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[ INTRODUCTION //

1.1 INTRODUCTION TO AYURV ED

1.1.1 Ayurved growsglobal

It has taken nealy 5000yeas for the world to wake up to the posshiliti es of
Ayurved. People acossthe globe ae beamming increasingly disgruntled with the
detrimental effeds of the drug therapies of the modern medicine'. This has caused a
necessty of an aternative medicinal system which is being felt throughou. On the
medicina front, homeopathy, Chinese herbal medicine, aromatherapy, aaupurcture
had the rapidly increasing demand as alternative routes of cure. Ayurved is one of
them.

However, the globalization d Ayurved is not merely becaise of the percaved
fail ures of the modern medicine, but also as a shift in the social patterns in the west
where the yourger generations became interested in aternative lifestyles and
cultures. Ayurved preadies the at of living for humans © as to have a‘hedthy
life'. It believes in following appropriate measures through mind control and yoga
so as to make the body tough and cgpable of defending any external aggressons of
illness and abou diet control to prevent formation o disorders in the human
system. People started exploring these various aspeds related to the Ayurvedic

literature ranging from its iritual origin, yoga, det control, mind control
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amongst others. The Ayurvedic literature describes in detail ‘The way of life' and
does not limit itself merely to an encyclopedia of traditional medicines>>.

With the dianging life styles in India, this concept of a hedthy life took a
badksea and the faceof Ayurved that came forward slowly was limited to that of a
medicinal system. From the role of the preader of how to live ahedthy life,
Ayurved shifted to a paosition d a medicinal system, a system that describes in
detail diagnosis of disordersin human body and the remedies for variousiill nesses.

The origin of Ayurved dates back to a few hunded centuries’. Since then,
Ayurved is the traditional medicina system that is pradiced in India on the basis of
the literature available in the form of the ancient texts compiled mainly by Vaidya

Sushrut, Vaidya Charak and Vaidya VagBhat.
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There is not even a single material on earth that does not have medicinal value.

-Charak.

Charak describes the medicina patential of the vast range of naturaly
ocaurring materials on eath as percaved by Ayurved®. India had a wide range of
flaura and fauna spread aaoss the courntry. The use of these herbs as valued
medicines was explored in the ealy stages of pradise of Ayurved. The herba drugs
theory developed and flourished to the extent of beaming household remedies for
common hedth problems. This branch of Ayurved flourished even ouside India
due to the fad that these drugs could cure cetain chronic diseases for which the

modern medicine had no full proof remedy. Further these medicines had
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recognition that they showed noside dfeds with the recommended daoses.

Although the significance of various metals for human bod/ was well
understood Ly the founders of Ayurved, the adual preparation and wse of the related
drugs can be foundin the Ayurved literature written orly in the later yeas®. These
materials were not used dwe to the fad that they have amineral origin and it was
probably not known so as to howv these wuld be administered to humans. The use
of minerals as drugs developed with the branch of Ayurved knaovn as Rasashastra.
Origin of Rasashastra has a mythoogicd reference wherein the origin of Rasa
(Rasa=mercury and the minerals derived from that) is said to be from God Shiva.
The ‘Rasashastra’ describes in detail the significance of these minerals to human
body, their origin, and the methods to convert them into the form of Bhasmas®®.
The use of the minerals for the preparation o Bhasmas, the details of their
preparations and their use & drugs are well documented. It is only in the last 500
yeas that this branch of Ayurved is developed. However, these drugs could na be
promoted ouside India. In fad, they have been banned in most of the wurtriesin
Europe and elsewhere. Not only the patients but even the Ayurvedic praditioners
showed apathy towards this branch of medicines. This was in spite of the fad that
these medicines are being used routinely in India dfedively, and in fad withou
any naticedle side dfeds with the recommended dases.

The Bhasmas of various metals including heary metals like iron, copper,
silver, lea, gold, zinc ae routinely used in medicaion for ora administration to

patients as well as external appli cations. The preparations of these Bhasmas involve
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use of mercury and arsenic and their formulations. Most of these metals are
regarded as toxic in various forms and hence their use & drugs raises many
questions. Although Ayurved is the recognized traditional medicine in India, their
use outside India is certainly questionable, particularly when they have stringent
rules and regulations related to food and dugs. Thus, this branch o Ayurved
remains dormant and finds applications only in India. Further, thereis an increasing
awareness amongst the pharmacaiuticd companies in India, praditioners and the
end wsers in India éou the requirement of a detailed scientific study of these

Bhasmas.

1.2 INTRODUCTION TO BHASMAS

* Aushadi’ (medicine) forms a vital part of Ayurved, which lists the wide
range of materials of medicinal values. A variety of herbs are commonly used in
various formulations as drugs. Whil e for some herbs, the whole plant body is used,

the use is limited to a particular part of the plant (roats, leaves, flowers, stems,
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fruits) for some others. The herbs are commonly used in the forms of Kadhas
(deaoction) and Tailas (oils) or kalp (paste). Herbs being living materids are
known as ‘Sendriya Padartha (organic mater) i.e.,, materials that can be ealy
assmilated into human bood. On the other hand, the materials of mineral origin,
which are dso o siginificant importanceto human body, however, canna be used
as such. They are broadly labeled as ‘Nirendriya Padartha (inorganic mater). They
have to be @mnwerted into a form that can be realily assmilated into the body.
Hence, these metals are mnverted into products known as ‘Bhasmas' ”°.

Bhasmas are inorganic in nature and are prepared by converting a metal into
its compounds like cabonrates, oxides, etc. Bhasmas of iron, cdcium, copper, tin,
silver, gold, lead and zinc ae commonly used. Bhasmas are used for both, ad
administration as well as external applicaions. Bhasmas are prepared acording to
the methods mentioned in the Ayurvedic texts and the overal preparation
procedure involves converting the metal into a ‘non-metallic’ form by treding the
metal with a range of anima and herbal products and some Ayurvedic mixtures.
Various g/nthetic procedures for the preparation d the bhasmas are quaed in
ancient Ayurvedic texts. The methods are broadly classfied onthe basis of the use
of Kagjai and Harta (Ayurvedic preparations containing mercury and arsenic,
respedively) and herbal products in the preparation d the bhasma. According to
Ayurved, the bhasmainvalving use of Kgjjali in its preparationis suppased to have

agreder medicinal value a compared to the bhasma prepared by other methods.
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Preparation d the bhasmainvolves two major steps

1.2.1. Shodhan

A long procedure during which, the metal (used as the source for
preparation d the bhasma) is subjed to hed treaments followed by treaments with
anumber of herbal and animal products.

The ancient books describe this procedure arequisite before the process of
Maaan. This processis sid to be dore to ‘purify the metal and kring it to a form
which can berealily converted into the Bhasma during the Maaan process

The Shodhan Processis of two types

1.2.1.1 The Samanya Shodhan:

It involves heding a metal pieceover fire and dpping the hat metal piece
into Til Qil (Sesame Qil). On codling to room temperature, the metal pieceis again
subjed to hea treament and again poued into the oil. Each time fresh al i s used.
This ad is repeaed seven times. After treament with al, this entire procedure is
repeaed by using Butter-milk, Cows milk, cows urine, soup d hulga and Kanji (an
Ayurvedic preparation involving use of a variety of herbal products) in the given
chrondogicd order. After following this procedure, the product obtained is

generaly in the form of granules or a powder. The Samanya Shodhan is performed
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onavariety of hard metalslike, iron, copper, etc.

1.2.1.2. TheVishesh Shodhan

Vishesh Shodhan foll ows the Samanya Shodhan. The procedureis smilar to
that of the Samanya Shodhen. However, the raw materials (herbal or animal
products) used duing the Vishesh Shodhan dffer from metal to metal. More than
one type of materials have dso been suggested that can be used in the processfor a
particular metal. The products obtained after the Samanya Shodhen are subjed to
hea and are again dpped into a herbal or animal product. The products used for the
treament are different for different metals. For soft metals like tin, zinc &c., which

are low melting, the procedure of Samanya Shodhan can be skipped.

1.2.2. Maaran

This invoves converting the ‘purified metal’ into the bhasma It is
performed so as to ‘kill’ al the metallic properties of the metal. Thus, a metal,
which is esentia for the human body, is conwverted from a ‘toxic’ or ‘harmful’
form into aform (Bhasma) that can be used as adrug.

Maaan is a procedure that foll ows the Shodhen. The product obtained after
the Shodhan processis triturated with a number of herbal or animal products for

hous. The herbal products to be used duing triturating are different for different
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metals.
Then the triturated products are mixed with ather Ayurvedic preparations like
kajali, manashed etc. that are inorganic in nature. The resultant mixture is then
cdcined in the furnacedescribed in the Ayurvedic literature.

The product is chedked for the various tests described in the literature to
find whether the bhasma is finally obtained. If the tests are negative, the ad of

triturating and cdcinationis repeaed till the bhasmais obtained.

1.3. MYSTERIESTO BE SOLVED

Although Bhasmas have been used as effedive drugs for centuries withou
any noticedle side effeds, cetain fadors related to their preparations have
remained in disguise. Though the materials have been well established drugs, their
current reseach is limited to the study based on Ayurvedic pointy of view. Very
few reports'®'® are available where atempts have been made to understand
chemicd properties of the material. These reports fail to throw light on the physico-
chemicd charaderistics of these materials which could help in determining the
medanism involved in their preparation and the unsolved mysteries related to the

preparation and wse of these Bhasmas.

1.3.1. Synthesisof Bhasma involves very long procedures
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The preparation d Bhasmas invalves performing ‘Bhavanas on the metal
with help of various herbal or animal products. These treaments involve trituration
of the metal with these substances for hours together. These lengthy procedures last
from a few days to a few months. This makes the preparation highly time

consuming.

1.3.2. Not cost-effedcive

The preparation procedures are not only highly time cnsuming, bu also
involve use of raw materials or readants like Kajjali that are rather expensive. The
cdcination treament requires a lot of fuel. This does not make the over all

preparation procedure mst effedive.

1.3.3. They involve use of toxic metalslike Hg, Pb, As.

Heary metals including iron, leal, zinc, silver, gold and copper are
commonly used for medicaion in the form of their Bhasmas. The preparation o
their Bhasmas invalves use of Ayurved formulations containing toxic metals like

mercury and arsenic.

1.3.4. Availability of Raw materials.

20



The processs involve use of spedfic raw materials including certain fresh
animal produwts. The herbal products are extensively required duing the
preparations. Avail ability of a particular desired spedes of these herbsis a mncern.

The possble use of alternatives to these materials has to be evaluated.

1.3.5. Lack of standardization.

The tests to ched the formation d the Bhasma described in the literature
are raw and designed with the limitations of developed sciencein that age. Further,
some of these tests are highly individualistic. Some quality control measures neal
to be suggested that can be followed by the Ayurved phermades. The Bhasma
samples of a particular metal avalable in the market through various
pharmacautica companies exhibit tremendols variety in apperance. Thereisaladk

of standardization d the overall preparation procedure and the products.

1.3.6 No scientific explanations for many processes.

The preparation d the Bhasmas include spedficaions for products
including use of particular raw-materials and reagents. The spedficaions are dso
with resped to some processes describing the time durations for some trituration

tredments and cdcinations procedures. Althowgh the spedficaions help in
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following a systematic methoddogy of preparation, there is no scientific

explanation for these long procedures.

1.3.7. Reproducibility.

Althowgh the procedures of preparations of the Bhasmas are well
documented, the products obtained by following these procedures often dffer in
properties like gpeaance (color). Due to the ladk of standardization d the
procedures and quality control tods, it becomes difficult to understand the reasons

for the nonreproducibility of the samples.

1.4. OBJECTIVE OF THISWORK

The global herbal market is worth $ 120 filli on a yea and Ayurved aone
represents 50 % of it. Thisisin spite of the fad that many Ayurvedic formulations
invalving the Bhasmas canna be promoted in the global market. These Bhasmas
and their formulation are being effedively used for various therapies and form
popuar drugs here. Thus, it becomes extremely important to study these materials
in depth. It is important to understand the medhanism involved in their preparation
and a thorough charaderization d the Bhasmas is required as the first step towards

establi shing these materials as potential medicines to the world.
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1.4.1 TakingtheBhasmastotheworld

1.4.1.1. Ayurved-an ancient scienceisa gft of Indiato theworld.

Till the 20th century, people were depending mainly on Ayurved & even
home herba remedies. In the 20th century, Ayurved surrendered the dominance to
allopathy and was dhifted to the status of alternative medicine. All opathy flourished
and prospered due to contribution from pathology, physiology, chemistry and

chemicd engineaing. Ayurved onthe other hand remained stagnant”.

One of the reasons for the gathy towards Ayurved was that Ayurved

23



remained an island in ocean of knowledge. Reseachers and paditioners of
Ayurved remained indifferent towards advances in aher sciences. Now time has
come for reseachers in Ayurved to open hands for reseachers from Botany,
Chemistry and aher sciences for collaborative reseach. A multidisciplinary
approach is required to know these valuable materialsin depth*®. Chemistry plays a
vital role to understand the intricades invalved in the synthesis of these Bhasmas
and their utility. It has become very important to cary out a systematic and
scientific study of these medicines that would help in promoting the rich heritage of

Ayurvedic medicines al over India and elsewhere in the world.
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Ayurved in the 215t Century!

