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Cardiovascular diseases (CVDs) remain the leading cause of global mortality, while 

most current therapies target only specific disease pathways. Withania somnifera 

(Ashwagandha), a medicinal plant widely used in traditional medicine, contains 

bioactive steroidal lactones known as withanolides with significant pharmacological 

activities. This review summarizes studies published from 2020–2025 on the molecular 

docking, pharmacological evaluation, and ADMET profiling of major withanolides, 

including withaferin A and withanolide D, as potential multi-target cardioprotective 

agents. The review discusses the phytochemistry and classification of withanolides 

along with their antioxidant, anti-inflammatory, lipid-modulating, endothelial-

protective, and stress-regulating mechanisms. Additionally, molecular docking studies 

against major cardiovascular targets such as ACE, eNOS, TNF-α, and COX-2 are 

critically analyzed and correlated with available in vitro and in vivo findings. ADMET 

properties, safety concerns, and formulation challenges are also evaluated to assess their 

translational potential. Overall, withanolides from W. somnifera demonstrate promising 

multi-target cardioprotective activity; however, further experimental and clinical studies 

are required to validate their safety and therapeutic efficacy in cardiovascular medicine. 
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INTRODUCTION 

Cardiovascular diseases (CVDs) remain the 

leading cause of global morbidity and mortality 

despite significant advances in pharmacotherapy. 

Current therapeutic approaches, including ACE 

inhibitors, beta-blockers, statins, and antiplatelet 

agents, primarily target individual pathways and 

may not adequately address the multifactorial 

nature of cardiovascular disorders involving 

oxidative stress, inflammation, endothelial 

dysfunction, and metabolic imbalance. 

https://www.ijpsjournal.com/
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Medicinal plants and phytoconstituents have 

gained considerable attention as multi-target 

therapeutic agents due to their diverse 

pharmacological activities and favorable safety 

profiles. Among them, Withania somnifera 

(Ashwagandha), an important medicinal plant in 

Ayurvedic medicine, has demonstrated promising 

antioxidant, anti-inflammatory, adaptogenic, and 

cardioprotective properties. 

The biological activity of W. somnifera is mainly 

attributed to withanolides, a group of steroidal 

lactones including withaferin A, withanolide D, 

withanosides, and sitoindosides. These 

compounds possess diverse pharmacological 

activities and have shown potential against several 

cardiovascular targets. 

Recent advances in computational biology, 

particularly molecular docking and in silico 

ADMET prediction, have accelerated the 

evaluation of phytochemicals as therapeutic 

candidates. Several studies have reported 

favorable interactions of withanolides with 

cardiovascular-related proteins such as ACE, 

COX-2, eNOS, and inflammatory mediators. 

However, available evidence remains fragmented 

and lacks comprehensive integration with 

pharmacological findings. 

Therefore, this review systematically summarizes 

recent studies (2020–2025) on the phytochemistry, 

molecular docking, pharmacological evaluation, 

and ADMET profiling of withanolides from 

Withania somnifera as potential multi-target 

cardioprotective agents. 

2. PHYTOCHEMISTRY AND 

CLASSIFICATION OF WITHANOLIDES 

2.1 Major Bioactive Withanolides 

Withania somnifera contains several bioactive 

steroidal lactones collectively known as 

withanolides, including withaferin A, withanolide 

D, withanone, withanosides, and sitoindosides. 

Structurally, withanolides possess a C28 steroidal 

backbone with a characteristic lactone ring, 

contributing to their diverse biological activities. 

2.2 Chemical Classification 

Withanolides are classified based on oxidation 

pattern, side-chain structure, and glycosidic 

substitutions. Structural diversity among 

withanolides influences their polarity, 

lipophilicity, pharmacological activity, and 

molecular docking interactions. 

2.3 Biosynthetic Pathway 

Biosynthesis of withanolides in W. somnifera 

involves mevalonate and DOXP pathways, leading 

to sterol precursors that undergo oxidation, 

hydroxylation, and lactonization to form mature 

withanolide structures. 

