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Background: The traditional Indian medicine ‘Siddha’ uses metals, metalloids and minerals including
toxic ones with no proven toxicity. Thalagak karuppu (TK) is remarkably stable over a century and used
for treating Suram (Fever), Kaasam (Cough), Elai (Tuberculosis) and Eraippu Erumal (Bronchial Asthma).
Objective: The present study addresses elemental and morphological characterization of therapeutic
Siddha formulation: Thalagak karuppu (TK).
Materials and methods: TK was purchased from the Indian Medical Practitioners Co-operative Pharmacy
and Stores (IMCOPS) Ltd, Chennai, Tamilnadu, India. The physicochemical properties were evaluated
using UVevisible spectrophotometer, Fourier Transform Infrared Spectrometer (FTIR), Scanning Electron
Microscope (SEM) with Energy Dispersive X-ray analysis (EDX), Zeta sizer and X-ray diffractometer
(XRD).
Results: The mixed nature of arsenic was analyzed using UVevisible spectroscopy. The fingerprint region
for arsenic derivatives was inferred from IR spectroscopy and X-ray diffraction patterns. The shape and
size heterogeneity in the anisotropic mixture was observed in SEM images and the polydispersity was
analyzed by Zeta sizer.
Conclusions: The structural, elemental and morphological analyses suggests that the arsenic may pre-
dominantly exist either as orpiment (As2S2) or realgar (As2S4) form. The possibility is less for the toxic
arsenolite. Hence, the formulation may be considered safe.
© 2016 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Natural products are used extensively throughout the world, at
least in 70% of drugs available in the global market. However, there
is a great threat to biodiversity [1] due to overharvesting raw ma-
terials for herbal medicines and health care products. Since many
medicinal plants are also in the endangered list, it is better to adapt
mineral-based medicine practiced traditionally in India. An ancient
system of traditional Indian medicine ‘Siddha’ uses metals, metal-
loids and minerals [2] that comprises toxic and heavy elements
such as lead, mercury and arsenic. This raises the public concerns
and alarms the large population on consumption of these tradi-
tional medicines [3e5]. Nevertheless, recently the inorganic arsenic
ary University, Bangalore.

alore and World Ayurveda Foundat
es/by-nc-nd/4.0/).
is accepted as the first line chemotherapeutic agent against certain
hematopoietic cancers in the Western medicine [6]. The issues
related to public concerns should be settled down scientifically by
pinpointing its physicochemical properties and its biological in-
teractions [7,8].

The usage of arsenicals in Indian system of medicine has a very
long history of treating various diseases including gonorrhea, epi-
lepsy, syphilis, asthma, psoriasis, chronic fever, cancer, tuberculosis
and other respiratory diseases [9]. Among the arsenicals: red, white
and yellow, the Tamil word ‘Thalagam’ refers to ‘yellow orpiment’
and ‘Karuppu’ refers to ‘black’ as it marks the usage of toxic heavy
metals or metalloids. Thalagak karuppu (TK) is remarkably stable
over a century [10]. TK is included in the Essential Drugs List (EDL)
of Siddha [11] for treating Suram (Fever), Kaasam (Cough), Elai
(Tuberculosis) and Eraippu Erumal (Bronchial Asthma). TK is
composed of Thalagam (Arsenic trisulphide) and snail's flesh. The
preparatory procedure is as follows: the ingredients are mixed
ion. Publishing Services by Elsevier B.V. This is an open access article under the CC
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meticulously and grounded into fine powder using Karuppu Kalvam
(Agate-black stone) mortar. The dried powder is spread in a clay pot
and the mouth is sealed with another pot. Enough care is taken to
seal it tightly with Seelai (a soil smeared cloth) rolled up to seven
layers. Besides, any of the following sealing agent can also be used
to fill the gap as per requirement; they are finely ground soft sand,
wheat flour, black gram flour and limewith egg white. The set-up is
then subjected to calcination process (referred as ‘pudam’ in Siddha)
[12]. TK is administered at the dose of 65e130 mgwith honey twice
a day after food [11]. The structural and elemental composition of
this preparation is not well known. Hence, this is the first attempt
to characterize TK formulation.

2. Material and methods

2.1. Metal formulation

TK was purchased from the Indian Medical Practitioners Co-
operative Pharmacy and Stores (IMCOPS) Ltd, Chennai, Tamil
Nadu, India.

2.2. Qualitative test for sulphur

Qualitative detection of sulphur was performed by dissolving
10 mg of the sample with diluted HCl. On to this, a pinch of lead
acetate was added, the black precipitate confirmed the presence of
sulphur in the formulation.

