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The remarkable antibacterial activity and potential biomedical applications of silver nanoparticles (AgNPs)
synthesized through eco-friendly approaches have garnered significant attention in recent years. This research
aimed to introduce a green synthesis method for AgNPs using Salvia tebesana (S. tebesana) Bunge extract and to
investigate their properties, antibacterial activities, and cytotoxicity effects. The fabricated AgNPs were analyzed
with various analyses, including UV-Vis, DLS, XRD, FT-IR, and TEM analysis. The broth microdilution assay was
applied to measure the Minimum Inhibitory Concentrations (MIC) of chemical AgNPs, biosynthesized AgNPs,
and S. tebesana Bunge leaves extract alone against selected standard bacteria strains. The biosynthesized AgNPs
displayed a surface plasmon resonance peak at approximately 415 nm, and the AgNPs synthesized using
S. tebesana Bunge extract had a spherical configuration with an average size in the range of 10-15 nm. Bio-
synthesized nanoparticles showed a noteworthy antibacterial activity compared to chemical nanoparticles,
particularly against P. aeruginosa, with the highest antibacterial activity reported at a MIC value of 39.06 pg/mL.
AgNPs synthesized using S. tebesana Bunge extract demonstrated a significant decrease in fibroblast cell viability,
but only when the concentration reached 2 mg/mL. The findings demonstrate that S. tebesana Bunge leaves
extract enhances the antibacterial properties of AgNPs, and also represents an appropriate and biocompatible
option for the synthesis of these nanoparticles. Our research highlights the potential of employing bio-safe and
eco-friendly AgNPs synthesized in the presence of S. tebesana Bunge extract, which possess remarkable anti-
bacterial properties, for various biomedical applications.

1. Introduction years, the nanotechnology (nanoparticle, nanocomposite, nano-
structure) has been used in the various fields, including pharmacy [3,4],

Nowadays, the rise of antibiotic resistance has become a significant medicine {Zare-Bidaki, 2023 #50}[5-7], environment [8,9], etc.

global health concern, with antibiotic-resistant bacteria being recog-
nized as a major factor contributing to hospital and community-acquired
infections worldwide. The ever-increasing incidence of these infectious
agents leads to limitations in the use of effective antibiotics, and without
the development of new antibiotics or the discovery of new antibacterial
compounds, there will be no effective treatment options to deal with
various infections [1,2].

The rapid advancement of nanotechnology has led to extensive
research on the fabrication and usisng of nanoparticles. In the recent
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Among various types of metal nanoparticles, silver nanoparticles
(AgNPs) have attracted considerable attention owing to their unique
properties and the broad applications. Traditional routs for synthesizing
AgNPs involve the use of chemical agents, which can be expensive,
hazardous, and environmentally unfriendly [10,11]. In past decades,
there has been a growing interest in developing alternative methods for
the synthesis of silver nanoparticles using natural sources, which are
eco-friendly, cost-effective, and sustainable approach. The utilization of
natural extracts as reducing and capping agents offers a promising
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pathway to generate AgNPs with enhanced properties and reduced
environmental toxicity [12,13].

In recent years, there has been noteworthy focus on the utilization of
plant extracts for the eco-friendly green synthesis of AgNPs. Salvia
tebesana Bunge, a plant species belonging to the Lamiaceae family, is a
medicinal plant widely distributed in many regions and presents a
unique opportunity to explore its potential for nanoparticle synthesis.
The leaf extract of S. tebesana Bunge contains various bioactive com-
pounds, such as phenols, flavonoids, terpenoids, and alkaloids, which
have been reported to possess antioxidant, antimicrobial, and anticancer
activities. These bioactive compounds can potentially act as stabilizers
and reducing agents in the green synthesis of AgNPs [14,15].

AgNPs exhibit potent antibacterial effects due to their high surface
area, which enhances direct contact with bacterial cells, and their ability
to release silver ions, which can disrupt microbial cell membranes and
enzymes. The unique antimicrobial properties exhibited by the AgNPs
can potentially pave the way for their application in combating drug-
resistant strains and controlling infectious diseases. Furthermore, cyto-
toxicity assessment of the synthesized AgNPs is essential to determine
their potential impact on human cells. The biocompatibility and safety
of nanoparticles are crucial factors for their successful use in therapeutic
applications [16,17].

Given the importance of using green synthesis technology as a eco-
friendly and cost-effective approach for synthesizing AgNPs, as well as
the unique properties and activities of AgNPs synthesized through green
methods and their various medical applications, this study aims to
explore the green synthesis of silver nanoparticles using S. tebesana
Bunge leaf extract and evaluate their characterization, antibacterial
activity, and cytotoxicity.

