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ABSTRACT: Ancient Ayurvedic formulation Makaradhwaja (a compound of Gold, Mercury and
Sulphur) has been characterized in the present study adopting latest instrumental methods such as X-
Ray Diffraction analysis (XRD), Fourier Transform Infrared Spectroscopy (FTIR analysis) and
Scanning electron microscopy (SEM). The XRD data gives the size of the drug particle ranging from
28.62 t0 29.08 nm. In FTIR graph broad peaks were arise at 3474 ¢and 1637 cnt due to presence

of the Makaradhwaja in the sample. The molecule seems to be spherical shaped in SEM micrograph
(images obtain from 500 um — 1 um range). Evaluation of Physical properties has been performed side
by side for quality control of the drug. Two weeks study for acute oral toxicity resulted in no mortalities
or evidence of adverse effects, implying that the formulation is nontoxic. Throughout 14 days of the
treatment no changes in behavioural pattern, clinical sign and body weight of rat in both control and
treatment groups. Also there were no any significant elevations observed in the biochemical analysis
of the blood serum. The overall results suggest that Makaradhwaja is safe and it can be administered
as pharmaceutical formulation.
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INTRODUCTION formulation has been depicted in ancient

Mercury in its purified form is being used Ayurvedic literatures (Mishra 2006). Gold,
for the preparation of different formulations Mercury and Sulphur are used for the
from thousands of years in the field of preparation of Makaradhawaja in the ratio of
traditional system of medicine (Debnath 2006)1:8:16. After procurement all the ingredients
Makaradhwaja is one of the most popular.e. Mercury, Sulphur and Gold were purified
mercurial preparation of Ayueveda havingseparately through a range of scientific methods
potent action against a range of ailments (boths per ancient text. Plant, animal and mineral
somatic and psychological). The process oproducts were used in these processes (Reddy
preparation and therapeutic benefits of thi2007). Then purified basic ingredients of
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Makaradhwaja (Mercury, Gold and Sulphur)benefits, the application of metallic preparations
were mixed with each other (in mortar pastelin healthcare is restricted. This is due to
maintaining the chronological order. At first unavailability of scientific and rational
Mercury and Gold were triturated and mixedguidelines for standardization of these
with each other followed by the addition of formulations. The characterization of
Sulphur into the mixture. Constant triturating Makaradhwaja as well as the quality assurance
in mortar pastel transformed the mixer into as the main aim and objective of the present
homogenous black compound (known asstudy. Starting from easy Physical and Chemical
Kajjali). Confirmatory test was done for the tests for standardization the drug has been
quality assurance of Kajjali and finally it was studied with the help of different sophisticated
subjected to the process of sublimation. Fomethods of analysis (such as X-Ray Diffraction,
optimum vyield of the finished product Fourier Transform Infrared Spectroscopy and
temperature was maintained 6 hours each iSBcanning Electron Microscopy). Finally the
120-200°C, 200-400C and 400-606C range acute oral toxicity study has been conducted to
during the preparation (Mishra 2006, Khedekaevaluate the toxic effect of the drug. The
et al., 2011, Kulkarni 1998). Bright red animals of control and treated groups were
coloured Makaradhwaja was obtain by thisobserved for any changes in behavioral pattern,
process. The yielded material was trituratectlinical sign, body weight and blood
thoroughly to get fine powder of the drug andbiochemical parameters (Subramanginal.,
stored in a closed container. Table .1 represen011, Halimet al.,2011).

the schematic chart of Makaradhwaja

preparation. Figure 1a and 1b represents the MATERIALS AND METHODS
photograph of ancient and modern techniques Source of the Drug: The Makaradhwaja
of Makaradhwaja preparation. This drug isused in this study has been kindly supplied by
exclusively used for good health and longevityDr. P.K. Prajapati of Department of Rasashastra
(Shastri Ambikadatta 2005, Shastri 2004). It i, Bhaishajya Kalpana, Gujrat Ayurved
rejuvenator as well as immunomodulatorUniversity, Jamnagar.

