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ABSTRACT
Standard operating procedures (SOPs) should to be designed, implemented and set for all Ayurvedic drugs one by one for globalization Ayurveda. In this
study, an attempt has been made to introduce SOP for preparation of Naag Bhasma [NB] & its analytical study. Study was conducted in the Department of
Rasa Shastra under the postgraduate research programme is being presented. The pharmaceutical processing of NB was performed by following Samanya
Shodhana, Jarana, Marana of Naag [Pb] & its analytical study. Naga Bhasma was prepared in two batches namely Batch A & B. In this method purified
Haratala (Orpiment) were taken as media. The percentage loss in the Naga Bhasma in Batch A was 63%, while in case of Batch B was 60.5%. Raw drugs, in
process materials and the final products were analyzed physico-chemically and comparison was drawn to lay down pharmacopoeial standards. The average
percentage purity of Naga decreased from 99.46% to 86.57% after Shodhana. The percentage of (Pb) lead in Naga Bhasma was 58.4% and 57.89%
respectively in Batch A and B. Both the Bhasmas were in PbS form chemically with other elements like Ca, Si, Fe, Al, K, As, Mg, Ni, Mn, Cd, Zn in trace
amount.
Key Words: Naag Bhasma, Standard Operating Procedure, SEM, XRD, XPS, TGA.

INTRODUCTION
Metals, although essential for the growth and development of
human body are not suitable for consumption in their natural
state. They are treated vigorously through various
pharmaceutical procedures and converted into various
consumable forms; one of such form is termed as Bhasma 1.
Metals are said to be very effective when used in the form of
Bhasma. The preparation of Bhasma includes various
processing steps like Shodhana, Jarana, Marana,
Amritikarana etc. Bhasmas are used as single ingredient
formulations or in combination with other ingredients in
multi-ingredient formulations.
Various metals are described in texts of Rasashastra viz.
Suvarna (Gold), Rajat (Silver), Tamra (Copper), Naag
(Lead), Vanga (Tin), Loha (Iron), etc. Among these; Naag i.e.
Lead is a well known metal to Indians since the Vedic period.
It is included in the category of ‘Puti-Loha’. Naag is used as
an important ingredient in several Metallic preparations 2.
Preparations of NB are frequently used due to its proficient
therapeutic effectiveness. On the other hand, Lead is
considered to be a highly toxic metal for the human body by
scientists today. Toxicity of lead is also described by
Ayurvedic authors, but also acknowledged its efficacy in
alleviation of diseases and its role in growth and development
of human body 3. Hence, Rasashastra scholars developed
systematic procedures to process the metal for removing its
toxicity and potentizing its therapeutic effect. Ayurveda
clearly underlines toxicity of the metals and further explains
the relation of toxicity to consumption of improperly
processed metallic preparations.
While reviewing Rasashastra texts, various references of
Naag Marana are found. Variations are found especially with
respect to Jarana Dravyas, Marak Dravyas, Bhavana Dravyas
and number of Putas etc. However, each reference carries its
own importance. While studying these references, various
lacunae are found regarding the operating procedures e.g.
equipments to be used, type of Puta to be utilized, number of
cow dung cakes to be used, size of pit for Puta etc.

