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ABSTRACT
INTRODUCTION
Since of their strong antibacterial qualities and potential uses in a variability of fields, iron nanoparticles have drawn a lot of attention. include industry and medicine. Using spinach leaves (Spinacia oleracea) as a reducing stabilizing agent, this study aimed to produce iron oxide nanoparticles in an eco-friendly and natural method though assessing their antibacterial efficiency against harmful microbes.
Methodology
In this study, a plant extract from Spinacia oleracea was used to produce iron oxide nanoparticles (FeNPs) in an environmentally responsible and viable manner. The plant extract was mixed  with a 0.1M solution of iron chloride for using the synthesis at room temperature. To determine the shape, structure, and composition of the ensuing nanoparticles, a number of systematic methods were used, such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), UV-visible spectroscopy, and scanning electron microscopy (SEM). Using the well-diffusion experiment, the antibacterial activity of the Iron oxide nanoparticles was evaluated against Acinetobacter baumannii, Pseudomonas aeruginosa, and Escherichia coli.
Aim of the study 
Using plant leaf extracts, such as Spinacia oleracea (spinach), this work challenges to produce iron nanoparticles (FeNPs) in a green synthesis method. This economical and ecologically beneficial method converts metal ions into nanoparticles by using natural reducing agents found in plant extracts. Characterization methods like Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), UV-Visible Spectroscopy (UV), and Scanning Electron Microscopy (SEM) were used to examine the resultant Iron oxide. Investigative the antibacterial capabilities of Iron oxide against multidrug-resistant (MDR) bacteria, which are frequently associated to post-burn infections, is a crucial component of the study. By evaluating the zones of inhibition in bacterial growth experiments, the antibacterial efficacy was determined.


Results
Agglomeration of spherical, rod-shaped, irregularly shaped, and smooth-surfaced nanoparticles forms the synthesized nanoparticles. The granules are crystalline, according to XRD measurements. The calcinated nanoparticles contain traces of maghemite and hematite. The maximum absorbance peak of the produced iron oxide nanoparticles is observed at 385 nm. Highest zone of inhibition was found in, Escherichia coli (22mm+ve25mm) Pseudomonas aeruginosa (18mm  +ve20mm) at concentration(1mg/ml ),  the lowest zone of inhibition was seen in Acinetobacter baumannii (12mm  +ve12mm) at concentration (1mg/ml). Iron oxide NPs extract from spinach leaves   might be effective for healing infections caused by a variety of bacteria.
Conclusions
The work shows how to use Spinacia oleracea (spinach) to produce iron oxide nanoparticles in a simple, economical, and environmentally responsible manner. The results show that Pseudomonas aeruginosa, Acinetobacter baumannii, and Escherichia coli are all significantly inhibited by these spinach-mediated iron oxide nanoparticles. This indicates that iron oxide nanoparticles might be a viable treatment option for bacterial infections.
CHAPTER 1 
INTRODUCTION
Antibiotic resistance as problem
Antibiotic resistance is a multifaceted issue that affects global health in many methods. It arises when bacteria build defenses against antibiotics, decreasing the ability of these medications to treat infections. This process is enhanced by antibiotic misuse and overuse [1]. Overuse of antibiotics, sometimes for viral infections for which they are ineffective, symptoms to resistance. Resistance may be more likely to develop in bacteria that survive incomplete antibiotic treatments [2]. It is more difficult to treat resistant infections, which increases the risk of complications, prolongs hospital stays, and determinations up medical costs. Because there is a chance that routine medical operations like organ transplants, chemotherapy, and surgeries might cause a serious risk to the public's health, these procedures become dangerous [3]. Diseases that will be easily treatable may become deadly, impacting both developed and developing nations. Antibiotic-resistant bacteria can easily spread across borders, emphasizing the need for international collaboration [4]. International trade and travel contribute to the spread of resistant strains, therefore addressing the problem will need concerted efforts. Less effective antibiotics mean fewer alternatives for treating different types of bacterial illnesses. The lengthy process of developing new antibiotics is caused by scientific, regulatory, and financial challenges [5]. 
Drug Resistance prevalence
Antibiotic resistance is one type of drug resistance that is becoming a global concern. Drug resistance varies in prevalence according to drug type, geographic location, and infectious agent type. Antibiotics that are often used to treat bacterial infections are losing their effectiveness [6]. FeNPs' antibacterial resistance might be beneficial in preventing microbial contamination of food. The antibacterial activity of Acinetobacter and Pseudomonas aeruginosa will be determined. Drug resistance is a worldwide issue that affects both developed and developing countries. It is not restricted to any one nation. Travel and trade can facilitate the cross-border transmission of resistant diseases [7]. Infections with drug resistance cause longer illnesses, higher rates of mortality, and more expensive healthcare [8]. Medical procedures such as cancer treatments and surgery are not as effective as they could be. To overcome resistance, it is imperative to develop new drugs, but this is a tedious method complicated with scientific, regulatory, and financial challenges [9].
No treatment Carbapenem drug post-burn infection
Treatment for carbapenem-resistant infections that develop after burn injuries is extremely difficult [10]. The natural skin barrier is compromised by burn injuries, making patients more vulnerable to infections. Traditionally, carbapenem drugs will be served as a last line of defense against multidrug-resistant bacteria [11]. However the reality with post-burn infections is that there aren't many efficient carbapenem options for treatment. Serious risks to the treatment of burn-related infections are posed by carbapenem-resistant bacteria, which are frequently found in hospital environments [12]. A significant clinical concern is the rapid emergence and spread of gram-negative bacteria resistant to carbapenems. This issue is particularly alarming because carbapenems have traditionally been effective against gram-negative bacteria resistant to multiple drugs [13]. The problem is made inferior by the shortage of efficient substitute antibiotics, which makes managing germs that are resistant to several drugs more difficult. Ipenem and meropenem were exposed to have overall carbapenem resistance rates of 38% and 46%, respectively. Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa were some of the most resistant species. [14]. According to this study, the prevalence of carbapenem resistance is 4.5% (13,262 infections out of 292,742). Of these infections 22%, and Klebsiella pneumonia for 17.7% [15]. Additionally, a recent resistant to carbapenems, Pseudomonas aeruginosa was responsible for 60.3%, Acinetobacter baumannii for multicenter study conducted in 2023 revealed that isolates of Acinetobacter baumannii (92%) and Pseudomonas aeruginosa (88%) had the highest levels of carbapenem resistance. Escherichia coli (14%) and Klebsiella pneumoniae (37%), however, showed less resistance [16]. A global priority list of antibiotic-resistant bacteria that response immediate attention for the development of new antibiotics has been at large by the World Health Organization (WHO) [17]. 
Chemical synthesis of Nanoparticles  
Various reducing agents, including chemical compounds and natural sources like plant extracts, can be employed in the synthesis of iron nanoparticles [18]. Common reducing agents include sodium borohydride, hydrazine, ascorbic acid, citrate, and polyphenols present in natural extracts.Stabilizing agents such as polyvinylpyrrolidone (PVP), sodium citrate, and surfactants like cetyltrimethyl ammonium bromide (CTAB) are often employed to prevent agglomeration and stabilize the nanoparticles [19]. Iron salt precursors, most frequently iron chloride FeCl3, are used to create iron nanoparticles. A predetermined quantity of FeCl3 is dissolved in an appropriate solvent (often deionized water) to prepare the precursor solution [20]. Depending on the desired size and concentration of the nanoparticles, the iron precursor solution's concentration can be modified. Under carefully monitored circumstances, the reducing agent and iron precursor solution are mixed. This can be accomplished by either gradually incorporating the precursor solution into the reducing agent solution or by putting the reducing agent directly into the precursor solution. [21]. The reduction process is the transfer of electrons from the reducing agent to the iron ions, which causes the ions to reduce and produce iron nanoparticles as a result. Little iron nuclei are formed as a result of nucleation, which takes place as the reduction reaction proceeds. These nuclei serve as seeds to generate more nanoparticles. The size, shape, and distribution of nanoparticles can be controlled by adjusting various factors, such as the concentration of the iron precursor, the reducing agent-to-iron ion ratio, and the reaction temperature [22].The growth of nanoparticles continues until the reaction reaches equilibrium or until the supply of iron ions or reducing agent is depleted. Stabilizing chemicals are frequently added during or after the manufacturing process to stop iron nanoparticles from clumping together or aggregating [23]. These materials satirically or electrostatically resist each other by sticking to the surface of the nanoparticles, which maintains the particles' stability in solution. Stabilizing chemicals also help order the growth and size distribution of nanoparticles to produce homogeneous and consistently distributed particles. The size, shape, morphology, and optical characteristics of the produced iron nanoparticles are determined using a variety of analytical methods [24]. UV-Vis spectroscopy is a regularly employed characterization method. It aspects at the nanoparticles' absorption spectra and provides details about their size and concentration. Additional techniques including X-ray diffractometer (XRD), scanning electron microscopy (SEM), UV visible spectroscopy, and Fourier transform infrared spectroscopy (FTIR) can be used to assessment the nanoparticles and analyze their size distribution and structure [25].
Biosynthesis of Iron nanoparticles
Vegetable waste from spinach (Spinacia oleracea) was gathered. They were well washed with ordinary water multiple times and any residue or pollutants were prepared of before being washed with refined water. To get rid of any last traces of moisture and assemble the purified leaves, they were dried [26]. The spinach leaves were cut into small pieces and exposed to the sun for two to three days until they were completely dry. For a period of 1 to 2 days, Spinacia oleracea leaves were allowed to dry at room temperature. Using an electrical grinder, the dry spinach leaves were ground into a fine powder. The dried spinach leaves were ground into thirty grams of powder. [27]. Hatched spinach extract demonstrated the generation of FeNPs based on color change. The biosynthesized nanoparticles will be visually inspected and then examined using a variety of methods, including X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FITR), and UV-vis spectroscopy [28]. For the production of nanoparticles, biological processes are being given more attention than physical and chemical approaches. The utilization of natural source for the synthesis of nanoparticles has obtained sufficient responsiveness due to their ecofriendly and sustainable nature. Among the different source’s spinach leaves have arisen as promising possibility for the biosynthesized of iron nanoparticles. Biosynthesis process, and antibacterial activity of iron nanoparticles derivative from spinach leaves [29]. Nanotechnology has emerged as one of the enormous and offering interesting elements and have broad applications in different areas like horticulture, food, and biomedicine the improvement of an ecologically protected and maintainable biochemical method [30]. The organization of drug production, electrical, mechanical, and cosmetic care items, optical action, screening, and numerous other industries are all regularly linked to nanoparticles. Spinach leaves, which are frequently thrown away as waste, are abundant in beneficial substances such minerals, phenolic combinations, and flavonoids. These compounds give Spinach additional health benefits in addition to their process-reducing and stabilizing qualities, which makes them an excellent choice for the synthesis of nanoparticles. All things considered, a great deal of food waste is produced or quickly urbanized, making food management a remarkable problem as well. An effective weight loss program also reveals the presence of CO2 and methane. Reusing food waste has become essential for reducing waste or increasing the value of food crops [31]. Since not every part of a crop can be used for food, waste products like leaves are converted into useful products or used as a resource to create nanomaterials. Examine Iron nanoparticle characteristics. The process of biosynthesis involves the reduction of nanoparticles of iron. (Fe+) made available in the iron precursor by the bioactive substance extracted from spinach leaves. The reducing agent plays a double role as both an anchoring cause and a reducing agent in arranging and adjusting iron nanoparticles. The assortment of the reducing agent, along with aspects such as temperature and pH during the synthesis process, is critical in influencing the nanoparticles' size, shape, and surface charge. Characterization techniques like Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), and UV-visible spectroscopy are working to analyze these nanoparticles [32]. The production of iron oxide nanoparticles using vegetable leaves offers valuable insights into their size and morphology, while FTIR aids in identifying the functional groups complicated in their reduction and stabilization. Vegetable-based composite substances are applied to fabricate reasonable manufactured FeNPs, which are becoming more and more popular because they are more cost-effective or because they are observed as naturally valuable owed to the minimal usage of dangerous synthetic compounds [33]. The use of an antimicrobial activity is demonstrated when plant extracts possess antioxidants or antimicrobial activity. Leaves from vegetables or other organic materials that are typically thrown in the trash contain a variety of essential components [34]. These substances may be utilized as a beginning to create FeNPs. Biologically produced FeNPs will be discovered to be far more effective, fruitful, or reasonable. The most significant and uncommon crop consumed globally is spinach. Massive numbers of components with antibacterial, germ-free, and cancer-prevention agent action can be found in spinach leaves. Spinach leaves contain bioactive components called phenolic acids, including as Gallic acids, which are helpful in cancer preventive agent activities [35]. The cooperative impact of many bioactive compounds found in the leaves is responsible for the antibacterial activity of iron oxide nanoparticles generated from spinach leaf extract. Flavonoids, phenolic compounds, and other secondary metabolites enhance the overall antibacterial resistance. One of the specific tools of exploit is the penetration of nanoparticles into microbial cells, which can cause oxidative stress, disrupt the cell membrane, and interfere with essential cellular functions. Iron nanoparticles will be demonstrated as antimicrobial experts in the therapeutic field for medication delivery systems, coatings on clinical devices, and wound dressings. Their ability to combat bacteria that are resistant to many drugs makes them important in addressing issues with anti-infection resistance. The important synthetic components that give spinach leaves their antibacterial properties include coumarins, tannins, and quinones. Extra fat content in accumulation [36]. The production of iron oxide nanoparticles from spinach leaves holds promise for real-world applications, fostering the creation of innovative and sustainable solutions in various industries.