2. Materials and methods
2.1. Materials and characterization methods

The leaves of the S. tebesana Bunge plant collected from the sur-
rounding areas of Tabas City in South Khorasan province (Iran) were
identified by a botanist from the agriculture department at Birjand
University with the code number 24864. The silver nitrate (AgNOs3),
sodium citrate (NagCeHs07), MTT cell proliferation assay kit, and
Tetracycline powder were purchased from Sigma-Aldrich Company
(USA). DMEM medium and fetal bovine serum (FBS) was obtained from
GIBCO Company (USA). The Pasteur Institute of Iran (Tehran, Iran)
provided five standard bacterial strains, which included Staphylococcus
aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 25922, and Klebsiella
pneumonia ATCC 9997. The identification of functional groups employed
Fourier Transform Infrared Spectroscopy (FT-IR) (Perkin-Elmer, USA),
direct size and morphological observation of products utilized Trans-
mission Electron Microscopy (TEM) (Zeiss, EM10C, Germany), deter-
mination of crystal structure of particles was carried out by X-ray
Diffraction (XRD) (Philips X’pert Pro, Netherlands), and hydrodynamic
diameter determination of silver nanoparticles involved Dynamic Light
Scattering (DLS) analysis (Nano-ZS, Malvern, UK).

2.2. Preparation of S. Tebesana Bunge extract

To prepare the aqueous extract of the plant, 20 g of the S. tebesana
Bunge leaves powder were soaked in 200 mL of distilled water. The
resulting extract was centrifuged at 5500 rpm for 10 min, and the su-
pernatant was filtered using Whatman No. 1 filter paper. The extract was
finally stored at 4 °C for future use.

2.3. Synthesis of silver nanoparticles

AgNPs synthesis was conducted using two approaches: (1) through a
chemical route, where 9 mg of AgNOs was dispersed in the 50 mL
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distilled water. Following that, a solution of 1 % sodium citrate (1 ml)
was introduced to the mixture with continuous stirring, maintaining a
room temperature. The solution’s color changed from colorless to brown
within one hour, indicating the successful formation of AgNPs. Within a
duration of one hour, the color of the solution transformed from being
colorless to brown, which clearly indicates the successful formation of
AgNPs. (2) The green synthesis method involved the addition of 24 mg
of AgNOs in a beaker containing 10 mL of deionized distilled water was
placed on a stirrer under vigorous stirring at room temperature. At the
same time, an aqueous solution of S. tebesana leaves extract was made by
incorporating 100 mg of the plant extract into 10 mL of double-distill
water and setting the pH at 12. The plant extract with a pH of 12 was
slowly added drop by drop to the beaker containing the completely
dissolved AgNO3 in distilled water while stirring vigorously. The shift in
color of the mixture, transitioning from pale yellow to deep brown,
indicated the reduction of silver ions to Ag® NPs. Notably, several ex-
periments were conducted to determine the optimal conditions for the
green synthesis method. In these experiments, the concentration of plant
extract remained constant while various parameters such as temperature
(room temperature, 55 °C, and 85 °C), time (15, 20, 30, 45, and 60 min),
and AgNOj3 concentration (5, 10, 15, 20, 25, and 30 mM) were varied.
UV-Vis absorption spectroscopy was employed to monitor the biosyn-
thesis process of AgNPs in the wavelength range of 300-500 nm.

2.4. Antibacterial assay

This research explored the antibacterial activity of the aqueous
extract of S. tebesana Bunge leaves, chemical AgNPs, and green syn-
thesized AgNPs, against several bacterial strains, including S. aureus
ATCC 25923, E. faecalis ATCC 29212, P. aeruginosa ATCC 27853, E. coli
ATCC 25922, and K. pneumonia ATCC 9997. The microdilution broth
assay following the guidelines set by the Clinical and Laboratory Stan-
dards Institute (CLSI) [18] was utilized to determine the minimum
inhibitory concentration (MIC). In summary, sterile polystyrene 96-well
microtiter plates were used to dispense 100 pL of the test compounds
with two-fold serial dilutions in Mueller Hinton broth (Merck, Ger-
many). Subsequently, each well of the plates received an addition of 100
ul of a bacterial suspension containing a final concentration of 5 x 10°
cfu/ml. After the treatment, the plates were placed in ambient air con-
ditions and incubated at 37 °C for a period of 18-24 h. The positive and
negative control in the experiment involved utilizing the bacterial sus-
pension combined with the medium and solely the culture medium,
respectively. In addition, the antibiotic tetracycline as an effective
antibacterial agent was used to compare the antibacterial activity of the
examined compounds.

