apjec.waocp.com Reena, et al: Manikya Bhasma as Nanomedicine for Cancer Cells Treatment and its Characterization Using Modern

DOI:10.31557/APJEC.2024.7.1.47 RESEARCH ARTICLE

Manikya Bhasma as Nanomedicine for Cancer Cells Treatment
and its Characterization Using Modern Scientific Tools

Reena!, Preeti Sharma?, Nakuleshwar Dut Jasuja®, Sunil Kumar*

'Research Scholar, School of Basic and Applied Sciences, Nirwan University Jaipur, India. 2Dean and Professor, School of Basic
and Applied Science, Nirwan University Jaipur, India. *Professor and Additional Registrar Vivekananda Global University, Jaipur
(Rajasthan), India. *“University Department of Electronic Sciences, Babasaheb Bhimrao Ambedkar Bihar University, Muzaffarpur,
India.

Abstract

Objective: This study is focused on evaluating the safety and effectiveness of Manikya Bhasma, an Ayurvedic
preparation, as a nanomedicine for cancer treatment, and exploring its potential therapeutic properties using
modern scientific tools. Methods: Manikya Bhasma, composed of purified ruby, orpiment, and arsenic sulfide,
was analyzed using XRD (X-ray Diffraction) for crystallite size determination, FESEM (Field Emission
Scanning Electron Microscopy) for morphological analysis, EDS (Energy Dispersive X-ray spectroscopy) for
elemental composition, and FTIR (Fourier Transform Infrared Spectroscopy) for functional group identification.
The anticancer activity of Manikya Bhasma nanoparticles was assessed against breast cancer (MCF-7) and lung
cancer (A-547) cell lines at varying concentrations (0-1000 pg/mL). Results: The XRD analysis revealed an
average crystallite size of 60 nm. FESEM micrographs confirmed the uniform distribution of particles within the
sample. Notably, Manikya Bhasma demonstrated a clear dose-dependent anticancer activity against both MCF-7
and A-547 cell lines, providing reassurance about its potential effectiveness. Conclusion: This study suggests
that Manikya Bhasma has the potential to be a promising nanomedicine for cancer treatment, highlighting the
therapeutic relevance of traditional Ayurvedic medicine in modern scientific research. This research serves as
a bridge between traditional and modern approaches, offering new insights into the application of Ayurvedic
formulations in contemporary medicine.
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Introduction

Cancer is a global health concern and a leading
cause of morbidity and mortality worldwide. Cancer is
a major health challenge globally, affecting millions of
people and causing significant societal and economic
burdens [1]. The World Health Organization (WHO)
estimates that cancer-related deaths will continue to
increase, reaching more than 13 million deaths annually
by 2030. Effective cancer treatment is crucial for reducing
this burden and improving patient outcomes [2]. Ayurvedic
medicine plays a vital role as a complementary and
alternative approach to cancer treatment. With its holistic
approach, Ayurveda addresses the physical, mental, and
spiritual aspects of health. It emphasizes personalized

treatments based on the individual’s constitution, lifestyle,
and disease stage. Ayurvedic medicine aims to restore
the balance of doshas (energetic forces) in the body and
enhance overall well-being, making it a valuable addition
to cancer treatment. While Ayurvedic medicine plays a
role in cancer treatment, it is important to emphasize that
it should be integrated with evidence-based conventional
medicine [3].

Ayurveda, the ancient Indian system of medicine,
offers a holistic approach to healthcare, including using
Ayurvedic formulations such as Bhasma to treat various
diseases, including cancer [1]. Bhasma refers to the
ash or calcined form of minerals and metals, which are
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processed through a rigorous purification and calcination
process. Ayurvedic Bhasma formulations are believed
to have immune-modulating properties, which can help
strengthen the body’s defense mechanisms against cancer
cells. Tamra Bhasma (copper ash) [4] and Vanga Bhasma
(tin ash) [5] are known for their immunomodulatory effects
and may aid in enhancing the immune response to fight
cancer. Mukta Bhasma (pearl ash), Praval Bhasma (coral
ash), and Rajata Bhasma (silver ash) [6] are believed to
possess anticancer properties and may inhibit the growth
and proliferation of cancer cells. Abhraka Bhasma (mica
ash) [7] and Mandura Bhasma (iron ash) are commonly
used for their detoxifying and antioxidant effects. Loha
Bhasma (iron ash) [8] and Makardhwaja are often used
for their supportive properties for cancer treatment.
Indeed, Ayurveda, an ancient medicinal system, contains
a wide range of herbs with potential anticancer properties.
Garlic contains organosulfur compounds, such as
allicin, which possess anticancer properties. It exhibits
potential in preventing and inhibiting the growth of
cancer cells, particularly in breast, lung, colon, and
prostate. In Ayurveda, a number of herbs, such as Green
Tea (Camellia sinensis), Amalaki (Emblica officinalis),
Mulethi, and Tulsi (Ocimum tenuiflorum), have anticancer
activity [9].

