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Abstract 

The study of ecologically friendly CuNP synthesis is a growing area with potential applications in 

biomedical research and environmental remediation, as well as sustainable nanotechnology. 

Generally, reducing, and stabilizing agents such as microbes, plant extracts, or other natural sources 

are used. The green synthesis methodology guarantees the production of nanoparticles with desired 

characteristics for biomedical applications while simultaneously mitigating the environmental effect 

that comes with conventional chemical processes. CuNPs possess natural anti-inflammatory and 

antioxidant properties, which are crucial for mitigating neuroinflammation and oxidative stress, both 

prominent symptoms associated with neurodegenerative conditions. Moreover, CuNPs' small size and 

large surface area enable targeted distribution to the central nervous system by facilitating their 

passage through the blood-brain barrier. Once inside the brain, CuNPs can interact with tau protein 

aggregates and amyloid-beta plaques, two important cellular elements involved in neurodegeneration, 

to potentially halt the progression of the illness and have neuroprotective benefits. The potential of 

environmentally friendly synthesized copper nanoparticles (CuNPs) as an innovative therapeutic 

approach for the treatment of neurodegenerative diseases is promising. Further research is necessary 

to determine the precise processes by which these nanoparticles function, enhance their efficacy by 

optimizing their characteristics, and evaluate their safety in preclinical and clinical settings. There is 

hope that the development of CuNP-based treatments will help alleviate the rising prevalence of 

neurodegenerative diseases and improve the quality of life for those affected. It is imperative to 

investigate the pharmacology and biological distribution of copper nanoparticles throughout the body, 

in addition to the mechanisms that underlie their therapeutic potential in neurodegenerative illnesses. 

Gaining knowledge on the absorption, distribution, metabolization, and excretion of these 

nanoparticles will help to understand their safety profile and possible adverse effects. 

 
Keywords: Copper nanoparticles (CuNPs), green synthesis, neurodegenerative diseases, biomedical 

applications, blood-brain barrier 

 

 

INTRODUCTION  

Nanotechnology deals with small molecules that extend in size from 10 to 100 nm. Over the next 50 

years, nanotechnology has played a vital role in 

safeguarding the environment and meeting the 

increasing energy demands of a growing world. 

Nanotechnology employs advanced techniques that 

offer multiple benefits including energy storage and 

conversion, eco-friendly material manufacturing, 

and improved renewable energy sources. This 

technology shows great potential for cost-effective 

energy production and for bolstering the use of 

renewable energy in various applications. In 

particular, carbon nanotube fuel cells are highly 

beneficial for hydrogen storage, making them 

suitable for powering vehicles. In the realm of 
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photovoltaic technology, nanotechnology plays a crucial role in making solar cells affordable, 

lightweight, and efficient. This aids in reducing engine pollutants through the use of nanoporous filters 

in exhaust systems. By promoting the development of eco-friendly and green technologies, 

nanotechnology can minimize harmful pollution. Moreover, the impact of nanotechnology has extended 

to solid-state lighting, leading to reduced electricity consumption. By adopting nanotechnological 

approaches, energy consumption for illumination can be significantly decreased, contributing to energy 

efficiency and sustainability. Nanotechnology originated in 1958. At the nanometer scale, the 

manipulation of matter is achieved through two main methods: top-down and bottom-up. The top-down 

method involves the precise processing of larger masses, such as lithography using light or electron 

beams. The bottom-up approach involves the assembly of atoms and molecules to form structures. 

Although nanotechnology is a relatively new area of research, it shows great promise for various 

industrial fields. In the realm of information technology, researchers are exploring diverse applications 

of nanotechnology for advancements, such as high-density/efficiency memories and computer devices 

with unprecedented capabilities. New operating principles and high-luminosity devices using 

nanomaterials, such as carbon nanotubes. These biosensors offer the potential for astrobiological 

research and provide insights into the origins of life. In addition, they are being employed to develop 

cancer diagnostic sensors and fast optical communication devices using photonic crystals. Within the 

medical field, researchers have focused on drug delivery to specific organs using nanomachines and 

liposomes. Moreover, nanotechnology shows promise in the environmental and energy sectors, with 

applications in environmental remediation catalysts and hydrogen storage materials. As a result, 

nanotechnology is paving the way for new industries across various fields and is gaining attention as a 

foundational technology for societal advancement. Metallic nanoparticles have been applied in drug 

delivery, particularly in cancer therapy and biosensors.  