2.5. Cell viability/proliferation assay

The MTT cell proliferation viability assay was employed to evaluate
the cytotoxic potential of the test compounds, such as the S. tebesana
Bunge leaves extract and synthesized AgNPs. Briefly, after preparing the
single-cell suspension of human primary fibroblast cells and counting
them, a concentration of 3 x 10° cells/well was cultured in 96-well
microtiter plates containing 10 % FBS-supplemented DMEM medium
overnight. Cells were treated with various concentrations of the inves-
tigated compounds for 24 and 48 h. After this time, 20 uL of MTT reagent
(5 mg/mL) was added to each well and incubated for 4 h at 37 °C. Then,
the cell-culture supernatant was removed, and the formazan crystals
produced by the living cells were dissolved by adding 100 pL of DMSO.
Finally, the absorption of the plates was carefully measured at 570 nm
using the Epoch Microplate Spectrophotometer (Biotek Instrument,
USA). The estimation of cell proliferation/viability was determined
using the following equation: ODsample/ODcontrol X 100, where OD was
the absorbance of the sample (treated) or control (untreated). It should
be noted that all study steps were repeated three times.
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2.6. Statistical studies

Statistical analysis was performed using SPSS software version 19
and One-Way ANOVA for the cytotoxic results of the examined com-
pounds. A significance level of P < 0.05 was considered for statistical
analysis.

3. Results and discussion
3.1. Optimizing the synthesis of green AgNPs

The UV-Vis spectrum within a wavelength range of 300-500 nm was
utilized in this study to confirm the creation of AgNPs and evaluate the
impact of various factors such as temperature, time, and AgNO3 con-
centration on their formation. The Surface Plasmon Resonance (SPR)
reveals that the nanoparticles are uniformly distributed and not aggre-
gated or sedimented. When the particle size decreases, the peak Plasmon
resonance shifts towards shorter wavelengths.

3.1.1. Effect of AgNOs concentration

In this study, the investigation focused on different concentrations of
AgNOs3 (ranging from 5-30 mM) to identify the optimal concentration
required for nanoparticle formation in the presence of plant extract at
room temperature. The absorption spectrum of nanoparticles indicated
that augmenting the concentration of AgNO3 up to 10 mM resulted in
increased absorption band intensity. However, absorption spectrum
decrease occurred in concentrations ranging from 15-30 mM (Fig. 1a),
which was could be attributed to the aggregation of nanoparticles [19].
Hence, a concentration of 10 mM AgNOs was deemed optimal for the
green synthesis of AgNPs.
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3.1.2. Effect of contact time

The reaction between AgNOs3 and S. tebesana Bunge leaves extract
was monitored for a period of 15 to 60 min at room temperature. It was
found that extending the reaction time from 15 min to 30 min resulted in
an increase in absorption intensity. However, there were no notable
changes in absorption intensity beyond that duration (Fig. 1b). There-
fore, duration of 30 min can be considered as ideal timeframe for the
synthesis of green AgNPs.

3.1.3. Effect of reaction temperature

The UV/Vis spectra were utilized to investigate the impact of reac-
tion temperature (room temperature, 55 °C, and 85 °C) on the size of
nanoparticle products. The analysis of the absorption spectrum of
nanoparticles at varying temperatures revealed that the absorption in-
tensity increased as the temperature rose, reaching its peak at 55 °C
(Fig. 1c). Additionally, the absorption peak shifted towards shorter
wavelengths, signifying a reduction in nanoparticle size. As a result, the
temperature of 55 °C was determined to be the optimal condition for the
reaction.

3.2. DLS, XRD, FT-IR, and TEM analysis

Zeta potential and DLS techniques were employed to determine
nanoparticle size (hydrodynamic droplet) and the surface charge of the
fabricated AgNPs using S. tebesana Bunge extract. In Fig. 2a, the DLS
graph shows that the hydrodynamic diameter of AgNPs was approxi-
mately 180 nm. The zeta potential of the biosynthesized AgNPs using
S. tebesana Bunge was —38.82 mV indicating a negative charge on the
surface of AgNPs by S. tebesana Bunge (Fig. 2b). In the present study,
XRD analysis was utilized to ascertain both the crystal structure and
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Fig. 1. UV-Vis spectra of AgNPs synthesized using S. tebesana Bunge leaves extract at various silver nitrate (AgNO3) concentrations (a), times (b), and tempera-

tures (c).
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Fig. 2. DLS (a) and zeta potential (b) analysis of AgNPs synthesized using S. tebesana Bunge.

