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INTRODUCTION 

Modern nanotechnology, formally conceptualized in the 

mid-twentieth century and expanded dramatically over 

the past four decades, focuses on manipulating matter at 

dimensions between 1 and 100 nanometers. Materials at 

this sub-micron scale exhibit novel physical, chemical, 

and biological properties, including elevated surface-

area-to-volume ratios, altered quantum states, and 

improved cellular membrane permeability. Within 

contemporary medicine, nanocarriers, quantum dots, and 

metallic nanoparticles serve as powerful tools for 

targeted drug delivery, non-invasive imaging, and 

overcoming biological barriers. 
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ABSTRACT 

Rasa Shastra, a specialized branch of Ayurveda that gained prominence 

between the 8th and 14th centuries CE, pioneered the therapeutic use of 

metals, minerals, and gems through intricate multi-step processing 

methodologies. Central to this discipline is the synthesis of Bhasmas 

(calcined metallic preparations) and Kajjali (herbomineral complexes). 

Recent advances in material characterization confirm that these ancient 

formulations consist predominantly of stable, biologically active 

nanoparticles ranging between 10 and 100 nanometers. This comparative 

study examines the conceptual and technical convergence between classical 

Rasa Shastra and contemporary nanotechnology. By mapping traditional 

steps—such as Shodhana (purification/detoxification), Bhavana (trituration 

with herbal juices), and Marana (incineration in closed crucibles)—onto 

modern top-down and bottom-up synthesis pathways, this paper 

demonstrates how ancient alchemists altered atomic coordination, reduced 

particle sizes, and functionalized mineral surfaces with bio-organic 

coatings. Classical test parameters (Rekhapurnatva, Varitara) correlate 

directly with modern physical properties verified via Transmission Electron 

Microscopy (TEM), X-ray Diffraction (XRD), and Dynamic Light 

Scattering (DLS). The resulting organometallic nanostructures exhibit 

enhanced cellular uptake, superior bioavailability, targeted delivery, and 

diminished toxicity compared to raw inorganic metals. Recognizing Rasa 

Shastra as a precursor to modern green nanotechnology offers critical 

insights for modern targeted nanomedicine, bio-capping, and the 

development of safe, highly bioavailable metallo-therapeutics. 
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Long before the advent of electron microscopy or atomic 

spectroscopy, ancient Indian medical scientists 

developed an empirical yet systematic approach to 

synthesizing sub-micron metallic agents for therapeutic 

administration. Documented comprehensively in 

classical texts such as the Rasaratna Samuccaya, 

Rasarnava, Rasa Hridaya Tantra, and Caraka Samhita, 

the pharmaceutical sub-discipline known as Rasa Shastra 

emerged as a distinct, highly refined branch of 

Ayurveda. Recognizing that native heavy metals—such 

as mercury (Parada), gold (Swarna), silver (Rupya), iron 

(Lauha), copper (Tamra), and zinc (Yashada)—are 

intrinsically toxic and insoluble in human biological 

fluids, ancient practitioners developed sophisticated 

thermochemical cycles to transmute these raw elements 

into biocompatible, therapeutic powders termed 

Bhasmas. 

 

A fundamental challenge in modern inorganic chemistry 

is the synthesis of metallic nanoparticles without using 

toxic reducing agents, harsh organic solvents, or non-

biodegradable synthetic capping agents. The classical 

techniques of Rasa.  

 

Shastra present a pristine template for "green synthesis," 

wherein biological matrices (plant extracts, decoctions, 

cow milk, buttermilk) act as both mechanical dispersants 

and molecular surfactants. The repeated application of 

mechanical shear forces combined with controlled heat 

treatment yields stable, crystalline, zero-valent or metal-

oxide/sulfide nanoparticles enveloped in a protective 

organic corona. 

 

Understanding the deep scientific parallels between 

classical Rasa Shastra and modern nanoscience requires 

a systematic, interdisciplinary evaluation. This study 

investigates the ancient metallurgical-pharmaceutical 

principles of Bhasmikarana, correlates classical quality 

tests with modern analytical characterization techniques, 

and analyzes the pharmacokinetic advantages of these 

ancient nanomedicines through the lens of modern 

molecular pharmacology. 

 

METHODS 

This comparative investigation utilizes an 

interdisciplinary review and synthesis methodology, 

analyzing classical Ayurvedic compendia alongside peer-

reviewed physical and biological characterization studies 

published in modern material science and 

pharmacological literature. 

 

Classical Literature Extraction 

Primary textual sources—including the Rasaratna 

Samuccaya (Vagbhata), Rasendra Sara Sangraha, 

Sarngadhara Samhita, Charaka Samhita, and Sushruta 

Samhita—were analyzed to extract explicit descriptions 

of. 

