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A B S T R A C T

Silver nanoparticles (AgNPs) fabricated via green approaches have emerged as attractive candidates for multi
functional biomedical applications. In the present work, an environmentally benign method was employed to 
synthesize AgNPs using Prunus avium L. stem extract (AgNPs@PAS), followed by detailed physicochemical 
characterization with different techniques. Structural analyses verified the formation of predominantly spherical 
AgNPs@PAS with particle sizes mainly ranging from 10 to 35 nm, while FT-IR spectra confirmed the presence of 
phytochemical compounds acting as surface-capping agents. Biological investigations revealed broad-spectrum 
antibacterial properties, with the highest efficacy observed against Escherichia coli (MBC= 140 μg/mL), as 
well as considerable antifungal activity against Candida albicans (MIC= 17.5 μg/mL). The synthesized AgNP
s@PAS also displayed strong antioxidant performance, achieving 93 % DPPH radical scavenging at a concen
tration of 140 μg/mL. Furthermore, in vivo burn wound experiments illustrated a significant enhancement in 
wound closure following treatment with AgNPs@PAS. Cytotoxicity assessment indicated notable anticancer 
property on the MCF-7 breast cancer cell line, with an IC50 value of 78.8 μg/mL. Collectively, these results 
suggest that AgNPs@PAS represent a promising multifunctional nanoplatform for biomedical applications, 
particularly in burn wound healing.

1. Introduction

Damage to the skin disrupts its protective barrier function, increasing 
susceptibility to infection and highlighting the complexity of the wound 
healing process [1]. On the other hand, the treatment of infected skin 
wounds represents a major medical challenge, as a protracted infection 
can lead to delayed wound healing and impaired growth of the blood 
vessels [2]. Given the limitations associated with current wound care 
strategies, there is an urgent need for innovative approaches capable of 
promoting efficient, sustained tissue repair and improving patients’ 

quality of life [1,3,4].
Nanoparticles exhibit unique physicochemical characteristics (like 

their small size and high surface-to-volume ratio) that distinguish them 
from bulk materials and enable enhanced biological interactions [5]. A 
variety of nanoparticles have been applied in different fields. Among 
them, silver nanoparticles have attracted considerable attention due to 
their broad applicability in electronics, agriculture, packaging, phar
maceuticals, and medicine [6,7]. Numerous studies have demonstrated 
the therapeutic potential of AgNPs, reporting significant antibacterial, 
antifungal, anti-inflammatory, antioxidant, anticancer, and 
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wound-healing activities [5]. Fatima et al. showed that AgNPs not only 
possess strong antibacterial activity but also accelerate wound healing 
[8], while Khorrami et al. reported that AgNPs exert potent anticancer 
effects by reducing the viability of breast cancer cell lines [9].

Silver nanoparticles can be fabricated using various methods [10]. 
Physical and chemical synthesis approaches, however, are often 
expensive, environmentally harmful, and may involve toxic reagents 
[11]. In contrast, green synthesis offers a safer, cleaner, and more 
cost-effective alternative, particularly for biomedical applications, as it 
typically utilizes plant extracts or other biological materials [10]. 
Notably, plant-mediated synthesis endows the resulting nanoparticles 
not only with the inherent properties of silver but also with the bioactive 
characteristics of the plant-derived phytocompounds, potentially 
enhancing their therapeutic performance [5]. In recent years, various 
biological extracts and microbial sources have been successfully utilized 
for the green synthesis of nanomaterials. Plant-derived extracts such as 
Sida cordata [12], Excoecaria agallocha [13], and Achyranthes japonica 
[14], as well as microbial cultures like Pseudomonas putida [15], have 
been reported to mediate the synthesis of silver and zinc oxide 
nanoparticles.

In the present study, Prunus avium L. stem was utilized for the syn
thesis of silver nanoparticles. Previous studies have demonstrated that 
different parts of Prunus avium L., particularly the stem, are rich in 
phenolic compounds and exhibit notable antibacterial, antioxidant, and 
anticancer activities. Notably, comparative analyses have shown that 
the antioxidant capacity of the stem is higher than that of the fruit, 
highlighting its potential for biomedical applications [16,17]. Here, we 
utilized an alcoholic extract of P. avium L. stem to reduce silver nitrate 
and synthesize AgNPs. Then, the biological activities of AgNPs@PAS 
were extensively evaluated. This study examined their antimicrobial, 
antioxidant, and anticancer properties, as well as their therapeutic ef
ficacy in promoting burn wound healing.

