Neyts, 2007).

			Indonesia is rich in medicinal plants that have long been utilized in traditional medicine. Guazuma ulmifolia and Centella asiatica are two medicinal plants commonly used for their therapeutic properties. Centella asiatica contains various bioactive compounds, including flavonoids, which have been reported to exhibit antioxidant, anti-inflammatory, and antimicrobial activities (Sardrood et al., 2019; Maya et al., 2021). Guazuma ulmifolia leaf extracts are also rich in polyphenols and flavonoids, including quercetin, which has attracted attention for its potential biological activities (Rhomah et al., 2021).

			Previous studies have reported that Guazuma ulmifolia leaf extract significantly enhances humoral immune responses, as evidenced by increased IgG levels, which has been attributed to its flavonoid content (Sihombing and Siska, 2025). Centella asiatica is rich in flavonoids, including quercetin, kaempferol, apigenin, rutin, and naringin (Vasavi et al., 2016). Beyond their immunomodulatory effects, flavonoids particularly quercetin have also been reported to exhabit direct antiviral activity. In vitro studies have demonstrated that quercetin derived flavonol glycosides exhibit moderate antiviral activity against influenza A virus through significant inhibition of neuraminidase activity, although their antiviral potency is lower than that of oseltamivir (Duan et al., 2014). Flavonoids have been widely reported to exhibit antiviral and immunomodulatory activities, supporting their potential role in host defense against viral infections (Zakaryan et al., 2017; Ngwa et al., 2020).

			Therefore, this study aimed to evaluate the interaction of quercetin derived from Guazuma ulmifolia and Centella asiatica with neuraminidase of Influenza A (H5N1) using a molecular docking approach.

			Materials and Methods 

			The three-dimensional structure of neuraminidase (NA) from Influenza A virus was retrieved from the Protein Data Bank (PDB ID: 3CKZ). The protein structure was prepared by removing crystallographic water molecules and any co-crystallized ligands, followed by the addition of polar hydrogens and assignment of partial charges using AutoDock tools prior to molecular docking. The prepared protein was then saved in the appropriate format for docking analysis.

			The ligand quercetin (PubChem CID: 5280343), a major flavonoid component of Guazuma ulmifolia and Centella asiatica, was obtained from the PubChem database. The ligand structure was energy-minimized and converted into a three-dimensional format suitable for docking. Oseltamivir (PubChem CID: 65028) was used as a reference neuraminidase inhibitor for comparative analysis.

			Molecular docking was performed using PyRx version 0.9.9 (Scripps Research, USA), which employs the AutoDock Vina scoring function to predict ligand-protein interactions. The docking grid box was defined to cover the active site region of neuraminidase, with the grid center and dimensions adjusted to ensure complete coverage of the binding pocket. Docking was performed for each ligand, and the best binding pose generated by Auto Dock Vina was selected based on the lowest binding energy and appropriate orientation within the neuraminidase binding region. 

			Visualization and analysis of docking interactions were carried out using PyMOL version 2.5.4 (Schrödinger, Inc., USA) under an academic license to examine ligand–residue interactions and binding conformations.

			Result and Discussions

			Medicinal plants have long been utilized worldwide as complementary or alternative therapeutic agents due to their rich content of secondary metabolites that contribute to various biological activities (Khalafalla, 2010; Sugianto et al., 2022). However, the presence of complex phytochemical mixtures in crude extracts may also lead to undesirable toxic effects at high concentrations, highlighting the importance of identifying specific active compounds with favorable pharmacological properties (Zink and Chaffin, 1998).

			In the present study, molecular docking analysis demonstrated that quercetin, exhibited a more negative docking score in the best-scoring pose toward the H5N1 neuraminidase (NA) protein compared with oseltamivir (Table 1; Figure 1). Figure 1 shows that quercetin binds near the neuraminidase active site through hydrogen bond and van der Waals interactions. A more negative docking score suggests the formation of a potentially stable protein-ligand complex based on in silico analysis, rather than confirming biological potency. These findings suggest 

			Table 1: Molecular docking results of quercetin and oseltamivir against Influenza A (H5N1) neuraminidase.  
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							Ligand-receptor complex
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							Amino acid residues involved

						
					

					
							
							1.