2.4 Pharmacophore Features 

Key pharmacophoric features of withanolides 

include: 

• Hydroxyl and carbonyl groups for hydrogen 

bonding 

• Steroidal core enabling hydrophobic 

interactions 

• Epoxide and lactone moieties important for 

target binding 

• Flexible side chains facilitating protein 

interaction 

These structural features contribute significantly 

to the cardioprotective and pharmacological 

potential of withanolides. 
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3. CARDIOPROTECTIVE MECHANISMS 

OF WITHANOLIDES 

Withanolides from Withania somnifera exhibit 

cardioprotective effects through multiple 

mechanisms associated with cardiovascular 

disease (CVD). These include antioxidant activity, 

anti-inflammatory action, endothelial protection, 

lipid regulation, and mitochondrial stabilization. 

Experimental studies (in vitro, ex vivo, and in 

vivo) suggest that withanolides contribute to 

improved cardiovascular function and reduced 

oxidative stress. 

3.1 Antioxidant and Free Radical Scavenging 

Actions 

Oxidative stress contributes to endothelial 

dysfunction and atherosclerosis. Studies show that 

withanolides and Withania somnifera reduce 

oxidative damage by lowering MDA levels and 

enhancing antioxidant enzymes such as SOD, 

catalase, and GPx. Animal studies also 

demonstrate protection against doxorubicin-

induced cardiotoxicity and myocardial injury, 

supporting their antioxidant-mediated 

cardioprotective effects. 

3.2 Anti-inflammatory Effects 

Withanolides, especially withaferin A, reduce 

inflammation by inhibiting NF-κB signaling and 
lowering cytokines such as TNF-α and IL-6. 

Studies also show reduced cardiac fibrosis and 

vascular inflammation. 

3.3 Anti-stress and Neuroendocrine 

Modulation 

Withania somnifera acts as an adaptogen that 

lowers cortisol and improves autonomic balance, 

helping reduce stress-related cardiovascular 

damage. 

3.4 Lipid-Lowering and Anti-atherosclerotic 

Mechanisms 

Ashwagandha extracts improve lipid profiles by 

lowering cholesterol, LDL-C, and triglycerides 

while increasing HDL-C. They also reduce lipid 

peroxidation and vascular inflammation. 

3.5 Endothelial Protection and Nitric Oxide 

Modulation 

Withanolides improve nitric oxide (NO) signaling, 

enhance vascular relaxation, and protect 
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endothelial cells from oxidative damage, 

supporting cardiovascular health. 

4. MOLECULAR DOCKING AND 

COMPUTATIONAL STUDIES OF 

WITHANOLIDES (2020–2025) 

Molecular docking studies have highlighted the 

cardioprotective potential of withanolides from 

Withania somnifera. These compounds showed 

significant binding affinity toward cardiovascular 

targets such as ACE, COX-2, TNF-α, and eNOS, 
suggesting possible antioxidant, anti-

inflammatory, and vasoprotective effects. 

4.1 Summary of Docking Studies 

Recent studies compared withanolides with 

standard inhibitors including captopril, celecoxib, 

and infliximab. Several compounds demonstrated 

favorable docking scores below −6 kcal/mol, 
indicating strong and stable target interactions. 

4.2 ACE and ACE2 Docking 

Withanolides A, B, and withaferin A showed 

strong ACE2 binding (−8.3 to −9.1 kcal/mol), 
involving His374, Glu402, and Asp405 residues 

(Kalra et al., 2021). Withanolide A also showed 

strong ACE binding (−9.4 kcal/mol), suggesting 
possible antihypertensive effects (Tambe et al., 

2025). 

4.3 COX-2 and LOX Docking 

Withaferin A showed good binding with COX-2 

(−9.2 kcal/mol), indicating anti-inflammatory 

potential (Ikram et al., 2024). 

4.4 TNF-α Docking 

Withaferin A strongly interacted with TNF-α 
(−10.1 kcal/mol), supporting inhibition of 
inflammatory pathways (Tambe et al., 2023). 

4.5 eNOS and Nitric Oxide Pathways 

Withanolide derivatives showed good affinity 

toward oxidative enzymes (−7.2 to −9.0 kcal/mol). 
Withanolide A also bound xanthine oxidase (−8.6 
kcal/mol), suggesting antioxidant and endothelial 

protective effects (Chen et al., 2023). 