2. Experimental

2.1. Materials

Silver nitrate, methanol and DMSO were purchased from Sigma- 
Aldrich (St. Louis, MO, USA). Deionized water was used as the solvent 
in all experimental procedures. In this study, three Gram-positive bac
teria strains (Staphylococcus aureus (ATCC 29213), Streptococcus mutans 
(ATCC 35668), Enterococcus faecalis (ATCC 29212)) and two Gram- 
negative strains (Escherichia coli (ATCC 25922), Klebsiella pneumoniae 
(ATCC 9997)), fungal species Candida albicans (ATCC 10231), were 
obtained from the Pasteur Institute of Iran. Dulbecco's modified Eagle's 
medium (DMEM), trypsin-EDTA, penicillin-streptomycin, and fetal 
bovine serum (FBS) were obtained from BIO IDEA (Iran). The Zantox 
assay kit was supplied by Kavosh Arian Azma Company, while xylazine 
(2 %) and ketamine (10 %) were obtained from Alfasan. All experi
mental procedures were conducted in triplicate.

2.2. Preparation of Prunus avium L. stem extracts

The light-brown stems Prunus avium L. appears as slender, round 
branches. A total of 100 g of dried P. avium stems was mixed with 1 L of 
methanol, and the mixture was agitated on a shaker at 150 rpm for 72 h. 
The extraction process was performed away from direct sunlight to 
prevent degradation of light-sensitive phytochemicals. The mixture was 
then filtered. Subsequently, the filtrate was concentrated and dried in an 
oven at approximately 40 ◦C for 24 h. The obtained extract was kept at 4 
◦C.

2.3. Biosynthesis of AgNPs@PAS

Three key parameters were selected for the biosynthesis of AgNPs to 
identify the optimal conditions for producing AgNPs@PAS. According to 

previous studies, silver nanoparticles typically exhibit a characteristic 
surface plasmon resonance (SPR) absorption peak within the wave
length range of approximately 380–450 nm, which is closely associated 
with nanoparticle size and concentration [18,19]. Therefore, in this 
study, the optimal synthesis conditions were determined by comparing 
the SPR absorption peaks obtained under different reaction parameters.

2.3.1. Optimization of silver nitrate concentration
The Prunus avium stem extract was first adjusted to pH 12 using 1 M 

NaOH to activate phenolic functional groups. Subsequently, the pH- 
adjusted extract was added dropwise to the silver nitrate solution 
under continuous stirring. UV-Vis absorbance spectra were monitored 
for each reaction to determine the optimal silver nitrate concentration 
for AgNP synthesis.

2.3.2. Optimization of reaction time
After identifying the optimal silver nitrate concentration, the 

biosynthesis of AgNPs@PAS was evaluated at various contact times (15, 
30, 45, and 60 min) in order to determine the most efficient duration for 
nanoparticle formation.

2.3.3. Optimization of reaction temperature
To determine the optimal temperature, the extract solution was 

added to the previously optimized silver nitrate concentration at room 
temperature, 55 ◦C, and 85 ◦C. At 85 ◦C, 15 mM AgNO3 was dissolved in 
water (10 mL) under moderate stirring. Separately, 100 mg of P. avium 
stem extract was dissolved in 10 mL of deionized water, filtered, and 
adjusted to pH 12 using 1 M NaOH. The extract was then added drop
wise to the above solution. A rapid color change indicated the successful 
preparation of silver nanoparticles. The reaction was allowed to proceed 
for 45 min. Following the reaction, UV-Vis spectra were recorded in the 
300–500 nm range. The synthesized nanoparticles were collected and 
washed.

2.4. Characterization

Ultraviolet-visible (UV-Vis) absorption spectra were recorded using a 
NanoDrop spectrophotometer (BioTek Epoch, USA). Crystalline struc
ture and phase identification of the synthesized nanomaterials were 
examined by X-ray diffraction (XRD) using a Philips PW 1800 diffrac
tometer with Cu Kα radiation. Fourier-transform infrared (FT-IR) spectra 
were collected at ambient temperature employing a PerkinElmer Spec
trum Two™ IR spectrometer (Model L160000U) in the range of 
400–4000 cm− 1 to identify surface functional groups. The hydrody
namic size distribution and zeta potential of the nanoparticles were 
determined by dynamic light scattering (DLS) using a NanoBrook 90Plus 
analyzer (Brookhaven Instruments, Model 18051, USA). Morphological 
characteristics were investigated by transmission electron microscopy 
(TEM) using a Zeiss EM10C operating at 100 kV, while field emission 
scanning electron microscopy (FESEM) coupled with energy-dispersive 
X-ray spectroscopy (EDS) was performed using a TESCAN BRNO 
Mira3 LMU system to further analyze surface morphology and elemental 
composition.

