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Abstract: The complexity, cost and failure rates of conventional drug development have prompted researchers to 

explore alternative approaches for the identification of novel medicinal compounds. Reverse pharmacology is a 

new and effective strategy that starts with clinical observation and traditional medical knowledge and confirms 

the outcomes via scientific investigation. Ayurveda, one of the oldest healthcare systems in the world, is a large 

collection of documented clinical experiences and therapeutic practices, accumulated over thousands of years. 

Reverse Pharmacology uses this experience information to accelerate the drug discovery process, reducing the 

time, expense and risk involved in the conventional drug research and development. “This is a clinic-to-laboratory 

approach rather than the traditional laboratory-to-clinic approach.” The present review paper discusses the 

concept, development, scientific principles and three-stage model of reverse pharmacology and its application in 

Ayurveda. The article also presents successful examples, current drug development applications, difficulties, 

constraints and future prospects of artificial intelligence, omics technologies, systems biology, network 

pharmacology and precision Ayurveda. This confluence of old ayurvedic wisdom and contemporary scientific 

methodologies opens up great opportunities for the discovery of safe, efficient and inexpensive medicines for 

worldwide healthcare.  
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Introduction: The creation of drugs is a lengthy, hard and expensive undertaking. It takes 10 to 15 years of 

research and billions of dollars to create a new drug. Advances in molecular biology, medicinal chemistry and 

high-throughput screening technologies have yet to translate into a high success rate in identifying therapeutic 

drug candidates. [1] For this reason, the researchers have become increasingly interested in other drug 

development techniques to improve the efficiency and save costs and dangers. 

  

Traditional systems of medicines are a repository of medicinal knowledge that have been aiding humans for 

decades. Of these systems, Ayurveda occupies a unique place in that it has a complete theoretical framework, 

extensive pharmacopoeia and documented clinical experiences spanning over 3000 years. Ayurvedic medicine is 

a holistic system of medicine. Individualised therapy and balancing physiological processes are used to promote 

health. [2] 

  

Reverse pharmacology is a new discipline which focuses at translating historical medical knowledge into 

evidence-based medicines. The traditional drug development process starts in the laboratory, then moves to 

screening and finally clinical trials whereas reverse pharmacology starts with documented clinical experiences 

and then the scientific study of efficacy, safety and mechanisms of action. The idea is a realistic and inexpensive 

approach to the creation of medicines, based on the existing human experience. 

 In the last several years, the confluence of Ayurveda and reverse pharmacology has evoked much attention 

because of its potential to combine old wisdom with modern scientific study. This paper examines the concept, 
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development, scientific basis, applications, challenges and future prospects of reverse pharmacology in Ayurveda. 

[3, 4, 5] 

 

Concept & Evolution of Reverse Pharmacology: Popularized as "reverse pharmacology" by Patwardhan and 

others, the scientific basis of translating ancient medical knowledge into contemporary medication possibilities 

was a paradigm change in drug discovery, which turns the usual sequence of events on its head. [6]  

 

The drug discovery in conventional pharmacology typically follows the route: 

Target Identification → Screening Compounds → Animal Testing → Clinical Trials → Drug Approval  
This approach is plagued by high attrition since many promising compounds do not make it through the clinical 

stages due to lack of efficacy or significant toxicity. [1] 

  

Reverse pharmacology works the other way round, 

Clinical Experiences→ Explorative Studies→ Experimental Confirmation→ Drug Development 

The method is based on the idea that medications used safely by humans for hundreds of years provide important 

knowledge on efficacy and safety. Starting with clinical observations researchers could concentrate on individuals 

with higher chances of success. [4] 

  

It was the result of efforts to scientifically validate the treatments of Ayurveda and to amalgamate the traditional 

health care knowledge with the current research methods. The concept of reverse pharmacology has been gaining 

favor over the past two decades as a strategy for the discovery of novel natural medicines notably in countries like 

India and China which have a significant tradition of therapeutic usage. [5] 
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Figure 1: Comparative pathways of conventional drug discovery and reverse pharmacology in Ayurvedic 

drug development. 