PHARMACOLOGY

LITERATURE AGRICULTURE

PHARMACY CLINICAL TRIALS

MEDICINE TOXICOLOGY

CHEMISTRY

A Bright future !

We have taken up the reseach work involving the preparation and
charaderization d these Bhasmas. The Bhasmas of zinc, cdcium andtin have been
prepared dtrictly as per the methods mentioned in the Ayurvedic text
‘Rasaratnasanucchaya’ .

The Bhasmas have been analyzed by various analyticd tedhniques to
determine their chemicd compositions. The raw materials, intermediates obtained
during the synthesis and the final products have been charaderized by various
instrumental techniques including powder X-ray diffradion, Infrared spedroscopy,
Thermo gravimetric analysis and dfferential thermal anaysis to understand the

25



probable medanism of formation d the Bhasmas.

The Bhasma samples marketed by various pharmaceuticd companies have
beean analyzed to undxstand the differences in their physicd and chemicd
properties. Simple quality control tests have been suggested for the
pharmacauticds, which could be the first step towards the Standardization d the

Bhasmas.

1.5. MATERIALSAND METHODS

The Bhasmas of Zn, Sn and Ca were prepared strictly as per the methods
mentioned in the Ayurvedic text ‘ Rasaratnnasamucchaya withou any aterationsin
the procedures’®. The raw materials, including the metal sources, various herbal
products and aher readants required duing the preparation d the Bhasmas were
procured from the Ayurvedic Aushadhi shops and wsed as per the guidelines in the
text. Although pure metals and chemicds avail able in the market could have been
used, the materials have been procured from the places, which supdy the same to
pharmaceaiticd companies preparing these Ayurvedic medicines. Various raw
materials used in the preparations have been listed in Table 1 dong with their

Ayurvedic names (wherever necessary).
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Jasad Bhasma Jasad (zinc metal sheds), cow’s milk, lemon
juice (fresh), Aloe vera gel (fresh), mercury,
sulfur, fresh leaves of the plants of Neem and

Aghara, lime water.

Vanga Bhasma Vanga (tin metal ribbors), leares of Nirgund
(fresh), lime water, ova, hadi, jeaa, pmpli
churna, chinch churna, lemon juice (fresh), Aloe

veragel (fresh).

Samudrapanchak Kapardika, Shankha, Shimpla, Paval, rose water,

lemonjuice (fresh), Aloe veragel (fresh).

The gparatus required duing the preparation d the Bhasmas was aso as
per the diredives in the Ayurvedic text. The gparatus (vessls, mortar and pestles
etc.) were procured with the required spedficaions. The Maaan procedure forms
an important part during the synthesis of the Bhasmas. The procedure mainly
involves various cdcinations geps. Various fuel including Cow dung cakes and
coal, to be used duing the Maan procedures are described in the text along with
the quantity to be used. Also, crucibles to be used (eathen pas) and the nature and
the size of the furnace have dso been described in detail. The same has been

followed duing the preparation d the Bhasmas.
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The samples obtained duing the various geps in the Maaan procedures
were subjed to the various tests described in the literature to chedk weaher the
sample obtained is the Bhasma or still an intermediate. Though these physicd and
chemicd tests are sufficient to tell whether the bhasma has been formed o nat, they
provide very littl e information abou the compasition and the structural properties
of the bhasma. With the advent of modern techndogy it thus becomes necessary to
put the synthetic procedure under scrutiny using modern instruments. Also, few
reports abou the metal analysis and the structural charaderization d the bhasmas
are available. Thus, it becomes necessry to charaderize the bhasma ad the
various intermediates obtained during the preparation so as to get an insight into the
medanism invalved in the processof synthesis of the bhasma.

The Bhasmas of Zn, Sn and Ca ad the various intermediates obtained
during their preparations were analyzed to determine their chemicad composition

and charaderized using the various tedniques described below.

1.6. CHARACTERIZATION TECHNIQUES

1.6.1. Chemical analysis
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The demicd analysis of the Bhasma sample is extremely important to
determine the chemicad compaosition d the material to be used as the drug. The raw
materials were analyzed to determine the probable sources of the various elements
in the Bhasma samples. The intermediates obtained duing the preparation were
anayzed to determine the dianges taking placein the sample with the various
treament procedures.

The samples were analyzed quelitatively by performing spot tests. Zn in
Jasad Bhasma was estimated by volumetric analysis by titrating with EDTA using
Eriochrome bladk T indicator and ammonia-ammonium chloride buffer™®. Elements
with lower concentrations were analyzed by EDAX to determine the relative @aomic
percentages of the mgor and minor elements on a JOEL-JSM-5200 Scanning
Eledron Microscope with Energy Dispersive X-ray analysis fadlity (Kevex). Metal
atoms with concentrations upto 1 ppm were estimated by using Atomic Absorption
spedroscopy by analyzing their addic solutions. The metals in concentrations less
than 1 ppn were estimated by inductively couded plasma on Perkin-Elmer I1CP-

400 elemental anayzer.

1.6.2. Particlesizedistribution

The Ayurvedic texts give alot of importance to the particle size of the

29



Bhasmas and Ielieve that their efficagy as a drug is grongly related to its gnall
particle size. It is aso mentioned in the Ayurvedic texts to repea the steps in the
Maaan procedures till t he sample with small particle size is obtained. The Bhasma
samples and the intermediates were dispersed in dstilled water under constant
stirring. Ultrasonicaion was used for effedive dispersion d the powders. These
dispersions were analyzed using a particle size analyzer (Fritsch Particle Sizer
Analysette 22 model) to determine the particle size distribution d the bhasma

samples.

1.6.3. Powder XRD studies

After determining the demicd compaositions of the samples, it was
important to determine the aystalline form of these materials. Hence, the Bhasma
samples were dharaderized by the powder X-ray diffradion tedhnique to oltain the
structural information. The intermediates were dso charaderized by powder XRD
to oltain the structura changes taking placein the samples during the Maaan
procedures.

All the samples were scanned on Rigaku D-Max Il VC powder X-ray
diffradometer using Cu Ka radiation (A=1.5406). The diffradometer was equipped
with a Ni filter, a arved graphite monochromator and a Nal scintill ation detedor.
Sili con was used as the standard to cdibrate the instrument for the corredion d ‘d’

gpaangs . The samples were scanned in the 20 range 20-100 ° for a period o 10
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sec per step in the step scan mode. The phase compasition was determined using
the JCPDS Library and the seach-match program available with the Rigaku
madine. The lattice parameters were obtained by refining the pe& paosition values
by the least square fitting procedure. The Crystdlite size (L) of the samples was
determined using the Scherrer equation, L = k A

constant (k = A A (CukK

o

20

1.6.4. Infrared studies

The Fourier transform infra-red spedra of the samples were recorded ona
Shimadzu 8300spedrophdometer. The samples weredried in an oven at 110 Tto
remove moisture. The finely powdered samples were mixed with pdassum
bromide (I.R. grade) to form a homogeneous mixture. The sample wncentrationin
the mixture was roughly 1% with resped to KBr. The mixture was then converted
into pell ets, which were analyzed onthe spedrophdometer from 500to 3600cm™

region.

1.6.5. Thermal Analysis
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The raw materials and the intermediate samples were analyzed by the
thermogravimetric and dfferential thermogravimetric analysis to study their
deampasition bkehavior. The samples were dso analyzed by the differentia
thermal analysis tedhnique to study the thermal changes in the sample a afunction
of temperature. The analysis was dore on a Setaram thermal analyser (SETARAM).
The thermograms were recrded from room temperature to 1273K at the heaing

rate of 10K min™ in air atmosphere.

1.6.6. pH measurements

Whil e preparations of some Bhasmas involved readions in aadic medium,
it was necessary to monitor the dhange in the pH of the medium as the readion
progressed. The pH of the samples was determined using a pHmeter (Labindia)
using agel fill ed combined eledrode.

Kapardikas were immersed in lemon juice and the pH of the mixture was
determined after a regular interval of one hou for four hous to study the readion
between the Kapardikas and the lemon juice Also, the samples obtained after eath
cdcination processwere suspended in dtill ed water and the pH of the water was
measured in asimilar way to determine the nature of the sample obtained.

Similarly, the pH changes were monitored duing the preparations involving
Shankha Shimpla and Paval.

1.6.7. Carbon analysis
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The Maaan procedure invalves trituration o the metal with a variety of
herba products followed by cdcination d the mixture. The cdcination d the
organic mater would result in the cmbustion. However, in case there is a partia
combustion, the organic mater would decompose leaving behind some
caboraceus mater. Presence of the cabineous mater in the sameple was
determined using the microanalysis tedhnique on a cabon dcetedor CARLO ERBA

EA-1108analyzer.
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Il JASAD BHASMA //

2.1 INTRODUCTION TO JASAD BHASMA

Jasad Bhasma is the Bhasma of zinc. The Jasad Bhasma is an important
drug used in curing various disorders caused duwe to dabetes. It is aso used for
treaing various eye dlments and in muscle building'. The drug is used for bath,
oral administration as well as for externa applications. Jasad Bhasma is aso used
in combination d Vanga Bhasma (Bhasma of tin) and Naay Bhasma (Bhasma of
lead), popuarly known as Trivanga Bhasma®. The @mbination d the three
Bhasmas is used for disorders related to reproductive system. Jasad Bhasma is
administered to patients along with avehicle like Gheeprepared using Cows milk.

Jasad Bhasma is prepared by using various methods quaed in the
Ayurvedic texts describing the methods for the preparation o the Bhasmas®. The
methods differ in the use of raw materials during the Shodhan and the Maaan
procedures. The methods of preparation are broadly classfied onthe basis of the
use of various herba produwcts, Haata and Kajali (Ayurvedic formulations
invalving use of arsenic and mercury, respedively) during the Maaan step”. It is
believed that the Bhasma prepared using Kagjjali has better medicina properties as
compared to the Bhasma obtained from other methods®. The texts describe use of
Samanya Shodhan for purification d Jasad when zinc ore was used in dder times

as the source of zinc. When zinc metal itself is used as the source of Jasad, the
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process of Samanya shodhan is not performed on the sample. Zinc being a soft
metal, is subject only to Vishesh Shodten”.

The texts describe in detail various tests that shoud be performed on the
samples obtained duing the Maaan procedures to chedk whether the Bhasma has
been formed or not**. While some tests to ched the formation o a Bhasma ae
common for al the Bhasmas, some tests are spedfic for a particular Bhasma. The

tests to ched the formation d Jasad Bhasma ae given in Table 1.

Tablel

Testsfor the formation d Jasad bhasma.

Test Observation

Sample HWater Sample floats on water.
Sample +Ag metal piece ignite No gain in weight of Ag meta piece

Sample Hemonjuice No effervescence

The first test confirms the small particle size of the sample. The secondtest
confirms the ésence of metalli ¢ form of Jasad in the sample and that the processof
formation d the Bhasma is irreversible. The third test confirms that the sample is
not an intermediate but that the Bhasma has been oltained.

In the present work | have prepared Jasad Bhasma samples acwording to
methods mentioned in the Ayurvedic text Rasaratnasanucchaya’. The Bhasmas

have been prepared using diff erent methods in which Kajjali and leaves of Aghara
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and Nean plants are used duing the Maaan procedure. Kgjjali forms an important
Ayurvedic formulation. It is used as a medicine & such and also in various
formulations used for externa applicaions. Kgjali is an important read¢ant used in

the preparation d Bhasmas.

2.2. STUDY ON JASAD BHASMA PREPARED USING KAJJALI

2.2.1. Introduction to Kajj ali

Kagjai is an Ayurvedic formulation employing the use of mercury in
combination with sulfur. Mercury and Sulfur are treaed separately with various
animal and dant products and then mixed together. They are mixed together in
various ratios based onthe gplicaion d the Kagjali. Trituration d these treaed
products results in a fine blak powder known as Kajali. Kajali is used in
medication as such and aso as an important ingredient in the formation d the

Bhasmas.

2.2.2. Preparation of Kajj ali

2.2.2.1 Shodhan of Mercury

Mercury was treaed with an equal quantity of garlic paste and triturated for

38



56 hous (8h x 7days). After tritutaion for 56 hous, a bladish peste was obtained
and mercury droplets were no more visible. This resultant mixture was than treaed

with ha water and mercury (M-1) was sparated ou from the mixture,

2.2.2.2 Shodhan of Sulfur

In an iron vessl, ghee obtained from cow’s milk was heaed till it j ust
melted. Sulfur powder was added to this hot ghee with continuows dirring. It
appeaed that sulfur melted to form a dilute paste with the molten ghee The
mixture was heaed to ensure that the mixture remains in a molten state. This hot
mixture was poured into cold milk. On coding, the milk was filtered. The residual
sulfur cake was crushed to get afine powder (S-1).

