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Abstract  

For ages, traditional medical systems including Ayurveda, Traditional Chinese Medicine, Unani, and Siddha have relied 

heavily on herbal and polyherbal compositions. Because they are multi-component and multi-target, the molecular 

mechanisms behind their therapeutic efficacy are still poorly understood, despite their widespread clinical use. 

Molecular docking in conjunction with network pharmacology has become a potent systems-level method in recent 

years for deciphering the intricate pharmacological effects of herbal remedies. The conceptual framework, databases, 

computational tools, and integrated workflows used in network pharmacology and docking-based studies of herbal 

formulations are all well covered in this review. In order to identify important bioactive components, hub targets, and 

crucial signaling pathways, the review emphasizes how network pharmacology makes it possible to build compound–

target–pathway–disease networks. By providing structural and energetic validation of predicted interactions, molecular 

docking enhances mechanistic interpretations and supports this method. There includes a critical discussion of 

applications in several important disease domains, such as cancer, metabolic disorders, neurological illnesses, 

cardiovascular problems, inflammatory and autoimmune disorders, and infectious diseases. The translational significance 

of integrated computational techniques is further demonstrated by representative case studies such triphala, 

ashwagandha formulations, curcumin-based polyherbal combinations, and traditional Chinese polyherbal prescriptions. 

The paper also discusses translational viewpoints, regulatory issues, experimental validation techniques, and existing 

constraints on data correctness, database completeness, and reliability. Additionally, future directions in digital herbal 

pharmacology, network toxicology, multi-omics integration, and artificial intelligence are described. All things 

considered, this review highlights how network pharmacology and molecular docking can be used to create a strong 

and reliable framework for updating herbal medicine research and promoting evidence-based, multi-target drug 

discovery. 
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1. INTRODUCTION 

1.1 Herbal Formulations in Traditional and 

Modern Medicine 

Herbal remedies continue to be essential in modern 

healthcare and have been a part of traditional medicinal 

systems for ages. By using medicinal plants and their 

formulations rather than separate chemical entities, 

systems like Ayurveda, Traditional Chinese Medicine 

(TCM), Unani, and Siddha stress comprehensive 

disease care [1,2]. The goals of these systems, which 

are founded on scientific information gathered over 

many generations, are to preserve long-term health, 

bolster host defenses, and restore physiological 

equilibrium.  

The primary polyherbal formulations used in Ayurveda 

and Siddha are intended to minimize toxicity while 
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producing synergistic therapeutic effects [3]. In a 

similar vein, TCM uses intricate herbal prescriptions 

made up of several plants, each of which is given a 

distinct function, such as "principal," "assistant," or 

"harmonizer," in order to indirectly alter disease-

related pathways [4].Compound compositions 

customized to each patient's constitution and disease 

state are also used in unani medicine [5]. 

The therapeutic potential of herbal medicines in 

chronic and multifactorial diseases, such as cancer, 

metabolic disorders, neurodegenerative diseases, and 

inflammatory conditions, is being studied more and 

more in modern medicine [6]. Although monoherbal 

formulations, which only comprise one plant extract or 

isolated phytochemical, are straightforward and simple 

to standardize, they could not adequately represent 

the therapeutic range of conventional methods. 

Synergistic interactions between bioactive elements in 

polyherbal formulations, on the other hand, frequently 

lead to increased efficacy by providing multi-

component and multi-target effects [7]. One of the 

biggest obstacles in the creation of herbal drugs is yet 

comprehending the scientific underpinnings of these 

interactions. 

1.2 Limitations of Conventional 

Pharmacological Approaches 

The "one drug–one target–one disease" paradigm has 

long been the standard for pharmacological research 

and conventional drug discovery, and it has proven 

effective in treating some acute and infectious diseases 

[8]. But when it comes to treating complicated, long-

lasting, and systemic illnesses that include several 

genes, proteins, signaling pathways, and environmental 

interactions, this reductionist method is frequently 

insufficient. 

By their very nature, herbal preparations contain a 

variety of phytochemicals that modulate several 

molecular targets at once to produce therapeutic 

effects. Due to their inability to isolate individual active 

molecules and attribute therapeutic effects to 

particular targets, conventional pharmacological 

approaches find it difficult to define such complexity 

[9]. Furthermore, when herbs are examined separately, 

interactions between phytochemicals—whether 

antagonistic, additive, or synergistic—are frequently 

missed [10]. 