2.3. UVevisible absorption spectrometer

The UVevis spectra were recorded by a double beam spectro-
photometer UV-1601 PC (Shimadzu, Japan) at a resolution of 1 nm.
The spectra were recorded in the region between 200 and 800 nm.

2.4. Fourier transform infrared spectroscopy (FTIR)

The sample was prepared by pressed pellet technique [13]. The
samples were mixed with KBr and pelletized for analysis. The FTIR
spectra were recorded in the range of 4000e400 cm�1.

2.5. X-ray diffraction (XRD)

The nature (crystalline/amorphous) of the formulation was
analyzed with XRD. The XRD peaks of TK were recorded in the
range of 5e100 (2Ө) using CuKa radiation (l ¼ 1.5418 Å). All
diffraction patterns were measured by XRD and compared with
joint committee on powder diffraction standards (JCPDS) library
data.
Fig. 1. The observed (a) and predicted (b)
2.6. Microscopic and elemental characterization

A pinch of sample was sprinkled on a double side carbon tape
and mounted on aluminum stubs that were placed inside an
airtight chamber. The selected portion was analyzed through SEM
(Carl Zeiss EVO 18 special editionmicroscopy) and EDX under ultra-
high vacuum (Oxford instruments energy dispersive X-ray micro-
analysis system) to examine morphological and elemental
composition.

2.7. Size distribution

The particle size, distribution and zeta potential (surface charge)
of TK formulation was determined using an electroacoustic envi-
ronment, where the oscillation of charged particles in aqueous
solution generates an alternate electric field to colloidal vibration
current [14]. The size of the particles (Zetasizer, Malvern In-
struments, UK) and its distribution (polydispersity index (PDI))
were measured.

3. Results and discussion

The TK formulation was sparingly soluble in solvents such as
water, DMSO and ethanol due to its sulphur content as confirmed
by qualitative test. When it is oxidized, it increases the solubility by
interacting with hydroxyl groups of water molecules [6]. With this
understanding, further analyses were quantitatively done to assess
elemental composition as well as structural characterization.

3.1. Spectral and structural characterization of TK

The UVevisible spectroscopy is used to characterize metals and
minerals. The Uvevis absorption spectrum of the TK formulation is
shown in Fig. 1a. The formulation exhibits a characteristic peak at
290 nm. This confirms the presence of As. However, there are more
distracted peaks, which were compared with standard reference
spectra of National Institute of Standards and Technology (NIST)
atomic spectra database (Fig. 1b) [15e18]. This further confirms the
mixed nature of arsenic, such as As (I, II, III and IV). This almost
matches with the published results of Karayunlu and Ay [19].

The FTIR spectrum of TK formulation is showed in Fig. 2. The
presence of metal and metal salts in the formulation can be inferred
from inter-atomic vibrations (in fingerprint region). The peaks were
observed at 540, 802.23, 1033.77, 1643.24, and 3433.06 cm�1,
respectively. The finger print region was assigned as 540 SeS (di-
sulfide), 802.23 As, AseH (CeH bend) and 1033.77 C]S [20]. The
peaks at 3433.06, and 1643.24 were identified and assigned to eOH
stretching and bending, respectively. Thismay bedue to atmospheric
UVevisible spectra of TK formulation.



Fig. 2. Infrared transmission spectra of TK formulation.

Fig. 3. The XRD pattern of TK formulation.
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water molecules (moisture content) during sample handling. The
observed peaks correspond to inorganicmetal and its salt [13]. There
are no other organic compounds present [21,22]. This ascertains the
purity of the sample during pudam (calcination) process.

The crystalline nature and grain size were investigated through
XRD. The crystallite size was calculated from the full width half
maximum data of the XRD peaks. The average grain size is found to
be 30.11 nm using Scherrer formula, D¼ 0,9l/b cosq, where D is the
particle size, l the wavelength, b, q are the half-width of X-ray
diffraction lines and half diffraction angle of 2q. The diffraction
pattern of the formulation is showed in Fig. 3. The diffraction pattern
were compared with the JCPDS data (Table 1). The peaks observed
(2q) at 18.12, 22.54 and 36.32 are signatures of As2S3 as per JCPDS
data (No: 19-0084). The peak which appears at 18, corresponds to
orpiment (As2S3) [23]. The peaks (2q) at 13.49, 21.94, 27.54, 28.75,
and 32.69 were compared with JCPDS data and found to be As
(rhombohedral) with average intensity of 90 (arbitrary unit). The
peaks (2q) observed at 18.12, 26.04, 31.01, 42.06, 46.01, and 54.62
were identified as As2S3, (monoclinic). The appearance of peak at
26.04 (2q) corresponds to arsenolite, As2O3 (JCPDs No: 02-0530).

