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Abstract
In the present study, silver nanoparticles (AgNPs) were synthesized using Prunus 
avium gum extract and their physicochemical properties together with antibacterial 
and cytotoxic effects were evaluated. The characterization of these AgNPs was per-
formed by UV–vis spectroscopy, transmission electron microscopy, scanning elec-
tron microscopy, and Fourier transforms infrared spectroscopy. The bio-performance 
of the nanoparticles was also evaluated. Our results exhibit the prominent antibacte-
rial activity of AgNPs against both Gram-positive and Gram-negative bacteria. The 
MTT results indicate cytotoxicity of AgNPs on MCF-7 and SH-SY5Y cell lines at 
50 and 10 µg mL−1 concentrations, respectively. Moreover, gene expression analysis 
by real-time PCR represents the upregulation of Bax mRNA and downregulation of 
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Bcl-2 mRNA, demonstrates the induction of apoptosis after AgNPs treatment. These 
findings imply that green-synthesized AgNPs could be a promising candidate in bio-
medical applications such as battling cancer and infectious diseases.

Graphic abstract
The scheme of preparation of AgNPs and its effect on cell and bacteria.

Keywords  Prunus avium gum · Silver nanoparticle · Cancer cell line · Cytotoxic 
activity · Antibacterial activity

Introduction

Nanoparticles are being defined as major building blocks of nanotechnology, and 
their awesome properties came from increasing contact surface due to diameter 
change to nano-size [1, 2]. Among nanomaterials, nanoscale solid support-based 
silver nanoparticles (AgNPs) as one of the significant members of metal nano-
particles have great medical and pharmaceutical applications due to good con-
ductivity, biological compatibility, chemical stability, relative lower toxicity, 
antibacterial and anticancer activity and catalytic properties [3–6]. These unique 
and controllable characteristics lead to AgNPs utilize for developing medical 
and pharmaceutical systems such as therapeutic medicines, colorimetric sensors, 
drug delivery devices and bioimaging tools [7]. Moreover, AgNPs are one of the 
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promising nanoproducts commonly used as antimicrobial and anticancer agents 
against various bacteria, and cancer cells, respectively [8]. Ag+ ions can readily 
diffuse into the cell and conduct to the nucleus through nuclear pore complexes, 
and create reactive oxygen species (ROS) which the high levels of these species 
lead to the DNA damage, chromosomal aberrations (genotoxicity) and eventually 
cell death [9]. Many studies purposely report the increased toxic activity of Ag+ 
ions in comparison to AgNPs which show the toxicity levels of AgNPs are related 
to nanoparticle encapsulation agents [10–12]. Moreover, other reports show 
AgNPs cytotoxicity effect via the Trojan effect and RNA polymerase inhibition 
with a direct reciprocal interaction [13]. Hence, researchers are finding conveni-
ent and simple strategies for synthesizing AgNPs with potential for utilization as 
antimicrobial and anticancer agents.

The approaches for the synthesis of AgNPs are various, including ultrasound irra-
diation, electrospinning, and microemulsion [14–16]. The most common and easy 
method for AgNPs synthesis is chemical reduction by organic or inorganic reduc-
ing agents, which is based on a redox reaction [17–19]. The major problems with 
these methods are expensiveness, a requirement for sophisticated equipment and 
the ectopic release of toxic chemical materials which cause environmental pollu-
tions [20]. Therefore, there is an unmet need for an inexpensive and biocompatible 
approach for the synthesis of AgNPs. The biogenic synthesis of AgNPs using cell-
free extract [21], enzymes [22] and plant extracts [23], as the most important natural 
capping agents play a major role in biocompatible mechanism with less toxic waste 
[24]. Green synthesis of AgNPs opens up a new avenue toward therapeutics, antioxi-
dant [25], antibacterial [26] and cytotoxicity [27] properties of these nanomaterials.