All these ambiguities indicate the importance of studying the
procedures in detail and set a standard operating procedure
for each one of them. But study of all the procedures is not
possible at one time and each procedure will have to be dealt
with separately. Hence, one single procedure considering its
easy applicability and utility has been selected for this study
for developing standard operating procedure.
Considering the importance of NB in the management of
diseases and unavailability of any standard procedure in the
manufacturing of NB in the present day Ayurvedic drug
Industry, the need to develop a standard operating procedure
of NB is directly felt. This gave an impetus to the selection of
the subject for this study. It is expected that the study will
definitely prove substantially contributory in this respect.
MATERIALS & METHOD
Procurement of Raw Materials
Raw Naag (Lead), Tila Tail (Sesame oil), Takra (buttermilk),
Gomutra (cow urine), Kanji, Kulattha seeds, Haratala
(orpiment), bark of Ficus religiosa (Ashwattha Twaka),
Churnodaka (Slake lime water) were used as raw materials.
Lead was considered as Naag for their similar characteristics
and was collected from local market of Nanded, Maharashtra
and authenticated as per classical texts mentioned.
Pharmaceutical Processing
Samanya Shodhana of Naag
Preparation of accessory drugs: Takra, Kanji and Kulattha
kwatha were prepared as per classics for the process of
Samanya Shodhana 4 as shown in figure 1.
Process of Shodhana
Ingredients
Main Drug – Naag, 1000 g.
Accessory Drugs – Kanji, 5 L; Takra, 5 L; Kulattha kwatha,
5 L; Gomutra, 5 L; Tila taila, 5 L.
Procedure – Lead was heated in an iron laddle and after
melting, it was poured in each liquid media for 3 times. Each
time fresh liquid media was used. Vishesha Shodhana was
carried out after Samanya Shodhana.
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Vishesh Shodhana of Naag
Ingredients – Churnodaka 10 L.
Procedure – For this purpose Lead obtained from samanya
shodhana was heated in an iron laddle and after melting, it
was poured in Churnodaka for 7 times 5 as shown in figure 2.
Jaarana of Shuddha Naag
Shuddha (purified) Naag was heated in an iron pan and after
melting, Ashwattha-twak-churna (ATC) was added (apprx.
10-15 g) and triturated with iron ladle. After completion of its
burning (5 min.), same amount was again added and the
procedure was repeated till Naga got converted into powder
form which is shown in figure 3. Then jarita Naga powder
was collected in centre, covered with earthen saucer and
strong heat was applied up till red hot stage (2hrs). On next
day, Jarita Naga powder was collected and sieved through
120 no. mesh. The product was washed thrice with distilled
water. The improper Jarita Naga powder, not passing through
the 120 no. mesh, was again subjected to the same procedure
for three times 6.
Preparation of Naga Bhasma by Putapaka Method
The preparation of Naga Bhasma by Putapaka method was
done as per the reference of Rasatarangini 7 (19/34-36).
Procedure - Shuddha Haratala pawder was added to the
Jarita Naga and triturated with water for 6 hrs. After
triturating, small pellets of uniform size and thickness were
prepared and dried in sunlight. Pellets were kept inside a
sharava (shallow earthen disc) and another sharava was
inverted over it. The junction was sealed by mud smeared
cloth and allowed for complete drying. Then it was subjected
for Laghuputa (35 cow-dung cakes). On the next day the
material was collected and ground. The process was repeated
22 times 8. The final bhasma obtained from the above process
as shown in figure 4 was subjected to analysis.
OBSERVATION & RESULTS
Analysis Using Parameters Described In Ayurveda Texts
The final product (Naag Bhasma) was analyzed on quality
control measures described in Ayurvedic texts as follows and
found appropriate9.
Nischandratva
The Bhasma was taken in a Petri dish and observed for
any luster in daylight through magnifying glass. No
luster was observed in the Bhasma.
Rekhapurnatvam
A pinch of Bhasma was taken in between the thumb and
index finger and rubbed. It was observed that the bhasma
entered into the lines of the finger, and was not easily
washed out from the cleavage of the lines.
Varitaratavam
A small amount of the prepared bhasma was sprinkled over
the still water in a beaker. It was found that the bhasma
particles ﬂoated over the surface of the water.
Nisvadutvam
The prepared bhasma was found to be tasteless when a small
amount was kept on the tongue.
Avami
Ingestion of 5-10 mg of the bhasma did not produce any
nausea / vomiting.
Uttam
When a grain was placed on the varitara film of Bhasma, it
was float like swan on water; such Bhasma is termed as
Uttam.
Niruttha
Bhasma is heated at high temperature in a koshthi along with
measured quantity of silver. At the end of the process, the
quantity of silver should not increase.

