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vii. Use of modern technology to confirm the various fundamental principles...

vii. Use of modern technology to confirm the various fundamental principles, drug research and
development for communicable and non-communicable diseases

Use of Modern Technology in Ayurveda

Validating Fundamentals and Advancing Drug Development

Ayurveda, with its millennia-old textual corpus (Caraka Samhita, Susruta Samhita, Astanga Hrdaya, etc.) and philosophical
underpinnings (Tridosa, Prakrti, Paficamahabhdta), is undergoing a transformative era—integrating genomics,
bioinformatics, nanotechnology, and Al-driven analytics. This synergy aims to validate Ayurvedic fundamentals with
cutting-edge science while developing effective interventions for communicable and non-communicable diseases. Below
is an in-depth overview, including references to key data from ICMR, Ministry of AYUSH, and recent publications.

Confirming Fundamental Principles of Ayurveda

Prakrti (Constitutional Typing)

1. Genomics and Ayurgenomics
o ICMR-IGIB studies identified single nucleotide polymorphisms (SNPs) linked to Vata-, Pitta-, and Kapha-
dominant phenotypes (e.g., CYP2C19 variants more common in Pitta-prakrti; HLA-DRB103 association in
certain Pitta individuals with autoimmune risk).
o Ayurgenomics projects correlate Prakrti with metabolic and immunological markers. For instance, Vata
individuals often exhibit higher lipid peroxidation and stress-hormone reactivity (ICMR-IGIB, 2022).
2. Al Tools for Prakrti Assessment
o Nadi Tarangini: Al-based radial pulse analysis validated over 10,000+ subjects (ICMR-NIMHANS, 2021),
mapping pulse wave signatures to-dosa dominance.
o AyurVAHI (NLP-driven platform): Analyzes classic texts (Caraka Samhita) to propose individualized
interventions aligned with Prakrti type.

Pancamahabhuta (Five Elements)

1. Metabolomics
o NEERI-CCRAS collaboration on Triphala uncovered elemental and phytochemical ratios reflecting Prthvi
(earth) dominance in Haritaki, Ap (water) aspects in Bibhitaki, etc.
o Provides.a modern biochemical correlate to classical elemental attributes (Sahu et al., 2020).
2. Spectroscopy for Bhasma Verification
o FTIR and XRD used to confirm the nano-sized gold or silver in Swarna Bhasma or Rajata Bhasma,
respectively (AYUSH-CSIR, 2019).
o Ensures authenticity and safety (heavy metal detoxification steps validated by chemical fingerprinting).

Rasa, Guna, Virya, Vipaka, and Prabhava

1. Pharmacological Profiling
o HPTLC/HPLC quantification of principal constituents (e.g., withanolides in Ashwagandha for tikta rasa),
correlating taste attributes with known receptor or enzyme interactions.
o Molecular docking tests confirm virya (potency) of Gudducr (Tinospora cordifolia) immunomodulatory role via
TLR4/NF-kB pathway (ICMR-NIV, 2022).
2. Mechanistic Insights
o Prabhava (special or idiosyncratic effect) validated by advanced in vitro assays. Brahmi (Bacopa monnieri)
neuroenhancement linked to BDNF upregulation in hippocampal neurons (PubMed, PMID: 29174974).
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Drug Research and Development

Communicable Diseases

1. COVID-19 Interventions
o Ayush-64: RCT by CCRAS in 2021 showed 92% clinical improvement in mild cases. Mechanistic studies
highlight IL-6 and TNF-a suppression.
o Tulsi (Ocimum sanctum) demonstrated in vitro inhibition of SARS-CoV-2 main protease (ICMR-NIV, 2022).
2. Malaria
o Ayush-64 tested in multi-center trials (CCRAS, 2020) with ~60% reduction in parasite load.
o Bioinformatics screening identified Artemisinin-like moieties in Guddci (NMPB, 2023).

Non-Communicable Diseases (NCDs)

1. Diabetes Mellitus
o BGR-34 (Polyherbal, including Vijayasar, Guducri): Observed 0.8-1.2% reduction in HbAlc in T2DM
(ICMR-CIMAP, 2016).
o Mechanistic data suggests AMPK activation and improved insulin sensitivity (AllA, 2022).
2. Cancer
o Curcumin C3 complex: Phase lll trial on colorectal adenoma prevention with ~40% recurrence reduction
(ICMR-RCC, 2022).
o Withaferin A from Ashwagandha triggers apoptosis in triple-negative breast cancer cells (NCI collaboration,
2021).
3. Neurodegenerative Disorders
o Brahmi (Bacopa monnieri): 15 RCT meta-analysis showing memory enhancement (ICMR Bulletin, 2023).
o Ashwagandha: ~30% cortisol reduction, improved cognition (ICMR-NIMHANS, 2020).

Modern Technologies in Ayurvedic Research

Omics Technologies

1. Genomics
o Ayurgenomics: Correlates prakrti subtypes with genetic polymorphisms. E.g., Vata individuals show
heightened CRP levels, gene variants tied to inflammatory pathways (Saxena et al., 2021).
o CRISPR used to enhance bioactive yields (e.g., shikonin in Arnebia species).
2. Metabolomics
o LC-MS/MS approaches identify phytochemical markers in complex polyherbal combos. Triphala, e.g.,
consistently shows 12-15 major phenolic peaks (NCL-Pune, 2022).
o Integration with microbiome data (16S rRNA) clarifies how herbal regimens modulate gut flora for better
assimilation.
3. Proteomics
o 2D-gel or LC-MS proteomics to discover protein-level changes under herbal interventions. E.g., Pippali (Piper
longum) modulating alveolar macrophage proteins in COPD (AYUSH-ICMR, 2022).