Gum secretion is a protective mechanism against water stress, insect attack, 
mechanical and chemical injuries. This phenomenon is the result of Pseudomonas 
syringae or Stereum purpureum infections in the cherry tree [28]. Spreading the 
antibiotic-resistant pathogens is very threatening for the successful treatment of 
microbial diseases. Therefore, it is essential to find an efficient substance with anti-
bacterial properties [29]. Gum derived oligosaccharides and polysaccharides dem-
onstrated to have remarkable activity in bactericidal and cytotoxicity mechanisms 
[30]. For instance, Kora and coworkers developed a green method for synthesizing 
AgNPs using gum ghatti (Anogeissus latifolia) and demonstrated the bactericidal 
and cytotoxic effect [31]. The antibacterial and cytotoxic efficacy of the biologically 
synthesized AgNPs against some multidrug-resistant bacteria and various cancer 
cell lines, respectively, were investigated [32]. For example, Nakkala et al. presented 
an eco-friendly method for synthesizing AgNPs using by Ficus religiosa leaf extract 
and represented their biological activity against Pseudomonas fluorescens, Salmo-
nella typhi, Bacillus subtilis and Escherichia coli, as well as A549, Hep2, HeLa and 
SH-SY5Y cancer cell lines [33]. Moreover, AgNPs synthesized by Dimocarpus lon-
gan Lour. peels aqueous extract revealed significant antibacterial activity and cyto-
toxic effect against human prostate cancer PC-3 cells [34]. Recently, a study indi-
cated the Sweet cherry (Prunus avium) gum has, on average, 75.14% carbohydrate 
[35]. These carbohydrates can use as reducing and stabilizing agents for the AgNPs 
synthesizing. Hence, in the present study, we aimed to achieve the biological synthe-
sis of AgNPs using the Prunus avium (P. avium) gum.
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Prunus avium is indigenous to the region between the Black and Caspian seas in 
Asia and then spread to other areas. The amount of its bioactive and phenolic com-
ponents can’t be ignored [36, 37]. Moreover, the antioxidant activity of anthocyanin 
from the P. avium was similar to common antioxidants like butylated hydroxytolu-
ene and superior to vitamin E [38], as well as antimicrobial and anticancer proper-
ties of its extract were studied [39, 40]. Following this line of research, in this study, 
we synthesized AgNPs using the P. avium gum and characterized these AgNPs by 
UV–vis spectroscopy, transmission electron microscopy (TEM), scanning electron 
microscopy (SEM), and Fourier transform infrared (FTIR) spectroscopy. Moreover, 
we evaluated the bactericidal effect and anticancer mode of action of the synthesized 
AgNPs in Gram-positive and Gram-negative bacteria, as well as neuroblastoma 
(SH-SY5Y) and breast adenocarcinoma cell line (MCF-7), respectively.

Materials and methods

Materials

Prunus avium gum was collected from Kerman, Iran. Silver nitrate (AgNO3) 
(99.98% purity) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) were obtained from Sigma-Aldrich (St Louis, MO, USA). DMEM, FBS and 
antibiotics were bought from Biosera (East Sussex, United Kingdom). All other rea-
gents were of analytical grade.

Biosynthesis of AgNPs

Prunus avium gum was selected as a reduction agent for the biosynthesis of AgNPs. 
Gums were dried in air and ground to a powder form. A total of 5.0 g of dried gums 
were immersed in 200 mL distilled water, gum extracts were produced under a mag-
netic stirrer bar for 24 h at 40  °C. Then, the solution was centrifuged for 10 min 
at 10,000  rpm and the supernatant was filtered using Whatman No. 1 filter paper 
(Whatman plc, Kent, UK). The crude extract was added drop by drop to AgNO3 
aqueous solution (1 mmol L−1) at the ratio of 1:1 for 3 h at 45 °C to create AgNPs. 
After the reduction reaction, the mixture was centrifuged for 10 min at 10,000 rpm. 
The supernatant was decanted off and the obtained sediment was re-suspended with 
distilled water and again centrifuged for three times. Finally, the precipitation of 
AgNPs was dried in a vacuum oven at 40 °C for 12 h [41].