2.5. Antimicrobial properties of AgNPs@PAS

The antifungal and antibacterial activities of the Prunus avium L. stem 
extract and AgNPs@PAS were evaluated using the broth microdilution 
method. For MIC determination, 100 μL of various concentrations of 
AgNPs@PAS and the plant extract were added to a sterile 96-well 
microplate. A 0.5 McFarland standard was prepared for each microbi
al strain and subsequently diluted 1:150 in Mueller-Hinton broth. Then, 
100 μL of the diluted microbial suspension was added to each well, 
resulting in a final inoculum of approximately 5 × 105 CFU per well. The 
microplates were incubated at 37 ◦C for 24 h. After incubation, all wells 
were examined visually for turbidity. The MIC was defined as the lowest 
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concentration of the sample at which visible microbial growth was 
inhibited, consistent with standard broth microdilution methodology 
[20].

2.6. Antioxidant capacity of AgNPs@PAS

The antioxidant performance was evaluated based on the DPPH 
radical scavenging assay. When dissolved in an organic solvent, the 
DPPH radical exhibits a purple color, which shifts to yellow in the 
presence of reducing agents (hydrogen donors). These changes are 
monitored spectrophotometrically at 517 nm. The extent of decrease in 
absorbance at this wavelength reflects the free radical scavenging ac
tivity of the sample. Results were presented in terms of the percentage of 
DPPH radical scavenging activity [21,22]. The scavenging activity was 
calculated using the following equation: Scavenging rate (%) 
= (1-As/A0) × 100; where As is the absorbance of the sample and A0 is 
the absorbance of the blank solution. This approach allows the deter
mination of the sample’s radical-scavenging efficiency based on the 
measured absorbance values.

2.7. Cytotoxicity activity of AgNPs@PAS

The cytotoxic potential of AgNPs@PAS was evaluated using the MTT 
assay. Cells were maintained in T25 culture flasks containing Dulbecco’s 
Modified Eagle Medium (DMEM) supplemented with 10 % fetal bovine 
serum (FBS) and 1 % penicillin/streptomycin and cultured at 37 ◦C in a 
humidified incubator with 5 % CO2. Following 24 h of incubation, the 
medium was replaced with fresh DMEM containing various concentra
tions of AgNPs@PAS (3.25–200 μg/mL), and the cells were incubated for 
an additional 24 h. Thereafter, 10 μL of MTT solution (5 mg/mL) was 
added to each well and the plates were incubated for three hours. The 
supernatant was carefully removed, and 100 μL of DMSO was added to 
dissolve the resulting formazan crystals. Absorbance was measured at 
570 nm, and cell viability was measured with the following equation: 

Cell viability (%) = (Absorbance of sample/Absorbance of control) 
× 100                                                                                                

2.8. Formulation of an AgNPs@PAS-loaded Vaseline ointment

The AgNPs@PAS ointment was formulated by melting 1 g of Vaseline 
at 60 ◦C, followed by incorporation of 0.01 g (1 % w/w) of AgNPs@PAS 
under continuous mixing to obtain a homogeneous ointment.

2.9. In vivo experimental procedure in rat

2.9.1. Burn wound model
Twenty-four male Wistar rats (7–9 months old, 180–210 g) were 

obtained from the Center Experimental Studies and Laboratory Animals 
at Birjand University of Medical Sciences. Prior to experimentation, 
anesthesia was induced via intraperitoneal injections of xylazine (2 %, 
10 mg/kg BW) and ketamine (10 %, 75 mg/kg BW) (Alfasan Co., 
Woerden, Holland). After achieving complete anesthesia, the dorsal hair 
of each rat was shaved. Burn wounds were created using an aluminum 
rod (1.8 cm diameter). The rod was heated in boiling water for 10 min 
and immediately applied to the dorsal skin for 20 s without exerting 
additional pressure. Two burn wounds were created on the dorsum of 
each rat. Photographs of the wounds were taken immediately after 
injury. The rats were randomly divided into four groups (n = 6 each): (i) 
Positive control: treated with 1 % silver sulfadiazine (Emad Darman Pars 
Co., Saveh, Iran); (ii) AgNPs@PAS ointment group: treated with 1 % 
AgNPs@PAS Vaseline ointment; (iii) Vaseline group: treated with 
Vaseline alone (ointment base); (iv) Negative control: received no 
treatment.