In recent years, nanomedicine has emerged as a
promising approach for the diagnosis, treatment, and
prevention of various diseases, including cancer. NPs
(Nanoparticles) have tremendous potential for delivering
therapeutic agents directly to target cells, enhancing drug
efficacy, and reducing side effects [10]. Among the wide
range of nanoparticles investigated for cancer therapy,
metallic nanoparticles have garnered significant attention
due to their unique physicochemical properties and
potential therapeutic applications [11].

Manikya Bhasma, a traditional Indian Ayurvedic
medicine derived from red coral, has been extensively
used in traditional medicine for its perceived medicinal
properties [12]. The integration of traditional knowledge
with modern scientific approaches has paved the way for
exploring the therapeutic potential of Manikya Bhasma
in nanomedicine for cancer treatment [9]. Recent studies
have shown that the conversion of Manikya bhasma
into nanoscale particles, known as Manikya bhasma
nanoparticles (MBNPs), can enhance its pharmacological
properties and facilitate targeted delivery to cancer cells
[13]. The successful development and application of
MBNPs as nanomedicines for cancer treatment require a
comprehensive understanding of their physicochemical
properties, drug loading capacities, and interactions with
cancer cells. Characterization techniques play a crucial
role in providing valuable insights into the morphology,
size distribution, surface charge, crystallinity, and stability
of MBNPs. Furthermore, understanding the cellular
uptake and internalization mechanisms of MBNPs within
cancer cells is vital for evaluating their potential efficacy
and toxicity [5].

This research article aims to provide a comprehensive
characterization of the Manikya Bhasma nanomedicine
(MBN) and its impact on cancer cell viability by
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employing modern scientific tools. These techniques
enable the determination of the MBNP size, shape,
surface properties, crystal structure, and chemical
composition [12]. The findings of this study will contribute
to the current understanding of the physicochemical
properties and biological interactions of MBNPs and their
implications for cancer cell viability. This knowledge
is essential for the rational design and development of
MBN-based nanomedicine for effective cancer therapy
[13]. It is also essential to conduct rigorous scientific
research to further explore the efficacy, safety, and
potential interactions of Ayurvedic interventions in
cancer treatment. This evidence-based approach can help
establish the role of Ayurvedic medicine as a valuable
component of comprehensive cancer care in the modern
medical landscape.

Material and characterization

Manikya Bhasma and Chemical: Manikya Bhasma was
processed using standard procedures and included steps
namely Manikya Shodhana (purification) and Manikya
Marana (Calcination) [14]. The chemicals required for
processing and testing the samples. The National Center
for Cell Science in Pune, India, is where lung cancer cells
(A-547) and breast cancer cells (MCF-7) cell lines were
obtained [15]. Adjustable multichannel pipettes, fetal calf
serum, MTT reagent, DMSO, 96-well cell culture plate
(from Corning, USA), T25 flask, and 50 ml centrifuge tube
were purchased from Himidiya chemicals. We purchased 5
ml centrifuge Tubes, 10 ml serological pipettes, 10 to 1000
ul pipette tips, and a Petri dish from TORSON Glassware.
The sodium chloride and ethanol from Merck, Germany.