Characterization of AgNPs

The initial identification of silver reduction was carried out using UV–visible spec-
troscopy in the range of 300–800 nm. Lyophilized form of nanoparticle was made 
and the powder was used for further studies [39]. The existence of functional group 
and composition of AgNPs were confirmed by FTIR which were recorded in potas-
sium bromide (KBr) pellets in the region of 4000–500  cm−1 at a resolution of 
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4 cm−1. In addition, for morphological studies, size examination was performed by 
transmission electron microscopy (TEM) (Leo906, Zeiss100KV model, Germany) 
at an acceleration voltage of 200 kV, and scanning electron microscope (SEM) ((FE-
SEM, SIGMA; Carl Zeiss Meditec AG; Jena, Germany) under acceleration voltage 
of 25 kV. The DLS and zeta potential were applied to study the changing trend of 
particle size and its stability.

Cytotoxicity effect

In-vitro anticancer effect of green-synthesized AgNPs was evaluated against HFF 
cell line (Royan stem cell bank, RSCB0153) as the normal cell (control) and SH-
SY5Y (human bone marrow neuroblastoma, C611, Pasteur Institute of Iran) and 
MCF-7 (human breast adenocarcinoma cell line, C135, Pasteur Institute of Iran) as 
tumor cell lines by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (Sigma, Germany)) assay (34). In brief, cells were cultured in DMEM sup-
plemented with 10% fetal bovine serum, 100 mg mL−1 streptomycin and 100 units 
mL−1 penicillin at 37 °C in a humid atmosphere with 5% CO2. After 24 h cells were 
detached from the bottom of the flask by 0.25% trypsin solution and centrifuged at 
1500  rpm for 5 min, and the supernatant was removed. Then, the precipitate was 
re-suspended in medium and the presence of living cells was determined using a 
Neubauer chamber. Both cells were seeded in 96 well plates at a density of 1.0 × 104 
and incubated for 24  h at 37  °C. The cells were treated with various concentra-
tions of AgNPs and incubated for 24 h at 37 °C. After that 100 µL of fresh medium 
replaced by old medium and MTT was added to each well at a final concentration of 
0.5 mg mL−1. Cells were incubated at 37 °C for 4 h at a humidified incubator. Then, 
their medium was removed and crystals of formazan formed were collected by add-
ing 20 µL of DMSO followed by incubation for 30 min. Then, the optical absorb-
ance was determined using an ELISA reader at 480 and 620 nm.

Bax and Bcl2 genes expression with real‑time PCR

RNA extraction, cDNA synthesis and RT‑PCR assay

At first, the SH-SY5Y cell line was treated with an effective concentration of 
AgNPs, [IC50 (5 μg mL−1)] and incubated for 24 h. RNA extraction from the cell 
line was performed by using the guanidine isothiocyanate-phenol–chloroform 
method using RNX plus reagent (CinnaGen, Iran)). The quality of the extracted 
RNAs was evaluated by Nanodrop 1000 machine (NanoDrop, Wilmington, USA). 
For cDNA synthesis, each reaction consists of 250 ng µL−1 of template RNA and 
50 pmol µL−1 of oligo dT in a final volume of 20 µL and was incubated in 70 °C 
for 5 min, immediately cooled on ice for 3 min. Then, 2.0 µL reaction buffer, 1.0 µL 
dNTP (10 mmol L−1) and 10 U RNazin were added, followed by incubation at 37 °C 
for 5  min. RNA samples were reverse transcribed for cDNA synthesis by adding 
reverse transcriptase enzyme and incubated at 42 °C for 60 min and then inactivated 
at 70 °C for 10 min. The reaction product was kept at − 20 °C. RT-PCR for Bax, 
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Bcl2 and GAPDH genes was done with using 2.0 µL from the RT-reaction mixture 
in a total volume of 20 µL of reagent PCR which containing 2.0 µL PCR buffer, 
2.5 mmol L−1 MgCl2, 200 mmol L−1 of each dNTP, 0.2 mmol L−1 of each primer 
(listed in Table 1) and 2.5 U of Taq DNA polymerase (Cinnagan-Iran). The reactions 
were performed in a DNA thermocycler as follows: 39 cycles of pre-denaturation at 
95 °C for 8 min and denaturation at 95 °C for 20 s, annealing at 58 °C for 25 s, and 
elongation at 72 °C for 15 s.

