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¢ ABSTRACT :

Background: The quality of metal Bhasma and the number of Puta (specific
guantum of heat) required for its preparation depends on the raw materials
used. Mercury and its compounds are considered superior for producing
metallic Bhasma, which can be applied in the form of an amalgam with metal
or as a paste over metal foil. Aim: To evaluate the impact of equal quantities
of mercury and sulfur in paste form on Bhasma preparation and to compare
the results with those of previous studies. Methodology: Rajat Bhasma (RB)
was prepared using equal quantity of Shuddha Parad (processed mercury)
with Shuddha Gandhak (processed sulphur) in every Puta and in the paste
form in the first Puta. Rajat Bhasma was analysed for ancient Bhasma
Praiksha (tests), its physicochemical parameters, elemental analysis through
XRF, crystal study through XRD, and particle size through dynamic light
scattering (DLS). Results: Three Puta were required to prepare an RB that
passed all ancient parameters. RB contained 17.7 % silver, 30.7 % mercury,
and 50.8 % sulfur. The XRD study showed peaks of silver sulfide in the RB. RB
contains particles in the range—300-400 nanometres. Conclusion: Adopting
the use of Kajjali in the first Puta and an equal quantity of mercury and
sulphur in the remaining Puta’s reduces the number of Puta’s required to

three. This also resulted in variations in the particle size and percentage of

silver, mercury, and sulfur in the final RB.

KEYWORDS: Rajat Bhasma, Rajat Marana, Silver Bhasma .

Published by Atreya Ayurveda Publications under the license CC-by-NC-SA 4.0

ACCEPTED ON:
14-06-2025

Access This Article Online:

Quick Response Code:

Website Link:

https://jahm.co.in

DOI Link:

https://doi.org/10.70066/jah
m.v13i5.1916

Corresponding Author Email:

drpkgandhiji@rediffmail.com

CITE THIS ARTICLE AS

Darshan Fursule, Piyush Kranti

Kumar Gandhi, Rajesh
Kundlikrao Ingole. A
Pharmaceutico- analytical

investigation of Rajat Bhasma
synthesized through modified
techniques employing mercurial
compounds. J of Ayurveda and
Hol Med (JAHM). 2025;13(5):81-
94.

@®SGCC BY-NC-SA 4.0

© The Author(s) 2025. Open Access. This article is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA
4.0). This license permits others to copy, distribute, remix, adapt, and build upon this work non-commercially, as long as appropriate credit is given to the original author

B and any derivative works are licensed under identical terms. For details of the license, visit https://creativecommons.org/licenses/by-nc-sa/4.0/



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://jahm.co.in/
https://jahm.co.in/
https://doi.org/10.70066/jahm.v13i5.1916
https://doi.org/10.70066/jahm.v13i5.1916
mailto:%20drpkgandhiji@rediffmail.com

Darshan Fursule, Piyush Kranti Kumar Gandhi, Rajesh Kundlikrao Ingole. A Pharmaceutico-analytical investigation of Rajat Bhasma synthesized

through modified techniques employing mercurial compounds. Jour. of Ayurveda & Holistic Medicine, Vol.-Xlll, Issue-V (May 2025).

1. INTRODUCTION

Ayurveda is a scientific discipline that focuses on
the therapeutic applications of metals, minerals,
and plant-based preparations to treat various
conditions. [1] One such application in Ayurveda is
the use of Bhasma, which are herbo-metallic ashes
that contain organometallic complexes formed by
calcinating the metal along with herb-mineral
ingredients. [2] The correct calcination process
should result in the formation of Bhasma that does
not contain free metal or free organic constituents.
[3] Bhasma can be prepared using four distinct
media, with the highest quality achieved through
the utilization of Parad (mercury) and its
compounds, followed by Gandhak (sulfur) and its
compounds. When prepared solely using herbal
media, the quality of Bhasma diminishes. It is
inadvisable to employ Ari-lauha (enemy metal-
metal, which destroys the metallic nature of other
metals) in the preparation of metal Bhasma, as
they may produce deleterious effects rather than
therapeutic benefits. [4]

The quality of Bhasma depends on various factors
such as the quality of the starting materials,
processing ingredients, method of processing,
application of heat (Puta), and repetition of that
heat. The quality of a finished product can be
influenced by alterations to any intermediate
process, without modifying the raw material used.
Ancient scholars have advocated the utilization of
mercury and its compounds in the preparation of
Bhasma; however, they did not provide specific
details regarding the process of mixing with the

metal. There is a divergence of opinion among

scholars concerning the process of mixing mercury

and its compounds with metal in the initial Puta
(specific quantum of heat), as well as the quantity
to be employed in further Puta studies. Some
scholars have formulated an amalgam of mercury
with metal, subsequently incorporating Shuddha
Gandhak (processed sulfur) and transforming it
into a homogeneous mixture. Certain scholars
posit that the initial Kajjali (black powder obtained
Parad

after triturating Shuddha

with Shuddha Gandhak) should be

(processed
mercury)
and combined with

prepared subsequently

Shodhita metal, whereas others recommend
applying a paste of Kajjali to thin foils of high-
melting-point metals. Some scholars have
employed half or one-fourth of the quantity of
Kajjali following the first Puta, while others have
proposed using an equivalent quantity. There is
also a perspective that mercury and its compounds
should not be incorporated after the third or fifth
Puta. Therefore, investigating the variation in
mercury mixing and its impact on Bhasma can
provide insights into the number of Putas required,
its physicochemical properties, and therapeutic
benefits.