Physico-Chemical Characterization: The physical
characterization of a Manikya bhasma powder sample via
XRD, FESEM, EDS, FTIR, and magnetic measurements
[4]. FESEM is a powerful imaging technique that provides
high-resolution images of the surface morphology and
microstructure. The powder sample was coated with
gold (40 mills/second) to make it a conductive layer to
prevent charging during imaging. EDS is often combined
with FESEM and provides elemental analysis of the
sample. The powder sample is mixed with a suitable
matrix (usually KBr) and compressed into a thin pellet to
measure the FTIR spectra [16]. SQUID magnetometry
was used to measure the magnetic properties, such as
the magnetization and coercivity, of the samples [16].
Centrifuge (Remi), Elisa plate reader (iMark, Biorad,
USA) at 540 nm and 660 nm, inverted microscope
(Olympus ek2) using Camera (AmScope digital camera
10 MP Aptima CMOS) and IC, was calculated by using
software Graph Pad Prism -6.

Results

X-ray diffraction analysis

The crystallographic phase of the manikya Bhasma
powder sample was analysed by X-ray diffraction
technique. The XRD pattern was recorded by employing
a Rigaku X-ray diffractometer (TTRX-III X-ray
diffractometer, Japan) with a CuKa (1.54 A) radiation
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Figure 1. X-ray Diffraction Pattern of Manikya Bhasma

source. The X-ray diffraction pattern of Manikya
Bhasma is depicted in Figure 1. All the intense peaks
in the XRD pattern of Manikya bhasma were identified
and matched, and these details are given in Table 1.
The XRD analysis found that the XRD pattern matched
the different compounds available in the Manikya Bhasma
with the standard ICCD database [17]. The XRD pattern
of Manikya Bhasma was analysed with the help of Xpert
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High Score Plus software. The crystallite size of Manikya
Bhasma has been estimated 60 nm by employing Scherrer
formula [18]. The XRD patterns with compound names
(such as silica, alumina, and iron oxide) are depicted in
Figure 2.

Microstructure and morphology analysis

The FESEM micrographs of Manikya Bhasma are
shown in Figure 3. The Manikya Bhasma is in powder
form. A small amount of powder sample was dispersed
onto a sample stub, which was already stuck with carbon
conducting tape on the stub. The Manikya Bhasma is
nonconducting, a thin conductive coating of gold was
applied on the sample to prevent charging effects during
the analysis [19]. The coating can also improve the image
quality. The individual particles’ morphology, shape, and
particle size distribution were studied [9].

Figure 3 shows that the particle size distribution and
morphology are homogeneous in nature. The average
particle size distribution is demonstrated through the
histogram in Figure 4, and the distribution of particles
ranges from 50 nm to 350 nm. The average particle size
is approximately 175 nm, as shown in the histogram,

Table 1. X-ray Diffraction Position and Matched Corresponding Database

Pos. [°2Th.] Rel. Int. [%] Matched by Database

20.957 6.13 00-046-1045

25.6564 81.28 00-010-0173

26.7223 31.87 00-033-1161; 00-046-1045
35.2229 97.08 00-010-0173

36.1304 1.79 00-038-1479

36.6317 2.3 00-033-1161; 00-046-1045
37.8374 37.01 00-010-0173

39.5412 2.04 00-033-1161; 00-046-1045
40.3628 1.24 00-033-1161; 00-046-1045
42.5295 1.48 00-033-1161; 00-046-1045
43.4185 100 00-010-0173; 00-024-0072
45.8837 0.98 00-033-1161; 00-046-1045
46.2457 2.11 00-010-0173

50.2194 3.9 00-033-1161; 00-038-1479; 00-046-1045
52.6148 56.59 00-010-0173

54.9485 1.22 00-033-1161; 00-038-1479; 00-046-1045
57.5614 84.92 00-010-0173; 00-024-0072; 00-033-0664

Jumina; Hema
alumina; Hematite burnt achre.

een cinmbar; Quatz, eyn

Position [*2Theta] (Copper (Cu))

Figure 2. X-ray Diffraction Pattern of Manikya Bhasma with Compound Names
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Figure 3. FESEM micrograph of the Manikya Bhasma
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Figure 4. Histogram of the Particle Size Distribution of
Manikya Bhasma

but also indicates the presence of agglomeration, which
means that the individual particles in the sample tend to
cluster or stick together, forming larger agglomerates [20].
Agglomeration is a common phenomenon, especially in
powder samples, and can significantly affect the material’s
properties and applications [18].