These restrictions have led to doubts about the 

therapeutic effectiveness of herbal remedies, difficulties 

with standardization, and gaps in our understanding of 

their mechanisms. Therefore, integrative and systems-

level methods that can capture the entire 

pharmacological behavior of herbal formulations are 

desperately needed [11]. 

1.3 Emergence of Network Pharmacology 

By combining the concepts of systems biology, 

bioinformatics, and computational pharmacology, 

network pharmacology has become a revolutionary 

method that tackles the drawbacks of traditional 

pharmacology [12]. Network pharmacology views 

pharmacological action as the control of interrelated 

biological networks that include genes, proteins, 

metabolites, and signaling pathways rather than 

concentrating on single targets. 

A scientific foundation for deciphering the multi-

component–multi-target–multi-pathway interactions 

present in polyherbal formulations is offered by 

network pharmacology in the context of herbal 

medicine [13]. This method makes it possible to 

identify important targets, hub proteins, and crucial 

signaling pathways that are in charge of therapeutic 

effects by building compound–target, target–pathway, 

and target–disease networks [14]. 

Additionally, network topology analysis enables the 

clarification of synergistic mechanisms and the 

prioritization of biologically significant nodes. The 

molecular understanding of herbal therapies has greatly 

increased as a result of this paradigm change from 

single-target pharmacology to network-based control, 

which is in line with traditional medical philosophies 

[15]. 

1.4 Role of Molecular Docking in Phytochemical 

Research 

Although network pharmacology provides insights at 

the system level, its predictions frequently depend on 

computationally inferred or database-driven 

relationships that need to be validated at the molecular 

level. By offering atomistic proof of interactions 

between phytochemicals and their anticipated protein 

targets, molecular docking is essential in this respect 

[16]. 

Target validation and compound prioritization are 

supported by molecular docking, which models ligand–

receptor binding to predict binding orientation, 

interaction patterns, and binding affinity [17]. Docking 

studies are frequently employed in herbal research to 

screen bioactive phytochemicals with possible 

therapeutic significance, evaluate structure activity 

connections, and confirm hub targets found through 

network pharmacology [18]. 

By connecting macro-level network analysis with 

micro-level molecular interactions, the combination of 

molecular docking and network pharmacology 

enhances mechanistic interpretation. Modern 

phytochemical and herbal medicine discovery research 

now relies heavily on this integrated strategy [19]. 

 

2. CONCEPTUAL FRAMEWORK OF 

NETWORK PHARMACOLOGY 

2.1 Principles of Network Pharmacology 

The foundation of network pharmacology is the 

knowledge that biological systems operate not as 

discrete linear paths but rather as intricate, highly 

interconnected networks. Biological items like 

medications, phytochemicals, genes, proteins, or 

illnesses are represented by nodes in this framework, 

and the interactions between these entities-such as 

binding, regulation, activation, or inhibition-are 

indicated by edges [20,21]. At the system level, the 

overall arrangement of nodes and edges represents 

both healthy and unhealthy conditions. 
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Some nodes in these biological networks are known as 

hub nodes because they have a large number of 

connections. The course of disease is frequently linked 

to the dysregulation of hub nodes, which are essential 

for preserving network stability and controlling 

biological processes [22]. Hub targets are particularly 

significant in pharmacological networks because their 

modification can affect several downstream pathways 

and biological processes at once. 

The drug–target–disease network, which combines 

pharmacological agents with their biological targets and 

related disease phenotypes, is a key analytical paradigm 

in network pharmacology [23]. This paradigm is further 

extended into compound–target–pathway–disease 

networks in herbal medicine research to account for 

the multi-component nature of herbal formulations. By 

providing mechanistic insights into therapeutic effects, 

these integrated networks enable the systematic 

visualization of how various phytochemicals work 

together to regulate disease-related targets and 

pathways [4]. 

Prioritizing biologically important substances and 

targets is made possible by network topology analysis, 

which uses metrics like degree centrality, betweenness 

centrality, and closeness centrality. These analyses 

mark a significant departure from conventional 

pharmacological assessment in favor of interpreting 

medication action at the systems level [9]. 

2.2 Comparison with Classical Pharmacology 

The main reductionist tenet of classical pharmacology 

emphasizes how a single active ingredient interacts 

with a particular molecular target to produce a 

therapeutic effect. Drug discovery for acute illnesses 

and ailments with well-defined molecular pathways has 

benefited greatly from this paradigm [24]. When it 

comes to chronic, complex disorders with numerous 

dysregulated pathways and substantial molecular 

interaction, it has significant limitations. 