Real‑time PCR

The expression level of Bax and Bcl2 genes, as well as endogenous control (GAPDH 
gene), was determined by real-time PCR. Each reaction was included of 10 µL 
SYBR Green PCR Master Mix (SMObio, Taiwan), 1 µL of cDNA template, 1 µL of 
each primer (listed in Table 1) were added and final volume of reaction was adjusted 
to 20 µL with double distilled water. The reactions were carried out using qPCR 
system (Analytica gena, Germany) with an optimized temperature program include 
pre-denaturation at 95 °C for 8 min, followed by 30 cycles of denaturation at 95 °C 
for 20 s, the annealing at 58 °C for 25 s and the extension at 72 °C for 15 s.

Antimicrobial assay

The bactericidal activity of AgNPs was tested against the Gram-positive bacteria 
(Bacillus cereus ATCC:14579, Staphylococcus aureus ATCC:23235) and Gram-
negative bacteria (Acinetobacter baumannii ATTC:43498, Klebsiella pneumo-
nia ATCC: BAA1705, and Escherichia coli ATCC:25922) by using agar diffu-
sion method. The agar plates were inoculated with 50 µL suspensions of each of 
these bacteria and different form of extract and nanoparticle (P. avium gum extract 
(PAGE), the synthesized AgNPs (PAG-AgNPs), and trypton-AgNPs (the AgNPs 
synthesized by trypton as the reducing agent) as control) were placed on the agar 
plate away from the antibiotic (ampicillin) and incubated at 37 °C for 20 h.

Statistical analysis

Statistical analysis was conducted by SPSS statistics version 24. Comparisons 
among different cells were conducted by one-way ANOVA. Data were represented 

Table 1   Primers used in this 
study

Primers Sequences (5′–3′) Length (nt)

F-Bax TTT​TCA​GGG​TTT​CAT​CCA​G 125
R-Bax ACT​TCT​TGG​TGG​ACG​CAT​C
F-Bcl2 ATG​TGT​GTG​GAG​AGC​GTC​AA 172
R-Bcl2 AGG​AGA​AAT​CAA​ACA​GAG​GC
F-GAPDH AGG​CAA​CTA​GGA​TGG​TGT​GG 112
R-GAPDH TTG​ATT​TTG​GAG​GGA​TCT​CG
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as mean ± SE and a P value of < 0.05 was considered as the criterion for statistical 
significance.

Results and discussion

Characterization of the synthesized AgNPs

Visual observation and UV–vis spectral studies

In this work, we synthesized AgNPs by mixing silver nitrate (AgNO3) solution 
with the fresh extract of P. avium gum in a 1:1 ratio at 45 °C. Change in the solu-
tion color from yellow to radish brown indicates the reduction of Ag+ to Ag°, the 
formation of AgNPs and the surface plasmon resonance (SPR) effect (Fig.  1a). 
Figure  1b depicts the UV–vis absorption spectrum of P. avium gum extract 
(PAGE) and the synthesized AgNPs (PAG-AgNPs). The UV–vis spectra for the 
synthesized AgNPs showed a single peak with a maximum around 450 nm, which 
attributes to the surface plasmon resonance (SPR) of conducting electrons from 
the surface of AgNPs. This result is consistent with the previous studies [42, 43]. 
The mechanism of AgNPs biosynthesis by the gum extract is not fully under-
stood. It is investigated that the gum of plants acts as reducing and stabilizing 
agents for nanoparticle synthesizing. The Prunus avium gum has, on average, 
75.14% carbohydrate, 11.3% uronic acids, 1.11% protein, 7.53% moisture content 

Fig. 1   a Color change of the mixture to dark brown during the reaction indicates synthesis of silver nan-
oparticles. b UV–vis spectra of AgNO3 solution after adding extract. Increasing in the peak intensity 
(450 nm) shows the reduction reaction
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and 3.12% ash. It consists of carbohydrate polymers, including mannose, arab-
inose, galactose xylose, and uranic acid, as well as functional groups such as car-
boxyl and hydroxyl groups [35]. Generally, a gum is an anionic functional group 
with a great charge density. This negative charge attracts the positively charged 
of Ag+ ions to the polymeric chain. Subsequently, these Ag+ get reduced to Ag 
atoms by oxidizing the hydroxyl groups to carboxyl group. Moreover, oxidation 
of the existing hydroxyl groups occurs by the dissolved air and carbonyl (–CHO 
and –COOH) groups. In turn, these powerful reducing groups reduce further Ag+ 
ions to Ag atoms. Additionally, the polysaccharides present in the Prunus avium 
gum caps and stabilizes the synthesized Ag nanoparticles [44]. The optimization 
condition for percentage of the gum extract, concentration of the silver precursor, 
and the effect of pH and temperature is shown in Fig. 2.