AIMS AND OBJECTIVES


1.	Sample collection and sample preparation
2.	Biosynthesis of Iron Nanoparticles
3.	Characterization of synthesized nanoparticles
4.	Antibacterial activity against MDR bacteria isolated from post burn infections


























CHAPTER 2 

LITERATURE REVIEW
P. G. Jamkhande and et.al, (2019) described that, the emergence of antibiotic resistance has made burn wound infections a major problem, significantly reducing the range of effective treatments. This issue has significant implications for the prevalence of morbidity and mortality. Burn infections, which can range in severity from mild to severe, provide an ideal environment for the bacterial population and their colonization. These bacteria can easily novelty a location to grow quickly when the skin barrier is damaged, which is normally the case with serious infections that have the potential to be serious and essential to be treated right away. Immune cells that give to the inflammatory and infection processes after a burn include mast cells, dendritic cells (DCs), neutrophils, monocytes, and macrophages. Unfortunately, current medicines are becoming less effective against these burn-related infections, which makes it more stimulating to treat these cases quickly. The presence of bacterial strains resistant to antibiotics as a result of prolonged and inappropriate antibiotic use further make difficulties the problem. Research and the development of novel antibacterial techniques are therefore greatly needed to prevent burn infections and lower antibiotic resistance. [37].
J. A. Kumar and et.al (2021) demonstrated that, patients with burns are particularly at risk due to their weakened skin barrier, which accelerates the invasion of these microorganisms. Traditional antibiotics regularly fail due to the fast growth of MDR bacteria, increasing morbidity and mortality. Pseudomonas aeruginosa, Acinetobacter baumannii, and methicillin-resistant Staphylococcus aureus (MRSA) are common MDR infections in patients with burns. Due to their resistance to the common of current antibiotics, these bacteria not only growth the risk of infection but also make treatment more difficult. The overuse of antibiotics and prolonged hospital stays, particularly in systematic care units, are major providers to the development of resistance. According to most research, Pseudomonas aeruginosa and Acinetobacter baumannii are the two primary issue. Pseudomonas is an clever bacterium that grows well in burn wounds and creates biofilms. On the other hand, Acinetobacter is a resistant member that frequently resists a variety of medications. These bacteria not only increase the risk of infection but also confuse treatment because they can resist most of the medications now on the market. Antibiotic resistance is frequently carried on by prolonged hospital stays, mainly in intensive care units, and the overuse of antibiotics. Treatment for infections caused by these species includes antibiotics, additional wound care, and sometimes surgery. In response, nanotechnology presents viable treatments. By employing nanoparticles to directly target bacterial cells, damage their membranes, and prevent their growth, nanotechnology might overcome the disadvantages of conventional medications and ultimately increase recovery and survival rates [38].
A Haleem and et.al, (2023) reported that combining nanotechnology and biochemistry, nanobiochemistry has the potential to revolutionize the medical industry. Materials have unique characteristics at the nanoscale that improve the accuracy of therapeutic and diagnostic methods. Nanomaterials can be designed for targeted drug delivery in medicine, which ensures that drugs reach particular cells and reduces negative effects while increasing efficacy. Additionally, nanoparticles are essential for diagnostic imaging, which facilitates the early detection of illnesses. Additionally, by facilitating tissue engineering and wound healing, nanotechnology aids in the development of more potent vaccines, biosensors for real-time health monitoring, and regenerative medicine. The wide range of uses of nano biochemistry in improving healthcare solutions is demonstrated by its use in cancer treatment, particularly chemotherapy, which shows enhanced drug bioavailability and decreased toxicity [39]. 
MY Kalashgarani and et.al, (2022) reported that, microorganisms spread rapidly in wounded tissue, burn infections are among the most serious complications and frequently result in serious health issues. Open wounds offer the perfect setting for microbial invasion, resulting in infections that, if left untreated, can cause sepsis, multiple organ failure, and even death. Issues with traditional burn infection therapies include limited effectiveness and antibiotic resistance. Innovative solutions in this field are provided by nanotechnology, especially when using nanoparticles with potent antibacterial qualities. For example, iron  nanoparticles respond well against a variety of bacteria, decreasing infection rates and improving wound healing. These nanoparticles also variety it easier to issue medications accurately, which increases the effectiveness of antibiotics while depressing side effects. Their ability to cooperate with microbial membranes and degenerate biofilms is essential for treating chronic illnesses. Nanotechnology improves the effectiveness of burn infection treatment, potentially equivalent lives and depressing the expense of prolonged hospital stays. [40].
 J. Li et al. (2021) studies evaluated, the main cause why these species are suitable more resistant to antibiotics is that we immediately need to come up with new ways to conflict them, such creating new antibiotics or using innovative wound care techniques. Understanding the unique challenges existing by Pseudomonas aeruginosa and Acinetobacter baumannii is essential to improving the managing of post-burn infections. Likely therapeutic approaches against these MDR pathogens are provided by nanotechnology. The worst results include severe respiratory failure, septic shock, and high mortality rates, mostly in individuals with weakened immune systems. Both are recognized to cause pneumonia, bloodstream infections, and wound infections, particularly in hospitalized patients. Because of their ability to enter bacterial cells, damage cell membranes, and produce reactive oxygen species (ROS), nanoparticles (NPs), such as iron oxide or gold, have exposed antimicrobial properties. This technique can stop bacterial growth and increase the efficacy of currently available antibiotics. Moreover, NPs can be functionalized to target bacterial cells precisely, which may reduce side effects on human tissues. Nanoparticle-antibiotic combinations are emerging as effective alternatives to traditional antibiotics, providing a new way to combat MDR infections .In contrast to the poisonous and polluting traditional method, the more sustainable economic approach is biosynthesis through nature's pathway, which uses green-organic chemistry to eliminate toxins and pollutants. This initiative includes recycling and reusing waste materials to reduce down on overall trash production and leave less of an environmental impact, in a way, produces cheap alternative by agricultural residues such as corn stalks and peanuts as well which could be regarded as very cheap raw material [41].
Y Liu and et.al, (2018) stated that the skins of vegetables will therefore likely be disposed of as waste, possibly contributing to pollution in the environment. Leafy green vegetables still have even higher levels of antioxidants, carotenoids, flavonoids, polyphenols, and essential oils, though. They play the role of stabilizers for nanoparticles by acting as scavengers, capturing the ions during their reduction process. Following their acquisition through biochemistry, these tiny nanoparticles may perform a variety of roles in a biological system, including antimicrobial, antioxidant, catalytic, and anticancer effects. These nanotechnology-related advancements have enormous promise for the environment, food preservation, medicine, and other disciplines. And nanotechnology is one of these things [42].
G. López-Téllez and et.al (2013) explained how metal nanoparticles are used in the medical field. Because of their unique physical and chemical characteristics, metal nanoparticles (NPs) have arisen as effective weapons in the fight against bacterial diseases. By providing multi-targeted antibacterial activities, lowering the risk of bacterial resistance, and improving treatment efficacy, they can overwhelmed the drawbacks of conventional antibiotics. One of the main ways that metal nanoparticles (NPs) have antibacterial properties is by producing reactive oxygen species (ROS), which main to oxidative stress and harm cellular constituents. Their small size and enormous surface area also enhance their interface with bacterial cell walls, frequently causing physical damage or increased permeability, which can result in cell death. A variety of metals, particularly excellent ones like iron and gold, are mentioned in order to illustrate the advantages in overcoming antibiotic resistance. This reinforces the possibility of developing novel treatments for increasingly resistant bacteria whose resistance to treatment is partially overcome by medication resistance. This section explores the use of nanotechnology in the field of agriculture, including how it might replace the need to create pesticide-like particles with specific sizes. Through the process of bioremediation, it also has a significant impact on water treatment, environmental difficulties, and the analysis of chemical pollutants. As a result, the significance appears to be substantial when examining medical terms in relation to the healthcare system compared to other healthcare systems. Green nanoparticles have a widespread variety of applications across various fields, including agriculture and societal development. Consequently, in order to gather the necessary information made possible by nanoparticles, it is imperative that we engage in nanoscience [43].
O. Matatkova and et.al (2022) studies evaluated the results of their research that constantly stresses that we need to study all the available methods thoroughly and to compromise reaching the level of nanotechnologies efficiency that has not been attained yet. For this reason, it is crucial that the challenges associated with nanoparticle technology have to be anticipated and proficiently administered. The root responsibilities associated with sustainability at this moment are mostly in health care and environment preservation. Everybody is abuzz about it nowadays [44].
