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Currently, the creation of several novel materials has accelerated the fields of 

nanoscience and nanotechnology. The production of nanoparticles is being 

developed using a variety of physical, chemical and even biological processes. 

The biological approach is becoming increasingly popular among these 

methods because it is easy to use, requires modest operating conditions, and 

produces waste and products in a more environmentally friendly manner. 

Green nanoparticles can be synthesised using a variety of components and 

biochemicals found in plants, which can act as stabilising and reducing agents. 

There is great potential for AgNPs, particularly in the medical applications or 

biomedical field.  The most common application of nanoparticles has been as 

antibacterial agents. In this study, AgNPs were synthesised using the green 

synthesis method. The antibacterial and proliferative effects of these 

synthesised nanoparticles were investigated. In this direction, yellow cherry 

(Prunus avium L.) belonging to Konya/Ereğli region was harvested at 

appropriate time and conditions. The extract of the collected yellow cherry 

was used as a reducing agent to obtain Ag nanoparticles. The extract obtained 

from the collected yellow cherry, rich in polyphenols and flavonoids, served 

as a reducing agent for AgNP synthesis. The Prunus avium-AgNPs (PA-

AgNPs) were found to be spherical with an average size of 40.98 ± 12.45 nm 

based on SEM analysis. The synthesised Ag-NPs were shown to be effective 

against S. aureus and E. faecalis bacteria based on their antibacterial activity, 

which was assessed using the disc diffusion technique. At the same time, a 

healthy cell line (L929) was used to assess the proliferative effect using the 

MTT technique. The results showed that the IC50 (concentration that inhibits 

50%) of the cells was 46 µg mL-1 at 24 hours, 92.5 µg mL-1 at 48 hours and 

105 µg mL-1 at 72 hours. In this study, silver nanoparticles were synthesized 

with an environmentally friendly approach using the extract obtained from the 

fruits of Prunus avium, which is rich in bioactive content. Compared to AgNPs 

synthesized by chemical methods, particles synthesized by biosynthesis 

(green synthesis) method showed much lower cytotoxic effects. 
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INTRODUCTION 

Nanotechnology is one of the emerging branches of science with a variety of applications in the 

biomedical field (Mustapha et al., 2022). The aspects that green nanotechnology, a subset of 

nanotechnology, has recently revealed at the molecular level have attracted much attention (Uyaner et 

al., 2024).  These products continue to be a developing field of study with their use in the treatment of 

various diseases in many fields, especially in medicine (Ramazanli and Ahmadov 2022). A new class 

of useful materials are nanoparticles. Among the useful superior properties that NPs offer during 

synthesis is their resistance to high temperature fluctuations (Syafiuddin et al., 2017). The field of 

biomedical applications is very interested in metallic NPs. Metallic nanoparticles can be created using 

a variety of chemical, physical and biological methods (Keskin et al., 2023). Physical and chemical 

methods are time and energy consuming, expensive and not environmentally friendly. Various enzymes, 

algae, microbes and plants are used for the biological synthesis approach. Green synthesis of NPs using 

plant extracts has become a promising technique for the production of metallic NPs, especially in recent 

years. It offers significant advantages, including the ability to synthesise NPs in a straightforward, rapid, 

inexpensive and environmentally friendly manner, as well as ease of scaling, a less biohazardous 

structure and protection of cell lines (Jabir et al., 2021). Nanometals, particularly gold (Au), zinc (Zn), 

silver (Ag), palladium (Pd) and titanium (Ti), are often preferred in areas such as drug delivery systems, 

biological markers and the manufacture of optical devices. Furthermore, these metals are not only used 

in the synthesis of NPs, but also in some processes such as increasing their stability (Emanuel et al., 

2015). In addition, NPs are useful substances with applications in food and cosmetics, medical 

applications, bioremediation research, etc. (Khalilov, 2023). Silver NPs are being studied by scientists 

in many different fields due to their unusual physicochemical structures among metal nanoparticles 

(Khan et al., 2023). In a variety of scientific fields, including biomedical research, AgNPs are 

extensively used in antibacterial, antiviral, anti-inflammatory and anti-cancer treatments. Several 

biomedical articles that inhibit infection are made with AgNPs (Jumah et al., 2020). Silver was used to 

heal infected wounds before antibiotics were used in modern medicine, but its use has declined due to 

its high toxicity and the accessibility of antibiotics (Singh et al., 2018). Antibiotics have become the 

most preferred group of drugs for the treatment of infections in human and animal health, and even in 

aquaculture production.  However, excessive use of this group of drugs causes antibiotic resistance in 

organisms and their presence in large quantities in wastewater has been analysed (Aydın et al., 2024). 