Characterization of AgNPs

To investigate the morphological features and size of synthesized AgNPs, TEM 
and SEM studies were conducted and images are shown in Fig.  3a, b, respec-
tively. According to the TEM image, the synthesized AgNPs represented any 
physical contact and were almost monodispersed spherical nanoparticles. The 
size of these particles was in the range of 14–34  nm which is appropriate for 
medical applications. Moreover, the SEM micrograph demonstrated the spheri-
cal shape of AgNPs and revealed a similar diameter range for these particles. The 

Fig. 2   Optimization condition for percentage of the gum extract (a), concentration of silver precursor (b), 
and the effect of pH (c) and temperature (d)
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maximum particle size distribution with DLS was 30 nm as shown in Fig. 3c, and 
Zeta potential of the synthesized AgNPs after 20 days is shown in Fig.  3d that 
demonstrate the stability of the AgNPs.

FTIR analysis

FTIR analysis was used to identify possible functional groups present in P. avium 
gum extract that contributed to the reduction of metal salts and stabilization 
of synthesized AgNPs. The IR spectrums of P. avium gum extract and synthe-
sized AgNPs are shown in Fig.  4. The extract represented vibrational stretches at 
3425 cm−1, 2919 cm−1, 1632 cm−1, 1434 cm−1, 1384 cm−1, 1029 cm−1, 576 cm−1, 
and 429 cm−1. The broadband at 3425 cm−1 could be assigned to hydrogen-bonded 
O H group in P. avium gum [45]. The band at 2919  cm−1 represents symmetric 
stretching of vibration of –CH3 group [46]. The peaks at 1632  cm−1, 1434  cm−1 
and 1384  cm−1 attribute vibrational stretches of carbonyl group, stretching vibra-
tions of aromatic (C=C) and deformation (bending) vibration –CH3 groups, respec-
tively [47, 48]. The peaks at 1029 cm−1, 576 cm−1, and 429 cm−1 were due to the 
C–N (alkyl) stretching, C–C bending, and the bending vibration mode of Si–O–Si 
bond, respectively [49, 50]. Synthesized AgNPs represented vibrational peaks at 

Fig. 3   a Transmission electron microscopy (TEM) and b scanning electron microscopy (SEM) imaging 
of the green-synthesized silver nanoparticles. c The DLS characterization which show particle size distri-
bution d Zeta potential of the synthesized AgNPs after 20 days
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3855 cm−1, 3443 cm−1, 2925 cm−1, 2136 cm−1, 1630 cm−1, 1431 cm−1, 1035 cm−1, 
669 cm−1, and 620 cm−1. In the FTIR spectrum of AgNPs, the band shift observed 
from 3425 to 3443 cm−1, 1632 to 1630 cm−1 and 2919 to 2925 cm−1 suggested that 
the hydroxyl and carbonyl groups might have been involved in bio-reduction of Ag+ 
ions to AgNPs.

