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ABSTRACT 

Nanotechnology has transformed contemporary medicine by improving the bioavailability of drugs, targeted delivery, and 

therapeutic effects. Of the numerous nanocarriers, plant-based nanoparticles (PBNPs) have become prominent because of 

their biocompatibility, mild toxicity, and environmentally friendly synthesis. This chapter investigates the application of 

PBNPs in nano-medicine with regards to their synthesis, characterization, and biomedical applications. It examines their 

performance in drug delivery, cancer treatment, antimicrobial treatment, and wound healing. Special focus is laid on green 

synthesis approaches with medicinal plants, their characteristic physicochemical properties, and their interactions with 

biological systems. The prospects of PBNPs in overcoming obstacles such as multidrug resistance (MDR) and targeted 

therapy are also presented. 
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1. INTRODUCTION 

Nanotechnology is the accurate manipulation of materials at the nanometer level—usually between 1 and 100 nanometers—

to design sophisticated therapeutic agents and innovative solutions in different areas of medicine. Materials at this level 

possess interesting physical, chemical, and biological properties different from their bulk forms, facilitating applications like 

targeted drug delivery, imaging, and tissue engineering (Harish et al.,2022). Among the vast array of nanoparticles 

synthesized, plant-based nanoparticles have attracted significant interest because of their sustainable synthesis, 

environmentally friendly production processes, and improved biocompatibility. Plant extract-based nanoparticles take 

advantage of natural reducing and stabilizing agents present in the plant material, providing a desirable alternative to 

traditional synthesis routes that involve toxic chemicals (Thoms et al.,2024). The application of plant-based nanoparticles 

not only reduces environmental footprint but also opens up new avenues for therapeutic applications, such as antimicrobial 

therapy, cancer treatment, and wound healing. 

2. GREEN SYNTHESIS OF PLANT-BASED NANOPARTICLES 

Green synthesis of plant-based nanoparticles is an environmentally friendly and sustainable method that utilizes the natural 

constituents present in plant extracts to reduce metal ions and stabilize the formed nanoparticles (Tiwari et al.,2023). In 

contrast to conventional chemical and physical synthesis routes, which often involve toxic reagents, high energy 

consumption, and rigorous processing conditions, green synthesis employs plant-based biomolecules like polyphenols, 

flavonoids, and alkaloids. These biomolecules also serve as both capping and reducing agents, promoting the development 

of nanoparticles while at the same time stabilizing the nanoparticles and stopping them from agglomerating (Javed et 

al.,2022). 
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One of the main benefits of green synthesis is the elimination of harmful reagents that are harmful to human health as well 

as the environment. The process reduces the production of harmful waste significantly, making it safer and more eco-friendly. 

Secondly, the cost-effectiveness of plant-based synthesis is due to the high availability of plant material, which does not need 

extensive processing prior to use. The intrinsic environmental sustainability of this process is also emphasized by its low 

energy demand and low chemical input, in harmony with worldwide endeavors to minimize the ecological impact of 

nanomaterial production (Yang et al.,2024). 

Some exemplary examples of plant-mediated synthesis of nanoparticles reflect the versatility and efficiency of this green 

process. For example, silver nanoparticles (AgNPs) prepared from Aloe vera extracts have exhibited strong antibacterial 

activity against diverse bacterial infections and are excellent prospects for antimicrobial applications. In cancer treatment, 

gold nanoparticles (AuNPs) extracted from Terminalia arjuna have been shown to be very promising because of their 

distinctive optical properties and potential to target cancer cells, hence increasing therapeutic outcomes (Bharadwaj et 

al.,2021). In addition, zinc oxide nanoparticles (ZnO NPs) synthesized from Azadirachta indica (neem) extracts are used in 

wound healing treatments, where their bioactive nature facilitates tissue regeneration and speeds up the healing process. 

These instances highlight the wide range of uses for plant-based nanoparticles, emphasizing their contribution to developing 

sustainable and efficient therapeutic treatments. 

