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3. Modern toxicological, physicochemical, and

pharmacokinetic evaluations of these preparations. Physicochemical data (XRD, SEM-EDX,
TEM, FTIR) reveal that classical processing systematically alters crystal lattices, diminishes
particle dimensions into the nanoscale range (15-60 nm), and vyields organo-metallic
complexes with significantly lowered systemic bioavailability compared to raw, free
elemental or organic mercury forms. Modern pre-clinical toxicological studies indicate that
when processed in strict compliance with classical codices, compounds such as Kajjali and
Makaradhwaja exhibit distinct pharmacokinetic behaviors from methylmercury or inorganic

mercuric chloride.
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This paper critically assesses the safety-efficacy paradox, contemporary analytical validation,
standardization challenges, and the historical role of Rasa Shastra as a foundational

predecessor to modern inorganic pharmacology and nanomedicine.
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INTRODUCTION

Historical Foundations and Epistemological Evolution

The therapeutic and transmutation systems known collectively as Rasa Shastra (literally, the
"Science of Mercury" or "Chemical Doctrine™) represent a paradigm shift in the history of
Indian medical and scientific traditions. While the foundational classical treatises of
Ayurveda—oprimarily the Caraka Samhita and the Susruta Samhita (compiled roughly
between the 1st millennium BCE and early centuries CE)—focused extensively on
phytotherapy (Kashtha Aushadhi), dietetics, and surgical methodologies, mineral therapeutics
remained secondary and strictly rudimentary. Minerals like elemental sulfur, copper pyrites,

realgar, and gold were utilized in simple powdered forms or coarse suspensions.

Between the 7th and 13th centuries CE, coinciding with the broader Tantric movement and
the philosophical convergence of macrocosm (Brahmanda) and microcosm (Pindanda), a
radical metallurgical and chemical framework emerged. Codified in historical Sanskrit
compendia such as:

e Rasarnava (c. 10th—11th century CE),

e Rasaratna Samuccaya of VVagbhata (c. 13th century CE),

e Rasendracudamani of Somadeva (c. 12th century CE), and

¢ Rasatarangini of Sadananda Sharma (c. 19th—20th century CE),

Rasa Shastra departed from purely herbal polypharmacy to establish an authoritative system
of mineral-based alchemy (Dhatuvada, transmutation of lower metals into gold and silver)
and medicinal therapeutics (Dehavada, metallurgical preservation and rejuvenation of the
human bio-physiologic substrate).

At the physical and spiritual core of this transmutational tradition stood Parada—elemental
mercury ("{80}\text{Hg}). In classical Tantric and Rasashastric ontology, mercury was not

perceived as an inert toxic heavy metal, but as the generative semen (Semen Virile) of Lord
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Shiva, while Gandhaka (sulfur) represented the menstrual principle (Raja) of the Goddess
Parvati. The systemic fusion of these two elemental substances was viewed as the primordial
chemical marriage, capable of creating compounds that could conquer physical decay (Jara)
and stave off premature mortality (Mrityu).

The historical significance of this tradition extends far beyond theological or esoteric
allegories. Rasa Shastra developed one of antiquity's most rigorous, empirically validated
systems of chemical processing. While early European alchemy (typified by Jabir ibn Hayyan
and later Paracelsus) developed rudimentary distillation, cupellation, and sublimation
techniques, Indian Rasa Acharyas (chemical masters) engineered an extensive,
institutionalized laboratory culture known as the Rasashala.

e Dedicated furnace architectures (Chulhas, Koshthis),

e Closed-vessel retort systems (Damaru Yantra, Patana Yantra),

e Controlled thermo-chemical crucibles (Musas), and

e Sophisticated apparatuses capable of precise temperature modulation (Puta systems)

The Pharmacological Challenge: Mercury and Heavy Metal

In modern allopathic medicine, toxicology, and environmental health, mercury is universally
recognized as a potent, non-essential heavy metal displaying extreme bio-accumulative
neuro-, nephro-, and immuno-toxicity. Elemental mercury vapor penetrates the alveolar
membranes, partitions readily into erythrocytes, crosses the blood-brain barrier (BBB), and
oxidizes into the mercuric cation, where it binds covalently to sulfhydryl (-SH) moieties on
enzymatic proteins, inducing massive intracellular oxidative stress, mitochondrial collapse,

and neuronal apoptotic pathways.