 L. S. Mbatha; and et.al (2023) described the way from the WHO report that is provided provides a thorough overview of the issues and advancements in burn wound care today, with a primary focus on managing the impact of severe infection on burn patients' death. application of the theory of organic and inorganic nano-structures, such as polymeric and iron nanoparticles, which are used in burn injury therapy for both therapeutic and diagnostic purposes. Due to their unique properties and effectiveness against a wide range of pathogens, iron nanoparticles (FeNPs) has acquired a lot of attention around the world as a potent antibacterial material. Since of their nanoscale size, which increases their surface area and enhances their antibacterial efficacy even at low concentrations, FeNPs became more and more popular between 2014 and 2023, especially in the food packaging, disinfectants, and medical fields. FeNPs release iron ions that disrupt bacterial cell walls, inhibit DNA replication, and interfere with vital cellular processes like protein synthesis.. FeNPs can combat drug-resistant bacteria, an increasing global concern, recognitions to this broad method. The research and application of FeNPs in antimicrobial products has furthered greatly from the determinations of several Asian countries, such as Brazil and India. Their use in hospital cleaning products, medical coatings, and wound dressings demonstrates their importance in infection inhibition, particularly in the battle against microorganisms resistant to antibiotics. Iron oxide nanoparticles is an crucial part of modern hygiene and medical products, and as the demand for durable, safer antimicrobials has developed, so has its use worldwide. Iron nanoparticles diminish infection rates and speed wound healing by successfully fighting a range of microorganisms. These nanoparticles also make targeted medicine delivery easier, which increases antibiotic effectiveness while lowering side effects. In order to treat unwavering infections, their capacity to interact with microbial membranes and degrade biofilms is crucial. By utilizing nanotechnology, burn infection treatment becomes more efficient, potentially saving lives and reducing the burden of prolonged hospital stays. The multifunctionality of this nanostructure, which may issue therapeutic medications openly to the wound site, avoids the main challenges in normal burn therapy. Additionally, the constraints of the delivery system that can release antibiotics are also overcome. There are several ways to create nanomaterials, and each has advantages and disadvantages. For example, high-energy ball milling is cost-effective for large-scale production but can lead to contamination; laser ablation produces high-purity particles but is costly; inert gas condensation allows precise size control but requires complex equipment; sol-gel is simple but sensitive to moisture; micro-emulsion techniques offer size control but involve toxic chemicals; hydrothermal synthesis produces well-defined shapes but requires high temperature and pressure; and biological methods, which use microorganisms or plant extracts, are inexpensive and environmentally friendly [45].
H Al-Karagoly and et.al (2022) revealed an emphasis on unconventional treatments that target infections with alternative antimicrobial agents and make use of light, sound, and the body's defense mechanism against cancerous cells. Introducing nanostructured scaffold-based tissue engineering devices that can insert stem cells into responses and distribute growth factors. With improved tissue regeneration and therapy, cutting-edge technologies like 3D printing, cell-imprinted substrates, nano-architected surfaces, and CRISPR-Cas gene editing have the potential to revolutionize burn and wound therapies [46]
Z Samadi and et.al (2021) explained   a creative and environmentally friendly method of using materials that could have otherwise been thrown away by using waste products from plant extract as bioreductants. makes sure that the chemical synthesis process has a smaller environmental impact than the conventional method, supporting the objectives of the global sustainability agenda. In order to ascertain the physical characteristics of the nanoparticles, the FeNPs were evaluated using a multimethod approach that included TEM,SEM and UV-vis spectroscopy [47].
RR Chavan and et.al (2021) demonstrated that, these nanoparticles may have health-associated applications as dietary supplements or nutraceuticals, since indicated that their antioxidant efficacy could be estimated using the DPPH assay. The versatility of FeNPs made from extract from spinach leaves may stimulate more thorough research into biogenic nanoparticles as secure substitutes for chemically produced nanoparticles that may not harm the environment Given that it improves biological effectiveness while instantaneously lowering environmental impact, it is clear that the goals of mixing plant extracts with nanoparticle manufacturing are achieved. This is the area of critical interest in nanoparticle research for the future of nanotechnology in medical practice, given that FeNPs are primarily focused on biological activities and application into infections and cancerous medical problems. Therefore, the formulations of medicines based on nanoparticles must be based on these pieces of information. The green synthesis of iron nanoparticles (FeNPs) involves biological techniques that use bioactive compounds from plants, algae, and microbes as reducing and stabilizing agents, removing the requirement for toxic chemicals in nanoparticle production. The method is cost-effective and improves biocompatibility, making FeNPs adequate for biomedical applications and environmental remediation, such as wastewater treatment by reducing chemical and biological oxygen demand. Overall, it offers a sustainable alternative to conventional nanoparticle synthesis. The process works effectively under mild conditions (ambient temperature and pressure), reducing energy consumption and waste. Although green synthesis is sustainable, economical, and environmentally friendly, it has become an essential part for producing metal oxide nanoparticles when combined with nanotechnology. Conventional techniques for creating nanoparticles frequently involve expensive procedures and hazardous chemicals, which might have an adverse effect on the environment. However, in green synthesis, natural substances including plants, fungus, algae, and bacteria are employed as reducing and stabilizing agents. In addition to reducing the usage of hazardous substances, this method makes use of the special qualities of nanoparticles, particularly their large surface area and energy, for use in a variety of industries, including environmental remediation, medicine, and catalysis. Greenly produced metal oxide nanoparticles have substantial medicinal potential, including antibacterial, anticancer, and antioxidant qualities, which makes them a safer substitute for innovative uses [48].
Tyagi, Pankaj Kumar, et al (2021) study was to produce iron nanoparticles using spinach leaf extracts and assess their antibacterial properties against Acinetobacter baumannii and Pseudomonas aeruginosa. Significant inhibition zones were observed when the antibacterial activity was tested using the agar well diffusion method. The study utilized water extracts from spinach leaves (SLE). When these extracts were mixed with ferric chloride (FeCl3), the color changed from pale green to dark blackish-brown, signaling the successful synthesis of FeNPs.Because of their non-toxicity and exceptional antibacterial activity, the produced FeNPs are suggested for application as antibacterial agents against harmful microbes. This work has demonstrated the potential utility of natural raw materials in the environmentally benign synthesis of nanomedicines and other nanotechnology applications, stressing the novel idea and achieving favorable results through the production of nanoparticles and their use in treating bacterial infections using materials sourced from plants [49].
Khan, Sidra, et .al.(2022)  synthesized  iron oxide nanoparticles utilizing the crude extract of Spinacia oleracea . Because of their strong antibacterial properties against Phytophthora infestans, nanoparticles are an excellent way to keep diseases away from plants. This study makes use of nanotechnology's potential in agriculture, particularly in the development of more effective and dependable methods for controlling plant diseases, which are the primary barriers to food security. The results of the study show that green nanomaterials produced using environmentally friendly processes can be employed as potent antimicrobial agents, providing a different approach to dealing with chemical pesticide resistance. This study sheds light on one of the main areas of contemporary nanobiotechnology: the utilization of cutting-edge materials and the innate capabilities of plants to promote environmentally sustainable farming. It also revealed that a green synthesis method may be used to produce bio-stable iron oxide nanoparticles from plants. Significant antibacterial accomplishment against plant diseases, particularly Phytophthora infestans, was shown by these nanoparticles. By illustrating the size and form of the nanoparticles, we were clever to show their likely as an environmentally friendly alternative to traditional agrochemicals.[50].
SP Patil, RY Chaudhar and et.al (2022) These studies have shown that compounds initiating from plants can affect the metal sources that result in the formation of nanoparticles and that nanoparticles have a broad range of applications across several scientific domains. Azadirachta indica, sometimes known as the Azadirachta indica plant, is an evergreen member of the Meliaceae family that is recognized for its vegetable. Glycosides, tannins, terpenes, and triterpenes are phytochemicals found in the leaves of the Azadirachta indica plant that help form nanoparticles. For instance, there has been a notable improvement in the production of metallic nanoparticles of copper oxide, zinc oxide, titanium dioxide, gold, and iron. The simple fact that Azadirachta indica leaf  can be effectively applied in antibacterial activities and utilized as environmentally benign sources of nanoparticles [51].
Saif and et.al (2016) indicated the most recent advances in nanoscience produce new nanomaterials, but because of the unidentified risks to human health and the environment, stringent regulatory measures are also necessary. Green nanoparticle synthesis reduce risks about the possibility that conventional synthesis techniques utilizing these kinds of compounds could have negative assets on human health and the environment. Biomaterials, such as bacteria, algae, fungus, and plants, have emerged as the go-to options for producing metallic nanoparticles that are hazardous, affordable, and of nanoscale size. To reduce environmental pollution, green zero valent metals (ZVMI) and oxidized ones (Fe2O3/Fe3O4) are synthesized into iron. It also discusses how ecotoxicology is better achieved by the green synthesis technique than by other environmentally unfriendly methods, resulting in green manufactured nanoparticles having a relatively reduced environmental impact [52].
Panigrahi, Lipsa Leena, et.al (2022) described green nanoparticles which offer a sustainable substitute that reduces the undesirable impact of nanoparticle production on the environment and human health. The nanoparticles made using the green method may be less harmful to the environment than those made using the conventional method, according to the ecotoxicology analysis [53].
Periasamy, Sakthi, et.al. (2022) evaluated the Hibiscus rosa sinensis flower extract will be used to create iron oxide nanoparticles, which will demonstrate the antibacterial action of phenolic chemicals that produce a reducing character among them. Hibiscus rosa sinensis flower extract was active as a decreasing and stabilizing ingredient in an environmentally friendly biosynthesis process to create Arabic nanoparticles ɑ-Fe, 2O,3, commonly known as hematite. To produce Fe3O4 nanoparticles under ideal circumstances, the heating transition of different volumes of FeCl3•4H2O and flower extract has been turned on in the microwave oven. Were used Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Staphylococcus aureus to test the antibacterial properties of the nanoparticles were synthesized. Were used Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Staphylococcus aureus to test the antibacterial properties of the nanoparticles were synthesized. These nanoparticles are sophisticated antibacterial agents since they demonstrated a strong antibacterial impact against the strains of bacteria that were examined. The future prospects of this method for environmentally friendly and sustainable nanoparticle production is demonstrated by the biosynthesis of iron oxide nanoparticles using spinach leaves. By employing bioactive substances including polyphenols and phenolic acids as decreasing and capping agents, the biosynthesis production of iron nanoparticles (FeNPs) from spinach leaves provides an environmentally favorable method. An extract from dried spinach leaves is made, boiled to release active chemicals, and then combined with iron chloride; the color variation in the extract indicate the formation of nanoparticles [54].
The study that is being presented suggests that environmentally friendly metal extraction techniques may be used to synthesize particles. Antibacterial use is made possible by the combination of the fast microwave synthesis method and the verified findings of antibacterially active nanoparticles. Particularly, the use of microwave technology will have a significant impact on infection control [55].