 

Reverse Pharmacology The Scientific Basis in Ayurveda: Ayurveda is founded on systematic observations 

across ages and offers an excellent scientific basis for reverse pharmacology. The main Ayurvedic texts like 

Charaka Samhita, Sushruta Samhita, Ashtanga Hridaya discuss the illnesses, medicinal plants, formulations, 

dosage regimens and therapeutic effects in detail. 

  

The basic parts of the scientific basis of reverse pharmacology in ayurveda are: 

 

Clinical Data: Many of the Ayurvedic medicines have been utilized in broad populations for lengthy periods of 

time as compared to the newly developed chemicals. Such pervasive use provides valuable information on safety, 

tolerability and treatment effectiveness. 

 

Person-Centeredness: Reverse Pharmacology starts with the human experience. This considerably reduces 

ambiguity in translating findings from animal models to humans. 

 

Multi-Component Therapies: Ayurvedic remedies include several bioactive principles that operate 

synergistically. Modern science is increasingly acknowledging that complex diseases may need multi-target rather 

than single-target therapeutic approaches. 

 

Compatibility with Modern Science: Progress in the fields of phytochemistry, molecular biology, 

pharmacology, genomics, proteomics and metabolomics have provided researchers with the tools to rigorously 

explore Ayurvedic medicines using scientific methods. These technologies enable the identification of active 

components, molecular targets, biomarkers and mechanisms of action. [6, 7] 

 

 

Three-Stage Model of Reverse Pharmacology: The reverse pharmacology approach is broadly divided into 

three interdependent stages, viz. experiential, exploratory and experimental. [3, 4, 6] 

 

Stage of Experience  
The experiential stage is the stage of collection of evidence from conventional knowledge and clinical 

experience. This includes:  

• Traditional usage information  

• Gathering clinical observations  

• Therapeutic indications definition  

• Safety record review  

• Evaluation of dosage and administration strategies. In general, ayurvedic practitioners have considerable 

expertise and understanding of medicinal herbs and formulae. Such methodical registration of information 

provides the foundation for further scientific investigations.  

 

Exploration Stage  

 

The exploratory step is the first scientific inquiry to validate traditional claims. Activities:  
• Clinical examination  

• Pilot phase clinical trials  

• Drug screening  

• Biomarker assessment  

• Optimization studies of dosage  

The aim is to link traditional observations with measurable biological effects.  

 

Experimental Stage The experimental stage is the full investigation in the laboratory and controlled 

clinical trials. Main activities are :  

• Mechanistic investigations  

• Toxicological assessment  

• Pharmacokinetic analysis  

• Identification of target molecules  

• Clinical trials (Randomized)  
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This stage provides scientific evidence of the efficacy and safety of proposed drugs and allows for regulatory 

approval.  

 

Success Stories for Reverse Pharmacology: Many successful examples exist to show the promise of reverse 

pharmacology in transferring conventional knowledge to scientifically validated therapies. 

  

Mucuna pruriens and Parkinson’s Disease  
Kapikacchu (Mucuna pruriens) has been used in Ayurveda for neurological illnesses. Reverse pharmacology tests 

have shown that the seeds have large concentrations of levodopa, a precursor of dopamine. Clinical studies support 

conventional views and demonstrate it improves symptoms of Parkinson's disease. [8, 9] 

 

Curcuma longa (Curcuma) 

Turmeric has been used extensively in Ayurveda for wound healing, inflammation and infections. A current 

research has shown its major active element to be curcumin and has shown anti-inflammatory, antioxidant, 

antibacterial and anti-cancer qualities. Curcumin is one of the most studied natural chemicals worldwide. [10, 11]  

 

Ashwagandha (Withania somnifera) 