Inorganic divalent salts, such as mercuric chloride, cause acute corrosive necrosis of the
proximal convoluted tubules of the nephron and gastrointestinal mucosal sloughing. Even
more destructive are lower-chain alkyl mercurials, most notoriously methylmercury, which
accumulate through aquatic trophic webs and exert high teratogenicity and neurotoxicity via
molecular mimicry, complexing with L-cysteine and actively traversing endothelial barriers

through the L-type neutral amino acid transporter (LAT1).

Herein lies the central paradox of ancient Indian iatrochemistry:
How and why did a medical system deliberately position the world's most neurotoxic element

at the absolute pinnacle of its therapeutic hierarchy?
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Rasa Shastra literature explicitly categorized mercury, in its unpurified, unprocessed states
(Ashuddha Parada), as an acute lethal poison carrying several inherent structural toxicities
(Doshas). Ancient chemical practitioners claimed that if raw mercury is ingested without
classical processing, it triggers severe pathology, systemic ulceration, nephritic shutdown,

insanity, and rapid systemic death.

To circumvent this cytotoxicity while unlocking purported systemic rejuvenation (Rasayana),
catalytic drug potentiator capacity (Yogavahi), and anti-degenerative therapeutic properties,
the Rasa masters devised a massive, multi-tiered technological framework involving.

» Physical cleansing (Shodhana),

» Phase transformation (Maran),

 Trituration (Bhavana), and

« Sublimation (Kupi Pakwa).

These complex thermo-chemical and mechanical processes fundamentally altered the
physical and chemical identity of the metal, transforming toxic, volatile liquid metal into

crystalline, nanoscale, biocompatible metallo-mineral complexes.

This article examines the theoretical, mechanical, and scientific principles of Rasa Shastra. It
analyzes the historical chemistry, processing protocols, metallurgical dynamics, and the
contemporary chemical, crystallographic, toxicological, and pharmacological evidence that

characterizes this ancient Indian tradition.

MATERIALS AND METHODS

Analytical Methodological Framework

To accurately document and dissect the chemistry and therapy of Rasa Shastra without

anachronistic bias or modern uncritical mysticism, this study adopts a dual analytical

approach.

1. Classical Textual Epistemological Analysis: Systematically isolating processing
parameters, procedural steps, metallurgical apparatuses (Yantras), heating schedules
(Putas), and classical purification systems described across historical Sanskrit codices
(Rasaratna Samuccaya, Rasatarangini, Rasendra Sara Sangraha, Ayurveda Formulary of
India).

2. Contemporary Physicochemical and Toxicological Collation: Examining published

chemical characterization studies employing advanced analytical instrumentation.

www.wipr.net | Vol 15, Issue 18,2026. | 1SO 9001: 2015 Certified Journal | 1127



Suman et al. World Journal of Pharmaceutical Research

1. Powder X-Ray Diffraction (PXRD),

2. Scanning Electron Microscopy coupled with Energy Dispersive X-Ray Spectroscopy
(SEM-EDX),

3. Transmission Electron Microscopy (TEM),

4. Fourier-Transform Infrared Spectroscopy (FTIR), and

5. Inductively Coupled Plasma Mass Spectrometry (ICP-MS).

This dual-framework structure provides an objective basis to evaluate whether ancient
metallic alchemy constitutes primitive charlatanism, accidental poisonings, or an early,

deliberate empirical precursor to inorganic pharmacology and target-specific nanomedicine.