In Rasashastra, silver stands out among various
metals as a noble element with significant
therapeutic potential. The medicinal applications
of Rajat Bhasma (RB) are diverse, addressing
conditions such as Madhumeha (diabetes mellitus),
Jwara (fever), Bhrama (vertigo), Yakrit vikara (liver
disorders), and Manasa rogas (psychological
disorders), among other ailments. [5] Research
articles pertaining to the RB preparation using
identified

mercury and its compounds were

through search engines such as Google and
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PubMed using “Rajat Bhasma,” “Silver Bhasma”
words. Only articles in which RB was prepared
using mercury and its compounds were selected.
The research works of Durga et al.,, Naik et al.,
Rohit et al., and Diksha et al. used mercurial
compounds to prepare RB. Durga et al. prepared
RB using Khalva Yantra (mortar and pestle) with
equal quantities of Kajjali and a sufficient quantity
of Kumari Swarasa (aloe vera juice) as Bhavana
Dravya (medium used for levigation). [6] In
separate investigations, Naik et al. [7] and Rohit et
al. [8] prepared RB by creating an amalgam of the
Shuddha Parad with Shuddha Rajat (processed
silver) foils. Shuddha Gandhak was subsequently
added to the amalgam to prepare Kajjali, and
pellets were formed after levigating Kajjali with
aloe vera juice. As per Naik et al., Kajjali used up to
the third Puta and aloe vera juice used for the
remaining Putas. [7] According to Rohit et al., half
of the quantity of Kajjali was used up to the third
Puta. Then onwards half quantity of sulphur was
used up to ninth Puta, and aloe vera juice was used
for the remaining Putas. [8]

To date, no research has been conducted on the
preparation of RB using Kajjali as paste in the first
Puta and equal amounts of mercury and sulfur in
the subsequent Putas until the desired Bhasma
characteristics appear. Therefore, the present study
was conducted to assess the effects of
incorporating mercurial compounds (Kajjali) in
paste form in the first Puta and adding equivalent
quantities of the mercurial compound in
subsequent Putas on the number of Putas and
physicochemical and analytical parameters.

2. MATERIALS AND METHODS

Instruments:

Stainless steel veesel, iron kadhai, spatula,
measuring flask, Khalva Yantra (stone-20inch long),
Horizontal muffle furnace (12x12x18 inch inside
area, 1000°C maximum temperature, temperature
regular with electronic display) etc. are used in the
pharmaceutical procedures. Muffle furnace, Hot air
oven, crucible, conical flask, pH meter, X-ray
diffractometer (PW3040/60 X'pert PRO, Panalytical
X'pert Powder from Netherland), Scanned
electronic microscope (SEM-FEI Nova Nano FESEM
450,Line resolution = 1 nm), X-ray fluoresce (XRF-
Rigaku NEX DE), Particle size analyzer ( Anton Paar
Lite Sizer 500) were used in the analytical study.
Collection and authentication of raw Materials:
Thin silver sheets, Parada (mercury), Gandhaka
(Sulfur) were procured from local vendor. Silver
sheets were subjected for XRF studies to assess the
purity. Kumari and Agasti Patra (Sesbania
Grandiflora Linn.) was procured form the gardens
of our Institute and authenticated from
Dravyaguna department of our Institute. Til Taila
(seasame oil), Kulattha (Dolichos Biflorus Linn.)
were procured from the local vendors. Gomutra
(Cows Urine) were collected from Goshala. Takra
(Butter Milk) was prepared in the department as
per Bhavprakash. [9] Kanji (Sour gruel prepared
from rice) was prepared in the department as per
the Rasayanasara. [10]
Rajat Shodhana:
Purification of Silver was done by Nirvapa
(quenching) method. Thin silver foils were heated
to red hot stage and subsequently immersed 7
times in Tila Taila, Takra, Gomutra, Kanji, and

Kulattha Kwatha (decoction of Dolichos biflorus
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Linn.) consecutively for Samanya Shodhana (Simple
Purification). [11] Similarly three times quenching

was done in Agasti Patra Swarasa (juice of

Sesbania Grandiflora Linn. leaves) for Vishesha

Shodhana (Special Purification). [12] (Table 1)

Table 1 Observations made during Samanya and Vishesha Shodhana of Rajat

Sl. | Name of | Quantit | Quantit | Gain/los | pH pH Chang | Temperat | Temperat | Gain/lo
N | the yinml |yinml |s(ml) before | after einpH | ure of ure of ss
o. | Liquid before | after guenc | quenc (Avg) liquid liquid ©0)
quench | quench hing hing Ve- before before
ing (ml) | ing (ml) qguenchin | quenchin
g(°C) g(°C)
01 38.47 11.47
Tila taila | 100ml 87.90 12.10J | 5.53 5.07 0.46 4 | 27 I\
02 | Takra 100ml 88.42 11.584 | 4.67 4.58 0.09¢ | 30 35.33 5.331
03 | Gomutra | 100ml 88.80 11.200, | 6.84 7.00 0.161 | 29 31.99 2.991
04 | Kanji 100ml 88.85 11.15J | 4.46 4.32 0.14J | 32 35.94 3.941
05 | Kulatth 35.04 3.04
Yatna | Jooml | 87.52 | 12.480 |551 |555 | 0.047 |32 T
kwatha
06 | Agasti 30.33 2.111
patra 100ml 90.33 9.67\ 5.68 5.62 0.061 | 28.
swarasa
Note: W -decreased, 1*-increased
Gandhak Shodhana: days. After seven days, Parad was washed with

Purification of Gandhak was carried out by
Dhalana (melting and pouring in other liquid)
method. [13] Raw Gandhak was placed in a
stainless-steel container containing 1/4" Ghee and
melted over a mild flame. Four layers of muslin
cloth were tied around the mouth of a container
containing milk. Once the raw sulfur had melted,
the mixture was poured into the container through
a cotton cloth. This process was repeated twice.
The sulfur obtained was washed with hot water
and dried.

