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Abstract 
Unani medicine represents a comprehensive 

traditional system of healthcare in which medicinal 

plants and plant-derived formulations constitute an 

important component of therapeutic practice. The 

increasing availability of phytochemical databases, 

bioinformatics resources, molecular modelling 

platforms, and computational drug-discovery tools 

has created new opportunities to investigate the 

molecular basis of traditionally used herbal 

medicines. In-silico approaches such as molecular 

docking, molecular dynamics simulation, network 

pharmacology, pharmacophore modelling, 

quantitative structure–activity relationship (QSAR) 

analysis, virtual screening, and absorption, 

distribution, metabolism, excretion and toxicity 

(ADME-Tox) prediction can provide valuable 

information regarding the potential interactions 

between phytoconstituents and biological targets. 

These approaches may help identify candidate 

bioactive compounds, predict molecular targets and 

pathways, explore possible mechanisms of action, 

and prioritize compounds for experimental 

validation. In the context of Unani medicine, 

computational methods may contribute to the 

scientific investigation of single drugs, compound 

formulations, and traditionally documented 

therapeutic combinations. Network pharmacology is 

particularly relevant to herbal medicines because 

many medicinal plants contain multiple bioactive 

constituents that may act on several molecular 

targets and biological pathways. However, 

computational predictions should not be interpreted 

as evidence of therapeutic efficacy in the absence of 

experimental and clinical validation. The integration 

of computational studies with Pharmacognostic 

authentication, phytochemical characterization, in-

vitro experiments, animal studies, pharmacokinetic 

investigations, and clinical research can provide a 

more robust framework for understanding Unani 

herbal medicines. This review discusses the major 

in-silico approaches applicable to Unani herbal 

research, their methodological considerations, 

current applications, limitations, and future 

prospects for developing evidence-based 

computational strategies for Unani drug discovery. 
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I. Introduction 
Unani medicine is one of the established 

traditional systems of medicine and has a long 

history of utilizing medicinal plants and plant-

derived preparations for the management of various 

diseases. Unani pharmacotherapy includes single 

drugs as well as compound formulations containing 

multiple medicinal ingredients. The therapeutic use 

of these drugs is traditionally supported by extensive 

Materia medica, pharmacological observations, 

empirical knowledge, and clinical experience. In 

recent years, there has been increasing scientific 

interest in understanding the pharmacological 

mechanisms underlying traditionally used medicinal 

plants and formulations through modern 

experimental and computational approaches. This 

transition has created an opportunity to connect 

traditional pharmacological knowledge with 

contemporary drug-discovery 

methodologies.Medicinal plants contain chemically 

diverse constituents, including alkaloids, flavonoids, 

phenolic compounds, terpenoids, glycosides, 

tannins, saponins, steroids, lignans, coumarins, and 

other secondary metabolites. These compounds may 

interact with multiple biological targets and 

contribute individually or collectively to the 

pharmacological effects of a medicinal plant. 

Conventional experimental approaches remain 

essential for establishing biological activity and 

mechanism of action; however, the screening of a 

large number of phytoconstituents against multiple 

targets can be time-consuming and resource-

intensive. Computational approaches provide a 

complementary strategy by enabling researchers to 
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predict potential compound–target interactions 

before undertaking extensive laboratory 

investigations. 

The rapid development of computational 

chemistry, structural biology, artificial intelligence, 

and bioinformatics has expanded the application of 

in-silico techniques in natural-product research. 

Molecular docking can be used to predict the 

binding orientation and interaction of a ligand 

within a target protein, whereas molecular dynamics 

simulation can provide information about the 

stability and behaviour of protein–ligand complexes 

over time. Network pharmacology can investigate 

the relationships among multiple compounds, 

targets, genes, proteins, and biological pathways, 

making it particularly suitable for complex herbal 

medicines. Similarly, ADME and toxicity prediction 

can provide preliminary information regarding the 

pharmacokinetic and safety characteristics of 

candidate compounds. These approaches 

collectively provide a computational framework for 

prioritizing promising compounds and targets for 

subsequent experimental investigation. 

