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ii. Pharmacological properties of secondary and active metabolites of medicinal
plants

ii. Pharmacological properties of secondary and active metabolites of medicinal plants used in Ayurveda
Background: Secondary Metabolites in Ayurveda

Ayurveda’s Holistic Perspective

1. Medicinal Plants and Rasayana

o In Ayurveda, many medicinal plants are classified as Rasayana (rejuvenative) when they promote longevity,
vitality, and equilibrium of Doshas (Vata, Pitta, Kapha).

o Secondary metabolites are not singled out by name in classical Ayurvedic texts but are implied via the
plants’ Rasa (taste), Guna (qualities), Virya (potency), Vipaka (post-digestive effect), and Prabhava (unique
action).

2. Polyherbal Formulations

o Most Ayurvedic formulations (e.g., Chyavanprasha, Dasamoolarishta) combine multiple herb extracts,
harnessing synergy among distinct secondary metabolites.

o The overarching principle is multi-target therapeutics, with each constituent influencing diverse
physiological processes.

Secondary Metabolites: Significance

1. Definition
o Complex organic compounds derived from primary metabolic pathways but not strictly essential for plant
survival—provide ecological advantages (defense, pollination).
o Categories: Alkaloids, Phenolics (flavonoids, tannins, phenolic acids), Terpenoids (monoterpenes,
sesquiterpenes, diterpenes), Glycosides (cardiac, saponins), Coumarins, and more.
2. Ayurvedic Plant Examples
Withania somnifera (Ashwagandha): withanolides (steroidal lactones).
o Bacopa monnieri (Brahmi): bacosides (triterpene saponins).
o Azadirachta indica (Neem): limonoids, azadirachtin.
o Curcuma longa (Turmeric): curcuminoids (polyphenols).
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Ocimum sanctum (Tulsi): eugenol, rosmarinic acid, ursolic acid.
Terminalia chebula (Haritaki): chebulagic acid, chebulinic acid (tannins).

Major Classes of Secondary Metabolites and Their Pharmacological
Actions

Alkaloids

1. Chemical Nature and Ayurvedic Insight
o Nitrogen-containing heterocyclic compounds, often bitter (tikta rasa), can exert potent physiological effects.
o In Ayurveda, bitterness is associated with pachana (digestive), dipana (appetite stimulation), and
kapha-pitta-shamaka (balance of kapha/pitta).
2. Pharmacological Activities
o Analgesic/Anesthetic: E.g., morphine-like alkaloids from Papaver somniferum (though more recognized in
Western pharmacopeia, they align with traditional sedation/pain relief).
o Antimalarial: Quinine from Cinchona bark (adopted historically), though not a classic Ayurvedic plant,
exemplifies the broader scope of alkaloidal therapy.
o Adaptogenic: Certain alkaloid-rich herbs in Ayurveda (like Rauvolfia serpentina with reserpine) have
sedative, antihypertensive properties.
3. Key Ayurvedic Example
o Rauvolfia serpentina (Sarpagandha): Contains reserpine (an indole alkaloid). Traditional use for
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hypertension (Vata disorder) and mental calmness aligns with reserpine’s modern classification as an
antihypertensive and antipsychotic agent.

Phenolic Compounds

1. Flavonoids and Polyphenols
o Broad category with aromatic rings bearing hydroxyl groups.
o In Ayurvedic terms, these often impart an astringent (kashaya) or bitter (tikta) rasa, conducive to cleansing
(shodhana) and cooling (shita virya) effects.
2. Pharmacological Profiles
o Antioxidant: Neutralize free radicals, reduce oxidative stress.
o Anti-inflammatory: Modulate COX, LOX, cytokine pathways (e.g., quercetin, catechins, curcumin).
o Hepatoprotective: Silymarin from Silybum marianum used in analogous Ayurvedic prescriptions for liver
tonics (though not a purely Ayurvedic herb, the principle remains consistent).
3. Notable Ayurvedic Plant Examples
o Turmeric (Curcumin): A potent anti-inflammatory, antioxidant, supporting wound healing, anti-arthritic, and
immunity modulation.
o Tulsi (Ocimum sanctum): Rich in eugenol, rosmarinic acid—anti-inflammatory, anti-microbial, adaptogenic.
o Amalaki (Emblica officinalis or Phyllanthus emblica): High in vitamin C and tannins (emblicanin), used for
rejuvenation and potent antioxidant properties.

Terpenoids (Including Steroidal and Non-Steroidal)

1. Classes
o Monoterpenes (Cio), Sesquiterpenes (Cis), Diterpenes (C2o), Triterpenes (Cso), Steroidal structures.
o Commonly found in essential oils, resins, and latex. Linked to aromatic (katu), pungent, or sometimes sweet
tastes, varying by chemical structure.
2. Pharmacological Significance
o Anti-inflammatory/Antiseptic: Many essential oils, such as eugenol in clove or thymol in thyme, have
strong antibacterial, antifungal actions.
o Adaptogenic/Stress-Response: Withanolides in Withania somnifera or ginsenosides in Panax ginseng
(some parallels to Ayurvedic usage), act on HPA axis, modulating stress hormones.
o Anticancer: Triterpenoids (e.g., boswellic acids from Boswellia serrata) show tumor growth inhibition, used
in anti-arthritic contexts in Ayurveda.
3. Steroidal Compounds
o Withanolides (Ashwagandha), diosgenin (fenugreek), punarnavine (Boerhavia diffusa). They can exhibit
anabolic, immunomodulatory, or anti-hyperglycemic effects consistent with Rasayana classification.

