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Abstract 

Numerous potential applications in the biological and environmental fields are 

presented by the development of green nanoparticles.  In particular, green 

synthesis aims to employ less toxic chemicals.  For instance, using organic 

resources, such as plants, is usually permissible.  Plants also contain lowering 

and capping agents.  Here, we discuss the basics of green chemistry and look at 

new applications for plant-mediated synthesis-produced nanoparticles. 

Nanoparticles include platinum, palladium, copper, silver, gold, zinc oxide, and 

titanium dioxide. 
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Introduction 

One of the most interesting areas for creating and applying materials with interatomic structural features 

is nanotechnology. Nanotechnology was created. 21st-century scientific breakthroughs Nanoparticles 

are particles that have a diameter of less than 100 nanometers. The size component was less than 100 

nm, and the measurements were on a one-billionth scale (1) The remarkable daily advancements in 

nanotechnology have opened up new, fundamental, and applied frontiers in area of study, namely 

materials science and engineering, including applied microbiology, nano biotechnology, surface-

enhanced Raman scattering (SERS), and quantum dots(2), Numerous significant advancements, from 

the supply of nanoscale (nanoparticles) to optics, instrumentation, and biomedical  

science, high-energy vehicle science, instrumentation, pharmacy, planning, optoelectronic applications, 

optical cables, and remote devices. Additionally, because of their massive, bulk, and small (nm) sizes 

that alter tissue and because their structural characteristics differ from those of many similar synthetic 

chemicals, nanoparticles are used in significant fields. Many researchers and specialists are interested 

in it and recognize its distinctiveness (3, 4). 

The different components in the field vary, even though many nanoparticles exhibit toxicity at the 

nanoscale. Green synthetic materials and nanotechnology work together to improve the environment.  

From crops, crops, and other resources to tackle the pollution issue. Using a clean "scientific" climate 

system that views microorganisms as invisible growth and growth factors, experts have created a 

number of engineering approaches to transport nanoscale particles that offer significant benefits to the 

environment and climate, Numerous studies have been conducted to produce metal nanoparticles using 

bacteria like Penicillium sp. and Fusarium oxysporum as well as microorganisms like Bacillus 

subtilis(5).  

Developing a plant that can synthesize a range of nanoparticles is the aim of this study, with green 

synthetics and environmental reactions being the most well-known features. Researchers have become 

interested in this plan because of its ease of use and efficiency, as well as plant extracts and different 

metabolite sources (6).  

Plant extracts, including leaves, roots, flowers, etc., with precursor elements are magnetically stirred at 

a certain synthesis temperature (usually ranging between 100-120 °C) to contribute as a capping or 

reducing agent in the synthesis of metal oxide nanoparticles. Subsequently, the resultant solution is 

subjected to centrifuging process while the supernatant is castoff. The obtained metal oxide 

nanoparticles are naturally dried and grinded for further use (7), Natural extracts are intricate 

concoctions of compounds with biological characteristics that are mostly obtained from the roots, 

leaves, stems, or fruits of therapeutic plants. One of the most notable biological effects that plant extracts 



15                                                                                       Metall. Mater. Eng. Vol 31 (7) 2025 p. 14-23 
 

exhibit are their antifungal, anticancer, antioxidant, hypoglycemic, antihypertensive, and antibiotic 

qualities (8).  

 

Medicinal plants 

Medicinal plants have been a major source of medications for thousands of years. Many of the 

medications utilized in 21st-century medicine were created using vegetable origins. Plants have long 

been utilized for its anti-inflammatory, bactericidal and antioxidant properties. The process of finding, 

evaluating, and incorporating novel compounds into existing treatment regimens is extremely difficult, 

costly, and time-consuming. Since it is generally known that, in certain circumstances, the activity of 

the phytocomplex is greater than that of pure phytochemicals because of the synergism of molecular 

structures, attention is frequently focused on the research of plant extracts(9). 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) different type of medical plant (10) 

 

Many of the many different types of modern medications, including aspirin, are produced using 

medicinal plants in an indirect manner. Among the many food crops with medicinal qualities is garlic. 

Investigating medical Plants can help us understand plant toxicity and protect humans and animals from 

natural toxins. The medicinal qualities of plants are derived from the creation of secondary metabolites. 