CHAPTER 3 
METHODOLOGY

3.1 Collection of spinach leaves
Spinach leaves were bought from local market (Pakistan). Discarded off contamination and residue, it was completely washed with regular water for multiple times prior being flushed with refined water. The dried leaves were used to remove any remaining moisture [56].
3.2 Preparation of leaves extract 
The spinach leaves were cut into small pieces and exposed to the sun for two to three days until they were completely dry. For a period of 1 to 2 days, Spinacia oleracea leaves were allowed to dry at room temperature. Using an electrical grinder, the dry spinach leaves were ground into a fine powder. The dried spinach leaves were ground into thirty grams of powder.
3.3 Synthesis of Iron nanoparticles using Microwave irradiation 
Preparation of precursor solution for synthesizing Iron oxide nanoparticles using the microwave irradiation.
For the synthesis of iron oxide nanoparticles, suitable iron-containing precursor chemicals were selected based on the desired phase of the nanoparticles. Common precursor include iron chloride. Safety measures were strictly followed during the handling of precursor chemicals. Appropriate personal protective equipment (PPE), including gloves, goggles, and a lab coat, was used throughout the process to ensure safety. Worked in a well-ventilated laboratory hood to prevent exposure to fumes or vapors. Accurately weighted the 10.543g amount of iron chloride precursor using a calibrated analytical balance. The amount of precursor used was depended on the desired concentration. Choose a suitable solvent for dissolving the iron precursor. Common solvents include ethanol, distilled water, or a mixture of solvents depending on the solubility of the precursor and desired reaction. To prepare the sample, 100ml of iron chloride solution were mixed with 0.15 grams of measured leaf extract, for 2 to 2.5 hours leaf extract was dissolved in an iron chloride solution using a magnetic stirrer. Applied gentle heating if necessary to facilitate dissolution, but avoided boiling the solvent. Stirred the precursor solution thoroughly using a magnetic stirrer or a glass rod until a homogeneous solution was obtained. Ensured that no undissolved particles or aggregates were present in the solution. Placed the container containing the precursor solution in a microwave reactor capable of providing controlled microwave irradiation. The precursor solution to microwave radiation at 300W, 600W, 900W power for 30 min to 1 hour. Examined the temperature of the solution during microwave irradiation to prevent overheating and ensured uniform heating. During microwave irradiation, observed the formation of the sol, which was indicated by the appearance of a homogeneous, colloidal suspension of nanoparticles. The sol exhibited characteristic changes in color, viscosity, or transparency as the nanoparticles nucleate and grew within the solution.. After microwave irradiation, allowed the sol to cool to room temperature to stabilize the nanoparticles. During cooling, the sol may have undergo further particle growth or aggregation, resulting in changes in the properties of the sol. Stored the prepared sol in a sealed container to prevent evaporation or contamination. Protected the sol from light and temperature variations, as these factors could affect the stability and properties of the nanoparticles in the sol. Iron oxide nano-particles were separated by the centrifugation at 400rpm for 10 minutes.  Transferred the gel containing the Iron oxide nanoparticles onto a clean and dry crucible or ceramic boat suitable for calcination. Ensured that the gel was spread evenly and thinly to facilitate uniform heating and prevent agglomeration during calcination. Placed the crucible or ceramic boat containing the gel into the preheated furnace. Positioned the crucible or boat in the center of the furnace chamber to ensure uniform heating. . Gradually increased the temperature of the furnace to the desired calcination temperature. Typically, the calcination temperature for iron oxide nanoparticles ranged from 600°C to 800°C, depending on the desired phase composition, crystallinity, and properties. The calcination temperature was maintained for a specified duration, typically ranging from 1 to 4 hours, to ensure complete conversion of the gel into iron oxide nanoparticles. After the desired calcination duration, and the sample were allowed to cool naturally inside the furnace chamber to room temperature . Rapid cooling was avoided to prevent thermal stock and cracking of the nanoparticles. Samples were cooled to room temperature, and the crucible or ceramic boat was carefully removed from the furnace using heat resistance gloves or tongs. The sample were handled with care to avoid damage or contamination. [57].
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Figure 3.3 Synthesis of Iron nanoparticles using Microwave irradiation
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3.5  CHARACTERIZATION
[bookmark: 3.5.1._GRAM_STAINING]Optionally, characterized the synthesized iron oxide nanoparticles using various analytical techniques such as X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) Scanning electron microscopy (SEM) and UV-visible spectroscopy.


