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Abstract: 

Nanobiotechnology has emerged as a transformative approach in the development of personalized medicine, 

particularly in the treatment of breast cancer1. Among the innovative techniques, the synthesis of gold 

nanoparticles (AuNPs) using biological materials has gained attention due to its eco-friendly, cost-effective, 

and efficient methods. Tinospora cordifolia1, a medicinal plant known for its therapeutic properties, has 

shown potential in the green synthesis of AuNPs. This review explores the synthesis of AuNPs from 

Tinospora cordifolia extracts and their application in breast cancer therapy2. By leveraging the unique 

physicochemical properties of gold nanoparticles, such as their size, shape, and surface modification 

capabilities, these biologically synthesized nanostructures offer promising prospects in targeted drug 

delivery, imaging, and photothermal therapy3. The integration of such nanomaterials into personalized 

treatment regimens could significantly enhance the precision, efficacy, and safety of breast cancer therapies, 

paving the way for more effective and less toxic treatment options. This review highlights recent 

advancements, challenges, and future directions in utilizing Tinospora cordifolia-derived gold nanoparticles 

in personalized breast cancer treatment4-6. 

Keywords: Nanobiotechnology, breast cancer, personalized medicine, gold nanoparticles, Tinospora 

cordifolia, green synthesis, targeted drug delivery, photothermal therapy, cancer nanomedicine, 

biocompatibility 

1: Introduction 

Breast cancer remains one of the leading causes of cancer-related deaths among women globally. Despite 

advances in early diagnosis and treatment, the heterogeneity of breast cancer, combined with the development 

of drug resistance, presents significant challenges to conventional therapeutic approaches. Personalized 

medicine has emerged as a powerful solution, enabling tailored treatments based on individual genetic, 

environmental, and lifestyle factors2. 

Nanotechnology, particularly nanobiotechnology, offers a cutting-edge approach to personalized medicine, 

utilizing nanoscale materials to improve drug delivery, reduce systemic toxicity, and enhance therapeutic 

efficacy. Among these nanomaterials, gold nanoparticles (AuNPs) have garnered considerable attention due 
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to their unique optical, chemical, and biological properties. They have been explored extensively for cancer 

therapy, particularly in enhancing drug delivery, diagnostics, and photothermal therapy (PTT)7. 

In recent years, the green synthesis of nanoparticles using biological agents, such as plant extracts, has gained 

popularity as a more sustainable and biocompatible alternative to traditional chemical synthesis methods. 

Tinospora cordifolia, a medicinal plant known for its immunomodulatory and anti-cancer properties, has 

emerged as a promising candidate for the eco-friendly synthesis of AuNPs8. This review explores the 

synthesis of AuNPs using Tinospora cordifolia and their potential applications in the personalized treatment 

of breast cancer. 

2: Nanobiotechnology in Cancer Therapy 

Nanobiotechnology, the convergence of nanotechnology and biology, has revolutionized cancer therapy by 

enabling the manipulation of materials at the nanoscale, where they exhibit unique properties10. These 

properties, including increased surface area, enhanced reactivity, and the ability to interact with biomolecules 

at the cellular level, make nanoparticles (NPs) particularly valuable for cancer treatment. In oncology, 

nanobiotechnology focuses on the development of nanoparticles for targeted drug delivery, imaging, 

diagnostics, and therapy. 

Nanoparticles in Cancer Therapy 

One of the primary advantages of using nanoparticles in cancer therapy is their ability to exploit the enhanced 

permeability and retention (EPR) effect. Tumors have leaky vasculature, which allows nanoparticles to 

accumulate preferentially in the tumor tissue rather than in normal cells11. This passive targeting mechanism 

can be enhanced by modifying the nanoparticle surface with targeting ligands such as antibodies, peptides, 

or small molecules that bind to receptors overexpressed on cancer cells. 

1. Targeted Drug Delivery: Nanoparticles improve the therapeutic index of anticancer drugs by 

delivering them directly to tumor cells. This reduces off-target effects and limits systemic toxicity. 

Additionally, nanoparticles can encapsulate both hydrophilic and hydrophobic drugs, protecting them 

from degradation and ensuring their release at the tumor site12. 