Parad Shodhana:

The Ashuddha Parad was triturated with an equal
amount of Rason (Allium Sativum Linn.) paste and

half the quantity of Saindhav (rock salt) for seven

lukewarm water. [14]

Preparation of RB:

RB was prepared as per the method suggested in
Rasa Tarangini. [15] Shuddha Parad and Gandhak
were triturated for six days to prepare Kajjali.
Kajjali was levigated with Aloe vera juice until a
paste was formed. This paste was applied to both
sides of the Vishesh Shodhita Rajat foils, and Puta
was administered through EMF. [Figure 1] [Graph
1] After the first Puta, Rajat had transformed into a
powder. In the following two Puta’s, Kajjali was
added twice to the powder obtained after the first
and second Puta and triturated with aloe vera
juice, resulting in pellet formation. The dried

pellets were placed in an earthen saucer, and Puta
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was administered through EMF. After the third

Puta, the RB met all classical parameters. (Table 2)

Figure 1: Step of Rajat Bhasma a- Process of
making silver foils red hot for quenching, b-

quenching of red hot silver foils into Agasti Patra

Swarasa, c- Application of paste of Kajjali and
aloe vera on silver foils, d- Sharava Samputa, e-
Levigation of Rajat powder with aloe vera juice
during second Puta, f- Preparation of Pellets, g-

powdering of pellets after Puta

Temperature Pattern
500
400
300
200

100

T N O MmO OON N0 O
I = = = N &N N M

e Batch A e===Batch B Batch C

Graph 1: Temperature pattern in the preparation

of Rajat Bhasma

Table 2 Details of ingredients used in the preparation of Rajat Bhasma

Puta Batch Vishesh Shodhita Rajat Patra (g) Kajjali (g) Aloe vera juice (ml)
First Batch A 49 98 Quantity sufficient
Puta Batch B 48 96 Quantity sufficient
Batch C 49 98 Quantity sufficient
Puta Batch Material obtained after first Puta (g) Kajjali (g) Aloe vera juice (ml)
Second Batch A 66 132 Quantity sufficient
Puta Batch B 91 182 Quantity sufficient
Batch C 98.5 197 Quantity sufficient
Puta Batch Material obtained after second Puta (g) Kajjali (g) Aloe vera juice (ml)
Third Batch A 109 218 Quantity sufficient
Puta Batch B 133.5 267 Quantity sufficient
Batch C 112.5 225 Quantity sufficient

Physical and Chemical Tests of RB Samples:

Several classical tests were performed on RB
samples, including Rekhapoornatva (Bhasma
entering creases of finger), Varitaratva (floats on
water surface), Nischaandratva (devoid of shine),

Niswadu (no metallic taste), Apunarbhava (test

carried out using five substances to check inability
to revert back into its metal form), Niruttha (test
carried out using copper foil to check inability to

revert back into its metal form). [16-21]

Physicochemical tests, such as pH, ash value, acid

insoluble ash, water soluble ash, and loss on
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drying, were also conducted. [22-26] Additionally,
sophisticated instrumental analyses were carried
out using X-ray diffraction, scanning electron

microscopy (SEM), and Particle size analysis was

which show 20 value of approximately 26.4867,
30.6617, 43.7998, predominantly consisting of
cubic and slender structures of Ag,S and Ag,O.

These findings indicate that Rajat Bhasma contains

performed using dynamic light scattering (DLS) significant amounts of silver sulphides.

rymoyor V¥ [N v Ty v v

technique.

T

RESULTS h

P an 2w 2

The results of traditional Bhasma test, physico-

chemical parameters are given in the table 3, 4 and

figure 2.

Figure 3 X-ray Diffraction Pattern of raw Rajat foils

1 v ¥ vy

Figure 4 XRD analysis of Vishesh Shodhita Rajat
Figure 2: Demonstration of Bhasma Pariksha

TR Y oyw v W o v T ¥

(test) on Rajat Bhasma. a- Varitaratva, b- Unam,
c- Rekhapurnatva, d- Nishchandratva

The XRF was used to determine the elemental

composition of raw silver and Rajat Bhasma. These

findings are presented in table 5. The XRD patterns . . . »
Figure 5 XRD analysis of Rajat Bhasma after 3

of RB are depicted in Figure 3 to 5 and Table 6,
Puta

Table 3 Results of Chief desired characteristics of Rajat Bhasma (1% to 3" puta )

Pariksha (Test) Rekha-purnatva Varitaratva Unnama Nirutthatva Nishchandratva
1 N N _ _ _
Batch A 2™ + Partially Present | Partially Present - -
3" + + + + +
1% B N _ _ _
Batch B 2" + 80% Present Partially Present - -
3" + + + + +
Batchc | 1% - - - -
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2" + 80% positive Partially present - -

3" + + + + +

Table 4 Physico-chemical analysis of Rajat Bhasma.