3. BIOMEDICAL APPLICATIONS OF PLANT-BASED NANOPARTICLES 

Plant-based nanoparticles have proven to be highly effective tools in the biomedical sector based on their interesting 

physicochemical characteristics and natural biocompatibility. Their potential is perhaps greatest in drug delivery. 

Nanoparticles can be designed to deliver therapeutic agents within them, where they are stable and can be delivered 

accurately, targeted to reach specific tissues or sites of disease (Ijaz et al.,2024). For instance, in cancer and 

neurodegenerative disease treatment, functionalized nanoparticles are able to cross biological barriers and deliver drugs in a 

controlled fashion, thus reducing systemic side effects and increasing therapeutic effectiveness. Their surfaces can be ligand- 

or antibody-functionalized to bind selectively to target cells by recognizing them, leading to enhanced drug accumulation at 

the desired location and decreased off-target effects (Tiwari et al.,2023). 

Besides drug delivery, plant nanoparticles have strong antimicrobial activity. Due to their nano-scale size, the particles are 

able to penetrate bacterial biofilms—a significant hindrance that shields bacteria from traditional antibiotics—and interfere 

with the integrity of microbial cell membranes. Their increased surface reactivity allows them to interact with bacterial cells, 

causing oxidative stress and eventual cell death. This ability is particularly important in combat against antibiotic resistance 

since the nanoparticles can circumvent some of the most prevalent bacterial strategies for escaping traditional therapies. By 

inhibiting biofilms and disrupting microbial metabolism, plant nanoparticles are effective antimicrobial agents and hold 

promise for new therapeutic regimens against resistant infections (Sharma et al.,2025). 

Yet another important biomedical application of plant nanoparticles is cancer therapy. Functionalized nanoparticles are 

engineered to enhance the selective targeting of cancer cells by utilizing their distinct ability to preferentially accumulate in 

tumor tissues through the enhanced permeability and retention (EPR) effect. Furthermore, the nanoparticles can be linked 

with imaging probes and therapeutic molecules so that they can diagnose cancer and treat it simultaneously—a term referred 

to as theranostics. Their capacity to target cytotoxic agents to cancer cells reduces collateral damage to normal tissues and 

increases the overall efficacy of cancer therapies (Ijaz et al.,2024). In certain cases, plant nanoparticles also possess intrinsic 

anticancer activity based on bioactive molecules from the source plant. 

Moreover, plant-derived nanoparticles are also stepping forward in wound healing and tissue engineering. In combination 

with nanoparticles, researchers place them in scaffolds that bioengineer so that they ensure cell adhesion, proliferation, and 

differentiation are promoted. They not only maintain the structural strength for tissue restoration but also enhance the delivery 

of bioactive cues to speed up the healing rate. In medical wound care, nanoparticles from therapeutic plants have indicated 

an improvement in tissue repair processes as well as in the modulation of inflammation in the body to facilitate better 

restoration (Tyavambiza et al.,2021). 
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Figure 1: Application of Plant based nanoparticles 

Table 1:  Biomedical applications of plant-based nanoparticles: 

Application Description Examples / Benefits 

Drug Delivery Encapsulation and targeted delivery of 

therapeutic agents to specific sites, ensuring 

controlled release and enhanced efficacy 

Targeted delivery in cancer, 

neurodegenerative diseases 

Antimicrobial Activity Penetration of bacterial biofilms and disruption 

of microbial membranes to combat infections 

and overcome antibiotic resistance 

Effective against multi-drug 

resistant bacteria; biofilm 

disruption 

Cancer Therapy Selective targeting and accumulation in tumor 

tissues using the enhanced permeability and 

retention (EPR) effect; theranostic applications 

Improved tumor targeting, reduced 

side effects, simultaneous imaging 

and therapy 

Tissue Engineering Incorporation into scaffolds to promote cell 

regeneration and accelerate wound healing by 

providing structural support and bioactive cues 

Enhanced wound healing, 

improved tissue regeneration 

 