						
							
							Quercetin Neuraminidase 

						
							
							-8.5

						
							
							Van der Waals; Hydrogen bonds

						
							
							Ser179(A), Trp178(A), Tyr406(A), Arg152(A), Glu276(A), Tyr274(A), Asn221(A), Pro245(A), Asn247(A); Glu277(A), Arg224(A), Ser246(A), Gly244(A)
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							Oseltamavir Neuraminidase 

						
							
							-6.6

						
							
							Van der Waals; Hydrophobic; Hydrogen bonds

						
							
							Asn294(A), Ser246(A), Glu227(A), Glu276(A), Trp178(A), Arg224(A), Ser179(A), Glu277(A), Tyr406(A), Arg156(A); Ile222(A); Arg152(A), Asp151(A), Glu119(A), Arg118(A), Arg371(A), Arg292(A), Tyr347(A)

						
					

				
			

			Note: vdW: Van der Waals; HI: hydrophobic interaction; H-bond: hydrogen bond.
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			Figure 1: Docking complexes of Influenza A (H5N1) neuraminidase with (A) quercetin and (B) oseltamivir. 

			that quercetin may interact with neuraminidase and warrant further investigation as a potential neuraminidase-interacting compound using additional computational and experimental approaches.

			This molecular docking analysis was conducted as an initial in silico screening, and the reported binding energy represents a single best-scoring pose generated by AutoDock Vina. Repeated docking simulations and statistical analyses (mean ± standard deviation) were not performed in this study; therefore, the observed difference in docking scores should be interpreted qualitatively rather than statistically. Further computational studies, including repeated docking and molecular dynamics simulations, are warranted to confirm the stability and reproducibility of the interaction.

			Although quercetin was predicted to bind within the neuraminidase binding region, its interaction pattern differed from that of oseltamivir. Notably, quercetin did not form direct interactions with key catalytic residues such as Arg292 and Arg371, which are critical for the competitive inhibition mechanism of oseltamivir (von Itzstein, 2007). In contrast, oseltamivir formed hydrogen bond interactions with key catalytic residues Arg292 and Arg371, whereas quercetin did not, suggesting a distinct binding mode. The absence of interactions with these residues indicates that quercetin is unlikely to act as a classical competitive neuraminidase inhibitor based on in silico analysis.

			In addition, the drug-likeness properties of quercetin were assessed using Lipinski’s rule of five, which considers molecular weight, lipophilicity, hydrogen bond donors and acceptors, and molar refractivity. Quercetin exhibited a molecular weight of 302.24 g/mol, a predicted LogP value of approximately 1.8, five hydrogen bond donors, and seven hydrogen bond acceptors, fulfilling Lipinski’s rule of five (Pubchem, 2024).

			The results of the present molecular docking study are in line with previous studies reporting the antiviral activity of quercetin against influenza viruses. Quercetin derivatives exhibit significant antiviral effects against influenza A virus in vitro, indicating that these compounds may interfere with viral replication (Choi et al., 2009). In addition, structure activity relationship analyses have suggested that quercetin, as a rigid flavonol, contains structural features associated with antiviral activity and neuraminidase inhibition (Yang et al., 2014). This is consistent with the present docking results, in which quercetin demonstrated a stable interaction with the neuraminidase active site in silico.

			Quercetin has been widely reported to exhibit antiviral and anti-inflammatory activities, which may complement its predicted interaction with neuraminidase by simultaneously limiting viral replication and host inflammatory responses. Taken together, the observed docking behavior in the best-scoring pose and the previously reported antiviral properties of quercetin suggest that this compound may represent a promising neuraminidase-interacting candidate for further investigation against Influenza A (H5N1), pending experimental validation.

			Conclusion 

			In conclusion, this in silico study indicates that quercetin shows a stable binding interaction with the neuraminidase protein of Influenza A (H5N1) as suggested by molecular docking analysis. While these findings suggest that quercetin may interact with neuraminidase, the results should be interpreted as preliminary due to the limitations inherent to docking-based predictions. 
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Abstract | Indonesia continues to report a high incidence of human infection with Influenza A (H5N1), a virus
associated with high mortality rates. The emergence of antiviral resistance due to viral mutations highlights the urgent
need for alternative anti-influenza agents. Neuraminidase (NA) plays a critical role in viral replication by facilitating.
the release of progeny virions, making it a key therapeutic target. Natural products, particularly flavonoids, have been
widely investigated for their antiviral potential. Guazuma ulmifolia and Centella asiatica are medicinal plants rich in
flavonoids, including quercetin, which has been reported to exhibit antiviral and anti-inflammatory activities. In this
study, we evaluated the binding interaction of quercetin with NA of Influenza A (H5N1) using a molecular docking
approach. Docking analysis was performed against the HSN1 neuraminidase structure (PDB ID: 3CKZ) using PyRx
0.9.9, with oseltamivir (PubChem CID: 65028) as a reference drug. The results showed that quercetin exhibited a lower
binding energy toward neuraminidase (-8.5 kcal/mol) than oseltamivir (-6.6 keal/mol) in the best-scoring docking
pose, suggesting a potentially more stable ligand-receptor interaction. These findings suggest that quercetin derived
from G. ulmifolia and C. asiatica may serve as a promising candidate for further investigation as a neuraminidase
inhibitor based on iz siico analysis. Further in vitro and in vivo studies are required to validate these results.
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