The mercury and sulfur obtained from the respedive Shodhan processes
(M-1 and S-1 respedively) were mixed together and triturated for hous. It was
observed that the two products mixed well to oltain a bladk powder with luster. As
the trituration was continued, luster of the bladk powder deaeased. After about 16
hous of trituration, a fine black powder withou any luster was obtained. This

product isKajai (K-1).
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2.2.3. Preparation of Jasad Bhasma using K ajj ali

2.2.3.1 Shodhan of Jasad

In this process the zinc metal (used as the source of Jasad) is treaed with
various herbal or anima products © as to conwert it into a form, which can be
realily converted into the bhasma. Zinc metal was melted in an iron vessl and the
molten metal was poured into cow’s milk. On codling, the mixture was filtered and
the residue was again heaed and poued into cow’s milk. This treament was
repeaed 21 times, eat time fresh milk was used. It was observed that the zinc
metal shed was conwerted into granules. More and more amount of zinc was
getting converted into fine granules with the continued treaments. After the 21

milk treaments, zinc was converted into a gray powder (Z-1).

2.2.3.2 Maaran of Jasad

During Maaan, the product obtained after the Shodhan processis treaed
with various herba and inorganic products and cacined in the furnace The process
of Maaan isrepeaed till the final product, bhresmais obtained.

Zinc obtained after the Shodhan process (Z-1) was mixed with an equal

quantity of Kajali. This mixture was triturated to oltain a fine powder. To this
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powder was added equal quantity of lemon juice and triturated for 8 hous foll owed
by addition o aoe vera gel. The mixture was again triturated for 8 hous and to get
a fine bladk powder. The powder was then moulded manualy to oltain small

tablets that were transferred to an eathen crucible mvered with an eathen lid. The
eathen crucible was cdcined in an traditional furnaceshown in Fig.1. The furnace
was fill ed with cowdung cakes that gave the desired temperature when fired. The
temperature & the furnacereaded around 1100 €. The furnacewas alowed to

codl naturally (abou adaystime).

Firebricks —

Earthen pot

(crucible) N
e S
Cowdung i
Cakes

Fig. 1 Traditional furnacefor a‘Gajaputa’ as described in Ayurvedic literature

The sample obtained after the cdcination procedure (JB-1) was subjeded to
the tests mentioned in Ayurvedic literature to ched whether the final product,
Jasad bhesma has been formed o not. If nat, then the sample was triturated again

with lemon juice followed by aloe vera gel treament and cdcined in the same
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manner. Each time afresh crucible was used. The procedure was repeded till the

sample showed all the tests of the bhasma (as mentioned in Table 1) paositive. The

intermediates obtained after ead cdcination process and the final product (JB-4)

were isolated separately and designated as, JB-1, JB-2, JB-3and JB-4 respedively.

Table 2

Sample detail s

Sample @mde Description
M-1 Mercury obtained after garli c paste treament
S1 Sulfur obtained after gheetreament
K-1 Kajai obtained by mixing M-1and S-1
Z-1 Granules obtained after 21 milk treaments
JB-1 Sample obtained after first cdcination
JB-2 Sample obtained after seandcacination
JB-3 Sample obtained after third cdcination
JB-4 Sample obtained after fourth cdcination

2.2.4. Characterization of Jasad Bhasma prepared using K ajj ali

2.2.4.1. Chemical analysis

The spot tests on the intermediates and the final product reveded the
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presence of Zn, Fe, Ca, Mg, Sn, Pb, Mn, Co, Cr and Cu in the samples. The
presence of metals other than zinc in the Jasad bhasma can be explained by the
results of the spot tests performed onthe raw materials (Table 3). The source of
Ca, Mg, could be milk used duing the processof Shodhan. Aloe vera @wuld be the
source of Ca, Mg and Mn in the samples. Presence of iron is due to the iron
container used for synthesis. The raw material zinc contains Sn, Pb, Co and Cu as

impuriti es.

Table3

Sources of various metalsin the product Jasad bhasma

Metals Probable source
Ca, Mg Milk, Aloe vera
Sn, Pb, Co, Cu Zinc metal used as the sourceof zinc
Mn Aloevera
Fe I[ron container in which zinc was melted

The complexometric analysis of the final product Jasad bhasma shows that
zinc is present as the major comporent (79.83%). Table 4 gives the dementa
analysis of the intermediates and the final product determined by EDAX. EDAX
results of the bhasma show that it contains zinc a the mgor element. Ca, Mg, Sn

and Pb are present in low concentrations, while Fe is 1.69%. Tracemetal anaysis
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of the bhasma using ICP shows that concentrations of Mn and Cu are 10.6and 2
ppm respedively, whereas concentrations of Co and Cu are lessthan 0.5 ppn. The
intermediates JB-1, JB-2 and JB-3 show presence of free sulfur. The demicd
analysis of these samples $ows that they have free sulfur as well as sulfide anion.
Sample JB-3 shows presence of sulfate anion also. The fina product JB-4 dces not
contain free sulfur, sulfide and sulfate anions. The source of sulfur in the

intermediates is the Kajjali used for the synthesis of the bhasma

EDAX results sow that the percentage of sulfur is deaeasing with
successve hea treaments. The intermediates JB-1, JB-2, JB-3 and the fina
product JB-4 do nd show the presence of mercury even at ppblevel (not deteded
by ICP). This indicates that all the mercury from the Kajjali was vaporized duing
the first cdcination processitself. The final product Jasad bhasma does not contain

mercury even at trace levels.

Table4

Elemental analysis data obtained by EDAX
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Elements JB-1 JB-2 JB-3 JB-4
Zn 72.05 81.95 94.07 95.08
S 24.52 15.00 1.25 0.00
Ca 0.35 1.05 1.75 1.82
Fe 0.97 0.84 1.64 1.69
Mg 0.00 0.00 0.92 1.00
Sn 0.10 0.15 0.25 0.27
Pb 2.00 1.01 0.12 0.14

(Atomic percentages normali zed to 1000)

2.2.4.2 Particlesizedistribution

Fig. 2 gives the particle size distribution petterns of the intermediates and

the final product. The data for the particle size distribution o the samples is given

in Table 5. The particle size distribution d JB-1 is quite broad; the particles are

distributed between 5 and 50 um. However, abou 90% particles have asize less

than 34 um. The particle size distribution d JB-2 is smilar to that of JB-1. The

distribution d JB-3 is divided into two regions. 96% particles are distributed in the

region d 0.1to 10um where & 4% particles are distributed in the region d 30 to

100 um. Thus, the size of some of the particles ansto have increased whil e there

is a drastic deaease in the size of a mgjority of the particles. In JB-4 the particle

size has reduced. 90% particles have asize lessthan 10 um. The distribution is
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mainly in the range of 5to 10um and thus has become narrower. It appeas that the
particle size of the sample deaeases from JB-1 to JB-4 with successve doe vera
gel treament followed by lemon juice treament and the cdcination pocess Also

the particle size distribution beaomes narrower with the treaments.
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Fig. 2 The particle size distribution petterns of the intermediates and the final
product.

(8) JB-1, (b) JB-2, () JB-3, (d) JB-4
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Table5

Particle size distribution d diff erent samples

% of Particle size lessthan (microns)

particles JB-1 JB-2 JB-3 JB-4
10 3 3 1 2
20 6 5 2 3
30 9 8 3 5
40 12 10 4 5
50 15 13 5 6
60 18 16 6 7
70 22 20 7 8
80 26 24 9 8
90 33 31 11 10
99 52 48 70 12

2.2.43. Powder XRD studies

Fig. 3 shows the powder XRD patterns of the raw materials Z-1 and K-1

used for the synthesis of Jasad bhesma. The XRD pattern of Z-1 indicaesthat itisa

mixture of hexagonal zinc metal (88%) and hexagonal zinc oxide (12%). Thus

during the 21 milk treagments on the metalli ¢ zinc, the metal was partly converted
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into zinc oxide. However, the major change was observed in the physiologicd form
of the sample. The metalli c sheds of zinc were @wnwerted into a fine granular form,

which could naw be eaily mixed with the Kajali.

Intensity, arbitrary units

Fig. 3Multiple plot of the Powder XRD patterns of the intermediates and the final
produwct. (a) Z-1, (b) K-1, (c) JB-1, (d) JB-2, (e) JB-3, (f) IB-4 (0) ZnO, (a)
hexagonal ZnS, () cubic ZnS, (A) ZnSO,, (H) HgS, (S) Sulfur, (Z) Zinc metal

The XRD pattern of Kgjjali showsthat it is amixture of hexagonal mercuric
sulfide and freesulfur. Thisindicaes that when the samples M-1 and S-1 are mixed
together to prepare Kajjali, mercury reads with sulfur to form mercuric sulfide in
the hexagonal form. The XRD pattern of JB-1 shows that it is a mixture of three

phases containing 53% cubic zinc sulfide, 21% hexagonal zinc sulfide and 26/
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hexagonal zinc oxide (Table 6).

Table 6
Relative phase mmpasition (%) of the phases present in the intermediates and the

final product obtained from the Powder XRD patterns

Sample ZnS (Cubic) ZnS (Hexagonal)  ZnO (Hexagonal)
JB-1 53 21 26
JB-2 4 23 73
JB-3 - - 99.4
JB-4 - - 100.00

Although JB-2 is also a mixture of these three phases, yet there is a
predominant increase in the @wncentration d hexagona zinc oxide (73%), at the
expense of cubic zinc sulfide (4%). The oncentration d hexagonal zinc sulfide
does not change much (23%). The sample JB-3 that is obtained after the third
cdcination contains predominantly only one phase i.e. hexagonal zinc oxide
(99.2%). The zinc sulfide in the first two cdcinations has gone from a higher
symmetric aubic zinc sulfide to lower symmetric hexagonal structure and is finally
converted into hexagona zinc oxide. The demicd analysis of this smple shows

the presence of sulfate anion. The powder XRD pattern of this sample shows the
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presence of threepesks at d = 3.494, d = 2.636A and d= 2.543 with intensities
1.7, 2% and 1%, respedively, which could be due to the presence of
orthorhombic zinc sulfate. These peds are not present in the XRD patterns of any
other samples. The EDAX results of the intermediates JB-1, JB-2 and JB-3 and
their chemicd analysis show presence of free sulfur. Kajali could be the only
source of sulfur, which is found in these samples. The XRD pattern of Kajali
shows presence of freesulfur. However, the XRD patterns of JB-1, JB-2 and JB-3
do nd show the presence of freesulfur. This suggests that the aystallit e size of the
sulfur present in the samples is very small and is XRD amorphous. This suggests
the oonversion d crystalli ne sulfur from Kajali into XRD amorphous ulfur during
various treaments followed by cdcination pocesses. The XRD pattern of JB-4
matches exclusively with hexagonal zinc oxide. The XRD patterns and the
chemicd analysis of this ssmple do nd show the presence of freesulfur, sulfide or
sulfate aiions. This auggest the complete @nversion d metdlic zinc into
hexagonal zinc oxide during the number of cdcination processes and that the final
product, Jasad bhasma has been formed.

Table 7 provides the cdl dimensions data of the diff erent phases present in
the intermediates and the fina product. The dataindicae an expansion d the lattice
of hexagonal zinc oxide in the final product JB-4. This could be due to the presence

of cdcium, ironand lea in the zinc oxide |l attices.
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Table7

Lattice parameters of the different phases present in the intermediates and the final

product obtained by Powder XRD

Phase Lattice ~ JB-1 JB-2 JB-3 JB-4 ASTM
present paramete reference
rs data

ZnS a(h) 5.410 5.387 5.406
Cubic V(A% 15833 156.36 157.99
ZnS a(h) 3.824 3.822 3.820
Hexagon c(A) 6.264 6.241 6.260

d V(A% 70304 78.953 79.103
ZnO a(A) 3.249 3249 3250 3251 = 3.249
Hexagon c(A) 5.188  5.202 5207 5.209  5.205

d V(A% 47427 47541 47631 47.686 47.581

The demicd analysis, EDAX results, XRD patterns and the relative phase
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compasition analysis of the intermediates and the final product suggest the
following probable medianism invalved in the synthesis of Jasad bhesma. The
granules containing metallic zinc and zinc oxide when treaed with Kagjai (a
mixture of mercuric sulfide and sulfur), in presence of aloe vera gel and lemon
juice ae first converted into hexagonal zinc sulfide. Then with successve hea
treaments, cubic zinc sulfide is first converted into hexagonal zinc sulfide and

finaly into hexagonal zinc oxide.

2.2. STUDY ON JASAD BHASMA PREPARED USING AGHARA AND

NEEM LEAVES

2.3.1. Preparation of Jasad bhasma using Nean leaves

2.3.1.1 Shodhan

During Shodhan, zinc metal was melted in an iron vessl. The molten metal
was poued into limewater and filtered. The residue was again heaed to melt and
the molten metal was again poued into limewater. This was repeded 8times, eat
time fresh limewater was used. The product obtained after the Shodhan processwas
in the form of metallic mass which could be groundinto a powder easily. The

molten masshad lost the metalli ¢ luster.

