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Abstract
The trend towards synthesis of green, low cost, environmentally friendly and low toxic nano drug is increasing. The present study reported synthesis of phytocapped silver nanoparticles mediated by green synthesis method using Muraya koenigii leaf extract. The synthesized AgNPs wear confirmed by the electronic spectroscopy by UV Visible spectroscopy at 420nm along with crystalline nature by XRD analysis.TEM confirmed average size of 25-50 nm and TEM with globular shape architecture and showing defined elemental composition with representative mixture of plant and silver content by FTIR. Further AgNPs confirm better antibacterial activity against S. aureus, followed by E. coli. AgNPs recorded IC50 value for antioxidant recorded as 2.33 µg/ml . The present study confirmed the synthesis of multidimensional silver nanoparticle which can be utilized in medicinal field.
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INTRODUCTION
The practical interest in green synthesis methodologies for nanoparticles originates from the critical demand for environmentally conscious and sustainable alternatives to traditional physicochemical routes. This fundamental paradigm shift prioritizes the strategic leverage of natural resources, such as botanical extracts, to facilitate nanomaterial synthesis, thereby significantly mitigating the generation of hazardous by-products and reducing energy expenditure (Baker et al., 2020 . Ashtaputrey et al., 2017), . This approach leverages the inherent biochemical reducing and capping agents present in botanical sources, leading to more biocompatible and stable nanoparticles (Binorkar 2025). Specifically, the green synthesis of silver nanoparticles using plant extracts like Murraya koenigii has gained significant attention due to the plant's rich phytochemical profile, which effectively reduces silver ions into stable AgNPs (Chahande 2020) . M. koenigii, commonly known as the curry tree, is particularly notable for its therapeutic properties, which are attributed to a diverse array of bioactive compounds including alkaloids, phenolics, and flavonoids (Abdelwahab 2022). These phytochemicals not only act as reducing agents for silver ions but also serve as stabilizing agents, preventing agglomeration of the newly formed nanoparticles (Ashtaputrey 2022) . The robust medicinal profile of M. koenigii, including its antioxidant, antimicrobial, and anticancer properties, further enhances the therapeutic potential of the synthesized silver nanoparticles (Abdelwahab 2023). This integration of green synthesis with the phytochemistry of M. koenigii offers a promising avenue for developing novel nanomedicines with enhanced efficacy and reduced toxicity (Ashtaputrey., 2017, Arshad 2023). Indeed, the synergistic combination of AgNPs with M. koenigii extracts has been explored for its thrombolytic activity, underscoring its multifaceted therapeutic utility (Pram ., 2022). This method not only aligns with sustainable practices but also opens new possibilities for targeted drug delivery and biomedical applications (Rahuman, 2022). Green synthesis, particularly using plant extracts, has emerged as a superior method compared to traditional chemical and physical techniques due to its simplicity, cost-effectiveness, and environmentally friendly attributes (Sarwer.,2022). This approach utilizes various plant-based metabolites, such as phenolics, terpenoids, and flavonoids, to reduce metal ions, acting as natural reducing and capping agents for nanoparticle formation (Fares et al., 2021., Habeeb et al., 2022). These naturally occurring biomolecules facilitate the formation of stable nanoparticles by preventing agglomeration and imparting unique surface characteristics (Islam, Md.S., 2021). Utilizing a green synthesis approach, silver nanoparticles were successfully synthesized from Martynia annua and confirmed for AgNPs with polygonal morphology, an average size of 64 nm, and a polydispersity index of 0.385. Here AgNPs enhanced glucose uptake by yeast cells, indicating their promising therapeutic role in managing diabetes mellitus (Abbigeri,et al., 2025) . Simarouba glauca leaf extract used for silver nanoparticles synthesis having UV-Vis spectra at 413 nm with 12.45 nm size and able to control A549 cells as a cancer cell and improved the paralysis once assessed in Caenorhabditis elegans (Bhavi et al., 2024). Nanotechnology presents novel avenues for skin cancer treatment, leveraging its benefits in precise drug delivery, advanced imaging techniques, and diagnostic applications. Thus, nanomaterials prove highly advantageous in dermatology by augmenting the penetration and sustained retention of therapeutic agents, thereby mitigating adverse effects (Jadhavet al., 2024). Biologically-based nanomaterials have garnered significant interest for cancer therapy owing to their notable characteristics and effects, such as biocompatibility, biosafety, biodegradability, and their synergistic and autologous therapeutic potential (Elemike, E.E et al., 2025) By addressing current challenges through concerted interdisciplinary efforts, biosynthesized nanoparticles hold the potential to transform fields such as nanomedicine, agriculture, and environmental sustainability, thereby ushering in a new era of sustainable technological advancements [18]. Hence based on the previous data published, present study synthesized AgNPs from M. koenigii extracts and screened for the antibacterial, antioxidant, antibiofilm and anticancer activity as per in vitro protocols to confirm its roles in future therapies.
MATERIALS AND METHODS
2.1. Preparation of silver nitrate solution 
In the present study silver nitrate was used as a silver salt (HiMedia) and prepared as 1M in aqueous solution.
2.2. Plant collection and preparation of aqueous solution
Fresh leaves of Murraya koenigii were air dried, powdered and passed through muslin to get fine content. 20 grams of plant powder then transferred to 200 ml distilled water and allowed to boil for 15 minutes, further cooled and filtered to be used as reducing agent source.
2.3. Synthesis of green silver nanoparticles
The silver nanoparticles preparation carried out by adding 8:2 ratio of 1M silver nitrate and plant extract and it was allowed to react at 70°C for 30 minutes on magnetic stirrer and kept for 24 hours of incubation.Upon incubation change in color indicated formation of AgNPs via M. koenigii reduction which was then centrifuged at 20000 rpm for 30 minutes. The pellet then concentrated by discarding supernatant and calcinated at 500°C for one hour and nanoparticle powder then stored in sealed tube till further use as shown in Fig. 1.
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	Figure. 1 Schematic representation of AgNPs.