Because of this, there have been increased waves of interest in studying the chemistry of natural 

products (11). The World Health Organization (WHO) has acknowledged the value of traditional 

medicine and established protocols, standards, and guidelines for botanical medications. Agro-

industrial technologies must be applied for the manufacture of herbal medications, the processing of 

medicinal plants, and their cultivation, many contemporary medications are made indirectly from 

plants, and medicinal plants are a source of new pharmaceuticals (12).  

 

Green synthesis nanoparticles 

Using natural resources as a starting material and/or plant extracts as a reducing agent while producing 

metal oxide nanoparticles are examples of green approaches.  The goal of green synthesis of 

nanoparticles is to reduce waste production and use sustainable procedures. The development of 

nanotechnology in recent years has placed a strong emphasis on environmentally friendly procedures 

that use nontoxic precursors and mild reaction conditions (13). Environmental friendliness will be 

immediately improved by green synthesis of materials and nanomaterials, which are created through 

regulation, control, cleanup, and remediation processes. Thus, a number of elements, such as waste 

prevention or minimization, derivatives and pollution reduction, the use of safer (or non-toxic) solvents 
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and auxiliaries, and the use of renewable feedstock, can be used to describe some of the fundamental 

ideas of "green synthesis." Green synthesis is necessary to prevent the creation of undesirable or 

hazardous byproducts by accumulating dependable, environmentally friendly, and sustainable synthesis 

processes (14).  

This requires the use of natural resources, such as organic systems, and ideal solvent systems.  Green 

synthesis of metallic nanoparticles has been created to accept various biological constituents (e.g., 

bacteria, fungi, algae, and plant extracts).  The utilization of plant extracts is one of the simpler and 

more environmentally friendly methods of mass-producing metal/metal oxide nanoparticles as opposed 

to bacterial and/or fungal-mediated synthesis. Different microbes can generate nanoparticles through a 

variety of ways. Enzymes convert the arrested metal oxide ions into metal oxide nanoparticles after the 

metallic ions are first trapped on the microbial cell surface or inside the cell (15).  

Even though there are many different synthesis methods for making metal oxide nanoparticles, the 

green synthesis method is thought to be the most popular because it is environmentally friendly, doesn't 

use toxic chemicals, uses biological components as reducing and capping agents, doesn't require high 

pressure or external energy, and can be used to produce nanoparticles on a large scale (16). There are 

two distinct groups of biological and physicochemical mechanisms for the creation of nanoparticles: 

from the bottom up with a top-down strategy, Figure 2. Illustrates the creation of nanoparticles using a 

variety of biological and physicochemical techniques. 

   
 

     Figure (2) Nanoparticles synthesis via biological a physicochemical   approaches (17) 

Bottom-up method  
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Through a range of chemical and biological processes, atoms can self-assemble into new nuclei, which 

subsequently grow into a particle with nanoscopic dimensions, or they can be formed from tiny building 

blocks, such as atoms and molecules, using the bottom-up method. (Figure. 3a)  (18).  

 

Top-down method  

This method uses a size reduction technique to create nanoparticles, which means that appropriate bulk 

material shrinks to tiny  units using the proper lithographic techniques, such as milling, spitting, and 

crushing, as shown in Figure 3b. It is possible to carefully control the stability, shape, and size of 

nanoparticles by adjusting the temperature, pH, concentration of plant extract, metal salt solution, and 

incubation time. . Palladium and platinum nanoparticle production was reviewed by Siddiqi et al. (19), 

who also provided a comprehensive synthesis process and discussed the possible uses of the 

nanoparticles as medicines, biosensors, diagnostics, medicine, and catalysts . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Synthesis protocols for nanoparticles: a bottom-up approach of nanoparticles through 

the self-assembly of different nuclei and a top-down method for size reduction nanoparticle 

synthesis (20). 

 

Plants participation in the production of green nanoparticles 

For the biosynthesis of nanoparticles using the aforementioned components, more research on green 

and nanoparticles is required. In this piece, Interactions between various cells and micro materials are 

possible.  

Trees are noted for having low maintenance costs and tree trunks. Even at low temperatures, the 

breakdown of large and poisonous metals is uncommon, and plants show a great deal of potential for 

pollution and heavy metals that can solve the issue of natural pollution. Limiting nanoparticles to plants 

instead of industry has advantages since they can be absorbed by microbes through the amazing process 

of microbial culture (21).  