On the other hand, network pharmacology takes a 

comprehensive stance, emphasizing the manipulation of 

networks linked to disease as opposed to discrete 

targets [8]. Through the coordinated control of several 

nodes within interconnected pathways, network 

pharmacology aims to restore network equilibrium 

rather than maximally inhibit or activate a single 

protein.  

Additionally, network pharmacology stresses network 

durability, redundancy, and adaptation, whereas 

conventional pharmacology focuses selectivity and 

potency. Improved therapeutic efficacy with less 

toxicity and a decreased risk of drug resistance may 

result from partial manipulation of several targets [25]. 

Therefore, rather than taking the place of conventional 

pharmacology, network pharmacology enhances it by 

expanding its applicability to intricate therapeutic 

systems. 

2.3 Relevance to Herbal and Polyherbal 

Formulations 

The pharmacological properties of herbal and 

polyherbal compositions strongly correspond with the 

conceptual underpinnings of network pharmacology. 

Many bioactive phytochemicals found in herbal 

medicines often work in concert with one another and 

with various molecular targets and biological pathways 

to provide therapeutic effects [7]. It is challenging to 

clarify these interactions with traditional 

pharmacological methods that concentrate on 

individual substances. 

By systematically mapping phytochemicals to their 

anticipated targets and related pathways, network 

pharmacology offers mechanistic explanations for the 

therapeutic benefits of herbal compositions that have 

been observed. When various drugs act on different 

targets within the same pathway or on complimentary 

pathways, they provide synergistic effects that improve 

treatment outcomes. When substances separately alter 

comparable targets or biological processes, additive 

effects take place, producing a cascade of advantages 

[10]. 

By mixing herbs with complimentary pharmacological 

profiles, polyherbal formulations—which are frequently 

employed in traditional medicinal systems—are 

purposefully made to take advantage of these 

interactions. These formulations' broad-spectrum 

efficacy and enhanced safety profiles can be explained 

by the fact that network-based investigations have 

shown that they frequently regulate several hub targets 

and interconnected signaling pathways at the same time 

[15].  

Network pharmacology offers a scientific link between 

conventional empirical knowledge and contemporary 

pharmacological understanding by permitting thorough 

examination of multi-component–multi-target 

interactions. In order to help modern drug discovery 

and development, it advocates for the logical design, 

optimization, and standardization of herbal and 

polyherbal therapies [11]. 

 

3. DATABASES AND COMPUTATIONAL 

TOOLS USED IN NETWORK  

PHARMACOLOGY 

The quality of databases and computational methods 

utilized for data collecting, target prediction, illness 

association, and network visualization significantly 

affects the dependability and interpretability of network 

pharmacology investigations. To facilitate the 

methodical examination of herbal remedies and their 

molecular mechanisms, a vast array of specialist 

materials has been created. 

3.1 Phytochemical Databases 

The main source of data on the bioactive substances 

found in herbal remedies and medicinal plants is 

phytochemical databases. These databases gather 

pharmacokinetic characteristics, chemical structures, 

and targets that have been anticipated or confirmed by 

experiment.  

In herbal network pharmacology, one of the most 

popular platforms is the Traditional Chinese Medicine 

Systems Pharmacology Database (TCMSP). It facilitates 

the screening of possible bioactive compounds by 
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offering thorough information on herbal constituents, 

oral bioavailability, drug-likeness, and related targets 

[13]. To find the active ingredients in both monoherbal 

and polyherbal formulations, TCMSP has been widely 

used in network pharmacology research. 

An vast collection of herbs, herbal prescriptions, 

chemicals, targets, and disease connections can be 

found in the Traditional Chinese Medicine Integrated 

Database (TCMID). It is useful for building compound–

target–disease networks because it combines classical 

knowledge with contemporary biomedical data [26].  

The medicinal plants utilized in Indian traditional 

systems like Ayurveda and Siddha are the main focus of 

the Indian Medicinal Plants, Phytochemistry and 

Therapeutics (IMPPAT) database. In order to facilitate 

the methodical study of Indian herbal formulations, 

IMPPAT offers carefully selected data on 

phytochemicals, medicinal applications, and 

physicochemical characteristics [27]. 