 

Unani Herbal Medicines as a Source of Bioactive 

Compounds 

The extensive Materia medica of Unani 

medicine represents a potentially valuable source of 

pharmacologically active natural products. Several 

medicinal plants traditionally used in Unani practice 

contain phytochemicals that have been investigated 

for antioxidant, anti-inflammatory, antimicrobial, 

antidiabetic, hepatoprotective, neuroprotective, 

cardioprotective, immunomodulatory, and other 

biological activities. Modern phytochemical 

investigations have demonstrated that a single 

medicinal plant may contain numerous chemically 

distinct compounds with different pharmacological 

properties. The biological effects of the whole plant 

or its extract may therefore arise from the activity of 

individual compounds, synergistic interactions 

among constituents, modulation of multiple targets, 

or a combination of these mechanisms. 

This complexity presents both an 

opportunity and a challenge for modern 

pharmacological research. The conventional single-

target drug-discovery model may not fully explain 

the therapeutic behaviour of complex herbal 

preparations. Computational approaches can assist 

in exploring this complexity by connecting 

phytochemical constituents with potential molecular 

targets and signalling pathways. Such investigations 

can provide hypotheses regarding the mechanisms 

through which traditionally used medicinal plants 

may exert their biological effects. 

 

Role of In-silico Approaches in Unani herbal 

Research 

In-silico research refers to the use of 

computational methods to investigate biological, 

chemical, and pharmacological processes. In 

natural-product research, computational methods 

can be used at different stages, beginning with 

identification and characterization of 

phytoconstituents and extending to target prediction, 

molecular interaction analysis, pharmacokinetic 

prediction, toxicity assessment, and prioritization of 

compounds for experimental validation. The 

computational workflow generally begins with the 

selection of a medicinal plant or Unani formulation, 

identification of its reported phytoconstituents from 

experimental studies and databases, preparation of 

ligand structures, identification of relevant 

biological targets, and computational assessment of 

compound–target interactions. 

The increasing availability of databases 

such as PubChem, DrugBank, Protein Data Bank, 

SwissTargetPrediction, STRING, GeneCards, and 

other specialized resources has facilitated 

computational investigations of natural products. 

However, database-derived information must be 

carefully evaluated because the reported presence of 

a compound in a plant does not necessarily establish 

its concentration, bioavailability, stability, or 

presence in a particular preparation. Therefore, 

computational studies should preferably use 

phytochemical data supported by reliable analytical 

evidence such as HPLC, HPTLC, LC-MS, GC-MS, 

or other appropriate analytical techniques. 

 

Molecular Docking 

Molecular docking is among the most 

frequently employed computational methods in 

herbal drug research. It is used to predict the 

preferred orientation of a small molecule within the 

binding site of a macromolecular target and to 

estimate the strength or favourability of the 

predicted interaction using a scoring function. In 

Unani herbal research, molecular docking can be 

applied to investigate whether phytoconstituents 

identified from medicinal plants have the potential 

to interact with proteins associated with specific 

diseases or biological processes. 

For example, phytoconstituents from a 

medicinal plant traditionally used for inflammatory 

disorders may be docked against proteins involved 

in inflammatory signalling, while constituents of an 
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antimicrobial plant may be investigated against 

bacterial enzymes or proteins involved in resistance, 

virulence, or biofilm formation. Docking may 

provide information about hydrogen bonding, 

hydrophobic interactions, π–π interactions, 

electrostatic interactions, and other molecular 

contacts between a ligand and target protein. 

Despite its usefulness, molecular docking should be 

interpreted cautiously. A favourable docking score 

does not demonstrate biological activity, cellular 

efficacy, selectivity, or clinical effectiveness. 