In Ayurveda, ashwagandha is considered a rejuvenative herb. Research has showed it to be adaptogenic, 

neuroprotective, immunomodulatory, anti-inflammatory and stress-reducing. Its therapeutic benefits have been 

shown in various clinical research. [12, 13] 

 

Tinospora cordifolia (Guduchi)  
Traditionally Guduchi is used to boost immunity and to treat several chronic problems. Recent studies have shown 

its immunomodulatory, antioxidant, antidiabetic and hepatoprotective activities. [14, 15] 

 

Ayush 64: 

 AYUSH-64 is an ayurvedic drug formulation first developed for malaria. It rose to popularity during the COVID-

19 pandemic when certain studies indicated probable benefits in the therapy of mild to moderate diseases. The 

development of the medicine is an excellent illustration of the relevance of reverse pharmacology in the approach 

of the new problems in the health care. [16] 

 

Application in Drug Discovery: Reverse pharmacology has various applications in contemporary 

pharmacological research. 

 

Lead Molecule Identification: 

New bioactive compounds with therapeutic potentials are derived from traditional medicinal plants. [4, 6] 

 

Development of Phytopharmaceuticals (Phytopharmaceuticals): Reverse Pharmacology allows the 

manufacture of standardized herbal medicines that match the quality, safety and efficacy criteria of today. [3, 17] 

 

Drug Repurposing: Scientific confirmation of current conventional formulations may aid in their repositioning 

for novel therapeutic indications. [16] 

 

Living with a chronic disease: Many of the Ayurvedic remedies are multi-targeting and are particularly useful 

for complex chronic problems including diabetes, cancer, neurological disorders and autoimmune diseases. [18]  

 

Personalized Medicine: Ayurveda believes in tailored treatment on the basis of Prakriti (constitutional type). 

This mirrors the current trend towards personalized therapy and precision healthcare. [19] 
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Figure 2: Applications of Reverse Pharmacology in Contemporary Drug Discovery 
 

 

Constraints and problems: Reverse pharmacology is a promising strategy yet it has few downsides.  

No standardization: Medicinal properties may be affected by differences in plant species, culture, harvest and 

processing. [7] 

 

Complexity of Model: Many ayurvedic formulations include a significant number of components which makes 

it difficult to define active elements and ways of action. [20] 

 

Regulatory Matters: Regulatory standards for traditional medicines differ from nation to country and may be a 

barrier to product registration. [21] 

 

Absence of Clinical Evidence: Traditional use is useful, but good quality randomized controlled trials are 

required for widespread acceptance. [22] 

 

Intellectual Property Rights: Equitable sharing of benefits and conservation of traditional knowledge is still a 

concern. [23] 

 

Future Outlook: The future of reverse pharmacology is intimately linked to technological progress.  

 

AI can scan huge datasets from traditional medicine to spot patterns in treatment, to find biological targets and to 

improve methods for drug development. [24] 

 

Omics technologies: Genomics, proteomics, metabolomics and transcriptomics provide significant information 

about biological responses and methods of action. [25] 

  

Systems Biology: Besides the notions of Ayurveda, systems biology helps us to understand the complex 

interactions of several substances and biological processes. [26] 

  

Network Pharmacology: Network pharmacology is valuable for scientific validation and may be used to 

investigate the multi-target mechanisms of herbal formulations. [18] 

  

Ayurvedic Accuracy: The integration of Ayurvedic constitution identification with genetics and biomarker 

evaluation might lead to tailored treatment strategies for the patient. [27] 
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International collaboration: Turning the knowledge of Ayurveda into therapies recognised worldwide will need 

collaboration from academics, physicians, pharmaceutical companies and regulatory organizations from 

throughout the globe. [4] 

 

Conclusion:  
Reverse pharmacology is an exciting new paradigm that integrates the wealth of experiential knowledge of 

Ayurveda with the rigour of current biological research. This approach, which starts drug discovery from 

documented clinical observations and traditional therapeutic practices, offers a pragmatic, cost-effective and 

scientifically credible alternative to the conventional drug development pathways that are often associated with 

high attrition rates, long timelines and huge costs. The success of scientific validation of traditional remedies such 

as Mucuna pruriens, Curcuma longa, Withania somnifera, Tinospora cordifolia, Picrorhiza kurroa, AYUSH-64 

and many other plant based therapeutics is a testimony to the immense potential of reverse pharmacology in 

translating traditional clinical wisdom into scientifically validated, safe and efficacious medicines. 