2.9.2. Evaluation of burn wound closure
Digital images of the wounds were captured on days 3, 7, and 14 

post-injury. The extent of wound closure was expressed as a percentage 
and calculated according to the following equation: 

Wound closure (%) = [(initial wound area - wound area on the specified 
day) / initial wound area] × 100                                                         

2.10. Data analysis

All statistical evaluations were carried out using SPSS software 
(version 19.0; Chicago, IL, USA). Data were analyzed by one-way 
analysis of variance (ANOVA) or the Kruskal-Wallis test for non- 
parametric datasets. In addition, ImageJ software was employed to 
measure wound areas and determine the percentage of wound closure.

3. Results and discussion

3.1. UV-Vis

UV-Vis spectrophotometry was utilized to confirm the preparation of 
AgNPs@PAS and to evaluate the effects of three key synthesis parame
ters: silver nitrate concentration, contact time, and temperature. The 
formation of AgNPs was initially indicated by a visible color change 
which results from the SPR of silver nanoparticles [23,24]. Silver nitrate 
concentration played a critical role in nanoparticle formation. As shown 
in Fig. 1a, increasing the AgNO3 concentration from 5 to 15 mM led to a 
marked increase in SPR peak intensity, reflecting enhanced nanoparticle 
formation. However, further increasing the concentration to 20 mM 
resulted in a decrease in peak intensity, likely attributable to nano
particle aggregation at higher ionic strength. The effect of reaction time 
is illustrated in Fig. 1b. Extending the reaction duration from 15 to 
45 min progressively increased the SPR peak intensity, indicating more 
efficient nanoparticle synthesis. Beyond 45 min, no substantial change 
was observed at 60 min, suggesting that the reaction had reached 
completion. As depicted in Fig. 1c, increasing the reaction temperature 
enhanced AgNP formation, with the strongest and sharpest SPR peak 
observed at 85 ◦C. This indicates that 85 ◦C served as the optimal tem
perature for the green synthesis of AgNPs@PAS under the conditions 
examined.

3.2. XRD analysis

XRD was performed to evaluate the crystalline structure of the syn
thesized AgNPs@PAS. The diffraction pattern is shown in Fig. 2. The 
AgNPs@PAS exhibited distinct diffraction peaks at 2θ values of 38.03◦, 
44.18◦, 64.43◦, and 77.18◦, corresponding to the (111), (200), (220), 
and (311) planes. Comparison of this pattern with the standard JCPDS 
silver file (01–087–0717) confirmed that the synthesized nanoparticles 
matched the characteristic fcc structure of metallic silver. In addition to 
the primary Ag peaks, several minor peaks appeared at approximately 
28◦, 32◦, 46◦, 55◦, and 57◦, which are attributed to silver chloride. This 
impurity likely resulted from trace chloride ions present in the distilled 
water or chloride ions in the aqueous extract used during synthesis, 
leading to partial AgCl precipitation [25]. The XRD peaks observed in 
this study closely match those reported by Said et al., in which AgNPs 
showed characteristic reflections at 38.1◦, 44.2◦, 64.4◦, and 77.2◦ [26]. 
Similarly, the XRD results of Mehta et al.’s synthesized silver nano
particles were consistent with the present findings [27]. Together, these 
results confirm that the Prunus avium stem extract effectively reduced 
Ag+ ions and facilitated the fabrication of crystalline silver 
nanoparticles.
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3.3. EDS, FESEM and TEM analysis

EDS was employed to determine the elemental composition of 
AgNPs@PAS (Fig. 3). A strong characteristic Ag peak appeared at 
approximately 3 keV, confirming the presence of silver in the synthe
sized nanoparticles. In addition, peaks corresponding to chlorine (Cl), 

carbon (C) and oxygen (O) were detected, which originate from the 
phytochemical constituents of the Prunus avium L. stem extract adhering 
to the nanoparticle surface. Similar strong Ag signals around 3 keV have 
been reported for other green-synthesized AgNPs [28]. A chlorine peak 
was also observed, consistent with the XRD findings, and is attributed to 
the partial formation of silver chloride during synthesis. The 
morphology and surface structure of the nanoparticles were further 
evaluated using FESEM (Fig. 4a). The FESEM images revealed aggre
gated spherical nanoparticles, with irregular clustering likely caused by 
plant-derived capping and stabilizing agents coating the AgNPs@PAS. 