purity of the green synthesized nanoparticles. The XRD results demon-
strate peaks observed at angles of 38.2°, 44.4°, 64.8°, and 77.8°, cor-
responding to the (111), (200), (220), and (311) Bragg planes,
respectively (Fig. 3). These findings align with the standard diffraction
pattern expected from cubic crystal structures of AgNPs (JCPDS 01-087-
0717). This information is in accordance with the findings presented in
published reports [20,21]. Three extra minor peaks were observed at
28.12°, 55.24°, and 58.5° , which might be associated with impurities of
AgCl. The existence of chlorine ions in the solution causes this impurity,

as they react with silver nitrate and result in the creation of chloride
deposits [22]. Based on the results obtained and the Debye-Scherr
equation, the reported size of silver nanoparticles was approximately
10-15 nm. The investigation of the functional groups present in the
biosynthesized AgNPs samples was conducted using FT-IR spectroscopy
(Fig. 4). The broadband peak observed around 3436.8 cm ™ was related
to the stretching vibrations of the hydroxyl group in alcohols [23]. The
band centered at about 2923.5 cm™! can be attributed to the stretching
vibration of the C-H bonds [24]. The intense peak at 1727.3 em1is
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Fig. 3. XRD pattern of AgNPs synthesized using S. tebesana Bunge leaves extract.
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Fig. 4. FT-IR spectrum of prepared AgNPs from S. tebesana Bunge leaves extract.

likely attributed to the vibration of ketone group (—C = O), suggesting
that the ketone group in the deterrence ester could serve as both a
reducing agent and a capping agent [20,25]. The peaks reported at
1441.5, 1265.5, 1061.8, and 811.4 cm ™' were associated with the aro-
matic C-H, C-O, C-O-C, and C-H bonds present in the group of alkenes
[20,26,27]. The absorption peaks observed in the FT-IR analysis of the
biosynthesized nanoparticles show similarities to those of the S. tebesana
Bunge plant extract. However, there are slight shifts and decreased in-
tensities in the nanoparticle peaks compared to the plant extract. This
suggests that the functional groups present in the plant extract play a
role in the formation of the nanoparticles [14]. TEM analysis was
employed to precisely examine the dimensions and morphology of the
AgNPs synthesized using the S. tebesana Bunge extract. The TEM images
(Fig. 5) reveal that the biosynthesized nanoparticles possess a uniform

Fig. 5. TEM image of AgNPs synthesized using S. tebesana Bunge leaves extract.

oval and spherical structure with a diameter ranging from 10 to 15 nm.
The uniformity of these structures might be associated with the presence
of biomolecules derived from the S. tebesana Bunge extract, which
served as the surface coating for the AgNPs. Moreover, the diverse
morphologies and sizes observed in AgNPs could potentially be attrib-
uted to the existence of reducing agents within the S. tebesana Bunge
extract [28,29]. The appearance of dark shadows on the surface of silver
nanoparticles in TEM images suggests the existence of biological com-
pounds from the plant extract deposited on the surface of silver nano-
particles [23,30].

3.3. Antibacterial activities

The antibacterial activity of AgNPs synthesized using the S. tebesana
Bunge extract, chemical AgNPs, and S. tebesana Bunge extract alone
against E. coli (ATCC 25922), K. pneumoniae (ATCC 9997), P. aeruginosa
(ATCC 27853), S. aureus (ATCC 25923), and E. faecalis (ATCC 29212) is
summarized in Table 1. The findings of the current study indicate that
both AgNPs and S. tebesana Bunge extract lack substantial antibacterial
efficacy when used independently. However, the use of S. tebesana

Table 1

Antibacterial activity (MIC values in ug/mL) of S. tebesana Bunge extract,
chemical AgNPs, biosynthesized AgNPs (The use of S. tebesana Bunge leaves
extract in the synthesis of AgNPs), and Tetracycline.