Classification of Classical Mercurial Formulations
The Rasa Shastra pharmacopeia categorizes mercurial compounds (Parada Kalpanas) into
four primary technological delivery matrices, each defined by distinct metallurgical, heating,

and structural criteria.

Kharaliya Kalpana

Compounds prepared via cold, manual, extended mechanical trituration in specialized stone
mortars (Kharala). The quintessential primary prototype is Kajjali, an amorphous, intensely
black mercury-sulfur complex formed by grinding purified mercury and purified sulfur
without heat until completely lusterless.

Parpati Kalpana

Thermally converted sheet/flake formulations. Kajjali is carefully heated over a mild fire in
an iron ladle smeared with ghee, melted at the exact eutectic liquid transition point (\sim
115\text{--}120Mcirc\text{C}), poured onto a fresh plantain (Musa paradisiaca) leaf placed
over fresh cow dung, and immediately compressed with a second leaf and uniform counter-
plate. This rapid thermal quench alters the solid-state polymorphic phase of the mercury-

sulfur matrix.

Kupi Pakwa Kalpana

Specialized, highly advanced vertical sublimates and distillates. Mercurial precursors are
sealed in long-necked, glass-coated bottles (Kacha Kupi) wrapped in multiple protective
layers of clay-smeared cloth, placed inside an earthen furnace (Valuka Yantra or sand bath),

and subjected to graduated, multi-stage thermokinetic profiles (Mridu-Madhya-Teevragni,
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ranging from 100M\circ\text{C} to >600"\circ\text{C}). The resulting sub-compounds
condense as bright crystalline matrices either at the cooler bottle neck (Kanthastha, e.g.,

Makaradhwaja, Rasa Sindura) or settle at the bottom (Talastha, e.g., Rasakarpura).

Pottali Kalpana

Highly dense, compact, travel-stable formulations designed for rapid clinical intervention.
The reagents are bundled tightly inside silk cloth (Pottali), suspended in a liquid medium
(often molten sulfur), and heated continuously over controlled durations. This induces
extreme consolidation and compaction of the metallic lattices, yielding durable, water-

resistant blocks administered in trace scrapes alongside herbal catalytic vehicles (Anupanas).

The Canonical Eighteen Purification Stages (Ashtadasha Samskaras)

Classical Rasa Shastra specifies that for mercury to achieve complete therapeutic potency
(Rasayana) and transmutive capacity, it must theoretically undergo eighteen distinct, highly
elaborate processing operations (Samskaras). While routine medical manufacturing generally
employs the primary eight procedures (Ashta Samskaras), all eighteen are preserved in

historical literature.

RESULTS

Solid-State Chemistry of Shodhana: Eliminating Inherent Toxins

The foundational prerequisite across all metallurgical schools of Ayurveda is Shodhana
(often translated as "purification,” though scientifically representing separation, detoxicative
chemisorption, and surface functionalization). Classical literature states that raw mercury

harbors natural defects (Doshas), which are traditionally classified into three groups.

To eliminate these defects, classical Shodhana subjects mercury to extensive multi-day

grinding with botanical, alkaline, and acidic matrices. In standard Rasatarangini protocols.

* Raw mercury is ground with Sudha Churna or Khatika for 3 days;

« Separated and thoroughly washed;

« Triturated for an additional 3 days with Rasona Kalki (Allium sativum / garlic clove
paste) and Saindhava Lavana (rock salt / impure halite) until the paste turns jet-black; and

« Finally washed with warm water until the metal emerges silvery, brilliant, and free from
surface slag.

Modern spectroscopic studies have analyzed the residue recovered from garlic-salt washes.

The discarded black matrix contains high concentrations of lead , and arsenic , while the
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retained, consolidated mercury exhibits significantly higher purity, devoid of extraneous base

metals, while retaining surface organosulfur trace films.