Antibacterial activity

Recently, utilizing the organic antimicrobial agents has attracted much attention 
for making powerful antibiotic agents against microorganisms [51]. The antibacte-
rial effect of AgNPs on Gram-positive and Gram-negative bacteria is different, but 
we can prove the superiority of one over the other. The antibacterial activity of P. 
avium gum extract (PAGE) and the synthesized AgNPs (PAG-AgNPs) were exam-
ined on some human nosocomial and food pathogenic bacteria, including A. bau-
mannii, K. pneumonia and E. coli, as Gram-negative bacteria, and B. cereus and 
S. aureus, as Gram-positive bacteria and their efficacy was shown by the inhibition 
zone. Whereas PAGE did not possess any activity against tested bacteria (except for 
A. baumannii which its zone of inhibition (ZOI) is 4.0 mm), PAG-AgNP represented 
growth inhibition around the disks against these bacteria. The zone of inhibition 
of around 14, 12 and 11 mm diameter was observed for the tested Gram-negative 
bacterial strains E. coli, A. baumannii and K. pneumonia, respectively. In the case 
of Gram-positive bacteria, B. cereus and S. aureus, the detected ZOI was 9.0 and 
12  mm, respectively (Table  2 and Fig.  5). This result is in good agreement with 
previous studies, demonstrated that Gram-positive bacteria have greater resistance 
to AgNPs than Gram-negative bacteria [52, 53]. This can be explicated by consider-
ing the presence of peptidoglycans in the cell wall of Gram-positive bacteria and 
their ability for production of pigments against reactive oxygen species (ROS) which 
makes this class of bacteria more resistant against the antibacterial effect of AgNPs 
[54]. As expected, the positive control, tryptone-AgNP showed antimicrobial activ-
ity, but the ZOI values for all tested bacterial strains with PAG-AgNP are larger than 
the tryptone-AgNP. Therefore, it can be concluded that the synthesized AgNPs had 
a significant antibacterial effect against both Gram-positive and Gram-negative bac-
teria which is comparable with previous methods for AgNPs synthesizing (Table 3) 

Fig. 4   FTIR spectra of Prunus 
avium gum extract before and 
after forming NPs from 500 to 
4000 cm−1
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[55–58]. The mechanism of bacterial activity of AgNPs could be through the posi-
tive charge of Ag+ ions that interact with the negative charge on the bacterial cell 
wall which changes cell wall morphology and permeability [59, 60]. AgNPs have 
great affinity for interaction with phosphorous and, sulfur-containing biomolecules 
such as membrane and intracellular proteins and DNA which affect cell proliferation, 
respiration and the survival of the cell. It is investigated that the Ag+ can inhibit and 
disrupt structure of proteins through thiol and amino groups binding [61]. This may 
be responsible for the induction of reactive oxygen species (ROS), which results in 
the inhibition of respiratory enzymes and, finally cell death [62, 63]. Moreover, Ag+ 
ions have bactericidal activity through interaction with the peptidoglycan cell wall 
and plasma membrane [64]. By interfering with sulfhydryl groups in protein, they 
also prevent DNA replication in bacteria (Fig. 5f) [65].

Anticancer activity

The cytotoxicity of the synthesized AgNPs (PAG-AgNPs) on MCF-7 and SH-SY5Y 
cancerous cell lines and HFF cells as the normal cell line (control) at 1.0, 3.0, 10 
and 50 µg mL−1 concentrations of synthesized nanoparticles was evaluated by the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. As 
shown in Fig. 6, HFF cells were slightly inhibited by increasing PAG-AgNPs con-
centration. The results revealed that PAG-AgNPs inhibited the cell viability of both 
cancerous cell lines in a concentration-dependent manner after 24 h treatment while 
being nontoxic toward the normal cell line, HFF (Fig. 6). The highest cytotoxicity 
of synthesized AgNPs is observed in 50 µg mL−1 for MCF-7 and SH-SY5Y, which 
were statistically significant compared to their controls. It may be the result of the 
entrance of AgNPs in different manners such as endocytosis, pinocytosis or phago-
cytosis and then interaction with cell constituent and production of free oxygen radi-
cals which can induce the DNA fragmentation and apoptosis. Also, the IC50 value 
(the concentration of the synthesized AgNPs that is required for 50% inhibition) 
of PAG-AgNPs was estimated at 10.8 µg mL−1 for MCF-7 cells and 8.82 µg mL−1 
for SH-SY5Y cells at 24 h. Recent studies have been demonstrated the cytotoxicity 
effects of green-synthesized nanoparticles on cancerous cell lines (Table 4) [34, 66, 
67]. The highest cytotoxicity of synthesized AgNPs on the viability of MCF-7, SH-
SY5Y cells, and HFF as normal cell line is shown in (Fig. 7).