Energy dispersive X-ray spectroscopy (EDS) analysis

Energy dispersive X-ray spectroscopy is often
combined with field emission scanning electron
microscopy (FESEM) to analyse the elemental
composition of a sample. In this technique, the collected
X-rays are sorted based on their energies by an EDS
detector, for the Manikya bhasma.

The weight percentages and atomic percentages of
the elements obtained from Manikya Bhasma are shown
in Table 2. This Bhasma contained carbon, oxygen,
sodium, magnesium, silicon, chlorine, potassium, and
calcium. EDS analysis is a valuable tool in pharmatutical
industries [20]. The characterization of Manikya bhasma
and determining its elemental compositions. Each element
produces characteristic peak in the spectrum, allowing for
qualitative elemental identification. This information is
very important in the medical field of ancient Aurvedic
Bhasma for proper doage and proper application [13].
The chemical composition of the Ayurvedic Bhasma is
crucial for verifying its quality and ensuring that it meets
the specifications required for safe use in Ayurvedic
practices.
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Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy is a nondestructive and powerful
analytical tool for the qualitative and semiquantitative
analysis of Manikya bhasma and other Ayurvedic
medicines [7]. It can provide valuable information about
the chemical composition, functional groups, and purity of
the medicine, helping to ensure its safety and efficacy for
medicinal use.

FTIR spectra are obtained in the mid-infrared range,
typically ranging from 400 cm™' to 4000 cm™. This range
covers a wide variety of functional groups and molecular
vibrations, making FTIR a powerful technique for
identifying and characterizing organic and inorganic
compounds. FTIR spectra contain absorption peaks at
specific wavenumbers, each corresponding to different
functional groups present in the sample [21]. For Manikya
bhasma, absorption peaks in the range of 400 to 4000
cm are depicted in Figure 5 (a), and absorption peaks
in the range of 400 cm™' to 4000 cm™ are clearly visible
in Figure 5 (a) and (b). These absorption peaks show
information about the presence of various organic and
inorganic functional groups of Manikya Bhasma.

The vibrational modes present in Minkya Bhasma
are listed in Table 3. Fifteen vibrational modes were
observed in the 400 cm™ to 4000 cm™ FTIR spectra of
Manikya Bhasma. Among the 15 absorption peaks, some
are strong, whereas some are weak. The vibrational modes
present in the range of 458 to 700 cm™ wavenumbers
for metal oxide bonds such as Mg-O, Ca-O, and Si-O.
A strong absorption peak is observed at 1084 for Si-O-Si
vibrational modes. A strong absorption peak was observed
at 3440 cm™', which represents the alcohol groups of
compounds with O-H stretching vibrations [13]. These
observed vibrational modes of metal oxides are also
supported by the XRD analysis in the previous section of
this article and the EDS elemental analysis.

Magnetic Properties

Magnetic characterization of Ayurvedic bhasma
(nanomedicine) involves the study of magnetic properties
at the nanoscale, and these properties are exploited for
various biomedical applications, including targeted

Transmission (A.U.)

Transmission (A.U.)

641
600

400 500 €00 700 800 (SU]]] 1000 1100 1200
w

ave number(cm

560 10|00 1500 2000 2500, 3000 3500 4000
Wave number(cm )

Figure 5. Fourier Transform Infrared Spectroscopy

Spectra of Manikya Bhasma
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Figure 7. Tumor Cell Viability Analysis Via MTT
Assay of MCF-7 Through Manikya Bhasma

drug delivery, hyperthermia, and magnetic resonance
imaging (MRI). Magnetic characterization is essential for
understanding and optimizing the performance of these
nanomaterials for specific medical applications [4], [22].

The magnetic properties (M-H loops) of the Manikya
bhasma are shown in Figure 6. It is characterized by
employing superconducting quantum interference device
(SQUID) magnetometry. A very low magnetization of 0.3
emu per gram was observed. Understanding the magnetic
properties of ayurvedic nanomedicine to determine
the biocompatibility and potential toxicity of magnetic
nanoparticles is essential for safe medical applications [16].
Cell viability assays and in vivo studies were conducted
to evaluate the cytotoxicity and biocompatibility of the
nanoparticles.