Scientists have recently become interested in AgNPs, partly because of their potential use as 

antibacterial agents (Gunashova, 2022). Much research has used biological methods and plant sources 

(leaf, flower, root, fruit or whole plant) to produce AgNPs (Namburi et al., 2021). In particular, the fact 

that AgNPs produced in synthesis studies using plant sources are environmentally friendly and do not 

require special conditions, together with the fact that the synthesis process is simple, inexpensive and 

produces a larger quantity of product, are some of the factors that are driving interest in biological 

approaches (Rather et al., 2022). Due to its non-toxicity, environmental friendliness, affordability, ease 

of scalability, and greater yields than chemically synthesized AgNPs, green synthesis AgNPs have 

gained more attention from researchers in the literatüre (Asif et al., 2022). Plants, especially their fruit 

parts, are rich sources of potentially bioactive compounds such as phenolic acids, flavonoids, coumarins, 

and various organic acids. In extracts derived from plant sources, phenolic compounds, alcohols, 

flavonoids, and phytochemicals with carboxyl groups are substances that decrease the positively valued 

silver in the aqueous structure, create silver nanoparticles, and also have an impact on stability 

(Keskinkaya et al., 2023; Srikar et al., 2016). The use of NPs to be obtained using the green synthesis 

method as reducing agents, such as minimizing carbon footprint, sustainability, and reducing product 

toxicity, supports environmental protection efforts compared to chemical reducing agents (Kazak, 

2024).  
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In addition to providing nutrients, fruits and vegetables also naturally contain antioxidants through 

secondary metabolites. Due to their positive impact on human health, antioxidants are gaining attention. 

They help prevent the damaging free radicals that cause cancer, heart disease, and many other disorders 

(Shui et al., 2006). Both naturally occurring oxidation and reduction processes in living things and 

dangerous sources including radiation, viruses, air pollution, and toxic byproducts of cell metabolism 

can produce free radicals. Lipids, proteins, nucleic acids, and other pathogenic processes are all 

oxidatively damaged by these reactive species. The relevant reactive species are known to contribute to 

aging, cell damage, and tissue damage by causing molecular alterations and gene mutations in cells 

(Ugur et al., 2023). The human body benefits from antioxidants because they neutralize free radicals 

and stop them from forming by giving up their electrons. They delay or stop the oxidation of the substrate 

that causes oxidative damage and are present in foods and the body in lower quantities than oxidizable 

substrates (Buyuktuncel et al., 2013). The fruit of the genus Prunus, which belongs to the Rosaceae 

family, is Prunus avium (Usenik et al., 2008). P. avium is one of the most popular temperate climate 

fruits. According to reports, one of the natural antioxidants is the white cherry, Prunus avium (Pszczola, 

2001 It is a fruit with high consumption due to its sweetness, rind color, and sugar content. It has been 

reported that sweet cherries contain various phenolics, anthocyanins, flavonols and flavan-3-ols, and 

hydroxycinnamate (Gonçalves et al., 2004; Usenik et al., 2008). Based on this, we hypothesized that P. 

avium fruits containing flavonoids, ellagitannins, and anthocyanins could be applied in the green 

synthesis of AgNPs. 

In this study, non-toxic, environmentally friendly, cost-effective, easily scalable PA-AgNPs were 

collected during the harvest of Yellow Cherry (Prunus avium L.), extracted and produced by green 

synthesis method. The functional groups of the synthesized nanoparticles were evaluated by FTIR 

measurements and their morphological properties were evaluated using SEM. Using this cherry from 

Ereğli district of Konya province, high bioactive content and efficient PA-AgNPs were obtained. The 

antibacterial activity of these green nanoparticles (PA-AgNP) was evaluated using disc diffusion method 

(E. coli, S. epidermidis, S. aureus and B. Subtilis). MTT method was applied to evaluate the proliferative 

effect on the cell line L929 (Mouse Fibroblastic Cell Line) in accordance with ISO standards. In this 

study, AgNP, which is synthesized for the first time by green synthesis method of Prunus avium extracts, 

one of the natural foods with high bioactive content, was synthesized and its antibacterial and 

proliferative effect potential was successfully evaluated. Moreover, this study is an innovative approach 

in obtaining many products with high bioapplicability in the environmentally friendly medical field 

thanks to green nanotechnology by using plants with various biocomponents. 

MATERIAL and METHOD 

Preparation of Prunus avium Extract and Synthesis of PA-AgNP 

Prunus avium (yellow cherry) species was obtained from Konya/Ereğli public markets and after 

the samples were sorted and cleaned, they were stored at -20ᵒC. The fruits were brought to room 

temperature and squeezed with a press to extract the juice for use in the green synthesis study. The 

prepared extract was filtered using filter paper. About three hours were spent stirring a 100 mL volume 

solution with 0.1 M concentration AgNO3 salts (metal nitrate) and 20 mL of cherry extract at 60ᵒC using 

a magnetic stirrer (Atacan et al., 2023). Then, this precipitate nanoparticle was pyrified and dried at 60 

⁰C.  
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Characterization Analysis of PA-AgNPs 

The biomolecules' functional groups were identified using FTIR measurements in order to assess 

how well the produced Ag NPs were stabilized. SEM, or scanning electron microscopy, was used to 

examine the morphological characteristics of the produced nanoparticles. 

Assessment of PA-AgNPs' Antibacterial Activity 

In our study, the disk diffusion method, which is one of the most preferred methods to evaluate 

the antibacterial activity of the PA-AgNPs, was used. In the study, standard strains of Escherichia coli, 

Bacillus subtilis, Staphylococcus epidermidis and Staphylococcus aureus, which are commonly found 

on surfaces and cause hospital infections, were obtained from Sakarya University Microbiology 

Laboratory. Results were interpreted according to the National Committee for Clinical Laboratory 

Standards.After dissolving the prepared PA-AgNPs in 1% DMSO, the concentration was adjusted to 1 

mg mL-1. Then, as a control group, 30 µL of 1% DMSO, PA-AgNP and yellow cherry extract were 

impregnated onto sterile discs with a diameter of 6 mm. Using a densitometer, suspensions with a density 

of 0.5 Mcfarland (108) were prepared from fresh cultures (24 h old). Using a swab, samples from this 

solution were added to Mueller Hinton agar medium. Pre-prepared sample-impregnated discs were 

placed in Petri dishes into which bacteria were inoculated. After incubation (24 hours at 37 °C), the 

inhibition zones formed in the Petri dish were measured using a digital caliper and the results analysed 

(Semerci et al., 2020). Gentamicin-loaded discs were used as positive controls. All studies were 

performed in 3 replicates under aseptic conditions and the results were given as mean. 

