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vi. Pharmacogenomics of active compounds of Āyurveda and multi-omics approach

Āyurveda’s emphasis on individualized therapy—enshrined in prakṛti-based diagnosis and rasapanchaka–driven drug
action—naturally resonates with pharmacogenomics, which studies how genetic variations shape individual responses to
medications.  By  integrating  multi-omics (genomics, transcriptomics, proteomics, metabolomics, microbiomics) with
classical Āyurvedic tenets, healthcare can progress toward truly personalized medicine that unites ancient insights
with contemporary molecular science. Below is a doctoral-level overview of this synergy.
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Pharmacogenomics: A Primer
Definition and Scope1.

WHO defines pharmacogenomics as “the  science  and  activities  relating  to  the  detection,  assessment,
understanding, and prevention of adverse effects or any other drug-related problem.”
In  practice,  it  focuses  on  genetic  factors—like single nucleotide polymorphisms (SNPs)—that influence
drug metabolism, efficacy, and toxicity.
Key Technologies: GWAS (Genome-Wide Association Studies) for large-scale SNP analysis, microarray
or PCR-based methods for targeted genotyping of 10–200 markers.

Clinical Potential2.
Personalized  Therapy: Tailors drugs based on patient genetic profiles, replacing one-size-fits-all
prescribing.
Reduced Adverse Events: Identifies slow/fast metabolizers (e.g., CYP2C19 variants).
Streamlined Clinical Trials: Enrolling genetically “likely responders” accelerates proof-of-efficacy,
lowering costs.

Ayurveda and Pharmacogenomics: Synergizing Concepts

Prakṛti (Constitution) and Genomics

Prakṛti Theory1.
Āyurveda classifies individuals under Vāta,  Pitta,  Kapha or mixed prakṛti.  Each  subtype  has  unique
physiology, disease predisposition, and drug responsiveness.
Prakṛti is determined at birth, remains invariant, and transcends racial or ethnic boundaries.

Genetic Basis2.
Preliminary studies correlate prakṛti with SNPs in metabolic genes (e.g., CYP450), immune genes (e.g., HLA),
detoxification pathways.
Example:  Pitta individuals might exhibit upregulations of pro-inflammatory cytokines (IL-6, TNF-α),
consistent with certain SNP patterns.

Rasapanchaka vs. Molecular Pharmacology

Rasapanchaka1.
Describes drug action via Rasa (taste), Guṇa (properties), Vīrya (potency), Vipāka (post-digestive effect),
Prabhāva (unique action).
Overlaps modern pharmacology’s pharmacokinetic and pharmacodynamic concepts.

Illustrative Example2.
Haridra (Turmeric) with Tikta  (bitter)  rasa, known anti-inflammatory effect correlates with NF-κB  and
COX-2 inhibition.
Ashwagandha (Withania somnifera) has adaptogenic and stress-mitigating properties possibly modulated by
COMT gene variations in stress response.
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Multi-Omics Approaches in Āyurveda

Genomics

SNP Profiling1.
Distinguishes  subpopulations  for  personalized  therapies  (e.g.,  Vāta types needing different doses of
Ashwagandha).
The Indian Genome Variation (IGV) consortium fosters large-scale data on SNP distributions relevant to
disease or drug metabolism.

GWAS in Ayurgenomics2.
Potentially identifies genotype–prakṛti correlations for common diseases (e.g., metabolic syndrome in
Kapha, autoimmune in Pitta).

Transcriptomics & Proteomics

Gene Expression1.
Evaluates how Ayurvedic herbs (e.g., Tinospora cordifolia) alter immune or stress-related pathways in
different doṣa phenotypes.

Protein Networks2.
Proteomic mapping reveals synergy among polyherbal compounds. E.g., Withanolides upregulating certain
neuroprotective proteins in Vāta individuals.

Metabolomics

Biomarker Discovery1.
Tracks how classical formulations (Triphala) shift metabolic signatures (gut microbiota, short-chain fatty
acids).

Personalized Dietary Advice2.
Integration  with  Prakṛti-specific  diets  (e.g.,  Pitta  individuals  needing  cool,  bitter  foods)  for  metabolomic
optimization.

Microbiomics

Gut Flora1.
Takra (buttermilk) therapies or certain herbal formulations modulate gut microbiota, correlated with doṣa-
based GI health.

Disease Prevention2.
Enhanced diversity or beneficial flora confers resilience against metabolic/inflammatory disorders.

Case Studies: Pharmacogenomic Interactions with Key Āyurvedic
Compounds

Curcumin (Haridrā)

Pharmacogenomic  Aspect: SNPs in UGT1A1 (phase II metabolism) can affect curcumin clearance; slow
metabolizers experience stronger anti-cancer benefits.
Multi-Omics:

Proteomics: Downregulation of NF-κB, COX-2.
Metabolomics: Reduces oxidative stress markers, aligning with tikta (bitter) function of reducing Pitta.

Withanolides (Ashwagandha)

Genetic Response: COMT or CYP2C19 polymorphisms influence stress hormone catabolism; Ashwagandha might
show variable anti-anxiety effects.
Omics:

Transcriptomics: Upregulates BDNF for neuroprotection, aligning with vāta-pacifying strategies.
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Bacosides (Brahmī)

SNP  Associations: Polymorphisms in BDNF gene can modulate nootropic effects (cognition, memory) more
pronounced in Kapha types.
Clinical Trials: Genotyping participants could reveal subgroups with maximum improvement.

Benefits and Challenges of Pharmacogenomics in Āyurveda

Benefits

True Personalization1.
Genetic screening plus prakṛti  assessment  offers  a  multi-dimensional patient profile for fine-tuned
therapy.

Reduced ADRs2.
Minimizes adverse reactions in genetically vulnerable or doṣa-incompatible individuals.

Efficient Trials3.
Stratifying trial cohorts by genotype/doṣa to highlight clear efficacy signals, lowering cost and complexity.

Challenges

Correlating Prakṛti and DNA1.
Large-scale multicenter research needed to definitively link doṣa subtypes with genetic patterns.

Complex Formulations2.
Polyherbal drugs create confounding variables—multiple active molecules with multi-target synergy.

Ethical and Logistical Hurdles3.
Cost and infrastructure for routine genetic testing, data privacy issues.

Standardization4.
Variation in herbal raw materials, extraction processes hamper consistent multi-omics research.

Future Directions
AI-Driven Multi-Omics1.

Machine learning models integrating genomic, proteomic, and Ayurvedic prakṛti data for predictive therapy
outcomes.

Global Collaboration2.
Partnerships with international T&CM guidelines (WHO) to accelerate recognition of “Ayurgenomics.”

Policy and Research Funding3.
Government impetus (e.g., CCRAS, ICMR) for large-scale “Āyurveda + Omics” consortia, bridging academic
labs, AYUSH institutions, biotech startups.

Conclusion
Pharmacogenomics—long established in conventional medicine for precision therapy—holds enormous potential when
fused with Āyurveda’s classical emphasis on personalization (prakṛti) and drug action (rasapañcaka). By adopting
multi-omics techniques (genomics, proteomics, metabolomics, microbiomics), researchers can scientifically  validate
and  refine Ayurvedic formulations to match each patient’s genetic blueprint. Despite challenges (establishing
genotype–prakṛti links, standardizing complex herbals), this synergy heralds a transformative era where traditional
principles of doṣa-based care converge seamlessly with modern molecular insights—paving the way for truly holistic
and precision-based healthcare.
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