4. CHALLENGES AND FUTURE PERSPECTIVES 

Despite the promising applications, plant-based nanoparticles (PBNPs) face several challenges that must be addressed to 

transition from laboratory research to clinical practice. One major hurdle is stability. PBNPs often exhibit tendencies to 

aggregate or degrade under physiological conditions, which can compromise their therapeutic efficacy. Ensuring long-term 

stability through optimized formulation, surface modification, and encapsulation techniques remains a critical area of 

ongoing research. 

Large-scale production of plant-based nanoparticles presents another significant challenge. While laboratory-scale synthesis 

using plant extracts is relatively straightforward, scaling up the process while maintaining consistent quality and particle 

characteristics is complex (Spoljaric et al.,2021). Variability in plant extract composition due to seasonal changes and 

differences in extraction methods can lead to inconsistencies in nanoparticle synthesis. Therefore, standardizing protocols 

and developing robust manufacturing processes with stringent quality control are essential for successful commercialization. 

Clinical validation is also a critical obstacle in the path toward clinical translation. Although numerous in vitro and in vivo 

studies have demonstrated the potential of PBNPs, comprehensive clinical trials are required to establish their safety, 

efficacy, and long-term effects in humans. Regulatory hurdles further complicate the clinical translation process, 

necessitating rigorous testing and validation to meet approval standards. Addressing these issues will require collaborative 

efforts among researchers, clinicians, and industry partners. 

Looking ahead, future research should focus on improving the stability and scalability of PBNP synthesis, as well as on 

conducting extensive clinical studies to validate their therapeutic benefits (Xue et al.,2020). Advances in nanotechnology—

such as advanced surface engineering techniques and nanofabrication methods—may help overcome these challenges. 
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Furthermore, interdisciplinary collaborations and regulatory engagement will be crucial to translate promising laboratory 

findings into real-world applications, ultimately transforming patient care and therapeutic outcomes. 

Table 2: Challenges and potential future directions for plant-based nanoparticles: 

Challenge Description Potential Strategies 

Stability Tendency to aggregate or degrade under 

physiological conditions, affecting therapeutic 

efficacy 

Surface modification, optimized 

formulations, and encapsulation 

techniques 

Scalability Variability in plant extract composition and 

synthesis methods complicates large-scale 

production 

Standardized protocols, process 

optimization, and strict quality control 

Clinical Validation Limited clinical data on safety and efficacy; 

navigating regulatory hurdles to translate 

laboratory findings to human use 

Extensive clinical trials, regulatory 

engagement, and interdisciplinary 

collaborations 

 

Overall, while plant-based nanoparticles hold immense promise for revolutionizing biomedical applications, addressing these 

challenges is crucial to fully realize their potential in clinical settings. Continued research and development in this field are 

expected to yield innovative solutions that will ultimately transform patient care and therapeutic outcomes. 

5. CONCLUSION 

Plant-based nanoparticles are a new development in nano-medicine, providing safer and more effective therapeutic 

approaches that leverage the natural bioactive molecules of plants. They have special characteristics that allow them to target 

drug delivery, which means therapeutic agents can be delivered to specific tissues or sites of disease with few side effects, 

which is very beneficial in the treatment of cancer and neurodegenerative diseases. Moreover, their property of invading 

bacterial biofilms and disintegrating microbial cell membranes places them as efficacious antimicrobial compounds that offer 

new approaches to fight antibiotic resistance. Their incorporation into cancer treatment and tissue engineering also highlights 

their promise as they not only increase selective cancer cell targeting but also facilitate regenerative cell proliferation and 

improve wound healing. As studies go on to overcome issues of stability, scalability, and clinical proof, plant-derived 

nanoparticles are ready to become an increasingly significant factor in contemporary healthcare, opening doors to more 

sustainable and innovative treatment methods. 
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