Cell Line and Cell Culture Medium 

The cell line L929 (Mouse fibroblastic cell line), which complies with the UNI EN ISO 

10993/2009 standard, was used to investigate the proliferative effect of green synthesis PA-AgNPs 

(Figure 1) (Torabi et al., 2023; Cannella et al., 2019). DMEM High Glucose (2 mM L-glutamine) was 

used as the culture medium. To avoid contaminating the culture media, Penicillin/Streptomycin was 

added at a dosage of 1 mg mL-1 in addition to supplementing the culture medium with fetal calf serum 

(10% (v/v)) (fetal bovine serum, FBS). The mouse fibroblastic cell line was multiplied by incubating in 

an incubator (at 37°C, 5% CO2). When the monolayer (adherent) cells filled 85% of the medium in 

which they were grown, they were enzymatically separated from the surface of the culture vessel and 

passaged. Thus, the storage and continuity of the cell line was ensured. 

Investigation of Cytotoxic Effect of PA-AgNPs 

MTT is a yellow, water-soluble tetrazolium dye (Cat. No. 32030, Serva, TURKIYE). This dye is 

reduced to formazan crystals by dehydrogenase enzyme groups active in the mitochondria of living cells 

and turns purple. The purple colour can be obtained by dissolving the formazan crystals formed with 

DMSO (dimethylsulfoxide). The purple colour formed by the dissolved formazan crystals is evaluated 

spectrophotometrically (Korzeniewski and Callewaert, 1983). The MTT method is a colorimetric assay 

to evaluate metabolically active cells by reducing 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide salt to insoluble formazan crystals by dehydrogenase, which can work with mitochondrial 

activity (Boyraz et al., 2021). In the study, L929 cells (2x105 in 1 ml) were seeded onto the 96-well cell 

culture dish for analysis and then incubated for 24 hours at 37°C in an incubator with 5% CO2. At the 

end of the incubation period, PA-AgNPs were prepared at a concentration of 10 mg mL-1 using DMSO 

at a ratio of 1/1000. Concentrations between 250 µg mL-1 -4 µg mL-1 were applied using the serial 

dilution method (Concentrations determined by serial dilution method: 4-8-16-32-64-125-250 ug mL-

1). To evaluate the proliferative effect, MTT was applied after incubation at these concentrations for 24-
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48-72 time periods. The proliferative effect of each determined concentration was determined by the 

MTT method after 24-48-72 hours. Cell proliferation was analysed at 570 nm in a microplate reader 

(Thermo Scientific, USA) (Kars et al., 2006). 

Statistical Analysis 

Analyses regarding cell viability were repeated at least three times. Analyses were performed as 

a result of the proliferation values determined for each concentration using the formula %cell 

Proliferation=(control/treatment)*100. Significant differences between the concentrations determined 

at 24, 48 and 72 hours were evaluated as a group for different time periods. Significant differences 

between proliferative effects at different concentrations were examined using Student's t-test (p<0.05) 

(Selvi, 2024).  GraphPad Prism was used to statistically analyze the data (GraphPad Prism version 8.0.2, 

USA). 

RESULTS 

Synthesis and Characterization Analyses of PA-AgNPs 

The FTIR analysis results of the Ag NPs synthesized by the green synthesis method using yellow 

cherry fruit extract are shown in Figure 2. The stretching indicated by the peak at 2924 cm-1 is the -CH 

stretching vibration of alkanes (Saiful et al., 2019). The C=O bond at 1717 cm-1 can be considered as 

its origin. The CO vibration is responsible for the peak at 1032 cm-1 corresponding to the 952-1276 cm-

1 region. The results of the FTIR analysis of this study are in agreement with those of other studies 

(Albeladi et al., 2020; Bagyalakshmi and Haritha, 2017). 

In order to evaluate the surface properties and quantify the size of PA-AgNPs generated at the 

ideal concentration ratio of white cherry extract and AgNO3 combination, an SEM picture was taken. 

Figure 3 shows the resulting image and the synthesis of PA-AgNPs was indicated by the white dots 

present in the image. The average size of the spherical particles was 40.98 ± 12.45 nm. 

Evaluation of Antibacterial Activity of PA-AgNPs 

The results of the antibacterial activity of AgNPs prepared from yellow cherry extract against 

Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Staphylococcus epidermidis bacteria are 

shown in Table 1. In order to determine whether the yellow cherry extract has an effect on the 

antibacterial activity of AgNPs, their antibacterial activity was also evaluated. It was found that the 

synthesised AgNPs produced an inhibition zone diameter of 13 mm on S. epidermidis and S. aureus 

bacteria. It was observed that there was no antibacterial activity in the discs impregnated with 1% DMSO 

and yellow cherry extract. When PA-Ag NP was compared with the antibiotic gentamicin, it was 

determined that PA-Ag NPs showed moderate antibacterial properties on E. coli, S. epidermidis and S. 

aureus. 

