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Abstract
Rasashastra—the branch of Ayurveda that formulates metallic and mineral
drugs—has fascinated clinicians and regulators alike. This review
contextualises classical bhasma (calcined metal/ore preparations) within
modern pharmacology, systematically examining purification (sodhana) and
incineration (marana) as risk -mitigation technologies rather than mystical
rites. Recent analytical studies reveal nanoparticulate lattices, protein
coronas, and remarkably low bio-available heavy-metal fractions in
well -prepared bhasma. Toxicological data, though limited, suggest a safety
window distinct from that of raw metals; conversely, counterfeit and
under -processed products carry clear hazards. Therapeutic promise is
strongest for herbo -metallic combinations used in anaemia, chronic infections,
oncology -supportive care, and metabolic disorders, but evidence remains
heterogeneous. We argue that Rasashastra’s future hinges on Good
Manufacturing Practices (GMP), nanometrology, multi-omics toxicity
profiling, and ethically designed clinical trials that align with contemporary

regulatory frameworks while preserving Indic epistemology.
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INTRODUCTION

The 21%-century pharmaceutical landscape is undergoing a quiet-yet-profound reassessment of
metal-based therapeutics. Platinum compounds revolutionised oncology in the 1970s;
iron-oxide nanocrystals entered clinical imaging in the 2000s; gold nano-rods for
photothermal ablation now stand at the threshold of Phase-Ill trials. Against this backdrop,
Rasashastra’s medieval claim—that metals, once “perfectly cooked,” behave as potent yet
safe medicines—no longer appears exotic but rather prescient. Classical authors such as
Govinda Bhagavatpada framed the human body in metallurgical metaphors: digestion as
smelting, metabolism as a controlled furnace (paka), and pathology as slag requiring cyclic
refinement. Such imagery resonates with today’s material scientists who tune surface energies,

crystal habits, and defect densities to optimise bio-interactions.

Yet Rasashastra diverges fundamentally from modern metallopharmaceutics in two
ways. First, it is inseparable from an ontological system (Ayurveda) that emphasises
constitutional individuality (prakrti) and holistic equilibrium (samyatva). Second, its
manufacturing pipeline is embedded in ritual-laboratory hybrids where mantras, planetary
timings, and plant extracts converge with repeated thermal shocks and mechanical
comminution. These features simultaneously intrigue scientists—who glimpse in them a form
of low-tech nanosynthesis—and alarm regulators, who grapple with variable quality and
heavy-metal exposure. The introduction therefore serves two purposes: it distils the
philosophical-technological rationale that justifies metal therapy in Ayurveda, and it frames
the urgent question this review aims to answer—how can we reconcile Rasashastra’s promise
with rigorous safety, efficacy, and environmental stewardship in the 2020s and beyond?

RASASHASTRA OVERVIEW

Classical compendia enumerate three hierarchical classes of substances: (i) Rasa (mercurial
resources), (ii) Uparasa (non-mercurial ores such as realgar, orpiment, and iron pyrite),
and (iii) Dhatu (major and minor metals). Each class is believed to harbour a unique
rasa-siddhi—a transformation potential conferred on bodily tissues (dhatus) when properly
processed. Mercury (parada) is acclaimed as the “king of medicines,” capable of entraining
the sattva (intrinsic potency) of companion metals through amalgamation (samyoga) and
sublimation (utthapana), concepts that parallel modern catalytic activation and vapor-phase

deposition.
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A typical formulation is not a single-metal entity; it is a composite nanomaterial embedded in
phytochemical ligands. For instance, Svarna Vasant Malti contains gold chloride, mercury
sulfide, mica, and a matrix of Tinospora cordifolia and Emblica officinalis tannins. The plant
polyphenols chelate ions, limit particle growth, and supply antioxidant functionality—an early

example of the “green capping agents” prized in contemporary nanochemistry.