2. Photothermal and Photodynamic Therapy: Nanoparticles, particularly metallic ones like gold 

nanoparticles (AuNPs), possess optical properties that can be harnessed for photothermal therapy 

(PTT) and photodynamic therapy (PDT). In PTT, nanoparticles absorb light and convert it into heat, 

selectively killing cancer cells. In PDT, nanoparticles are conjugated with photosensitizing agents, 

which, upon activation by light, produce reactive oxygen species (ROS) to induce cancer cell death11-

13. 

3. Overcoming Drug Resistance: Nanoparticles also play a role in overcoming drug resistance, a major 

hurdle in cancer treatment. By delivering multiple agents, such as chemotherapy drugs and gene-

silencing molecules (e.g., siRNA), nanoparticles can inhibit the expression of drug-resistance-related 

genes in cancer cells, improving the efficacy of the treatment14. 

 3: Gold Nanoparticles (AuNPs) in Cancer Treatment 

Introduction to AuNPs 

Gold nanoparticles (AuNPs) are among the most extensively studied nanomaterials in biomedical research 

due to their unique physicochemical properties. Their ability to exhibit surface plasmon resonance (SPR), 

high surface-to-volume ratio, and ease of functionalization make AuNPs ideal candidates for a variety of 

therapeutic and diagnostic applications. In cancer treatment, AuNPs are particularly valued for their role in 

targeted drug delivery, imaging, and photothermal therapy (PTT)11,12,14. 

Drug Delivery with AuNPs 

The use of AuNPs in drug delivery addresses one of the key challenges in cancer treatment: the selective 

targeting of cancer cells while sparing healthy tissue. AuNPs can be engineered to carry chemotherapeutic 

drugs, delivering them directly to tumor cells15. Functionalizing AuNPs with ligands such as antibodies, 
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peptides, or folic acid enables active targeting of cancer cells, improving drug uptake and minimizing 

systemic toxicity. Additionally, AuNPs provide controlled release mechanisms, ensuring that drugs are 

released in response to specific stimuli, such as pH changes in the tumor microenvironment16. 

Imaging and Diagnostics 

In addition to drug delivery, AuNPs have been widely studied as contrast agents for various imaging 

modalities, including computed tomography (CT), magnetic resonance imaging (MRI), and optical imaging. 

Their high atomic number enhances contrast in CT scans, while their SPR properties allow for precise 

localization of tumors through optical imaging. This dual function of AuNPs as both diagnostic and 

therapeutic agents (theranostics) enables real-time monitoring of cancer progression and treatment efficacy17. 

Photothermal and Photodynamic Therapy 

One of the most promising applications of AuNPs in cancer treatment is photothermal therapy (PTT). In PTT, 

AuNPs are administered to the tumor site and then irradiated with near-infrared (NIR) light. The AuNPs 

absorb the light and convert it into heat, causing localized thermal destruction of the tumor cells. This 

approach is particularly effective for treating solid tumors such as breast cancer, as the heat generated by 

AuNPs is confined to the tumor site, sparing surrounding healthy tissue19,20. Additionally, AuNPs can be 

combined with photosensitizers for photodynamic therapy (PDT), where light-activated ROS production 

leads to cancer cell death. 

4: Synthesis of Gold Nanoparticles Using Tinospora cordifolia 

Green Synthesis of AuNPs 

The traditional synthesis of gold nanoparticles (AuNPs) often involves the use of hazardous chemicals, which 

can result in toxic byproducts and environmental concerns. As a result, researchers have increasingly turned 

to "green synthesis" methods, which utilize biological agents such as plant extracts, microorganisms, and 

enzymes21. Among the plants used for green synthesis, Tinospora cordifolia has shown great potential due 

to its bioactive compounds, including terpenoids, alkaloids, and flavonoids, which act as reducing and 

stabilizing agents in the formation of AuNPs19,22. 

Mechanism of AuNP Formation with Tinospora cordifolia 

The green synthesis of AuNPs using Tinospora cordifolia involves the reduction of gold ions (Au^3+) to 

gold atoms (Au^0) by the bioactive compounds present in the plant extract. This reduction process is rapid 

and occurs under mild conditions, making it eco-friendly and cost-effective. The bioactive compounds not 

only reduce the gold ions but also stabilize the nanoparticles, preventing agglomeration and ensuring the 

formation of uniformly sized particles23. 

Studies have demonstrated that AuNPs synthesized using Tinospora cordifolia exhibit desirable properties, 

such as high stability, biocompatibility, and the ability to form uniform sizes ranging from 10 to 50 nm. These 

properties make them suitable for biomedical applications, particularly in cancer therapy24. 

