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ABSTRACT 

This study explores the multifaceted applications of graphene-based nano metal oxide 

composites in the realm of anti-cancer treatment. Leveraging the unique properties of graphene, 

such as high surface area, excellent electrical conductivity, and biocompatibility, we have 

engineered composites with enhanced functionalities for targeted cancer therapy. The 

incorporation of nano metal oxides further augments these composites, providing avenues for 

drug delivery, photothermal therapy (PTT), imaging, gene delivery, and addressing the 

challenges associated with oxidative stress in the tumour microenvironment. The high surface 

area of graphene facilitates efficient drug loading, while functionalization enables targeted 

delivery to cancer cells, minimizing collateral damage to healthy tissues. The photothermal 

properties of graphene, synergistically enhanced by nano metal oxides, offer a platform for 

selective tumour ablation through PTT. Additionally, the composites serve as effective contrast 

agents for imaging modalities, allowing for real-time monitoring of drug release and 

therapeutic effects. In the realm of gene delivery, the composites demonstrate promise in 

transporting nucleic acids for modulating gene expression, enabling combination therapies. 

Moreover, their antioxidant and anti-inflammatory properties contribute to mitigating oxidative 

stress and inflammation in the tumour microenvironment. While the biocompatibility of 

graphene serves as a foundation for these composites, surface modifications and considerations 

of biodegradability ensure their safety and efficacy. This study underscores the potential of 

graphene-based nano metal oxide composites as versatile platforms in anti-cancer treatment, 

emphasizing the need for further research and development to advance these materials towards 

clinical applications. 

INTRODUCTION 

Graphene-based nano metal oxide composites have emerged as a promising avenue in 

the realm of cancer treatment, presenting a convergence of cutting-edge nanotechnology and 

oncology research. This innovative approach capitalizes on the unique properties of graphene 

and metal oxides at the nanoscale to address the complex challenges associated with cancer 

therapy. In this introduction, we delve into the multifaceted landscape of cancer treatment, 

mailto:pedapallisasikanth@gmail.com
mailto:rrraju1@gmail.com


Graphene-Based Nano Metal Oxide Composites in Anti-Cancer Treatment                     Section A-Research paper 

Eur. Chem. Bull. 2022,11(issue 11), 907-914                                                                                                           908  
 

highlighting the shortcomings of conventional methods and introducing the potential of 

graphene-based nano metal oxide composites to revolutionize anti-cancer strategies. Cancer, a 

formidable adversary to human health, manifests as a diverse group of diseases characterized 

by uncontrolled cell growth and proliferation. Despite significant progress in understanding the 

molecular intricacies of cancer, treatment options often entail a delicate balance between 

eradicating malignant cells and minimizing damage to healthy tissues. Conventional cancer 

therapies, such as chemotherapy and radiation, have demonstrated efficacy but are frequently 

accompanied by severe side effects, limited selectivity, and the emergence of drug-resistant 

cancer cell populations. 

In the pursuit of more precise and effective cancer treatments, nanotechnology has 

emerged as a transformative force. Nanoparticles, due to their unique size and properties, offer 

a platform for targeted drug delivery, imaging, and therapeutic interventions. Among these, 

graphene, a two-dimensional carbon allotrope, has garnered considerable attention for its 

exceptional physicochemical characteristics. The integration of graphene with nano metal 

oxides yields composite materials with enhanced functionalities, making them particularly 

promising for applications in anti-cancer treatment. The foundation of graphene's appeal lies 

in its remarkable properties, including high surface area, excellent electrical conductivity, and 

biocompatibility. These attributes serve as the building blocks for the development of advanced 

materials tailored for biomedical applications. When combined with metal oxides at the 

nanoscale, graphene forms composites that can address critical challenges in cancer treatment. 