Apunarbhava
Bhasma when mixed with mitrapanchaka and heated at high
temperature should not undergo any change in its physical
properties. The bhasma should not regain its original state.
Analysis Using Modern Parameters
Physico-chemical Analysis
Physical characteristics of the material were noted down
before and after each puta. The Tables 1-3 show observations
and variation in weight of the material before and after each
pharmaceutical procedure.
The Bhasma was further analyzed using the following
techniques
1. Scanning electron microscope (SEM)
2. X-ray diffraction (XRD)
3. X-ray photoelectron spectroscopy (XPS)
4. Thermo Gravimetric analysis (TGA)
Scanning Electron Microscope
Instrument: Electron probe analyzer of model JXA-840 A
Scanning Electron Microscopy (SEM) was performed at
Jawaharlal Nehru Aluminum Research Development &
Design Centre, Nagpur. The mounted sample was placed
inside the microscope's vacuum column through an airtight
door, and then the air was pumped out. After the air was
pumped out of the column, a beam of electrons was emitted
by an electron gun from the top. This beam travels downward
through a series of magnetic lenses designed to focus the
electrons to a very ﬁ ne spot. Near the bottom, a set of
scanning coils made the focused beam to move back and
forth across the mounted sample, row by row.
As the electron beam hits each spot on the sample, secondary
electrons are backscattered from its surface. A detector
counts these electrons and sends the signals to an amplifier.
The final image was built up from the number of electrons
emitted from each spot on the sample.
In the Naag Bhasma samples, more agglomerates of particles
were observed. The particle size varies from < 1µm to 20 µm
which is well shown in figure 5 & 6.
X-Ray Diffraction Study
Instrument: Philips Holland XRD system PW 1710 using cu
– Tube anode
X-ray diffraction studies were performed at SAIF, R.T.M.
Nagpur University. The powdered sample was spread onto a
double-side tape with a spatula, which was then placed on an
aluminum sample holder; it was covered & sealed with glass
plate. It was then exposed to x-ray beam of intensity 35KV
and 20MA. All the peaks were recorded on the chart, and the
corresponding 2θ (theta) values were calculated. Results are
summarized in Figure 7 and Table 5. The strongest peak
identified in bhasma was Lead Germanium Oxide (Pb3Ge2O7)
& other phases were identified as Rubidium Thallium Lead
Phosphate (RbTI Pb8 (PO4)6) with some other compounds,
peaks of which remain unidentified.
X-ray Photoelectron Spectroscopy (XPS)
X-ray photoelectron spectroscopy was performed at National
Chemical Laboratory, Pune, India. X-Ray Photoelectron
Spectroscopy (XPS), also known as electron spectroscopy for
chemical analysis (ESCA), is a surface chemical analysis
technique used for obtaining chemical information about the
surfaces of solid materials.
A typical XPS spectrum is a plot of the number of electrons
detected (Y-axis) versus the binding energy of the electrons
detected (X-axis). Each element produces a characteristic set
of XPS peaks of characteristic binding energy values that
directly identify each element that exist on the surface of the
material being analyzed. These characteristic peaks
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correspond to the electron configuration of the electrons
within the atoms, e.g. 1s, 2s, 2p, 3s etc. The number of
detected electrons in each of the characteristic peaks is
directly related to the amount of element within the area
irradiated.
In present study, the percentage of oxygen, carbon and
sulphur was comparatively more than that of Lead and other
elements. These elements might be taking part in the
reactions earlier than Lead when administered in the body.
The results are concluded in Table 6 & Figure 7.
Thermo Gravimetric Analysis
Instrument: Thermal analyzer, Type-TA 4000, Model – TG
50, Make – Mettler, Switzerland. Thermogravimetry study
was performed at Jawaharlal Nehru Aluminum Research
Development & Design Centre, Nagpur, India.
The
instrument for thermogravimetry is a precision balance
programmed for a linear rise of temperature. Naag Bhasma
sample was placed in sample holder and heating was
preceded. The temperature was gradually increased from
35°C to 815°C the rate of temperature increases was
maintained at 10°C minute. Weight changes during this
period were recorded. A plot of weight change versus
temperature of time represents results from the programmed
operation of thermo balance. This plot is referred to as the
‘Thermogravimetric curve’ - TG curve. TG curve gives
information that how much weight lost, by heating a sample
to a given temperature. The result was presented in the form
of graph of weight loss plotted against temperature. Change
in weight per unit change in temperature was derived and it’s
another graph against the temperature i.e. derivative of mass
(dm) change with respect to time i.e. dm / dt was recorded as
a function of temperature or time. Another curve i.e. DTA
(Differential Thermal Analysis) was obtained it is often
considered an adjunct to TG is, in fact more versatile and
yields data of a considerably more fundamental nature. This
technique is simple as it involves the technique of recording
the difference in temperature between a substance and a
reference material against either time or temperature as the
two specimens are subjected to identical temperature regimes
in an environment heated or cooled at the controlled rate.
Thus the differential thermogram consists of a record
temperature (differential temp; ∆ T) plotted as a function
of time t, sample temperature (Ts), reference temperature
(Tr) or furnace temperature (Tf). DTA allows the detection
of every physical and chemical change whether or not it is
accompanied by a change in weight.
The resultant curves were obtained as 1. Thermo Gravimetry (TG) curve.
2. Derivative Thermo Gravimetry (DTG) curve.
3. Differential Thermal Analysis (DTA) curve.
Total Weight loss of Naag Bhasma in whole TGA process
(heating at the rate of 20°C per minute from room
temperature to 1000°C) – 12.95%.The results obtained are
shown in Table 7 & Figure 9.
DISCUSSION
It is remarkable that there are very precise pharmaceutical
procedures and techniques described in the rasa shastra
literature which converts the toxic metals/ minerals into a
suitable dosage form. The bhasmas prepared are well
tolerated both for short-term and long-term use; moreover, it
is claimed that their prolonged administration is required to
achieve the rejuvenation effect. The manufacturing process
plays a specific role to convert raw material into mixture of
compounds in the final product. All the operating procedures
were written with sufficient detail so that someone with the