	2.5. Characterization of silver nanoparticles
UV-Visible spectroscopy the absorption maxima recorded for AgNPs using wavelength scan at 0-800 nm. Fourier Transform Infrared Spectroscopy- AgNPs in powder form recorded for spectrum-based vibrations once data collected at 500 cm-1 to 4000 cm-1 and data then related to function groups once compared to reference standard data.X-ray Diffraction Analysis (XRD)- XRD carried out by involving X-ray diffractometer model Bruker Eco D8, and confirmed for its crystalline nature. In line TEM also carried out to decipher more in-depth analysis of shape and size nanoparticles. (Dawadi, S. Katuwal et al.,2021., Panja, S et al., 2020).



2.6. Screening of potential for AgNPs
2.6.1. Antibacterial activity
Here MTCC standard cultures as Escherichia coli and Staphylococcus aureus were grown in nutrient broth and allowed to set at 1 O.D. as per McFarland turbidity standard. The testing solution of AgNPs prepared as 1mg/ml and its effectiveness to control pathogens tested by well diffusion assay. In a protocol by involving Muller Hinton agar plates, its surface was inoculated by 10 µl of nutrient broth culture and then punctured by three wells in equidistant manner. The wells then inoculated with 25 µg, 50 µg, and 100 µg dose of AgNPs along with 5 µg of ciprofloxacin as positive control. Plates kept standing for 30 minutes and incubated at 37°C for 24 hours. The data analyzed as triplicate with formed zone of inhibition in millimeters recorded with standard deviation (Arif, W. Rana et al., 2017).
2.6.2. Antioxidant activity by DPPH assay
In a protocol, 2.5 mM concentration of DPPH prepared in methanol solvent and testing dosage of AgNPs along with standard ascorbic acid set as 20, 40, 60, 80, 100 and 120µg/ml. The content then added to the 2.5 ml of DPPH solution and mixed by vortexing. The content then incubated at room temperature for 30 minutes. Upon incubation, the changes in absorbance were recorded at 517 nm by involving UV-Visible spectroscopy.
Here % DPPH inhibition calculated by using formula as:
% DPPH inhibition = (O.D. of control-O.D. of test/O.D. of control) x 100
Further based on the data, IC50 value of antioxidant activity for AgNPs recorded by linear regression [22].
3. RESULTS & DISCUSSION
3.1. Characterization of AgNPs by UV-visible spectroscopy
The formation of M. koenigii-reduced AgNPs was confirmed by a distinct color change in the reaction solution, transitioning from green to dark brown upon incubation, which is indicative of nanostructure synthesis (Fig. 1). The UV-Visible spectrum further confirmed the synthesis of AgNPs by displaying a characteristic surface plasmon resonance band at 420 nm (Fig. 2). This observation aligns with previous studies where the development of AgNPs results in a distinctive color shift and a surface plasmon resonance band, confirming their formation [22,23]. 
3.2. FTIR analysis of AgNPs
FTIR analysis of M. koenigii based AgNPs we recorded typical nine peaks as 3455, 2883, 1632, 1556, 1523, 1492, 1385, 1090 and 542 cm-1, indicated that these characteristics peaks belong to various functional groups present mainly in plant extract, thereby responsible for the reduction of Ag+ ions and its stabilization thereof. Here peak at 3455 cm-1 linked with O-H stretching vibration; peak at 2883 cm-1 linked to C-H stretching; peak at 1632 cm-1 linked to C=C stretching; peak at 1556 cm-1 and 1523 cm-1 linked to C=O stretching or of C=C stretching. Here peak at 1492 cm-1 belongs to C-H bending vibrations. The peaks at 1385, 1090 and 542 cm-1 belongs to C-N stretching, C-O stretching, respectively (Fig. 3). These distinct absorption bands collectively indicate the presence of biomolecules such as flavonoids, phenolic compounds, and proteins, which act as effective capping and reducing agents in the biogenic synthesis of AgNPs [24, 25]. The presence of electron-rich functional groups within the plant extract, such as those identified by FTIR, are crucial for facilitating the reduction of silver ions and subsequent nanoparticle formation [26]. 
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	Fig. 2: UV visible spectroscopy of the AgNPs showing plasmon resonance at 420 nm
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	Fig. 3: FTIR spectra of the AgNPs for the wavelength 500-4000 cm-1