Test Raw Silver Rajat Bhasma after 3" Puta
Color White with luster Black

Loss on drying (%) Nil 0.18

Ash value (%) 99.98 35.49

Acid insoluble ash (%) 99.98 32.10

Water soluble ash (%) 0.02 6.89

Table 5 Results of XRF for Elemental analysis of Raw Silver and Rajat Bhasma

Element % Ag S Hg cl N Fe As C Cu
95.03 0.00

Raw silver 0.021 2.681 0.01 0.00 0.00 2.258 0.00

Rajat Bhasma 17.7 50.8 30.7 0.328 0.00 0.152 0.031 0.00 0.22

Table 6: X-ray diffraction of the Vishesh Shodhita Rajat and Rajat Bhasma

Vishesh Shodhita Rajat
Compound Name Obs. Max Net Height FWHM d (Obs. Max) Intensity
2-Theta ° Cps 2-Theta ° Angstrom %
Ag,0 37.9742 1091.02 0.2066 2.36952 100.00
Ag,0 44.1613 735.84 0.2362 2.05085 67.44
Ag,0 64.3151 926.76 0.1440 1.44725 84.94
Ag,0 77.2897 581.94 0.1800 1.23348 53.34
Rajat Bhasma
Compound Name Obs. Max Net Height FWHM d (Obs. Max) Intensity
2-Theta ° Cps 2-Theta ° Angstrom %
Ag,S 26.4687 2184.93 0.1771 3.36750 100.00
Ag,0 30.6617 457.94 0.2362 0.2362 20.96
Ag,S 43.7998 611.99 0.1771 2.06693 28.01
The FEG-SEM was employed to analyze the surface Shodhita Rajat, and Rajat Bhasma were analyzed
of the samples at a high magnification, which using FEG-SEM, and the results are presented in
enabled the examination of closely spaced table 7 and figure 6. The raw silver had a harder
features. This resulted in a three-dimensional surface with uneven borders, while Rajat Bhasma
representation of the samples. The raw Rajat, showed a more uniform surface. The particle size
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analysis of the samples was conducted using

Dynamic Light Scattering (DLS), and the results are

presented in table 8.

Figure 6: SEM images a- Vishesh Shodhit Rajat at
1um magnifications, b- Vishesh Shodhit Rajat at
100 um maghnifications, c- Rajat Bhasma after 1*
Puta at 10 pm magnifications, d- Rajat Bhasma
after 1% Puta at 100 um magnification, e- Rajat
Bhasma after 3™ Puta at 10 um magnification, f-
Puta at

Rajat Bhasma after 3" 10 um

maghnification

Table 7 Results of FEG-SEM of Vishesh Shodhita

Rajat and Rajat Bhasma

Sample Surface Border

Raw silver | Granular to | Halide and cubic
crystalline form in shape

Vishesh granular to | Round to cubic

Shodhita massive in shape.

Rajat incrustations
crystalline form

Rajat granular to | Monoclinic

Bhasma massive slender to cubic
incrustations in shape.
crystalline form

Table 8 Results of Dynamic Light Scattering for

Particle size of Rajat Bhasma

SI. | Sample name Average Particle Size
No. Particle Size | distribution
(nm) (nm)

1 | Rajat Bhasma 3" | 481.8 438.8
Puta- Batch 1

2 | Rajat Bhasma 3" | 432.9 381.1
Puta- Batch 2

3 Rajat Bhasma 3™ | 445.8 430.4
Puta- Batch 3
Average 4535

DISCUSSION

Bhasmikaran (Calcination) is a unique process that
involves the complete conversion of a zero valent
metal into an oxide or sulphide state. [27] This
process is useful for removing toxic properties from
metal and introducing therapeutic properties. [28]
The quality and quantity of raw materials as well as
the processes used have a significant impact on the
quality of the final product. Mercury and its
compounds are the preferred raw materials for
preparing metal Bhasma. There is a difference in
opinion regarding the quantity and process of
mixing mercury or mercury compounds with
metals when preparing Bhasma. In this study,
Kajjali was used as a paste in the first Puta and
mixed with metal in subsequent Puta’s.
Additionally, equal amounts of mercury and sulfur
were used in the subsequent Puta to assess their
effect on the number of Puta and various
parameters of Bhasma.

Effect on the number of Puta and Ancient Bhasma

Test
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After the completion of the third Putakarma, the
RB demonstrated the Rekhapurnatva, Varitaratva,
and Unam tests, indicating decreased particle size
and lightness. The Nischandratva test results for
Bhasma revealed the absence of free mercury and
metallic silver. The Bhasma samples successfully
passed the Apunarbhava and Niruttha tests,
indicating the absence of free metals in Bhasma.
According to Rohit et al., Rajat Bhasma passed the
Rekhapoornatva test after the fifth Putakarma,
while Varitaratva and Nichandratva became
positive after the 15" Putakarma. Niswadu was
evident in the tenth Putakarma, and the
Apunabhava and Niruttha tests were positive after
the 17" Putakarma. Naik et al. required 20
Putakarmas to pass all ancient parameters. The
Rekhapoornatva was observed after the 8"
Putakarma, while 25 Putakarmas were needed to
pass all the remaining ancient Bhasma tests in the
study by Durga et al. This difference is due to the
use of only eight cow dung cakes in the study by
Durga et al. while Rohit et al. used 22-23 cow dung
cakes (2.5 kg) in the Laghu Putakarma, which
produced a temperature range of 596°C to 625°C
after 8 h. Naik et al. used 2 kg of cow dung cakes
for the Laghu Putakarma and achieved a
temperature range of 500-550°C. However, the
temperature inside Sharava remains less by 100-
150°C than the temperature inside Puta. In the
present study, a temperature of 400°C was
gradually reached after 60 min, after which the
muffle furnace was switched off and allowed to
cool on its own. Variations in the temperature
inside the Puta, the temperature inside the