Fig. 1. The UV-Vis spectrophotometry analysis of different parameters, including a) silver nitrate concentration, b) reaction time, and c) reaction temperature.

Fig. 2. XRD pattern of AgNPs@PAS.

Fig. 3. The EDS spectrum of AgNPs@PAS.
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To further investigate nanoparticle morphology and size distribution, 
TEM analysis was conducted. The TEM images (Fig. 4b) confirmed that 
the AgNPs@PAS exhibited a predominantly spherical morphology, with 
particle sizes mainly in the range of 10–35 nm. A difference was 
observed between the particle size distributions obtained from FESEM 
and TEM analyses. The larger apparent particle sizes in FESEM can be 
attributed to particle agglomeration and surface effects, whereas TEM 
provides a more accurate estimation of individual nanoparticle core 
sizes.

3.4. DLS and zeta potential analysis

The hydrodynamic size reflects the size of the nanoparticle together 
with the solvation layer and any adsorbed phytochemicals, and there
fore it is typically larger than the physical core size observed by TEM 
[29]. The average hydrodynamic diameter of AgNPs@PAS was 
measured to be 79.2 nm (Fig. 5a). This value is consistent with previous 
reports of bio-fabricated AgNPs, such as the findings of Khane et al., who 
reported a hydrodynamic diameter of 82.51 nm [30]. As shown in 
Fig. 5b, the zeta potential of AgNPs@PAS was + 21.16 mV. A zeta po
tential in this range indicates moderate electrostatic stability, suggesting 

Fig. 4. The (a) FESEM and (b) TEM images of AgNPs@PAS.

Fig. 5. The a) DLS analysis and b) zeta potential of synthesized AgNPs@PAS.
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that the nanoparticles possess sufficient surface charge (likely derived 
from phytochemical capping agents) to maintain a relatively stable 
dispersion under the tested conditions [30].

3.5. FT-IR

FT-IR technique was carried out to identify the functional groups 
present in the Prunus avium L. stem extract and the synthesized AgNP
s@PAS (Fig. 6). The FT-IR spectrum of the plant extract (Fig. 6a) 
exhibited characteristic absorption bands at 3380, 2926, 2854, 1712, 
1637, 1452, 1269, and 1052 cm− 1. The broad band at 3380 cm− 1 cor
responds to O-H stretching vibrations groups present in phenolic com
pounds [31]. The peaks at 2926 and 2854 cm− 1 are attributed to C-H 
stretching vibrations of aliphatic groups. The strong absorption at 
1712 cm− 1 corresponds to C––O stretching of carbonyl functional 
groups. The band at 1637 cm− 1 is typically assigned to C––C or C-O 
stretching in aromatic rings or phenolic structures [32]. Additionally, 
the peaks at 1452, 1269, and 1052 cm− 1 represent CH2/CH3 bending, 
C-O stretching in phenolic compounds, and C-O stretching vibrations, 
respectively [33]. The FT-IR spectrum of AgNPs@PAS (Fig. 6b) dis
played similar bands at 3401, 2919, 2850, 1689, 1600, 1450, 1377, 
1255, and 1045 cm− 1. Similarities in the FT-IR spectra of the extract and 
AgNPs@PAS provide evidence for the attachment of plant-derived 
functional groups to the nanoparticle surface. This observation sug
gests that phytochemicals in the P. avium stem extract acted both as 
reducing and capping agents, reducing Ag+ ions to Ag0 during synthesis 
and subsequently stabilizing the nanoparticles by adsorbing onto their 
surfaces [34]. Similar findings were reported by Sultan et al., who 
attributed the resemblance between the FT-IR spectra of 
green-synthesized AgNPs and their corresponding plant extract to the 
involvement of plant metabolites in nanoparticle reduction and stabili
zation [32].