Bacteria S. tebesana Chemical Biosynthesized Tetracycline

strains Bunge extract AgNPs AgNPs

E. coli > 10,000 > 2500 624 0.97
ATCC
25,922

P. aeruginosa > 10,000 2500 39.06 3.9
ATCC
27,853

K. pneumonia > 10,000 > 2500 156 7.8
ATCC 9997

S. aureus 1250 2500 78.1 0.97
ATCC
25,923

E. faecalis 1250 2500 156 7.8
ATCC
29,212
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Bunge extract in synthesizing AgNPs resulted in a noteworthy antibac-
terial impact, particularly against P. aeruginosa, with the highest re-
ported antibacterial activity at a MIC value of 39.06 pg/mL. The study
results indicated that AgNPs produced using the S. tebesana Bunge
extract exhibit comparable antibacterial properties against both Gram-
positive and Gram-negative bacteria. Previous studies have also re-
ported a comparable outcome for AgNPs that were synthesized using
different plant extracts [31-34]. According to the findings, there is no
apparent variation in the antibacterial properties of the biosynthesized
AgNPs when it comes to Gram-positive and Gram-negative bacteria.
Furthermore, the antibacterial activities of these compounds do not
seem to be significantly influenced by the composition of the bacterial
cell wall. Hence, when considering the antibacterial effects of AgNPs, it
is important to take into account not only their impact on the structure
of the bacterial cell wall but also other mechanisms such as interference
with intracellular targets (ribosomes, mitochondria, and vacuoles) and
small molecules or biomacromolecules (protein, lipids, and DNA)
functionality, induction of oxidative stress and cellular toxicity through
the generation of free radicals and reactive oxygen species (ROS), as well
as modulation of signal transduction pathways [35,36].

3.4. Cytotoxicity effects

Fig. 6 presents the outcomes of the MTT technique, illustrating the
cytotoxic impacts of S. tebesana Bunge extract, chemical AgNPs, and
biosynthesized AgNPs on human fibroblast cell line within the concen-
tration range of 0.125 to 2 mg/mL after 24 h. At the highest concen-
tration (2 mg/mL) and within the given timeframe, chemical AgNPs
exhibited no notable alterations in the viability of fibroblast cells when
compared to the control group. However, the extract of S. tebesana Bunge
during the same time frame and at concentrations ranging from 1-2 mg/
mL exhibited a noteworthy reduction in cell viability relative to the
control cells (P = 0.000). It should be noted that AgNPs synthesized
using S. tebesana Bunge extract demonstrated a significant decrease in
fibroblast cell viability, but only when the concentration reached 2 mg/
mL (P = 0.012). According to the findings, the highest non-toxic con-
centrations of chemical AgNPs, S. tebesana Bunge extract, and bio-
synthesized AgNPs were determined to be 2, 0.5, and 1 mg/mL,
respectively. Despite the findings of certain studies indicating the sub-
stantial cytotoxic effects S. tebesana Bunge extract on cancerous cell lines
[15,37], our study revealed that S. tebesana Bunge and AgNPs produced
using its extract did not exhibit significant cytotoxic effects on fibroblast
cell lines, suggesting their safety for the human normal cells. Hence, the
potential significance and interest lie in the selective toxicity exhibited
by these compounds.

4. Conclusion

The findings of this study demonstrate that the S. tebesana Bunge
leaves extract enhances the antibacterial properties of AgNPs, and also
represents an appropriate and biocompatible option for the synthesis of
these nanoparticles. The highest antibacterial activity of AgNPs syn-
thesized using S. tebesana Bunge extract was found against P. aeruginosa
among all tested bacteria. According to the study, biosynthesized AgNPs
at antibacterial activity concentrations revealed no cytotoxic effects on
primary cells. Our research highlights the potential of employing bio-
safe and eco-friendly AgNPs synthesized in the presence of S. tebesana
Bunge extract, which possess remarkable antibacterial properties, for
various biomedical applications.

Ethical Permissions.

The Research Ethics Committee at Birjand University of Medical
Sciences approved the study (IR.BUMS.REC.1400.031).

CRediT authorship contribution statement

Mohammad Mehdi Zabihi: Writing — original draft, Visualization,

Results in Chemistry 7 (2024) 101510

u S. tebesana Bunge extract ™ Chemical AgNPs = Biosynthesized AgNPs

100 - a - -
80 -
60
40 -
20
0 ; , ;
0

-
0.125 0.25 0.5 1 2
Conentrations (mg/ml)
Fig. 6. Cytotoxic effects of different concentrations of S. tebesana Bunge extract,
chemical AgNPs, and biosynthesized AgNPs on human fibroblast cell line within
a 24-hour period by MTT method. One-Way ANOVA P-values indicate statistical
significance compared to the control group (**: P = 0.012, ***: P = 0.000).

sokok
H
feokok
ek

Viability (%)

T

Validation, Investigation. Samira Eghbaliferiz: Formal analysis, Data
curation, Methodology, Visualization, Writing — original draft. Mohsen
Khorashadizadeh: Formal analysis, Methodology, Validation, Writing
— original draft, Writing — review & editing. Sobhan Mortazavi-
Derazkola: Investigation, Validation, Visualization, Writing — original
draft. Masoud Yousefi: Writing — review & editing, Visualization,
Conceptualization, Data curation, Formal analysis, Funding acquisition,
Project administration, Supervision, Validation.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgment

This research was supported by Birjand University of Medical Sci-
ences, Birjand, Iran (grant number 456410).