3.6 Evaluation of antibacterial activity
The antimicrobial potential of iron nanoparticles was evaluated against multidrug-resistant isolates, including Pseudomonas aeruginosa, Acinetobacter baumannii, and Escherichia coli. The well diffusion experiment was used to test the produced nanoparticles' antibacterial effectiveness against these MDR isolates. A thorough procedure is used to evaluate the antibacterial activity of vegetable leaves in order to regulate how well these natural extracts may fight bacterial illnesses. Vegetable leaves, which are frequently calm away as garbage, can contain a wealth of bioactive substances that have antibacterial qualities. Common vegetables with antibacterial qualities include spinach leaves, which may contain substances including phenols, flavonoids, and essential oils. It is essential to recognize particular bioactive substances. Antimicrobial substances can be recognized and their presence quantified using methods such as spectroscopy and chromatography [58]. Responsible the leaf extracts' promising effectiveness against germs needs an understanding of their composition. Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli are among the bacterial strains particular for testing because they are pertinent to post-burn infections. To promise their viability and purity for future studies, these strains are cultivated and kept in a lab environment. The technique of evaluating the antibacterial activity of vegetable leaves is compound and includes extraction, identification, the creation of bacterial cultures, and challenging testing procedures [59].



3.7Antibacterial activity against post burn infections

Preparation of Inoculum 
The Institute of Microbiology and Molecular Genetics at the University of the Punjab, Lahore, as long as the multi-drug resistance strains, including Acinetobacter baumannii (ATCC), Pseudomonas aeruginosa (ATCC), and Escherichia coli (ATCC). Earlier to doing additional tests, these strains were cultivated on MacConkey agar plates.
Antibacterial activity of Crude Extracts 
To produce amounts of D1 (1 mg/mL), D2 (0.5 mg/mL), D3 (0.25 mg/mL), and D4 (0.125 mg/mL), crude plant leaf extracts were formed and diluted in ethanol. The Kirby-Bauer disc diffusion method was used to measure these extracts' antibacterial efficacy against multidrug-resistant (MDR) pathogens. Mueller-Hinton agar plates were inoculated with the bacterial isolates using cotton swabs after they had been used to to a 0.5 McFarland turbidity standard. Seventy microliters of the prepared crude extracts were added to wells that had been created in the agar plates. After 18 to 24 hours of incubation at 37°C, the zones of inhibition on the plates were measured in millimeters (mm) [60]. 
Antibacterial activity of synthesized Iron oxide nanoparticles
Plant leaf-derived iron oxide nanoparticles (D1 1 mg/mL, D2 0.5 mg/mL, D3 0.25 mg/mL, and D4 0.125 mg/mL) were produced in ethanol at varying concentrations. The Kirby-Bauer disc diffusion method was used to test their antibacterial qualities against strains of bacteria that were resistant to many drugs. For homogeneity, MDR isolates were standardized to a 0.5 MacFarland turbidity. Cotton swabs were used to spread the bacterial strains on labeled Muller Hinton agar plates, which were then marked with wells. 70 µL of the nanoparticle suspensions were added to the wells, with ascorbic acid serving as the positive control. The plates were incubated at 37°C for 18-24 hours, after which the inhibition zones were measured in millimeters [61]. 

[bookmark: CHAPTER_4][bookmark: _bookmark0][bookmark: RESULTS][bookmark: _bookmark1]CHAPTER 4
RESULTS
4.1 Synthesis of FeNPs 
Nanoparticles were generated by compounding 100 ml of 0.1M iron chloride solution with 0.05 ml of aqueous spinach   (Spinacia oleracea)  leaves extract. The shift in color demonstrated that a reduction in iron ions was responsible for the synthesis of FeNPs.
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4.2   Characterization of Synthesized Nano-particles;  


4.2.1 FTIR Spectroscopy 

Fourier Transform Infrared Spectroscopy (FTIR) Analysis 
The FTIR spectra of the synthesized iron oxide nanoparticles showed distinct absorption peaks, highlighting the presence of specific functional groups that play a part in capping and stabilizing the nanoparticles


For Figure 4.1A FTIR spectrum revealed prominent absorption bands at the following wavenumbers: 3650 cm⁻¹: This broad peak is indicative of O-H stretching vibrations, which are commonly linked with hydroxyl groups in ethanol. The nanoparticles' surface was adsorbed with hydroxyl groups or water molecules. Because of their interactions with water or air moisture, iron oxide nanoparticles, particularly those with a large surface area, frequently have surface -OH groups. The peak at 2000-2210 cm⁻¹: The absorption at this wavenumber suggests the existence of C≡N stretching, which may indicate the presence of nitriles. Nitrile groups may arise due to: Residual organic molecules from synthesis or functionalization processes and organic capping agents or surfactants used to stabilize the nanoparticles. The peak at 700 cm⁻¹ were show the presence of iron oxide nanoparticles [62].
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Figure 4.1 A; FTIR pattern of iron oxide nanoparticles synthesis from spinach at 300W






For Figure 4.1B, The prominent peak at 3600 cm⁻¹ is typical of O-H stretching vibrations, suggesting the presence of hydroxyl groups. These groups are probably involved in capping and stabilizing the nanoparticles by creating a protective hydrophilic layer that helps prevent aggregation. Peak at 2140 cm⁻¹: The absorption at this wavenumber corresponds to C≡C stretching vibrations, 10 indicative of alkyne groups. The presence of alkynes suggests that organic molecules with triple bonds may be part of the capping agents used in the synthesis. These groups can interact with the surface of iron nanoparticles, enhancing their stability and preventing aggregation. The peak observed at 1380 cm⁻¹ is associated with C-N bending vibrations of aromatic amines, indicating that the capping agents might contain alkyl chains or carboxylate groups. These groups contribute to nanoparticle stabilization through steric hindrance or electrostatic interactions. Additionally, the peaks in the range of 700–800 cm⁻¹ confirm the presence of iron oxide nanoparticles [63].  
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Figure 4.1 B ; FTIR pattern of iron oxide nanoparticles synthesis from spinach at 600W

 



For Figure 4.1C;  FTIR spectroscopy was employed to examine the functional groups in spinach leaf extract (SLE) and their potential involvement in the synthesis of iron nanoparticles (FeNPs). The FTIR spectra displayed an O-H stretching band between 3500 and 3600 cm⁻¹, attributed to the O-H stretch of ethanol present in the SLE extract, which also affected the FTIR spectrum of the FeNPs. These ethanol-based compounds could have contributed to the synthesis of FeNPs. This peak's broad appearance frequently indicates hydrogen bonding, moreover between water molecules or hydroxyl groups on the surface of the nanoparticle. The indication at 3600 cm⁻¹ indicates the presence of hydroxyl groups or surface water, indicating surface chemistry or hydration that disturbs the behavior and characteristics of the nanoparticles. Furthermore, the stretching vibration of C≡C (alkyne) or C≡N (nitrile) groups is maybe represented by a peak at about 2160 cm⁻¹. These groups may be existing due to contamination during processing or handling, contaminants from the synthesis chemicals, or organic molecules functionalizing the surface residues. In the FTIR spectra of iron oxide nanoparticles, the 1690 cm⁻¹ peak is most regularly linked to C=O stretching vibrations. Organic substances like ketones, aldehydes, or carboxylic acids may adsorb onto the surface of the nanoparticle throughout production or functionalization. C=O stretching vibrations in the 1650–1750 cm⁻ range are existing in these molecules. The stretching vibration of C–O bonds, which is commonly seen in surface-bound species like alcohols, ethers, or carboxylates, is typically linked to a peak at about 1040 cm⁻¹. Additionally, iron oxide nanoparticles are suggested by bands in the 750–780 cm⁻¹ range, which usually correspond to the vibrational modes of the iron–oxygen link in these materials [64]. 
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Figure 4.1 C ; FTIR pattern of iron oxide nanoparticles synthesis from spinach at 900W