5: Application of Tinospora cordifolia-Derived AuNPs in Breast Cancer Treatment 

Targeted Drug Delivery 

Gold nanoparticles synthesized from Tinospora cordifolia can be used to deliver anticancer drugs specifically 

to breast cancer cells25. The plant-derived nanoparticles are biocompatible and can be functionalized with 

targeting ligands that bind to receptors overexpressed on breast cancer cells, such as HER2 or estrogen 

receptors. This active targeting enhances the efficacy of the treatment while minimizing side effects26. 

Photothermal Therapy (PTT) 

The photothermal properties of Tinospora cordifolia-derived AuNPs make them ideal for photothermal 

therapy (PTT). Upon exposure to NIR light, the nanoparticles generate localized heat, effectively killing 

breast cancer cells. Studies have shown that plant-derived AuNPs are just as effective as chemically 

synthesized ones in PTT, with the added advantage of being eco-friendly and non-toxic27. 
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In Vitro and In Vivo Studies 

Several in vitro studies have demonstrated the cytotoxic effects of Tinospora cordifolia-derived AuNPs on 

breast cancer cell lines. The nanoparticles not only inhibit cancer cell proliferation but also induce 

apoptosis28. In vivo studies using animal models have further confirmed the therapeutic potential of these 

nanoparticles in reducing tumor size and preventing metastasis, highlighting their potential for clinical 

applications29. 

6. Challenges and Future Directions 

Despite the promising potential of Tinospora cordifolia-derived gold nanoparticles (AuNPs) for breast cancer 

treatment, several challenges and hurdles remain to be addressed for their clinical translation and widespread 

use in personalized medicine. 

Challenges in the Synthesis of Nanoparticles 

The green synthesis of AuNPs using plant extracts such as Tinospora cordifolia offers an eco-friendly, cost-

effective, and biocompatible approach to nanoparticle production30. However, there are still significant 

challenges to achieving large-scale, reproducible production of these nanoparticles. Some key challenges 

include: 

 Inconsistent Size and Shape of Nanoparticles: The size and morphology of AuNPs play a critical 

role in determining their biological activity, therapeutic efficacy, and pharmacokinetics. The 

biosynthesis process using plant extracts can sometimes result in variability in nanoparticle size and 

shape, which may affect their performance in cancer treatment31. This inconsistency is a major hurdle 

in achieving standardized production for clinical applications. 

 Standardization of Green Synthesis Protocols: While green synthesis offers an eco-friendly 

alternative to chemical methods, the variability in plant extracts (depending on factors such as 

geographical location, plant age, and extraction techniques) can lead to inconsistent synthesis32. 

Developing standardized protocols for Tinospora cordifolia extract preparation and gold nanoparticle 

synthesis is essential for ensuring reproducibility and quality control33. 

 Scalability of Production: Moving from laboratory-scale synthesis to large-scale production 

presents a challenge. The green synthesis process must be optimized for mass production without 

compromising the quality, stability, or bioactivity of the nanoparticles. Moreover, industrial-scale 

production needs to ensure that the process remains cost-effective, environmentally sustainable, and 

free from toxic by-products34. 

Stability and Shelf-life of Nanoparticles 

Ensuring the long-term stability of AuNPs synthesized using plant extracts is another key challenge. 

Nanoparticles synthesized through green methods can be prone to aggregation or degradation over time, 

which can affect their efficacy in drug delivery and therapeutic applications. Techniques to enhance the 

stability and extend the shelf-life of AuNPs need to be developed, including the use of appropriate storage 

conditions, surface passivation techniques, and stabilizing agents that do not interfere with the biological 

activity of the nanoparticles35. 

Clinical Translation and Regulatory Hurdles 

 Biocompatibility and Toxicity Studies: While AuNPs are generally considered biocompatible, the 

long-term effects of plant-derived AuNPs in the human body need to be carefully evaluated. This 

includes determining the toxicity of the nanoparticles at different concentrations, their biodistribution, 

and their ability to accumulate in tissues or organs. 

 Pharmacokinetics and Biodistribution: Understanding the pharmacokinetics (absorption, 

distribution, metabolism, and excretion) of AuNPs in vivo is crucial for their successful clinical 

application35. Studies must focus on how nanoparticles behave in different biological environments, 
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their ability to penetrate tumors, and how they are cleared from the body. Such information is critical 

to ensure that the nanoparticles are safe and effective over prolonged use. 