References

[1] M.H. Namaei, M. Yousefi, P. Askari, B. Roshanravan, A. Hashemi, Y. Rezaei, High
prevalence of multidrug-resistant non-fermentative Gram-negative bacilli
harboring blaIMP-1 and blaVIM-1 metallo-beta-lactamase genes in Birjand, south-
east Iran, Iranian Journal of Microbiology 13 (4) (2021) 470.

[2] M. Miethke, M. Pieroni, T. Weber, M. Bronstrup, P. Hammann, L. Halby, P.

B. Arimondo, P. Glaser, B. Aigle, H.B. Bode, Towards the sustainable discovery and
development of new antibiotics, Nat. Rev. Chem. 5 (10) (2021) 726-749.

[3] S. Deshpande, Y. Yang, S. Zauscher, A. Chilkoti, Enzymatic Synthesis of Aptamer-
Polynucleotide Nanoparticles with High Anticancer Drug Loading for Targeted
Delivery, Biomacromolecules 25 (1) (2024) 155-164.

[4] K. Naseri, E. Khademi, S. Mortazavi-Derazkola, Introducing a new pharmaceutical
agent: Facile synthesis of CuFe12019@HAp-APTES magnetic nanocomposites and
its cytotoxic effect on HEK-293 cell as an efficient in vitro drug delivery system for
atenolol, Arab. J. Chem. 16 (1) (2023) 104404.

[5] M. Zare-Bidaki, A. Ghasempour, P. Mohammadparast-Tabas, S.M. Ghoreishi,

E. Alamzadeh, R. Javanshir, B.N. Le, M. Barakchi, M. Fattahi, S. Mortazavi-
Derazkola, Enhanced in vivo wound healing efficacy and excellent antibacterial,
antifungal, antioxidant and anticancer activities via AGNPs@PCS, Arab. J. Chem.
16 (10) (2023) 105194.

[6] A. Ebrahimi, M. Pirali Hamedani, P. Mohammadzadeh, M. Safari, S. Esmaeil Sadat
Ebrahimi, M. Seyed Hamzeh, M. Shafiee Ardestani, S. Masoumeh Ghoreishi,
99mTec- Anionic dendrimer targeted vascular endothelial growth factor as a novel
nano-radiotracer for in-vivo breast cancer imaging, Bioorg. Chem. 128 (2022)
106085.

[7] B. davoodikia, M. Pirali Hamedani, M. Saffari, S. Esmaeil Sadat Ebrahimi,

M. Seyyed hamzeh, S. Hashemi, M. Shafiee Ardestani, S. Masoumeh Ghoreishi,
Synthesis of novel nano-radiotracer for in-vivo bone imaging: 99mTec- citric acid
based PEG dendrimer and its conjugation with alendronate, Arab. J. Chem. 15 (9)
(2022) 104060.


http://refhub.elsevier.com/S2211-7156(24)00206-6/h0005
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0005
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0005
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0005
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0010
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0010
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0010
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0015
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0015
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0015
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0020
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0020
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0020
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0020
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0025
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0025
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0025
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0025
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0025
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0030
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0030
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0030
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0030
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0030
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0035
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0035
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0035
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0035
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0035

M. Mehdi Zabihi et al.

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

R. Fouladi-Fard, R. Aali, S. Mohammadi-Aghdam, S. Mortazavi-derazkola, The
surface modification of spherical ZnO with Ag nanoparticles: A novel agent,
biogenic synthesis, catalytic and antibacterial activities, Arab. J. Chem. 15 (3)
(2022) 103658.

Z. Hashemi, M. Shirzadi-Ahodashti, S. Mortazavi-Derazkola, M.A. Ebrahimzadeh,
Sustainable biosynthesis of metallic silver nanoparticles using barberry phenolic
extract: Optimization and evaluation of photocatalytic, in vitro cytotoxicity, and
antibacterial activities against multidrug-resistant bacteria, Inorg. Chem. Commun.
139 (2022) 109320.

A. Ahmed, M. Usman, Z. Ji, M. Rafiq, B. Yu, Y. Shen, H. Cong, Nature-inspired
biogenic synthesis of silver nanoparticles for antibacterial applications, Mater.
Today Chem. 27 (2023) 101339.

X.-F. Zhang, Z.-G. Liu, W. Shen, S. Gurunathan, Silver nanoparticles: synthesis,
characterization, properties, applications, and therapeutic approaches, Int. J. Mol.
Sci. 17 (9) (2016) 1534.

K.F. Hasan, L. Xiaoyi, Z. Shaoqin, P.G. Horvéth, M. Bak, L. Bejo, G. Sipos, T. Alpar,
Functional silver nanoparticles synthesis from sustainable point of view: 2000 to
2023-A review on game changing materials, Heliyon (2022).