Due to the remarkable phytochemicals of plants, various plant parts, including natural products, leaves, 

and roots, are used to produce green nanoparticles; parts of the plant can be cleaned with glue and then 

filled with purified water to hold the nanoparticles. The steady biosynthesis characteristic and the 

synthetic nanoparticle approach have lower energy than the pathway incorporating nanoparticles and 

plants (22). 

 

Extraction of metal nanoparticles generated by biological processes 

Leaves and blooms of certain plants can produce nanoparticles.  

plants in which plant components are carefully cleaned using tap water, sterilized using double-distilled 

water, and then allowed to dry at room temperature. Following drying, the sample is crushed and 

weighed.  After that, the plant extract and Milli-Q H2O are mixed to the proper concentration and heated 

to a boil while being continuously stirred.. After using Whatman filter paper to filter the resultant 

solution, the portion containing a clear solution was helpful for the sample (plant extract) (23). 
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In figure 4 show inexpensive and environmentally sustainable method for producing nanoparticles using 

extract from plants. 

 

Figure (4) method for producing nanoparticles using extract from plants (24)  

 

Metal nanoparticles 

Metallic nanoparticles have special qualities including optical qualities and surface Plasmon resonance. 

Gold solutions, like a 20 nm solution, do have a golden yellow hue.  Whereas 200 nm nanospheres are 

bluish in color, gold nanospheres are red rubies. Researchers in a variety of scientific and technological 

fields, including photography, medicine, and the development of antimicrobial and anticancer 

compounds, have shown a great deal of interest in noble metals, particularly silver and gold(25).  

Good metal nanomaterials, including Au, Ag, and Cu, as well as alkali, maintain a wide adsorption 

elevation in the observable region of the electromagnetic solar range; factors, sizes, and shapes-

observed metal Nanomaterials are extremely valuable because they are highly developed and advanced 

materials. All of these are made from prototypes made of metal. Because of its typical localized external 

Plasmon resonance (LSPR) phenomena, they are looking for unique optical-electrical characteristics 

(26, 27). 

Due to their distinct physical and chemical characteristics from those of bulk metals, metallic 

nanoparticles have gained attention. 

 

Numerous characteristics, such as high surface area, mechanical strengths, low melting point, magnetic, 

and optical characteristics.  

 

Metallic nanoparticle-based catalysts are extremely active, selective, and long-lived for a variety of 

chemical processes.  

 

A DVD disk with a storage capacity of 10 tetra bytes—roughly 2000 movies of convectional size—has 

been tested (28). Only the optical characteristics of the randomly oriented gold nanorods placed in the 

disk make this possible. Zijlstra and colleagues employed the optical spectrum and various polarization 

directions to store data (29).  

 

Metal Oxide Nanoparticles 

Metal oxide (MeO) nanoparticles (NPs), which come in a variety of sizes and forms and range in size 

from 1 to 100 nm, are one such class of nanomaterials. MeO-NPs are versatile due to their distinct 
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physical and chemical properties that are associated with their nanoscale size. MeO-NPs are essential 

components of solid oxide fuel cells, semiconductors, sensing, drug delivery, diagnostics, and catalysis 

(30). 

Both high and low melting-point metals can be found in MeOs, which are formed when metal and 

oxygen atoms mix. MeOs have metallic, semiconductor, and insulator properties according to their 

various electronic structures (31). While insulator MeOs are made from metals in groups 1, 2, and 13–

18 of the periodic table, metallic and semiconductor MeOs are made by combining oxides with metals 

from groups 3–12. MeONPs' various characteristics are what primarily contribute to their antibacterial 

action. The primary factor granting antibacterial activity to MeO-NPs is their surface alkalinity (32).  

Because they contribute to the medium's alkalinity, these alkali MeO-NPs are more soluble. 

Furthermore, the microbicidal property of positively-charged MeO-NPs is determined by their 

electrostatic nature (33). Consequently, MeO-NPs show promise as antibacterial agents against a variety 

of microorganisms, including ones that are resistant to drugs (34). 