2.3.1.2. Maaran
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During Maaan, Jasad oltained after the Shodhan procedure was again
melted in an iron container. In this processall the hea treaments were caried ou
by using burning coals as the hea suppier. To the melt was added a fresh Neem
led and the melt was continuowsly stirred with an iron rod. After the led burnt
completely, another Nean led was added. This addition d Neen leares was
continued till the metal was converted into yellow colored fine powder (JB-N1).
Then this powder was heaed for anather 4 hous over the burning coas to oltain
the powder with a reddish tinge (JB-N2). The resultant sample was mixed with
aloevera juice and triturated for 8 hous. This mixture was then triturated with
lemon juice for 8 hous to oltain a finer powder. The mixture was fded in an
eathen crucible and cadcined in the furnace & described in the éove procedure. At
ead stage, the sample was tested for the formation d Jasad Bhasma & per the tests

described in Table 1.

2.3.2. Preparation of Jasad bhasma using Aghara leaves

The bhasma using Aghara leares was g/nthesized exadly in the same
manner, as the bhasma using Nean leaves was prepared. However, in this method
Aghara leaves were used instead of Nean leaves to oltain a yellow colored fine
powder (JB-Al), which was heded to oltain a reddish powvder (JB-A2). The

mixture was then cacined to oltain the bhasma (JB-A).
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2.3.3. CHARACTERIZATION OF JASAD BHASMA

2.3.3.1 Chemical Analysis

The Jasad bhesma samples (JB-N and JB-A) were prepared using the
Aghara and the Neem leaves as per the method mentioned in the Ayurvedic text,
Rasaratnasamucchhaya. The chemicd analysis of the Bhasma samples indicaed the
presence of Zn, Sn, Pb, Fe, Ca, K, Mg Cu, Mn and Na in the samples. The raw
materials used duing the preparation were dso anayzed to find ou the probable
source of the metals in the bhasma. The mncentrations of the various metals in the
bhasma samples are given in Table 8 adong with their probable sources. The data
indicaes zinc as the only metal in major concentration, 93.72and 93.84% for the
JB-N and JB-A samples, respedively. The samples contain Sn, Pb, Fe and Ca in
lower concentrations while Ca, K, Mg Cu, Mn and Na were deteded in trace
guantities. Fe and Cawere in higher concentrations in bah the Bhasma samples as
compared to the other metals. Presence of iron could be due to the iron vessl in

which the hea treaments were caried ou, whil e the sourceof Ca ould bethelime
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water used duing the Shodhan processes. The intermediate samples JB-N1 and JB-

2 showed presenceof sulfideion (S™) in small amourts during the dhemicd tests.

Table8

Chemicd composition oliained from chemicd analysis (Metal concentrations

normalized to 100%)

Metal  JB-N JB-A Probable source of the metal

Zn 93.72(%) 93.84(%) Used as the raw material

Sn 0.43(%) 0.38(%) Zinc metal used as the source of zinc

Pb 0.28(%) 0.31(%) Zinc metal used as the source of zinc

Fe 1.76(%) 1.82(%) Iron container in which bhasma was
prepared

Ca 1.98(%) 2.17(%) Lime water used duing the Shodhen
process

Mg 0.96(%) 0.75(%) Aloe Vera andlemonjuice

K 0.49(%) 0.31(%) Aloe Vera andlemonjuice

Na 0.38(%) 0.42(%) Aloe Vera andlemonjuice
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Mn,Cu <10 ppn <10 ppm Iron container in which bhasma was

prepared

2.3.3.2. Powder XRD study

The powder X-ray diffradion petterns of the intermediate samples and the
final products of the bhasma samples prepared using Aghara and Neem leaves are
givenin Fig. 4 (a) and (b), respedively. The powder XRD patterns of the samples
prepared from Nean leares suggest that the zinc metal is being converted to zinc
oxide with hexagonal structure during the Maaan procedure. The observation is
same for the samples prepared using the Aghara leares. All the samples, JB-N1,
JB-N2, JB-A1 and JB-A2 show a mixture of both, zinc metal as well as the zinc
oxide phase. It can be observed that the relative mncentration d zinc metal in the
samples deaeases with the hea treament. The sharp peds in the powder patterns
indicae ahigh crystallinity of the zinc oxide phase in the sample. The lattice
parameters for the zinc oxide phasein al the samples are given in Table 9. The data
indicae that the unit cdl dimensions‘a and‘c’ and hence the unit cdl volume V'’
increase with the treaments during the Maaan process This indicaes the

incorporation d the metal ions into the zinc oxide lattice caising an increase in the
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unit cdl dimensions.
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Fig. 4(a) The powder X-ray diffradion patterns of the intermediate samples and the

final products of the bhasma samples prepared using Neem leaves
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Fig. 4 (b) The powder X-ray diffradion petterns of the intermediate samples and the

fina products of the bhasma samples prepared using Agharaleaves.
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Table9

Structural information for the Jasad Bhasma samples prepared using Aghara and

Neeam leaves

Zn ZnO ZnO (Lattice parameters)

Sample % % ‘al( “( V(3

Composition Compasition

JB-N1 10 90 3.252 5.208 47.697
JB-N2 4 100 3.263 5.217 48.103
JB-N - 100 3.263 5.217 48.103
JB-Al 8 92 3.254 5.211 47.783
JB-A2 2 98 3.259 5.214 47.957
JB-A - 100 3.261 5.214 48.016

2.3.3.3. Particlesizedistribution

Fig 5 (@) and (b) give the particle size distribution d the Bhasma samples
JB-N and JB-A. JB-N has the particles distributed over a wide range from 0.1 um
to 100 um. Further, the distribution daes not appea to be homogeneous. JB-A
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also has particles with wide distribution d sizes varying from 0.1 um to around 200

pm with alarge anourt of particles between 100and 200um range.
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Fig. 5(a
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Fig. 5(b)
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Thus, the overall procedure invalved in the preparation o Jasad Bhasma by using
Nean leaves and Aghara leaves indicaes conversion d metallic zinc into zinc
oxide with the hexagonal crystal structure. While metalli c zinc is converted into a
brittle form during the Shodhan procedure, the wmbustion d the plant leaves
during the Maaan procedure supdies the requisite hea for the oxidation d zinc to

zinc oxide in presence of atmospheric oxygen.

2.4. CHARACTERIZATION OF JASAD BHASMA SAMPLES
AVAILABLE INTHE MARKET

After studying the preparation and charaderization d the bhasmas of Jasad
prepared using different routes and the intermediates obtained duing their synthesis
using various analyticd tods and we have determined the probable mecdhanism
involved in the formation d the Jasad bhasma. We have analyzed the Jasad bhasma
samples marketed by various pharmacaiticd companies and compared it with the
Jasad bhasma sample that we have prepared. The samples have been subjeded to
chemicd analysis to determine their chemicd compasitions. The samples have
been charaderized by powder X-ray diffradion technique and the particle size
anayzer. A comparison d the various commercia bhasmas has been dore with ou
sample based ontheir physico-chemicd properties.

After studying the mechanism involved in the formation d Jasad bhasma,

we have tried to uncerstand the variations in the physico-chemicd properties of the
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bhasma samples. An attempt has been made to establi sh the sensitivity of the basic
requirement of a scientific study on these materials, with resped to the

manufadurers of bhasmas, Ayurvedic praditioners as well asthe end-users.

2.4.1.Chemical analysis

The seven Jasad bhasma samples prepared by the method invalving the use of
Kgjali (as quaed in the different Ayurvedic texts) showed a remarkable variation
in the gopeaance They varied in the olor from white to dark gray. The wlors of
the samples and the dhemicd analysis data of the samples have been tabulated in
Table 10. The dataindicates that zinc is the only metal in maor concentrationin all
the samples ranging form 74.33% to 96.39%. Sn, Ph, Fe, Ca, Mg, K, Cu and Na
are present in lower concentrations in all the samples. The metals Co, Mn are
present in all the samplesin very low concentrations. In sample F ironis as high as
2.04%. Sample A showed presence of Hg in very low concentration (26 pph while
the concentration d Hg in sample D is 870 ppb. Both the samples showed presence
of sulfideions (S") in the quditative tests. Carboreteion (CO3™) was deteded in
Sample B when alarge anourt of sample was used for the test. The data indicates
that there is a huge variancein the relative mncentration d the metal atoms in the

bhasma samples.
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Table 10

The mlors of the samples and the dhemicd analysis data of the samples

Metals A B C D E F G
Col or White Gray Off-white Green Yelow Brickred Yellow
Zn (%) 74.33 93.06 94.22 93.87 96.39  93.19 95.79
Sn (%) 21.36 1.06 0.67 0.93 0.62 1.16 1.01
Pb (%) 0.32 0.97 091 1.52 0.84 0.72 0.48
Ca (%) 1.20 1.28 1.09 1.78 0.58 1.24 1.06
Fe (%) 1.49 1.08 1.71 1.29 1.05 2.04 1.21
K (%) 0.42 0.92 0.78 0.51 0.26 1.00 0.10
Mg (%) 0.86 1.62 0.59 0.09 0.24 0.61 0.33
Cu (%) 0.02 0.01 0.03 0.01 0.02 0.04 0.02
Metalsin  Co,Mn Co, Co,Mn  Co,Mn Co, Co,Mn  Co,Mn
ppm level Mn Mn
Metals < Hg Hg
1lppm 26 ppb 870ppb
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Anions S’ CO3~ S’

deteaed

(the metal concentrations have been namalized to 100

2.4.2 Particlesizedistribution

The particle size distribution d the bhasma samplesisgivenin Fig. 5. Table

11 pesents the particle size distribution for various samples as obtained from

particle size anaysis. The data indicate the distribution d particles over the wide

e sample A shows the particle

distributed

particle size ranges in a sample suggests formation d different types of particle

during the hea treamentsinvaved in the synthesis.
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Table11

Particle size distribution d the Jasad Bhasma samples marketed by various

pharmacaiticds

Sample 10% particles< 50% particles< 90 % particles<
(n (n (n

A 20.6 42.5 67.6
B 34.5 162.7 235.2
C 10.7 29.0 49.3
D 1.0 6.9 294
E 2.7 10 21.3
F 4.7 236 33.6
G 0.8 5.6 8.0
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Fig. 5A-G givethe particle size distribution o the bhasma samples A to G

2.4.3. Powder XRD studies

Fig. 6 (a-g) gives the multiple plot of the powder X-ray diffradion petterns
of the Jasad Bhasma samples. The sharp pe&ks in the powder patterns for al the
samples suggest the high crystalli nity of the materials. The phases present in the
samples determined by powder XRD are given in Table 12. Sample A is a mixture
of zinc oxide & the major phase with small concentrations of tin oxide (tetragonal).
Sample D is a mixture of zinc oxide and zinc sulfide in the hexagonal symmetry.
Sample G is a mixture of zinc oxide with a small amourt of impurity phase that
could not
showed presence of zinc metal in low concentrations. The XRD profiles for
samples C, E and F indicae that the materials are single-phase zinc oxide in the
hexagonal symmetry.

Table12
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The phases present in the samples determined by powder XRD

Sample Crystallographic phases deteded by XRD
A ZnO (hexagonal), SnO,, Zn meta
B ZnO (hexagond), Zn metal
C ZnO (hexagonal),
D ZnO (hexagonal), ZnS
E ZnO (hexagonal)
F ZnO (hexagonal)
G ZnO (hexagonal), undentified phase
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Fig. 6 The multiple plot of the Powder X-ray Diffradion patterns of the Jasad
Bhasma samples A to G. Pe&ks for zinc metal, tin axide, zinc sulfide ad the

unknown phese have been markedas*Z’, ‘T, 'S and*?’

All the Jasad bhasma samples used in the study have been prepared using
the same method employing use of Kgjali as mentioned in the various Ayurvedic
texts. In ou ealier work, we had reported the preparation d Jasad bhasma using
the same method employing Kajjali'®. The data obtained from the demicd
anaysis, povder XRD technique and the particle size analyzer are given in Table

13. The Jasad bhasma was charaderized as zinc oxide in the hexagonal phase
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with a variety of metals including Fe, Ca, Sn, Pb in the zinc oxide lattice The
analysis of the raw materials used for the preparation d the bhasma helped us to
determine the probable sources of these metal atoms. We ould establish the
formation d Jasad bhesma & a mnwversion d zinc metal into zinc oxide in the
hexagonal form with various metal atoms in the zinc oxide lattice The mnwersion
was enabled by the readion d zinc metal with Kajali (HgS) resulting in formation
of zinc sulfide in bah cubic and hexagonal forms. Oxidation d these intermediates
during the hea treaments lead to the formation d zinc oxide. It was observed that
the particle size of the sample reduced with the hea treaments and the distribution
becane narrower. The data help in understanding the analysis of the marketed
samples. The data obtained onthe marketed samples clealy indicae that some of
the samples are till in an intermediate stage and the bhasma is gill not formed.
Presence of zinc sulfide in samples A and D thus suggest that more number of
cdcination steps is dill required. The presence of Hg in these two samplesis aso
an indication d inadequate hea treament. While presence of SnO, as a seand
major phase in sample A and undentified phase in sample G suggests that proper
anaysis of raw materias (the zinc metal which is used as a source for Jasad) is
important before their use for the preparation d the bhasma. Presence of zinc metal
in sample A and B aso indicate improper treament of Kgjali or inadequate hea
treament. The significance of ead rigorous gep invalved in the preparation d the
bhasma during the Shodhan and the Maaan procedures is quaed in literature and

no ceviations from the procedures can leal to formation d such intermediates.
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Zinc oxide is known to exhibit a variety of colors when doped with various
metal atoms. The mlor of zinc oxide is also dependant on its particle size. The
variation in color of the bhasma samples could be due to the different metal atoms
present in the samples in various concentrations and the wide range of particle size
distribution shown by the bhasma samples.