4.6 Comparative Binding Summary 
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Target Ligand Score (kcal/mol) 

ACE2 Withaferin A −9.1 

ACE Withanolide A −9.4 

COX-2 Withaferin A −9.2 

TNF-α Withaferin A −10.1 

Xanthine 

Oxidase 

Withanolide A −8.6 

4.8 Experimental Interpretations and 

Limitations 

Withanolides showed antioxidant, anti-

inflammatory, and cardioprotective effects. 

However, evidence is mainly based on docking 

and animal studies. 

Studies on Withania somnifera and withanolides 

suggest potential cardiovascular protective effects. 

5.1 PRECLINICAL / ANIMAL STUDIES 

Animal studies showed improved cardiac function, 

reduced oxidative stress, and lower cardiac injury 

markers in myocardial damage and cardiotoxicity 

models. 

5.2 Human / Clinical Studies 

Clinical studies suggest that Withania somnifera 

may improve cardiovascular and exercise-related 

parameters. In healthy volunteers, 330–500 

mg/day of W. somnifera extract for 28 days 

improved physical performance and reduced 

systolic blood pressure during exercise compared 

to placebo, indicating possible vascular benefits. 

5.3 Correlation Between Docking and 

Pharmacological Outcomes 

Docking studies indicate strong binding of 

withanolides to cardiovascular targets (ACE, 

COX-2, TNF-α). Experimental studies also report 
antihypertensive, antioxidant, and anti-

inflammatory effects. However, limited studies on 

isolated withanolides and lack of dose–response 

correlation restrict quantitative validation of these 

predictions. 

5.4 Safety, Toxicity, and Pharmacokinetics 

Ashwagandha and withanolides show low toxicity 

and are generally well tolerated. Pharmacokinetic 

studies indicate variable exposure, with only mild 

adverse effects reported. 

5.5 Summary & Gaps in Evidence 

Current studies support the cardioprotective, 

antioxidant, and anti-inflammatory potential of 

withanolides. However, evidence is limited by 

insufficient long-term clinical studies, low 

pharmacokinetic data, and lack of quantitative 

docking validation. 

6. ADMET AND DRUG-LIKENESS 

EVALUATION OF WITHANOLIDES (2020–
2025) 

Recent in-silico studies suggest that major 

withanolides possess favorable drug-likeness, 

moderate lipophilicity, and acceptable ADMET 

properties, supporting their potential as 

cardiovascular drug candidates. 

6.1 Physicochemical and Lipophilicity 

Parameters 

SwissADME and Molinspiration analyses indicate 

that withanolides generally satisfy Lipinski’s rule 
with suitable molecular weight, LogP, and 

hydrogen-bond parameters, suggesting good drug-

like behaviour. 

6.2 Absorption and Bioavailability 

Withanolides show high gastrointestinal 

absorption (>85%) and good membrane 

permeability. Human LC-MS/MS studies (2024–
2025) reported that a single 500 mg standardized 
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extract dose produced plasma 

CmaxC_{max}Cmax of 15–25 ng/mL within 1–2 

h (TmaxT_{max}Tmax), indicating moderate oral 

bioavailability. Lipid-based and nanosuspension 

formulations improved absorption by 2–3 fold in 

animal studies. 

6.3 Distribution and Protein Binding 

Withanolides are moderately lipophilic (LogP ≈ 3) 
and distribute mainly into lipid-rich tissues. In-

silico studies suggest withaferin A may cross the 

blood–brain barrier, while glycosylated analogs 

show limited permeability. Plasma protein binding 

is estimated to be >90%, contributing to low free 

plasma concentrations and slower clearance. 

6.4 Metabolism and Biotransformation 

Cytochrome P450 profiling indicates weak 

inhibition of CYP3A4 and CYP2C9, with minimal 

effects on CYP2D6 and CYP1A2. Predicted 

metabolism involves phase I oxidation and phase 

II conjugation (glucuronidation/sulfation), 

supported by metabolomics studies identifying 

hydroxylated and glucuronidated metabolites. 

