
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 3, July 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-37814    130 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 

Integrated CADD, Molecular Docking and 

ADMET Prediction in Anti-Inflammatory Lead 

Discovery: A Review 
Vikas M. Mohanale*1, Dr. Ravi U. Kurhade2, Dr. Manoj H. Dev3, 

Amol S. Dhakpade4, Nishinandan M. Shinde5 
1M. Pharm Final Year Student, Department of Pharmacology, MDA School of Pharmacy,  Kolpa, Latur, Maharashtra 

2Principal, Department of Pharmaceutics MDA School of Pharmacy,  Kolpa, Latur, Maharashtra 
3Professor, Department of Pharmacology MDA School of Pharmacy,  Kolpa, Latur, Maharashtra 

4Assistant Professor, Department of Pharmachemistry MDA School of Pharmacy, Kolpa, Latur, Maharashtra 
5Assistant Professor, Department ofPharmaceutics MDA School of Pharmacy, Kolpa, Latur, Maharashtra 

Corresponding Author: Vikas M. Mohanale 

 

Abstract: Inflammation involves coordinated activation of vascular, immune, lipid mediator, cytokine, 

transcriptional and inflammasome pathways. Modern anti-inflammatory lead discovery increasingly uses 

computer-aided drug design to identify plausible protein-ligand interactions before costly laboratory 

studies. This review summarizes the rationale for target selection, molecular docking, ADMET prediction, 

toxicity screening and Quality by Design-based documentation in anti-inflammatory computational 

pharmacology. The article emphasizes that docking scores are hypothesis-generating outputs and must be 

interpreted with binding-pose quality, residue relevance, pharmacokinetic feasibility and safety prediction. 

Selected natural scaffolds such as curcumin, quercetin, luteolin, apigenin, resveratrol, berberine, boswellic 

acid, andrographolide, withaferin A, gallic acid and ellagic acid are discussed as examples of chemically 

diverse candidates for pathway-based screening. 
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I. INTRODUCTION 

Inflammation is a biological defence system rather than a single molecular event. It begins with recognition of harmful 

stimuli, proceeds through mediator release and leukocyte recruitment, and ideally resolves through tissue repair. When 

activation persists, the same system contributes to chronic disease, tissue destruction and systemic complications [1-4]. 

The network character of inflammation explains why anti-inflammatory discovery should consider several target 

families. Enzymes, cytokines, transcription factors and inflammasome proteins may act together in disease. A 

compound that affects one target may still fail when pharmacokinetics or toxicity prevents adequate biological 

exposure. 

 

II. MAJOR INFLAMMATORY TARGET FAMILIES 

COX-2 and 5-LOX are central eicosanoid-related targets. COX-2 is associated with prostaglandin-mediated pain, fever 

and oedema, whereas 5-LOX is linked with leukotriene generation and leukocyte recruitment [16-19]. iNOS 

contributes to nitric oxide and nitrosative stress, especially in activated immune cells. 

Cytokine-linked targets such as TNF-alpha and IL-6-related signalling are clinically important because they amplify 

immune-cell recruitment and acute-phase responses. NF-kB controls transcription of multiple inflammatory mediators, 

while NLRP3-associated proteins are relevant to inflammasome activation and cytokine maturation [5-15]. 
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III. ROLE OF MOLECULAR DOCKING IN ANTI-INFLAMMATORY RESEARCH 

Molecular docking predicts possible ligand orientation and binding energy within a selected protein pocket. It is useful 

for comparing candidates and identifying residue-level hypotheses. However, docking is limited by receptor rigidity, 

scoring-function error, solvation simplification and uncertainty in ligand protonation or tautomeric state [25-34]. 

Good docking practice requires suitable protein structure selection, accurate ligand preparation, validated grid selection 

and careful pose interpretation. Co-crystallized ligand redocking or reference-inhibitor comparison increases 

confidence before screening novel candidates. 

 

IV. ADMET AND TOXICITY PREDICTION AS DECISION FILTERS 

ADMET prediction estimates drug-likeness, solubility, permeability, gastrointestinal absorption, blood-brain barrier 

penetration, P-gp interaction, CYP inhibition and related pharmacokinetic liabilities. Toxicity tools estimate acute 

toxicity, mutagenicity, hepatotoxicity, immunotoxicity and hERG-related risk [35-42]. 