Glycosides (Cardiac, Saponins, Anthraquinones)

1. Cardiac Glycosides
o _Typically found in non-Ayurvedic classic plants like Digitalis purpurea. However, certain Ayurvedic herbs with
mild cardenolides also influence cardiac function.
o Thevetia peruviana (yellow oleander) is known in folk medicine but must be used with extreme caution due
to toxicity.
2. Saponins
o Characterized by foam-forming capacity, have hemolytic or membrane-permeabilizing properties.
o Triterpenoid saponins (e.g., bacosides in Bacopa monnieri) show nootropic, anxiolytic, memory-enhancing
effects, aligning with Ayurvedic usage for cognitive rejuvenation (Medhya Rasayana).
3. Anthraquinones
o Common in laxatives (e.g., Cassia angustifolia or Senna). Ayurvedic usage for constipation, purgation
therapies (Virechana).
o Mechanism: irritant to colonic mucosa, promoting peristalsis.

Coumarins, Stilbenes, and Other Minor Classes

1. Coumarins
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o Psoralea corylifolia (Bakuchi) rich in psoralen, used topically for vitiligo/ leukoderma in Ayurveda.
o Coumarins can exhibit anticoagulant, antimicrobial, anti-inflammatory activities.
2. Stilbenes
o Resveratrol from certain medicinal sources (though more recognized in grapes, peanuts) has antioxidant
and cardioprotective attributes.
o Raktachandana (Pterocarpus santalinus) may contain related phenolics with anti-inflammatory or colorant
uses in Ayurvedic formulations.

Pharmacological Mechanisms and Integrative Concepts

Multi-Target and Synergistic Effects

1. Holistic Activity
o Ayurvedic multi-herb formulas intentionally combine synergistic secondary metabolites—one might boost
absorption, another potently modulates immune responses, another counters side effects.
o Triphala, for instance, merges Phyllanthus emblica, Terminalia chebula, and Terminalia belerica, each rich in
phenolics and tannins, collectively offering antioxidant, digestive, and detoxifying actions.
2. Immunomodulatory and Adaptogenic
o Many Ayurvedic herbs (e.g., Ashwagandha, Guduchi, Shatavari) are prized for Rasayana or adaptogenic
effects—reducing stress hormone levels, enhancing immune function, stabilizing blood glucose, or balancing
neuroendocrine axes.
3. Anti-inflammatory, Antioxidant Pathways
o Secondary metabolites (e.g., curcuminoids, boswellic acids) can downregulate proinflammatory mediators
(TNF-a, IL-1B, NF-kB) or scavenge free radicals.
o Long-term usage in chronic conditions (arthritis, metabolic disorders, certain degenerative diseases) is well
documented in Ayurvedic treatises.

Safety Considerations and Quality Control

1. Standardization
o Variation in metabolite profiles due to geography, harvesting time, and post-harvest handling.
o Need for marker-based authentication (HPLC, TLC, mass spectrometry) to ensure consistent levels of key
secondary metabolites.
2. Potential Toxicity and Heavy Metal Adulteration
o Some preparations historically used metal/mineral bhasmas, leading to controversies if not purified properly.
o Quality control guidelines (e.g., WHO, AYUSH in India) aim to minimize contamination and standardize active
ingredient content.
3. Pharmacokinetics and Herb-Drug Interactions
o Polyphenols or alkaloids can modulate CYP450 enzymes, affecting co-administered drugs.
o In-depth clinical evaluations of synergy or adverse interactions remain crucial for evidence-based
integrative medicine.

Future Directions in Research and Application

1. Molecular Docking and Omics
o High-throughput screening, in silico docking to identify molecular targets for alkaloids or terpenoids.
o Metabolomics profiling to decode synergy in polyherbal mixtures, leading to advanced formulation designs.
2. Nanotechnology in Herbal Delivery
o Encapsulation of these metabolites in polymeric or lipid-based nanosystems to enhance bioavailability,
stability, and targeted delivery.
o Example: Liposomal curcumin or nano-brahmi for crossing the blood-brain barrier, tackling
neurodegenerative diseases.
3. Integration with Traditional Knowledge
o Further synergy between Ayurvedic methodology (dosha-based prescriptions, panchakarma detox
procedures) and modern pharmacological studies can optimize therapeutic outcomes.
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o Community-led conservation, sustainable harvesting, and fair trade practices ensure the continued
availability of medicinal biodiversity.

Concluding Remarks

Secondary metabolites derived from medicinal plants in Ayurveda constitute a remarkable pharmacopeia, informed by
millennia of empirical usage and increasingly validated by modern phytochemical and biomedical research. Classes
such as alkaloids, phenolics, terpenoids, and glycosides underlie a wide spectrum of pharmacological
activities—anti-inflammatory, adaptogenic, antimicrobial, anticancer, neuroprotective—that resonate with Ayurvedic
principles of balance, rejuvenation, and holistic health.

A robust understanding of these compounds—covering biosynthetic pathways, mechanisms of action, synergistic
behavior, and safety/quality control measures—reinforces the relevance of Ayurvedic formulations in contemporary
integrative medicine. Ongoing explorations, guided by advanced omics approaches, green chemistry, and evidence-
based clinical trials, promise to further refine and harness the power of these secondary metabolites for next-generation
therapeutics and sustainable healthcare solutions.
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