6.5 Excretion and Elimination Half-Life 

Rodent pharmacokinetic studies report a terminal 

half-life of 4–5 h for withaferin A, mainly 

eliminated through biliary excretion. Human 

studies estimate a half-life of 6–7 h after oral 

administration, supporting twice-daily dosing of 

standardized extracts. 

6.6 Toxicity and Safety Estimates 

In-silico toxicity models classify withaferin A as a 

low-toxicity compound with an estimated 

LD50_{50}50 around 2,000 mg/kg in rodents. 

Sub-chronic rat studies (500–2,000 mg/kg/day for 

28 days) showed no major toxicity or organ 

damage. No evidence of genotoxicity or 

mutagenicity was observed in Ames and 

micronucleus assays at nutraceutical doses. 

6.7 Drug-Likeness and Pharmacophore 

Correlation 

Withanolides showed acceptable drug-likeness 

(QED: 0.54–0.67) due to: 

• Steroidal lactone scaffold  

• Balanced H-bond properties  

• Moderate polar surface area (≤100 Å²)  

These features support target binding and 

membrane permeability. 

6.8 Formulation Challenges and Strategies 

Withanolides have low solubility and 

bioavailability. Improvement approaches include: 

• Nanoemulsions/liposomes  

• Phytosomes  

• Cyclodextrin complexes  

7. FUTURE PROSPECTS AND RESEARCH 

GAPS 

Withanolides from Withania somnifera show 

promise for cardiovascular therapy due to multi-

target activity. However, more translational and 

clinical studies are needed. 

7.1 Need for Standardization 

Major limitations include variation in: 

• Phytochemical composition  

• Plant part used  

• Extraction solvent and method  
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Standardized extracts are essential for consistent 

therapeutic effects. 

7.2 Role of Formulation and Delivery Systems 

Poor solubility and low bioavailability remain key 

challenges. Strategies include: 

• Nanoparticles/nanoemulsions  

• Phytosomes/liposomes  

• Cyclodextrin complexes  

• Bioenhancers like piperine  

These systems improve absorption and stability. 

7.3 Integration with Network Pharmacology 

and AI 

AI and network pharmacology can improve target 

prediction and multi-target docking studies of 

withanolides, supporting future drug discovery. 

7.4 Translational Pharmacology 

Clinical evidence for cardioproteive effects of 

withanolides is still limited. Future studies should 

focus on: 

1. Disease-specific animal models  

2. Biomarker-based clinical trials  

3. PK–PD and dose optimization studies  

4. Phase I–II cardiovascular trials  

Collaboration between researchers and clinicians 

is essential for clinical translation. 

7.5 Regulatory and Commercial Implications 

Withanolides require standardized quality 

guidelines, validated bioassays, and regulatory 

approval for therapeutic use. Patent development 

and sustainable cultivation of Withania somnifera 

may support commercialization. 

7.6 Research Gaps Summary 

Domain Gap Direction 

Standardization Variable 

phytochemicals 

LC–MS/NMR 

profiling 

Bioavailability Poor solubility Nanocarriers, 

bioenhancers 

Computational 

studies 

Static docking AI and MD 

simulations 

Clinical 

translation 

Limited human 

data 

Clinical trials 

Regulation No standard 

framework 

Global quality 

guidelines 

7.7 The Road Ahead 

From 2025–2030, integrated computational, 

formulation, and clinical research may help 

establish withanolides as potential 

cardioprotective agents. 

8. CONCLUSION 

From 2020 to 2025, significant progress has been 

made in understanding the cardioprotective effects 

of Withania somnifera and its withanolides. 

Studies suggest that compounds such as withaferin 

A, withanolide A, and withanolide D possess 

antioxidant, anti-inflammatory, and 

antihypertensive properties through interactions 

with targets including ACE, COX-2, TNF-α, and 
eNOS. Despite promising experimental findings, 

clinical application remains limited due to 

challenges related to standardization, 

bioavailability, and regulatory approval. Further 

research and well-designed clinical studies are 

needed to establish withanolides as evidence-

based cardiovascular therapeutics. 
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