Table 2   Zone of inhibition for K. pneumonia, A. baumannii, P. aeruginosa, B. cereus, E. coli on expo-
sure to PAGE (Prunus avium gum extract), Tryptone-AgNP, PAG-AgNP (Prunus avium gum AgNP) and 
standard antibiotic ampicillin

Test compound Zone of inhibition (mm)

K. pneumoniae A. baumannii S. aureus B. cereus E. coli

1 PAGE 0 4 0 0 0
2 Tryptone-AgNP 8 10 9 7 7
3 PAGNP 11 12 12 9 14
4 Ampicillin 8 28 13 19 29
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Fig. 5   Antimicrobial efficacy of AgNPs against strains of a A. baumannii, b B. cereus, c E. coli, d S. aureus, 
and e K. pneumoniae, after exposure to (1) PAGE (2) Tryptone-AgNP (3) PAG-AgNP (4) Ampicillin, and their 
antimicrobial effects. Schematic diagram and plausible mechanisms for the antibacterial activity of AgNPs (f)
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Effect of synthesized AgNPs on the apoptosis‑related genes expression

The results of RT-PCR for primers optimization was shown in (Fig.  8) and the 
expression levels of apoptosis-related genes, Bax and Bcl-2, at mRNA level in 
MCF-7 cells after 24 h treatment with PAG-AgNPs have been evaluated by real-
time PCR. After AgNPs treatment, the level of Bax was upregulated (4.65%, 
P < 0.05), whereas the Bcl-2 level was found to be downregulated (0.38, P < 0.05) 
(Fig.  9). These results show a crucial role of synthesized AgNPs for inducing 
apoptosis in MCF-7 cells. It is well known that the downregulation of anti-apop-
totic genes, Bcl-2 is crucial in activating caspases and inducing programmed cell 
death [68]. Recent studies have demonstrated that the expression ratio of pro- to 

Fig. 6   Cytotoxicity evaluation of AgNPs on MCF-7 and SH-SY5Y cells as cancer cell line. Highest cyto-
toxicity of synthesized AgNPs is observed in 50 µg ml−1 for both of cell lines. HFF cell line is as control 
(normal cell)

Table 4   Comparison of anticancer activity of the study with previous studies

Plant name Size (nm) Cell lines IC50 (µg mL−1) References

Anthemis atropatana 38.89 HT29 4.88 [34]
L929 15.46

Dimocarpus longan Lour. 8–22 H1299 5.33 [66]
VCaP 87.33
BxPC-3 38.9

Dimocarpus longan Lour. 9–32 PC-3 10 [67]
Prunus avium 14–34 MCF-7 10.8 The present study
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anti-apoptotic proteins represents susceptibility of cells to a death signal. In fact, 
in the downregulation of Bcl-2 expression and upregulation of Bax expression, 
heterodimerization of Bcl-2 with Bax is decreased and homodimers of Bax will 

Fig. 7   Image of cell viability of SH-SY5Y (a), MCF-7 (b) and HFF cell line (c) treated by synthesized 
AgNPs with concentration of 50 µg ml−1

Fig. 8   The result of RT-PCR assay for apoptosis-related genes, Bax and Bcl-2 as well as GAPDH as the 
reference gene on 1% agarose gel. M is the marker, 1, 3 and 5 are Bcl2, Bax and GAPDH genes without 
any treatment, respectively. 2, 4 and 6 are Bcl2, Bax and GAPDH genes treated by the highest concentra-
tion of AgNPs respectively
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be formed which will stimulate apoptosis [69]. Previous studies also have been 
demonstrated that AgNPs can affect the expression levels of pro- and anti-apop-
totic genes in other cancer cell lines and induce apoptosis [66].

Conclusion

In this study, P. avium gum extract was used as the reducing and stabilizing agent 
for simple, cost-effective, eco-friendly and green synthesizing of AgNPs. These 
biogenic AgNPs exhibited reliable properties and biological activities. The syn-
thesized AgNPs proved to possess bactericidal effects against Gram-positive and 
Gram-negative bacteria. Moreover, these nanoparticles had prominent cytotoxic 
effects on the MCF-7 and SH-SY5Y cancer cell lines. The significant biological 
effect of green-synthesized AgNPs makes these nanoparticles as a potential active 
candidate for biomedical applications, especially anticancer therapy.
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