Furthermore, databases of phytochemical interactions 

gather data on interactions between compounds and 

between compounds and targets, allowing for the 

investigation of both antagonistic and synergistic 

correlations between phytochemicals. Studying 

polyherbal formulations and comprehending multi-

component interactions are two areas in which these 

tools are very helpful [28]. 

3.2 Target Prediction Platforms 

When experimental target knowledge is not available, 

target prediction platforms are crucial for determining 

possible molecular targets of phytochemicals. These 

technologies use methods that are ligand-, structure-, 

and machine learning-based. 

SwissTargetPrediction uses the chemical similarity 

between query chemicals and known ligands to 

anticipate possible protein targets. Its user-friendly 

interface and good prediction accuracy make it a 

popular choice for extensive phytochemical screening 

[29]. 

STITCH To forecast chemical–protein interactions, 

STITCH (Search Tool for Interactions of Chemicals) 

combines information from databases, literature, and 

experiments. Often used to connect phytochemicals to 

protein targets and biological pathways, STITCH allows 

visualization of interaction networks [30]. 

SEA By comparing the chemical similarity profiles of 

molecules to known ligand sets, the Similarity 

Ensemble Approach (SEA) predicts targets. 

Unexpected target linkages have been found through 

the successful application of SEA in natural product 

research [31]. 

PharmMapper is a reverse pharmacophore mapping 

program that matches phytochemicals to a wide range 

of pharmacophore models to find possible targets. This 

platform is very useful for identifying new targets and 

clarifying how herbal chemicals work [32]. 

3.3 Disease and Gene Databases 

Pharmacological and illness-related data can be 

integrated thanks to disease and gene databases, which 

offer crucial information on the genes and proteins 

linked to particular clinical disorders. 

 

GeneCards The extensive database GeneCards offers 

complete details on human genes, including expression, 

function, and disease correlations. In network 

pharmacology investigations, it is frequently utilized to 

find targets linked to disease [33]. 

DisGeNET incorporates gene-disease association 

data from scientific literature, genome-wide association 

studies, and curated databases. It is very helpful for 

building disease networks and discovering important 

genes linked to disease [34]. 

Gene-phenotype interactions and genetic disorders are 

the main topics of the Online Mendelian Inheritance in 

Man (OMIM) database. OMIM improves the biological 

relevance of network pharmacology analyses and 

facilitates the discovery of genetically verified disease 

targets [35]. 

3.4 Network Construction and Visualization 

Tools 

Tools for network creation and visualization make it 

possible to integrate, analyze, and graphically depict 

intricate biological networks, which makes it easier to 

grasp the findings of network pharmacology. 

The most popular open-source program for building 

and displaying biological networks is called Cytoscape. 

It is essential to network pharmacology research 

because it facilitates comprehensive network analysis 

using plug-ins for functional enrichment, topological 

analysis, and module detection [36]. 

Information about known and anticipated protein-

protein interactions can be found in the STRING 

database. Building protein–protein interaction (PPI) 

networks and locating hub proteins and functional 

modules within disease-related networks are common 

uses for STRING [37]. 

Gephi is a versatile tool for network research and 

visualization that enables interactive investigation of 

extensive networks. Gephi is helpful for sophisticated 

visualization and network topology analysis in 

complicated datasets, but being less tailored for 

biological data [38]. 

 

4. MOLECULAR DOCKING IN HERBAL 

DRUG DISCOVERY 

A popular computational method for predicting the 

binding orientation, interaction pattern, and affinity 

between phytochemicals and their molecular targets is 

called molecular docking. Docking supports network 

pharmacology in herbal drug discovery by offering 

structural-level confirmation of anticipated compound–

target interactions. 

4.1 Fundamentals of Molecular Docking 

The foundation of molecular docking is ligand–receptor 

recognition, which states that non-covalent 

interactions such hydrogen bonds, hydrophobic 

contacts, electrostatic forces, and van der Waals 

interactions allow tiny molecules to attach to particular 

active or allosteric regions of proteins [39]. 
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In order to discover possible lead compounds from 

intricate phytochemical libraries, scoring algorithms are 

used to rank ligand poses according to energetic 

favorability and estimate binding affinity [40]. 