 

Nano-based drug delivery relies on three key factors: 

1. The efficient drug encapsulation 

2. The successful delivery to the targeted region of the body 

3. The successful drug release. 

 

GREEN SYNTHESIS 

Green synthesis is the synthesis of nanoparticles from plant metabolites. Plant metabolites have long 

been known to have the capacity to reduce metal ions, which is the basic concept behind the entire 

process of green synthesis. 

 

The green synthesis or biosynthesis of nanoparticles is more feasible because the production of 

nanoparticles using chemical methods has been raising concern among environmentalists because they 

pose a threat to the immediate environment and have an adverse effect on their ecology; hence, the use 

of plant extracts for the formation of nanoparticles is favored because of their salubrious nature towards 

the environment. Even in industry, it produces much less toxic waste. It is based on bottom-up 

technology for the synthesis of nanoparticles. Plants and microorganisms contain a variety of molecules, 

including proteins, enzymes, phenolic compounds, amines, alkaloids, and pigments, which facilitate the 

synthesis of nanoparticles through reduction processes. Among these, plants stand out for their 

remarkable potential for detoxification, metal reduction, and metal accumulation, making them efficient 

and cost-effective agents for removing metal-based pollutants. The resulting metallic nanoparticles can 

exhibit various morphological characteristics and can be synthesized both intracellularly and 

extracellularly [1]. 

 

The synthetic process involves the addition of extracts obtained from different parts of plants, such as 

leaves, roots, and fruits, to an aqueous solution of metal ions. One key advantage of biosynthesized 

nanoparticles is that they are free from hazardous materials on their surfaces. In addition, they can be 

coated with bioorganic compounds, making them suitable for various medical applications. These unique 

features give the biosynthesis of nanoparticles distinct advantages over conventional methods [2, 3]. 
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The plant extract also supplies both reducing and stabilizing agents for the nanoparticles, which 

otherwise have to be added externally. Different plant metabolites, including terpenoids, polyphenols, 

sugars, alkaloids, phenolic acids, and proteins, play a valuable role in the bioreduction of metal ions, 

yielding nanoparticles. The nature of nanoparticles synthesized depends on the extract of the plant that 

has been used. 

 

PHASES OF SYNTHESIS 

Metal nanoparticle synthesis in plants and plant extracts involves three key stages. 

1. Activation stage: At this stage, the metal ions undergo reduction, leading to the nucleation of 

reduced metal atoms. 

2. Growth stage: In this phase, small adjacent nanoparticles quickly aggregate to form larger 

particles through heterogeneous nucleation and growth. Concurrently, there is a further reduction 

of metal ions, known as Ostwald ripening. This process enhances the thermodynamic stability of 

the nanoparticles. 

3. Finalization stage: This stage determines the ultimate state of the nanoparticles. 

 

In summary, the green synthesis of nanoparticles allows the creation of antibacterial, antifungal, 

anticancer, antioxidant, and synergistic nanoparticles. 

 

REVIEW OF LITERATURE 

There are various techniques available for synthesizing nanoparticles, which can be classified into 

three types: physical, chemical, and biological synthesis. Attrition and pyrolysis are well-known 

physical methods used for nanoparticle synthesis. However, physical methods have limitations such as 

high cost, energy consumption, and time requirements. Chemical synthesis methods such as sol-gel, 

solvothermal, and structured media synthesis are widely used, but they have issues related to eco-

toxicity and health hazards to humans and animals [4]. 

 

In recent years, significant progress has been made in developing various biological methods for the 

rapid and cost-effective synthesis of nanoparticles. These approaches present safer and more viable 

alternatives to traditional physical and chemical methods. Biological systems, including plants, 

microorganisms, and algae, possess the unique ability to synthesize nanoparticles by producing specific 

secondary metabolites [5].  

 

These metabolites play a vital role in the synthesis and stabilization of the nanoparticles. Using 

cellular extracts from these biological organisms, nanoparticles of different sizes and chemical 

compositions can be produced. This biological synthesis technique offers a wide array of 

environmentally friendly options, cost-effective manufacturing, and shorter processing times. 