1. Raw material classification (Dhatu, Ratna, Maharasa, 

Uparasa). 

2. Pre-processing purification and chemical alteration 

steps (Shodhana). 

3. Trituration with organic media (Bhavana). 

4. Closed-system calcination cycles (Marana via Puta 

heating systems). 

5. Traditional physical and physicochemical quality 

control assays used to evaluate the end product (Bhasma 

Pariksha). 

 

Modern Scientific Literature Correlation 

A systematic cross-referencing was performed against 

experimental data from published nanoscience 

investigations on classical Bhasmas (e.g., Swarna 

Bhasma, Lauha Bhasma, Yashada Bhasma, Tamra 

Bhasma, and Kajjali). Data points evaluated include. 

 

1. Morphological and size characterization: Transmission 

Electron Microscopy (TEM), Field Emission Scanning 

Electron Microscopy (FESEM), and Atomic Force 

Microscopy (AFM). 

2. Phase identification and crystallographic structure: X-

Ray Powder Diffraction (XRD). 

3. Chemical composition and trace elemental purity: 

Inductively Coupled Plasma Mass Spectrometry (ICP-

MS) and Energy Dispersive X-ray Spectroscopy 

(EDS/EDX). 

4. Surface functional groups and bio-organic coating 

analysis: Fourier Transform Infrared Spectroscopy 

(FTIR) and Thermogravimetric Analysis (TGA). 

5. Colloidal stability and particle size distribution: 

Dynamic Light Scattering (DLS) and Zeta Potential 

measurements. 

 

Comparative Analytical Framework 

The collected data were mapped across three core 

thematic domains: 

• Synthesis pathways (Top-down mechanical breakdown 

vs. Bottom-up chemical nucleation). 

• Quality control and end-point verification (Ancient 

organoleptic/physical tests vs. Modern 

spectroscopic/microscopic instrumentation). 

• Pharmacokinetics and biosafety (Cellular penetration, 

metabolic fate, organic capping mechanisms, and 

toxicity mitigation). 

 

RESULTS 

Phase-Wise Processing: Ancient Protocols vs. 

Nanofabrication Pathways 

The pharmaceutical transformation in Rasa Shastra, 

known broadly as Bhasmikarana, proceeds through three 

mandatory stages that parallel modern hybrid top-down 

and bottom-up nanomanufacturing 

 

1. Shodhana (Purification and Structural Cleavage) 

In modern terminology, Shodhana is not merely the 

extraction of physical debris; it is a thermo-mechanical 

and chemical surface-activation process. The raw metal 

is repeatedly heated to its melting or red-hot state and 

quenched into specific liquid media (such as Kanjika 

[sour gruel], Takra [buttermilk], Kulattha Kwatha [horse 
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gram decoction], Gomutra [cow urine], or Tila Taila 

[sesame oil]). 

 

From a material science perspective, repeated rapid 

thermal expansion followed by instantaneous liquid 

quenching induces extreme thermal shock. This 

introduces high-density dislocations, micro-fractures, 

and structural lattice defects throughout the crystalline 

bulk. Quenching in acidic or organic media 

simultaneously initiates surface etching, eliminates 

macroscopic impurities, and deposits trace functional 

chemical groups onto the cracked metallic surface. 

 

2. Bhavana (Trituration, Wet Milling, and Bio-

functionalization) 

Following initial coarse reduction, the metal is subjected 

to Bhavana—continuous wet grinding in a pestle and 

mortar (Khalwa Yantra) with fresh plant juices 

(Swarasa), herbal decoctions (Kwatha), or animal fluids 

for days or weeks. 

 

In nanotechnology terms, Bhavana combines high-

energy wet mechanical attrition (top-down) with in-situ 

surface functionalization. The mechanical shearing 

action grinds micro-particles down to sub-micron scales 

while preventing spontaneous agglomeration. 

Phytochemicals present in the plant juices—such as 

polyphenols, flavonoids, alkaloids, and carbohydrates—

adsorb directly onto the highly reactive, fresh cleavage 

planes of the metal. These biological molecules act as 

natural surfactants, steric stabilizers, and green capping 

agents. 

 

3. Marana and Putapaka (Solid-State Calcination and 

Nanocrystallization) 

The triturated paste is shaped into flat, disc-like pellets 

(Chakrikas), dried thoroughly under sunlight, placed 

within sealed earthen crucibles (Sharava Samputa), and 

subjected to precise thermal cycles (Puta). The heating 

profile varies depending on the metal, using specific 

fuels (e.g., cow dung cakes) that create controlled 

temperature peaks followed by gradual, self-regulated 

cooling over several hours. 

 

Under these conditions, a closed-system solid-state 

chemical reaction occurs. High temperatures degrade 

complex metallic lattices, causing reactions with sulfur, 

oxygen, and mineral vapors present inside the crucible. 