These predictions are not substitutes for experiments, but they prevent overdependence on docking score. Compounds 

with strong docking but major toxicity or bioavailability problems should be modified, formulated or deprioritized 

before biological validation. 

 

V. NATURAL COMPOUNDS IN COMPUTATIONAL ANTI-INFLAMMATORY SCREENING 

Natural products remain valuable in drug discovery because they provide structural diversity, stereochemical richness 

and pathway-level biological relevance [53-55]. Curcumin, flavonoids, resveratrol, berberine, boswellic acid, 

andrographolide and withanolides are frequently discussed in inflammation research because they are linked with 

mediator modulation, cytokine signalling or oxidative stress mechanisms [56-71]. 

At the same time, natural origin does not guarantee safety or drug-like behaviour. Curcumin and boswellic acid may 

require formulation support; berberine may show transporter-related limitations; withaferin A requires careful toxicity 

screening because of potent biological activity. Therefore, natural compounds should be evaluated by the same 

integrated CADD-ADMET standard used for synthetic leads. 

 

VI. QUALITY BY DESIGN FOR COMPUTATIONAL PHARMACOLOGY 

Quality by Design principles can be adapted to in silico work by defining target relevance, protein quality, ligand 

quality, docking validation, ADMET coverage and reporting quality before interpretation. This reduces selective 

reporting and improves reproducibility. 

A computational QbD system records PDB ID, resolution, chain, binding-site selection, ligand identifier, software 

version, docking parameters, ADMET platform and toxicity output. It also preserves negative findings so that lead 

ranking remains transparent. 

 

VII. FUTURE PERSPECTIVES 

Future anti-inflammatory discovery will benefit from combining docking with molecular dynamics, free-energy 

methods, multi-target network analysis, machine-learning ADMET prediction and experimental validation. For thesis-

level work, however, a transparent and reproducible workflow is more important than excessive computational 

complexity. 

The most reliable shortlists are those that combine target mechanism, predicted binding, residue relevance, ADMET 

suitability and toxicity caution. Such shortlists can guide enzyme assays, macrophage inflammatory models, cytokine 

studies and ethics-approved animal experiments. 

 

VIII. CONCLUSION 

CADD and ADMET prediction provide a practical early-stage framework for anti-inflammatory lead selection. They 

are strongest when used as decision-support tools and weakest when docking scores are overstated as proof of efficacy. 
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A responsible computational review therefore connects biological mechanism, structural suitability, pharmacokinetic 

feasibility, toxicity risk and experimental planning. 

1. Table 1. Inflammatory target families for CADD-based review 

Pathway / target family Representative targets Reason for computational relevance 

Eicosanoid pathway COX-2, 5-LOX 
Links docking output with prostaglandin and 

leukotriene biology 

Nitrosative stress iNOS 
Supports nitric oxide-related inflammatory 

hypotheses 

Cytokine signalling 
TNF-alpha, JAK2/IL-6-linked 

signalling 

Represents immune amplification and cell 

signalling 

Transcriptional regulation IKKbeta/NF-kB pathway 
Connects upstream signalling with 

inflammatory gene expression 

Inflammasome biology NLRP3-associated proteins 
Supports inflammasome-inhibition 

hypotheses 

 

2. Table 2. Quality checkpoints in computational anti-inflammatory lead discovery 

Computational step Primary output Risk if not controlled 

Target selection PDB ID, chain, resolution, active site Biologically irrelevant docking 

Ligand preparation 
Verified structure, protonation, minimized 

geometry 
False score due to wrong input ligand 

Docking validation 
Redocking or reference inhibitor 

comparison 
Unreliable pose interpretation 

ADMET prediction Drug-likeness and pharmacokinetic alerts Selection of non-developable compounds 

Toxicity prediction 
Mutagenicity, hepatotoxicity, hERG and 

acute class 
Unsafe candidate prioritization 

 