 

However, challenges such as standardization, quality control, mechanistic characterization, regulatory 

harmonization, intellectual property rights, and the need for robust clinical evidence hinder the wider acceptance 

and translation of Ayurveda-derived therapeutics. Recent advancements in artificial intelligence, omics 

technologies, systems biology, network pharmacology and Ayurvedic genomics, however, are providing new 

opportunity to deepen the scientific basis of reverse pharmacology and to enable precision medical techniques.  

 

As healthcare systems are increasingly looking for safer, multi-targeted and patient-centric treatment solutions, 

integration of Ayurvedic knowledge with modern scientific research may offer a fruitful foundation for novel drug 

development. Continuous multidisciplinary cooperation between academics, physicians, industry stakeholders 

and regulatory authorities will be vital in the translation of conventional knowledge into universally approved, 

safe, effective and inexpensive medications for future healthcare requirements. 

 

References 

  

1. Paul, S. M., Mytelka, D. S., Dunwiddie, C. T., Persinger, C. C., Munos, B. H., Lindborg, S. R., & 

Schacht, A. L. (2010). How to improve R&D productivity: The pharmaceutical industry's grand 

challenge. Nature Reviews Drug Discovery, 9(3), 203–214. https://doi.org/10.1038/nrd3078  

 

2. Jaiswal, Y. S., & Williams, L. L. (2017). A glimpse of Ayurveda: The forgotten history and principles 

of Indian traditional medicine. Journal of Traditional and Complementary Medicine, 7(1), 50–53. 

https://doi.org/10.1016/j.jtcme.2016.02.002 

 

3. Vaidya, A. D. B. (2006). Reverse pharmacological correlates of Ayurvedic drug actions. Indian 

Journal of Pharmacology, 38(5), 311–315. https://doi.org/10.4103/0253-7613.27697  

 

4. Patwardhan, B., & Mashelkar, R. A. (2009). Traditional medicine-inspired approaches to drug 

discovery: Can Ayurveda show the way forward? Drug Discovery Today, 14(15–16), 804–811. 

https://doi.org/10.1016/j.drudis.2009.05.009 

 

5. Surh, Y.-J. (2011). Reverse pharmacology applicable for botanical drug development: Inspiration from 

the legacy of traditional wisdom. Journal of Traditional and Complementary Medicine, 1(1), 5–7. 

https://doi.org/10.1016/S2225-4110(16)30051-7  

 

6. Patwardhan, B., Vaidya, A. D. B., & Chorghade, M. (2004). Ayurveda and natural products drug 

discovery. Current Science, 86(6), 789–799. 

 

7. Vaidya, A. D. B., Devasagayam, T. P. A. (2007). Current status of herbal drugs in India: An overview. 

Journal of Clinical Biochemistry and Nutrition, 41(1), 1–11. https://doi.org/10.3164/jcbn.2007001  

 

8. Hammoud, F., Ismail, A., Zaher, R., El Majzoub, R., & Abou-Abbas, L. (2025). Mucuna pruriens 

treatment for Parkinson disease: A systematic review of clinical trials. Parkinson's Disease, 2025, 

Article 1319419. https://doi.org/10.1155/padi/1319419  

 