basic understanding of the field can successfully reproduce
the activity and procedure when unsupervised. NB was
prepared and studied with this objective. Thus it certainly
helps in standardization of operating procedure of NB. These
could be important chemical markers for NB prepared using
this particular method. As a result of different stages of
processing techniques like shodhana (which involves
melting, smearing with different medias), jarana and marana
[which involves bhavana (wet trituration) and puta system of
heating], the particle size reduces significantly, which may
facilitate absorption and assimilation of the drug into the
body system.
On ICP-AES analysis it was observed that percentage of lead
was decreased as the marana process proceeds i.e. percentage
of Lead in raw sample was 99.46, it decreased to 85% after
first Jarana, after last Jarana it again decreased to 80% and at
last in the end product i.e. NB it was 58.4%. While the
percentages of the elements like Ca, Fe, Mg, K, Mn, Zn, etc.
was increased with the progress of Marana. These additional
elements may have their origin from the herbs and other
additives used during the preparation. These additional
elements do not found mentioned in ayurvedic literature but
seem to be quite useful for maintaining fluid balance and
enzymatic processes in the body system.
On SEM Study it was found that More than 30% particles of
NB were found < 1 mm size. Smaller particles of NB were
observed as agglomerates i.e. they were found as collected
mass. Maximum particles of NB were having size range 1
mm to 20 mm. From all above observations, it can be said
that prepared NB consists of particles of various size and
shapes. The Bhasma should be tiny enough to work into
blood circulation. In the prepared NB, some particles are
found having nano size which might be working into blood
circulation. Others having particles size > 1 mm might be
working merely as catalyst. So it is needed to study the
pharmacological action of Bhasma in order to know the
actual action of the particles of the Bhasma.
As shown in the results of XRD, prepared NB is having
complex chemical structure. It consists of lead oxide, lead
phosphate along with other compounds. In XRD studies
peaks of many compounds remain unidentified. It requires
further more studies.
On XPS study, surface elemental composition of Naag
Bhasma shows comparatively more percentage of oxygen,
carbon and sulphur than that of lead which indicate that these
elements might be taking part in the reactions earlier than
Lead when administered in the body.
TGA can be used as a confirmative or supportive test for any
Bhasma or Mritaloha. Our Acharyas have described various
tests for analysis of final product of bhasma. Among them
Niruttha Pariksha is the one, in which sample of bhasma is
strongly heated along with silver. In this test, the main
criterion for assessment of bhasma is related to the weight of
silver after the test. In this test, bhasma is heated along with
silver up to 900°C. In this context, this TGA can be an
alternative and supportive to Niruttha Pariksha. TGA has
advantages over Niruttha Pariksha, as it require less sample
(up to few mg), specific controlled mode of heating can be
maintained, automated mechanism increases perfection in
results. TGA can be established as the quality control test of
bhasma in relation to Niruttha Pariksha. In short, TGA will
be used as an up gradation of Niruttha Pariksha.
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Table 1: Weight of the material after samanya shodhana, vishesha shodhana, Jarana & putapaka
Initial weight
Final weight
Pharmaceutical
Media
procedure
(in gm)
(in gm)
Kanji, Takra, Kulattha kwatha, Gomutra,
Samanya shodhana
997
1000
Tila taila
Vishesha shodhana
Churnaodaka
997
995
Jarana
Ashvattha churna
720
652
Putapaka (Batch A)
Hartala
300
74
Putapaka (Batch A)
Hartala
300
79

