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Introduction
Siddha medicine was developed by ancient Tamil sages known as ‘Siddhars’ and has been in use for more than

5,000 years [1]. It involves the use of gold, zinc and silver formulated with honey, ghee, or milk to cure diseases
[2, 3]. Prototypical examples include Swarna Bhasma (gold ash), Jasada Bhasma (zinc ash), and Rajath Bhasma
(silver ash), which are prepared by processing a fine powder of gold, zinc, and silver with plant extract, followed by
repeated incineration at high temperature (~1,000°C). During incineration, the size of the fine powder of gold,
zinc, and silver is reduced to that of chemically synthesized nanoparticles (1-100 nm). This fine powder is
composed of individual particles of around 50-70 nm in size; however, these particles are prone to forming large
aggregates, unlike chemically synthesized nanoparticles [4]. 

Compared with gold-derived Swarna Bhasma and zinc-derived Jasada Bhasma, the silver-derived medicine
Rajath Bhasma has superior and broad-spectrum antimicrobial, antifungal, and antiviral activities [5] and hence
numerous applications. Notably, Rajath Bhasma has been used to treat various disorders including anxiety, aging,
and infertility [6-8]. The physical characteristics of a silver preparation are believed to markedly influence its
therapeutic properties; however, despite its widespread use in India, the exact chemical composition/structure of
Rajath Bhasma and its biological activities are largely unknown. Current tools for characterizing these particles at
the nanoscale level have furthered the understanding of the parameters directly or indirectly influencing the
efficacy of these ancestral medicines. Accordingly, efforts have been made to study these particles at the nanoscale
level. For example, Mitra et al. [9] have characterized Swarna Bhasma (gold ash) and Jasada Bhasma (zinc ash) and
Rohit et al. [10] reported the synthesis of Rajath Bhasma through a simple characterization method. 

In general, Rajath Bhasma is safe for therapeutic applications [9]; however, in vivo studies are required to
accurately predict its toxicity. Zebrafish embryos are a well-established in vivo model for evaluating teratogenicity.

In India, nanotechnology has been used in therapeutic applications for several millennia. One 
example of a traditional nanomedicine is Rajath Bhasma (also called calcined silver ash), which is 
used as an antimicrobial and for the treatment of various ailments and conditions such as memory 
loss, eye diseases, and dehydration. In this study, we aimed to characterize the physical composition 
and morphology of Rajath Bhasma and its suitability for use as a non-toxic antimicrobial agent. First, 
Rajath Bhasma was physically characterized via i) Fourier-transform infrared spectroscopy to 
analyze the surface functional groups, ii) scanning electron microscopy coupled with energy-
dispersive X-ray spectroscopy to observe the morphology and elemental composition, and iii) X-ray 
diffraction to determine the crystalline phases. Thereafter, functional characterization was 
performed through toxicity screening using zebrafish embryos and through antimicrobial activity 
assessment against gram-positive (Staphylococcus epidermidis) and gram-negative (Escherichia coli) 
bacteria. Rajath Bhasma was found to harbor alkene, hydroxyl, aldehyde, and amide functional 
groups originating from biological components on its surface. The main component of Rajath 
Bhasma is silver, with particle size of 170-210 nm, and existing in the form of spherical aggregates 
with pure crystalline silver structures. Furthermore, Rajath Bhasma did not exert toxic effects on 
zebrafish embryos at concentrations below 5 μg/ml and exhibited effective antimicrobial activity 
against both gram-positive and gram-negative bacteria. The present results indicate that Rajath 
Bhasma is a potentially effective antimicrobial agent without toxicity when used at concentrations 
below 5 μg/ml.
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Although several studies have investigated the teratogenic effects of silver nanoparticles on zebrafish embryos
[11-14], none of them have characterized Rajath Bhasma and assessed its toxicity among embryos at different
concentrations to determine the effective concentration for antimicrobial activity. 

In this study, we characterized Rajath Bhasma by analyzing its surface functional groups, particle size, elemental
composition, and crystalline phase. In addition, we evaluated the toxicity of Rajath Bhasma among zebrafish
embryos and its antimicrobial activity in terms of bacterial growth inhibition. 