Docking results are influenced by protein structure 

quality, ligand preparation, protonation state, 

docking parameters, binding-site selection, and 

scoring functions. Therefore, docking should 

preferably be considered a hypothesis-generating 

approach that guides subsequent experimental 

studies rather than a standalone method for 

establishing pharmacological activity. 

 

Molecular Dynamics Simulation 

Molecular dynamics simulation can 

complement molecular docking by evaluating the 

dynamic behaviour and stability of predicted 

protein–ligand complexes under simulated 

physiological conditions. Unlike conventional 

docking, which generally provides a relatively static 

representation of molecular interaction, molecular 

dynamics allows the movement of atoms within a 

protein–ligand system to be examined over a 

defined simulation period. Parameters such as root 

mean square deviation, root mean square 

fluctuation, radius of gyration, hydrogen-bond 

interactions, solvent-accessible surface area, and 

binding free-energy estimates can provide additional 

information about the stability of a complex. 

The integration of molecular docking and 

molecular dynamics may therefore strengthen 

computational investigations of Unani 

phytoconstituents. A compound demonstrating 

favourable docking may subsequently be subjected 

to molecular dynamics simulation to determine 

whether the predicted interaction remains stable 

during the simulation. Nevertheless, computational 

stability should not be equated directly with 

pharmacological efficacy, and experimental 

confirmation remains necessary. 

 

Network Pharmacology 

Network pharmacology has particular 

relevance to herbal medicines because these 

preparations often contain multiple bioactive 

compounds capable of interacting with multiple 

biological targets. Unlike a conventional one-drug–

one-target approach, network pharmacology 

attempts to investigate complex relationships among 

compounds, targets, genes, proteins, diseases, and 

biological pathways. 

In the context of Unani herbal medicines, 

network pharmacology can be used to construct 

compound–target networks and identify potential 

key targets and signalling pathways associated with 

the therapeutic application of a medicinal plant or 

formulation. Gene Ontology and pathway-

enrichment analyses may subsequently be used to 

explore biological processes and pathways 

potentially influenced by the identified compounds. 

Protein–protein interaction analysis can further 

assist in identifying highly connected or central 

proteins within the predicted network.However, 

network pharmacology is strongly dependent on the 

quality and completeness of the underlying 

databases. Predicted targets may not necessarily 

represent targets that are biologically relevant in 

humans or that are reached at therapeutically 

meaningful concentrations. Consequently, network 

pharmacology findings should be validated through 

molecular, cellular, animal, and ultimately clinical 

investigations. 

 

ADME and Toxicity Prediction 

Pharmacokinetic properties are important 

determinants of whether a bioactive compound can 

exert an effect in vivo. Computational ADME 

prediction can provide preliminary information 

regarding absorption, distribution, metabolism, and 

excretion characteristics of phytoconstituents. 

Parameters related to gastrointestinal absorption, 

blood–brain barrier permeability, cytochrome P450 

interactions, solubility, lipophilicity, and drug-

likeness can be estimated using different 

computational platforms. 

Toxicity prediction can similarly provide 

an early indication of potential safety concerns. 

Computational prediction may include assessment 

of hepatotoxicity, cardiotoxicity, mutagenicity, 

carcinogenicity, and other toxicological endpoints. 

Such predictions can help prioritize compounds for 

experimental testing and identify compounds that 

may require additional safety investigation. 

However, predicted ADME and toxicity parameters 

are not substituting for experimental 

pharmacokinetic and toxicological studies. 

Pharmacophore Modelling and QSAR 

Pharmacophore modelling provides another 

useful computational strategy for identifying the 

structural features responsible for biological 

activity. A pharmacophore model can describe the 
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spatial arrangement of features such as hydrogen-

bond donors, hydrogen-bond acceptors, aromatic 

rings, hydrophobic groups, and charged regions that 

may be important for interaction with a particular 

biological target. Such models can be used for 

virtual screening of natural-product databases and 

identification of structurally related compounds with 

potentially similar activity. 

Quantitative structure–activity relationship 

analysis provides a mathematical relationship 

between chemical structure and biological activity. 