Various tests mentioned in the Ayurvedic literature to chedk the formation
of the Jasad bhasma ae given in Table 1. These tests are well designed to confirm
that zinc does not remain in ametalli ¢ form in the sample and that the bhasma has a
small particle size. However, it canna deted the Hg present in the samples in such
low concentrations. Neither can these tests deted presence of tin oxide and aher
impuriti es in the bhasma samples. These tests were designed with the limitations of
the analyticd suppat in the olden days. Today with the availability of excdlent
anayticd tedhniques, the gpropriate use of these techniques for charaderization
and standardization d the bhasmais required.

The medicinal potentials of the bhasmas have been well established with
their succesful routine use since afew centuries. However, the pharmacauiticd
companies neel to ensure that the products marketed are the bhasmas and ot the
intermediate samples. These products have to be standardized and tested for the
presence of toxic dements like Hg or presence of zinc in metalic form. The
pharmaceauticad companies can routinely use these analyticd tedhniques as quality
control todls. A proper use of the tedhniques dal ensure the uniformity in the

samples marketed by the manufadurers. A routine use of such scientific techniques
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will ensure standardization d the products to a cetain extent and would definitely

help in promoting the use of bhasmas for medicaion.

2.5. CONCLUSIONS

Jasad Bhasma prepared using K ajj ali

The treament of zinc metal 21 times with milk is a pre-requisite step to
obtain zinc in ponvdered form. This powdered mixture of zinc metal and zinc oxide
is converted first into cubic zinc sulfide, then into hexagona zinc sulfide and
finaly into hexagonal zinc oxide during the treagments with aloe vera gel and
lemon juicefollowed by cdcination procedure described. Zinc sulfate could also be
an intermediate formed during the synthesis. Jasad bhasma prepared using Kajjdi is
thus zinc oxide in the hexagonal form containing metals like Fe, Ca, Mg, Sn, Pb,
Mn, Co, Cu and Cr in low concentrations. The final product does not contain
mercury even in tracelevels. The particle size of the sample deaeases with various
treaments and the distribution kecomes narrower. The Jasad bhasma has the

particle size distributed between 5and 1Qum.

Jasad Bhasma prepared using Aghara and Nean leaves

The overall procedure invalved in the preparation d Jasad Bhasma by using
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Nean leaves and Aghara leavesindicae amnwversion d metali ¢ zinc into zinc oxide
with the hexagonal crystal structure. While metalli ¢ zinc is converted into a brittle
form during the Shodhan procedure, the combustion d the plant leaves during the
Maaan procedure supgies the requisite hea for the oxidation d zinc to zinc oxide

in presence of atmospheric oxygen.

Analysis of the Bhasma samples avail able in the market

Most of the Jasad bhasma samples used in the study are still in an
intermediate stage of the preparations and the bhasma can be obtained with further
hea treaments. Zinc oxide in the hexagonal form is the maor phase in al the
samples prepared by using Kajali. A variety of metals including Sn, Pb, Fe, Ca,
Mg, K, Cu, Co, Mn and Na ae present in dfferent concentrations in the samples.
T
analyticd tedhniques like powder XRD can be auseful tod for quality control for

various pharmaceuticad companies.
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I SAMUDRAPANCHAK //

3.1. INTRODUCTION TO SAMUDRAPANCHAK

Ayurved believes that every materia with a natura origin has me
medicina value. Popuarity of Ayurved is growing even ouside India not only
becaise many of these medicines 1ow no ndicedle side dfeds but also becaise
of the fad that most of them are of herbal or natural origin®. Although Bhasmas too,
form an important classof Ayurvedic medicinal system that are inorganic in nature
(being meta preparations), the Bhasmas invalving use of cdcium sources are not of
‘mineral’ origin. Bhasmas containing cdcium are prepared using different cdcium
sources of marine origin like natural peals, corals, corn shells and peal shells and
are labeled as * Samudrapanchak’® These Bhasmas are of bioinorganic origin and
these dso dffer from eat ather in their medicinal properties, depending on the
source of cdcium used duing synthesis. The group Samudrapanchak consists of
the Bhasmas of Kapardika, Shankha, Shimpla, Paval and Moti®. The Bhasmas
included in the Samudrapanckak group, their sources and their medicinal properties
are listed in Table 1. All these Bhasmas have a @mmon method d preparation.

However, they are known to differ in their medicina properties.
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Kapardika Bhasma is one of these bhasmas and is administered to patients

suffering from high fever. It is prepared by using Kapardikas (corn shells) as the

sourceof cdcium®,

Tablel

Samudrapanckak group,their sources and their medicinal properties

Bhasma Source Medicinal properties/ Use
asadrugin case of

Kapardika Bhasma Seashells High fever

Shankha Bhasma Conch Shells Acidity

Shimpla Bhasma Peal Shell Cosmetics

Paval Bhasma Corad Digestive problems

Mauktik Bhasma Peal Power enhancing

The general procedures for preparation d bhasmas involve treament of the

source of the metal with various herbal or animal products and cacination d the

mixture in a seded eathen pa used as the aucible in a traditional furnace

described in literature®. This processis repeaed till the bhasma is obtained. The

metal is said to be completely converted into the bhasma when it complies with the

tests and olservations described in the Ayurvedic texts (Tablel-Chapter-1). In case

of Samudrapanchak the *‘taste of the Bhasma also constitutes an important test in

dedding the formation d the Bhasma. An itching sensation to the tongue
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indicates incomplete formation d the Bhasma®. The intermediate product is then
subjeded to additional treagments with herbal products followed by cdcination till
the itching sensation d the sample is lost. However, the test is highly subjedive.
With the alvent of sophsticaed instrumentation, it has now become necessary to
develop tests that would na only throw light on the danges taking placeduring
formation d the bhasma, bu would aso help to establish some quality control
methods for standardization d the synthetic procedure of the bhasma and the final
product.

Reseachers have reported the analysis of some of the Bhasmas belonging to
the Samudrapanchak family”®. These reports describe the study on Bhasmas limited
to the dnemicd analysis of the raw materials and the fina product. Further, the
reported literature is based on the study of the bhasmas marketed by different
pharmaceaiuticd companies. No reports could be found that throw light on the
various processes invalved in the preparation d the bhasma and the intermediates
obtained at the various geps. In the present work, we have prepared the Kapardika
bhasma strictly acording to the method quaed in the ancient Ayurvedic text
Rasaratnasamuchhaya under the supervision d an Ayurvedic expert. The raw
material, intermediates and the bhasma have been charaderized by various
techniques described in Chapter | to understand the mechanism invaved in the

formation o the Bhasmas.

3.2 PREPARATION OF KAPARDIKA BHASMA
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3.2.1. Shodhan of Kapardika

Kapardikas, ead weighing abou 2 to 3 g were dhosen as the raw material
for the preparation d the Kapardika Bhasma, as per the spedficaions given in
Rasaratnasamucchaya. Kapardikas were first cleaned with ha water. Freshly
extraded lemon juice was diluted four times with water. The deaned Kapardikas
(KO) were immersed in this diluted lemon juice After 4 hous the lemon juice was
filtered. A white powder coating (KLJ) was formed on the surface of the
Kapardikas. An effervescence was observed whil e the Kapardikas were immersed

inthelemonjuice

3.2.2. Maaran of Kapardika

The Kapardikas along with the @ating were then transferred to an eathen
pot (ading asthe aucible). The pat was covered with an eathen lid and seded with
mud. This crucible was ignited in the traditional furnaceusing cow dung cakes. The
sample obtained after the first cdcination (KB1) was subjeded to the tests
described in Tablel (Chapter-1) to chedk weaher the bhasma has been formed o
nat. It was then treaed with Aloe vera gel and triturated for 8 hous. The mixture
was dried and mixed with equal quantity of lemon juice The resultant mixture was

triturated for 8 h. This mixture was cdcined in a similar fashion to oltain KB2.

81



The procedure was repeded to oltain the final product Kapardika bhasma (KB3).
The samples obtained after the first (KB1), seand (KB2) and the third (KB3)

cdcination processes were isolated.

3.3. CHARACTERIZATION

3.3.1. Chemical Analysis

The raw material, intermediates and the final product were anayzed
qualitatively for the presence of metals other than cdcium and the anions by routine
chemicd tests. Calcium was estimated from the final product volumetricdly by
titrating its olution with a standard EDTA solution wsing Pattern and Readers
indicaor and ammonium chloride-ammonia buffer. Calcium and the other metalsin
lower concentration were determined by EDAX on a JOEL-JSM-5200 Scanning
Eledron Microscope with Energy Dispersive X-ray anaysis fadlity (Kevex).
Qualitative analysis of the Kapardika bhasma shows the presence of metals like
Mg, Al, K, Fe, Zn and Na other than cdcium. Carborete is the only anion present.
EDAX results $howed that the relative @aomic percentages of metals other than
cdcium are less than 1% whereas cdcium is the only magor meta (96%).

Volumetric estimation d cdcium in the bhasma showed presence of 39%cacium
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correspondng to abou 98% cdcium carborete.

3.3.2. Powder X-Ray Diffraction Analysis

Fig.1 shows the powder X-ray diffradion petterns of the raw materials,
intermediates and the final product. The pattern of KBO shows that the raw material
Kapardika is in the aagonite form of cdcium carborete. The diffradion pettern of
KB1 shows the presence of two pheses, cdcite form of cdcium caborate and
cdcium hydroxide. Thus during the first hed treament, the aystaline form of
cdcium caborate dhanges from aragonite to cdcite. The pe&ks for the cdcite phase
are strong and sharp. The cdcium hydroxide pe&ks are broader and refled smaller
crystallit e size. Hydroxide phase is the mgor one. The diffradion pattern of KB2
shows presence of three phases, cdcite, cdcium hydroxide and cacium oxide.
Cadlcite is the predominant phase. The pe&ks for the cdcite phase ae sharp, while
that for the hydroxide phase ae broader. Calcium oxide phase is in low
concentration. The final product, Kapardika bhasma (KB3) was obtained by treaing
this smple with Aloe Vera juice and igniting it in a similar manner. The XRD
pattern of the bhasma shows presence of only one phase, cdcite form of cdcium
caborate. This indicaes complete mnwersion d the hydroxide and axide phases
into cdcium carborete. However, the pe&ks are even sharper than those of the KB2
sample and reflea high crystalli nity of the final product. The lattice parameters of

the cdcite phasein various smples arelisted in Table 2.
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Fig. 1 Multiple plot of the powder XRD patterns of the Kapardika, the
intermediates and the Kapardika Bhasma.
Tablel

The phase analysis obtained from with the help of powder XRD data

Sample Phase present
KBO CaCO; (Aragonite)
KB1 CaCO; (Calcite) + Ca(OH),
KB2 CaCOjs (Calcite) + Ca(OH), + Ca0
KB3 CaCO; (Calcite)
KB4 CaCO; (Calcite)
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Table2

Lattice parameters and the aystallit e size of the cdcite phase present in the samples

Sample Unit cdl parameters of the cdcite phase
a(A) c(A) V (A)°
ASTM data (Calcite) 4.989 17.062 367.77
KB1 (Cdcite) 4.9904 17.0759 368.27
KB2 (Calcite) 4.9939 17.0775 368.78
KB3 (Calcite) 49877 17.0952 368.29

3.3.3. Thermal studies

Thermograms of the raw materiass, intermediates and the final products are

shown in Fig.2 while the differential thermograms are shown in Fig. 3. The

temperature range for the various decompasiti on steps and the percentage wt. losses

at eath step are presented in Table 3.
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Fig. 2 Multiple plot of the thermograms of the raw materia (kapardikas) ,

intermediates and the final product.
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Fig. 3 Multiple plot of the differential thermograms of the raw material

(kapardikas), intermediates and the final product.

The thermogram of KBO shows a major decompasition in the temperature
regionfrom 861to 1142K, likely due to the decomposition d cadcium carboretein
the aagonite form into cacium oxide a confirmed by powder XRD. 41.%%6 weight

loss corresponds to 95.26 cdcium caborete in the Kapardikas used as raw
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materias for preparing the bhasma. The remaining part of the Kapardikas (abou

5%) could be trapped moisture and aganic matter in the Kapardikas.

Table3

Deompasition temperature ranges and rel ative percentages of the phases present in

the samples as obtained from the TGA-DTA studies.