(Prajapatiet al., 1997). In Geriatric problems  Study of Physical properties: This includes

it acts as vitalizer and general tonicthe colour, odor, solubility, loss on drying,
(Mahadihassan 198%)part from these benefits |oss on ignition, total ash value of the drug. The
Makaradhwaja is used for degenerative changefoisture content has been calculated through
and inflammatory conditions (Sinyoried al,  the loss on drying test. The loss on ignition and
2011). Itis an excellent drug for anxiety, stressotal ash value were also calculated. Table.2
and insomnia. The branch of Ayurveda dealsepresents all data obtained from this study.
with metallic and mineral preparations is known

as Rasashastra. These preparations are highlyStudy by Instrumental methods

potent and have specific pharmacological A. X-Ray Diffraction (XRD) analysis of the
actions (Debnath 2006). It acts as catalyst ipowder Makaradhwaja (by using Rigaku
various metabolic processes take place iwitima Il with a Bragg — Brentano geometry
human body. In spite of their unique therapeutiaind a Cu-Kl radiation A= 0.154). This method
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Table.1: The process of Makaradhwaja

Table: 2 Physical properties of powder

preparation_ Makaradhwaja.
Gold. Mercury and Sulphur has beentakenin Slno. | Name of the test Results
1:8:16ratios.
1 | Description Fine powder
2 | Colour Red
Trituration done to make kajjali (amalgam).
- 3 | Odour Odourless
- 4 |pH 5.2
The kajjalipoured into a glass containerand i -
. . . o
placed inside the fumnace (temperature increased 3 | LossonDrying | 0.55%
upto 600°C). _
6 |LossonlIgnition | 97.0%
- 7 | Totalash 0.5%
Red coloured Makaradhwaja obtained after
cooling J 8 | Solubility Water insoluble, soluble in Aqua rigia
g.

is useful to determine the presence of different C. Fourier transform infrared spectroscopy

molecules of a drug sample. The size ofFTIR analysis) of the powder Makaradhwaja

molecules can also be calculated from thevas taken by using Schimadzu (Model: prestige

values of XRD (Bhati-Kushwabhet al.,2014). 22) FTIR spectrophotometer. The peaks found
B. Scanning electron microscopy (SEM)in FTIR spectrum authenticate the results of

analysis was done by using JEOL, JSM (ModeKRD.

no: 6360). SEM analysis gives the clear idea

regarding the inner structure of the drug Acute Oral Toxicity Study

molecule. 24 healthy adult Wistar albino rats of either

Table. 3 Physical appearance and behavioural observation record of animals in four groups.

Observations Group A Group B Group C Group D
Skin and fur Normal Normal Normal Normal
Eves Normal Normal Normal Normal
Sleep Normal Normal Normal Normal
heart beat Normal Normal Normal Normal
Mucous membrane Normal Normal Normal Normal
Salivation Normal Normal Normal Normal

Tremors Not observed | Not observed Not observed Not observed
Diarrhoea Not observed | Not observed Not observed Not observed
Lethargy Not observed | Not observed Not observed Not observed
Coma Not observed | Not observed Not observed Not observed

Behavioural patterns

Normal

Normal

Normal

Normal
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Table. 4 Blood biochemical parameters of animals in control and treatment group. Values are given
as the Meanz S.E.;p values less than 5% were considered statistically significanp € 0.05).

Blood Biochemical Control Group Treatment Group
parameters (mg/dl)

Glucose 118.33+£2.22 1175+ 1.73
Cholesterol 49.83+2.58 46.17+ 2.69
Total Bilirubin 0.1+0.008 0.07+.004
Urea 19.17+0.63 18.37+0.6
Creatinine 0.35+0.04 0.3+0.05

sex weighing about 160 to 200 gm and agegiscontinued for a period of 12 hours prior to
approximately 10 weeks were taken for thdreatment (though the drinking water was still
study and distributed into fougroups. The in free) as reported by Haliet al.,2011. Food
study related to the animals was authorized b§upply was started again one hour after
the institutional animal Ethical committee treatment. From the literature study it has been
(Proposal No. IAEC/2012/08). One weekfound that humantherapeutic dose of
acclimatization to the laboratory conditions wadVlakaradhwaja is 2 m¢y body weight per day
performed before the study. Drinking water andSinyoritaet al.,2011). The suitable dose for

food were provided to the animals throughoutat had been calculated for the toxicological
the experiment. Only food supply was Study. The animals of Group A have been treated

