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Abstract : Nanocomposites, materials consisting of nanoparticles integrated with organic or inorganic matrices, have attracted 

considerable attention in biomedical research due to their unique physicochemical properties, including enhanced 

biocompatibility, high surface area, and tunable characteristics. These properties make nanocomposites ideal for various 

applications, particularly in Magnetic Resonance Imaging (MRI) and coumarin-based drug delivery systems for cancer therapy. 

Nanocomposites incorporating magnetic nanoparticles have shown considerable potential in enhancing MRI contrast, improving 

tissue imaging, and enabling early-stage tumor detection. Furthermore, these composites play a significant role in the targeted 

delivery of coumarin derivatives, which exhibit potent anti-cancer activities. By enhancing solubility, bioavailability, and 

providing controlled drug release, nanocomposites address several limitations associated with conventional cancer treatments. 

This review delves into the underlying mechanisms, types of nanocomposites used in these applications, their diagnostic and 

therapeutic potential, as well as current challenges and future directions in their development.  
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I. INTRODUCTION 

II. Nanocomposites are advanced materials that combine nanoparticles with various organic or inorganic 

matrices to leverage the unique properties of nanoscale materials. These properties include a large surface 

area, high reactivity, and adjustable physicochemical attributes, which, when combined with the structural 

integrity of the matrix material, offer a range of advantages in biomedical applications. In particular, 

nanocomposites have demonstrated significant promise in the fields of diagnostic imaging and targeted drug 

delivery, especially for cancer treatment.[1] 

III.  
IV. This review focuses on two key applications of nanocomposites in oncology: enhancing Magnetic 

Resonance Imaging (MRI) and improving the delivery of coumarin-based anti-cancer drugs. While MRI 

remains a cornerstone in cancer diagnosis, its sensitivity can be limited by insufficient contrast between 

healthy and pathological tissues. Nanocomposites incorporating magnetic nanoparticles improve this 

contrast, enhancing diagnostic capabilities. Similarly, coumarin derivatives, which exhibit anti-tumor 

activity, often face challenges related to solubility, bioavailability, and drug delivery. Nanocomposites 

provide innovative solutions to overcome these obstacles, thereby increasing the effectiveness of coumarins 

in cancer treatment. The integration of nanocomposites into both diagnostic and therapeutic strategies opens 

new avenues for personalized and more effective cancer care.[2] 

 

2. Nanocomposites in Magnetic Resonance Imaging (MRI) 

 

2.1 Overview of MRI and its Limitations 

 

Magnetic Resonance Imaging (MRI) is a non-invasive imaging technique that generates high-resolution images of soft tissues, 

making it invaluable for detecting a wide range of diseases, including tumors. However, MRI's sensitivity can be hindered by the 
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relatively low natural contrast between normal and cancerous tissues. This limitation is particularly evident in the detection of 

small or early-stage tumors. [3] 

 

2.2 Magnetic Nanoparticles in MRI 

 

Magnetic nanoparticles (MNPs), particularly iron oxide nanoparticles (IONPs), have emerged as potent contrast agents in MRI 

due to their superparamagnetic properties. These nanoparticles respond to an external magnetic field without retaining permanent 

magnetization, enhancing the MRI signal and improving contrast. With sizes typically ranging from 1 to 100 nm, MNPs are small 

enough to penetrate cellular membranes, enabling high-resolution imaging at the cellular and molecular levels.[6] 

 

Iron oxide nanoparticles are particularly favored for MRI applications due to their biocompatibility, ease of surface modification, 

and ability to generate strong local magnetic fields that significantly enhance image contrast. These nanoparticles can also be 

functionalized with targeting ligands such as antibodies, peptides, or small molecules, facilitating targeted imaging of tumor cells 

based on specific biomarkers, thereby increasing the sensitivity and specificity of MRI scans.[8] 

 

2.3 Types of Nanocomposites for MRI Applications 

 

Polymeric Nanocomposites 

Polymeric nanocomposites, such as those incorporating biodegradable polymers like poly(lactic-co-glycolic acid) (PLGA) or 

polycaprolactone (PCL), are widely used for encapsulating magnetic nanoparticles. These composites improve the stability of 

nanoparticles in vivo, prevent aggregation, and provide a platform for controlled release of imaging agents[9].  
 