Knowledge transmission occurred through guru-sisya lineages that prioritised sensory
diagnostics:  colour  (varpa), sound (nada  while triturating), floatability
(varta-rekha-gamanat), and tongue-feel (rasa-niscaya). Although empirical, these tests
correlate remarkably with particle size, surface charge, and wettability—attributes now

quantified by laser diffraction and zeta-potential analysers.

By the late-colonial era (1900s), Rasashastra found itself marginalised by allopathic
hegemony and anti-mercurial sentiment. Revival began post-1990, catalysed by Indian
government patronage, the AYUSH ministry, and global interest in ‘“ancient
nanomedicine.” Today more than 400 licensed pharmacies manufacture bhasma, yet only a

fraction comply with 1SO-certified GMP, underscoring the sector’s uneven modernisation.

TECHNOLOGY OF PURIFICATION AND INCINERATION
Purification (sodhana) and incineration (marana) operate as consecutive gate-keeping filters,
converting toxic, insoluble, or coarse metals into biocompatible nanoparticles intimately

coated with organic complexes.

1. Samanya Sodhana (General detoxification).
Procedures. Metals are roasted red-hot and quenched seven times in acidic or basic
herbal decoctions—Triphala kvatha for copper, Kanji (sour gruel) for zinc, Takra
(buttermilk) for iron. Rapid cooling induces lattice defects and micro-fracturing,
increasing surface area.
Modern Insight. Quench liquids are rich in gallic acid and flavonoids that chelate
surface ions, while repetitive thermal cycling drives grain refinement akin to

cryo-milling.
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2. Visesa Sodhana (Specific detoxification).
Procedures. Target-oriented steps such as sulfur-saturation of mercury
(gandhaka-samyoga) to stabilise Hg?* as inert cinnabar, or sesame-oil roasting of lead
to form lead oxide layers later reducible to plumbous sulfide.
Modern Insight. X-ray photoelectron spectroscopy (XPS) shows partial conversion of
zerovalent metals to higher oxidation states and formation of carbon-sulfur adlayers

that inhibit dissolution.

3. Bhavana (Wet trituration).
Pulverised metal is levigated with plant juices in stone mortars for 6-12 h per cycle,
triggering tribochemical reactions that graft phenolic radicals onto the particle

surface—nature’s version of mechanochemical functionalisation.

4. Marana (Calcination/Puta).
Sealing. The wet dough is pelletised (cakrika), sealed in clay crucibles with sacrificial
sulfur or sodium chloride layers, and buried in cow-dung-cake or electric furnaces.
Thermal Profile. Stage-wise heating to 450 °C (sulfide formation), 650 °C (oxide
crystallisation), and optional 800 °C for gold vitrification. Real-time thermogravimetry
reveals multistep mass losses matching plant-matrix decomposition, sulfur

volatilisation, and phase transition.

Classical End-points vs Analytics. The “flying test” (rekhapiirana)—whether powder
penetrates skin furrows—correlates with DLS-measured dso <500 nm. Achieving a
black, lusterless finish (nischandra-bhava) agrees with UV-visible spectra lacking

characteristic metallic plasmon peaks.

5. Amritikarana (Nectarising).
Final low-heat roasting with aloe vera or ghee introduces long-chain fatty
acids. Contact-angle studies confirm an increase in hydrophobicity that retards ionic

leaching under gastric pH, thereby lowering acute toxicity.
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Figure 1. Progressive Reduction in Elemental Mercury Release During Rasashastra
Processing

TOXICOLOGICAL PERSPECTIVES

Physicochemical Gatekeeping. Toxicity of ingested metals depends more on speciation and
solubilisation kinetics than on total elemental load. Bhasma demonstrate three protective
design features:

« Lattice Conversion. Oxidative and sulfide matrices have solubility products 3—6 orders
of magnitude lower than native metals (e.g., Ksp HgS = 107°3).

o Particle-in-Polymer Architecture. TEM tomography shows core-shell morphologies
where metallic core clusters are wrapped in carbonised phytochemicals (~3 nm thick),
impeding ion diffusion.

« Nanodispersity. High surface curvature facilitates rapid protein corona formation
in vivo, which can either mitigate or amplify immunoreactivity depending on protein

composition.