Materials and Methods 
Characterization of Rajath Bhasma

Rajath Bhasma used in the experiments was purchased from Dabur India Ltd. (India), and analyzed via Fourier-
transform infrared (FTIR) spectrometry (Shimadzu 8400; Shimadzu, Japan), scanning electron microscopy
(SEM), (EVO 18; Carl Zeiss, Germany), energy-dispersive X-ray (EDX) spectrometry (Quantax 200 with X-Flash;
Bruker, USA), dynamic light scattering (DLS) (HORIBA Scientific SZ-100, UK), and X-ray diffraction (XRD),
(D8 Advance ECO XRD system with SSD160 1-D detector; Bruker).

FTIR Analysis
FTIR analysis was performed to determine the surface functional groups of Rajath Bhasma. In brief, a sample

was illuminated with infrared light in the wavelength range of 2.5-25 μm, and the transmittance spectrum was
obtained to determine the vibrational frequencies corresponding to specific functional groups [15].

SEM and EDX Analyses
Particle size and shape of Rajath Bhasma were determined via SEM. For SEM analysis, Rajath Bhasma was

dispersed in distilled water, sonicated for 2 min, dropped on a carbon tape, and then dried. The elemental
composition was assessed using an EDX spectrometer [15].

DLS Analysis
The average size of Rajath Bhasma was determined via DLS analysis. To determine the size distribution, Rajath

Bhasma was dispersed in water for 2 min and the average particle size and standard deviation were determined
using the analyzer software.

XRD Analysis
XRD was used to determine the crystalline phases of Rajath Bhasma. In brief, a thin layer of Rajath Bhasma

powder was placed in conventional cavity mounts of the X-ray diffractometer and scanned from 10° to 80° for 2 h.
The Cu anode X-ray was operated at 40 kV and 30 mA to generate monochromatic Cu K-α X-rays (k = 1.54056 Å).
The average crystallite size of Rajath Bhasma was calculated from the XRD graph using the Debye–Scherrer
equation [16]:

where d is the mean crystallite size, λ is the X-ray wavelength, and β is the angular full width at half maximum
(FWHM) of the peak at diffraction angle θ. 

Assessment of Embryonic Toxicity
Zebrafish embryos were purchased at a local aquarium shop. All purchases were made in one shop to obtain a

relatively uniform group of zebrafish embryos. Zebrafish embryos at the early blastula stage were transferred to a
petri plate at 10 embryos/petri plate. These embryos were treated with Rajath Bhasma at different concentrations
(5, 10, 15, 20, and 25 μg/ml) in 10 ml distilled water for 48 h at room temperature. At 72 h post fertilization (hpf),
malformation rates (%) were calculated as the percentage of dead embryos relative to the total number of embryos
to estimate embryonic toxicity [15]. Edema, the most common malformation, along with tail and yolk
abnormalities were macroscopically quantified. Each experiment was performed in triplicate [17].

Assessment of Antimicrobial Activity
The antimicrobial activity of Rajath Bhasma against gram-positive (Staphylococcus epidermidis) and gram-

negative (Escherichia coli) bacteria was determined using the well-diffusion method [18]. In brief, bacteria were
diluted to 3.2 × 108 colony forming units/ml and spread on Luria–Bertani agar plates. Thereafter, 6-mm-diameter
wells were created in the agar plates by using a sterile borer and 5 μg/ml of Rajath Bhasma was then placed in each
well. After incubation at 37°C for 28 h, inhibition zones were measured and the mean of four replicates was
calculated.

Results and Discussion
Characterization of Rajath Bhasma

FTIR analysis. Functional groups on the surface of Rajath Bhasma were characterized by studying the
vibrational frequencies in the FTIR spectrum (Fig. 1). The broad peak at 3,433 cm−1 corresponds to an H-bonded
hydroxyl group. The presence of a hydroxyl group is attributed to the preparation method of Rajath Bhasma, in
which plant compounds are used to modify the surface of the silver core [19]. The peak at 2,923 cm−1 corresponds
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to asymmetric C–H stretching of an aldehyde group and is generally observed in the spectra of biologically
synthesized nanoparticles because aldehyde groups are present in the biological component [20]. The sharp peak
at 2,360 cm–1 corresponds to C=C stretching of the aromatic ring in flavonoids, compounds present in nearly all
plants [20]. The peaks at 1,642 cm–1 and 1,442 cm–1 correspond to C=O stretching and CH2 bending vibrations of
aliphatic compounds, respectively [21, 22]. The major stretching peak at 1,334 cm–1 is assigned to amide groups,
which are abundant in plant extracts [23]. Together, these results indicate that the surface of the silver core is
adorned with organic compounds including plant or herbal extracts.