Liposomes 

Liposomal nanocomposites, which encapsulate magnetic nanoparticles within lipid bilayers, provide enhanced biocompatibility 

and protection from degradation. Additionally, surface modifications allow for the targeted delivery of contrast agents to specific 

tissues, such as tumor sites.[11] 

 

Inorganic Nanocomposites 

Nanocomposites that incorporate inorganic nanoparticles, such as silica or gold, in combination with magnetic materials, further 

improve MRI contrast and can also facilitate multimodal imaging. These composites are particularly useful for combining 

imaging with therapeutic approaches such as photothermal therapy.[5] 

 

2.4 Advantages of Nanocomposites in MRI 
 

 Improved Signal-to-Noise Ratio: Magnetic nanocomposites provide a stronger and more stable MRI signal, enhancing 

image quality and enabling earlier detection of small tumors. 

 Targeted Imaging: Functionalization of nanoparticles allows for tumor-specific imaging, increasing the sensitivity and 

precision of MRI, particularly in detecting cancer at early stages. 

 Enhanced Biocompatibility: Surface modifications can improve the biocompatibility of nanoparticles, minimizing 

toxicity and enhancing their circulation time, making them more effective in clinical settings
[8]. 

3. Nanocomposites in Coumarin Drug Delivery for Anti-Tumor Therapy 

 

 3.1 Coumarin Derivatives in Cancer Therapy 

 
Coumarins are a diverse group of naturally occurring compounds that exhibit a variety of pharmacological activities, 

including anti-cancer, anti-inflammatory, and antioxidant effects. Despite their promising anti-tumor properties, their 

clinical application is often limited by issues such as poor water solubility, low bioavailability, and rapid metabolic 

clearance. These limitations restrict their therapeutic effectiveness in vivo. 
 

3.2 Mechanisms of Action of Coumarins in Cancer 

 

Coumarin derivatives exert anti-cancer effects through multiple mechanisms: 

 

 Induction of Apoptosis: Many coumarins promote programmed cell death by activating intrinsic and extrinsic apoptotic 

pathways. 

 Cell Cycle Arrest: Coumarins can disrupt the cell cycle, particularly at key checkpoints, inhibiting the proliferation of 

cancer cells. 

 Inhibition of Angiogenesis: Some coumarins prevent the formation of new blood vessels (angiogenesis), thus starving 

tumors of the nutrients and oxygen required for growth and metastasis. 
 Antioxidant Activity: Coumarins neutralize reactive oxygen species (ROS), reducing oxidative stress and enhancing the 

effectiveness of other therapeutic modalities.[4] 
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 3.3 Role of Nanocomposites in Coumarin Drug Delivery 
 

Nanocomposites are increasingly employed to address the challenges associated with the clinical use of coumarin drugs. By 

encapsulating coumarins, these composites enhance their solubility, stability, and bioavailability, thereby improving their 

therapeutic outcomes. The key advantages of nanocomposite-based delivery systems include: 

 

 Enhanced Solubility: Nanocomposites increase the solubility of hydrophobic coumarins, promoting better absorption and 

distribution in the body. 

 Controlled Release: Biocompatible polymers or other materials used in nanocomposites enable the controlled release of 

coumarins over extended periods, maintaining therapeutic drug concentrations and reducing dosing frequency. 

 Targeted Delivery: Nanocomposites can be surface-modified with ligands specific to tumor markers, ensuring selective 

delivery of coumarins to tumor sites, minimizing off-target effects, and maximizing therapeutic efficacy.[7] 

3.4 Types of Nanocomposites for Coumarin Delivery 

 

 Polymeric Nanoparticles 

Polymeric nanoparticles, such as those made from PLGA, poly(lactic acid) (PLA), or PCL, are commonly used to encapsulate 

coumarin derivatives. These polymers offer controlled drug release, protecting the drug from premature degradation and 

enhancing therapeutic efficacy.[9] 

 Liposomes 

Liposomes are another promising option for coumarin delivery. These lipid-based vesicles not only improve solubility but also 

provide a platform for incorporating targeting agents to enhance tumor-specific delivery.[11] 

 Dendrimers 

Dendritic polymers or dendrimers, with their highly branched and uniform structure, offer high drug-loading capacity and 

efficient release profiles. These properties make dendrimers an attractive option for delivering coumarins in a controlled and 

targeted manner.[12] 

 

 Gold Nanoparticles 

Gold nanoparticles (AuNPs) are increasingly utilized in nanocomposite systems due to their biocompatibility, ease of surface 

functionalization, and ability to combine therapeutic and diagnostic modalities, such as photothermal therapy, alongside drug 

delivery.[10] 

 

 

4. Challenges and Future Directions 
 

4.1 Challenges 
 

 Toxicity: Despite the promising benefits, the potential toxicity of nanocomposites remains a significant concern. 