3. Table 3. Natural compound classes in anti-inflammatory CADD review 

Compound class Examples Key review interpretation 

Polyphenols Curcumin, ellagic acid 
Mechanistically attractive but may show 

solubility or exposure limitations 

Flavonoids Quercetin, luteolin, apigenin 
Good polar interaction potential with 

metabolism considerations 

Stilbenes Resveratrol 
Relevant to oxidative/cytokine signalling; 

rapid metabolism possible 

Alkaloids Berberine 
Strong pathway relevance but transporter and 

interaction risks 

Terpenoids/lactones 
Boswellic acid, andrographolide, 

withaferin A 

Potent scaffolds requiring careful ADMET 

and toxicity filtering 

 

IX. STRUCTURE-BASED TARGET SELECTION 

Structure-based anti-inflammatory screening begins with evaluating whether a protein structure can reasonably 

represent the biological target. Resolution, chain completeness, ligand-bound status, mutation state and pocket 

interpretability must be considered. A protein selected only because it is available in a structural database may not be 

suitable for docking-based pharmacological interpretation. 
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Ligand-bound structures are particularly valuable because they reveal how inhibitors occupy the pocket and which 

residues are relevant for recognition. For targets linked to protein-protein interactions, such as cytokine systems, 

docking must be interpreted cautiously because a small-molecule pose may not fully represent pathway inhibition. 

 

X. DOCKING VALIDATION AND SCORING LIMITATIONS 

Docking validation reduces methodological uncertainty. Redocking a co-crystallized ligand, comparing pose overlap 

and assessing RMSD give evidence that the grid and preparation protocol can reproduce a known binding orientation. 

When redocking is not possible, a reference ligand or literature-defined site provides only supportive evidence and 

should be described accordingly. 

Scoring functions estimate binding affinity through simplified energy terms. They may fail to fully capture solvent 

effects, entropy, induced fit, allosteric dynamics or cellular exposure. Therefore, docking scores are best used for 

prioritization inside a controlled workflow rather than as direct measures of biological potency. 

 

XI. ADMET PLATFORMS AND DRUG-LIKENESS RULES 

SwissADME, pkCSM, ADMETlab and related tools estimate physicochemical and pharmacokinetic properties that 

influence lead development. Molecular weight, polarity, lipophilicity, hydrogen-bonding pattern and rotatable bonds 

influence solubility and permeability. Prediction of P-gp and CYP interaction helps identify potential absorption and 

metabolism risks. 

Drug-likeness rules are not strict pass-or-fail laws; rather, they flag compounds requiring caution. Natural products may 

violate some rules while still being biologically useful, but such violations should trigger deeper formulation, delivery 

or safety evaluation. 

 

XII. TOXICITY PREDICTION IN EARLY SCREENING 

Early toxicity prediction identifies candidates that may be unsuitable despite promising docking. Alerts for 

mutagenicity, hepatotoxicity, immunotoxicity, hERG risk or high acute-toxicity class should be reported transparently. 

The purpose is not to eliminate every molecule with an alert, but to prevent uncritical lead promotion. 

In natural compound research, safety language should be especially careful. Natural origin does not imply absence of 

toxicity. Potent scaffolds such as steroidal lactones or alkaloids require the same level of toxicity scrutiny as synthetic 

candidates. 

 

XIII. EXPERIMENTAL VALIDATION AFTER COMPUTATIONAL RANKING 

Computational shortlisting should be followed by target-specific assays. COX-2 and 5-LOX hits may be evaluated 

using enzyme inhibition tests. iNOS-related hypotheses may be studied in macrophage nitric oxide models. Cytokine 

and NF-kB-linked hypotheses require cell-based models with biomarker measurement. 

Animal studies should be proposed only after in vitro evidence and institutional approval. This staged validation 

pathway protects scientific integrity and ensures that computational predictions remain connected with real biological 

endpoints. 

 

XIV. REVIEW CONCLUSION 

The reviewed thesis framework shows that CADD, molecular docking, ADMET prediction and toxicity screening are 

complementary components of early anti-inflammatory lead discovery. The strongest computational evidence emerges 

when target biology, structure suitability, ligand preparation, docking validation and safety prediction are combined. 

Future studies should integrate molecular dynamics, free-energy refinement, experimental enzyme assays, 

inflammatory cell models and formulation approaches for candidates limited by solubility or permeability. Such 

development will strengthen the transition from in silico ranking to biologically validated anti-inflammatory leads. 
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