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Visceral leishmaniasis (VL), also known as kala-azar, is a neglected tropical disease caused primarily 

by Leishmania donovani and transmitted by the bite of infected female sandflies (Phlebotomus 

species). The disease is endemic in more than 80 countries, with the highest burden reported in South 

Asia, East Africa, and parts of South America [1-3]. Clinically, VL is characterized by prolonged 

fever, weight loss, hepatosplenomegaly, and pancytopenia, and is fatal if left untreated [4,5]. Despite 

sustained control efforts, VL remains a major public health challenge, particularly in resource-limited 

settings with poor socio-economic conditions and restricted access to healthcare [3,6,7]. Current 

chemotherapeutic options for VL include pentavalent antimonials, amphotericin B, miltefosine, and 

paromomycin [8,9]. However, their use is limited by severe toxicity, lengthy treatment regimens, 

parenteral administration, high cost, and the emergence of drug-resistant Leishmania strains [4,5]. 

These challenges underscore the urgent need for safer, more effective, and affordable antileishmanial 

agents [10, 11]. Natural products have historically served as a rich source of lead compounds for drug 

discovery [6]. Traditional medicinal plants, in particular, exhibit remarkable chemical diversity and 

bioactivity against a wide range of infectious and parasitic diseases [7]. Indian medicinal flora, 

supported by extensive ethnobotanical knowledge, represents a valuable reservoir of phytochemicals 

with potential antileishmanial properties [8]. However, the complexity and polypharmacological nature 

of plant-derived compounds necessitate integrative approaches to elucidate their mechanisms of action 

[12,13]. Network pharmacology provides a systems-level framework to investigate multitarget 

interactions between bioactive compounds, proteins, and disease pathways [9]. When combined with 

molecular docking, this approach enables the identification of key molecular interactions and binding 

affinities, thereby accelerating rational drug discovery [10,11]. In the present study, an integrative in 

silico strategy is employed to identify potential antileishmanial phytochemicals from traditional Indian 

medicinal plants using the IMPPAT database. Selected compounds are screened for pharmacokinetic 

and drug-likeness properties, followed by molecular docking against a key VL-associated target 

protein (PDB ID: 6TUU), complemented by network pharmacology and enrichment analyses to 

elucidate their potential mechanisms of action. Recent advances in nanotechnology have significantly 

improved drug discovery processes by enabling nanoscale analysis of biomolecular interactions and 
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enhancing targeted drug delivery systems. Nanotechnology plays a critical role in improving the 

bioavailability, stability, and therapeutic efficacy of phytochemicals such as Eugenol. Integrating 

nanotechnology with network pharmacology provides a powerful platform for identifying multi-target 

therapeutic agents against complex diseases such as visceral leishmaniasis. 
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