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ABSTRACT

ARTICLE INFORMATION

Ethnopharmacological relevance: Rasashatra (Iatrochemistry of Ayurveda) is an
integrated part of Ayurveda which account medicine based on Shodhita Parada (purified
Mercury). Rasasindura is one of the mineral preparation prepared by Kupipakva method
from Kajjali (black sulphide of mercury) which itself prepared from Shodhita Parada and
Shodhita Gandhaka (purified sulphur). Jarana (combustion) with different amount of
Gandhaka used in the preparation of different rasaaushadies and it leads to change in the
potency of Parada.
Method: Samaguna and shadaguna Balijarita Rasasindura (SMBRS and SDBRS) were
prepared as per standard procedure and analysed with modern tools after Ayurveda
Pariksha (examination). Different physicochemical parameters such as pH, ash value, acid
insoluble ash, water soluble ash, loss on drying etc. were investigated as per standard
guideline. total mercury, free mercury, total sulphur, free sulphur was determined in the
finished products according to standard method.
Result and Conclusion: Significant difference was observed in some of the parameters
which are important in pharmaceutical standardization of the Rasasindura.
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1. Introduction
Ayurveda is a system of Indigenous Medicine which
systematizes and applies the holistic approach toward the
mankind health. After the development of Rasashatra
(Iatrochemistry of Ayurveda) Ayurveda made a land mark in
the history of medicine by judicious use of Herbo-Mineral
preparations in the treatment of many diseases without any
untoward effects with high degree of safety and efficacy
(Savrikar & Ravishankar, 2011). Rasasindura is a one of
Kuppipakva Rasayana, a unique method of preparation. Where
Gandhaka Jarana plays an important role in enhancing the
effectiveness of Parada (Gokarn et al., 2012). It is formulated
by two fundamental substances of Rasashastra i.e. Shodhita
Parada (purified Mercury) and Shodhita Gandhaka (purified
sulphur). It is said to be prepared by same process but with
different proportion of Gandhaka, and accordingly various
forms of Rasasindura are named as Ardhaguna (1:1/2),
Samaguna (1:1), Dviguna (1:2), Triguna (1:3), Chaturguna
(1:4), Panchaguna (1:5), Shadaguna (1:6) balijarita Rasa-

-sindura, where in, therapeutic merits of Rasasindura and
pharmaceutics of Rasasindura changes according to quantum
of Gandhaka (Shastry, 2004).
Rasa Chikitsa is one of the best chikitsa due to quicker
action and effective even in very small doses (Kamath et al.,
2014), because of this reason Ayurvedic physicians profusely
use minerals, metals, gems and some of animals as well as
vegetable products. Ayurvedic physicians are of the view that
different Ayurvedic pharmaceutical processing’s like
Shodhana, Marana, Samskara, Jarana etc. convert metallic
preparations into non-toxic absorbable form and increases
therapeutic efficacy (Kamath et al., 2014, Maurya et al., 2015).
According to Ayurveda Prakash written by Acharya
Madhav Upadhayay in 17th century Shadaguna Balijarita
Parad (A.P. 1/114) is more powerful and effective than
Samaguna and Dviguna Balijarita Parada. There might be lot
of physio-chemical changes in both preparations. The present
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study is a sincere effort to elicit the structural changes
brought during the preparation of two formulations i.e.
Samaguna balijarita Rasasindura (SMBRS) and Shadaguna
Balijarita Rasasindura (SDBRS) (Acharya, 1994).

2.2. Analysis of Rasasindura as per Ayurveda

2. Materials and Methods

1. Nischandratva: The Rasasindura was taken in a Petri dish
and observed for any luster in daylight through magnifying
glass. No luster should desired in the Rasasindura.