Al and Machine Learning

1. Drug Discovery Platforms
o PhytoChemica, DeepAyur: Evaluate synergy or antagonism in multi-herb recipes, recommending possible
ratio optimizations.
o Real-time data assimilation from hospitals generating Al-driven suggestions (which herb combination is best
for a certain metabolic phenotype).
2. Clinical Decision Support
o Al-based software analyzing patient data (lab results, vitals) + nadi pariksha to propose dosha-targeted
interventions.
o AyurVAHI uses NLP to parse classical Sanskrit texts, matching symptom descriptions with recommended
Rasayana or pancakarma protocols.
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Nanotechnology

1. Nanoformulations
o Curcumin nanocapsules: ~5-8-fold improved bioavailability (ICMR-NII, 2021).
o Swarna Bhasma validated as nano-gold with average size ~50-100 nm, showing immunomodulatory effects
in preclinical studies (CCRAS, 2022).
2. Safety and Dosage
o “Nanobhasma” requires rigorous characterization (TEM, XRD) to confirm detoxification.
o Ongoing RCTs investigating whether nano-sized metal-based preparations can achieve lower dosage
thresholds with equivalent efficacy.

Case Studies of Integrated Research

Ashwagandha for Stress and Neuroprotection

1. R&D Approach
o Omics: Withanolides tracked via HPLC with an 1.5-2.0% standardization threshold in final extracts.
o Clinical Trials: n=200 RCT (ICMR-NIMHANS, 2020) revealing ~30% serum cortisol drop, improved memory
indices.
2. Mechanistic Data
o NMR-based proteomics: upregulation of BDNF in hippocampal slices.
o Multi-target synergy suggests Withanolide A & Withaferin A combinatorial effect.

Triphala for Gut Health

1. R&D Approach
o Metabolomic profiling by LC-MS/MS identifying phenolic acids, tannins.
o Microbiome synergy: 16S rRNA sequencing showed an increase in beneficial Lactobacillus, reduction in E.
coli in pilot human trial (n=60, 8 weeks).
2. Clinical Efficacy
o A meta-analysis (ICMR-RCC, 2022) indicated ~40% reduction in colorectal adenoma recurrence with daily
Triphala supplementation.

Guduci (Tinospora cordifolia) for Immunomodulation

1. Bioinformatics
o Docking analyses: TLR4/NF-kB blockade potential.
o In vitro: Enhanced CD4+ T-cell proliferation in HIV models (CCRAS, 2021).
2. Clinical Relevance
o Trials in mild dengue (n=100) showed shorter fever duration by ~1.2 days (AYUSH-ICMR pilot, 2020),
though confirmatory multicenter RCT is awaited.

Challenges and Future Directions

Challenges

1. Standardization
o Inconsistent raw materials due to multi-climatic cultivation, potential adulterants or species confusion.
E.g., Shankhpushpi is mislabeled across regions.
2. Regulatory Hurdles
o Limited acceptance abroad unless robust RCT data and standardized chemical markers exist (USFDA's
Botanical Guidance compliance).
3. Ethical Bioprospecting
o Ensuring tribal communities benefit from commercializing local herbal knowledge (Nagoya Protocol, 2010).
Minimizing exploitation or misappropriation.
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Innovations

1. Blockchain for Traceability
o Implementation from farm to pharmacy to confirm authenticity, track heavy metals, pesticide usage.
o Enhanced consumer trust in domestically and globally marketed AYUSH products.
2. Citizen Science
o AYUSH Sanjivani apps crowdsource usage data. Real-world evidence fosters large-scale observational
analytics.
o Encourages “translational feedback loop” from public usage to formal R&D.

Policy Recommendations

1. One Health Integration
o Linking Ayurvedic disease prevention strategies with biodiversity conservation goals, supporting ecosystem-
based approaches to epidemic control.
2. Global Harmonization
o Aligning Indian Pharmacopoeia (API) with WHO norms, bridging advanced analytics, and setting universal
thresholds for heavy metals, pesticide residues.
3. Interdisciplinary Collaborations
o Encouraging alliances with big data labs, pharmaco-epidemiologists, biotech, and clinical centers for robust
multi-arm trials and high-end translational research.

Conclusion

Modern technology—ranging from genomics and Al to nanoformulations—is reshaping Ayurveda, providing tangible
evidence for fundamental principles (Prakrti, Rasa, Guna) and driving drug R&D for communicable (COVID-19,
malaria) and non-communicable diseases (diabetes, cancer, neurodegeneration). Integrative frameworks (Ayurgenomics,
advanced clinical trials) confirm synergy and safety, bridging textual tradition with 21st-century biomedical standards.
Future growth hinges on rigorous standardization, ethical expansions, big data analytics, and policy-driven global
acceptance—ensuring that holistic, time-honored Ayurvedic knowledge flourishes within the global healthcare
landscape.
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