Kajjali Synthesis: Mechanical Nanocrystallization

The production of Kajjali is the base reaction of Rasa Shastra. Purified mercury is mixed with
purified sulfur (most frequently in a 1:1 stoichiometric ratio, though ratios ranging from 1:1/2
to 1:6 are cited for specific applications) within a hard, non-porous stone Kharala (typically
agate or granite). The mixture is subjected to relentless mechanical friction over several

consecutive days.

The transformation must meet strict classical empirical endpoints
Nischandrika: Complete absence of glistening or metallic luster under direct sunlight (no
unreacted \text{Hg}"0 droplets).

Rekhapurnatva: The black particles are fine enough to fill the microscopic grooves of the

human thumbprint without tactile graininess.

Varitaratva: The material floats on undisturbed water surfaces due to extreme surface tension

and minute particle size.

Agni Sthiratva: The material does not emit white dense fumes of vaporizing mercury under

moderate open flame.

Mechanical grinding breaks the high surface tension of mercury into microscopic globules,
while sulfur's brittle crystal habit allows easy cleavage. Continued shear stress forces sulfur
into the electron-rich interfaces of mercury. At localized contact points, high friction induces
solid-state mechanochemical synthesis, converting zero-valent elemental mercury and
elemental sulfur directly into amorphous, nanocrystalline black mercuric sulfide without

requiring industrial ovens or harsh solvents.

Kupi Pakwa Chemistry: The Case of Makaradhwaja and Rasa Sindura

Kupi Pakwa Kalpana represents one of antiquity's most sophisticated uses of thermocatalytic
sublimation. To synthesize Rasa Sindura, Kajjali is packed into an earthen-coated glass retort.
For Makaradhwaja, an aliquot of pure gold leaf (Swarna Patra) is triturated into the mercury

to form an initial dilute amalgam prior to sulfur addition (8:1:1 or 8:1:2 proportions).
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The progressive heating profile follows a precise multi-day schedule

Mridu Agni (Mild Heat, 100°C-250°C)

Moisture drives off, free surface-adsorbed organic residues vaporize, and unreacted sulfur
melts. Dense white-yellow smoke emerges from the bottle neck.

Madhya Agni (Moderate Heat, 250°C-450°C)
Sulfur ignites and begins boiling. A long iron rod (Salaka) is periodically passed down the
bottle neck to clear accumulating sulfur encrustations, preventing the mouth from sealing

prematurely and bursting under pressure. Dense sulfur dioxide gas emerges.

Teevra Agni (Intense Heat, 450°C-650°C)

The base of the flask turns cherry-red. Free mercury and sulfur, having cleaved thermally into
their gas phases, pass through the vertical gradient of the glass neck. At the cooler upper
regions they recombine and crystallize directly onto the glass walls as brilliant red crystalline

cinnabar .

In the synthesis of Makaradhwaja, gold remains at the bottom of the flask or forms trace,
coordinated organogold complexes in the sublimed red product at the bottle neck. Modern
ICP-MS and PXRD confirm that the neck compound consists uniformly of red displaying
hexagonal crystal symmetry, structurally identical to crystalline cinnabar, but carrying unique
crystallite lattice dimensions, surface energetic profiles, and trace elemental dopants derived

from the process.

DISCUSSION

The Nanomedical Perspective of Bhasmas and Rasayanas

A fundamental breakthrough of modern metallurgical evaluation of Rasa Shastra is the
realization that ancient Indian alchemists engineered controlled nanostructured systems

centuries before the development of contemporary nanotechnology.

When metals (mercury, gold, silver, iron, copper) are repeatedly subjected to Bhavana (wet
trituration in plant sap, decoctions, and mineral solutions) followed by Maran (calcination in
sealed crucibles through dozens to hundreds of Puta heating cycles), they undergo

continuous, top-down mechanical and thermal attrition.
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The botanical extracts introduced during wet trituration—such as Aloe vera (Ghritakumari),
Eclipta alba (Bhringaraja), Piper nigrum (Maricha), and Achyranthes aspera (Apamarga)—

serve two critical chemical functions.