Manikya Bhasma has nanomedicine-like characteristics

The features of nano ayurvedic Bhasma, such as crystal
size, surface morphology, presence of elements, presence
of functional groups, and other factors, determine its
nano medicinal impact [9]. The morphology of Manikiya
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Bhasma nanoparticles, which range in size from 50-300
nm with an average of 175 nm, is depicted in the FE-SEM
micrograph of Manikya Bhasma (Figures 3). The XRD
analysis estimated the average crystallite size of Minikiya
Bhasma was 60 nm. The nanoparticles of Minikiya
Bhasma has been analysed with help of FTIR, which
estimated the present functional groups. EDS technique
has estimated the present elements of Minikiya Bhasma
[13]. This meant that the size may be linked to the
particle’s biological activity, meaning that Manikiya
Bhasma has favorable features as a nanomedicine for
cancer treatments.
Manikya Bhasma induces cytotoxicity in cancer cells
Cell culture: The cytotoxicity test of breast cancer
cell (MCF-7) and lung cancer cells (A-547) (Procured
from NCCS Pune) cell line was determined using an
MTT Assay. Cells (10,000 cells/well) were cultured in
96 well plates for 24 h in DMEM (Dulbecco’s Modified
Eagle Medium) [23]. It was supplemented with 10%
Fetal bovine serum (FBS) and 1% antibiotic solution at
37°C with 5% CO,. After the 24 hours, the cells were
treated from (as per mention in the excel sheet) of the
formulations (different concentrations were prepared in
incomplete medium) [24]. Cells without treatment were
considered as Control. After incubation for 24 hours, MTT
Solution (a final concentration of 250pug/ml) was added
to cell culture and further incubated for 2 h. At the end of
the experiment, culture supernatant was removed and cell
layer matrix was dissolved in 100 pl Dimethyl Sulfoxide
(DMSO) and read in an Elisa plate reader (iMark, Biorad,
USA) at 540 nm and 660 nm. IC, was calculated by using
software Graph Pad Prism -6. Images were captured
under inverted microscope (Olympus ek2) using Camera
(AmScope digital camera 10 MP Aptima CMOS) [25].

% cell viability=(Abs of treated cells)/(Abs of
Untreated cells) x100

The IC, value was determined by using a linear
regression equation i.e. Y =Mx+C. Here, Y = 50, M, and
C values were derived from the viability graph [26].

Cytotoxicity in cancer cells

Manikya Bhasma is an herbal medicine that alters
cell metabolism, preventing the growth and metastasis
of cancer cells. Determining the role of Manikya Bhasma
as an anti-inflammatory nanomedicine [13]. Breast

Table 2. Elements Presents in the Manikya Bhasma

Element Weight% Atomic%
CK 53.93 63.77
oK 36.21 32.14
NaK 0.58 0.36
MgK 0.61 0.36
SK 2.71 1.2
CIK 0.9 0.36
KK 2.2 0.8
CaK 2.86 1.01
Totals 100
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Table 3. Vibrational Modes and Compounds of Manikya Bhasma

Wavenumber (cm™) Appearance Compound Name Vibrational modes
458 Strong Metal-Oxide
511 Medium Mg-O

600 Medium Ca-O

641 Medium Si-O

696 Medium Ca-O

777 Medium C-Cl

800 Medium alkene C-C bending
1084 Strong Si-O-Si
1167 Medium ether C-O stretching
1558 Medium amine H-O-H
1626 Medium ketone C=C stretching
1702 Medium C=0 stretch
1889 Strong aromatic compound C-H bending
2930 Medium Alkanes C-H stretch
3440 Strong Alcohol O-H stretch

