
Background 
At the beginning of the 20th century, the outbreak of 
infectious diseases was one of the leading causes of death 
worldwide (1). Following the discovery of antimicrobial 
agents in the present century, morbidity and mortality 
from infectious diseases reduced. Nowadays, the 
emergence of antibiotic-resistant strains is a new challenge 
in the treatment of infectious diseases. The attention of 
researchers has been drawn to the search for new drugs 
and antimicrobial agents (2). One of the recent efforts 
to address the challenge was the use of antimicrobial 
nanomaterials. Nanoparticles have advantages over 
antibiotics in terms of reducing toxicity, cost-effectiveness, 
and broad-spectrum efficacy against bacteria in comparison 
with conventional antibiotics (3). Antibacterial effects of 
silver have long been considered. Silver compounds such 
as metallic silver, silver nitrate, and silver sulfadiazine 
are used for the treatment of various types of wound 
infections and disinfection of water (4). Compared 
to other nanomaterials, silver nanoparticles (AgNPs) 
have the highest antimicrobial activity against bacteria, 

viruses, and fungi (5). Production of nanoparticles can 
be achieved by different methods. Chemical approaches 
are the most commonly used methods for the production 
of nanoparticles. Biological methods, enzymes, and plant 
extracts are also used in the production of nanoparticles 
(6). Several systemic infections are associated with 
methicillin-resistant Staphylococcus aureus (MRSA). The 
aim of this study was to synthesize AgNPs by ultrasonic 
method and evaluate the in vitro antibacterial effects 
against MRSA isolated from clinical specimens. 

Methods
Synthesis and Characterization of Silver Nanoparticles
In a typical approach, AgNPs are prepared by ultrasound-
assisted reverse micelles method (7). For this purpose, 
0.05 g of AgNO3 was dissolved in 20 mL of propylene 
glycol and then, 13 mmol of an anionic surfactant (SDS) 
was subsequently added to the solution and stirred with 
400 rpm at 50◦C. The solvent was evaporated to dryness in 
reflux system under reduced pressure at room temperature. 
During drying, the magnet was rotated at 100 rpm speed 
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until a smooth dry film layer was obtained. It was kept in 
a vacuum desiccator for 48 hours. The film containing 
non-ionic surfactant-based vesicle was hydrated using 
double distilled water. After thermal treatment, the system 
was allowed to cool to room temperature naturally. Then, 
the obtained precipitate was collected by filtration and 
washed with absolute ethanol and distilled water several 
times. X-ray diffraction (XRD) patterns were recorded by 
a Philips-X’PertPro X-ray diffractometer using Ni-filtered 
Cu Ka radiation at the scan range of 10<2θ<80. Scanning 
electron microscopy (SEM) images were obtained using 
LEO-1455VP equipped with an energy dispersive X-ray 
spectroscopy.

Antibacterial Activity of the Silver Nanoparticles
A total of 50 S. aureus isolates were obtained from clinical 
specimens at the microbiology laboratory of Kerman 
hospital. Sampling was carried out using sterilized swabs 
and the samples were transferred to the normal saline 
solution. Handling, transporting, and storing of collected 
samples were done at 4°C. All samples were inoculated 
on blood agar and incubated at 37°C for 48 hours. 
The obtained colonies were recognized as  S. aureus  by 
morphology, gram staining, catalase, coagulase, and 
DNase tests (8). The identified S. aureus  isolates were 
evaluated for their susceptibility to methicillin using disk 
diffusion test based on the guidelines of Clinical and 
Laboratory Standard Institute (CLSI) (9). Oxacillin agar-
screening test was used to isolate MRSA. All isolates were 
cultured on Mueller-Hinton agar (Merck, Germany). A 
1-μg oxacillin disk (Padtan Teb, Iran) was placed and 
incubated at 37°C and the results were recorded after 24 
hours of incubation. Isolates showing inhibition zone 
size ≤13 mm were considered to be resistant (10). After 
overnight incubation at 37˚C, the antibiotic susceptibility 
was determined by measuring the zone of inhibition in 
mm and the isolates were identified as MRSA based on 
their resistance to methicillin. Antibacterial activities 
of the synthesized AgNPs against MRSA isolates were 
measured using the well diffusion method. The bacterial 
concentration was adjusted to McFarland standard 
(1.5×108 CFU/mL in sterile normal saline). The Mueller-
Hinton agar (Merck, Germany) medium with 4 mm 
depth was poured into petri dishes to give a solid plate 
and inoculated with 100 μL of the prepared suspension 
of MRSA isolates by sterile cotton swabs. Wells with 6 
mm diameter were punctured in the media by sterile cork 
borers and filled with 20 μL of the silver nano-particles. 
The first concentration used was 80 mg/m. The plates 
were incubated at 37˚C for 24 hours. The antibacterial 
activity was determined by measuring the inhibition 
zones around each of the wells in mm. Minimum 
inhibitory concentration (MIC) was defined as the lowest 
concentration of silver nano-particles that prevented 
bacterial growth. Different concentrations (80, 40, 20, 