Surfactants and Chelating Agents
Plant polyphenols, polysaccharides, alkaloids, and organic acids chelate exposed metal ions,
reducing the interfacial surface tension of the grinding matrix and mechanically facilitating

the fracturing of crystalline grains down to the nanoscale.

Nanoparticle Capping and Anti-Agglomeration
During subsequent heating cycles, these organic molecules carbonize, forming a protective
biological sheath around the emerging metallic core. This layer prevents grain growth and

agglomeration, preserving small particle sizes and facilitating biological dispersion.

Because of their small size (sub-100\text{ nm}), these nanostructured particles possess high
specific surface-area-to-volume ratios. When co-administered with specific classical lipid or
bio-enhancing catalytic vehicles (Anupanas—such as cow's ghee, raw honey, or long pepper
powder containing piperine), these particles can cross biological barriers. They can pass
through intestinal epithelial junctions, be engulfed via endocytosis by reticuloendothelial
macrophages, and deliver their mineral payloads directly to targeted intracellular sites

without accumulating in bulk toxic masses.

The Safety-Efficacy Paradox: Toxicology of Mercuric Sulfide vs. Organic Mercury

A common error in evaluating Rasa Shastra is conflating all chemical forms of mercury under
a single toxicological umbrella. In environmental and occupational toxicology, exposure
occurs primarily via.

» Highly volatile elemental mercury vapors ,

» Corrosive water-soluble divalent salts or

« Highly lipophilic organomercurials

Each possesses high intestinal absorption rates, readily penetrates cellular membranes, and
rapidly induces systemic organ toxicity. In sharp contrast, Rasa Sindura, Makaradhwaja, and
Kajjali consist predominantly of mercuric sulfide (HgS). The chemical bond between
mercury and sulfur is one of the strongest inorganic covalent bonds known, reflected in its

solubility product. This low solubility means that in the acidic environment of human gastric
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juice (Mtext{pH} 1.5\text{--}2.0, consisting of dilute hydrochloric acid) or the alkaline
conditions of the small intestine (\text{pH} 7.5\text{--}8.0), mercuric sulfide remains
virtually insoluble. It passes largely un-ionized and unabsorbed through the gastrointestinal
tract, eventually being excreted in feces without dissociating into free, bioactive ions.

Repeated preclinical animal studies (Wistar rats and Swiss albino mice) evaluating Rasa

Sindura and Makaradhwaja manufactured in strict compliance with classical codices have

demonstrated

« No significant structural elevations in serum biochemical markers of renal failure (blood
urea nitrogen, creatinine) or hepatic cytolysis (ALT, AST, alkaline phosphatase)
compared to baseline controls at therapeutic and supraphysiological doses.

« Histopathological preservation of renal proximal tubules, glomerular morphology, and
hepatic lobular architecture without necrosis.

« Marked toxicological divergence from equivalent doses of mercuric chloride , which

routinely induced rapid weight loss, proximal tubular necrosis, and animal mortality.

However, a major safety concern remains: substandard manufacturing or incomplete
processing. If the sulfur-mercury reaction is incomplete, unreacted zero-valent mercury or
free oxidized intermediate cations may remain in the matrix. Exposure to these uncomplexed
forms can cause systemic toxicity, including interstitial nephritis, renal failure, and peripheral

motor-sensory neuropathy.

Classical Therapeutics and Yogavahi Mechanisms

In classical Ayurvedic therapeutics, mercurial preparations are designated as the most potent

Rasayanas (rejuvenating and longevity-promoting formulations) and Yogavahi (catalytic

biological vectors). The property of Yogavahi refers to an agent's ability to:

e Penetrate deep tissues (Dhatus) quickly due to small particle size and high surface charge;

e« Transport the pharmacological properties of co-formulated botanical extracts throughout
the body without altering its own chemical core; and

e Accelerate cellular metabolism and clear intra-cellular blockages (Srotas).