Investigation of Cytotoxic Effect of PA-AgNPs 

Using Prunus avium, green synthesised silver nanoparticles were added to L929 cell lines at a 

dose of 10 mg mL-1 for 24-48-72 hours. Viability analysis (MTT), determined by dehydrogenase 

enzyme activity dependent on mitochondrial activity, was used for each determined time period. 

Percentage cell proliferation graphs were plotted according to the results obtained. The graphs showed 

a decreasing trend between 62.5 µg mL-1 -250 µg mL-1 concentration at 24-48-72 hour periods (Figure 

4abc). However, it was observed that the cells showed a proliferative effect between the concentrations 
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of 8 µg mL-1-62.5 µg mL-1. As a result of the proliferation graph prepared, the concentration that 

inhibited 50% of the cells, IC50, was determined to be 46 µg mL-1 in 24 hours, 92.5 µg mL-1 in 48 

hours and 105 µg mL-1 in 72 hours on average (Figure 4d). In addition, the experimental groups whose 

incubation periods ended as a result of PA-AgNP application were photographed under an inverted 

microscope as a function of dose and compared with the MTT test results. The % cell viability graph 

and the inverted microscope images produced as a result of the MTT method used in our research 

confirm and support each other (Figure 5). As a result of the statistical analysis, p values were 

respectively found to be 0.001/0.001/0.001 at 24/48/72 hours (Table 2). The P value less than 0.05 

indicates that the analysis results are significant (p˂0.05).  

DISCUSSION 

Silver nanomaterials have great potential to be used directly or indirectly in medical applications 

(Uygur et al., 2009). However, the research conducted has led to the search for new synthesis methods 

due to the production of AgNPs by the known classical chemical/physical synthesis method and its toxic 

effects on living cells. In the age of ecologically friendly development, green synthesis methods for 

producing metal nanoparticles from plant extracts have drawn attention because of their affordability, 

ease of use in comparison to chemical and physical methods, and environmental sustainability 

(Alshameri and Owais, 2022). The reduction of metal ions to zero-valent metals and the stability of 

metal nanoparticles are caused by terpenoids, flavonoids or alkaloids, polyphenols, phenolic acids, and 

other secondary metabolites that are present in different plant sections. Furthermore, fatty acids, 

carbohydrates, or amino acids can be used as reducing agents in the creation of metal oxide nanoparticles 

(Behravan et al., 2019). 

AgNPs have been reported in the literature to exhibit cytotoxicity, which is mostly concentration 

dependent (Akter et al., 2018). In the study conducted by Park et al. (2010), it was reported that 0.2 µg 

mL-1 (0.2 ppm) AgNP concentration decreased cell viability by 20% and 1.6 µg mL-1 (1.6 ppm) AgNP 

concentration decreased cell viability by 40% when AgNPs were applied to the RAW 264.7 cell line 

(Park et al., 2010). Similarly, 25 µg mL-1 (25 ppm) was reported to be the most toxic concentration of 

AgNPs applied to the rat liver cell line BRL 3A, and toxicity was observed at concentrations ranging 

from 1 to 25 µg mL-1 (1-25 ppm) (Akter et al., 2018). 

Nowadays, the development of green nanotechnology reduces the toxic effects of highly toxic 

metals such as Ag, especially by using green synthesis method with plant extracts. Veeraraghavan et al. 

(2021) obtained green synthesis SB-AgNPs using Scutellaria barbata extract and applied green synthesis 

AgNPs at concentrations of 2.5, 5, 7.5, 10, 15 µg mL-1 for 24 hours using L929 cell line. In this period, 

the viability rates of AgNPs at the concentrations used are over 50% compared to the chemical and 

physical method (Veeraraghavan et al., 2021). A similar study was carried out by Maghimaa and 

Alharbi. CL-AgNPs obtained from Curcuma longa L. extracts were applied to the L929 cell line for 24 

h and it was reported that they showed no toxic effects at concentrations between 5-35 µg mL-1 

(Maghima and Alharbi, 2020). 

In the study by Ghasemi et al. (2024), RD-AgNP synthesis was carried out using an extract from 

the leaves of the Rubus discolor plant. It was found that it showed anticancer activity at concentrations 

between 11.2 μg mL-1 and 49.1 μg mL-1 in different types of cancer cells (HepG2-MCF7-A432), while 

it showed cytotoxic effect at a concentration of 158 μg mL-1 in the healthy cell line HU02. In 

comparison, PA-AgNPs were reported to have much lower cytotoxic activity in the healthy cell line 

(Ghasemi et al., 2024). In another study, DK-AgNPs were obtained by Keskin et al. (2023) by green 

synthesis method using Diospyros kaki L. The cytotoxic effects of DK-AgNPs were investigated on 



Green Synthesis of Silver Nanoparticles (PA-AgNPs), Characterisation, Antibacterial and Proliferative… 

 

 

 

    
 

104 

glioblastoma (U118), human ovarian sarcoma (Skov-3), human colorectal adenocarcinoma (Caco-2) 

cancer cell lines and healthy human dermal fibroblast (HDF) cell line by MTT technique. Experimental 

results showed that after 48 hours of incubation with DK-AgNPs for cancer cell lines, it was found to 

be highly cytotoxic (25-50 μg mL-1), while it was reported that the cytotoxic effect was less in the 

healthy cell line (25-200 μg mL-1) (Keskin et al., 2023).  