3.6. Antimicrobial activity

Table 1 summarizes the antifungal and antibacterial activities of 
AgNPs@PAS, and Prunus avium L. stem extract against gram-negative, 
gram-positive bacteria, and the fungal strain C. albicans. While the 
P. avium stem extract exhibited negligible antibacterial activity even at 
high concentrations (1000 μg/mL), AgNPs@PAS effectively inhibited 
the proliferation of all tested microorganisms. Among the bacterial 
species examined, AgNPs@PAS showed the strongest antibacterial ac
tivity against E. coli (MIC= 35 μg/mL), while the weakest activity was 
observed against S. aureus (MIC= 70 μg/mL). Notably, AgNPs@PAS 
exhibited pronounced antifungal activity against C. albicans, with an 
MIC value of 17.5 μg/mL, indicating higher sensitivity of the fungal 
strain compared to the tested bacteria. Comparable antifungal perfor
mance has been reported by Zare-Bidaki et al., who synthesized green 
AgNPs using Petroselinum crispum seeds and reported an MIC value of 
15.62 μg/mL against C. albicans [35]. In another study, Yildirim et al. 
synthesized AgNPs via a green method using Prunus avium fruit extract 
and demonstrated antibacterial activity against S. aureus and E. faecalis 
using the disk diffusion assay [36]. The antimicrobial performance of 
silver nanoparticles is widely recognized to be dependent on their 
physicochemical properties, particularly particle size and surface area. 
Smaller nanoparticles with larger surface-to-volume ratios exhibit 

Fig. 6. FT-IR analysis of (a) Prunus avium L. stem extract and (b) AgNPs@PAS.

Table 1 
The MIC/MBC/MFC results of AgNPs@PAS and Prunus avium L. stem extract.

Microorganism AgNPs@PAS Prunus avium L. stem extract

MIC (μg/ 
mL)

MBC/MFC 
(μg/mL)

MIC (μg/ 
mL)

MBC/MFC 
(μg/mL)

E. coli 35 140 ˃1000 ˃1000
K. pneumoniae 35 280 ˃1000 ˃1000
S. aureus 70 280 ˃1000 ˃1000
S. mutans 35 280 ˃1000 ˃1000
E. faecalis 70 140 ˃1000 ˃1000
C. albicans 17.5 70 ˃1000 ˃1000
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enhanced antimicrobial performance due to increased interaction with 
microbial cell membranes and facilitated cellular penetration [36]. 
Although the exact antimicrobial mechanisms of silver nanoparticles 
have not been fully elucidated, multiple pathways have been proposed. 
AgNPs can attach to microbial cell membranes, where the gradual 
release of Ag+ ions disrupts membrane integrity, interferes with ion 
transport, and compromises osmotic balance [37]. Membrane disrup
tion may lead to leakage of intracellular components and allow nano
particles to penetrate into the cell. Once internalized, AgNPs can interact 
with proteins, enzymes, and DNA, thereby inhibiting essential cellular 
processes and cell proliferation [38]. Additionally, AgNPs are capable of 
generating ROS, which further damage cellular components and 
contribute to microbial cell death [39]. Effective control of microbial 
infections remains a major challenge in burn wound management [40]. 
Common pathogens associated with chronic burn wound infections 
include P. aeruginosa, Streptococcus spp., Klebsiella spp., Enterococcus spp., 
S. aureus, and E. coli, while Candida spp. are among the predominant 
fungal pathogens [40].

3.7. Analysis of antioxidant properties

Oxidative stress, caused by disrupted equilibrium between free 
radicals and antioxidants, plays a key role in many chronic pathological 
conditions, increasing interest in antioxidants that can mitigate cellular 
injury. Compounds exhibiting antioxidant activity reduce cellular 
damage by neutralizing free radicals via electron transfer mechanisms 
[41]. The antioxidant properties of AgNPs@PAS and Prunus avium L. 
stem extract was investigated using the DPPH radical scavenging assay. 
The results are presented in Fig. 7. The P. avium stem extract exhibited 
concentration-dependent antioxidant activity, achieving approximately 
30 % DPPH inhibition at 1 mg/mL, which increased to 85 % at 
6.25 mg/mL. Notably, AgNPs@PAS demonstrated significantly higher 
antioxidant activity than the plant extract alone. At a concentration of 
140 μg/mL, AgNPs@PAS achieved 93 % DPPH radical scavenging, 
indicating a strong free radical neutralization capacity. Overall, both the 
extract and AgNPs@PAS showed a dose-dependent increase in DPPH 
inhibition. Plant extracts are known to contain various antioxidant 
compounds, particularly phenolic constituents, which contribute to 
their free radical scavenging activity. Previous studies have reported 
that Prunus avium L. stems extract contains flavonoids, tannins, and 
catechin, all of which possess notable antioxidant properties [16]. 
Consistently, FT-IR analysis in the present study revealed functional 
groups associated with phenolic and antioxidant compounds, supporting 
the observed antioxidant properties of the extract. In the green synthesis 
method, the antioxidant property of AgNPs, along with the antioxidant 
properties of the plant extract, enhances the overall antioxidant prop
erty of the biosynthesized nanoparticles [30]. For instance, Baran et al. 
reported that green-synthesized AgNPs using Allium cepa L. peel extract 

