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Abstract: Breast cancer remains the most frequently diagnosed malignancy globally, with recent estimates surpassing 2.26 million new
cases and nearly 685, 000 annual deaths. [1] Despite the progress in mastectomy, chemotherapy, and hormonal interventions, these
standard modalities are often restricted by systemic toxicity, the emergence of multi-drug resistance, and a significant decline in patient
quality of life. [2] This clinical bottleneck has catalyzed interest in integrative oncology, particularly the traditional Ayurvedic system of
Rasa Shastra, which utilizes incinerated metal and mineral preparations known as Bhasmas. [3] These formulations are increasingly
understood as ancient forms of ""ethno-nanomedicine'', where rigorous pharmaceutical processes transform bulk, toxic elemental metals
into biocompatible nano-structured particles. [4] This review synthesizes current scientific understanding regarding the preparation,
Pphysicochemical nature, and therapeutic potential of major Bhasmas such as Swarna (gold), Abhraka (mica), and Tamra (copper) in
breast cancer management. [5] By highlighting mechanisms such as the induction of p53-dependent apoptosis, modulation of reactive
oxygen species (ROS), and the polarization of pro-tumor macrophages, this work underscores the potential of these drugs as adjunct or

alternative therapeutic agents. [6]

Keywords: Breast cancer, Ayurvedic Bhasma, herbo-mineral nanomedicine, apoptosis, oxidative stress, translational oncology

1. Introduction

Breast cancer remains one of the leading causes of cancer-
related deaths worldwide, accounting for nearly 15% of the
global cancer mortality rate. [7] In countries such as India,
breast cancer ranks as the second most prevalent cancer
amongst women, with most being diagnosed at late stages of
the disease, where conventional therapies alone do not have a
high effectiveness rate. [8] Although standard chemotherapy
is meant to decimate tumor mass, it usually cannot
differentiate between malignant and normal dividing cells and
causes very strong side effects, including neutropenia,
cardiotoxicity, and immunosuppression. [9]

Moreover, particular subtypes, including triple-negative
breast cancer (TNBC), are a serious obstacle, as they are
aggressive and do not have any specific receptor (such as an
estrogen receptor (ER), progesterone receptor (PR), or
HER2). [10] Nearly two-thirds of the world’s population have
turned to some kind of complementary or alternative
medicine (CAM) in order to alleviate such difficulties,
resulting in a nano-Ayurvedic change of research focus. [11]
The aim of this integration is to improve on the use of
traditional ~ herbo-metallic =~ wisdom  using  current
pharmacological models to design safer and more specific
intervention methods in breast cancer victims. [12]

2. Ayurvedic Metallopharmacology

Ayurvedic metallopharmacology, also known as Rasa
Shastra, refers to the medical utilization of metals and
minerals that have undergone two key steps, which are
Shodhana and Marana. [13] Shodhana, which means
purification, is a vital detoxification process where raw metals
are heated till red-hot, then extinguished in a special liquid
medium, e. g., herbal decoctions, milk, or lime water. [14]
This helps to eliminate the impurities on the surface and start
the destruction of the crystalline structure of the bulk metal.
[15]

After purification, the metal is taken through Marana, a
repeated burning procedure called “Puta, ” in a closed vessel
of earth referred to as “Sharav Samputa. ” [16] In such cycles,
the metal is crushed in the herbal juices (Bhavana) and
occasionally mixed with a catalyst such as mercury or sulfur.
This is an example of ancient processes using iatrochemistry,
which enables a so-called nano-transformation, in which bulk
constituents are converted to stable nano-sized particles of
bioaccessibility, usually between 5 and 100 nm. The nature of
these nanomedicines is reflected by conventional tests,
namely, Varitaratva, where the particles gather on the top of
the water, indicating that the particles are so light and have
the possibility of being absorbed. [17]
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3. Major Metal-Based Preparations

A number of bhasmas have been used as an indicator of
Arbuda (tumors) and Stanarbuda (breast tumors). Swarna
Bhasma is polycrystalline, spherical gold nanoparticles of 5-
20 nm diameter, which is classically processed. Although
mercury was commonly employed as a growth-directing
catalyst in the process of its production, it was analytically
confirmed that, in the final medicine compound, there was no
mercury at all since it evaporates during incineration. [18]

Abhraka Bhasma is a multi-element compound, composed of
oxides of iron, silica, alumina, and magnesium, which is
characterized by mica. It is also used traditionally because of
its Rasayana (rejuvenating) and Lekhana (scraping)

properties to eliminate abnormal and excess muscle tissue
growth. [19] Tamra Bhasma is a copper-based compound,
which is known to have anti-inflammatory and antioxidant
effects, and copper nanoparticles obtained induced a large
scale of intracellular ROS production.