In this study, PA-AgNPs obtained from Prunus avium extracts by green synthesis method were 

applied to the healthy mouse fibroblastic cell line L929 for 24-48-72 hours and 50% cell viability was 

determined as 24h-46 μg mL-1, 48h-92.5 μg mL-1 and 72h-105 μg mL-1 by MTT method.  In the study, 

concentrations between 250 µg mL-1 -4 µg mL-1 (Concentrations determined by serial dilution method: 

4-8-16-32-64-125-250 ug mL-1) were used, which are much higher values compared to the literature. 

When the obtained IC50 values were compared to the chemical method in the literature, no cytotoxic 

effect was observed at high concentrations. In the study to evaluate the proliferative effect, PA-AgNPs 

were evaluated on L929 separately at three different incubation times. IC50 values at different times 

were also compared within themselves. 

Studies in the literature show that AgNPs are mostly spherical and oval in shape and their average 

diameters are up to 10-50 nm (Rafique et al. 2017). In our study, AgNPs synthesized using yellow cherry 

fruit extract were found to be in this range. Similarly, AgNPs synthesized using fruit extracts including 

Carissa macrocarpa and Momordica charantia fruit extracts were determined to be spherical in shape 

and to have antimicrobial activity (Soman and Ray, 2016; Rashid et al., 2017). Roy et al., (2014) reported 

that Ag-NPs synthesized by green synthesis method using Malus domestica extract were spherical in 

appearance and the average diameter of the spheres was 20 nm. 

Numerous studies have demonstrated the antibacterial properties of Ag NPs prepared using plant 

products and the green synthesis approach. Reportedly, Ag NPs made with Abutilon indicum extract 

exhibited strong antibacterial activity against bacteria such as S. typhi, E. coli, S. aureus and B. subtilis 

(Ashokkumar et al., 2015). Ag NPs prepared from Aloe vera extract were found to be effective against 

P. aeroginosa, S. aureus and E. coli bacteria in a related investigation. In our study, Ag NPs synthesised 

using yellow cherry extract were found to have antibacterial activity against the test bacteria used, 

similar to studies in the literature. 

It is thought that PA-AgNPs exhibit strong antibacterial activity depending on the nanoparticle 

size (average 41 nm) prepared in our study. The actual mechanisms of the antibacterial and antifungal 

activities of AgNPs are among the issues that are attempted to be elucidated in detail. The antimicrobial 

activity of Ag + ions contained in the nanoparticle structure is explained by many mechanisms. The 

silver ions in the structure have the ability to bind preferentially to the phosphate group of the nucleic 

acid, rather than to its nucleosides, and to form various complexes with nucleic acids, including DNA 

and RNA. Some research suggests that positively charged nanoparticles and negatively charged bacterial 

cells are electrostatically attracted to each other, making them the best proposed bactericidal agent. In 

addition, they have been shown to not only diffuse within the cell, but also accumulate in the membrane 

and intercellular space, causing denaturation of the membranes or bacterial wall (Biswas et al., 2019; 

Abada et al., 2024). 

CONCLUSION 

In recent years, it has been observed that the bioactivity of metal nanoparticles has been increased 

by obtaining them by green synthesis method using biological materials. In our study, PA-AgNPs were 

found to have IC50 values of 46 µg mL⁻¹ at 24 h, 92.5 µg mL⁻¹ at 48 h and 105 µg mL⁻¹ at 72 h in L929 
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cells, which indicates that the biological (green synthesis) synthesis method has low cytotoxicity when 

compared to chemical and biological synthesis methods. Thus, in our study, they were found to be much 

less cytotoxic, even at an average concentration 10 times higher, especially in the healthy cell line L929. 

In addition, this study suggests that it is a wound healing agent thanks to its bioactive content, especially 

with metals with high antibacterial properties such as AgNP. Long-term toxicity assessments, anticancer 

activity, and in vitro and in vivo wound healing models are anticipated in future research to confirm the 

possible medicinal uses of PA-AgNPs. 

Ethical Statement 

Local Ethics Committee Approval was not obtained because experimental animals were not used 

in this study. 

Author Contributions 

Research Design (CRediT 1) Author 1 (%50) – Author 2 (%40)- Author 2 (%10) 

Data Collection (CRediT 2) Author 1 (%50) – Author 2 (%40)- Author 2 (%10) 

Research - Data analysis - Validation (CRediT 3-4-6-11) Author 1 (%60) – Author 2 (%40) 

Writing the Article (CRediT 12-13) Author 1 (%60) – Author 2 (%40) 

Revision and Improvement of the Text (CRediT 14) Author 1 (%60) – Author 2 (%40). 

Funding 

This study was supported by the TUBİTAK 2209 Project institution with the number 

1919B012404131. 

Conflict of Interest 

Authors declare that there is no conflict of interest. 

Sustainable Development Goals (SDG) 

13 Climate Action 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Green Synthesis of Silver Nanoparticles (PA-AgNPs), Characterisation, Antibacterial and Proliferative… 

 

 

 

    
 

106 

REFERENCES 

Abada, E., Mashraqi, A., Modafer, Y., Al Abboud, M.A., El-Shabasy, A. (2024). Review green synthesis 

of silver nanoparticles by using plant extracts and their antimicrobial activity. Saudi Journal of 

Biological Sciences, 31(1), 103877. https://doi.org/10.1016/j.sjbs.2023.103877 

Akter, M., Sikder, T., Rahman, M., et al. (2018). A systematic review on silver nanoparticles-induced 

cytotoxicity: Physicochemical properties and perspectives. Journal of Advanced Research 9, 1-

16. https://doi.org/10.1016/j.jare.2017.10.008 

Albeladi, S.S.R., Malik, M.A., Al-thabaiti, S.A. (2020). Facile biofabrication of silver nanoparticles 

using Salvia officinalis leaf extract and its catalytic activity towards Congo red dye degradation. 