4.2 Common Docking Software 

Numerous docking technologies are frequently used in 

studies with phytochemicals. Open-source software 

AutoDock and AutoDock Vina are renowned for their 

effectiveness and precision in predicting the 

conformations of ligand-protein interaction [41]. Glide 

provides high precision docking appropriate for 

structure-based drug design through the use of grid-

based algorithms and sophisticated scoring systems 

[42]. While MOE (Molecular Operating Environment) 

combines docking with molecular modeling and 

visualization, making it popular in both academic and 

industrial research, GOLD uses a genetic algorithm to 

investigate ligand flexibility and binding site adaptation 

[43, 44]. 

4.3 Protein and Ligand Preparation 

Proper preparation of the ligand and protein is 

necessary for accurate docking results. The Protein 

Data Bank (PDB) is usually used to retrieve protein 

structures, which are then processed by designating 

active sites, adding hydrogen atoms, and eliminating 

water molecules [45]. Realistic interaction predictions 

are ensured by ligands undergoing energy minimization 

to attain stable conformations prior to docking [46]. 

4.4 Validation of Docking Protocols 

Root mean square deviation (RMSD) analysis is used to 

assess docking techniques; RMSD values less than 2.0 Å 

are indicative of a good pose prediction [47]. To verify 

the precision and resilience of docking parameters, re-

docking techniques—which involve docking a co-

crystallized ligand back into the binding site—are 

frequently employed [48]. 

 

5. INTEGRATED NETWORK 

PHARMACOLOGY–MOLECULAR DOCKING 

WORKFLOW 

A methodical framework for understanding the multi-

target processes of herbal formulations and improving 

translational relevance is offered by the combination of 

network pharmacology and molecular docking. 

5.1 Screening of Bioactive Compounds 

In order to find molecules with advantageous 

pharmacokinetic characteristics, bioactive 

phytochemicals are first screened using ADME and 

drug-likeness criteria, such as oral bioavailability and 

Lipinski's rule of five [49]. 

5.2 Target Identification and Network 

Construction 

The construction of compound–target and target–

pathway networks using predicted targets makes it 

possible to see the multi-component and multi-target 

interactions that are typical of herbal formulations [8]. 

5.3 Pathway Enrichment and Functional 

Analysis 

Mechanistic insights into therapeutic effects are 

obtained by applying Gene Ontology (GO) analysis and 

KEGG pathway enrichment to uncover biological 

processes and signaling pathways that herbal 

formulations modulate [50]. 

5.4 Docking-Based Target Validation 

The stability and specificity of compound–target 

interactions predicted by network pharmacology are 

then confirmed by analyzing binding energy values and 

interaction patterns using molecular docking for target 

validation [51]. 

 

6. MECHANISTIC INSIGHTS INTO HERBAL 

FORMULATIONS 

By exposing the multi-target and multi-pathway modes 

of action of herbal formulations, network 

pharmacology has made it possible to systematically 

elucidate the intricate mechanisms behind them. 

6.1 Multi-Target and Multi-Pathway Regulation 

Several signal transduction pathways, including as the 

PI3K–Akt, MAPK, NF-κB, and JAK–STAT pathways, are 

modulated concurrently by herbal formulations. These 

pathways are frequently linked by complex crosstalk 

mechanisms. When compared to single-target 

medications, this coordinated control helps to improve 

therapeutic efficacy and decrease resistance [8]. 

6.2 Synergistic and Antagonistic Effects 

Identification of antagonistic and synergistic 

interactions amongst phytochemicals is made easier by 

network topology analysis. In polyherbal formulations, 

parameters including degree, betweenness, and 

closeness centrality aid in identifying the hub drugs and 

important targets that produce synergistic therapeutic 

effects [52]. 

6.3 Identification of Key Active Constituents 

Core compounds and central targets with significant 

network connectivity are found to be important 

contributors to pharmacological activity using 

integrated network analysis. Their function as major 

bioactive agents is supported by the fact that these 

constituents frequently show substantial docking 

affinity and control disease-relevant pathways [53]. 

 

7. THERAPEUTIC APPLICATIONS 

EXPLORED USING NETWORK 

PHARMACOLOGY AND DOCKING 

The therapeutic potential of herbal formulations for a 

variety of medical problems has been extensively 

investigated through the combined use of network 

pharmacology and molecular docking. 

7.1 Cancer 

By focusing on several carcinogenic pathways, herbal 

formulations have been demonstrated to control 

angiogenesis, cell cycle arrest, and apoptosis in 

oncology. Strong interactions between phytochemicals 

and cancer-related proteins such BCL-2, VEGFR, and 

CDKs are confirmed by docking studies [54]. 