2.1. Preparation of Rasasindura
The Authenticated standard Cinnabar, Standard Shodhita
Parada and Shodhita Gandhaka were obtained from
Department of Rasa Shastra, Department of Post Graduate
Studies in Rasashastra, Ayurveda Mahavidyalaya, Hubli,
Karnataka.
For preparation of Samaguna Kajjali (SMK), purified
Parad and Gandhaka (each 120 g) was taken in a khalva
yantra. The mixture was then trituated for 12 days 6 hr daily.
The trituration done very slowly till the black fine powderd
homogenous mixture was obtained. For Shadaguna Kajjali
(SDK) the purified Parad and Gandhaka were taken in a ratio
of 1:6 (100 g Parad and 600 g Gandhaka). Further it was
triturated for 20 days 6 hr daily. 205 g and 540 g of SMK and
SDK respectively were obtained after completion of
trituration procedure as end product.
120 g of SMK and 100 g of SDK was taken in two separate
Kach Kupi (glass bottle coated with seven layers of mud
smeared cloth with capacity of 750 ml). For the preparation of
rasasindura standard heating schedule (Krama Vruddha Agni)
for Baluka yantra (traditional furnace: iron vessel where
indirect heat provided with the help of sand) was followed as
per classical reference (Dasondi et al., 2002). Three different
heating stages Mridu (120-250°C), Madhayma (250-450°C)
and Tivragni (450-650°) were provided. The bottle was then
heated till the blue flame up-and-coming from the pot
disappear and the bottom of the bottle appears red hot.
During the heating sometimes Sulphur was accumulated at
the neck which was removed with the help of a red hot
shalaka (iron rod). After definite time the bottle was allow to
cool itself. After adequate cooling, the Rasasindura was
obtained at the neck of the bottle. (Shastry, 2004; Acharya,
1994).

The final Rasasindura was analyzed for quality control as
described in Ayurvedic texts as follows and found suitable
(Mohaptra & Jha, 2010).

2. Rekhapurnatvam: A pinch of Rasasindura was taken in
between the thumb and index finger and rubbed. It should
be desired that the Rasasindura entered into the lines of the
finger, and was not easily washed out from the cleavage of
the lines.
3.Varitaratavam: A
small
amount
of
the
prepared Rasasindura was sprinkled over the still water in
a beaker. It should be desired that the Rasasindura
particles floated over the surface of the water.
2.3. Analytical Study
Different physicochemical parameters such as pH, Ash
Value, Acid Insoluble Ash, Water Soluble Ash, Loss on Drying
(API 2) etc. were investigated as per standard guideline.
(Anonymous, 2006; Shubha & Hiremath, 2010; Mohaptra &
Jha, 2010).
Total Mercury (Xin-Gui et al., 2008), Free Mercury
(Mehran et al., 1999), Total Sulphur, Free Sulphur (Jiřina et al.,
2013,) was determined in the finished products according to
standard method.
2.4. Sophisticated Analytical Study
Sophisticated Analytical work was performed at NISHKA
Scientific and Reference Laboratories, Uppal, Hyderabad500039. Different standardmethod were adopted for
analytical study such as X-ray diffraction (Cullity, 1978),
scanning electron microscope with EDAX (Goldstein et al.,
2003) zeta potential (Anonymous, 2008).
3. Result and Discussion
Process of conjoining mercury and sulphur is very important
in preparation rasaaushadhies. The kajjali preparation during

Figure 1. Variation in Temperature with Time duration in Baluka Yantra. [A]: SMBRS; [B]: SDBRS.
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grinding process different observation were reported such as
globules of mercury present at 60 min, free mercury absent at
90 min and particles containing mercuric oxide at 120 min. It
is also reported that the HgS particles are surrounded by
sulphur particles. During this process mercury may oxidized
due to expose to environmental oxygen. In shadaguna
preparation more sulphur is available which can prevent such
oxidation of mercury (Figure. 1) (Lopez et al., 2008).

complete Gandhaka Jarana takes place. It is also mentioned
that 6 hrs, 12 hrs, 24 hrs are required for preparation of
Ardhaguna, Samaguna, Dwiguna balijarita Rasasindura
respectively (Shastry, 2004). On this background in the
present study the SMBRS and SDBRS was prepared in 23 hr
and 38 hrs respectively. The different Ayurvedic characters of
two different finish products were enumerated in Table 1.
Both the products were found to full fill the Ayurvedic criteria
of an ideal rasa preparation. Different pharmaceutical
evaluation were compared between two drugs and
enumerated in Table 2.