Journal Material Research Technolgy, 9(5), 10031-10044. 

https://doi.org/10.1016/j.jmrt.2020.06.074 

Alshameri, A.W., Owais, M. (2022). Antibacterial and cytotoxic potency of the plant-mediated synthesis 

of metallic nanoparticles Ag NPs and ZnO NPs: A review. OpenNano 8, 100077.  

https://doi.org/10.1016/j.onano.2022.100077 

Ashokkumar, S., Ravi, S., Kathiravan, V., Velmurugan, S. (2015). Synthesis of silver nanoparticles 

using A. indicum leaf extract and their antibacterial activity. Spectrochim Acta A. Mol. Biomol. 

Spectrosc., 134, 34-39. https://doi.org/10.1016/j.saa.2014.05.076 

Asif, M., Yasmin R., Asif, R., Ambreen, A., Mustafa, M. and Umbreen S. 2022. “Green Synthesis of 

Silver Nanoparticles (AgNPs), Structural Characterization, and Their Antibacterial Potential.” 

Dose-Response 20(2) 1-11. https://doi.org/.10.1177/15593258221088709. 

Atacan, K., Güy, N., Alaylı, A., Nadaroğlu, H. (2023). Novel green synthesis of Ag2S from Diospyros 

kaki and its application for efficient photocatalytic hydrogen evolution. Molecular Catalysis, 544, 

113140. https://doi.org/10.1016/j.mcat.2023.113140 

Atacan, K., Güy, N., Alaylı, A., Nadaroğlu, H. (2023). Novel green synthesis of Ag2S from Diospyros 

kaki and its application for efficient photocatalytic hydrogen evolution. Molecular Catalysis, 544, 

113140. https://doi.org/10.1016/j.mcat.2023.113140 

Aydın, S., Ulvi, A., Aydın, M.E. (2024). Presence of Some Antibiotic (Metronidazole, Ornidazole) and 

Antifungal (Fluconazole) Pharmaceuticals in Urban Wastewater and Risk Assessment, Necmettin 

Erbakan University Journal of Science and Engineering Sciences, 6(2), 225-236. 

https://doi.org/10.47112/neufmbd.2024.45 

Bagyalakshmi, J., Haritha, H. (2017). Green Synthesis and Characterization of Silver Nanoparticles 

Using Pterocarpus marsupium and Assessment of its In vitro Antidiabetic Activity. American 

Journal of Advanced Drug Delivery 5, 118-130. https://doi.org/10.21767/2321-547X.1000019 

Biswas, A., Vanlalveni, C., Adhikari, P.P., Lalfakzuala, R., Rokhum, L. (2019). Biosynthesis, 

characterisation and antibacterial activity of Mikania micrantha leaf extract‐mediated AgNPs. 

Micro & Nano Letters, 14(7), 799-803. https://doi.org/10.1049/mnl.2018.5661 

Boyraz, M.U., Shekhany, B., Süzergöz F. (2021). Cellular Imaging Analysis of MTT Assay Based on 

Tetrazolium Reduction. Journal of Harran University Medical Faculty 18(1), 95-99. 



Research and Practice in Veterinary and Animal Science (REPVAS) 
    

 
 

107 

https://doi.org/10.35440/hutfd.816390 

Büyüktuncel, E. 2013. “Toplam fenolik içerik ve antioksidan kapasite tayininde kullanilan baslica 

spektrofotometrik yöntemler.” Marmara Pharmacology. J., 2, 93-103. 

http://dx.doi.org/10.12991/201317377 

Cannella, V., Altomare, R., Chiaramonte, G., et al. (2019). Cytotoxicity Evaluation of Endodontic Pins 

on L929 Cell Line. BioMed Research International, 3469525, 5. 

https://doi.org/.10.1155/2019/3469525 

Emmanuel, R., Palanisamy, S., Chen, S.M., et al. (2015). Antimicrobial efficacy of green synthesized 

drug blended silver nanoparticles against dental caries and periodontal disease causing 

microorganisms. Matererial Science Engineering, 56, 374-379. 

https://doi.org/10.1016/j.msec.2015.06.033 

Ghasemi, S., Dabirian, S., Kariminejad, F., et al. (2024). Process optimization for green synthesis of 

silver nanoparticles using Rubus discolor leaves extract and its biological activities against 

multi‑drug resistant bacteria and cancer cells. Scientifc Reports, 14, 4130. 

https://doi.org/10.1038/s41598-024-54702-9 

Gonçalves, B., Landbo, A. K., Knudsen, D., Silva, A. P., Moutinho-Pereira, J., Rosa, E., & Meyer, A. 

S. (2004). Effect of ripeness and postharvest storage on the phenolic profiles of cherries (Prunus 

avium L.). Journal of Agricultural and Food Chemistry, 52(3), 523-530. 

https://doi.org/10.1021/jf030595 

Gunashova, G.Y. (2022). Synthesis of silver nanoparticles using a thermophilic bacterium strain isolated 

from the spring Yukhari istisu of the Kalbajar region (Azerbaijan). Advances in Biology and Earth 

Sciences 7 (3), 198-204. 