Sharava Samputa (sealed earthen saucer-

containing pellets), and the duration of
maintenance of the highest temperature can
impact the quality and number of putakarmas
required to prepare RB.

When subjected to fire, RB emits fumes. This may
be attributed to the presence of excess free sulfur
in the final product, which could have resulted
from the use of equal quantities of mercury and
sulfur in the next Puta. However, no ancient
scholar has employed the Nirdhumatva test, which
involves the non-emission of fumes when kept on
fire, to assess the RB. RB exhibits black coloration,
and it is hypothesized that silver may have
undergone conversion to silver sulfide (Ag,S) or
silver oxide (Ag,0), both of which are black
compounds. This transformation could have
occurred during the Samanya and Vishesh
Shodhana processes because of the interaction of
atmospheric oxygen with heated silver or because
of the reaction between silver and sulfur utilized
during the Marana (incineration process of
Bhasma preparation) process.

Effect on the yield percentage

In the present study, an average 138% increase in
yield was observed, whereas 22% [8] and 95% [29]
weight gains were reported in previous studies.
According to stoichiometric calculations, 100 g of
silver can combine with 14.82 grams of sulfur to
form silver sulfide. [30] If the entirety of the raw
silver reacted with sulfur to form silver sulfide,
there would be an approximate 15% increase in
yield. The increase in yield attributable to the
organic matter from aloe vera-like herbs is likely to
be negligible. If the total quantity of raw silver

reacts with oxygen to form silver oxide, the yield

89



Darshan Fursule, Piyush Kranti Kumar Gandhi, Rajesh Kundlikrao Ingole. A Pharmaceutico-analytical investigation of Rajat Bhasma synthesized

through modified techniques employing mercurial compounds. Jour. of Ayurveda & Holistic Medicine, Vol.-Xlll, Issue-V (May 2025).

would increase by approximately 8%. The
conversion of silver to silver sulfide increased the
yield by up to 15%. The higher vyield (>15%) was
attributed to sulfur (50.8%) and mercury (30.7%)
detected in RB. The elevated percentages of sulfur
and mercury were due to the use of equal
qguantities of mercury and sulfur in the products
obtained after each Puta. The higher percentage
reported by Diksha et al.. is attributed to the use of
mercury and sulfur up to 15 Puta. Hence, the use
of mercury and sulfur in a greater number of Puta
increases the yield of Bhasma. Rohit et al. reported
a slightly higher yield than expected (15%). Their
lower yield percentage is due to the use of Kajjali
in up to three out of 17 Puta varieties.

Effects on the physicochemical parameters

The physicochemical values of RB were as follows:
pH 4.34, indicating an acidic nature; ash value of
35.49, while and acid-insoluble ash value of 32.10.
These values were lower than those reported in
other studies. [6-8] The lower ash value and acid-
insoluble ash content may be attributed to the
presence of free or loosely bound sulfur in
Bhasma, which evaporates during the application
of heat at 550°C. Additionally, the higher sulfur
content may also contribute to the lower pH value
compared with other studies. The use of equal
amounts of mercury and sulfur in the two
subsequent Puta may have led to lower ash values
and acid-insoluble ash. Moreover, RB had a low
loss of 0.18% on drying, indicating that it had
minimal moisture content and an unlikely chance
of bacterial or fungal growth. RB was analyzed for

its silver content, which was found to be 12.88%

(AAS) and 17.7% (XRF). Previous research studies

have reported varying percentages of silver in RB,
ranging from 26.72%, 70.72%, and 81.77%. [6-8]
The current study found 50.8% sulfur, while
previous studies reported 20.34%, 10.34%, and
13.15% sulfur in RB. [6-8] Approximately 14% of
sulfur is required to form silver sulfide, which
suggests that RB contains approximately 36% more
sulfur that is not bound to silver. The lower
percentage of silver in RB may be due to the
presence of free or loosely bound sulfur in
Bhasma, resulting from the use of an equal
guantity of mercury and sulfur in the subsequent
two Puta. An XRF study found 30.7% mercury in
the RB. The presence of mercury in RB was
attributed to the equal quantities of mercury and
sulfur used in all three Puta. Durga et al. found
45.51% Hg in RB was due to the use of Kajjali in all
25 Puta and application of less quantum of heat
generated through eight cow dung cakes. [6] Durga
et al. identified mercury sulfide peaks in their XRD
study, which were not observed in the present
study.