e Mercurials were rarely prescribed as isolated monotherapies. Instead, they were

incorporated into multi-herbomineral complexes:
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e Arogyavardhini Vati: Contains Kajjali combined with Kutki (Picrorhiza kurroa), iron,
copper, and Triphala; widely prescribed for chronic hepatobiliary disorders, liver
cirrhosis, and dyslipidemia.

e Sutshekhar Rasa: Contains sublimated mercurials combined with Aconitum ferox,
copper, and neuro-active herbs; prescribed for hyperacidity, intractable gastroesophageal
reflux, gastritis, and central autonomic migraines.

e Maha Vatagajankusha Rasa: A dense neuro-arthritic formulation containing processed
mercury, sulfur, and neuro-stimulant phyto-compounds; indicated for hemiplegia, facial
palsies, and sciatica.

In these matrices, processed mercurial nanoparticles likely act as biological carriers. By
altering membrane fluidity and receptor permeability, they enhance the cellular uptake of
low-bioavailability phyto-alkaloids (such as picrosides in Picrorhiza or diterpenoid alkaloids
in Aconitum). This catalytic delivery allows the formulation to achieve its therapeutic effect

at smaller botanical doses.

Modern Quality Control and Industrial Standardization Challenges
Despite the scientific rationale underlying classical Rasa Shastra, the modern industrial
manufacture and global use of Rasa Aushadhis face significant regulatory, scientific, and

safety challenges.

Analytical Limits vs. Elemental Analysis

Modern global regulatory bodies (such as the US FDA, European Medicines Agency, and
WHO) enforce total heavy-metal concentration thresholds (often < 1 ppm for mercury, lead,
and arsenic). Routine testing protocols typically employ acid digestion (hot concentrated
nitric acid) followed by ICP-MS. This approach digests the stable, reporting total elemental
mercury as massively exceeding permissible limits. It does not differentiate between
biologically inert, non-toxic crystalline mercuric sulfide and bioavailable, toxic

methylmercury.

Batch-to-Batch Variation and Commercial Adulteration

Classical processing protocols are time-consuming and labor-intensive, often requiring weeks
of manual trituration (Mardana) and controlled, multi-day heating (Puta). In unregulated or
poorly controlled manufacturing environments, shortcuts can lead to.

e Insufficient duration of Shodhana,

www.wipr.net | Vol 15, Issue 18,2026. | 1SO 9001: 2015 Certified Journal | 1134



Suman et al. World Journal of Pharmaceutical Research

e Incomplete conversion to the sulfide phase, and
e Residual unreacted metallic mercury, resulting in commercial formulations that cause

genuine heavy-metal toxicities.

Mechanistic and Pharmacokinetic Knowledge Gaps

While structural and crystallographic properties are increasingly documented, significant
gaps remain regarding cellular pharmacokinetics. Advanced research using modern
techniques—such as Synchrotron Radiation X-ray Absorption Fine Structure (XAFS), single-
cell mass cytometry, and dedicated pharmacogenomic profiling—is necessary to map the
clearance, retention, and exact cellular-receptor dynamics of these nanoparticles over chronic

timescales.

Rasa Shastra represents a remarkable historical achievement: an ancient, empirical system
that used mineralogy, mechanical shear, and thermochemistry to transform one of nature's

most toxic elements into stable, therapeutic compounds.

When processed in strict accordance with classical literature, formulations such as Kajjali,
Rasa Sindura, and Makaradhwaja transform zero-valent liquid mercury into crystalline,
nanoscale mercuric sulfide (\alpha\text{-HgS}). These preparations possess low systemic
solubility, are coated with functional botanical sheaths, and demonstrate structural and

toxicological profiles distinct from free ionic or organic mercury.

Modern medicine should neither dismiss these formulations through uncritical skepticism nor
accept them with unquestioning reverence. Instead, systematic analytical evaluation—
distinguishing chemical speciation, verifying nanoscale delivery properties, and
implementing rigorous quality standards—can provide objective insight into the
pharmacological potential of ancient Indian alchemy.
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