Prolonged exposure to certain nanoparticles may lead to unwanted side effects, emphasizing the need for comprehensive 

in vivo toxicity studies. 

 Manufacturing and Scalability: The production of nanocomposites at a commercial scale with consistent quality remains 

a challenge. Maintaining material properties while scaling up production for clinical use is a critical hurdle. 

 Targeting Efficiency: Achieving high specificity for tumor cells with minimal off-target effects remains an ongoing 

challenge, particularly with surface-functionalized nanoparticles. 

 Regulatory Challenges: The approval of nanomaterial-based therapeutics is complex, with a lack of standardized 

protocols for clinical translation. Detailed preclinical and clinical studies are essential for establishing safety and 

efficacy. 
 

4.2 Future Directions 
 

 Multifunctional Nanocomposites: The development of nanocomposites capable of combining diagnostic imaging and 

therapeutic delivery (theranostics) offers significant potential for personalized medicine, enabling real-time monitoring 

of treatment efficacy alongside tumor detection. 

 Biodegradable Nanocomposites: The use of biodegradable materials in nanocomposites can help address concerns 

related to long-term toxicity and accumulation of non-degradable particles in the body. 

 Nanocomposite-based Immunotherapy: Integration of immune-modulatory agents with nanocomposites offers the 

potential to synergize with traditional cancer therapies. 
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2. Synthesis of Fe2O4/Ag Nanocomposites 

 

The preparation of Fe2O4/Ag nanocomposites is typically achieved through various synthetic methods, including chemical 

precipitation, sol-gel techniques, hydrothermal synthesis, and surface modification approaches. These methods allow for precise 

control over the size, shape, and dispersion of nanoparticles, which are critical for ensuring their stability and functionality in 

biomedical applications. 

 

 2.1 Chemical Precipitation 

 

Chemical precipitation is one of the most widely used techniques for the synthesis of Fe2O4/Ag nanocomposites. In this method, 

a precursor solution of iron salt (such as FeCl3 or FeSO4) is mixed with a reducing agent, such as sodium borohydride (NaBH4), 

which reduces the metal salt to form Fe2O4 nanoparticles. Subsequently, silver nanoparticles are deposited onto the surface of 

Fe2O4 nanoparticles, forming a core-shell structure. 

 

 2.2 Sol-Gel Method 

 

The sol-gel method is another common technique for fabricating Fe2O4/Ag nanocomposites. In this approach, metal alkoxides 

(such as Fe(III) and Ag(I) precursors) are dissolved in a solvent and undergo hydrolysis and condensation reactions to form a gel, 

which is then calcined to produce nanocomposites. This technique offers excellent control over particle size and homogeneity. 

 

2.3 Hydrothermal Synthesis 

 

Hydrothermal synthesis involves heating a precursor solution under high pressure and temperature in an autoclave to produce 

nanoparticles. This method is highly efficient and can be used to synthesize Fe2O4/Ag nanocomposites with well-defined 

morphology and enhanced stability.[2] 

http://www.jetir.org/
https://doi.org/10.2147/IJN.S5348
https://doi.org/10.1088/0022-3727/36/13/201


© 2025 JETIR March 2025, Volume 12, Issue 3                                                          www.jetir.org  (ISSN-2349-5162) 

JETIR2503891 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i681 
 

 

3. Magnetic Resonance Imaging (MRI) Applications 

 

Magnetic Resonance Imaging (MRI) is a non-invasive imaging technique that provides high-resolution images of internal body 

structures. Iron oxide nanoparticles, particularly Fe2O4, have long been used as MRI contrast agents due to their 

superparamagnetic properties. The incorporation of silver nanoparticles into Fe2O4 enhances its magnetic properties and offers a 

promising strategy for improving the sensitivity and resolution of MRI images.[3] 

 

 3.1 Enhanced Contrast in MRI 

 

Fe2O4 nanoparticles are paramagnetic in nature, which means they can influence the magnetic field and reduce the relaxation 

times of protons, resulting in a contrast enhancement in MRI scans. When silver nanoparticles are integrated into Fe2O4/Ag 

nanocomposites, the overall magnetization can be further optimized, leading to improved imaging contrast. These 

nanocomposites also offer the potential for multimodal imaging, combining MRI with other techniques such as fluorescence 

imaging or X-ray imaging, thus providing complementary information for diagnosis[12]. 