Figure.la Ancient technique of Makaradhwaja  Figure.1b modern technique of Makaradhwaja
preparation. preparation.
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Figure: 2 The X-Ray Diffraction (XRD) graph of powder Makaradhwaja; the average mean size of
drug particle is ranging from 28.62 — 29.08nm.

with ten times of human therapeutic dose ofafter 24 hours and daily observation was
the drug converted to rat dose. The animals ahaintained up to 14th day. Animals were
Group B have been treated with five times ofweighed and visual observations for mortality,
human therapeutic dose of the drug convertedehavioral pattern, changes in physical
to rat dose. The animals of Group C have beeappearance and signs of illness were conducted
treated with human therapeutic dose of the drudaily during this period (Subramani@t al,
converted to rat dose. The animals of Group 2011, Halimet al, 2011). At the end of 14
have been treated as control group. Carefudays blood samples from the animals of Group
observation of animals was done continuoushA and Group D was collected for blood
for the first 3 hours after dosing for toxic biochemical parameters such as blood glucose,
symptoms. The number of survivors was notederum cholesterol, total bilirubin, serum urea
and serum creatinine.
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Figure.3.b Crystals of different size with a dark
background (100um).

Figure.3.c Molecules are scattered in a manner Figure.3.d Prominent view of space between
of snow fall over a wavy ground (10pm). two crystals (5pum).
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Figure.3.f Prominent view of the uneven
spread over a wavy surface (5um). surface and its layer (5um).
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Figure.3.g Sponge ball like shaped drug Figure.3.h Spheres of drug particle (1pum).
molecules (1um).
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Figure: 4 FTIR spectrum of Makaradhwaja.
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RESULTS AND DISCUSSION preparation the gold does not combines with the

Study of Physical properties: This study final product collected in the neck of the
reveals that the Makaradhwaja is fine powdegontainer. It is found to be precipitated at the
and bright red in colour. It has no specific odobottom of the container (Kulkarni 1998, Shastri
or rather it can be said to be odorless. Thefp 2005, Shastri 2004). So the present study is the
the drug is 5.2. It is heavier than water. It nearlgcientific proof for validation of the ancient
insoluble in water or ether or alcohol. It ismethod of Makaradhwaja preparation. The size
soluble in aqua regia. Table.2 represents thef the particles of Makaradhwaja has also been
different physical properties of the drug. determined from the data obtain from XRD

graph with the help of Scherrer’s equation:

Study by Instrumental methods D =0.94A / (B cosB)

X-Ray Diffraction analysis of the drug has Where D=the averageystallite domain size
been done to determine the presence gferpendicular to the reflecting plan@s=X-
Mercury, Sulphur and Gold in the sampleray wavelength =Full width at half maximum
(Figure 2). All the samples show the presencéFWHM); 6 = the diffraction angle. The average
of those molecules. No free molecule of Hg omean size powder of Makaradhwé&gaanging
S was present in the sample and they are all from 28.62 — 29.08nm (Bhati-Kushwaégal.,
the form of HgS. Side by side the presence ¢1014, Barbet al, 2004 and Oshat al.,2010).
Gold molecule in the sample has also been Fourier transform infrared spectroscopy
detected. In the literature it is mentioned tha(FTIR analysis)of Makaradhwaja has been
in traditional method of Makaradhwajarepresented by Figure.4. From the literature