9. Katzenschlager, R., Evans, A., Manson, A., Patsalos, P. N., Ratnaraj, N., Watt, H., Timmermann, L., 

Van der Giessen, R., & Lees, A. J. (2004). Mucuna pruriens in Parkinson's disease: A double blind 

https://doi.org/10.1038/nrd3078
https://doi.org/10.1016/j.jtcme.2016.02.002
https://doi.org/10.4103/0253-7613.27697
https://doi.org/10.1016/j.drudis.2009.05.009
https://doi.org/10.1016/S2225-4110(16)30051-7
https://doi.org/10.3164/jcbn.2007001
https://doi.org/10.1155/padi/1319419


Biopress Journal of Ethnobotanical Innovations and Herbal Therapeutics Vol. 1 Issue. 3 (2026) 

 

115 

 

clinical and pharmacological study. Journal of Neurology, Neurosurgery & Psychiatry, 75(12), 1672–

1677. https://doi.org/10.1136/jnnp.2003.028761  

 

10. Aggarwal, B. B., Sundaram, C., Malani, N., & Ichikawa, H. (2007). Curcumin: The Indian solid gold. 

Advances in Experimental Medicine and Biology, 595, 1–75. https://doi.org/10.1007/978-0-387-46401-

5_1  

 

11. Hewlings, S. J., & Kalman, D. S. (2017). Curcumin: A review of its effects on human health. Foods, 

6(10), Article 92. https://doi.org/10.3390/foods6100092  

 

12. Kulkarni, S. K., & Dhir, A. (2008). Withania somnifera: An Indian ginseng. Progress in Neuro-

Psychopharmacology and Biological Psychiatry, 32(5), 1093–1105. 

https://doi.org/10.1016/j.pnpbp.2007.09.011  

 

13. Singh, N., Bhalla, M., de Jager, P., & Gilca, M. (2011). An overview on Ashwagandha: A Rasayana 

(rejuvenator) of Ayurveda. African Journal of Traditional, Complementary and Alternative Medicines, 

8(5 Suppl), 208–213. https://doi.org/10.4314/ajtcam.v8i5S.9  

 

14. Singh, S. S., Pandey, S. C., Srivastava, S., Gupta, V. S., Patro, B., & Ghosh, A. C. (2003). Chemistry 

and medicinal properties of Tinospora cordifolia (Guduchi). Indian Journal of Pharmacology, 35(2), 

83–91.  

 

15. Kumar, P., Kamle, M., Mahato, D. K., Bora, H., Sharma, B., Rasane, P., & Bajpai, V. K. (2020). 

Tinospora cordifolia (Giloy): Phytochemistry, ethnopharmacology, clinical application and 

conservation strategies. Current Pharmaceutical Biotechnology, 21(12), 1165–1175. 

https://doi.org/10.2174/1389201021666200430114547  

 

16. Singh, H., Shrivastva, S., Yadav, B., Rai, A. K., Jameela, S., Muralidharan, S., Rai, R. K., Verma, S., 

Ranjan, R., Singh, V., Sharma, N., Mishra, P. K., Chaturvedi, S., & Bansal, A. (2022). AYUSH-64 as 

an adjunct to standard care in mild to moderate COVID-19: An open-label randomized controlled trial 

in Chandigarh, India. Complementary Therapies in Medicine, 66, 102814. 

https://doi.org/10.1016/j.ctim.2022.102814  

 

17. Mukherjee, P. K., Harwansh, R. K., Bahadur, S., Banerjee, S., Kar, A., Chanda, J., Biswas, S., 

Ahmmed, S. M., & Katiyar, C. K. (2017). Development of Ayurveda—Tradition to trend. Journal of 

Ethnopharmacology, 197, 10–24. https://doi.org/10.1016/j.jep.2016.09.024  

 

18. Hopkins, A. L. (2008). Network pharmacology: The next paradigm in drug discovery. Nature 

Chemical Biology, 4(11), 682–690. https://doi.org/10.1038/nchembio.118  

 

19. Govindaraj, P., Nizamuddin, S., Sharath, A., Jyothi, V., Rotti, H., Raval, R., Nayak, J., Bhat, B. K., 

Prasanna, B. V., Shintre, P., Sule, M., Joshi, K., Dedge, A. P., Bharadwaj, R., Dholakia, B. B., Girisha, 