 

Fig 1 Natural product GA from Glycyrrhiza glabra 

One of the key areas where graphene-based nano metal oxide composites exhibit great 

potential is drug delivery. The high surface area of graphene provides an ideal substrate for 

drug loading, while the addition of metal oxides enhances the drug-carrying capacity of the 

composite. Moreover, functionalization of the composite surface allows for targeted drug 

delivery, ensuring that therapeutic agents reach cancer cells with precision, reducing off-target 

effects, and improving overall treatment efficacy. Photothermal therapy (PTT) represents 

another frontier where these composites can make a significant impact in the battle against 

cancer. Graphene's ability to convert near-infrared light into heat can be harnessed for targeted 

tumour ablation. By incorporating metal oxides, the photothermal efficiency of the composite 

can be further optimized, enabling selective destruction of cancer cells while sparing healthy 

tissues. This approach holds promise for minimizing the side effects associated with traditional 

therapies and improving the overall quality of life for cancer patients. 
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In the realm of imaging, graphene-based nano metal oxide composites offer a versatile 

platform for diagnostic techniques. Metal oxides serve as effective contrast agents for various 

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

(CT). The combination of graphene and metal oxides provides a synergistic effect, enabling 

multimodal imaging capabilities that can offer comprehensive insights into the tumor 

microenvironment. This not only aids in accurate diagnosis but also facilitates real-time 

monitoring of drug release and therapeutic responses. Beyond drug delivery and imaging, these 

composites open avenues for innovative approaches to cancer treatment. Gene delivery, 

facilitated by the unique properties of graphene, allows for the targeted modulation of gene 

expression in cancer cells. This opens the door to personalized therapies and combination 

treatments, where drugs and nucleic acids can be delivered simultaneously to address the 

heterogeneity of cancer and improve treatment outcomes. 

Furthermore, the antioxidant and anti-inflammatory properties of graphene contribute 

to mitigating the oxidative stress and inflammation associated with cancer. Metal oxides with 

intrinsic antioxidant capabilities, when integrated into the composite, create a powerful tool for 

combating the complex microenvironment of tumours. This multifaceted approach addresses 

not only the cancer cells themselves but also the surrounding milieu that often contributes to 

disease progression and treatment resistance. Despite the immense potential of graphene-based 

nano metal oxide composites, translating these innovations from the laboratory to clinical 

applications requires rigorous evaluation of their safety and efficacy. Biocompatibility and 

biosafety are paramount considerations in ensuring that these materials are well-tolerated 

within the human body. Surface modifications and the incorporation of biodegradable 

components are strategies employed to enhance biocompatibility and address concerns related 

to potential toxicity. In conclusion, the convergence of graphene and nano metal oxides has 

ushered in a new era in cancer treatment. The versatility of these composites, spanning drug 

delivery, photothermal therapy, imaging, gene delivery, and anti-inflammatory interventions, 

positions them as formidable contenders in the quest for more effective and targeted cancer 

therapies. As research in this field progresses, the promise of graphene-based nano metal oxide 

composites in anti-cancer treatment continues to captivate the imagination of scientists, 

clinicians, and patients alike, offering a glimpse into a future where precision medicine takes 

centre stage in the fight against cancer.  

LITERATURE SURVEY 

The exploration of nanomaterials for biomedical applications, particularly in cancer treatment, 

has witnessed significant interest in recent years. Among these materials, graphene-based nano 

metal oxide composites have emerged as promising candidates due to their unique properties. 

This literature survey delves into key studies that have contributed to our understanding of the 

potential applications of these composites in anti-cancer treatment. 

Liu, S., et al. (2017). "Graphene Oxide–Metal Oxide Nanocomposites: An Advanced 

Material for Cancer Therapy." Advanced Materials, 29(32), 1606034. Proposed Liu et al. 

provided a comprehensive overview of graphene oxide-metal oxide nanocomposites, 

emphasizing their potential in cancer therapy. The paper discussed the synthesis methods, 

physicochemical properties, and applications of these nanocomposites in drug delivery and 

photothermal therapy. The review highlighted the synergistic effects of graphene and metal 

oxides in enhancing therapeutic efficacy while minimizing side effects. 
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Zhang, L., et al. (2019). "Recent Advances in Graphene-Based Nanomaterials for 

Controlled Drug Delivery in Cancer Therapy." Nanomaterials, 9(5), 737. Zhang and colleagues 

focused on recent advances in graphene-based nanomaterials, with a specific emphasis on 

controlled drug delivery in cancer therapy. The paper discussed the various strategies for 

loading anti-cancer drugs onto graphene-based composites, including the incorporation of 

metal oxides. The authors highlighted the importance of controlled drug release and targeted 

delivery in improving the therapeutic outcomes of cancer treatment. 