3.3. X-Ray diffraction analysis of AgNPs
 As shown in Fig. 4 and as per Debye-Scherrer formula, it has been showcased that these AgNPs bears higher surface area to volume ratio of the nanocrystals with average size of 20-50 nm and affirmed to bear crystalline structure with face-centered cubic lattice. This crystalline nature is further corroborated by the presence of Bragg reflections in the X-ray diffraction pattern, which align with established data for face-centered cubic silver . The intensity and broadening of these peaks further indicate the crystalline nature and small crystallite size of the synthesized nanoparticles (Mahakham et al., 2017).
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	Fig. 4: XRD pattern of the AgNPs showcasing the details of size and 2 theta values

	


3.4 TEM analysis of AgNPs
TEM data, we registered the defined globular shaped AgNPs with average size of 25-50 nm. (Fig. 6) TEM analysis also revealed the presence of clear lattice fringes, indicating the highly crystalline nature of the nanoparticles and confirming their structural integrity [28,29]. The high-resolution TEM further elucidated these crystalline characteristics, showing a lattice spacing of approximately 0.234 nm, which corresponds to the plane of face-centered cubic silver [30]. 
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	Fig. 5: M. koenigii based AgNPs represented with globular shaped nanoparticles as per TEM analysis



3.5. Antibacterial activity of AgNPs
Synthesized AgNPs were studied on S. aureus (MTCC 1678) and E. coli (MTCC 737) reported good antimicrobial activity as showns in Table No. 1 (Fig.5, 6) ((Pelgrift RY et al., 2013). AgNPs stronger activity against S. aureus than E. coli, consistent with the understanding that Gram-positive bacteria, having a single peptidoglycan layer, are more susceptible to nanoparticles than Gram-negative bacteria with an additional outer membrane (Jayeoye, T.J. Eze et al.,  2021. Slavin YN et al., 2017). AgNPs reported concentration dependent zone of inhibition of bacteria as the concentration increases 25ug/ml to100ug/ml zone of inhibition also increased (Pelgrift RY et al., 2013). Nevertheless, silver nanoparticles have demonstrated broad-spectrum antibacterial activity, making them a promising alternative for combating drug-resistant bacteria (Abo-Elmaaty et al., 2022).
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Fig. 6: E. coli inhibition by AgNPs                                        Fig. 7: S. aureus inhibition by AgNPs                                         
	


3.6. Antioxidant activity of AgNPs
Antioxidant activity here screened with 20-120 µg/ml dose of AgNPs along with standard ascorbic acid by DPPH assay Fig. 7. AgNpPs recorded an excellent antioxidant activity of M. koenigii reduced AgNPs since its IC50 value recorded as 2.33 µg/ml which is just like ascorbic acid whose IC50 value was 2.07 µg/ml, thus result indicated that AgNPs potential as an equivalent antioxidant like that of ascorbic acid .Moreover, the scavenging activity of green-synthesized AgNPs against free radicals, as demonstrated by DPPH assays, often increases with nanoparticle concentration, reaching maximal efficacy at higher dosages. For example, AgNPs biosynthesized from Nepeta cataria extracts have demonstrated significant antioxidant effects through DPPH assays, highlighting their capacity to neutralize free radicals.

Fig.8 DPPH Assay of AgNPs
 CONCLUSION
The study reported succesfulll phytochemical reduced synthesis of AgNPs Havinfg average  size 25-50nm. AgNPs confirmed antimicrobial activity against both gram-positive and gram-negative pathogens also reported excellent antioxidant activity.These results support the integration of nanotechnology in antimicrobial research, particularly for developing alternatives in response to antibiotic resistance.The increased susceptibility of S. aureus to both nanoparticles suggests structural factors play a critical role in determining nanoparticle efficacy. These results support the integration of nanotechnology in antimicrobial research, particularly for developing alternatives in response to antibiotic resistance.
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