Weight gain in acute toxicity study
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Figure.5 The percentage of increase in body weight o f animals in acute oral toxicity study.
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review it has been found that broad peaks &.72%, respectively. The percentage increase
3400 cmt and 1600 cm arise in the FTIR in body weight of rats in Group.4 on Day 7 and
spectra of Makaradhwaja due to characteristi®ay 14 were found to be 2.5% and 5.36%,
OH stretching y-OH) H OH bending§ OH)  respectively. The results signify that there were
vibrational band due to adsorbed water in thgradual increases in body weight of treatment
sample (Austin 2012). In the present studyand control rats and the rate of weight gain is
broad peaks at 3474 cdiand 1637 cmwere almost the same in both groups (Figure 5). The
found due to the same reasons. According tébod and water consumption of the treatment
the study of Physical property it has beerrats were also not significantly different as
estimated that the L.O.D. of the sample icompared to the control rats measured
0.55%. Broad FTIR peaks at 3474timdicates  throughout the study.
the presence of phenolic OH group and at The animals in all groups are observed and
1637cm! indicates the presence keto groupno visual abnormality was detected in any one
(Austin 2012 and Barbet al.,2004). of the animals. In physical observation of the
Scanning Electron Microscopy (SERBtudy treated rats throughout the study, none of the
was performed in micro meter scale ranginganimals showed signs of toxic effect such as
from 500 um to 1 um. The image of the drugchanges on skin and fur, eyes, mucus
reveals its spongy structure. The molecules ammembrane, heart beat, behavioural pattern,
spherical shaped scattered over a wavy surfaceemors, salivation, diarrhoea, lethargy, sleep
Application of intense heat during theand coma (Table.3). No mortality has been
preparation of drug may be the cause obbserved throughout the 14 days study period.
formation of this uneven surface. The datarhe clinical biochemistry values (showed in
obtain from SEM study have been presented iffable.4) of blood glucose, serum cholesterol,

Figure. 3.a, b, c,d, e, f,gand h. total bilirubin, serum urea and serum creatinine
of the treatment rats were not significantly
Acute Oral Toxicity Study different as compared to the control rats

The acute oral toxicity study has been(Subramanioret al., 2011 and Halinet al.,
conducted for evaluation of the toxic effect 0f2011).
the drug. A two weeks study on rat with
multiplied therapeutic dose reveals that the CONCLUSION
growth of the animals was normal in control Makaradhwaja, a well known mercurial
and treatment groups. preparation has been characterized by easy and
The percentage of increase in body weightost effective methods. Latest scientific
of in Group.1 on Day 7 and Day 14 were foundtechniques have been adopted for
to be 3.24% and 5.82%, respectively. Theharacterization of the drug. The XRD analysis
percentage increase in body weight of rats imeveals the presence of Mercury, Gold and
Group.2 on Day 7 and Day 14were found to beSulphur in the formulation. The size of the drug
2.68% and 5.27%, respectively. The percentag@olecules has also been calculated from the
increase in body weight of rats in Group.3 ondata obtained in XRD analysis. The molecular
Day 7 and Day 14 were found to be 2.86% andtructural of the drug has been observed in SEM
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analysis. The spongy spherical shaped drug Debnath PK (2006) Molecules of metals and
molecules scattered over a wavy surface hav@inerals in Ayurveda: the interior science for health
been identified in SEM study. FTIR spectrumand diseases. Papers on the Ayurvedic Studies, Ed.

of the powder Makaradhwaja has also dongrahmananda Gupta, The Asiatic Society, Kolkata.
which supports the result of XRD. Atwo weeks{24-140.

study on laboratory animals did not produce any

toxic effect. All the animals were healthy after Halim SZ, Abdullah NR, Afzan A, Rashid BA,
completion of study. There were no significantAdel Jantan |, Ismail Z (2011) Acute toxicity study
difference in body weight, physical signs andof Carica papayaleaf extract in Sprague Dawley
blood biochemical parameters of treatment anépts. J Med Plants Res 5: 1867-1872.

control group. Khedekar S, Patgiri BJ, Ravishankar B, Prajapati

PK (2011) Standard Manufacturing Process of
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