 

Toxicity of nanoparticles 

Research on nanoparticles has been done in the therapeutic sciences in an effort to achieve specific 

pharmacological objectives (35). Metal oxide nanoparticles are an appealing scientific subject for 

various applications, particularly biological ones, due to their characteristics, which include reduced 

size, compound component, orientated structure, huge surface area, and form. However, a number of 

factors, including size, solubility, exposure, etc., might contribute to the toxicity of metal oxide 

nanoparticles (36).Ingestion, cutaneous exposure, and inhalation are the three most frequent ways that 

nanoparticles are exposed. Furthermore, when exposed to cells or biological fluids, the metal ion 

separates from the nanoparticle, which is the primary cause of toxicity for many metal oxide 

nanoparticles (37).Compared to a non-endocytosis entrance mechanism, internalization through 

endocytosis can result in far more serious cell injury. The remaining particles interact with the 

endothelial cells as the majority of the nanoparticles are removed by phagocytosis (38). This results in 

an increase in cytokines, the expression of adhesion molecules, the recruitment and adherence of 

monocytes, an elevation of nitric oxide levels, and a decrease in cell viability (39).  

 

Medical application of nanoparticles   

The cells that make up living things are usually 10 μm across. The cell components, however, are 

considerably smaller and fall into the sub-micron size range. Proteins are even smaller, typically 

measuring about 5 nm, which is similar to the size of the tiniest artificial nanoparticles (40). This 

straightforward size comparison suggests that we may use nanoparticles as tiny probes to see the cellular 

machinery without causing undue disruption (41). Nanotechnology is an enabling technology that 

works with items that are smaller than a nanometer. Nanotechnology is anticipated to advance at 

multiple levels, including materials, devices, and systems. One significant factor that is becoming more 

widely acknowledged in the medical field is the safety issues surrounding the handling and application 

of nanomaterial's (42). 

   The application of nanotechnology has already had a significant impact on medicine and medical 

sciences.  Noble metal-based nanoparticles, especially Au and Ag NPs, have a wide range of 

applications, which highlights the importance of more study in this area.  These structures have a vast 

amount of promise, including the ability to be used as drug delivery systems, parts that improve the 

efficacy of radiation-based anticancer therapy, molecular imaging support, and substances with 

antiviral, fungi-, and bactericidal qualities. (43). 

   Because nanoparticle-based therapeutics can be an ideal tool for the diagnosis and treatment of many 

diseases, with a focus on cancer, it is crucial to use them in clinical studies. But it's essential to  

surmount some obstacles brought on by the characteristics of some nanoparticles, like issues with 

porosity or biodegradability. Furthermore, not much is known about these nanoparticles' toxicity or how 

they interact with healthy, live cells (44). Improving the produced nanoparticles' pharmacokinetic 

characteristics is very crucial in order to ensure that they can reach the target site with high selectivity 

and undamaged (45).  
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By functionalizing the nanoparticles with the proper ligands, this can already be achieved. Additionally, 

employing a variety of noble metal-based nanoparticles in a comprehensive manner to sensitize cancer 

cells may result in better therapy outcomes (46).  

 

 

 

 

 

 

 

 

 

 

 

                 

 

 

 

 

 

 

 

 

Figure (5) medical applications of nanoparticles (47) 

 

Show medical applications in figure 5, there is no question that advances in nanotechnology have made 

it possible to diagnose and treat a variety of illnesses more successfully.  

Nanomaterials are most commonly used in biology and medicine for fluorescent biological labels (48), 

drug and gene delivery, biodetection of pathogens, protein detection, DNA structure probing, tissue 

engineering, tumor destruction by heating (hyperthermia), separation and purification of biological 

molecules and cells, MRI contrast enhancement, and phagokinetic studies (49).  

High nanoparticle concentrations are a novel discovery, DNA damage is caused by mitochondrial 

malfunction and ROS production, and these processes are thought to be the primary causes of cell death 

(50). Oxidative stress, which is brought on by the production of ROS and the suppression of ATP 

synthesis, affects the cells.  The release of silver ions from the nanoparticles may be another factor 

contributing to cell death following exposure to metal oxide nanoparticles, which includes apoptosis.  

Following penetration, metal oxide nanoparticles are thought to produce hydrogen peroxide and other 

free radicals, which kill cells, and release atomic Agº and ionic Ag clusters, which render the bacterial 

enzymes inert. (51). 
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