3.2. Morphological and elemental characterization of TK

The morphological and elemental composition were analyzed
using SEM and EDX. Nanoparticles were observed as heterogeneous
mixture of size ranging between 0.5 and 60 nm (refer Fig. 4B). This
may enhance permeability and efficacy. They were anisotropic and
distributed as spherical to plate-like structures (Fig. 4a). The plate-
like structures are of interest due to high surface to volume ratios
when compared to spherical structures. Moreover, the shape
anisotropy plays an important role in their chemical reactivity [24].
The appearance of pores inside the platelets may indicate aggrega-
tion of tiny particles [25]. The pores also support a corrugated
layered structure of orpiment [26].



Table 1
The validation of experimental data with JCPDS database.

2-theta (deg) Predicted value Int-f Face Compound Size (nm) System JCPDS PDF number

13.49 14.75 100 (012) As 35.34 Rhombhohedral 01-1019
18.12 18.12 100 (020) As2S3 45.30 Monoclinic 19-0084
21.94 21.73, 21.85 20, 90 (110) As 5.035 Rhombhohedral 01-1019, 02-0872
26.04 26.44 90 (232) As2O3 38.10 Monoclinic 02-0530
26.27 26.27 8 (202) As 53.17 Rhombhohedral 01-1019
27.54 27.70 30 (211) As2S3 31.91 Monoclinic 19-0084
28.75 28.67 60 (101) As 30.67 Rhombhohedral 03e0749
31.00 30.94 20 (400) As2S3 30.35 Monoclinic 19-0084
31.91 31.64 30 (202) As 22.43 Rhombhohedral 02-0872
32.69 32.05, 32.27 100,100 (012), (004) As 34.75 Rhombhohedral 03-0749, 05-0632
42.06 42.22 10 (311) As2S3 25.71 Monoclinic 19-0084
43.33 43.15 30 (217) As 13.64 Rhombhohedral 02-0872
44.34 44.13 60 (104) As 53.83 Rhombhohedral 03-0749
46.01 46.09 5 (212) As2S3 30.73 Monoclinic 19-0084
52.03 52.29 50 (223) As 13.28 Rhombhohedral 03-0754
54.62 54.31 30 (441) As2S3 23.98 Monoclinic 19-0084
57.35 57.95 50 (116) As 32.85 Rhombhohedral 03-0754

Fig. 4. The SEM monograph (a) and the histogram of particle size distribution (b) of TK formulation.
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The selected portion of the EDX spectrum reveals the presence
of As (46.65%), S (29.02%), O (23.41%) and Ca (0.92%) (Fig. 5). The
results suggest that the formulation may contain As, S and O. The
proportion of sulphur is more than oxygen to bind with As.
Although arsenic may form covalent bonds with oxygen as well as
sulfur, the atom % suggests that the formulation may contain pre-
dominantly connected to sulfur atoms, either as orpiment (As2S3)
Fig. 5. The EDX spectra
or realgar (As2S4), and less likely As2O3. The nature of bonding
and atomic arrangements of both orpiment and realgar may be
related to their stability, as they are stable over a wide range of
temperature [27].

The Zeta-potential measurements were performed to study
colloidal stability of TK formulation (Fig. 6A). The measured average
size of the formulation was found to be 821.8 nm and the
of TK formulation.



Fig. 6. Zeta potential (a) and size distribution (b) of TK formulation.
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hydrodynamic diameter of approximately 87 nm (Fig. 6B). This is in
agreement with the reported realgar nanoparticles with a differ-
ence in size [25]. PDI of the formulation 0.99, showed a relative
variance in the particle size distribution (PDI > 0.7) [28]. This also
confirms that the shape and size heterogeneity due tomixed nature
of arsenic (as in the SEM images, Fig. 4A).

The structural, elemental and morphological analyses suggest
that arsenic may predominantly exist either orpiment (As2S3) or
realgar (As2S4). The possibility is less for the toxic arsenolite (As2O3)
as inferred from EDX spectrum. The oxidized form is probably due
to calcination. However, it is not clear, whether arsenolite exists as
individual particles or in an alloy form along with orpiment or
realgar? It is presumed that realgar and orpiment forms the core
with arsenolite on the surface. However, further studies are
required in this direction to confirm.

4. Conclusion

The characterized traditional therapeutic formulation is a com-
plex mixture of arsenic compounds. The size and shape heteroge-
neity was observed for the mixture (as confirmed by polydispersity
index). The formulation may be considered as safe because it con-
tains very less oxide form. The main limitation of the study is there
is no proper control specimen(s). Hence, this is a major challenge
for metal mixtures, as they vary from batch-to-batch. Moreover,
there are no additional specimens available in the market for
ensuring the elemental composition. Further studies on standard-
ization are required to confirm safety and efficacy.
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