cancer cells (MCF-7) and lung cancer cells (A-547) were
treated with Manikya Bhasma (0-1000 pg/mL) for 48 h,
and cell viability was determined using MTT reduction
assay as described in the Materials and Methods section,
and Cell Culture section. The plot of cell viability (%)
versus the concentration (0, 1, 10, 50, 100, 250, 500
and 1000 pg/mL) of Manikya Bhasma for breast cancer
cell (MCF-7) has been shown in Figure 7. Based on the
above plot of cell viability (%) versus the concentration,
it was used to calculate the IC,  [27]. The Manikya
Bhasma reduced the viability of breast cancer cell
(MCF-7) cells in a dose-dependent fashion, with an IC_
of 804.74+0.043 pg/mL [9]. The morphology of untreated
to treated effectiveness of Manikya bhasma on breast
cancer cell (MCF-7) are shown in Figure 8 (a-h) for 0,
1, 10, 50, 100, 250, 500 and 1000 pg/mL samples. The
Manikya Bhasma is very effective against other cancer cell
line lung cancer cells (A-547). The Figure 9 shows that,
plot of cell viability (%) versus the concentration (0, 1, 10,
50, 100, 250, 500 and 1000 pg/mL ) of Manikya Bhasma
for lung cancer cells (A-547) [28]. The Manikya Bhasma

reduced the viability of lung cancer cells (A-547) cells in
a dose-dependent fashion, with an IC,  of 736.7+0.043
png/mL [29]. The morphology of untreated to treated
celline of dose-dependent Manikya Bhasma (0, 1, 10, 50,
100, 250, 500 and 1000 pg/mL ) are shown in Figure 10.

Discussion

Nanotechnology is being studied for cancer
therapeutics since nanoparticle play a major role in
targeted drug delivery [30]. Nanoparticle-based drug
delivery has specific advantages such as biocompatibility,
stability, enhanced permeability and retention effect, and
precise targeting [31]. In Indian system of medicine called
Ayurveda, Bhasma is incinerated metal-mineral ash and it
is having size in nanometers [32]. These Bhasma are being
used successfully in clinical practice from many years.
The motive behind the study was to find the anticancer
activity i.e. cytotoxic potential of Manikya Bhasma using
MTT assay [25].

In this article, we have aim to the study of Manikya

Cancer Cell Analysis

Figure 8. Morphology of Tumor Cell Viability Analysis Via MTT Assay of MCF-7 Through Manikya Bhasma with

Different Concentrations
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Figure 9. Tumor Cell Viability Analysis Via MTT
Assay of (A-547) Through Manikya Bhasma

Bhasma particle size is in nano range (~100 nm) and it
potential use as nanomedicine for anticancer activity [ 14].
The crystallite size of Manikya Bhasma has been estimated
approx. 60 nm by employing Scherrer formula through
XRD patterns. It is also found that the silica, alumina, and
iron oxide compounds are present in Manikya Bhasma.
From the FESEM analysis, it is also found that the
morphology of Manikya Bhasma is spherical in shape
and the distribution of particles ranges from 50 nm to
350 nm with the average particle size is approximately
175 nm. The FTIR analysis show information about the
presence of various organic and inorganic functional
groups of Manikya Bhasma [33]. The elements present
in the Manikya Bhasma through EDS analysis are carbon,
oxygen, sodium, magnesium, silicon, chlorine, potassium,
and calcium. The nano form of Manikya Bhasma was found
more effective than bulk form. It shows decreasing cellular
viability of cancer cell lines in a different concentration
of nanomedicine [15]. The cytotoxic effects of Manikya
Bhasma on non-cancer cell lines show that it is non-toxic
to normal cells. The size of Manikya Bhasma is in the
nanometer range, known as nanomedicine, and its effects
on cancer cells.

In conclusion, the ayurvedic nanocrystalline Manikya
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Bhasma has been characterized by modern scientific tools
such as XRD, FESEM, EDS, FTIR, and cancer cell line
experiments. XRD analysis estimated that the crystallite
size is 60 nm and crystalline in nature. The morphology
and particle size of Manikya Bhasma have been studied
by FESEM and agglomeration of the nanocrystallites with
an average particle size of 175 nm. These findings may
create a link between modern science and technology, as
well as ancient medicine. The current study’s findings
encourage the application of old Indian wisdom from
Ayurveda to generate newer medications for use in modern
nanomedicine. Manikya Bhasma nanoparticles were
tested for their anticancer activity against breast cancer
cells (MCF-7) and lung cancer cells (A-547) at various
concentrations (0-1000 pg/mL). The size of Manikya
bhasma is in the nanometre range, which is known as
nanomedicine, and it affects cancer cells. This technique
has substantial advantages for cancer treatment and side
effect reduction.
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