Chen, Y., et al. (2020). "Graphene-based Nanomaterials for Cancer Therapy and 

Bioimaging." Biochemical and Biophysical Research Communications, 525(3), 501-511. Chen 

et al. presented a comprehensive review of graphene-based nanomaterials in the context of 

cancer therapy and bioimaging. The paper covered the incorporation of metal oxides to enhance 

the therapeutic and diagnostic capabilities of graphene composites. The authors discussed the 

multifunctionality of these materials, combining drug delivery, photothermal therapy, and 

imaging in a single platform for more effective cancer management. 

Wang, H., et al. (2021). "Graphene-Based Nanomaterials for Cancer Therapy: Progress 

and Challenges." Journal of Controlled Release, 337, 275-292. Wang et al. provided an up-to-

date overview of the progress and challenges in utilizing graphene-based nanomaterials for 

cancer therapy. The paper addressed the potential toxicity concerns and strategies to enhance 

biocompatibility. Additionally, the authors discussed the role of metal oxide composites in 

improving the overall performance of graphene-based systems, emphasizing the need for 

further research to translate these materials into clinical applications. The literature survey 

highlighted the growing body of research on graphene-based nano metal oxide composites in 

anti-cancer treatment. These studies collectively demonstrate the versatility and potential of 

these materials in drug delivery, photothermal therapy, imaging, and other therapeutic 

modalities. As research in this field continues to advance, a deeper understanding of the 

interactions between graphene, metal oxides, and biological systems will pave the way for the 

development of innovative and effective cancer treatment strategies. 

PROPOSED SYSTEM 

The operation of graphene-based nano metal oxide composites in anti-cancer treatment 

involves a multifaceted approach, leveraging the unique properties of graphene and metal 

oxides for targeted and effective therapeutic strategies. Here's an overview of the key 

operational aspects. 

1. Drug Delivery: 

   Loading and Release: Graphene's high surface area provides an excellent platform for loading 

therapeutic agents such as anti-cancer drugs. Metal oxides can enhance drug loading capacity. 

The release of drugs can be controlled, offering sustained and targeted delivery to cancer cells. 

   pH-Responsive Systems: Some composites are designed to respond to the acidic environment 

of tumor cells, releasing drugs selectively within the tumor microenvironment. 
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Fig 2 proposed mechanism of MMA pathway of GA–GO@DOX (Reproduced with permission 

 

2. Photothermal Therapy (PTT): 

Light Absorption and Conversion: Graphene's ability to absorb near-infrared (NIR) light is 

exploited for photothermal therapy. Metal oxides, when combined with graphene, enhance the 

photothermal conversion efficiency. Upon NIR irradiation, the composite generates heat, 

selectively ablating cancer cells while sparing healthy tissue. 

3. Imaging and Diagnosis: 

Contrast Enhancement: Graphene-metal oxide composites serve as contrast agents for imaging 

modalities like magnetic resonance imaging (MRI), computed tomography (CT), and 

photoacoustic imaging. 

Multimodal Imaging: The integration of different metal oxides allows for multimodal imaging, 

providing comprehensive information for accurate cancer diagnosis. 

4. Targeted Delivery: 

Functionalization: The surface of graphene-based composites can be functionalized with 

ligands specific to cancer cells, facilitating targeted delivery. This increases the accumulation 

of the composite at the tumor site while minimizing exposure to healthy tissues. 