Additionally, biologically synthesized nanoparticles tend to be more stable than those produced through 

physical and chemical methods, mainly because of the presence of a capping agent, which is typically 

a protein obtained from biological sources. 

 

CHARACTERIZATION OF NANOPARTICLES 

Characterization of the synthesized nanoparticles is vital for understanding their physical and 

chemical properties, which directly influence their behavior. Various techniques such as UV-Vis 

spectroscopy, X-ray diffraction spectroscopy (XRD), Fourier transform infrared spectroscopy (FT-IR), 

nuclear magnetic resonance (NMR), atomic force microscopy (AFM), and scanning microscopy 

methods such as electron microscopy, Energy-dispersive X-ray spectroscopy (SEM-EDX), and high-

resolution transmission electron microscopy (HRTEM) are used for this purpose. Extensive research 

has been conducted on various types of nanoparticles, such as magnetic, gold, silver, platinum, and 

copper nanoparticles, with modifications for diagnostic and therapeutic applications. Their unique 

physicochemical properties, characterized by a high surface-to-volume ratio, make them highly suitable 

for biomedical applications where processes occur at the nanometer scale. 
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Over time, nanoparticles have demonstrated diverse medicinal properties, including antibacterial, 

antifungal, antiviral, antimalarial, and anticancer activities. Additionally, studies have revealed their 
effects on antioxidant activity and seed germination [6]. 

 
PROPERTIES OF NANOPARTICLES 

Nanoparticles exhibit characteristics that are dependent on their size, such as the quantum confinement 
observed in semiconductor particles, surface plasmon resonance exhibited by specific metal particles, and 

superparamagnetism displayed by magnetic materials [7, 8]. The strong interaction between nanoparticles 
and the solvent allows for the creation of nanoparticle suspensions, effectively addressing the density 

differences that might lead to floating or sinking in the solvent [9]. Owing to their high surface area to 
volume ratio, nanoparticles show significant diffusion, particularly at elevated temperatures, and undergo 

sintering at lower temperatures and shorter time scales compared to larger particles. 

 
Nanoparticles have introduced distinctive characteristics into everyday products. For example, 

titanium dioxide nanoparticles induce a self-cleaning effect and are not readily observable because of 
their nano-size. ZnO nanoparticles demonstrate superior UV-blocking capabilities, making them 

valuable in sunscreen lotions [7]. 
 

In polymer matrices, the addition of clay nanoparticles enhances the reinforcement, resulting in 
stronger plastics with higher glass transition temperatures and improved mechanical properties. 

Nanoparticles contribute to the toughness of polymers, thereby enhancing their overall performance. 
The textile industry has incorporated nanoparticles into fibers to create smart and functional clothing 

with novel functionalities [8]. 
 

Semiconducting nanoparticles, also known as quantum dots, with sizes below 10 nm have been 
extensively used in biomedical applications as drug carriers and imaging agents. Researchers are 

actively studying the fluid dynamics properties of nanoscale applications. 
 

Liposomes, a new nanostructure, have been employed to encapsulate and deliver bioactive agents. 
These nanoparticles serve as carrier systems for anticancer drugs and vaccines because of their 

biodegradability, biocompatibility, and nano-size. Liposome technology presents opportunities in 

various industries, including nanomedicine, cosmetics, and food, allowing for the encapsulation, 
controlled release, and improved bioavailability and stability of sensitive materials. Among the 

advanced drug and gene delivery systems, liposomes stand out and are clinically utilized in various 
formulations [9]. 

 
Janus nanoparticles, which are nanoparticles with both hydrophilic and hydrophobic properties, offer 

unique functionalities. Figure 1 shows the segments of the liposome phospholipid bilayer expanded to 
reveal their hydrophilic head groups and hydrophobic portions. 

 
Preparation of nanoparticles includes various methods like:  

Figure 2 given above depicts a chart showing various methods of nanoparticle synthesis. The standard 
method was used to determine the ability of CuNPs to scavenge hydrogen peroxide (H2O2). When 

considering biological applications, it is essential for the surface coating to be polar, as this enhances 
aqueous solubility and prevents nanoparticle agglomeration. Highly charged coatings on the serum or 

cell surface can lead to non-specific binding, whereas polyethylene glycol linked to terminal hydroxyl 
or methoxy groups can repel such interactions [10]. 