In the associated Siddha tradition, Naaga Chendhooram is a
zinc-based treatment, which is particularly used in the
treatment of breast cancer based on the effect of zinc in
regulating the differentiation of cells and the programmed cell
death. [20] Another commonly used backbone Ayurvedic
oncology therapy is lauha bhasma (iron) and rajata bhasma
(silver), which are used to treat systemic debility and anemia.
[21] Table 1 indicates a summary of the traditional and
modern mechanistic understanding of metal-based
preparation.

Table 1: Summary of Traditional vs. Modern Mechanistic Understanding

Preparation Traditional Concept Modern Correlation Mechanism of Action
Swarna Bhasma | Rasayana (Rejuvenation) | Immunomodulation | M1 macrophage polarization; cytokine regulation
Tamra Bhasma Lekhana (Scraping) Anti-proliferative ROS-mediated apoptosis
Abhraka Bhasma Dhatu-Pushtikara Genoprotection Enhanced DNA base excision repair in healthy cells
Naaga (Zinc) Molecular Action Differentiation Regulation of cell proliferation signaling

4. Mechanistic Insights in Breast Cancer

Metallic Ayurvedic drugs have a dual action in breast cancer,
that is, direct cytotoxicity and immunomodulation. [22] The
induction of apoptosis is one of the main pathways, which is
commonly mediated by p53-dependent processes that result
in cell shrinkage, chromatin condensation, and nuclear
fragmentation. [23] It can be induced frequently by the sheer
production of ROS at the surface of nanoparticles of metals,
leading to oxidative injury of malignant cell membranes and
proteins. [24]

Moreover, there is a significant immunomodulatory effect of
green-synthesized Ginkgo biloba (GB-AuNPs) or mango peel
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phytochemical (NSB) -functionalized gold nanoparticles,
which convert pro-tumor M2 macrophages into anti-tumor
M1-like phenotypes. [25] This is associated with an increased
production of anti-tumor cytokines, including TNF-2, IFN-G,
and IL-12, and a decreased production of pro-tumor
cytokines, including IL-6 and IL-10.

Moreover, the drugs have shown a possible effect in the
inactivation of the NF-«kB as well as the PI3K/Akt signaling
pathways, which are essential in the tumor migration and
angiogenesis. [27] Other recipes, such as Abhraka Bhasma,
also have genoprotection to normal cells by promoting
intrinsic DNA base excision repair (BER) ability. [28]
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Figure 1: “Schematic representation illustrating the proposed molecular mechanisms of metal-based Ayurvedic drugs in
breast cancer therapy, highlighting their potential role in inducing apoptosis, suppressing tumor cell proliferation, and
modulating key signaling pathways involved in breast cancer progression. ” Created with BioRender. com.
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5. Pharmacological and Clinical Evidence

Dose and cell death in preclinical studies in MCF-7 (ER+)
and MDA-MB-231 (TNBC) breast cancer cell lines have been
shown to be dose-dependent. [29] The oral Nano Swarna
Bhasma (NSB), in contrast to the placebo control, led to more
than 80 percent tumor volume reduction in aggressive TNBC
xenograft models. These results were translated successfully
into pilot studies in human clinical trials, which were
implemented within the guidelines of the AYUSH policies.

The clinical benefit rate among patients with metastatic breast
cancer in the use of NSB as adjuvant therapy to conventional
care was 100 percent, and contrasting the results with only the
use of conventional care, there was a 0 percent clinical benefit
rate.