SEM and EDX analyses. The particle size of Rajath Bhasma was analyzed via SEM. Fig. 2A shows that the
nanoparticles formed spherical aggregates, and the size of individual aggregates ranged from 170 to 210 nm,
consistent with the results of DLS analysis (Fig. 2B). In addition, EDX analysis confirmed that silver is the major
component (approximately 79%) of Rajath Bhasma (Fig. 2C).

XRD analysis. XRD analysis was performed to identify the crystalline phases in Rajath Bhasma. The XRD
pattern showing sharp diffraction peaks at 29.79°, 32.28°, 33.64°, and 38.116°, which correspond to crystalline
planes of (011), (111), (101), and (111), respectively, indicated pure crystalline silver structures (Fig. 3). The XRD

Fig. 1. Fourier transform infrared spectroscopy spectrum of Rajath Bhasma.

Fig. 2. Scanning electron microscope image (A), dynamic light scattering graph (B) and energy-dispersive
X-ray graph (C) of Rajath Bhasma.
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results were concurrent with the Joint Committee on Powder Diffraction Standards (JCPDS) data for silver
oxalate (Ag2C2O4; JCPDS 22-1335). The peaks at 32.28 (111), 33.64 (101), and 38.116 (111) also correspond to
AgO (JCPDS 84-1547), Ag2CO3 (JCPDS 71-2184), and Ag (JCPDS 65-2871), respectively. The average crystallite
size of Rajath Bhasma was calculated using the Debye–Scherrer equation. Table 1 shows that the average crystallite
size was approximately 55 nm [24-26].

Toxic Effects of Rajath Bhasma on Zebrafish Embryos
Zebrafish embryos at an early blastula stage were exposed to Rajath Bhasma for 48 h and embryonic

malformation rates were determined at 72 hpf. As shown in Fig. 4A, 5 μg/ml of Rajath Bhasma did not
substantially inhibit the growth of zebrafish embryos [16]. However, the malformation rate was approximately
60% at 25 μg/ml (Fig. 4). These results indicate the importance of determining optimal therapeutic concentrations
to inhibit bacterial growth without inducing developmental toxicity in zebrafish.

Antimicrobial Activity of Rajath Bhasma against S. epidermidis and E. coli
Silver nanoparticles are one of the most effective antimicrobial agents; thus, the antimicrobial activity of Rajath

Bhasma was investigated by assessing its antibacterial effect. Inhibition zones were clearly observed for both

Fig. 3. X-ray diffraction spectrum of Rajath Bhasma.

Table 1. Crystallite sizes of Rajath Bhasma determined via XRD analysis.
2θ FWHM (dθ) Crystallite size (nm)

36.2106 0.2085 63.2
38.0529 0.1601 81.8
45.9921 0.8829 14.46
47.4855 0.2712 46.7
51.7401 0.1799 69.3

XRD, X-ray diffraction; FWHM, angular full width at half maximum.

Fig. 4. Zebrafish embryo toxicity of Rajath Bhasma. (A) Malformation rates of zebrafish embryos at different
concentrations of Rajath Bhasma. The photographs show zebrafish embryos in the absence of Rajath Bhasma (B,
C) and embryos exposed to 25 μg/ml Rajath Bhasma (D, E).
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gram-positive and gram-negative bacteria. The inhibition zone for S. epidermidis treated with 5 μg/ml Rajath
Bhasma (i.e., the concentration at which no embryo toxicity was observed; Fig. 4) was 4 ± 0.5 mm and that for
E. coli was 5 ± 0.5 mm, confirming its effective antimicrobial activity (Fig. 5). Notably, the growth of gram-positive
bacteria, which have a thick peptidoglycan layer, was inhibited as effectively as that of gram-negative bacteria.
This was attributed to the presence of proton-donating hydroxyl and amide groups on the surface of Rajath
Bhasma, as evident from FTIR (Fig. 1) [10].

In conclusion, we characterized Rajath Bhasma using FTIR, SEM, DLS, EDX, and XRD to determine the factors
affecting its biological activities and functions. We identified various types of surface functional groups derived
from organic components and we confirmed that silver nanoparticles, with a size range of 170–210 nm, are the
major component in Rajath Bhasma. Our results show that Rajath Bhasma is a potentially effective antimicrobial
agent without toxicity when used at a low concentration (<5 μg/ml). To our knowledge, this is the first study to
evaluate the chemical properties, antimicrobial activity, and zebrafish embryonic toxicity of Rajath Bhasma. Our
findings will not only expand the application range of Rajath Bhasma but also guide future studies aimed at
developing novel nanomaterials. 
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