7.2 Metabolic Disorders 

According to network pharmacology research, herbal 

remedies reduce the risk of diabetes and obesity by 

modifying inflammatory, lipid, and insulin signaling 

pathways. PPARγ, AMPK, and AKT are important 
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targets implicated in diabetes mellitus, obesity, and 

dyslipidemia [55]. 

7.3 Neurodegenerative Diseases 

Herbal remedies influence several neuronal targets 

linked to oxidative stress, neuroinflammation, and 

protein aggregation in Parkinson's and Alzheimer's 

disorders. The binding of phytochemicals to the 

enzymes AChE, MAO-B, and β-secretase is supported 

by docking investigations [56]. 

7.4 Cardiovascular Disorders 

Network-based research emphasizes the control of 

inflammatory signals, lipid homeostasis, and endothelial 

function in relation to hypertension and 

atherosclerosis. ACE, NOS, and NF-κB are important 

targets that assist the cardioprotective function of 

herbal formulations [57]. 

7.5 Inflammatory and Autoimmune Diseases 

Herbal treatments target cytokines, chemokines, and 

inflammatory mediators to modify immune responses 

in illnesses like rheumatoid arthritis and inflammatory 

bowel disease. TNF-α, IL-6, and COX-2 pathways are 

suppressed, according to network pharmacology [70]. 

7.6 Infectious Diseases 

By focusing on viral enzymes, host receptors, and 

immune-modulatory pathways, herbal formulations 

have shown promise against bacterial and fungal 

pathogens as well as viral infections (such as COVID-

19 and influenza). Interactions with viral polymerases 

and proteases are confirmed by docking experiments 

[58]. 

 

8. CASE STUDIES OF HERBAL AND 

POLYHERBAL FORMULATIONS 

Molecular docking and network pharmacology have 

been frequently used to validate the multi-target 

mechanisms of traditional herbal preparations. 

Triphala Through targets like AKT, MAPK, and NF-

κB, triphala, a polyherbal formulation made up of 

Terminalia chebula, Terminalia bellirica, and Emblica 

officinalis, has been demonstrated to modulate 

oxidative stress, inflammation, and metabolic pathways. 

Strong binding of gallic acid and chebulagic acid with 

important enzymes is confirmed by docking studies 

[59]. 

By altering the p53, PI3K–Akt, and HSP90 pathways, 

ashwagandha-based formulations exhibit 

neuroprotective, anti-inflammatory, and anticancer 

properties. High docking affinity for sites linked to 

cancer and stress is demonstrated by withanolides 

[60]. 

Through their synergistic effects on inflammatory and 

carcinogenic pathways, such as COX-2, STAT3, and 

VEGF signaling, curcumin-based polyherbal 

combinations improve bioavailability and therapeutic 

efficacy [61]. 

Using network pharmacology, traditional Chinese 

polyherbal remedies like Gegen Qinlian and Liuwei 

Dihuang decoctions have been thoroughly examined, 

demonstrating the coordinated control of 

inflammatory, metabolic, and immunological pathways 

[62]. 

 

9. EXPERIMENTAL VALIDATION AND IN 

VITRO–IN VIVO CORRELATION 

9.1 Cell-Based Assays 

Predicted targets are validated in vitro by evaluating 

apoptosis, cytokine production, and enzyme inhibition 

using cancer, neuronal, and immunological cell lines 

[63]. 

9.2 Animal Models 

The biological relevance is strengthened by in vivo 

investigations in mouse illness models, which validate 

the pharmacological effects and circuit regulation 

anticipated by network pharmacology [64]. 

9.3 Correlation Between In Silico and 

Experimental Findings 

The predictive usefulness of integrated computational 

techniques is supported by strong agreement between 

network centrality, docking affinity, and experimental 

results [65]. 

 

10. TRANSLATIONAL PERSPECTIVES AND 

CLINICAL RELEVANCE 

10.1 From Computational Predictions to Drug 

Development 

By giving bioactive substances and targets priority for 

experimental validation and formulation improvement, 

network pharmacology expedites lead identification 

[66]. 

10.2 Standardization and Quality Control of 

Herbal Formulations 

Batch-to-batch consistency and quality assurance are 

supported by the computational identification of key 

targets and marker chemicals [67]. 

10.3 Regulatory Challenges 

One of the greatest obstacles to the widespread use of 

herbal remedies worldwide is the absence of uniform 

regulatory frameworks and clinical validation [6]. 