	












4.2.2 UV-visible Spectroscopy 
UV-visible Spectroscopy Analysis 
Iron oxide nanoparticles (FeNPs), which are known for their dissimilar optical properties, can develop when spinach (Spinacia oleracea) and iron chloride combine. These nanoparticles are then investigated and characterized using UV-Vis spectroscopy. The resulting UV-Vis spectrum displays a prominent surface plasmon resonance (SPR) peak, validating the presence of iron nanoparticles.
For Figure 4.2A  
The UV-visible spectrophotometric analysis of the iron nanoparticle sample showed a peak at 385 nm, indicating the presence of iron nanoparticles. The sharper peaks observed confirmed their formation. The spinach leaf extract played a crucial role in the synthesis of these nanoparticles, as shown by the prominent surface plasmon resonance (SPR) with intense bands and clear peaks in the observable spectrum [65].
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Figure 4.2 A ; UV- visible Spectroscopy pattern of iron oxide nanoparticles synthesis from spinach at 300W

For Figure 4.2B Iron NP production was monitored using visual and UV visible spectroscopy. The spectrum of the FeNPs generated from spinach leaves showed peak at 387 nm after the wavelength ranged from 200 to 800 nm. The synthesis of FeNPs show absorbance at 387nm. It was shown that spinach leaf extract produced iron nanoparticles by exhibiting suitable surface plasmon resonance (SPR) with high band intensities and peaks under the observable spectrum[66].
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Figure 4.2 B ; UV- visible Spectroscopy  pattern of of iron oxide nanoparticles synthesis from spinach at 600W

For Figure 4.2C Iron NP production was monitored using visual and UV visible spectroscopy. The spectrum of the FeNPs generated from spinach leaves showed peak at 385nm after the wavelength ranged from 200 to 800 nm .The synthesis of iron oxide nanoparticles show absorbance at 385nm. It was shown that spinach leaf extract produced iron nanoparticles by exhibiting suitable surface plasmon resonance (SPR) with high band intensities and peaks beneath the observable spectrum [67].
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Figure 4.2 C ; UV- visible Spectroscopy  pattern of iron oxide nanoparticles synthesis from spinach at 900W


4.2.3 X-ray Diffraction of Iron oxide nanoparticles

Iron oxide 300W
The synthesized iron oxide nanoparticles (300W) using Spinacia oleracea were characterized by X-ray diffraction and are shown in Fig 1 (a). Major broader peaks at 2θ values are 110, 190, 27,0320, 590 corresponding to the (222), (292), (237),(224), (289) planes of iron oxide nanoparticles indicated  reduced crystallites size, increased lattice strain , high surface area and potentially lower signal to noise ratio.[68]. The 270, 320 peaks suggest the presence of maghemite 

[image: Graph5]
Figure 4.3 A ; XRD pattern of iron oxide nanoparticles synthesis from spinach at 300W

Iron oxide 600W

Spinacia oleracea was used to synthesize the 600W iron oxide nanoparticles, which are shown in Fig. 2(b) after being characterized by X-ray diffraction. The XRD examination revealed significant peaks at different angles 110, 260, 350, 430, 570   that corresponded the planes of iron oxide nanoparticles (227, (233), (249), (253), and (291). These peaks indicated a greater signal to noise ratio and a crystalline shape of the synthesized nanoparticles [69]. The peaks strongly suggest the existence of maghemite. 
[image: Graph2]
Figure 4.3 B  ; XRD pattern of iron oxide nanoparticles synthesis from spinach at 600W

Iron oxide 900W

Iron oxide nanoparticles were synthesized using Spinacia oleracea under a power of 900W. As shown in Fig. 4.3(c), the nanoparticles were characterized using X-ray diffraction (XRD). The XRD analysis revealed distinct and sharp peaks at angles 160°, 260°, 350°, 400°, 490°, 530°, and 650°, corresponding to the planes (220), (237), (249), (227), (235), (237), and (254) of the iron oxide nanoparticles. These results confirm that the synthesized nanoparticles were pure, crystalline, and able from impurities [70]. The observed peaks strongly indicate the presence of hematite.
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Figure 4.3 C ; XRD pattern of iron oxide nanoparticles synthesis from spinach at 900W


1.2.4 Scanning electron microscopy

A SEM model (JSM-6490) was used to perform the morphological examination of iron oxide nanoparticles at various magnifications of the instrument.
Iron oxide (300W)
Figures A and B illustrate the surface morphology and regular particle size of iron oxide nanoparticles synthesized by Spinacia oleracea. The nanoparticles were examined using a scanning electron microscope (JSM-6490) at different magnifications. The analysis revealed that the particles exhibited irregular clustering, agglomeration, and a rod-like shape, with sizes ranging from 70 to 75 nm
At magnifications of X50,000, the following figures showed that Spinacia oleracea synthesized iron oxide nanoparticles. The image demonstrated layered morphology with non-homogeneity, with rough and porous layers because each layer is an agglomeration of many nanoparticles over one another and porous structures are formed. The iron oxide nanoparticles had an irregular shape according to the images[71].
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	                    A	                                             B
Fig.4.4 A SEM analysis of iron oxide nanoparticles at different magnifications; scale: (a) 1μm and (b) 0.5 μm
Iron oxide (600W)
Figures 4.4 A and B present the SEM analysis of the size distribution, shape, and morphology of iron oxide nanoparticles synthesized from spinach extract. The investigation revealed that the nanoparticles tend to form agglomerated structures rather than being uniformly dispersed. They exhibited a mix of spherical shapes and irregular clusters, with an average size ranging from 65 to 74 nm
Spinacia oleracea-produced iron oxide nanoparticles were shown in the following figures at X50,00 magnification. The produced NPs' consistent size and shape was shown in the figure.The rhombo-hedral form, smooth surface, and cubic shape of iron oxide nanoparticles are visible as is their increased agglomeration[72]. 
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Fig.4.4 B SEM analysis of iron oxide nanoparticles at different magnifications;       scale: (a) 1μm and (b) 5μm
Iron oxide (900W) 
The surface morphology and average particle size of iron oxide nanoparticles synthesized by Spinacia oleracea under a scanning electron microscope model (JSM-6490) at various magnifications are shown in figures A and B. They are smooth, granular, spherical, and show surface agglomerated between the iron oxide nanoparticles and the outer surfaces of organic material, with each particle's size range between 82 and 86 nm.
The extracted nananoparticles were consistent in size and shape, as shown in the following figure. Some of them had irregular shapes, but the majority were round and spherical[73].
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Fig.4.2 SEM analysis of iron oxide nanoparticles at different magnifications; scale: (a) 1μm and (b) 1μm

4.2.5 Antibacterial activity result of crude extract
The antibacterial activity of isolated and characterized multidrug-resistant strains was evaluated using the well diffusion assay against Escherichia coli, Pseudomonas spp., and Acinetobacter baumannii. Ascorbic acid, used as a positive control for all tested pathogens, showed no zone of inhibition.
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  Fig 4.5 A; Antibacterial activity of crude extract  against Multi Drug Resistant Strains B;Ascorbic acid


4.2.6 Antibacterial activity of Iron oxide Nano-particles
 Iron oxide nanoparticles 300W
Figure 4.2 illustrates the antibacterial activity of synthesized iron oxide nanoparticles (300W) and ascorbic acid against Gram-negative bacterial strains. A well diffusion assay was engaged to estimate the antibacterial effects on isolated and characterized multidrug-resistant strains, including Escherichia coli (ATCC), Pseudomonas aeruginosa (ATCC), and Acinetobacter baumannii (ATCC).All the strains showed strong antibacterial activity against selected MDR strains (Table No. 4.6 and Fig. 4.6A). Highest zone of inhibition was found in E.coli (15mm  +ve10mm) at concentration (1mg/ml )  and lowest zone of inhibition (10mm  +ve10mm) at concentration (0.125 mg/ml).Highest zone of inhibitions was found in Pseudomonas aeruginosa (10mm  +ve12mm) at concentration (1mg/ml) and lowest zone of inhibitions (6mm  +ve12) at concentration (0.125 mg/ml).Highest zone of inhibitions was found in Acinetobacter baumannii (ATTC) (10mm  +ve8mm) at concentration (1mg/ml) and lowest zone of inhibitions (5mm  +ve8) at concentration (0.125 mg/ml). It demonstrates iron oxide nanopartiles' biocidal activity quite effectively[74]. 
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Figure 4.6 A : Antibacterial activity of synthesized Iron oxide (300W) nanoparticles against Multi Drug Resistant Strains. A; E. coli , B; Pseudomonas aeruginosa   C; Acinetobacter baumannii
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Figure;4.6 A Antibacterial activity of synthesized Iron oxide nanaparticles  against Escherichia coli,  Pseudomonas spp and Acinetobacter baumnnii strains