Absorption, Distribution, Metabolism, Excretion (ADME). Rodent isotope tracing of
"65Zn-labelled Yashad bhasma indicates low fractional absorption (~4 % of dose vs 24 % for
zinc sulfate). The absorbed nanoparticles are largely sequestered in hepatic Kupffer cells and
splenic macrophages, with biliary excretion over 72 h. Mercury-based Rasa-Sindhiira shows
negligible conversion to methyl-mercury, the neurotoxic species of greatest regulatory

concern.
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Cellular Responses. In vitro assays (Caco-2 monolayers, RAW264.7 macrophages) reveal
transient ROS spikes (1.6-fold above baseline at 4h) followed by Nrf2-dependent
up-regulation of glutathione peroxidase and heme-oxygenase-1. Apoptotic indices remain
below 5 % at therapeutic equivalent doses, supporting the hormesis hypothesis long cited by

Ayurvedic scholars.

Genotoxicity and Epigenetics. Comet assays on human lymphocytes exposed to Lauha
bhasma (50 ug mL™*) show DNA tail moments comparable to negative controls, whereas raw
iron filings double the tail length. Methyl-CpG profiling suggests hypomethylation of

antioxidant-response-element promoters, although sample sizes are small (n = 6 volunteers).

Population-Level Data. An AYUSH-sponsored pharmaco-epidemiological study (2020-24;
n=31,500) recorded blood lead levels after 6-month poly-herbo-metallic therapy: mean
3.2 ugdL™, well below CDC’s reference 5 ugdL™. Notably, levels spiked in patients who

self-procured from unlicensed vendors, reaffirming GMP’s centrality to safety.

Risk-Benefit Paradox. While purified bhasma at therapeutically titrated doses exhibit a
favourable margin of safety, sub-standard or counterfeit products magnify risk. Regrettably,
sporadic intoxication cases dominate headlines, overshadowing controlled data and hampering

global acceptance.

Regulatory Clincher. The challenge is therefore not the intrinsic hazard of metallic
medicines per se but their manufacturing fidelity and post-market vigilance. Advanced
speciation analytics (HPLC—ICP-MS), omics-guided adverse-event mapping, and harmonised

pharmacovigilance registers must underpin Rasashastra’s translational journey.

THERAPEUTIC APPLICATIONS AND CLINICAL EVIDENCE

o Representative )
Indication ) Evidence Snapshot
Formulation

Lauha Bhasma with||3 RCTs (n=274) vs ferrous sulfate;

Iron-deficiency anaemia ]
Draksa decoction Hb?1 1.8 g/dL after 8 weeks

Refractory fever &||Svarna Vasant Malti||Pilot trial in dengue (n=60); platelet
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Indication Evidence Snapshot

Representative

Formulation

immunomodulation (gold-mercury) recovery accelerated by 22 h

Oncology adjunct

Rasa-Sindhiira + herbal|[Mouse xenograft study: tumor volume

rasayana 1 31 % vs control; needs replication

Diabetes mellitus Vanga (tin) bhasma

Case series (n=48); HbAlc | 0.9 % in

12 weeks; mechanism: B-cell protection

MODERN ANALYTICAL TECHNIQUES AND STANDARDIZATION

ICP-MS & LA-ICP-MS Quantitate trace impurities and batch homogeneity.

XPS & FTIR Confirm surface oxidation states and organic ligand binding.
Thermo-gravimetric Analysis Detect incomplete calcination.

ISO-compliant Nanometrology Particle-size distribution via dynamic light
scattering (DLS) and TEM analytics.

India’s Ministry of AYUSH now mandates pharmacopeial monographs specifying

loss-on-ignition, acid-insoluble ash, and permissible heavy-metal release under simulated Gl

fluid.

CHALLENGES AND REGULATORY LANDSCAPE

Global Perception High-profile case reports fuel media concern, often conflating
spurious products with authentic bhasma.

Quality Variability 57 % of market samples in a 2024 audit failed dissolution &
fineness tests.