Jabir, M. S., Nayef, U. M., Abdulkadhim, W. K., et al. (2021). Fe 3 O 4 nanoparticles capped with PEG 

induce apoptosis in breast cancer AMJ13 cells via mitochondrial damage and reduction of NF-

κB translocation, J. Inorg. Organomet. Polym. Mater. 31, 1241–1259. 

https://doi.org/10.1007/s10904-020-01791-4 

Jumah, M.B., Monera, A., Albasher G., Alarifi S. (2020). Effects of Green Silver Nanoparticles on 

Apoptosis and Oxidative Stress in Normal and Cancerous Human Hepatic Cells in vitro, 

International Journal of Nanomedicine, 1537-1548. https://doi.org/10.2147/IJN.S239861 

Kars, M.D., Işeri, O.D., Gündüz, U., Ural, A.U., Arpacı F., Molnár, J. (2006). Development of Rational 

In Vitro Models for Drug Resistance in Breast Cancer and Modulation of MDR by Selected 

Compounds. Antıcancer Research 26, 4559-4568. 

Kazak, Ö. (2024). Doğu Mazısı Kozalağının NaOH Aktivasyonu ile Aktif Karbon Hazırlanması ve Su 

Ortamından Reaktif Turuncu 12’nin Giderimi. Necmettin Erbakan Üniversitesi Fen ve 

Mühendislik Bilimleri Dergisi, 6(2), 199-210. https://doi.org/10.47112/neufmbd.2024.43. 

Keskin C, Ölçekçi A, Baran A, et. al. (2023). Green synthesis of silver nanoparticles mediated Diospyros 

kaki L. (Persimmon): determination of chemical composition and evaluation of their 

antimicrobials and anticancer activities. Front. Chem. 11, 1187808. 

https://doi.org/10.3389/fchem.2023.1187808 



Green Synthesis of Silver Nanoparticles (PA-AgNPs), Characterisation, Antibacterial and Proliferative… 

 

 

 

    
 

108 

Keskinkaya, H.B., Üstün Argon, Z., Doğu, S., Akdağ, T. (2023). Phenolic Content and in-vitro 

antioxidant activity of olea europaea L. subs. oleaster leaves by supercritical CO2 extraction. 

Eregli Journal of Agricultural Sciences, 3(2), 75-85. http://dx.doi.org/10.54498/ETBD.2023.25 

Khalilov, R. (2023). A comprehensive review of advanced nano-biomaterials in regenerative medicine 

and drug delivery. Advances in Biology and Earth Sciences 8 (1), 5-18. 

Khan, M., Khan, M., Adil, S.F. et al. (2023). Green synthesis of silver nanoparticles mediated by 

Pulicaria glutinosa extract. Int. J. Nanomed. 8, 1507-1516. https://doi.org/10.2147/IJN.S43309 

 Korzeniewski, C., Callewaert, D.M. (1983). An enzyme-release assay for natural cytotoxicity. J. 

Immunol. Methods, 64, 313-20. https://doi.org/10.1016/0022-1759(83)90438-6 

Maghimaa, M., Alharbi, S.A. (2020). Green synthesis of silver nanoparticles from Curcuma longa L. 

and coating on the cotton fabrics for antimicrobial applications and wound healing activity. J. 

Photochem. Photobiol. B., 204, 111806. https://doi.org/10.1016/j.jphotobiol.2020.111806 

Mustapha, T., Misni, N., Ithnin, N. R., Daskum, A. M., Unyah, N. Z. (2022) A review on plants and 

microorganisms mediated synthesis of silver nanoparticles, role of plants metabolites and 

applications. Int. J. Environ Res Public Health 19(2), 674. 

https://doi.org/10.3390/ijerph19020674 

Namburi, K. R., Kora, A. J., Chetukuri, A., and Kota, V. S. M. K. (2021). Biogenic silver nanoparticles 

as an antibacterial agent against bacterial leaf blight causing rice phytopathogen Xanthomonas 

oryzae pv. oryzae. Bioprocess Biosyst. Eng. 44 (9), 1975–1988. https://doi.org/10.1007/s00449-

021-02579-7 

National Committee for Clinical Laboratory Standards. 1998. Development of in vitro susceptibility 

testing criteria and quality control parameters. Tentative guideline M23-T3. National Committee 

for Clinical Laboratory Standards, Villanova 

Park, E.J., Yi, J., Kim, Y., Choi, K., Park, K. (2010). Silver nanoparticles induced toxicity by a Trojan-

horse type mechanism. Toxicol. In Vitro, 24, 872-8. https://doi.org/10.1016/j.tiv.2009.12.001 

Rafique, M., Sadaf, I., Rafique, M.S., Tahir, M.B. (2017). A review on green synthesis of silver 

nanoparticles and their applications. Artificial cells, nanomedicine, and biotechnology, 45(7), 

1272-1291. https://doi.org/10.1080/21691401.2016.1241792 

Ramazanli, V.N., Ahmadov, I.S. (2022). Synthesis of silver nanoparticles by using extract of olive 

leaves. Advances in Biology and Earth Sciences 7 (3), 238–244. 

Rashid, M.M. O., Akhter, K.N., Chowdhury, J.A., Hossen, F., Hussain, M.S., Hossain, M.T. (2017). 