Table;4.6 A Zone of Inhibition of synthesized Iron nanoparticles against test organisms
	Bacteria
	Ethanol(-ve)
	Ascorbic acid (+ve)
	D1
(1mg/ml)  
	D2
(0.5mg/ml)  
	D3
(0.25mg/ml)  
	D4
(0.125mg/ml)  

	E.coli
	0nm
	10mm
	15mm
	14mm
	12mm
	10mm

	Pseudomonas aeruginosa
	0nm
	12mm
	10mm
	9mm
	8mm
	6mm

	Acinetobacter baumannii
	0nm
	8mm
	10mm
	8mm
	7mm
	5mm


  	

Iron oxide 600W
Figure 4.4 depicts the antibacterial activity of synthesized iron oxide nanoparticles (600W) and ascorbic acid against Gram-negative bacterial strains. The well diffusion assay was utilized to assess their effectiveness against isolated multidrug-resistant strains, including Escherichia coli (ATCC), Pseudomonas aeruginosa (ATCC), and Acinetobacter baumannii (ATCC).All the strains showed strong antibacterial activity against selected MDR strains (Table No. 3.1 and Fig. 3.3). Highest zone of inhibition was found in E.coli (18mm  +ve20mm) at concentration (1mg/ml )  and lowest zone of inhibition (15mm  +ve20mm) at concentration (0.125 mg/ml).Highest zone of inhibitions was found in Pseudomonas aeruginosa (17mm  +ve18mm) at concentration (1mg/ml) and lowest zone of inhibitions (2mm  +ve18) at concentration (0.125 mg/ml).Highest zone of inhibitions was found in Acinetobacter baumannii (ATTC) (10mm  +ve10mm) at concentration (1mg/ml) and lowest zone of inhibitions (0mm  +ve10) at concentration (0.125 mg/ml). It demonstrates iron oxide nanopartiles' biocidal activity quite effective  [75].
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Figure 4.6 B : Antibacterial activity of synthesized Iron oxide (600W) nanoparticles against Multi Drug Resistant Strains A; E. coli , B; Pseudomonas aeruginosa                   C; Acinetobacter baumannii
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Figure;4.6 B: Antibacterial activity of synthesized Iron oxide nanaparticles  against Escherichia coli,  Pseudomonas spp and Acinetobacter baumnnii strains



Table;4.6 B : Zone of Inhibition of synthesized Iron nanoparticles against test organisms
	Bacteria
	Ethanol (-ve0
	Ascorbic acid (+ve)
	D1
(1mg/ml)  
	D2
(0.5mg/ml)  
	D3
(0.25mg/ml)  
	D4
(0.125mg/ml)  

	E.coli
	0nm
	20mm
	18mm
	17mm
	16mm
	15mm

	Pseudomonas aeruginosa
	0nm
	18mm
	17mm
	14mm
	10mm
	2mm

	Acinetobacter baumannii
	0nm
	10mm
	10mm
	8mm
	5mm
	0mm


 
 

Iron oxide 900W
Figure 4.5 illustrates the antibacterial activity of synthesized iron oxide nanoparticles (900W) and ascorbic acid against Gram-negative bacterial strains. The well diffusion assay was engaged to evaluate the antimicrobial effects on isolated and characterized multidrug-resistant strains, specifically Escherichia coli (ATCC), Pseudomonas aeruginosa (ATCC), and Acinetobacter baumannii (ATCC).All the strains showed strong antibacterial activity against selected MDR strains (Table No. 4.6 and Fig. 4.6). Highest zone of inhibition was found in E.coli (22mm  +ve25mm) at concentration (1mg/ml )  and lowest zone of inhibition (20mm  +ve25mm) at concentration (0.125 mg/ml).Highest zone of inhibitions was found in Pseudomonas aeruginosa (18mm  +ve20mm) at concentration (1mg/ml) and lowest zone of inhibitions (14mm  +ve20) at concentration (0.125 mg/ml). Highest zone of inhibitions was found in Acinetobacter baumannii (ATTC) (12mm  +ve12mm) at concentration (1mg/ml) and lowest zone of inhibitions (10mm  +ve12) at concentration (0.125 mg/ml). It demonstrates iron oxide nanopartiles' biocidal activity quite effectively. Reactive oxygen species generation may cause membrane disturbances, which ultimately result in cell death. Iron oxide nanoparticles (FeNPs) synthesized at 900W demonstrated significant antibacterial activity against Escherichia coli (ATCC), Pseudomonas aeruginosa (ATCC), and Acinetobacter baumannii (ATTC) in this assay. For Gram-negative bacteria, the inhibitory zones for iron oxide nanoparticles prepared with spinach extract measured 22 mm and 18 mm, respectively. These findings suggest that iron oxide nanoparticles could be effective in treating infections caused by various bacterial strains [76].
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Figure 4.6 C: Antibacterial activity of synthesized Iron oxide (900W) nanoparticles against Multi Drug Resistant Strains A; E. coli , B; Pseudomonas aeruginosa                   C; Acinetobacter baumannii
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Figure;4.6 C Antibacterial activity of synthesized Iron oxide nanaparticles  against Escherichia coli,  Pseudomonas spp and Acinetobacter baumnnii strains


	Bacteria
	Ethanol 
(-ve)
	Ascorbic acid(+ve)
  
	D1
(1mg/ml)  
	D2
(0.5mg/ml)  
	D3 (0.25mg/ml)  
	D4
(0.125mg/ml)  

	E.coli
	0nm
	25mm
	22mm
	22mm
	23mm
	20mm

	Pseudomonas aeruginosa
	0nm
	20mm
	18mm
	17mm
	15mm
	14mm

	Acinetobacter baumannii
	0nm
	12mm
	12mm
	11mm
	10mm
	10mm





Table 4.6 C Zone of Inhibition of synthesized Iron nanoparticles against test organisms