Time duration mentioned as per texts (Shastry, 2004) for the
preparation of SMBRS is 20 hrs, but exact duration is not
mentioned for SDBRS however it was told to continue till

Table 1. Characteristic of two different types of Rasasindura
Parameter

SMBRS

SDBRS

Weight of Kajjali taken
Product obtained
Loss of Weight
Total duration of
preparation
Rekhapurnatva

120 gm
70 gm
50 gm (44.16%)
23 Hrs

100 gm
47 gm
53 gm (53%)
38 hrs

When fine powder of Kajjali was rubbed
between the thumb and index finger it entered
the furrows of the fingers.

Varitaratva

When finely powdered Kajjali was carefully
Sprinkled into a test tube containing water,
Kajjali was floating over the water.

Nischandratva (Luster less)

No shining particles were observed.

When fine powder of rasa sindur was
rubbed between the thumb and index
finger it entered the furrows of the
fingers.
When finely powdered rasasindura was
carefully Sprinkled into a test tube
containing water, Kajjali was floating
over the water.
No shining particles were observed.

Table 2. Comparative characteristics of raw and finish product
Parameter

SMK

SDK

SMBRS

SDBRS

Colour
Odour
Appearance
Taste
Touch
pH
Ash Value
Acid Insoluble Ash
Water Soluble Ash
Loss on Drying
Total Mercury
Free Mercury
Total Sulphur
Free Sulphur

Black
Odour less
Fine powder
Tasteless
Smooth
6
0.11%
0.06%
0.01%
0.012%
36.02%
Traces
39.76%
15.12%

Greyish Black
Tinge sulphur
Fine powder
Tasteless
Smooth
8
0.13%
0.09%
0.02%
0.23%
40.03%
Traces
43.07%
22.11%

Reddish brown
Odourless
Fine powder
Tasteless
Smooth and soft
5
0.02%
nil
Nil
0.02%
83.15%
Nil
13.06%
Traces

Sindur (Reddish brown)
Odourless
Fine powder
Tasteless
Slakshna, mridu.
7
0.04%
0.03%
0.05%
0.04%
84.17%
Nil
11.16%
Traces

Table 4. Comparative characteristics of
finish product: Zeta Potential study

Table 3. Comparative characteristics of finish product: XRD study
Angle
2θ
26.54
28.20
31.22
43.68
45.78
51.76

SMBRS
Intensity
count/sec
4692.00
2080.00
5170.00
1312.50
1135.00
947.500

Intensity

Angle 2θ

100
30
98
25
21
18

23.08
26.50
28.20
31.200
45.80
45.880

SDBRS
Intensity
count/sec
343.00
1059.00
415.00
1189.00
267.00
231.00

Intensity
92
32
100
21
20
19

S.No.

Sample

1

Orange
(SMBRS)
Brown
(SDBRS)

2

Zeta
Potential
(mV)
-31.14
-22.23

Stability
behaviour of
sample
Moderate
stability
Incipient
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Figure 2. XRD and SEM Study
[A]: XRD of SMBRS; [B]: XRD of SDBRS; [D]: SEM of SMBRS; [D]: SEM of SDBRS.