 Regulatory Approvals: Navigating the complex regulatory landscape is another challenge in 

bringing plant-derived nanoparticles to market. The development of nanomedicines requires 

compliance with stringent regulations set by agencies like the U.S. FDA (Food and Drug 

Administration) and EMA (European Medicines Agency). Meeting regulatory requirements for 

nanoparticle-based therapeutics involves demonstrating not only the safety and efficacy of the 

product but also the reproducibility and quality control of the manufacturing process34,36. 

Future Directions in Research 

Addressing these challenges will require interdisciplinary research efforts and technological advancements. 

Some promising future directions include: 

 Advancements in Synthesis Techniques: Continued research on optimizing the synthesis of AuNPs 

using Tinospora cordifolia and other plant extracts is needed. This includes exploring the influence 

of different parameters such as temperature, pH, and reaction time on nanoparticle size and shape. 

The integration of automation and process control technologies could also help standardize the green 

synthesis process35. 

 Functionalization of AuNPs for Enhanced Targeting: While AuNPs can passively accumulate in 

tumor tissues via the enhanced permeability and retention (EPR) effect, actively targeting breast 

cancer cells using surface modifications will improve their specificity. Functionalizing AuNPs with 

ligands that recognize overexpressed receptors (such as HER2, EGFR, or folate receptors) on cancer 

cells could enhance their therapeutic efficacy and minimize off-target effects. 

 Combining Therapies for Improved Outcomes: AuNPs offer a platform for combining multiple 

therapeutic modalities, such as drug delivery, photothermal therapy, and gene therapy34,36. Exploring 

the potential of combinatorial therapies using AuNPs could improve treatment outcomes in resistant 

or aggressive forms of breast cancer. 

 Nanomedicine in Personalized Cancer Therapy: The integration of AuNPs into personalized 

medicine approaches, where treatments are tailored based on the patient’s specific genetic profile and 

tumor characteristics, holds great potential. AuNP-based theranostic platforms, combining therapy 

and diagnostics, could provide real-time monitoring of treatment response, allowing for more precise 

adjustments to therapy regimens37. 

 Clinical Trials and Human Studies: While much of the current research on Tinospora cordifolia-

derived AuNPs is in preclinical stages, the next step will involve advancing these studies into clinical 

trials. Human studies will be essential to validate the safety, dosage, and efficacy of these 

nanoparticles in breast cancer patients38. 

 

7: Conclusion 

Breast cancer remains one of the most prevalent and challenging cancers to treat, owing to its heterogeneity 

and the development of drug resistance. Nanobiotechnology, particularly the use of gold nanoparticles 

(AuNPs), offers innovative solutions for overcoming these challenges by enabling targeted drug delivery, 

enhanced imaging, and minimally invasive therapies like photothermal therapy (PTT)10,39. The synthesis of 

AuNPs using Tinospora cordifolia, an eco-friendly and sustainable process, holds great promise in advancing 

breast cancer treatment while minimizing the environmental impact of nanoparticle production. 

Tinospora cordifolia-derived AuNPs exhibit excellent biocompatibility, therapeutic efficacy, and 

multifunctionality. These plant-derived nanoparticles can be functionalized to actively target cancer cells, 

deliver chemotherapeutic agents, and provide real-time imaging capabilities, offering a theranostic approach 

to cancer treatment40. Additionally, their ability to generate localized heat upon exposure to near-infrared 
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light makes them ideal candidates for photothermal therapy, providing a non-invasive method to destroy 

cancer cells. 

However, several challenges must be addressed before these nanoparticles can be widely used in clinical 

settings. Issues related to large-scale production, standardization of synthesis methods, long-term stability, 

and regulatory hurdles need to be tackled through continued research and collaboration between academia, 

industry, and regulatory bodies. Furthermore, rigorous preclinical and clinical studies are required to evaluate 

the safety, efficacy, and pharmacokinetics of these nanoparticles in humans. 

In conclusion, harnessing nanobiotechnology for personalized medicine in breast cancer, particularly through 

the use of Tinospora cordifolia-derived AuNPs, offers a promising future for cancer therapy. These 

advancements pave the way for more effective, targeted, and personalized treatments that can improve patient 

outcomes while reducing the systemic side effects associated with traditional chemotherapy. With continued 

research and development, nanotechnology-based approaches like this may become integral components of 

the future of personalized cancer care. 
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