Sample Temp. Range %wt.loss Phase present % of the phases
KBO 588-869 41.856 Aragonite 95.13
KB1 388553 16.266 Ca(OH), 66.87
568791 12.79 Calcite 29.07
KB2 372486 2.789 Ca(OH), 11.47
578867 36.101 Calcite 82.45
KB3 631-864 43.300 Cdcite 98.41

The thermogram of KB1 shows decompasition d the sample in mainly two
regions. The first decomposition is in the range of 841to 1099K and corresponds
to the decompaosition d cadcium hydroxide. 16.36 weight loss in this region
suggests that the sample @ntains 66.9% hydroxide phase. The seoond

decompasition correspondng to 12.8%6 weight lossisin the range of 841to 1064K
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and is due to the decompasition d cacium carborete to cdcium oxide. The anourt
of cdcium carborete present in the sample is 29.1%. Thermogram of KB2 aso
shows decompasition in the two regions smilar to that of KB1. However, the
percentage weight losses in the two regions indicae that cdcium hydroxide is
11.3% and cdcium carborete is 82.5%. Thermogram of KB3 shows decmpasition
in orly one region from abou 902to 1150K. 43.3% weight lossin the KB3 sample
indicaes presence of abou 98% cdcium caborete in the fina sample, Kapardika

bhasma.

3.3.4. Infrared Analysis

The IR Spedra of the raw materia Kapardika show bands at 2497 (w), 2520
(w), 1786(m), 1473.5(s), 862(m) and 711(m) resembling the reported spedrum
of the aagonite form of cdcium carborete. The extra bands at 3398 (wb), 2962,
2923and 282cm™ correspondto the frequencies of methyl and methylene groups
from the organic matter in the kapardikas. The bands at 1261, 1024, 804w), 700
(w) cm™ are due to the bending vibrations of organic material that could be due to
hydrocarbors present in the raw material. A possble organic impurity has been
confirmed by the thermal analysis also. The IR spedrum of KB1 shows a strong
band at 3641 cm™ due to the hydrate moleaules. Powder XRD pattern o this
sample confirms presence of cdcium hydroxide & the mgjor phase. There ae no

absorption hkands correspondng to the organic material suggesting complete
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combustion d the organic phase during cdcination d the KLJ sample. The bands
a 1793, 1412, 87%nd 714cm™ show the presence of cdcite form of cacium
carborete.

The IR spedrum of KB2 is smilar to that of KB1. However, the intensity of
the pedk correspondng to cacium hydroxide is lessthan that observed in the KB1
sample. The cdcite pe&s are prominent. The IR spedrum of KB3 shows presence

of pe&s correspondng to orly cdcium carborete in the cdcite form.
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Fig. 4 Multiple plot of the FTIR spedra of the raw materia (kapardikas), intermediates

andthefinal product

3.3.5. pHmetric studies

The pH of the samples was determined using a pHmeter (Labindia) with a
gel filled combined eledrode. Kapardikas were immersed in lemon juice and the
pH of the mixture was determined after aregular interval of one hou for four hous
to study the readion between the Kapardikas and the lemon juice Also, the

samples obtained after ead cacination pocesses were suspended in dstilled
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water and the pH of the water was measured in a similar way to determine the
nature of the sample obtained.

The am of pH measurements is to assss the feasibility of using smple
instruments like pHmeter in charaderization d the Bhasmas. The presence of
cdcium hydroxide and cdcium oxide in the sample shoud form a basic solutionin
water, indicaing incomplete formation o the Kapardika Bhasma. Presence of
cdcium carborete done in the sample shoud give aneutral solutionin water. The
pH of the lemon juice with the Kapardikas immersed in it was monitored at an
interval of one hou. A gradua increase in pH was observed (from 2.26to0 4.19
which suggests that the readion d the cdcium carborete from the Kapardikas with
the lemonjuiceis dow. Table 4 shows the pH studies of the suspensions of the raw

material and the samples obtained after ead cadcination processin water.

Table4

pH of the suspensions in water of samples obtained after eat cadcination

Timeinterval OOmin  15min. 30min. 45min. 60min. 75min.

KBO 7.00 7.95 9.12 9.99 10.03 10.10

KB1 7.75 10.90 11.22 11.35 11.35 11.37
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KB2 7.61 8.71 9.67 10.28 10.97 11.05

KB3 7.00 7.20 7.32 7.3 7.3 7.32

The pH of the suspension d KBO in water showsthat it is neutral. However,
the gradual increase in the pH could be due to the low solubility of cdcium
carborate in water (1x 10° at 25°C). The Suspensions of KB1 and KB2 in water
are basic indicaing the presence of cdcium hydroxide and cdcium oxide in the
samples as confirmed by XRD and IR. The suspension d KB1 is more dkaline
than KB2 indicating a higher percentage of cacium hydroxide in KB1 as compared
to KB2. Thisis suppated by the results obtained by thermal analysis with presence
of 30% and 86 cdcium carboreate in the two samples, respedively. Suspension o
KB3 is neutral and suggests the ésence of cdcium hydroxide or oxide in the
sample, i.e. complete mnversion d the sample into the Bhasma.

As a part of the experimentation, Kapardikas were diredly cdcined withou
the lemon juice treament. The sample obtained after cdcination was only cacium
oxide. Further treament of this ssmple acording to the authentic procedure could
not yield the Bhasma. This indicaes that lemon juice treament given in the
authentic procedure is a requisite step in the formation d the Kapardika bhasma.
Thus, cdcium citrate is also an important intermediate formed duing the synthesis
of the bhasma. Sane & al® have reported the presence of hydroxide impurity in the

bhasma (obtained from the market), which was not foundin the raw materia.
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However, no explanation for the same was given. Reports indicaing the presence
of hydroxide impurity in the bhasma prepared in the muffle furnace a@ae dso
avail able®. In the authentic procedure, the bhasmas are prepared by carrying out the
cdcination processin the traditional furnacedescribed in Ayurvedic literature. The
sample taken in a seded eathen pa is cdcined in apit by burning cow dung cakes.
The porous nature of the eathen pa alows the passage of the cabon doxide
obtained duing the decompaosition of cdcium carborate out of the aucible. There
is carbon doxide and carbon monaxide amosphere outside the aucible due to the
burning of the mw dung cakes. Thus, the dances of the loss of carbon doxide
from the aucible ae less Thisis not so in case of a muffle furnace ad so is the
presence of the hydroxide impurity due to the ladk of carbon doxide required for
recaboretion d the cdcium hydroxide and ide intermediates. After
charaderizing the intermediates obtained duing synthesis of the bhasma, it can be
stated that the reports abou the presence of the hydroxide impurity could be due to

the analysis of the intermediate and nd the final product.

3.4. CONCLUSIONS

The Kapardika bhasma obtained by using the synthesis procedure

mentioned in the Ayurvedic literature is the cdcium carborete in the cdcite form
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with ather metals in low concentration. The analysis of the results $iows that the
overal process of the formation d Kapardika bhasma involves decaboretion d
cdcium carborete in the aagonite form and reformation o cdcium carborete in
the cdcite form. This transformation accurs via formation d cdcium hydroxide
and cdcium oxide @ the intermediates. The daraderization techniques like
powder XRD, TG-DTG, Infra-red spedroscopy have been used to study the process
of formation d the bhasma which can be used as the quality control methods for
charaderization d the samples by the industry. However, even simple quality
control methods like pHmetric studies can be aloped to identify the completion o

the processof the formation d the Bhasma.
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41 INTRODUCTION TO VANGA BHASMA

Vanga Bhasma invalves use of tin metal for medicaion. Vanga Bhasma
forms an important Ayurvedic drug commonly used for disorders related to the
reproductive system in human beings. Vanga Bhasma is aso used in combination
with the Jasad Bhasma (Bhasma of zinc) and Nag Bhasma (Bhasma of lea),
popdarly known as Trivanga Bhasma (the combination d threg. The formulation

isalso used for various allments related to the disorders caused duwe to diabetes.

4.2 PREPARATION OF VANGA BHASMA

Several procedures for the preparation d Vanga bhasma ae reported in the
texts Rasaratnasamucchaya. The processes differ from ead ather with resped to
the materials used duing the Shodhan of Vanga and in the Maaan procedure.
Freshly prepared juice from the plant nirgund or limewater is commonly used
during the Shodhan process The Maaan processs invove use of Kajali or
Haatal or herba products for the treaments. In the present work, we have prepared
Vanga Bhasma by using lime water during the Shodhan and herbal products during

the Maaan step.

4.2.1. Shodhan of Vanga
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In the Shodhan process 50 g of limestone was dipped in water and stirred.
The mixing was exothermic. On codling, the mixture was filtered and the filtrate
(Liquid A) was used for treaments with the tin metal during the Shodhan process
Abou 5 g of tin metal (Vanga) was heaed in aniron vessl over burning coals. The
molten tin was poured into 50ml of liquid A and filtered oncodling. The filtered
tin peces were gain heded to melt and poued into the filtrate. This gep was
repeded seven times. Each time fresh quantity of Liquid A was used. It was
observed that with the increasing number of steps, lesser amourt of the tin was
getting melted. Also, the tin metal pieces were losing the luster, and formation d a
white aating onthe metal pieces could be observed. These metal pieces obtained at

the end d the seventh step were subjeded to the processof Maaan.

4.2.2. Maaran of Vanga

The herbal products used for treaments during the Maaan processinclude
1.25g ead of Ova (O), Jeera (J), Haldi (H), Pimpali (P), Chincha (C). The d&owe
materials were dried and povdered separately. The product obtained after the
processof Shodhan was again heded in the iron vessl. Some part of the tin pieces
melted. To the hat mixture of molten tin was added small quantity of Ova with
continuows girring. The powder Ova burnt and the formation d white powder
could be observed. Thus tin metal was getting converted into a white powder
because of the locd burning due to the combustion d Ova. Similarly 1.253 of Ova

was added with continuows girring, small quantity at a time. In the same way,
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Jeera, Haldi, Chincha churna and Pimpal churna were alded to the hat metal. The
powders were added in small quantities at atime with continuouws girring one after
the other. With the aldition d the powdered herba products and a cwntinuows hea
treament, tin metal was converted into a fine powder (VB1). The powder was
covered partially with an iron lid and heaed for four hours on the Bunsen burner to
obtain sample (VB2). Then the powder was cooed and mixed with an equal
quantity by weight of lemon juice The mixture was triturated for hous till afine
powder was obtained. To the resultant mixture was added equal quantity of aloe
vera gel. Again the mixture was triturated. Finaly, the mixture was transferred to
an eathen pad, which was sded (it serves as the aucible) and cdcined in a
traditional furnace described in the Ayurved literature. The sample obtained after
the hea treament (VB3) was subjeded to the tests mentioned in the Ayurvedic
literature to chedk whether the bhasma has been oltained. The treaments with
lemonjuice and aloe vera gd foll owed by cdcination were repeaed twiceto oltain

sample VB4 and the final sample Vanga bhasma (VB5).

4.3. CHARACTERIZATION OF VANGA BHASMA

The Vanga Bhasma sample was obtained by foll owing the methodinvolving
treament of the molten tin metal with herbal products including ova, jega, hadi,
chinch churna and @gmpali churna. During the preparation it was observed that as

these herbal products were added to the molten metal, they caught fire and bunt. A
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locd readion could be observed nea the burning massresulting in the onwversion
of metalic tin into a fine white powder. The herbal products burnt partialy leaving

behind gray ash (cabonaceous matter).

4.3.1. Chemical analysis

Table 1 gives the relative metal concentrations obtained by chemicd
analysis of the intermediates and the final product. The diemicd analysis of the raw
materials enabled the determination d the probable source of these metals in the
samples. It can be observed that tin is the only metal in maor concentration in all
the samples. The final Vanga bhasma sample (VB5) contains Pb and Zn in small
concentration (2.4 and 1.58% respedaively) the source of which could be tin metal
used as the raw material for the preparation d the Vanga Bhasma that contained
both Pb and Zn.

Presence of iron in the bhasma sample wuld be due to the ntainer in
which the hea treaments were given, while cdcium could be from the limewater
used duing the Shodhan process The bhasma sample cntains K, Na aad Mg in
concentrations of lessthan 1 % whose presence ®uld be dtributed to the various
herba products used duing the hea treaments of the Maaan procedure. It can be
observed that the cncentrations of these metal atoms increase gradually with the
different treaments. In addition to these metal atoms, the bhasma sample contains

Co, Cu, and Mn in very low concentration (108ppm, 450 ppn and 60 ppn,
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respedively).