The result is the conversion of zero-valent toxic metals 

into stable, bio-absorbable metal oxides or metal 

sulfides. The cycles of Bhavana and Putapaka are 

repeated multiple times (from 7 up to 100 or even 1000 

cycles for specialized preparations like Sahasraputi 

Lauha Bhasma). Each successive thermal and grinding 

cycle further reduces crystallite size, increases 

homogeneous phase distribution, and prevents 

nanoparticle sintering. 

 

 

Comparison of Quality Control and Characterization 

Parameters 

Ancient Rasa Shastra treatises defined precise empirical 

end-point tests (Bhasma Pariksha) to confirm that a 

metallic preparation had lost its metallic nature and was 

safe for internal consumption. Modern nanoscience 

verifies that these criteria measure genuine nanoscale 

physical properties. 

 

Rekhapurnatva (Furrow Filling) 

A small quantity of Bhasma is rubbed between the index 

finger and thumb. If properly prepared, the particles 

penetrate the microscopic ridges and epidermal grooves 

of human skin. In modern terms, this demonstrates a 

particle size smaller than the human epidermal micro-

ridge dimensions (typically below 10–20 micrometers, 

with primary particles in the nanometer domain). 

 

Varitara (Floating on Water) 

A pinch of the Bhasma is gently dropped onto still water; 

a successful preparation floats uniformly across the 

surface tension without sinking. This outcome indicates 

very low density, high specific surface area, fine particle 

size, and hydrophobic bio-surfactant properties imparted 

by organic capping. 

 

Unnama (Supporting Weight) 

A light grain (such as a grain of rice) placed atop the 

floating Bhasma layer does not cause it to submerge, 

further demonstrating the stability of the surface-tension 

equilibrium driven by ultra-fine particle distribution. 

 

Nis-chandratva (Absence of Metallic Luster) 

Visual inspection under bright light confirms the absence 

of metallic luster or reflective facets. Microscopically, 

the conversion of crystalline bulk metal to nanoscale 

oxide or sulfide matrices eliminates the specular 

reflectance characteristic of free electrons in metallic 

lattices. 

 

Apunarbhava (Irreversibility to Metallic State) 

The Bhasma is mixed with fluxes (such as Guda 

[jaggery], Gunja [Abrus precatorius], Ghrita [ghee], and 

Madhu [honey]) and heated under extreme blowpipe 

temperatures. It must not revert to its original metallic 

state. Chemically, this verifies that the metal has 

successfully formed a stable, non-reducible coordination 

complex with oxygen, sulfur, and inorganic ligands. 

 

Niruttha (Inability to Alloy with Silver) 

Heating the Bhasma with a pure silver foil must not 

cause the silver to discolor or alloy. This test confirms 

the total absence of free, unreacted, zero-valent metallic 

atoms that could trigger systemic heavy-metal poisoning. 

 

Modern instrumental characterization of standard 

Bhasmas corroborates these ancient parameters. 

 

• X-Ray Diffraction (XRD): Demonstrates complete 

disappearance of sharp elemental metal peaks, replaced 
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by well-defined crystalline peaks of metal oxides or 

metal sulfides (e.g., HgS). Peak broadening matches the 

Scherrer equation calculations for crystallite sizes 

between 15 nm and 60 nm. 

• Transmission Electron Microscopy (TEM): Reveals 

spherical, quasi-spherical, or matrix-embedded 

nanoparticles with core dimensions ranging from 10 to 

80 nm, often embedded within an amorphous 

carbonaceous matrix. 

• Fourier Transform Infrared Spectroscopy (FTIR): 

Identifies characteristic vibration bands corresponding to 

organic functional groups (hydroxyl, carbonyl, 

carboxylic, and amide groups) originating from the 

herbal decoctions used in Bhavana, confirming the 

presence of stable phytochemical capping. 

 

DISCUSSION 

The Bio-Corona and Green Capping Mechanism 

 

One of the most critical discoveries in contemporary 

nanomedicine is the phenomenon of the "protein corona" 

or "bio-corona." When bare, synthetic metallic 

nanoparticles enter physiological fluids, they 

immediately adsorb surrounding plasma proteins, which 

often triggers immune recognition, phagocytosis by the 

reticuloendothelial system (RES), and subsequent 

hepatic or renal accumulation. 

 

Ancient Rasa Shastra successfully bypassed this 

challenge through bio-capping during the Bhavana and 

Putapaka steps. The repetitive grinding with plant 

extracts coats the synthesized mineral nanoparticles with 

a permanent organic matrix composed of 

polysaccharides, flavonoids, and polyphenolic ligands. 

This green bio-corona serves several distinct functions. 