K. M., Prasher, B., & Mukerji, M. (2015). Genome-wide analysis correlates Ayurveda Prakriti. 

Scientific Reports, 5, 15786. https://doi.org/10.1038/srep15786  

 

20. Gertsch, J. (2011). Botanical drugs, synergy, and network pharmacology: Forth and back to intelligent 

mixtures. Planta Medica, 77(11), 1086–1098. https://doi.org/10.1055/s-0030-1270904  

 

21. Gogtay, N. J., Bhatt, H. A., Dalvi, S. S., & Kshirsagar, N. A. (2002). The use and safety of non-

allopathic Indian medicines. Drug Safety, 25(14), 1005–1019. https://doi.org/10.2165/00002018-

200225140-00003  

 

22. Chopra, A., & Doiphode, V. V. (2002). Ayurvedic medicine: Core concept, therapeutic principles, and 

current relevance. Medical Clinics of North America, 86(1), 75–89. https://doi.org/10.1016/S0025-

7125(03)00073-7  

 

23. Pan, S. Y., Litscher, G., Gao, S. H., Zhou, S. F., Yu, Z. L., Chen, H. Q., Zhang, S. F., Tang, M. K., 

Sun, J. N., & Ko, K. M. (2014). Historical overview of ancient indigenous medical systems and current 

resurgence and conservation of herbal resources. Evidence-Based Complementary and Alternative 

Medicine, 2014, Article 525340. https://doi.org/10.1155/2014/525340  

https://doi.org/10.1136/jnnp.2003.028761
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.3390/foods6100092
https://doi.org/10.1016/j.pnpbp.2007.09.011
https://doi.org/10.4314/ajtcam.v8i5S.9
https://doi.org/10.2174/1389201021666200430114547
https://doi.org/10.1016/j.ctim.2022.102814
https://doi.org/10.1016/j.jep.2016.09.024
https://doi.org/10.1038/nchembio.118
https://doi.org/10.1038/srep15786
https://doi.org/10.1055/s-0030-1270904
https://doi.org/10.2165/00002018-200225140-00003
https://doi.org/10.2165/00002018-200225140-00003
https://doi.org/10.1016/S0025-7125(03)00073-7
https://doi.org/10.1016/S0025-7125(03)00073-7
https://doi.org/10.1155/2014/525340


Biopress Journal of Ethnobotanical Innovations and Herbal Therapeutics Vol. 1 Issue. 3 (2026) 

 

116 

 

 

24. Paul, D., Sanap, G., Shenoy, S., Kalyane, D., Kalia, K., & Tekade, R. K. (2021). Artificial intelligence 

in drug discovery and development. Drug Discovery Today, 26(1), 80–93. 

https://doi.org/10.1016/j.drudis.2020.10.010  

 

25. Patwardhan, B., & Bodeker, G. (2008). Ayurvedic genomics: Establishing a genetic basis for mind-

body typologies. Journal of Alternative and Complementary Medicine, 14(5), 571–576. 

https://doi.org/10.1089/acm.2007.0515  

 

26. Patwardhan, B., Vaidya, A. D. B., Chorghade, M. S., & Joshi, S. P. (2008). Reverse pharmacology and 

systems approaches for drug discovery and development. Current Bioactive Compounds, 4(4), 201–

212. https://doi.org/10.2174/157340708786847870  

 

27. Patwardhan, B., Joshi, K., & Chopra, A. (2005). Classification of human population based on HLA 

gene polymorphism and the concept of Prakriti in Ayurveda. Journal of Alternative and 

Complementary Medicine, 11(2), 349–353. https://doi.org/10.1089/acm.2005.11.349  

 

https://doi.org/10.1016/j.drudis.2020.10.010
https://doi.org/10.1089/acm.2007.0515
https://doi.org/10.2174/157340708786847870
https://doi.org/10.1089/acm.2005.11.349