10.4 Role in Personalized and Precision 

Medicine 

Customized herbal therapies are made possible by the 

integration of network pharmacology and patient-

specific genetic data, which is consistent with the ideas 

of precision medicine [68]. 

 

11. LIMITATIONS AND CHALLENGES 

Not with standing its benefits, network pharmacology 

has drawbacks that could impact translational results, 

including issues with data reliability, limited databases, 

docking accuracy limits, and a lack of clinical validation 

[18]. 

 

12. FUTURE DIRECTIONS 

In order to increase prediction accuracy and clinical 

usefulness, future research is anticipated to 

concentrate on network toxicity, multi-omics-based 

network analysis, AI and machine learning integration, 

and the creation of digital herbal pharmacology 

platforms [69]. 
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13. DISCUSSION 

The expanding use of network pharmacology in 

conjunction with molecular docking to clarify the 

intricate workings of herbal and polyherbal 

compositions is critically examined in this article. 

Traditional medicinal systems like Siddha, Ayurveda, 

Unani, and Traditional Chinese Medicine are by their 

very nature multi-component and multi-target. 

However, their comprehensive therapeutic benefits 

cannot be adequately explained by traditional 

pharmacological models that rely on single drug–single 

target methods. A systems biology-based paradigm 

offered by network pharmacology makes it possible to 

analyze several bioactive substances, biological targets, 

signaling pathways, and disease phenotypes at once. 

According to the reviewed evidence, herbal 

formulations work therapeutically by modulating 

several targets and pathways, including interrelated 

signaling cascades including PI3K–Akt, MAPK, NF-κB, 

JAK–STAT, and apoptotic pathways. Hub substances 

and primary targets are regularly identified by network 

topology analysis, which provides mechanistic 

explanations for the additive and synergistic effects 

seen in polyherbal combinations. These results lend 

credence to the conventional wisdom that suggests 

mixing herbs to increase effectiveness and lessen side 

effects. 

By offering structural and energetic validation of 

compound–target interactions anticipated by network 

pharmacology, molecular docking is a crucial 

supplementary technique. The biological significance of 

selected targets and key phytochemicals is reinforced 

by docking-based binding affinity studies and interaction 

profiling. The usefulness of integrated computational 

techniques in a variety of therapeutic domains is 

further illustrated by case studies utilizing triphala, 

ashwagandha formulations, curcumin-based polyherbal 

combinations, and traditional Chinese prescriptions. 

Even with great advancements, a number of obstacles 

still exist. Translational results are limited by issues 

with incomplete databases, phytochemical composition 

variability, docking accuracy, and a lack of experimental 

and clinical validation. In order to increase 

dependability and therapeutic relevance, these 

limitations highlight the necessity of standardized 

computational processes, carefully managed databases, 

and more robust in vitro–in vivo correlation 

investigations. 

 

14. CONCLUSION 

To sum up, the combination of molecular docking with 

network pharmacology offers a strong and novel 

approach to understanding the intricate 

pharmacological processes of herbal and polyherbal 

compositions. This strategy adheres to contemporary 

scientific standards while closely aligning with the core 

tenets of traditional medicine by moving away from 

reductionist models and toward holistic, systems-level 

approaches.  

Comprehensive mapping of compound–target–

pathway–disease networks is made possible by 

network pharmacology, which makes it easier to 

identify important bioactive components, hub targets, 

and signaling pathways. By confirming expected 

interactions at the molecular level, molecular docking 

enhances mechanistic credibility and supports the 

selection of rational lead compounds. When combined, 

these approaches greatly advance our knowledge of 

multi-target therapeutic activities, especially in complex 

diseases like cancer, metabolic, neurodegenerative, 

cardiovascular, inflammatory, and infectious diseases. 

This integrated system has significant translational 

potential, providing new avenues for quality control, 

formulation optimization, herbal drug discovery, and 

customized treatment. However, resolving existing 

issues including data dependability, experimental 

validation, and regulatory standards will be necessary 

for successful clinical translation. 

It is anticipated that future developments combining 

digital herbal pharmacology, network toxicology, multi-

omics data integration, artificial intelligence, and 

machine learning would further improve translational 

impact and predictive accuracy. All things considered, 

network pharmacology and molecular docking offer a 

methodical and innovative way to update herbal 

medicine research and develop evidence-based 

integrative therapies. 
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