 

Prevents Particle Aggregation  

Electrostatic and steric repulsive forces induced by the 

organic capping prevent the high-energy nanoparticles 

from fusing into larger, insoluble bulk agglomerates. 

 

Eliminates Intrinsic Metallic Toxicity 

Native heavy metals exert cellular toxicity through non-

specific redox cycling, free radical generation, and cross-

linking of vital cellular enzymes. When locked inside a 

crystalline oxide/sulfide matrix and shielded by a 

phytochemical shell, the release of toxic, free divalent or 

trivalent ions is tightly regulated. 

 

Enhances Biocompatibility and Stealth Characteristics  

The bio-organic interface helps the nanomedicine evade 

premature clearance by macrophages, allowing extended 

systemic circulation without triggering adverse 

immunological cascades. 

 

Pharmacokinetics, Cellular Uptake, and Targeted 

Delivery 

The therapeutic potency of Rasa Shastra formulations is 

traditionally described by the concept of Rasayana 

(rejuvenation, longevity) and Yogavahi (catalytic carrier 

properties). Classical texts explicitly state that Bhasmas 

act in micro-doses (Alpamattra), possess rapid systemic 

absorption (Sheeghra Vyapti), and enhance the 

therapeutic efficacy of co-administered herbal drugs 

(Anupana). 

 

Modern pharmacokinetic principles provide a direct 

scientific rationale for these classical observations. 

 

Enhanced Dissolution and Bioavailability 

According to the Noyes-Whitney equation, the 

dissolution rate of a substance is directly proportional to 

its effective surface area. Nanoscale reduction 

exponentially expands the contact surface between the 

drug and gastrointestinal fluids, allowing sparingly 

soluble mineral compounds to dissolve efficiently and 

achieve systemic absorption. 

 

Paracellular and Transcellular Transport 

Particles below 100 nm can cross biological barriers via 

clathrin- or caveolae-mediated endocytosis, microfold 

(M) cells in Peyer's patches, and paracellular junctions 

across the intestinal epithelium. 

 

Targeted Carrier Function (The Yogavahi Effect) 

In classical Ayurveda, Bhasmas are rarely administered 

alone; they are co-prescribed with specific adjuvants 

called Anupanas (such as honey, milk, ghee, ginger 

juice, or long pepper). The nanoparticle surface acts as a 

high-capacity substrate that adsorbs active 

phytochemical components from the Anupana. The 

Bhasma serves as a nanoscale delivery vehicle, carrying 

active botanical molecules across cellular membranes 

and the blood-brain barrier. 

 

Safety, Standardization, and the Heavy Metal Dilemma 

Modern clinical concerns regarding Rasa Shastra 

generally focus on heavy metal toxicity. Reports of 

toxicity linked to Ayurvedic products in modern 

literature almost universally trace back to improperly 

prepared, counterfeit, or substandard formulations 

produced without adherence to classical protocols. 

 

When the rigorous, multi-cycle Shodhana and Marana 

guidelines are accurately implemented. 

 

• Free metallic species are completely transformed into 

inert, crystalline, and stable mineral complexes. 

• Trace element concentrations remain within 

biologically tolerated boundaries. 

• In vivo toxicity assays repeatedly show that standard, 

classically prepared Swarna Bhasma, Abhraka Bhasma, 

and Lauha Bhasma cause no significant histopathological 

damage or functional impairment in hepatic, renal, or 

hematopoietic systems. 

 

The essential modern challenge is not the concept of 

Rasa Shastra itself, but the standardization of its 

production. Modern validation requires establishing 

stringent Good Manufacturing Practices (GMP) that 
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combine classical batch-testing with advanced 

characterization technologies (XRD, TEM, ICP-MS, and 

DLS) to ensure uniform particle size distributions, 

chemical stability, and the complete absence of 

unreacted bulk precursors. 

 

CONCLUSION 

Rasa Shastra represents a sophisticated, empirically 

validated precursor to modern green nanotechnology. 

Centuries before the physical tools existed to image 

matter at the atomic and sub-micron scale, ancient 

Ayurvedic alchemists designed thermodynamic and 

mechanochemical techniques to manufacture stable, 

biocompatible, bio-capped nanoparticles. 

 

The three foundational stages of Bhasmikarana—

Shodhana, Bhavana, and Marana—align directly with 

modern top-down mechanical cleavage, green surface-

functionalization, and bottom-up thermal crystallization. 

The resulting Bhasmas possess physical, chemical, and 

biological properties that explain their enhanced 

therapeutic efficacy, superior bioavailability, and 

reduced systemic toxicity. 

 

By integrating modern material science characterization, 

rigorous standardization, and molecular pharmacology 

with the deep empirical heritage of Rasa Shastra, 

contemporary medicine can unlock valuable paradigms 

for developing safer, naturally capped nanomedicines 

and advanced targeted delivery systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