CHAPTER 5 
DISCUSSION 
Above the previous decade, the synthesis of nanoparticles has garnered significant attention in science and technology. While numerous methods exist for nanoparticle synthesis, many are not economical due to their high energy and solid requirements. Consequently, biological approaches for nanoparticle production have gained importance. These methods utilize various biological entities, such as plants, algae, and microorganisms like bacteria, filamentous fungi, and yeasts. This study focuses on the biosynthesis of iron oxide nanoparticles using spinach leaf extract and investigates their antibacterial properties compared to infections associated with burn wounds. [77].
The environmentally beneficial and economical characteristics of biologically based biosynthesis of iron nanoparticles (FeNPs) has involved a lot of attention. Often regarded as waste, spinach leaves are abundant in bioactive substances that can stabilize and reduce the development of FeNPs. By using the natural reducing agents found in spinach leaves, iron ions (Fe⁺) are converted into metallic iron (Fe⁰) during the environmentally friendly process of synthesizing iron nanoparticles. When spinach leaf extract was introduced, iron salts changed color from pale yellow to light orange and eventually to black. The solution's color change was brought on by the existence of iron oxide nanoparticles, which are produced when iron salts are reduced. When extract from Spinacia oleracea leaves was used, It was proposed that combinations such as terpenoids and flavonoids acted as reducing agents. The color of the reaction mixture changed rapidly subsequently about ten minutes and remained unchanged afterward, indicating that all the iron salts in the mixture had been fully reduced.  
The FTIR analysis of the synthesized iron nanoparticles indications a range of functional groups on the nanoparticle surfaces, such as hydroxyl, amine, alkyne, nitro, and metal-oxygen bonds, demonstrating a complex surface chemistry that is important for stabilizing nanoparticles. The FTIR study demonstrations that the synthesized iron nanoparticles are maybe stabilized by a combination of hydroxyl, alkyne, alkyne, and aromatic groups, which are derivative from the reducing and capping agents used during synthesis and are essential for preventing nanoparticle aggregation and sustaining colloidal stability. The presence of these functional groups inspires the use of different capping agents, which continue colloidal stability and inhibit aggregation. By uniting steric hindance, electrostatic interactions, and chemical bonding, this stabilization produces a protective barrier that encloses the nanoparticles. It is essential to understand these surface characteristics in order to improve the synthesis and modify the nanoparticles for specific applications, highlighting their promise in fields such as environmental research, biomedicine, and catalysis. FTIR examination exposed the rich surface chemistry of the produced iron oxide nanoparticles, which is characterized by a variability of functional groups. The numerous capping agents used during synthesis are represented by these groups, which include metal-oxygen bonds, hydroxyl, amine, alkyne, and nitro. These capping chemicals are critical for stabilizing the nanoparticles because they prevent them from aggregating. Among the processes that collaborate to stabilize the nanoparticles by forming a protective coating are steric hindrance, electrostatic interactions, and chemical bonding. These functional groups provide colloidal stability and improve the nanoparticles' chemical properties, signifying a multimodal stabilization strategy.  
Enhancing the production procedure and converting the nanoparticles for particular uses require a thorough knowledge of the surface chemistry. These nanoparticles' varied group of functional groups, which not only provide stability but also open up promises for further functionalization, make them proper for a variety of applications in biomedicine, environmental research, and catalysis. 
Current investigations investigated the presence of various functional groups of reducing agents in spinach plant leaf extract and the FTIR analysis (650–4000 cm−1) of the produced iron oxide nanoparticles (Figure 4.1). Peaks at 750 and 780 cm−1 show that the Fe–O bond is present in the sample. The peaks at 3500 cm−1 demonstrate the stretching of the -OH bond from the aqueous phase. Additionally, the peaks around 3600 cm−1 show how different functional groups, including ethanolic and carboxylic groups in the plant extract, cause the bending and stretching of the –OH bond. For the plant extract, the peaks at 1650, 1750 cm−1, and 1040 cm−1, 1380 cm−1 correspond to C–N stretching, C=O stretching, and C–O stretching, respectively, confirming the presence of alkane, conjugated alkene, and secondary alcohol functional groups. The shift in peak location between 650 and 4000 cm−1 indicates that the compounds containing these functional groups confined to the iron oxide surface.
This result aligns with the previous study, which focused on the biosynthesis of iron oxide nanoparticles and the identification of functional groups from various reducing agents in the papaya plant leaf extract through FTIR analysis (600–4000 cm−1) of the produced material. The Fe–O bond in the sample is showed by peaks at 721.08 cm−1 and 778.94 cm−1. The peak at 3457.57 cm−1 suggests the stretching of the –OH bond from the aqueous phase. Moreover, the peak at 3691.57 cm−1 demonstrates how carboxylic and phenolic groups in the plant leaf extract cause bending and stretching of the –OH bond. The peaks at 2927.94 cm−1, 1625.99 cm−1, and 1036.35 cm−1 correspond to C–H stretching, C=O stretching, and C–O stretching, respectively, supporting the occurrence of alkane, conjugated alkene, and secondary alcohol in the extract. These shifts in peak positions between 600 and 4000 cm−1 propose that the compounds with these functional groups have observed to the superficial of the iron oxide nanoparticles [78]. 
Recent studies have observed similar color changes in FeCl3 salt solutions during the synthesis of FeONPs using plant extracts. The biological decrease of iron ions in an aqueous extract of Spinacia oleracea leaves was analyzed through UV-Vis spectroscopy. The development of FeONPs, identified by surface plasmon resonance (SPR), exhibited a peak at 385 nm. This finding aligns with previous research on FeONP synthesis consuming Azadirachta indica leaf extract and Musa ornata flower sheath extract. When an aqueous ferrous chloride solution was added to the R. tuberosa leaf extract, the reaction mixture different color from yellow to brownish-black, showing the development of FeONPs. SPR analysis confirmed the existence of FeONPs, with peaks observed at 380-385 nm. [65]. 

In current investigations, the crystal planes of 160, 260, 350, 400,490,530 ,650 corresponding to the (220),(237),(249),(227),(235),(237),(254) respectively, appearing from the  hematite phase, indicating that the sample is highly crystalline,  according to the XRD data shown in Figure 4.3 (a,b,c). Absolutely, the sharp and strong peaks demonstrated the crystalline nature of the iron oxide nanoparticles produced by the reduction technique with (Spinacia oleracea) leaf extract. As the heating temperature rises, pure hematite is formed. The peaks strongly suggest the presence of hematite. The abundance, low toxicity, low cost of synthesis, chemical inertness, biocompatibility, and environmental friendliness of hematite (α-Fe2O3) are among its many interesting properties. The results are in link with those reported by other researchers working with iron oxide nanoparticles. The XRD pattern of the iron oxide nanoparticles revealed characteristic peaks at 2θ values of 16.97°, 26.81°, 35.24°, 40.53°, and 53.30°. These findings are reliable with previous studies. The peaks at 2θ values of 16.97° (220), 26.81° (237), 35.24° (250), 40.53° (226), and 53.30° (238) approve the crystalline nature of the FeO-NPs. The (220) and (230) planes indicate the face-centered cubic structure of iron oxide nanoparticles. Therefore, the XRD patterns demonstrate that the Avicennia marina extract effectively reduces metal ions to form FeO-NPs [79].
According to recent research, Figure 4.4 (a,b) shows the morphology of the produced nanoparticles. It indicates that they are uniform in nature, irregularly cluster, rod-shaped, spherical, and occasionally agglomerate. The average diameter of the NPs, which were assessed by choosing 100 particles, was 65–86 nm, as revealed in Figure 4.4 (c). The accumulation of small bioactive reducing agents in the plant extract likely led to the development of large nanoparticle agglomerates. Alternatively, the reduced capping facility of the plant extract may have facilitated the affinity of iron-based nanoparticles to cluster due to magnetic interactions. These results align closely with those observed in other studies involving iron oxide nanoparticles. The findings are consistent with previous research. SEM analysis of iron-based nanoparticles isolated from Agrewia optiva indicated that they formed agglomerated, quasi-spherical, irregular clusters with rough surfaces, measuring between 60 and 90 nm in size [80].

As demonstrated by the current work, green produced iron nanoparticles from spinach leaves extract   have antibacterial activity against Acinetobacter baumannii, Pseudomonas aeruginosa, and Escherichia coli, as fine as a clear inhibitory zone. Iron nanoparticles derived from Spinacia oleracea have antibacterial and pharmacological uses, and the plant was once thought to be a medicinal one. Pseudomonas aeruginosa, Acinetobacter baumannii, and Escherichia coli were examined for antibacterial activity using iron nanoparticles derived from plant extracts. There are numerous biomedical uses for Spinacia oleracea green iron nanoparticles. Ascorbic acid and nickel nanoparticles enhanced the growth of bacteria, confirming the part of reactive oxygen species (ROS) in antibacterial activity. Highest zone of inhibition was found in, Escherichia coli (22mm  +ve25mm)  Pseudomonas aeruginosa (18mm  +ve20mm) at concentration(1mg/ml ),  the lowest zone of inhibition was seen in Acinetobacter baumannii (12mm  +ve12mm) at concentration (1mg/ml). Iron oxide NPs extract from spinach leaves  might be effective for healing infections caused  by a variety of bacteria.The results correspond with earlier studies on the antibacterial properties of FeNPs derived from Eichhornia crassipes leaf extract The highest zone of inhibition was observed in S. aureus (23.3 ± 1 mm), P. fluorescens (22.6 ± 1 mm), and E. coli (20 ± 1 mm) when treated with 100 µg/ml of iron oxide nanoparticles. In contrast, the smallest inhibition zones were seen in P. vulgaris (12.6 ± 1 mm) and P. aeruginosa (10.6 ± 1 mm) at a dose of 25 µg/ml FeNPs. These results effectively demonstrate the biocide properties of iron oxide nanoparticles [81]. 
 
CONCLUSIONS 
Nanotechnology is at the beginning of several strategies to improve disease diagnosis and create novel methods for manipulating plant and human diseases. Therefore, biosynthesized iron nanoparticles are an environmentally acceptable way to reduce E.coli  Pseudomonas aeruginosa and Acinetobacter baumannii at different concentrations by suppressing its growth. The results of this study show that the biosynthesis of iron oxide nanoparticles using spinach leaf extract is a encouraging method that offers a ecological solution for producing nanomaterials with strong antibacterial properties. The method produces established and useful nanoparticles while utilizing waste materials and lowering the condition for dangerous chemicals. The applications of these iron oxide nanoparticles in environmental protection, food safety, and medicine determine their adaptability and potential to address significant challenges in these areas. Further research and development in this area was develop our understanding and use of iron oxide nanoparticles, primary the entry for innovative solutions in antibacterial and other applications.
Future Prospects 
An economical and environmentally responsible method of revolving agricultural waste into beneficial nanomaterials with effective antibacterial qualities is the use of spinach leaves to produce iron oxide nanoparticles.  The bioactive compounds involved in spinach leaves are crucial for producing particles with the essential stability, small size, and strong antibacterial activity. The potential applications of these iron oxide nanoparticles in the food, environmental, and medical fields highlight the importance of advance study and advancement in this field. Future research should attention on improving the biosynthesis process in order to increase the produce and control the size and shape of the nanoparticles. Additionally, studies on the biocompatibility and long-period stability of iron oxide nanoparticles are required to promise their safe use in a range of applications. More effective antibacterial treatments may result from studying the synergistic effects of mixing iron oxide nanoparticles with other antimicrobial drugs.
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