 

Organisms employ antioxidant defense mechanisms to scavenge the reactive oxygen species (ROS) 
produced during regular cellular metabolism, such as respiration and photosynthesis. Various test 

methods have been used to assess the antioxidant potential and overall reducing capacity of living 
organisms such as algae and plants. These procedures are categorized as assays based on the transfer 

of electrons and hydrogen atoms [11].  
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Figure 1. Segments of the liposome's phospholipid bilayer expand to  

reveal its hydrophilic head groups and hydrophobic portions. 

 

 
Figure 2. Various methods of nanoparticle synthesis. 

 

Examples of tests based on electron transfer include DPPH, FRAP, and Folin-Ciocalteu assays. As 

the antioxidant potential and reducing capacity vary among different plant species, plants with higher 

reducing capacities are more effective in reducing metallic particles to metallic nanoparticles. 

 

NANOPARTICLES IN AGRICULTURE 

There is considerable interest in using nanoparticles in horticulture and agriculture, aiming to achieve 

the goals of "nano-agriculture." To accomplish this, in-depth studies are necessary to understand the 

effects of nanoparticles on seed germination and seedling development in various agricultural plant 

species. Unlike plant cell walls and mammalian cell membranes, the penetration of nanoparticles into 

Nanoliposome 

Polar head groups 
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plant seeds may be more intricate because of the thickness of the seed coat enveloping the entire seed 

[12]. Nevertheless, research has revealed that seed coats of different plant species selectively allow the 

permeation of certain heavy metal ions, such as Pb2 and Ba2. Based on this finding, it is reasonable to 

speculate that certain nanosized materials can penetrate the seed covering and impact seed germination. 

The immense potential of nanotechnology has been recognized by many industries, and it has recently 

been introduced into the food industry. There are various types of nanoparticles, each with applications 

in the industrial sector. Some of these include gold, silver, silica, titanium dioxide, zinc dioxide, and 

carbon nanotubes [13]. 
 
FACTORS AFFECTING BIOSYNTHESIS 

Various variables prevent the decrease of metal particles during the time spent combining 
nanoparticles.  
 

The pH value of a plant separately has an incredible effect on the development of nanoparticles. 
Adjustment of pH results in a difference in the control of the common phytochemicals contained in a 
concentrate, which influences their capacity to tie and lessen metal cations and anions throughout 
nanoparticle union, and this may influence the shape, size, and yield of nanoparticles.  

 
Temperature is another significant factor that influences the blending of nanoparticles in plant 

removal. By and large, the temperature increase expanded the response rate and productivity of the 
nanoparticle blend. It was discovered that increasing the temperature increased the nucleation rate. 
Temperature also plays a significant role in determining the construction of nanoparticles, as various 
designs are framed at various temperatures.  

 
The presence of proteins in a plant concentrate may influence the arrangement of nanoparticles. 

Tryptophan and amino acids, such as tyrosine, arginine, and lysine, have better capacities than less 
metal particles. However, a polypeptide made uniquely from tryptophan build-ups is considerably less 
powerful. Peptides, including amino acids that feebly tie tetra chloroauric corrosive particles, such as 
glutamic or aspartic acids, are additionally wasteful in the combination of nanoparticles as a result of 
the fast separation of the peptide-metal particle complex [14].  

 
The quality and type of nanoparticle integrated using green innovation are significantly affected by 

the timeframe for which the response medium is hatched. Openness to light and capacity conditions 
also influence the quality of nanoparticles.  

 
The electrochemical capability of a particle influences its productivity. Subsequently, the capacity of 

a plant’s concentrations to successfully diminish metal particles may be higher because the particles 
have a huge positive electrochemical potential. 
 
Method for the Preparation of Nanoparticle 

The synthesis of nanoparticles involves two basic approaches that have long been recognized: top-
down and bottom-up. These approaches enable the production of nanoparticles with various properties 
at the nanoscale, which can be obtained either naturally or synthetically [15]. 

 
Top-down approaches are characterized by the use of larger macroscopic initial structures that can 

be externally controlled during nanostructure formation, as shown in Figure 3. This method typically 
uses mechanical forces such as etching, ball milling, and severe plastic deformation. 