QSAR models can be developed using 

experimentally characterized compounds and may 

subsequently be used to predict the activity of 

structurally related molecules. In Unani herbal 

research, these methods may support the 

identification and prioritization of promising 

phytochemical scaffolds for further investigation. 

 

Virtual Screening and Computational Drug 

Discovery 

Virtual screening enables large numbers of 

chemical compounds to be computationally 

evaluated against a selected biological target. 

Natural-product databases can therefore be screened 

to identify compounds that may possess favourable 

binding characteristics. Virtual screening can reduce 

the number of compounds that need to be evaluated 

experimentally and may facilitate the identification 

of novel candidate molecules from medicinal plants. 

A combination of virtual screening, 

molecular docking, pharmacophore modelling, 

ADME prediction, and molecular dynamics can 

provide a multi-stage computational workflow. 

However, the reliability of such workflows depends 

on appropriate target selection, validated 

computational protocols, accurate ligand structures, 

and experimental confirmation. 

 

Artificial Intelligence and Machine Learning in 

Herbal Drug Research 

Artificial intelligence and machine-learning 

approaches are increasingly being incorporated into 

drug discovery. These approaches can analyse large 

chemical, biological, genomic, and pharmacological 

datasets to identify patterns that may not be readily 

apparent through conventional analysis. Machine-

learning models can be used for activity prediction, 

toxicity prediction, compound classification, target 

identification, molecular property prediction, and 

optimization of candidate molecules. 

The application of artificial intelligence to 

Unani herbal medicine may provide opportunities 

for integrating traditional knowledge with large-

scale phytochemical and pharmacological datasets. 

However, the development of reliable machine-

learning models requires high-quality, sufficiently 

large, and appropriately annotated datasets. 

Traditional medicinal knowledge should therefore 

be digitized and linked with experimentally 

validated phytochemical and pharmacological 

information rather than relying solely on unverified 

textual or database associations. 

 

Integration of In-Silico Methods with 

Experimental Research 

The greatest value of computational 

approaches in Unani herbal research may be 

achieved through integration with experimental 

pharmacology. A computational prediction should 

ideally be followed by experimental validation. For 

example, phytochemical characterization can first 

establish the chemical profile of a medicinal plant. 

Computational methods can then identify potential 

molecular targets and predict compound–target 

interactions. The selected compounds or extracts can 

subsequently be evaluated using appropriate in-vitro 

assays, followed by animal studies where justified. 

Pharmacokinetic and toxicological investigations 

can provide additional evidence before clinical 

evaluation. 

This integrated approach can be 

particularly useful in antimicrobial and antibiofilm 

research. Phytoconstituents identified from Unani 

medicinal plants can be computationally screened 

against bacterial proteins involved in essential 

metabolic processes, resistance mechanisms, 

quorum sensing, adhesion, and biofilm formation. 

Computational predictions can subsequently be 

evaluated experimentally through MIC, MBC, 

MBIC, MBEC, time-kill studies, efflux-pump 

assays, and other relevant microbiological methods. 

Such integration provides a more scientifically 

robust pathway from traditional therapeutic 

knowledge to experimentally testable 

pharmacological hypotheses. 

 

 

Relationship Between Unani Concepts and 

Molecular Research 

The integration of traditional Unani 

concepts with modern molecular science requires 

careful scientific interpretation. Concepts such as 

Mizaj, temperament, and traditional descriptions of 

drug actions form an important part of the 

conceptual framework of Unani medicine. However, 

direct one-to-one equivalence between these 

traditional concepts and specific molecular 
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pathways or biomarkers has not been sufficiently 

established. Therefore, computational research 

should avoid assigning molecular targets to 

traditional concepts without appropriate evidence. 

Instead, a scientifically appropriate 

approach would be to investigate whether 

measurable biological characteristics associated 

with traditionally described therapeutic actions can 

be correlated with molecular, biochemical, genomic, 

metabolomic, or pharmacological parameters. This 

could provide a research framework for examining 

traditional concepts through modern experimental 

methodologies while preserving their original 

theoretical context. 