Effect on chemical compounds formed

The application of heat in an open environment
during the Shodhana process may lead to the
reaction between silver and oxygen. This may have
led to the formation of silver oxide crystals during
Vishesh Shodhana. After the third puta, silver oxide
molecules were reduced in comparison with silver
oxide molecules after Vishesh Shodhana. The
complete decomposition of silver oxide to silver
and oxygen gas occurred at 400°C. The application
of heat (approximately 400°C) during Puta may
lead to the breakdown of the silver oxide formed

during Shodhana.. Silver molecules react with the
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sulfur present in Kajjali to form silver sulfides.
During the Marana procedure, the molecular
structure of silver sulfides transforms into a cubic
slender crystalline structure. The application of
°C and 580°C

heat between 350 led to the

formation of silver sulfide with cubic body-
centered crystals (argentite). The presence of silver
oxides in Shodhita Rajat and silver sulphides in RB
is consistent with previous research in which an
amalgam of silver and mercury was prepared and
subsequently formed into Kajjali. [6-8] However,
silver sulphide exists in the form of orthorhombic
crystals of Acanthite. [7] Durga et al. identified
major peaks of HgS and Ag2S in their XRD study.
The presence of HgS peaks is attributed to the use
of Kajjali in each Puta and the application of a
lower quantum of heat generated through eight
cow dung cakes. [6]

Effect on Particle Size

The average size of the RB particles was
determined to be 453.5 nm, with 96% of the
particles falling within the range of 381.1 to 481.8
nm. The maximum particle size is relatively uniform
and stable. However, the particle size did not fall
within the nanoscale range (1-100 nm), despite
passing all ancient tests after the third Puta. Some
researchers have produced RB by creating an
amalgam of Rajat with mercury and subsequently
forming Kajjali using Shuddha Gandhak. 1t was
found that the volumetric mean diameter size of
RB after the 17" Puta was 17.28 pm, and the
smallest particle size was 2.30 um. [31] According
to Naik et al.,, the mean particle size of RB was
54.16 nm, as calculated through SEM images. [6]

Durga et al. reported that the mean particle size of

RB particles is 2.7 nm. [5] An increased number of
Puta and the use of mercury in consecutive Puta
may lead to a decrease in the particle size of RB.

The utilization of Kajjali paste in the initial step,
followed by equal quantities of mercury and sulfur
in the subsequent two steps, enabled the
transformation of Shodhita Rajat into quality RB
(which meets all ancient Bhasma criteria) within
the three Putas. An increase in RB yield was also
observed. This phenomenon is attributed to the
presence of mercury and excess sulfur in RB,
resulting from the use of equal quantities of
mercury and sulfur in the two consecutive Puta.
This was further evidenced by the lower
percentage of silver. Raw silver is fully converted
into cubic slender crystals of silver sulfide, which
can also facilitate size reduction to 300-400
nanometers. The application of more than three
Puta may reduce the particle size of silver sulfide to
below 100 nm. The presence of excess sulfur may
facilitate the movement of Shakhagat Pitta (Pitta
accumulated in the body tissues) into Kostha
(intestine) due to the Pitta Sarak (excretion of bile
through the liver) property of sulfur. This may
enhance the antibacterial properties of RB. If
mercury is utilized in every Puta until the formation
of quality Bhasma, as observed in the present
study and Durga et al., then mercury is present in
the final Bhasma. Consequently, it is advisable to
avoid using equal quantities of mercury after a
second or third Puta. However, there is a need to
investigate the effect of 1/4 quantities of mercury
in the second or third Puta on the number of Puta

and the presence or absence of mercury in RB. The

addition of sulfur to the next two consecutive Puta
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may result in the presence of excess free sulfur in
the RB. Further studies are required to explore the
role of excess sulfur in augmenting Pitta Sarak and
antimicrobial properties in experimental studies.
Additional research is necessary to determine
whether the presence of Hg and free sulfur in RB is
detrimental.

CONCLUSION

The application of Kajjali paste in the initial Puta,
equal amounts of mercury and sulfur in the
subsequent Puta's resulted in a reduction in the
number of Puta's required to produce Rajat
Bhasma. The number of Puta decreased to three.
This change led to variations in the particle size and
percentage of silver, mercury, and sulfur in Rajat
Bhasma. However, the silver compound in the final
product remained unchanged, specifically the
presence of silver sulfide in Rajat Bhasma. The
higher quantity of sulfur present in Rajat Bhasma
and the variation in the particle size warrant
further investigation into its safety and
effectiveness in animal studies. Thus, it can be
concluded that alterations in raw materials,
quantity, and processes affect the quality of the
final product. Further elaborative studies are
required to determine the exact method of mixing
mercurial compounds and the quantity of
mercurial compounds to be added as per the
number of Puta to obtain the safe and

therapeutically best Rajat Bhasma.
Abbreviations:

RB- Rajat Bhasma

XRD-X-ray diffraction

XRF- X-ray Florescence

SEM-Scanned electronic microscope

DLS-Dynamic Light Scattering

AAS-Atomic Absorption Spectroscope

Authors Details:

'pG scholar, Department of Rasashastra and Bhaishjya
Kalpana, Government Ayurveda College, vazirabad, Nanded

¥ pssistant Professor, Department of Rasashastra and
Bhaishjya Kalpana, Government Ayurveda College, vazirabad,
Nanded

*professor and Head of the Department, Department of
Rasashastra and Bhaishjya Kalpana, Government Ayurveda
College, vazirabad, Nanded

Authors Contribution:

Conceptualization - Dr. PG, Dr. DF

Data collection and literature search: Dr. DF

Writing — original draft: Dr. DF

Reviewing & editing: Dr. PG, Dr. RI

Approval of final manuscript: All authors

Conflict of Interest: None

Source of Support: None

Additional Information:

Authors can order reprints (print copies) of their articles by

visiting: https://www.akinik.com/products/2281/journal-of-

ayurveda-and-holistic-medicine-jahm

Publisher’s Note:

Atreya Ayurveda Publications remains neutral with regard to

jurisdictional claims in published maps, institutional

affiliations, and territorial designations. The publisher does not

take any position concerning legal status of countries,

territories, or borders shown on maps or mentioned in

institutional affiliations.