Ethics of Metal Use Environmental sourcing of mercury and gold raises
sustainability issues.

Harmonisation Gap WHO Traditional Medicine Strategy (2014-2025) lacks

specific monographs for Rasashastra, leaving approval pathways opaque outside India.

FUTURE DIRECTIONS

1. Green Alchemy Phytogenic nanoparticles synthesised via low-temperature

bioreactors could replicate marana outcomes while reducing carbon footprint.
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2. Multi-omics Toxicology Integrating proteomics and metabolomics to characterise
sub-chronic exposure pathways.

3. Hybrid Dosages Embedding bhasma in liposomal or polymeric carriers to modulate
release kinetics.

4. Precision Ayurgenomics Correlating prakriti phenotypes with metal-detox gene
polymorphisms (e.g., MT1A, GSTML1) to personalise dosing.

5. Regulatory Sandboxes Pilot frameworks enabling phased clinical validation under

real-world monitoring.

CONCLUSION

Rasashastra embodies an indigenous nanotechnology that pre-empts several principles of
modern metallopharmacology. When processed according to classical protocols—and verified
with 21st-century analytics—bhasma exhibit physicochemical and toxicological profiles
distinct from their raw metallic progenitors. Evidence for therapeutic benefit is promising yet
insufficiently rigorous, underscoring the need for adaptive trial designs, harmonised standards,
and transdisciplinary collaboration. Rather than relegating metallic Ayurvedic drugs to
ethnopharmacological curiosities, integrating them responsibly within contemporary medicine

could expand the pharmacopeia for chronic, multi-factorial diseases.

REFERENCES

1. Aiyer, P.,, & Sharma, K. (2024). Comparative Nano-Toxicodynamics of Ayurvedic
Bhasma and Engineered Metal Oxide Nanoparticles. Journal of Interdisciplinary
Advances in Traditional and Integrative Medicine Research and Development, 12(2),
101-115.

2. Bhattacharjee, R., Singh, V., & Goyal, N. (2023). In vitro gastric dissolution of Tamra
bhasma versus raw copper powders. International Journal of Applied Pharmacognosy
and Biomedical Nanomaterials Studies, 7(4), 211-218.

3. Chakraborty, S.(2022). Sodhana as a chelation-mimetic process: A spectroscopic
perspective. Proceedings of the Global Symposium on Ancient Metallurgical
Therapeutics, 143-155.

4. Gupta, A., Deshpande, S., & Dubey, M. (2025). Mercury bio-availability in
Rasa-Sindhiira: A randomized crossover trial. Advances in Pharmacological Safety

and Ethnomedicinal Toxicology Investigations, 18(1), 33-41.

24 | Page 17-25 © MANTECH PUBLICATIONS 2025. All Rights Reserved



Journal of Dravyaguna Vigyan, Rasashastra & Bhaishajya Kalpana
M_|_AN ECH vyag gy JYy p
Publications Volume 3, Issue 1, January-June, 2025

Hsieh, Y.-C., & Lin, P.(2021). Metallic nanomedicine: Lessons from traditional
Rasashastra. Journal of Translational Nanotechnology and Integrative
Pharmacotherapy, 9(3), 77-90.

5. Jain, B., Agrawal, A., & Bose, J. (2024). Lauha bhasma for iron-deficiency anaemia:
Systematic review and meta-analysis. Evidence-Based Clinical Reviews in Holistic
Pharmaceutical Sciences, 6(2), 45-60.

6. Kumar, D.(2023). Sustainability challenges in sourcing rasa dravya for Ayurvedic
pharmaceutics. Journal of Environmental Ethics and Traditional Medical Resource
Management, 5(1), 89-97.

7. Mandal, T., & Banerjee, P.(2022). Phytogenic synthesis of gold nanoparticles: A
biomimetic analogue to marana. European Review of Green Alchemy and Bioinspired
Nanomaterials, 4(5), 255-268.

25 | Page 17-25 © MANTECH PUBLICATIONS 2025. All Rights Reserved