Tablel

Relative metal concentration as obtained from AAS and ICP analysis

Metals VB1 VB2 VB3 VB4 VB5 Metal Source

Sn 9298 92.68 9192 9158 91.52 Sn meta used as the source for
Vanga Bhasma

Zn 2.31 2.34 2.34 2.34 2.34 Sn metal used as the source for
Vanga Bhasma

Pb 1.60 1.59 1.59 1.59 1.58 Sn metal used as the source for
Vanga Bhasma

Fe 0.26 0.26 0.80 0.94 0.94 Iron container in which the hea
treaments were caried ou

Ca 1.23 1.23 1.24 1.24 1.24 Lime water used duing the
Shodan process

Na 0.42 0.52 0.54 0.57 0.59 Herbal products used duing the
Maaan process

K 0.72 0.81 0.84 0.84 0.87 Herbal products used duing the
Maaan process

Mg 0.48 0.57 0.73 0.89 0.92 Herba products used duing the

Maaan process
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Atomic concentrations have been namalized to 100%.

4.3.2. Carbon analysis

The burning of the herbal products results in the formation d ash. The
cabon content in the samples is given in Table 2. Sample VB1 oltained after the
treament of tin metal with all the five herba products contained abou 8.28 %
cabon. This indicaes partial combustion d the herbal products during the hea
treaments resulting in the formation d ash (carbonaceous products). On further
heaing of this sample, the cabon content deaeased to 1.74% in VB2 dwe to its

combustionin presence of atmospheric oxygen.

Table?2

Carboncontent in various samples obtained from the cabonanalyzer

Sample Carboncontent (%)
VB1 8.28
VB2 1.74
VB3 0.26
VB4 0.07
VB5 0.00

The cdcination of this smple in the furnacefurther resulted in the removal
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of this cabonto aslow as 0.26 percent (sample VB3). The sample VB5 contained
no cabon at al. The successve hea treaments remove dl the cabon from the

sample.

4.3.3. Powder X-ray diffraction studies

The samples were analyzed by the powder X-ray diffradion technique to
determine the structural changes taking placein the sample with hea treaments.
Fig. 1 gives the multiple plot of the powder X-ray diffradion petterns of the
intermediate samples and the final product. The relative phase composition d the

samplesislisted in Table 3.
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Fig. 1 Multiple plot of the powder X-ray diffradion petterns of the intermediates

and the Vanga Bhasma. (2) = SnO,, (1) = SnO, T = Tetragonal tin, C = Cubic tin

It can be observed that the sample VBL1 is a mixture of tin (IV) oxide a the major
phase with small concentration metalli c tin. Sample VB2 also contains SnO, as the
major phase with small concentration d SnO and metalli c tin. The sample VB3
contains a mixture of SnO, and SnO. The samples VB4 and VB5 are single phase

of SnO..

Table3

Structural information oldained on the intermediates and the final product Vanga
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Bhasma, by powder XRD

Relative % phase compaosition

Sample Sno;, Sno Sn
VB1 96 - 4
VB2 93 5 2
VB3 90 10 -
VB4 100 ; ]
VB5 100 - -

The probable medanism of the formation o the bhasma that can be proposed on
the basis of the results obtained from the powder XRD data and the cabonanaysis
data ae given below:

The Shodhen process* softening of the metal’ by converting tin into brittle,
thin sheds that can be aut into finer particles. During the process of Maaan,
metallic tin (obtained from the Shodhan procesy is converted into SnO, powder
during the various hea treaments. The hea generated by the cmbustion d the
herbal products asgsts the oxidation d metalli ¢ tin into tin (V) oxide with the help
of atmospheric oxygen. However, only that part of the sample gets oxidized which
comes in contad with the herbal product due to the locd heaing of the burning
material. Hence, continuows girring of the sample is required to ensure thorough
mixing. An incomplete conversion d the sample can result in the remainder of tin

metal in the sample. The partial combustion d the herbal products leaves behind
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cabonous mater in the sample.

Table4
Structural information d SnO, phase present in the intermediate samples and the

fina product, Vanga Bhasma, oltained from powder XRD

Tin (1V) oxide (SnOy)

Sample Crystallit e size (nm) Unit cell volume (A%)
VB1 104 71.511
VB2 102 71.596
VB3 105 71.631
VB4 103 71.639
VB5 104 71.642

Table 4 gives the structural properties of the samples as determined from the
X-ray profiles. The data confirms nanocrystalli ne nature of the powder samples. It
can be observed that all the samples exhibit a aystallit e size of about 105 mm. It is
worth naing that the aystallit e size of the SnO, phase remains unaltered in spite of
the hea treaments given to the samples. The lattice parameters (unit cdl volume)
sean to increase with the various treaments. This could be due to the presence of

various metal ionsin the SnO, latticethere by causing lattice expansion.
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4.4. ANALYSISOF THE MARKETED SAMPLES

The Vanga Bhasma sample prepared by us is compared with the Vanga
Bhasma obtained from various pharmaceiticd companies prepared employing

similar procedures.

4.4.1.Chemical Analysis

Table 5 gives the demental analysis of the various ssmples determined
using AAS and ICP spedroscopic techniques. It can be seen that the mncentration
of Sn in the Vanga Bhasma varies between 88.86 and 94.55% in the Vanga
Bhasma samples. While dl the samples contain Pb, Zn, Ca, Fe, K, Na, Mg, their

relative amncentrations vary over awide range from sample to sample.

Table5

Relative metal concentrations as obtained from AAS and ICP analysis

Metals A B C D E VB5
Sn 92.67 88.86 91.07 94.55 90.87 91.52
Zn 1.78 2.12 0.68 1.58 1.83 2.34
Pb 2.35 3.14 1.64 1.10 1.29 1.58
Fe 1.62 1.52 0.94 0.12 2.94 0.94




Ca 0.12 131 2.31 1.15 1.16 1.24

Na 0.19 0.23 1.29 0.49 0.62 0.59
K 0.86 0.43 1.62 0.34 0.58 0.87
Mg 0.41 0.27 0.45 0.67 0.71 0.92

Atomic concentrations have been namalized to 100%.

Sample A and B contain Pb in higher concentrations than the other samples.
It could be due to the presence of higher concentration d Pb in the tin metal used as
the raw materia for the preparation d the Bhasma. The higher concentration d Fe
in sample E indicates higher inclusion d Fe from the iron container used duing the
hea treaments. Sample C contains higher concentration d Na, K, and Mg (as a
whale) indicaing more number of herbal treagments being gven to the samples (as

the source of these metals are likely to be the herbal products).

4.4.2. Carbon Analysis

It is desired that the Bhasma samples do nd contain any carboneous matter.
The cabon analysis data shows that the samples A, B D and E contain
cabon.This could be due to insufficient hea treaments or cacinations geps which

would have ensured the complete combustion d the organic matter.

10¢



Table6

Carboncontent in various samples obtained from the cabonanalyzer

Sample Carboncontent (%)
A 0.82
B 5.03
C 0.00
D 1.35
E 2.63
VB5 0.00

4.4.3.Powder XRD studies

Fig. 2 gives the powder X-ray diffradion petterns of the samples. The sharp
refledions in the powder patterns refled high crystalli nity of the samples. The Fig.
2 indicates that the powder patterns for samples A and C contain pe&ks for tin (1V)
oxide a well as metdli c tin, whil e that of sample B contains a mixture of SnO, and
SnO. The relative phase composition data obtained from the powder XRD patterns
of the commercial samplesis given in Table 7. Sample A and D contain tin (1V)
oxide a the magjor phase (97% and 96 respedively) with small concentration o
metalli c tin.

Sample B is amixture of 98% SnO, and 246 SnO. It can be seen that sample
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C and E contain SnO, as the only crystall ographic phase. The presence of metalli c
tin in the samples indicaes insufficient herbal and hed treaments. The presence of
cabonaceous matter in the sample could result in the reduction d SnO, to SnO as

seen in Sample B indicating insufficient cdcinations geps.

Intensity, arbitrary units

JH&NW
B

20

Fig. 2 Multiple plot of the powder X-ray diffradion petterns of the Vanga Bhasma

marketed by diff erent pharmaceuticd companies
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Table7

Structural information abou the marketed Vanga Bhasma samples as obtained by

powder XRD
Relative % phase compaosition
Sample SnoO; SnO Sn
A 97 - 3
B 98 2 -
C 100 - -
D 95 - S
E 100 - -
VB5 100 - -

4.5. CONCLUSIONS

Vanga Bhasma obtained as per the procedure mentioned in the Ayurvedic
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text Rasaratnasamucchayaistin (1V) oxide with the tetragonal crystal structure. The
formation d the Bhasma invalves conversion d metallic tin into tin (IV) oxide
with tin (II) as a probable intermediate. The cnwersion takes placein the presence
of the hea provided by the cmmbustion d herbal products and atmospheric oxygen.
The Vanga bhasma has a range of metal ions including Pb, Zn, Ca, Fe, K, Na, Mg
in small concentrations in the tin axide lattice Insufficient hed treaments lead to
presence of the caboraceous materials in the sample, which onfurther heaing may
lead to the reduction d SnO, to SnO or tin metal. The analysis of the marketed
samples indicaes the presence of SnO, as the mgor phase in al the samples with

cabonand SnO as impuritiesin some.
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/I AYURVED IN THE 215" CENTURY //

5.1. Understanding the Medanism of the for mation of the Bhasmas

The thorough physico chemicd charaderization d the raw materias,
intermediates obtained duing the preparations of the Bhasmas and the final
products, Bhasmas helped to establish the probable medanisms involved in the
conversion d the metals into the Bhasmas. The various processs invalved in the
preparation d the Bhasmas could be explained as below, based onthe analysis

dore.

5.1.1. The Shodhan process

To understand the process of Shodhen, the metals were subjed to the
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respedive Shodhan process The metal was chemicdly analyzed before and after
the shodhan process Table 1 (a) gives the dhemicd analysis data of the metd
samples before and after the Shodhan processwas performed for zinc metal (Jasad
Bhasma).

The data indicae that there is no ndicedle deaease in the mncentration o
the metals present in the zinc metal sample used as the sourcefor the preparation o
Jasad Bhasma even after the Shodhan process was performed on the metal shed.
The increase in the wncentration d Ca @uld be from milk and that of C from the
cabomaceus |eft behind die to the locd combustion d milk when the hot metal is

poued into the milk.

Table 1a

Elementa analysis of the Jasad sample before and after the Shodhan process

Elements Element concentration  Element concentration

(%) Before tregment (%) After treament
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Zn 97.1021 94.2173

Sn 0.13 0.09
Pb 2.10 2.13
Fe 0.58 0.93
Ca 0.02 1.18
Mg 0.005 0.0059
Co 0.0017 0.0011
Cu 0.056 0.051
Mn 0.0052 0.0047
C - 1.29

Name of the Bhasma Jasad

Metal sourcefor the Bhasma Zn

Material  used duing the Cows milk

process of Shodhen for

treaments

Similar chemicd anaysis data obtained for the Vanga Bhasma ad

Kapardika Bhasmais shownin Table 1 (b) and Table 1 (c) respedively.

Table 1b

Elementa analysis of the Vanga sample before and after the Shodhan process

Elements Element concentration  Element concentration

(%) Before tregment (%) After treament
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Zn
Pb
Fe
Ca

Mg

Name of the Bhasma
Metal sourcefor the Bhasma

Materiadl used duing
Shodran

process of
treaments

95.71 94.72
2.13 2.07
1.52 1.43
0.19 0.21
- 1.16
0.45 0.41
Vanga
Sn
Lime water

Table 1c

Elementa analysis of the Kapardika sample before and after the Shodhan process

Elements

Element concentration

(%) Before tregment

Element concentration

(%) After treament




Ca
Fe
Mg
K
Na

C

76.30

0.32

0.21

0.27

22.90

41.89

Name of the Bhasma
Metal sourcefor the Bhasma

Materiadl used duing the
process of Shodhen for
treaments

0.16
0.47
0.35
0.41
56.72
Kapardika
Ca
Lemonjuice

The demica analysis data obtained for the sources of the Vanga Bhasma

and Kapardika Bhasma before and after the Shodhan processalso indicate that the

process does not involve purificaion d metal. The Shodhan process mainly

involves conwerting the metal into its physicd form that can be further treaed

during the Maaan step. The processis smilar to the process of ‘quenching’ with

which the big metal sheds or blocks can be mnwverted into a fine powder or brittle

thinner sheds by dipping them into various lutions when they are hot. The

process of Shodhan has been interpretated by many Ayurvedic reseachers as the

process of purificaion d the metals (as the name suggests, shudh = pure, in

Marathi) . However the chemicd analysis data does not indicae the purificaion d

the metals during the Shodhan process
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The Ayurved literature prescribes the Shodhan processas a ‘requisite’ step
before the metal can be further subjed to the processof Maaan. To understand the
Shodhan processfurther, in another set of experiments, the preparation procedures
were followed as in the literature, while the Shodhen processwas kipped. It was
observed that the sample did nd get conwverted into the Bhasma even after the
appropriate steps of the Maaan process were performed on the virgin metal
(untreaed by Shodhan process. The Bhasma wuld na be obtained even after the
steps in the Maaan were repeaed a number of times that as prescribed in the texts.
Table 2 gives the results obtained form these experiments. The significance of the

Shodhan processcan be well understoodfrom al the dove experiments.