Figure 3. Zeta Potential Study [A, C]: SMBRS; [B, D]: SDBRS.
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Figure 4. EDAX Study [A, B]: SMBRS; [C, D]: SDBRS.
Presence of free Sulphur can alter the pH of finish
product. Therefore pH of both drugs was investigated.
Difference was observed in the pH of SMK and SDK which is
might be due to more amount of free sulphur in SDK. Ash
value of SMK and SDK were found to be 0.11% and 0.13%
respectively, while ash values of SMBRS and SDBRS were
observed as 0.02% and 0.04%. These are in negligible
quantities and within the permissible limits. Ash value of
SDBRS was slightly more compared to SMBRS, this might be
due to frequent insertion of hot and cold shalaka, which might
have added sand particles and ash adhered to it. Acid
insoluble ash value of both SMK and SDK was found to be 0.01
and 0.02% respectively. Acid insoluble ash value of SMBRS
was found to be nil and that of SDBRS was 0.05%. There was
proportionately decrease in the acid insoluble ash values from
ash values of both SMBRS and SDBRS samples. As these
products possess negligible amount of acid insoluble ash
which signifies the genuinity of the products. Loss on drying
value of SMK, SDK, SMBRS and SDBRS were observed as
0.012%, 0.23%, 0.02% and 0.04% respectively. This test is to
detect the moisture and volatile content in the sample. This
value was comparatively more in both type of the kajjali;
might be due to free sulphur; whereas this value is very
negligible in both the Rasasindura indicating stability and
more shelf life of Rasasindura. Among both Rasasindura it is
least in SDBRS as it was prepared applying heat for 38 hrs,
making it more heat resistant.
Mercury ion present in different compounds is either
mercurous (Hg+) or mercuric (Hg++). However, mercuric salts
are more stable then mercurous while unstable mercu-

-rous salts be capable of converting into mercuric form.
Sulphides can be divided into smaller structural groups. They
have ionic bonding and some have metallic bonding. Sulphates
are tightly bound groups and are not capable of sharing
oxygen’s. These have covalent bond. The probable mercurial
compounds in the finished products are mercuric sulphate,
mercuric sulphide, mercurous sulphate and mercurous
sulphide. These can be calculated on the basis of standard
molecular weight and atomic weight of the same compound
and the values of quantitative analysis of samples. Sulphides
of mercury are easily formed where as sulphates of mercury
are not so easily formed by procedures like mere trituration.
In SMK and SDK, free mercury was present in trace amount,
where as SMBRS and SDBRS it was nil, which proves the
Nischandratva of Kajjali and Rasasindura and indicates that all
procedures were properly carried out. Total mercury
percentage in SMK and SDK, SMBRS and SDBRS was found to
be 36.02%, 40.03%, 83.15% and 84.17% respectively. During
the preparation of Rasasindura extra sulphur will be burned
off, hence Hg% is more in both the Rasasindura; more
mercury concentration in Rasasindura indicates that corking
was done at proper time. More quantity of sulphur in SDK
might have prevented mercury evaporation, hence Hg% was
more in and SDBRS compared to SMBRS.
Free sulphur content in SMK and SDK was observed as
39.76% and 43.07% respectively. As mercury forms a
stichiometric compound with the sulphur, it is obvious that
free sulphur will be more in SDK. Free sulphur was in traces in
SMBRS and SDBRS, which implies proper paka has lead to
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proper compound formation and also indicates that corking
was done after complete jarana of Gandhaka.
Both the Rasasinduraa were identified as Cinnabar with
Hexagonal crystal system having primitive lattice (Yadav et al.,
2011). Chemically Rasasindura is red sulphide of Mercury
(Mukhi et al. 2017).
Highest peak count in SMBRS was 5170.0, where as it was
1189.00 in SDBRS which indicates more crystallinity in
SMBRS. Even though both SMBRS and SDBRS were identified
as Cinnabar, there is difference in Intensity. Thus it can be
inferred that there is definite difference in crystallinity and
cell volume of both SMBRS and SDBRS crystals. Thus it can be
considered that there was a difference in all the three i.e.
standard Cinnabar, SMBRS and SDBRS, XRD pattern. When the
particle size is more and the molecular aggression is rich, the
crystallanity of a material is bound to increase. The
crystallanity of SMBRS is more than SDBRS which means
crystal size of SDBRS is much finer than SMBRS and because of
this reason the therapeutic activity of SDBRS is more potent
than SMBRS (Table 3, Figure 2).
Number of major peaks in SDBRS is more when compared
to SMBRS. It reflects that in SDBRS additional trace elements
were found than the SMBRS may be because of long duration
of agnisamaskar (changes due to heat contact) in SDBRS thus
resulted in additional peaks. Hence because of this reason
SDBRS is more potent and yogvahi (bio enhancing property)
than SMBRS.
In present studies SMBRS and SDBRS the Zeta potential
values recorded were -31.14mv and -22.23mv respectively
(Table 4, Figure 3). SMBRS seems to be remains in colloidal
state for longer duration then SDBRS. At the out sight it seems
that, in a body tissue the SMBRS is easily and widely reachable
to all body tissue then SDBRS as it is poor to be dispersed in
colloidal form when compared with earlier. But according to
the classics the SDBRS is more potent then SMBRS which is
also evident in clinical practice hints to think that the
absorption of SDBRS is much better than SMBRS. However if
at all the half life period of both of these drugs are done, that
data can conclude about potency. Zeta potential analysis
predict the absorption of drug (Sun et al., 2012) from
intestinal mucosa as it influence the particle uptake as
intestinal mucosa is negatively charged due to presence of
glycocalix. Particles with a high positive surface charge like
chitosan are usually attracted by the intestinal mucosa, which
helps in increasing the intestinal absorption of the
encapsulated drug. However, the strong electrostatic
interaction between the positively charged particles and the
negatively charged glycocalix may slow down the progression
and penetration of these particles towards the epithelial cell
surface reducing their uptake. Also it has been shown that
non-ionized particles have a greater affinity for M cells than
for ionized particles and positively charged particles. It has
been suggested that SMBRS and SDBRS particles with low
negative zeta potential and nano size may be uptaken by a
similar manner.
Again to make sure about the higher potency of SDBRS,
further study on the uptake of SDBRS at different tissues has
to be checked, as all tissues have its own electrical potential
and drug with different charges gets different quantum.