A. Rautela, J. Rani, Green synthesis of silver nanoparticles from Tectona grandis
seeds extract: characterization and mechanism of antimicrobial action on different
microorganisms, J. Anal. Sci. Technol. 10 (1) (2019) 1-10.

S. Eghbaliferiz, S.A. Emami, Z. Tayarani-Najaran, M. Iranshahi, A. Shakeri,

J. Hohmann, J. Asili, Cytotoxic diterpene quinones from Salvia tebesana Bunge,
Fitoterapia 128 (2018) 97-101.

S. Eghbaliferiz, V. Soheili, Z. Tayarani-Najaran, J. Asili, Antimicrobial and
cytotoxic activity of extracts from Salvia tebesana Bunge and Salvia sclareopsis
Bornm cultivated in Iran, Physiol. Mol. Biol. Plants 25 (2019) 1083-1089.

J. Chen, S. Li, J. Luo, R. Wang, W. Ding, Enhancement of the antibacterial activity
of silver nanoparticles against phytopathogenic bacterium Ralstonia solanacearum
by stabilization, J. Nanomater. 2016 (2016).

S. Khorrami, A. Zarrabi, M. Khaleghi, M. Danaei, M. Mozafari, Selective
cytotoxicity of green synthesized silver nanoparticles against the MCF-7 tumor cell
line and their enhanced antioxidant and antimicrobial properties, Int. J. Nanomed.
(2018) 8013-8024.

P. Wayne, Performance standards for antimicrobial susceptibility testing, Clinical
and Laboratory Standards Institute (CLSI) (2017) 106-112.

S. Priya Velammal, T.A. Devi, T.P. Amaladhas, Antioxidant, antimicrobial and
cytotoxic activities of silver and gold nanoparticles synthesized using Plumbago
zeylanica bark, Journal of Nanostructure, Chemistry 6 (2016) 247-260.

S. Mortazavi-Derazkola, M.A. Ebrahimzadeh, O. Amiri, H.R. Goli, A. Rafiei,

M. Kardan, M. Salavati-Niasari, Facile green synthesis and characterization of
Crataegus microphylla extract-capped silver nanoparticles (CME@ Ag-NPs) and its
potential antibacterial and anticancer activities against AGS and MCF-7 human
cancer cells, J. Alloy. Compd. 820 (2020) 153186.

S. Singla, A. Jana, R. Thakur, C. Kumari, S. Goyal, J. Pradhan, Green synthesis of
silver nanoparticles using Oxalis griffithii extract and assessing their antimicrobial
activity, OpenNano 7 (2022) 100047.

S. Kota, P. Dumpala, R.K. Anantha, M.K. Verma, S. Kandepu, Evaluation of
therapeutic potential of the silver/silver chloride nanoparticles synthesized with
the aqueous leaf extract of Rumex acetosa, Sci. Rep. 7 (1) (2017) 11566.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

Results in Chemistry 7 (2024) 101510

M. Zare-Bidaki, H. Aramjoo, Z.M. Mizwari, P. Mohammadparast-Tabas,

R. Javanshir, S. Mortazavi-Derazkola, Cytotoxicity, antifungal, antioxidant,
antibacterial and photodegradation potential of silver nanoparticles mediated via
Medicago sativa extract, Arab. J. Chem. 15 (6) (2022) 103842.

M. Shirzadi-Ahodashti, Z.M. Mizwari, Z. Hashemi, S. Rajabalipour, S.M. Ghoreishi,
S. Mortazavi-Derazkola, M.A. Ebrahimzadeh, Discovery of high antibacterial and
catalytic activities of biosynthesized silver nanoparticles using C. fruticosus (CF-
AgNPs) against multi-drug resistant clinical strains and hazardous pollutants,
Environ. Technol. Innov. 23 (2021) 101607.

A.Q. Khan, A. Malik, A new macrocyclic diterpene ester from the latex of
Euphorbia tirucalli, J. Nat. Prod. 53 (3) (1990) 728-731.

W.R. Rolim, M.T. Pelegrino, B. de Aratjo Lima, L.S. Ferraz, F.N. Costa, J.

S. Bernardes, T. Rodigues, M. Brocchi, A.B. Seabra, Green tea extract mediated
biogenic synthesis of silver nanoparticles: Characterization, cytotoxicity evaluation
and antibacterial activity, Appl. Surf. Sci. 463 (2019) 66-74.

B. Banumathi, B. Vaseeharan, P. Suganya, T. Citarasu, M. Govindarajan, N.

S. Alharbi, S. Kadaikunnan, J.M. Khaled, G. Benelli, Toxicity of Camellia sinensis-
fabricated silver nanoparticles on invertebrate and vertebrate organisms:
morphological abnormalities and DNA damages, J. Clust. Sci. 28 (2017)
2027-2040.