 
In contrast, bottom-up approaches involve micronization of material components to the atomic level, 

followed by a self-assembly process that ultimately leads to the formation of nanoparticles. The self-
assembly process uses nanoscale physical forces to assemble building blocks into large, stable 
structures. Examples of this process include the formation of quantum dots by epitaxial growth and the 
generation of nanoparticles from colloidal dispersions. 
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Figure 3. Top-down and bottoms-up approach. 

 

Neurodegenerative diseases are a significant and growing health challenge worldwide. Diseases such 

as Alzheimer's disease, Parkinson's disease, and amyotrophic lateral sclerosis (ALS) are characterized 

by the gradual deterioration of nerve cells, leading to decreased cognitive function, impaired motor 

function, and overall quality of life. leads to a decrease in quality of life. Identifying effective treatments 

for these diseases is a top priority in medical research. One emerging and promising approach is the 

green synthesis of nanoparticles for targeted drug delivery and neuroprotection. This innovative method 

harnesses the power of nature to create nanoparticles with potential therapeutic applications, offering 

eco-friendly and sustainable solutions to combat neurodegeneration [13]. 

 

GREEN SYNTHESIS METHODS 

Plant-based Synthesis 

Plant-Based Synthesis: Harnessing Nature’s Pharmacy 

Medicinal plants have been used for centuries in traditional medicine because of their diverse chemical 

compositions and therapeutic properties. In the context of nanoparticle synthesis, plant-based methods 

offer a sustainable and eco-friendly approach [14]. 

 

Selection of Medicinal Plants 

The process begins with the careful selection of medicinal plants known for their rich bioactive 

compounds. Plants such as turmeric (Curcuma longa), Green Tea (Camellia sinensis), and Aloe Vera 

(Aloe barbadensis Miller) were selected based on their well-documented medicinal properties. These 

plants often contain polyphenols, flavonoids, alkaloids, and terpenoids, which serve as excellent 

reducing and stabilizing agents for nanoparticle synthesis. 

 

Extraction of Bioactive Compounds 

After plant selection, bioactive compounds are extracted using green solvents, such as water, ethanol, 

or supercritical fluids. These solvents are environmentally benign and can eliminate the use of toxic 

chemicals. Various extraction methods, including maceration and Soxhlet extraction, have been 

employed to obtain a concentrated extract rich in the desired compounds. 
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Reduction and Stabilization of Nanoparticles 

Owing to their inherent reducing properties, the extracted bioactive compounds facilitate the 

reduction of metal salts (such as silver nitrate or gold chloride) to form nanoparticles. This reduction 

process occurs under mild reaction conditions, thus avoiding the need for a high-energy input. 

Additionally, the same plant compounds act as stabilizing agents, preventing the agglomeration of 

nanoparticles and ensuring colloidal stability. 

 

Advantages of Plant-Based Synthesis 

• Sustainability: Utilizing plants does not deplete natural resources and supports biodiversity 

conservation. 

• Biocompatibility: Plant-derived nanoparticles tend to be biocompatible, reducing the risk of 

adverse reactions in the human body. 

• Cost-Effectiveness: Plants are readily available, making this method economically viable, 

particularly in regions where these plants are indigenous. 

• Tailored Properties: By selecting specific plants, researchers can tailor the properties of 

nanoparticles based on the plant’s unique chemical composition. 

• Environmentally Friendly: Green synthesis significantly reduces the environmental impact 

associated with conventional chemical methods, aligning with sustainable practices [15]. 

 

Challenges and Future Developments 

• Standardization: Achieving consistency in nanoparticle size and morphology remains a challenge 

because of the variability in plant chemistry. 

• Extraction Efficiency: Optimizing the extraction techniques to obtain the maximum yield of 

bioactive compounds is an ongoing area of research. 

• Biological Testing: Rigorous testing of biological systems is essential to establish the safety and 

efficacy of plant-synthesized nanoparticles [16]. 

 

In conclusion, plant-based synthesis is at the forefront of green nanotechnology, showcasing the 

potential of nature-inspired approaches to tackle complex issues such as neurodegenerative diseases. 