achieved 50 % DPPH inhibition at a concentration of 151.3 μg/mL [42]. 
Similarly, Khane et al. observed 50 % DPPH inhibition at 42.5 μg/mL for 
AgNPs synthesized using Citrus limon zest extract [30]. Variations in 
antioxidant activity among green-synthesized AgNPs are commonly 
attributed to differences in particle size, surface chemistry, and the na
ture of phytochemical capping agents. Given the established role of 
oxidative stress in delayed wound healing, antioxidant-rich materials 
are of particular interest for wound care applications [43,44]. The 
pronounced antioxidant activity of AgNPs@PAS (93 % inhibition at 
140 μg/mL) suggests that these nanoparticles may effectively mitigate 
oxidative stress in wound environments and contribute to improved 
tissue regeneration.

3.8. Anticancer activity

The cytotoxic effect of AgNPs@PAS on a human breast cancer cell 
line was investigated using the MTT assay. Following 24 h of treatment 
with different concentrations of AgNPs@PAS (12.5–200 μg/mL), cell 
viability was determined. The results are presented in Fig. 8. The MTT 
assay revealed a concentration-dependent reduction in cell viability 
following treatment with AgNPs@PAS. MCF-7 cell viability declined to 
21.2 % at the maximum evaluated concentration of 200 μg/mL. Ac
cording to the dose-response curve, the IC50 of AgNPs@PAS was deter
mined to be 78.8 μg/mL, confirming its cytotoxic activity toward MCF-7 
cells. Consistent with the present findings, Jang et al. [45] and Khorrami 
et al. [9] reported that silver nanoparticles synthesized via green 
methods effectively reduced the viability of MCF-7 cells in vitro. In 
contrast, Al-Sheddi et al. reported a lower IC50 value (32 μg/mL) for 
green silver nanoparticles against the same cell line [46]. Such varia
tions in cytotoxic efficacy among green-synthesized AgNPs may be 
attributed to differences in particle size, morphology, surface chemistry, 

Fig. 7. The DPPH antioxidant analysis of a) AgNPs@PAS and b) Prunus avium L. stem extract.

Fig. 8. The MTT test of various concentration of AgNPs@PAS against MCF-7 
cell lines.
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and the nature of phytochemical capping agents. Similarly, Hashema
badi et al. synthesized AgNPs using Prunus avium gum extract and 
demonstrated cytotoxic effects against the MCF-7 cell line at concen
trations as low as 50 μg/mL. MTT assay results demonstrated the cyto
toxic effects of AgNPs on MCF-7 cell line at doses of 50 μg/mL. Their 
gene expression analysis further revealed increased Bax and decreased 
Bcl-2 mRNA levels, indicating activation of apoptosis following AgNP 
treatment [47]. The anticancer mechanisms of silver nanoparticles are 
believed to involve multiple pathways. Studies suggest that the release 
of silver ions (Ag+) from nanoparticles leads to increased intracellular 
reactive ROS generation, which induces oxidative stress and damages 
cellular components such as DNA, proteins, and enzymes [48,49]. 
AgNPs have been implicated in the activation of apoptotic pathways via 
increased expression of pro-apoptotic markers (BAX, P53, and 
caspase-3) and simultaneous downregulation of anti-apoptotic compo
nents [50–52]. Supporting these findings, Alharbi et al. demonstrated 
that AgNPs could induce apoptosis in cancer cells and arrest the cell 
cycle by causing irreversible DNA damage [53]. The observed differ
ences in the anticancer activity of AgNPs can be related to variations in 

particle size, morphology, and surface functionalization. Numerous 
studies have illustrated that the cytotoxic potential of AgNPs is strongly 
influenced by their size and shape [54,55], with smaller nanoparticles 
generally exhibiting enhanced cytotoxicity due to increased cellular 
uptake and higher surface reactivity [55]. In addition, nanoparticle 
morphology can affect cellular internalization pathways, thereby influ
encing biological responses [55]. Plant-mediated silver nanoparticles 
are generally spherical in morphology and have been reported to display 
notable anticancer effects across different cancer cell lines [54]. 
Furthermore, Khorrami et al. reported that bio-fabricated AgNPs 
exhibited significantly stronger anticancer activity than both the cor
responding plant extract and commercially produced AgNPs, which was 
attributed to synergistic effects arising from phytochemical capping 
agents on the nanoparticle surface [9].