SEM analysis of SDBRS shows surface is ultra smooth and
porous as shown by SEM. Some small particles of nanometer
size can be seen on the surface. The porous structure may be
by the virtue of combustion of preparation method. SMBRS
morphology is uniform. The particles ranged from 120nm to
several µm. The EDS shows the chemical composition consist
of mercury and sulphur. As the particle size was in nanometer,
so absorption of the drug will be more with quicker action
(Figure 2).
EDAX refers to energy dispersion X-ray spectroscopy and
is employed here as an analysis tool to determine the
elemental composition of Rasaaushadies. It works by
analyzing the spectrum of emitted X-Rays from a sample as a
beam of high energy electron is incident upon it. Here EDAX
worked in association with SEM. EDAX is a semi quantitative
method of estimation as it is not taking account of the entire
sample, but only the area of focus. But, being a non destructive
method, it remains a very valuable tool as the elements that
are destroyed by the destructive techniques like ICP; AAS can
be estimated by this method. In the present study after
thoroughly mixing the sample, SEM images captured
randomly at 6 different areas were connected to the EDAX
spectroscopy to generate elemental composition in both mass
% and atomic % (Arunachalam, 2015). Two elements were
observed in major concentration in the samples tested SMBRS
and SDBRS. Sulphur (S) with percentage weight of 54.31%
and 15.78 % respectively and atomic% of 88.15 % and
53.97% respectively. Hg with percentage weight of 45.69%
and 84.22% and atomic% of 11.85 and 46.03% respectively.
The atomic% of Hg is less but its mass% is more it is because
Hg is heavy metal. Presence of mercury and sulphur create a
question mark on safety aspect of these drugs. However
several reports have been published regarding safety of
mercury and other metal-mineral containing drugs
(Shingadiya et al., 2017).
4. Conclusion
From the pharmaceutical point of view, there was much
difference between Samaguna and Shadaguna balijarita
Rasasindura. Different ratio of ingredients, total duration of
heat and quantity of yield result in difference in
pharmaceutical characterization which is possible reason
behind the pharmacological difference between the two types
of Rasasindura.
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