 

Methodological Challenges and Limitations  

Despite the considerable potential of 

computational methods, several methodological 

challenges must be addressed in Unani herbal 

research. The chemical composition of medicinal 

plants can vary according to geographical origin, 

cultivation conditions, plant part, harvesting period, 

processing method, extraction procedure, and 

storage conditions. Therefore, computational studies 

based solely on literature-reported phytochemicals 

may not accurately represent the chemical 

composition of the actual sample investigated 

experimentally. 

Another important limitation is the frequent 

overinterpretation of molecular docking scores. A 

high docking score does not establish 

pharmacological activity, and docking cannot 

independently determine whether a compound 

reaches its target at an effective concentration in a 

biological system. Similarly, predicted targets from 

network pharmacology databases may contain false-

positive associations. ADME and toxicity 

predictions are also model-dependent and require 

experimental confirmation.Standardization and 

reproducibility are therefore essential. 

Computational studies should clearly report the 

source of protein structures, ligand preparation 

procedures, docking software and parameters, 

binding-site definition, validation methods, scoring 

criteria, molecular dynamics conditions, database 

versions, and statistical procedures. Transparent 

reporting would improve reproducibility and allow 

meaningful comparison among studies. 

 

II. Future Perspectives 
The future of Unani herbal drug research is 

likely to involve increasing integration of 

computational biology, analytical chemistry, 

pharmacology, molecular biology, and traditional 

medical knowledge. Development of a curated 

Unani phytochemical database containing 

authenticated medicinal plants, chemical 

constituents, traditional indications, 

pharmacological evidence, analytical fingerprints, 

and toxicity information could significantly improve 

the reliability of computational 

investigations.Integration of metabolomics, 

transcriptomics, proteomics, and other omics 

technologies with network pharmacology may 

provide deeper insight into the biological effects of 

complex herbal preparations. Artificial intelligence 

may further facilitate the prediction of compound 

activity and identification of therapeutic candidates. 

Computational approaches could also contribute to 

the identification of potential synergistic 

combinations among phytoconstituents or between 

herbal compounds and conventional drugs. 

A standardized computational workflow 

specifically adapted to Unani medicinal plants could 

begin with botanical authentication and quality 

control, followed by phytochemical profiling and 

database development. Computational target 

prediction and network analysis could then be 

undertaken, followed by molecular docking and 

molecular dynamics simulation. ADME and toxicity 

prediction could assist in candidate prioritization, 

after which promising compounds or standardized 

extracts could undergo in-vitro and in-vivo 

validation. This integrated workflow would provide 

a rational bridge between traditional therapeutic 

knowledge and contemporary drug-discovery 

research. 

 

III. Conclusion 
In-silico approaches offer substantial 

opportunities for investigating the pharmacological 

basis of Unani herbal medicines. Molecular 

docking, molecular dynamics, network 

pharmacology, ADME-Tox prediction, 

pharmacophore modelling, QSAR, virtual screening, 

and artificial intelligence can collectively facilitate 

the identification of potential bioactive compounds, 

molecular targets, signalling pathways, and 

pharmacological mechanisms. These approaches are 

particularly relevant to herbal medicines because of 

their chemical complexity and potential multi-target 

activity. Nevertheless, computational findings 

should be regarded as predictive and hypothesis-

generating rather than definitive evidence of 

therapeutic efficacy. The scientific advancement of 

Unani herbal research will depend on the integration 

of computational predictions with authenticated 

plant material, standardized extracts, advanced 
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phytochemical characterization, experimental 

pharmacology, toxicology, pharmacokinetics, and 

appropriately designed clinical studies. Such a 

multidisciplinary framework can contribute to the 

rational investigation, standardization, and 

evidence-based development of Unani herbal 

medicines while maintaining scientific rigor and 

respecting the traditional knowledge base of the 

system. 
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