 

3.2 Biocompatibility and Safety 

 

One of the major challenges in the use of nanoparticles for medical imaging is ensuring their biocompatibility and safety. 

Fe2O4/Ag nanocomposites exhibit excellent biocompatibility, owing to their relatively low toxicity and ability to be 

functionalized for targeting specific tissues. Surface modification of these nanocomposites with biocompatible polymers or 

targeting ligands can further improve their safety profile, making them suitable for clinical applications.[11] [13] 

 

4. Coumarin Drug Delivery Applications 

 

Coumarins are a class of organic compounds with a broad range of pharmacological activities, including antioxidant, anti-

inflammatory, anticancer, and antimicrobial properties. However, the clinical use of coumarins is often limited by poor solubility 

and bioavailability. Fe2O4/Ag nanocomposites have been explored as drug delivery carriers for coumarin-based drugs, as they 

offer an efficient platform for the encapsulation, controlled release, and targeted delivery of these drugs.[5] 

 

4.1 Encapsulation of Coumarin Drugs 

 

The unique surface properties of Fe2O4/Ag nanocomposites make them ideal candidates for the encapsulation of hydrophobic 

drugs such as coumarin derivatives. These nanocomposites can effectively encapsulate drugs through electrostatic interactions, 

hydrophobic interactions, or covalent bonding. The coupling of Fe2O4/Ag nanocomposites with polymers such as polyethylene 

glycol (PEG) or polylactic acid (PLA) further enhances the stability and drug-loading capacity of the nanocomposites.[6] 

 

4.2 Controlled Drug Release 

 

One of the key advantages of using Fe2O4/Ag nanocomposites for drug delivery is their ability to provide controlled and 

sustained release of encapsulated drugs. The release rate can be controlled by modifying the composition of the nanocomposite, 

adjusting the size of the nanoparticles, or using external stimuli (e.g., magnetic fields, pH, or temperature) to trigger drug release. 

In the case of coumarin drug delivery, this ability to control the release can improve therapeutic outcomes while minimizing side 

effects.[7] [8] 

 

4.3 Targeted Drug Delivery 

 

Fe2O4/Ag nanocomposites can be functionalized with targeting ligands, such as antibodies or peptides, that specifically bind to 

receptors on the surface of cancer cells or other diseased tissues. This targeted delivery system ensures that the coumarin drug is 

released at the site of action, thereby reducing off-target effects and enhancing therapeutic efficacy.[9] [11] 

 

5. Challenges and Future Directions 

 

Despite the promising applications of Fe2O4/Ag nanocomposites, several challenges remain. These include issues related to the 

scalability of production, long-term stability, and toxicityconcerns in vivo. Future research should focus on optimizing synthesis 

methods to improve reproducibility and scale-up production while addressing biocompatibility and toxicity issues. 

 

Moreover, the development of functionalized nanocomposites for multifunctional imaging and therapy (theranostics) holds 

significant potential. Combining imaging modalities, such as MRI, with therapeutic agents could provide a more effective and 

personalized approach to disease management. 
 

 

6. Conclusion 

 

Fe2O4/Ag nanocomposites offer an exciting platform for a wide range of biomedical applications, especially in MRI and drug 

delivery systems. The hybrid properties of iron oxide and silver nanoparticles enable enhanced imaging capabilities and efficient 

drug delivery. While challenges such as toxicity and long-term stability must be addressed, the potential benefits of these 

nanocomposites in early disease detection and targeted therapy are immense. Future research focused on improving synthesis 
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methods, functionalization, and toxicity profiles will further expand the clinical applications of Fe2O4/Ag nanocomposites in 

personalized medicine. 
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