Table2

The data obtained from the analysis of samples which were diredly subjed to the
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Maaan procedure

Bhasma Maaran process Result

Jasad Trituration d zinc metal sheds with Zinc-mercury amalgam
Kagali, followed by lemon juice aaxd wasobtained.

aloe vera and cdcinations of the mixture

Vanga Melting tin metal followed by addition The Bhasma was obtained
of herbal products with constant stirring.  after  continuowss  hea

treament for 24 hous with

four times the materia

(herbal products)

Kapardika Calcinations of Kapardikas in the Calcium oxide was
traditional furnace obtained which could na
undergo any change with

further treaments.

In the preparations invalving the Shodhan process the sample obtained after the
Shodhan process were dharaderized by various analyticd techniques. The results
obtained from these experiments are discussed in Table 3. From the data we can
conclude that products obtained after the Shodhan processplay a aucia rolein the

formation o the Bhasmas.
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Table3

The data obtained from the analysis of the samples subjed to Shodhan process

Bhasma  Shodhan process Productsobtained from Probable role of this
the Shodhan process intermediate during
the Maaran process
Jasad Dipping the Fine powder containinga Fadlitates esy
molten metal into mixture of zinc meta conversion into zinc
cows milk and zinc oxide oxide when readed

with Kgjjali
Vanga Dipping the Brittle thin metal sheds Easy combustion d
molten metal into with a meta oxide theorganic mater over
lime water coating on the surface the hat metal surface
Kapardika Dipping A mixture of cdcium Presence of citrate
Kapardikas into caborate ad cdcium ensures that CaCOs
lemonjuice citrate does not decompose

totaly into Cao,
faalit ating
caboretion  duing

further treaments.
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5.1.2. The Maaran process

This is the main step in the preparation d the Bhasma. Rasashastra ams at
converting the metal into the form, which can be eaily assmilated into the human
body. This conversion d the meta is dore by treaing the metal obtained from the
Shodhan processwith a variety of processes to oltain the Bhasma. The process of
Maaan aso ams at obtaining the Bhasmas which have small particle size and
which do nd have aiy comporent in the ‘metallic’ form (Maaan = to kill, in
marathi). The daraderization d the various intermediates obtained duing the
preparation d the Jasad, Vanga and the Bhasmas of Samudrapanchak and the final
products indicaes conversion d Zn and Sn into their respedive oxides, while Cais
obtained as cacium caborete in the cdcite form during the cdcination stepsin the
Maaan process It is expeded that a materia sinters during cacination and an
increase in the aystalite size & well asthe particle size can be expeded. However,
it the particle size of the Bhasma samples does not grow during the cdcination
processes. This could be due to the dfed of Aloe Vera gel which contsing maleic
add and aher caboxylic agds that ad as etching agents. Also, the gaseous
atmosphere formed due to the combustion d the organic mater could prevent the
union d particle a observed in the process of combustion synthesis commonly
used for preparation of oxides. Table 3 shows the details of the dhanges taking
placein the sample during the Maaan process The medianisms involved in the

formation d the Jasad, Vanga and Kapardika Bhasma have been summarized in the
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flow charts givenin Figl (a), (b) and (c) respedively.
Table 3

The data explaining the significance of the Maaan procedure

Bhasma Maaran process Significance

Jasad Trituration d zinc meta (after Kajali (HgS) fadlit ates formation
Shodhan) with Kagadli, followed of Zns. Further oxidation d ZnS to
by lemonjuice amdaoevera and ZnO is easy by cdcinations at high
cdcinations of the mixture temperature.

Vanga Melting tin (after Shodhan) The combustion d herba products
followed by addtion d herbal (organic mater) with the hot tin
products with constant stirring.  metal results in oxidation d Sn to

SnO, combustion o the small
organic matter ensures complete
conversion d Snto its oxide

Kapardika Calcinations of Kapardikas The presence of carbomaceus
((after ~ Shodhan) in  the mater obtained from lemon juice
traditional furnace and d&oe vera ewsures the

recaboretion d the intermediates
to oltain cdcite & elevated

temperature.
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Flow chart for Jasad Bhasma

Shodhan: Zinc metal, heat to melt A mixture of Zn metal and
Poured in milk. Repeated zinc oxide obtained in the
21times form of afine powder.

Processof quenching used to
obtain smaller particles.

! !

_—
Zn metal Zn +Zn0O
Air (O) & heat
Maaran: Zinc (obtained from Zn reactswith HgS (Kayj ali)

Shodhan procesg + Kajjali toform ZnS. Hg vapourizes.
+AloeVera +lemon juice A mixture of hexaganal and

Calcination cubic ZnS obtained.
l l
Zn+2Zn0O ZnS+Hg 1
HgS & heat

Above mixture +Aloe Vera Oxidation of ZnStoZnO
+ lemon juice
Calcination
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t

ZnS Zn0O +S7

Air (O) & heat
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Above mixture +Aloe Vera Oxidation of ZnStoZnO
+ lemon juice
Calcination
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Zn0O

l

ZnO (smaller particle size)

Air (O) & heat + carboneous mater



Flow chart for VangaBhasma

Shodhan: Tin metal, heat to melt Thin foil of tin metal with
Poured in lime water. metal oxide mating dbtained.
Repeated 8 times Processof quenching results
in formation of thin foils/
sheds
N
Snmetal Sn+SnO; coating
Air (O) & heat
Maaran: Tin oxide (obtained from  Snreactswith oxygen from
Shodhan procesg +heated  air to form SnO,., Burning
to melt + Ova, jeera, haldi, of the organic mater

chinch and pimpli churna  providesthe heat required
for thisoxidation.

—
Sn+ SnO, + arganic mater SnO, + C+CO7
co2t .01
Air (O) heat
Above mixture +AloeVera Conversion of Sninto SnO,

+ lemon juice with removal of carbon as
Calcination CO and CO,
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t

SN0, +C SN0, +Sn/ SnO + CO?
CO2t

 —

Air (O) & heat



Above mixture +AloeVera Complete onversion of Sn
+ lemon juice into SnO;,
Calcination
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 —
SnO;, +Sn/ SnO SnO;

Air (O) & hed + caboreous mater
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5.2. Standardization of the Bhasmas

While the basic am of this research work was to understand the intricadges
involved in the preparation d these Bhasmas and to understand these materials in
depth, the study has also helped us to standardization d the procedures to certain
extent. Whil e the basic step towards the standardization could be the use of various
anayticd tedhniques that have been used in this investigation so as to monitor
various changes and the progress of the readions. Use of simple techniques like
pHmetry for the Kapardika Bhasma, cabonanalysis (carbon content determination)
for Vanga Bhasma and paovder XRD for the Jasad Bhasma for quality control
during the preparations could be the first step towards the standardization d the
products and the processes in general.

The dhemicd analysis of the raw materials followed by appropriate doice
of the raw materials and various rea¢ants is necessary as these materials govern the
presence of various metals in lower concentrations in the Bhasmas (metals other
that Zn in Jasad Bhasma, cther than Sn in Vanga Bhasma and aher than Cain

Kapardika Bhasma).
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5.3.  Chemistry and Ayurved

Although the first impresson that one can gather on Ayurvedic texts is that
the preaders and paditioners of Ayurved were highly knowledgeable medicd
praditioners, a detail ed investigation d these texts reved that they were even more
efficient chemists. They were well versed with the at of synthesis of materias and
the production d the materials at various sades. The details of the processes
including extradions of metals from ores, their physicad properties, identificaion
parameters, puificaion methods, have been well documented. Processes of
guenching, trituration, cacination, and dstill ation were commonly used duing the
synthesis of materials. This wedth o information abou the materias, their
properties and their use, the demistry involved in their preparations is being
explored since aperiod, which dates before the Alchemists era.

The use of the Bhasmas as patentia drugs is fadlit ated mainly because of
two reasons. Firstly because of the fad that these materials are being routinely used

as effedive drugs for centuries and seaondy due to the fad that these drugs do nd
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show any naticedle side dfeds with the reacommended dases. Our study invalving
the dharaderization d the Bhasmas prepared by us as well as the Bhasma samples
available in the market also suggests that the Bhasmas dhal be dfedive drugs
withou any naticedle side dfeds if they have been synthesized strictly as per the
methods mentioned in the Ayurvedic literature. It needs to be ensured that the
Bhasmas that are being administered to the patients are nat the intermediates
(whose dfed on the patients is not known) but the final products, which do na
contain the metal in the metalli c form even at low concentrations.

The main question that can be raised after understanding these drugs is
regarding the spedficaions mentioned in the lengthy procedures for the preparation
of the Bhasmas. It is redized that the spedficaions of the number of steps to be
followed (related to the trituration and cdcinations) which dten make these
procedures lengthy need to be followed to ensure the wmplete conversion d the
intermediates into the final products.

The importance of the various metals to human body was well known to the
Ayurvedic reseachers. They aso knew that the metals canna be alministered to
the patients as uch, being toxic and so they need to be conwverted to a nontoxic
form which can be used as the drug. Their sound knavledge &ou the chemistry of
these materias refleds in the methods that they prescribed for preparation d the
Bhasmas. The paossble routes to convert the metals into the respedive forms
(compounds) were explored. Although various chemicd processes were routinely

used duing the preparations, it seems that they ladked the knowledge of
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predpitation. Hence the common methoddogy used was the @nversion d the
metals into axides by reading with mercuric or arsenic sulfide, which takes place
reaily at elevated temperatures, followed by further oxidation to their respedive
oxides. Other methods invalved use of the cmmbustion d herbal products, which
brings abou the oxidation. This method is comparable to the combustion synthesis

procedures caried ou using a variety of organic fuelsto oltain metal oxides.

5.4. Theholy metals!

The bulk of living mater consists of hydrogen, nitrogen, axygen and sulfur.
The concentrations of these dements in the human bod/ can be expressed in grams
per kilogram. These dements are required in gram amouns per day as esential
nutrients in  humans. The maaominerals dium, magnesium, padassum,
phospharous, magnesium, chlorine and cacium serve & the esentia constituents
in tissues and bod/ fluids. Although their requirement for human bod/ is
comparatively in lesser concentration, till it can be expressed in terms of fradions
of kilograms per day. Other then these main comporents, there is a list of metals
including manganese, zinc, iron, ‘anadium, chromium, which have bee,
recognized as esential elementsin various concentrations.

Rasashastra has explored the use of various metals available, which are
required for human body as nutrients or as drugs for various disorders. Other than

Ca, Sn and Zn (whose Bhasmas we have studied), a variety of metals are routinely
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used in the form of Bhasmas as drugs. Bhasmas of gold, silver, lead, copper, iron,
mica diamond,and krassare ommonly used. Their preparation proceduresinvolve
use of formulations containing mercury (Kajali) and arsenic (Haratal) extensively.
The use of these metals as drugs and the toxic metals during the preparations raises
alarms elsewhere in the world. Unlessthe cdhemistry behind the Bhasmas is known,

they are truly ‘Holy metals’ in dsguise!

5.5. Theroad ahead...

A similar kind d systematic study on the other Bhasmas would help in
knowing those materials in depth. After the detailed charaderization d the
Bhasmas, the obvious question that arises is that can these materials be prepared in
a themicd laboratory by simpler modern techniques which would enable to make
their preparation cost effedive and lesstime consuming.

The daraderization d the Bhasmas nedals to be followed by evaluation o
the toxicity levels of these drugs. This can be followed by clinicd investigation d
the patients who are being administered these drugs. The study is not required to
prove the medicd efficagy of these drugs that are been routinely used for centuries
but to take them forward to the world the way modern medicines are. A systematic
physico-chemicd study of the Bhasmas followed by the toxicity measurements and

clinicd investigation would help in proteding the rich heritage of India and
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establish asolid platform in the global market.

5.6. Ayurved in the21¥ Century



Ayurved in the 215t Century!

PHARMACOLOGY

LITERATURE 4 . AGRICULTURE

PHARMACY CLINICAL TRIALS

MEDICINE TOXICOLOGY

CHEMISTRY

A Bright future !

A systematic study on Ayurved demands a multidisciplinary approach. With
various branches of science @ntributing in the study, Ayurved will definitely have

abright future.
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Database Management

» A proper documentation d the ancient Ayurvedic texts in Sanskrit and
regional languages.
> Appropriate translation d the texts to Engli sh.

» Forming a database of the reseach reports available on Ayurved from

various greams.

Agriculture and botany

» Cultivation d medicinal plant on a large scde to ensure avail ability of raw
materials.

» ldentificaion d the crred spedes of herbs and study of their chemicd and
physicd properties.

> A detail ed study onthe bio-diversity in plants.

Phar macology



» Evauation d various physico-chemicd properties of the materials from the
medicinal paint of view as described in Indian and Briti sh Pharmaampeia.

» Comparative study of the drugs with the similar drugs used in modern
medicine.

» Setting up quaity control measures for these drugs from using

pharmaamlogicd parameters.

Toxicology studies and clinical trials

» Toxicologicd studies to establish the lethal doses for the medicines.

» The dfed of drug administration onthe various organs can be monitored.

» Clinicd trids can establish the dficag/ of the drug by monitoring the
parameters as dore by modern medicine.

» A comparative study of the Bhasmas with those paralely used in the

modern medicine.
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