Moreover, retrospective studies on chemo-recovery kits of
incinerated coral (Praval) and pearl (Mouktik) bhasmas have
indicated a statistically significant decrease in side effects of
chemotherapy such as fatigue, vomiting, nausea, and change
of skin coloration. [30] These kits also assisted in maintaining
levels of hemolytic proteins and Karnofsky performance
scores, which led to well-being and adherence towards
treatment. [31]

6. Safety and Analytical Validation

The main issue regarding metal-based drugs is the safety of
the drugs, which is achieved by standardization and analytical
validation. [32] The ancient procedures, such as the Shodhana
and Marana, are aimed at eliminating toxicity, such as the 75-
step purification of mercury in some preparations to eliminate
all the conventional chemotherapeutic toxicity. [33] The
phase purity and crystalline character of these nanomedicines
are confirmed by the use of advanced analysis techniques,
including X-ray diffraction (XRD). [34]

ICP-AES and AAS measure the element composition and
help in maintaining a safe level of noxious elements like lead,
arsenic, and cadmium to safe regulation levels. Microscopic
techniques like SEM and TEM are used to visualize
homogenous nanoparticle morphology, and in most cases,
they reveal particles with a spherical shape in the size range
of 5-100 nm. [35] The quantitative toxicology experiments
depict that standard preparations such as Swarna and Abhraka
Bhasmas have high LD50 (>2000 mg/kg), which is non-toxic
according to the OECD guidelines. [36]
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Figure 2: “Transformation of Bhasma during traditional processing and its safety validation using modern analytical
techniques.” The diagram highlights important steps such as purification and calcination, along with characterization methods
used to ensure the quality, stability, and safety of the final formulation. ” Created with BioRender. com.

7. Comparison with Modern Nanomedicine

Ayurvedic Bhasmas and contemporary metallic nanoparticles
are similar with respect to size and structural characteristics;
however, they are different regarding their mode of synthesis
as well as the mode of interaction with the structure. [37]
Toxic reducing agents are frequently employed in modern-
day chemical synthesis, and Bhasma preparation uses
electron-rich plant phytochemicals as reducing as well as
stabilizing agents, providing the use of green nanotechnology.
[38]

This natural functionalization forms a phytochemical corona
that has a stronger bioavailability and so may be endocytosed

by receptors into tumor cells but not into normal healthy
endothelial tissue. [39] However, the nano-Ayurvedic agent,
such as GB-AuNPs or NSB, is selective in its cytotoxicity and
immunomodulatory phenotype, unlike cisplatin, which kills
both malignant cells and normal ones in an indiscriminate
manner. Also, classical Bhasmas use Anupanas (media such
as honey or ghee) as programmed drug delivery systems, and
these might assist in the liberation of reversible agglomerates
and increase cellular contact with the surface on delivery. [40]

8. Future Perspectives

The future of Bhasma studies lies in the novel approach of
combining traditional knowledge and the contemporary
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omics platform. This requires genomics, proteomics, and
metabolomics in order to find out which molecular
fingerprints these drugs impose on cancer cells and the
microenvironment around their location. [41] Systems
biology and network pharmacology can also offer a better
view of the multi-target behavior of herbo-metallic
complexes. The only way to overcome the translational gap
between preclinical promise and clinical application is by
delivering a large and multicenter randomized controlled trial
(RCT), thus creating Level 1 clinical evidence. Joint
nanotechnology research with oncology research on the
standardization of drugs and a rigorous trial design will place
Ayurvedic metal-based drugs as powerful adjuvant
therapeutic drugs in contemporary cancer treatment. [42]

9. Conclusion

Metallic Ayurvedic medications such as Swarna, Abhraka,
and Naaga Bhasmas provide a complex pharmacological
transition between ancient Ayurvedic holistic medicine and
nanomodern medicine. These recipes attain biocompatible
nanostructures through the pharmaceutical rigor of Shodhana
and Marana that selectively target breast cancer with
apoptosis instigation, ROS regulation, and immunogenic
stimulation. Although preclinical data and pilot clinical trials
are very positive, it should be scientifically validated with the
help of large-scale RCTs. The standardization of these ancient
nanomedicines will allow these drugs to be properly and
safely incorporated into global translational oncology with
future potential to improve survival and quality of life of
breast cancer patients across the globe.
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