Characterization of phytoconstituents and evaluation of antimicrobial activity of silver-extract 

nanoparticles synthesized from Momordica charantia fruit extract. BMC complementary and 

alternative medicine, 17, 1-7. https://doi.org/10.1186/s12906-017-1843-8 

Rather, M. A., Deori, P. J., Gupta, K., et al. (2022). Ecofriendly phytofabrication of silver nanoparticles 

using aqueous extract of Cuphea carthagenensis and their antioxidant potential and antibacterial 

activity against clinically important human pathogens. Chemosphere 300, 134497 



Research and Practice in Veterinary and Animal Science (REPVAS) 
    

 
 

109 

Roy, K., Sarkar, C., Ghosh, C. (2014). Green synthesis of silver nanoparticles using fruit extract of 

Malus domestica and study of its antimicrobial activity. Dig. J. Nanomater Biostruct, 9, 1137-

1147. 

Saiful, A., Helwati, H., Saleha, S., Iqbalsyah, T.M. (2019). Development of bioplastic from wheat 

Janeng starch for food packaging. IOP Conference Series: Materials Science and Engineering, 

523, 012015. https://doi.org/10.1088/1757-899X/523/1/012015 

Selvi, M. H. (2024). The use of statistics in veterinary sciences and the test methods used. Research and 

Practice in Veterinary and Animal Science (REPVAS), 1(1), 43-50. 

https://doi.org/10.69990/repvas.2024.1.1.6 

Semerci, A.B., İnceçayir, D., Konca, T., Tunca H., Tunç, K. (2020). Phenolic constituents, antioxidant 

and antimicrobial activities of methanolic extracts of some female cones of gymnosperm plant. 

Indian Journal of Biochemistry Biophysics, 57, 298-303. 

https://doi.org/0.56042/ijbb.v57i3.36493 

Shui, G., Leong, L.P. 2006. “Residue from star fruit as valuable source for functional food ingredients 

and antioxidant nutraceuticals”, Food Chem., 97, 277-284. 

https://doi.org/10.1016/j.foodchem.2005.03.048 

Singh, J., Mehta, A., Rawat, M., Basu, S. (2018). Green synthesis of silver nanoparticles using sun dried 

tulsi leaves and its catalytic application for 4-Nitrophenol reduction. J. Environ. Chem. Eng. 6 

(1), 1468-1474. https://doi.org/10.1016/j.jece.2018.01.054 

Soman, S., Ray, J.G. (2016). Silver nanoparticles synthesized using aqueous leaf extract of Ziziphus 

oenoplia (L.) Mill: characterization and assessment of antibacterial activity. Journal of 

Photochemistry and Photobiology B., Biology, 163, 391-402. 

https://doi.org/10.1016/j.jphotobiol.2016.08.033 

Srikar, S. K., Giri, D. D., Pal, D. B., Mishra, P. K., and Upadhyay, S. N. (2016). Green synthesis of 

silver nanoparticles: A review. Green Sustain. Chem. 6 (1), 34-56. https://doi.org/10. 

4236/gsc.2016.61004 

Syafiuddin, A., Salim, M.R., Kueh, B.H., Hadibarata, T., Nur, H. (2017). A review of silver 

nanoparticles: Research trends, global consumption, synthesis, properties, and future challenges. 

J. Chin. Chem. Soc. 64 (7), 732-756. https://doi.org/10.1002/jccs.201700067 

Torabi, S., Soleimani, S., Mahravani, H., Ebrahimi, M.M., Shahsavandi, S. (2023). “Mouse Fibroblast 

L929 Cell Line as a Useful Tool for Replication and Adaptation of Infectious Bursal Disease 

Virus.” Archives of Razi Institute, 78(3), 863-871. 

https://doi.org/10.22092/ARI.2023.361584.2663 

Pszczola, D. E. 2001. “Antioxidants: from preserving food quality to quality of life.” Food Technology, 

55, 51-59. 

Ugur, Y., Salva, E., Karaat, F.E., Erdogan S. 2023. “Antiproliferative Properties and Evaluation of 

Antioxidant of Different Cornelian Cherry Genotypes and Analysis of Phenolic and Sugar 

Compounds by HPLC.” Hacettepe J. Biol. Chem., 51(1), 57-70. 

https://doi.org/10.15671/hjbc.1065317 



Green Synthesis of Silver Nanoparticles (PA-AgNPs), Characterisation, Antibacterial and Proliferative… 

 

 

 

    
 

110 

Usenik, V., Fabcric, J., Franci, F. 2008. “Sugars, organic acids, phenolic composition and antioxidant 

activity of sweet cherry (Prunus avium L.).” Food Chemistry, 107, 185-192. https://doi.org/ 

10.1007/s00217-015-2524-9 

Uyaner, M., Karadal, K., Merdan, T., Acar, N.N. (2024). Green composites in aviation industry: NACA 

4452 Rib application. Necmettin Erbakan University Journal of Science and Engineering 

Sciences, 6(2), 272-288. https://doi.org/10.47112/neufmbd.2024.48 

Uygur, B., Craig, G., Mason, M.D., Ngi. A.K. (2009). Cytotoxicity and Genotoxicity of Silver 

Nanomaterials. NSTI-Nanotech.  

Veeraraghavan, V.P., Periadurai, N.D., Karunakaran, T., Hussain, S., Surapaneni, K.M., Jiao, X. (2021). 

Green synthesis of silver nanoparticles from aqueous extract of Scutellaria barbata and coating 

on the cotton fabric for antimicrobial applications and wound healing activity in fibroblast cells 

(L929). Saudi Journal of Biological Sciences, 3633-3640. 

https://doi.org/10.1016/j.sjbs.2021.05.007 