As research continues, refining extraction methods and understanding plant-nanoparticle interactions 

will pave the way for innovative and sustainable treatments in the realm of neurodegenerative disease 

therapy. 

 

MICROBIAL BASED SYNTHESIS 

Microbial Synthesis: Harnessing the Power of Microorganisms for Nanoparticle Production 

Microbial synthesis is a green and sustainable method that leverages the unique capabilities of 

microorganisms such as bacteria and fungi to reduce metal ions and create nanoparticles. This approach 

offers several advantages for nanoparticle production while minimizing the environmental impact [17]. 

 

Microorganism Selection 

The first step in microbial synthesis involves the selection of an appropriate microorganism. Different 

species of bacteria and fungi possess distinct metabolic pathways and characteristics that make them 

suitable for nanoparticle synthesis. Commonly used microorganisms include Pseudomonas and Bacillus 

for bacteria, and Aspergillus and Fusarium for fungi [14]. 

 

Fermentation and Nanoparticle Formation 

Once the microorganism was chosen, it was cultured under controlled conditions. During 

fermentation, these microorganisms metabolize and interact with the metal ions present in the growth 

medium. This biological activity leads to the reduction of metal ions, ultimately resulting in the 

formation of nanoparticles. This process is not only eco-friendly but also cost-effective, as it eliminates 

the need for high-energy input. 
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Advantages of Microbial Synthesis 

• Reduced Environmental Impact: Microbial synthesis minimizes the use of hazardous chemicals 

and high temperatures, thereby reducing the environmental footprint of nanoparticle production. 

• Controlled Synthesis: The process allows for precise control of nanoparticle size and morphology 

by adjusting the growth conditions and microbial strains. 

• Scalability: Microbial synthesis is amenable to scale-up, making it suitable for large-scale 

nanoparticle production. 

• Biological Capping: The microbial cell surface components can act as capping agents, stabilizing 

the nanoparticles and preventing agglomeration. 

 

Challenges and Future Directions 

o Strain Optimization: Identifying and optimizing microbial strains for specific nanoparticle 

synthesis remains an area of ongoing research. 

o Effective methods for separating nanoparticles from microbial biomass without compromising 

their properties require further development. 

o Biological Safety: Ensuring the safety of microbially synthesized nanoparticles for medical 

applications is a critical concern and requires thorough testing. 

 

In conclusion, microbial synthesis is a promising avenue for green nanotechnology. By harnessing 

the inherent capabilities of microorganisms, researchers can create nanoparticles with tailored 

properties, while adhering to sustainable and environmentally friendly practices. As the field continues 

to advance, microbial synthesis holds significant potential for applications in neurodegenerative disease 

treatment and beyond [15]. 

 

Other Sustainable Methods  

Apart from plants and microorganisms, sustainable materials such as algae and fungi can also be used 

for green synthesis. 

 

Use of Algae or Fungi 

Certain species of algae and fungi have natural properties that make them suitable for nanoparticle 

synthesis. Algal extracts and fungal biomass can serve as reducing and stabilizing agents during the  

synthesis process. 

 

Advantages of Sustainable Materials 

Utilizing algae or fungi offers advantages such as rapid growth, scalability, and the ability to thrive 

under various environmental conditions, making them valuable resources for green nanoparticle 

synthesis. 

 

CHARACTERIZATION OF NANOPARTICLES 

To ensure the effectiveness of nanoparticles for neurodegenerative disease treatment, thorough 

characterization is essential. Various analytical techniques have been employed to assess the properties 

of synthesized nanoparticles. 

 

Particle Size and Morphology Analysis 

Enhancement of the capacity of nanoparticles to target specific cells or regions within the brain, 

thereby improving precision in drug delivery, can be achieved through surface modification with 

ligands or antibodies. 

 

Structural Analysis 

Structural analysis, often conducted using X-ray diffraction (XRD), provides information about the 

crystalline nature of nanoparticles, aiding in understanding their stability and potential drug-loading 

capacity. 
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Surface Properties 
Surface properties, including chemical composition and functional groups, are critical for 

nanoparticle stability and drug loading. Fourier-transform infrared spectroscopy (FTIR) and X-ray 
photoelectron spectroscopy (XPS) were employed to analyze surface chemistry. 
 