REFERENCES:

1. Bhargav SC, Reddy KR. Pharmaceutical study of Kant
Lauha Bhasma. International Journal of Ayurvedic
Medicine.2011;2(4):199-213. Available from:

https://ijam.co.in/ index.php/ijam/article/view/139

2. Rajendran N, Pemiah B, Rajan KS, Krishnan UM,
Sethuraman S, Krishnaswamy S. Role of gallic acid in the
preparation of an iron based Indian traditional medicine
Lauha bhasma. International Journal of Pharmacy and
Pharmaceutical Sciences.2012;4(4):45-8. Available from:

https://scholar.google.co.in/citations?view op=view cita

tion&hl=en&user=cPIW2K4AAAAJ&citation for view=cPI

W2K4AAAAJ:d1gkVwhDplOC



https://www.akinik.com/products/2281/journal-of-ayurveda-and-holistic-medicine-jahm
https://www.akinik.com/products/2281/journal-of-ayurveda-and-holistic-medicine-jahm
https://ijam.co.in/%20index.php/ijam/article/view/139
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cPIW2K4AAAAJ&citation_for_view=cPIW2K4AAAAJ:d1gkVwhDpl0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cPIW2K4AAAAJ&citation_for_view=cPIW2K4AAAAJ:d1gkVwhDpl0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cPIW2K4AAAAJ&citation_for_view=cPIW2K4AAAAJ:d1gkVwhDpl0C

Darshan Fursule, Piyush Kranti Kumar Gandhi, Rajesh Kundlikrao Ingole. A Pharmaceutico-analytical investigation of Rajat Bhasma synthesized

through modified techniques employing mercurial compounds. Jour. of Ayurveda & Holistic Medicine, Vol.-Xlll, Issue-V (May 2025).

10.

11.

12.

Nagarajan S, Pemiah B, Krishnan UM, Rajan KS,

Krishnaswamy S, Sethuraman S. Physico- chemical
characterization of lead based Indian traditional medicine
- Naga bhasma. International Journal of Pharmacy and
Pharmaceutical Sciences.2012;4:69-74. Available from:

https://www.researchgate.net/publication/269098842

Kulkarni DA (editor). Commentary: Vigyan Bodhini on
Rasa Ratna Samucchaya of Vagbhata, Part |, chapter 5,
verse no. 14, Reprint edition, New Delhi; Mehardas
Lachmandas Publication;1998;94.

Shastri KN, Shastri D (editors). Commentary: Rasa Vigyan
on Rasa Tarangini of Sadanand Sharma, chapter 16, verse
no. 46-51, 11" edition, New Delhi; Motilal Banarasidas;
2021,;394.

Durga BM, Raju M, Sridurga, Venkata SK. Analytical
Standardization of Rajata Bhasma. International Journal
Sciences

of Research in AYUSH and Pharmaceutical

2018;2(3):229-238. Available from:

https://www.ijraps.in/index.php /ijraps/article/ view /39

Naik G, Medikeri S, Doddamani MS. Physicochemical

Characterization of Rajata Bhasma. International

Ayurvedic Medical Journal {online} 2018;6(8):1637-44.
Available from:

http://www.iamj.in/posts/images/upload/1637 1644.pd

Gokarn R, Patgiri B, Hiremath SG. Pharmaceutical

Standardization of Rajat Bhasma. Annals of Ayurvedic
Available from:

Medicine 2013;2(1-2):7-15.

https://aamjournal.in/fulltext/70-1354386135.pdf

Mishra B, Vaishya R (Editors). Bhavaprakasha Nighantu of
Bhavaprakasha, Volume |, Takra Varga Adhyaya, Verse no.
2-8, 11 edition, Varanasi; Chaukhamba Sanskrit Bhawan;
2010;771.

Vaishya S. Rasayanasara, Volume |, Paribhasha Prakaran,
verse no.55—60,7th special edition, Varanasi;
Chaukhambha Krushnadas Academy; 2005; 59.

Kulkarni DA (editor). Commentary: Vigyan Bodhini on
Rasa Ratna Samucchaya of Vagbhata, Part |, chapter 5,
verse no. 13, reprint edition, New Delhi; Mehardas
Lachmandas Publication; 1998; 93.

Shastri KN, Shastri D (editors). Commentary: Rasa Vigyan
on Rasa Tarangini of Sadanand Sharma, chapter 16, verse
no. 22-26, 11" edition, New Delhi; Motilal Banarasidas;

2021;387.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kulkarni DA (editor). Commentary Vigyan Bodhini on Rasa
Ratna Samucchaya of Vagbhata, Part |, chapter 3, verse
no. 20-22, reprint edition, New Delhi; Mehardas
Lachmandas Publication; 1998;45.