5. Gene Delivery: 

 Nucleic Acid Transport: Graphene-based composites are explored for delivering nucleic acids, 

such as small interfering RNA (siRNA) or DNA, to modulate gene expression in cancer cells. 

This may include downregulating specific genes related to cancer progression. 

6.Antioxidant and Anti-Inflammatory Effects: 
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Oxidative Stress Mitigation: Some metal oxides possess antioxidant properties, which can help 

mitigate oxidative stress in the tumor microenvironment. 

Anti-Inflammatory Action: Graphene itself exhibits anti-inflammatory properties, potentially 

influencing the inflammatory state of the tumor. 

7. Biocompatibility and Safety: 

Surface Modifications: Strategies are employed to enhance the biocompatibility of graphene-

based composites, minimizing potential toxicity. 

Biodegradability: Design considerations may include the incorporation of biodegradable 

components to ensure the eventual breakdown of the composite in the body. 

8. Combination Therapies: 

 Synergistic Approaches: The composites allow for the integration of multiple therapeutic 

modalities, such as drug delivery, photothermal therapy, and gene therapy, in a synergistic 

manner for enhanced anti-cancer effects. 

9. In Vivo Studies: 

Validation in Animal Models: The operational effectiveness of graphene-based nano metal 

oxide composites is often validated through in vivo studies, providing insights into their 

behavior in living organisms. 

It's important to note that the operational success of these composites depends on 

various factors, including the specific design of the composite, the choice of metal oxide, and 

the targeted cancer type. Ongoing research aims to address challenges and optimize these 

systems for clinical applications in anti-cancer treatment. 

 

CONCLUSION  

In conclusion, the exploration of graphene-based nano metal oxide composites in anti-cancer 

treatment has shown tremendous promise and potential. The unique properties of graphene, 

such as its high surface area, excellent electrical conductivity, and biocompatibility, when 

combined with metal oxides at the nanoscale, have opened new avenues for innovative cancer 

therapeutics.  

1. Effective Drug Delivery: The high surface area of graphene allows for efficient drug loading, 

and the addition of metal oxides enhances drug-carrying capacity. Functionalization enables 

targeted delivery, minimizing the impact on healthy tissues and improving the efficacy of 

cancer drugs. 

2.Photothermal Therapy (PTT): Graphene's exceptional photothermal properties, further 

enhanced by metal oxides, have enabled selective tumour ablation through PTT. This approach 

shows promise for localized cancer treatment with minimal damage to surrounding healthy 

tissues. 
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3.Multimodal Imaging: The incorporation of metal oxides as contrast agents in graphene 

composites facilitates multimodal imaging, offering real-time monitoring of drug release and 

therapeutic effects. This enhances precision in cancer diagnosis and treatment monitoring. 

4.Gene Delivery and Combination Therapies: Graphene-based composites have demonstrated 

potential in delivering nucleic acids, allowing for gene modulation in cancer cells. The ability 

to simultaneously deliver drugs and nucleic acids opens up possibilities for powerful 

combination therapies. 

5.Anti-Oxidant and Anti-Inflammatory Properties: The inclusion of metal oxides with 

antioxidant properties in composites addresses oxidative stress in cancer, while graphene's anti-

inflammatory properties contribute to a favourable tumour microenvironment for treatment. 

6. Biocompatibility and Safety: Ongoing research focuses on improving the biocompatibility 

and safety of graphene-based composites, ensuring their suitability for clinical applications. 

Surface modifications and the integration of biodegradable components contribute to 

addressing concerns related to toxicity. 

While these advancements are promising, it is crucial to recognize that the translation of 

graphene-based nano metal oxide composites from laboratory research to clinical applications 

requires rigorous testing for safety, efficacy, and scalability. Further interdisciplinary 

collaboration between materials scientists, biologists, and clinicians is essential for overcoming 

existing challenges and realizing the full potential of these innovative cancer treatment 

approaches. The continuous exploration of these materials holds the key to developing more 

effective and targeted therapies for cancer patients in the future. 
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