DRUG LOADING AND FUNCTIONALIZATION 

Drug loading and surface functionalization are crucial steps for enhancing the therapeutic potential 
of green-synthesized NPs. 

 
Selection of Therapeutic Agents 

The careful selection of neuroprotective agents and drugs is essential. These agents have the potential 
to alleviate neurodegenerative symptoms and halt disease progression. 
 
Loading Techniques 

Various loading techniques, such as physical adsorption or covalent binding, are used to incorporate 
therapeutic agents into the nanoparticles. The choice of method depends on the properties of the drug 
and the nanoparticles. 

 
Surface Modification for Targeting 

Surface modification using ligands or antibodies can significantly enhance the capacity of NPs to 
selectively target specific cells or regions within the brain, thereby significantly improving the precision 
of drug delivery. 
 
BIOCOMPATIBILITY AND TOXICITY ASSESSMENT 

Before clinical application, the biocompatibility and toxicity of green-synthesized nanoparticles must 
be rigorously evaluated. 

 
In Vitro Studies 

Cell culture experiments assessed the impact of nanoparticles on neuronal cells and evaluated factors 
such as cell viability, oxidative stress, and inflammatory responses. 

 
In Vivo Studies 

Animal studies, often using rodent models, have examined the safety and efficacy of nanoparticles 
when administered in vivo. Parameters, such as biodistribution, toxicity, and therapeutic outcomes, 
were assessed. 

 
Safety Considerations 

Ensuring the safety of green-synthesized nanoparticles is critical. Mitigating the potentially toxic 
effects is vital for advancing the use of these nanoparticles in clinical trials. 
 
THERAPEUTIC APPLICATIONS 
Harnessing the Potential of Green-Synthesized Nanoparticles in Neurodegenerative Disease 

Treatment 
Green-synthesized nanoparticles hold significant promise for the therapy of neurodegenerative 

diseases. 
 
Targeted Delivery of Drugs to the Brain 

The compact dimensions and surface alterations of nanoparticles facilitate effective transportation of 
medication to the brain by either traversing the blood-brain barrier (BBB) or circumventing it via 
intranasal or intrathecal administration [16]. 
 
Neuroprotective Effects 

Nanoparticles can exhibit inherent neuroprotective properties owing to their composition, helping to 

reduce oxidative stress, inflammation, and neuronal damage associated with neurodegenerative diseases. 
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Potential for Crossing the Blood-Brain Barrier 
Surface modifications and size optimization facilitate the passage of nanoparticles through the blood-

brain barrier, thus augmenting the efficacy of delivering therapeutic agents to the affected regions within 
the brain. 

 
Advantages of green-synthesized nanoparticles in therapeutics: 

• Precision and targeting: Green-synthesized nanoparticles enable precise drug delivery to the 
affected brain regions, reducing off-target effects. 

• Minimized toxicity: By encapsulating drugs and protecting them until they reach the target site, 
nanoparticles minimize systemic toxicity. 

• Potential disease modification: Nanoparticles can offer disease-modifying effects by targeting 
the underlying causes of neurodegenerative diseases. 

• Patient comfort: Non-invasive delivery methods such as intranasal administration improve 
patient comfort and compliance [18]. 

 

Challenges and Future Directions 

1. Clinical translation: Advancing from preclinical studies to clinical trials is a significant challenge 

that requires rigorous testing, safety assessments, and regulatory approval. 

2. Long-term efficacy: Ensuring sustained therapeutic effects of nanoparticle-based treatments over 

extended periods is a critical aspect of future research. 

3. Combination therapies: Exploring the synergistic effects of nanoparticle-based treatments with 

other therapeutic modalities, such as gene therapy or stem cell therapy, holds promise for 

enhanced outcomes. 

 

CONCLUSION 

The green synthesis of nanoparticles for the administration of therapeutic interventions targeting 

neurodegenerative diseases represents a promising and environmentally responsible approach to 

combat these debilitating conditions. By harnessing the power of nature, scientists are developing 

nanoparticles with the potential to improve drug delivery, enhance neuroprotection, and ultimately offer 

hope to millions of individuals affected by neurodegenerative diseases. As research progresses and 

challenges are addressed, the path to clinical translation becomes clearer, bringing us closer to effective 

and sustainable treatment for these complex disorders. 
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