Puta
Puta
1st
5th
10th
15th
20th

Puta
1st
5th
10th
15th
20th
22nd

Table 2: Weight of material of batch A and batch B before and after puta
Batch A
Batch B
Initial weight
Final weight
Initial weight
(in gm)
(in gm)
(in gm)
300
206
300
219
138
285
174
116
185
193
93
240
133
95
140
115
74
121

Final weight
(in gm)
195
170
123
92
92
79

Table 3: Observations of batch A and batch B after puta
Batch A
Batch B
Surface shiny gray colour. On trituration, whole material
shiny gray colour
changed to black color
Pellets fragile, colour of pellets dark gray
Pellets fragile, colour of pellets dark gray
Pellets mild hard, colour of pellets dark gray
Pellets little hard, colour of pellets dark gray
Color maintained, reduction in hardness of pellets
Color maintained, pellets soft
Color and softness of pellets maintained Bhasma was
Color and softness of pellets maintained. Bhasma pariksha. 75%
approximately 70% varitar
varitar
Colour – Blackish gray, Bhasma passed all physical and chemical
Colour – Blackish gray, Bhasma passed all physical and chemical
tests of Bhasma pariksha. 100% varitar
tests of Bhasma pariksha. 100% varitar
Table 4: Elemental assay of Jarit Naag & Naag Bhasma using acid digestion and alkali fusion method, ICP-AES technique
Sr. No.
Element (unit)
Jarit Naag
Naag Bhasma
Lead (Pb) %
85.0
58.4
1
Calcium (Ca) %
0.38
5.10
2
Silica (Si) %
0.24
2.19
3
Iron (Fe) %
0.03
1.44
4
Aluminum (Al) %
0.03
0.60
5
Potassium (K) %
0.02
0.18
6
Arsenic (As) %
0.56
0.34
7
0.053
0.96
Magnesium (Mg) %
8
Nickel (Ni) mg/g
< 10
79.9
9
Magnese (Mn) mg/g
29.9
131
10
Cadmium (Cd) mg/g
< 10
65.9
11
Zinc (Zn) mg/g
78.0
771
12

Table 5: Showing standard d-spacing of various compounds from JCPDS-ICCD, the last column shows d-spacing of the sample. Intensity is given in
the bracket.
Rubidium Thallium Lead
Lead Germanium Oxide (Pb3 Ge2O7)
d-spacing of sample
Phosphate (RbTl Pb8 (PO4)6)
2.957 (100)
2.96 (100)
2.9636 (100)
2.947 (70)
1.8500 (60)
2.9942 (48.5)
2.85 (45)
3.4249 (45.0)
2.083 (25)
1.9608 (40)
3.2008 (44.2)
2.052 (30)
3.7691 (42.5)
Table 6: X-Ray Photoelectron Spectroscopy (XPS) study of Naag Bhasma showing surface elemental composition of Naag Bhasma
Element
Orbital Electronic Configuration
Conc. %
Position
Carbon (C)
1s
27.525
291.6
Oxygen (O)
1s
32.784
538.5
4 f 7/2
5.446
144.5
Lead (Pb)
Sulphur (S)
2 p 1/22 p
19.768
168.3
2 p 1/22 p
5.22
174.1
Sulphur (S)
Arsenic (As)
3 d 3/23 c
9.256
51.5
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Table 7: Thermo Gravimetric Analysis of Naag Bhasma (TGA)
Weight of the sample of Naag Bhasma – 62.140 mg
Height
Step No.
D Peak
mg
%
0.43
0.69%
206.0°C
1
18.74%
330°C
11.64
2
0.60
0.97%
466.0°C
3
4.79%
700.0°C
2.90
4
0.44
0.72%
730.0°C
5

Figure 5: Scanning electron microscopy feature of raw Naag

Figure 1 – Samanya Shodhana of Naag

Figure 6: Scanning electron microscopy feature of Naag bhasama

Figure 2 – Vishesh Shodhana of Naag

Figure 7: X-ray diffraction of the Naag bhasma

Figure 3 – Jarana of Naag

Figure 8: XPS of the Naag bhasma

Figure 4 Naag Bhasma pellets (After final puta)
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Figure 9: TGA of the Naag bhasma
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