S. Iravani, Green synthesis of metal nanoparticles using plants, Green Chem. 13
(10) (2011) 2638-2650.

M.P. Patil, G.-D. Kim, Eco-friendly approach for nanoparticles synthesis and
mechanism behind antibacterial activity of silver and anticancer activity of gold
nanoparticles, Appl. Microbiol. Biotechnol. 101 (2017) 79-92.

A. Es-Haghi, M.E. Taghavizadeh Yazdi, M. Sharifalhoseini, M. Baghani, E. Yousefi,
A. Rahdar, F. Baino, Application of response surface methodology for optimizing
the therapeutic activity of ZnO nanoparticles biosynthesized from Aspergillus
niger, Biomimetics 6 (2) (2021) 34.

M.M. Khalil, E.H. Ismail, K.Z. El-Baghdady, D. Mohamed, Green synthesis of silver
nanoparticles using olive leaf extract and its antibacterial activity, Arab. J. Chem. 7
(6) (2014) 1131-1139.

Y.Y. Loo, Y. Rukayadi, M.-A.-R. Nor-Khaizura, C.H. Kuan, B.W. Chieng,

M. Nishibuchi, S. Radu, In vitro antimicrobial activity of green synthesized silver
nanoparticles against selected gram-negative foodborne pathogens, Front.
Microbiol. 9 (2018) 1555.

A. Deljou, S. Goudarzi, Green extracellular synthesis of the silver nanoparticles
using thermophilic Bacillus sp. AZ1 and its antimicrobial activity against several
human pathogenetic bacteria, Iran. J. Biotechnol. 14 (2) (2016) 25.

N. Patel, K. Kasumbwe, V. Mohanlall, Antibacterial screening of Gunnera perpensa-
mediated silver nanoparticles, Journal of Nanotechnology 2020 (2020) 1-7.

T.C. Dakal, A. Kumar, R.S. Majumdar, V. Yadav, Mechanistic basis of antimicrobial
actions of silver nanoparticles, Front. Microbiol. 7 (2016) 1831.

P.R. More, S. Pandit, A.D. Filippis, G. Franci, 1. Mijakovic, M. Galdiero, Silver
nanoparticles: bactericidal and mechanistic approach against drug resistant
pathogens, Microorganisms 11 (2) (2023) 369.

J. Asili, Z. Tayarani-Najaran, S.A. Emami, M. Iranshahi, A. Sahebkar, S. Eghbali,
Chemical compositioncytotoxic and antibacterial activity of essential oil from
aerial parts of salvia tebesana bunge, J. Essential Oil Bearing Plants 24 (1) (2021)
31-39.


http://refhub.elsevier.com/S2211-7156(24)00206-6/h0040
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0040
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0040
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0040
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0045
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0045
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0045
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0045
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0045
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0050
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0050
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0050
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0055
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0055
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0055
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0065
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0065
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0065
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0070
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0070
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0070
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0075
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0075
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0075
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0080
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0080
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0080
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0085
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0085
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0085
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0085
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0090
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0090
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0095
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0095
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0095
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0100
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0100
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0100
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0100
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0100
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0105
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0105
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0105
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0110
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0110
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0110
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0115
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0115
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0115
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0115
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0120
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0120
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0120
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0120
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0120
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0125
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0125
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0130
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0130
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0130
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0130
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0135
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0135
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0135
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0135
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0135
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0140
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0140
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0145
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0145
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0145
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0150
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0150
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0150
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0150
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0155
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0155
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0155
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0160
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0160
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0160
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0160
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0165
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0165
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0165
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0170
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0170
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0175
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0175
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0180
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0180
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0180
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0185
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0185
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0185
http://refhub.elsevier.com/S2211-7156(24)00206-6/h0185

	Green synthesis of non-toxic silver nanoparticles using Salvia tebesana Bunge extract: Optimization, cytotoxicity, and anti ...
	1 Introduction
	2 Materials and methods
	2.1 Materials and characterization methods
	2.2 Preparation of S. Tebesana Bunge extract
	2.3 Synthesis of silver nanoparticles
	2.4 Antibacterial assay
	2.5 Cell viability/proliferation assay
	2.6 Statistical studies

	3 Results and discussion
	3.1 Optimizing the synthesis of green AgNPs
	3.1.1 Effect of AgNO3 concentration
	3.1.2 Effect of contact time
	3.1.3 Effect of reaction temperature

	3.2 DLS, XRD, FT-IR, and TEM analysis
	3.3 Antibacterial activities
	3.4 Cytotoxicity effects

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