3.9. Evaluation of wound closure percentage

As illustrated in Fig. 9a, a Vaseline-based ointment containing 1 % 
AgNPs@PAS was prepared. According to the experimental protocol 

Fig. 9. The schematic of a) Vaseline-based ointment preparation and b) cutaneous burn wound model procedures. c) The wound images in specific days. d) The 
wound closure rate of different wound in specific days (* P < 0.05).
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shown in Fig. 9b, the ointment was applied topically to the burn wounds 
for 14 days, and wound sampling and imaging were performed on pre
determined days. Representative images of burn wounds from each 
experimental group are presented in Fig. 9c. The wound closure per
centage, calculated using Digimizer software, is shown in Fig. 9d. On 
day 3, the AgNPs@PAS-treated group exhibited a significantly higher 
wound closure rate compared with the negative control group. The 
AgNPs@PAS group exhibited an increased wound closure rate relative 
to the positive control; however, this difference was not statistically 
significant. Similarly, on days 7 and 14, wound closure in the AgNP
s@PAS-treated group remained significantly greater than in the negative 
control group, while no statistically significant difference was observed 
when compared with the positive control. Excessive production of ROS 
can lead to oxidative stress, which damages cells and prolongs inflam
mation, thereby impairing the wound healing process. Compounds with 
antioxidant activity may contribute to wound repair by reducing 
oxidative stress within the wound microenvironment [43]. In addition, 
AgNPs are known to exhibit antimicrobial properties that may help 
reduce the risk of wound infection [56]. Previous studies have suggested 
that AgNPs may modulate inflammatory responses and support tissue 
regeneration by influencing processes such as angiogenesis, collagen 
deposition, and fibroblast proliferation, all of which are critical for 
effective wound healing [57]. For example, Mukhtarovna et al. inves
tigated the effects of bio-fabricated AgNPs in a rabbit wound model and 
reported enhanced wound closure, improved re-epithelialization, and 
increased collagen deposition compared with untreated controls [58]. 
Recent studies have further highlighted the potential of 
green-synthesized AgNPs in accelerating burn wound healing. Anethum 
graveolens seed-mediated AgNPs were shown to promote wound closure 
within 14 days [29], while Petroselinum crispum seed-derived AgNPs 
significantly enhanced wound closure rates compared with negative 
control and Vaseline-treated groups after 7 and 14 days [35]. Wound 
healing effects of bio-fabricated AgNPs are generally linked to syner
gistic antibacterial, antioxidant, and anti-inflammatory actions, 
together with their supportive role in collagen deposition, fibroblast 
activity, and angiogenesis [59,60]. Consistent with this, Lakkim et al. 
demonstrated that AgNPs fabricated using natural extracts promoted 
wound healing in BALB/c mice, as evidenced by reduced scar width, 
improved epithelial regeneration, finer collagen organization, and 
decreased inflammatory cell infiltration in histopathological analyses 
[61]. In the present study, the enhanced wound closure observed in the 
AgNPs@PAS-treated group may be associated with the antimicrobial 
and antioxidant properties of the nanoparticles, which could help limit 
infection and inflammation at the wound site. While the applied dose 
(1 % w/w in Vaseline) appeared effective in promoting wound closure, 
further dose-response studies are required to determine the optimal and 
safest therapeutic concentration for future clinical applications.

4. Conclusion

In this work, Prunus avium L. stem extract was applied as a green 
reducing agent for the successful synthesis of silver nanoparticles. The 
resulting AgNPs@PAS exhibited suitable physicochemical characteris
tics and demonstrated multifunctional biological activities, including 
antimicrobial, antioxidant, and moderate anticancer effects in vitro. In 
vivo evaluation further revealed enhanced burn wound closure in 
AgNPs@PAS-treated groups compared with untreated controls. These 
findings suggest that P. avium stem-mediated AgNPs may serve as a 
promising multifunctional nanomaterial for wound-related biomedical 
applications. However, further investigations focusing on dose optimi
zation, long-term toxicity, and pharmacokinetics are required prior to 
clinical translation.
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