Mishra GS (editor). Commentary: Arthavidyotini and
Arthraprakshini on Ayurveda Prakash of Madhav, chapter
1, verse no.165, 4t edition, Varanasi; Chaukhambha
Bharati Academy;1994;92.

Shastri KN, Shastri D (editors). Commentary: Rasa Vigyan
on Rasa Tarangini of Sadanand Sharma, chapter 16, verse
no. 22-25,11th edition, New Delhi; Motilal Banarasidas;
2021;390.

Siddhinandan Mishra (editor). Rasendra Chudamani of
Somadeva, chapter 4, verse no. 31 Varanasi; Chaukhamba
orientalia; 2004; 42.

Siddhinandan Mishra (editor). Rasendra Chudamani of

Somadeva, chapter 4, verse no. 30, Varanasi;
Chaukhamba orientalia; 2004;42.
Siddhinandan Mishra. Bhaishajya Kalpana Vijnan.

Varanasi; Chaukhamba surabharati prakashana; 2011;78.

Siddhinandan ~ Mishra.  Bhaishajyakalpana  Vijnan.
Varanasi; Chaukhamba surabharati prakashana; 2011;78.
Siddhinandan Mishra (editor). Rasendra Chudamani of
Somadeva, chapter 4, verse no. 32, Varanasi;
Chaukhamba orientalia; 2004; 42.

Siddhinandan Mishra (editor). Rasendra Chudamani of
Somadeva, chapter 4, verse no. 33, Varanasi;
Chaukhamba orientalia; 2004;42.

Anonymous. Ayurvedic Pharmacopoeia of India, Part II,
Volume I, Appendix 3.3, 1" edition, New Delhi;
Government of India, Ministry of Health and Family
Welfare, Department of Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homoeopathy, The Controller of
Publications; 2007;191.

Anonymous. Ayurvedic Pharmacopoeia of India, Part II,
Volume |, Appendix 2.2.3, 1% edition, New Delhi;
Government of India, Ministry of Health and Family
Welfare, Department of Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homoeopathy, The Controller of
Publications; 2007;140.

Anonymous. Ayurvedic Pharmacopoeia of India, Part II,
Volume |, Appendix 2.2.4, 1% edition, New Delhi;

Government of India, Ministry of Health and Family

93


https://www.researchgate.net/publication/269098842
https://www.ijraps.in/index.php%20/ijraps/article/%20view%20/39
http://www.iamj.in/posts/images/upload/1637_1644.pd
https://aamjournal.in/fulltext/70-1354386135.pdf

Darshan Fursule, Piyush Kranti Kumar Gandhi, Rajesh Kundlikrao Ingole. A Pharmaceutico-analytical investigation of Rajat Bhasma synthesized

through modified techniques employing mercurial compounds. Jour. of Ayurveda & Holistic Medicine, Vol.-Xlll, Issue-V (May 2025).

25.

26.

27.

Welfare, Department of Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homoeopathy, The Controller of
Publications; 2007;140.

Anonymous. Ayurvedic Pharmacopoeia of India, Part I,
Volume |, Appendix 2.2.5, 1% edition, New Delhi;
Government of India, Ministry of Health and Family
Welfare, Department of Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homoeopathy, The Controller of
Publications; 2007. p. 140.

Anonymous. Ayurvedic Pharmacopoeia of India, Part II,
Volume |, Appendix 2.2.10, 1% edition, New Delhi;
Government of India, Ministry of Health and Family
Welfare, Department of Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homoeopathy, The Controller of
Publications; 2007;141.

Thakur RS, Gupta LN, Neeraj Kumar B. Standard
manufacturing procedure of Teekshna lauha bhasma.
Journal of and

Ayurveda Integrative

Medicine.2016;7:100-108. Available from:

http://dx.doi.org/10.1016/j.jaim.2015.08.003.

28.

29.

30.

31.

Wadekar MP, Rode CV, Bendale YN, Patil KR, Prabhune
AA. Preparation and characterization of a copper based
Journal of

Indian traditional drug: Tamra Bhasma.

Pharmaceutical and Biomedical Analysis.2005;39:951-5.
https://

Available from:

pubmed.ncbi.nlm.nih.gov/16095857

Sharma D, Sharma A, Preeti. Pharmaceutical Study of
Rajata Bhasma by Two Different Methods. World Journal
of Pharmaceutical and Medical Research.2022;8(2):178 —
91. Available from:
https://www.wjpmr.com/article/92012022

Sulfide)

Ag2S (Silver Molar Mass. Available from

https://www.chemicalaid.com/tools

/molarmass.php?formula=Ag2S&hl=en#google vignette

[Last accessed on 2024 Aug 16].

Pritika. Analytical Study of Rajata Bhasma w.s.r. to

Ayurvedic and Modern Parameters. International
Journal of Ayurveda and Pharmaceutical Chemistry
(JAPC).2019;11(3):402-411.Avaiable from:

https://oaji.net/articles/2021/1791-1615033809

94


http://dx.doi.org/10.1016/j.jaim.2015.08.003
https://www.wjpmr.com/article/92012022
https://www.chemicalaid.com/tools%20/molarmass.php?formula=Ag2S&hl=en#google_vignette
https://www.chemicalaid.com/tools%20/molarmass.php?formula=Ag2S&hl=en#google_vignette
https://oaji.net/articles/2021/1791-1615033809