10, 5, 2.5, 1.25, 0.625, 0.3, and 0.1 mg/mL) of silver 
nano-particles solution in DMSO were used. Methanol 
(1:1 v/v) solvent was prepared and bioassayed on Mueller 
Hinton agar medium (Merck, Germany) by well diffusion 
method as mentioned above. Methanol (1:1 v/v) solvent 
was considered as the negative control. Briefly, the plates 
were incubated at 37°C for 24 hours. Next, the inhibition 
zone (IZ) diameter of AgNPs was measured in mm (10, 
11). 

Results
The crystalline size and diameter (Dc) of Cu NPs can be 
determined from the diffraction patterns obtained from 
the full width of the half maximum (FWHM) using the 
Debye-Scherrer equation:

Dxrd = 0.9λ (57.3)/Wsize cos Ө (1)
 
Where Wsize = (Wb

2- Ws
2)1/2 (2)

Wsize = FWHM (3)

For sample Wsize = FWHM,
For standard use λ = 1.542 A°.

Of 50 S. aureus isolates, 10 were identified as MRSA 
by beta hemolysis on blood agar, catalase, coagulase, 
DNase positive tests, and resistance to methicillin. All 
10 MRSA isolates were resistant to 7 used antibiotics. 
The information about the susceptibility and resistance 
rate of the MRSA iso lates against the 10 different 
antibiotics used in this study is shown in Figure 1. This 
finding showed that all of MRSA iso lates were resistant 
to different antibiotics such as penicillin, cotrimoxazole, 
vancomycin, clindamycin, erythromycin, and ofloxacin. 
The synthesized AgNPs showed a dose-dependent growth 
inhibitory effect on the MRSA isolates (Figure 2) with 
the mean MIC and minimum bactericidal concentration 
(MBC) of 0.015 and 0.07 mg/mL, respectively, and a 
mean IZ of 10 mm. The effects of different concentrations 

Figure 1. Antibiotic Resistance Pattern of MRSA Isolates by Disc 
Diffusion Method to Seven Antibiotics.
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of AgNPs against 10 MRSA isolates are shown in Table 1.
Dynamic Light Scattering (sometimes referred to as 
Photon correlation spectroscopy or quasi-elastic light 
scattering) is a technique for measuring the size of particles 
typically in the sub-micron region.
d(H) = kT/3ηΠD
where: 
d(H) = hydrodynamic diameter
D = translational diffusion coefficient
k = Boltzmann constant
T = absolute temperature
η = viscosity

Any change to the surface of a particle that affects the 
diffusion speed will correspondingly change the apparent 
size of the particle. The mean particle size was determined 
to be 150 nm according to dynamic light scattering which 
is shown in Figure 3. The SEM image of the AgNPs and 
the formation of nanoparticles are shown in Figure 4. The 
results showed that the nanoparticle surface had a relatively 
good dispersion. The results of microscopic imaging of 
nanoparticles indicate that the particles were formed well 
in all laboratory conditions according to Table 2.

The XRD pattern of Ag nanocomposites proves the 
phase formed as a face-centered cubic crystal structure and 
its lattice parameters. Figure 5 shows the XRD patterns of 
Ag nanocomposites.

Discussion
The antibiotic resistance crisis has become a global 
concern (12). High mortality rates associated with MRSA 
infections are the result of the increase in antibiotic 
resistance via natural selection (13). This investigation 
aimed to examine the antibac terial activity of AgNPs 
against MRSA, using in vitro assay. To achieve this goal, 
we examined 10 clinical MRSA isolates with different 
concentrations of AgNPs and investigated their effects on 
their viability and growth. The synthesized AgNPs with a 
small size and large surface showed beneficial effects even 
at very low concentrations on the bacteria used. Based 

on our results, susceptibility to AgNPs depended on the 
concen tration. All MRSA isolates were susceptible to 
nanoparticles and the MIC and MBC values were found 
to be 0.015 and 0.07 mg/mL, respectively. The use of silver 
ions and silver salts as an antimicrobial agent has a long 
history. Many researchers have studied the antimicrobial 
effects of AgNPs (14). Zhou et al studied the antibacterial 
activities of gold and AgNPs against Escherichia coli 
and bacillus Calmette-Guérin and their results showed 
that nanoparticles had potential applications as anti-TB 
compounds (15). In another study, AgNPs synthesized by 
electrolysis method showed more antibacterial activities 
against Gram-negative than Gram-positive bacteria (16). 
Other researchers suggested that yeast and E. coli were 
inhibited at the low concentration of Ag nanoparticles, 
whereas the growth-inhibitory effects on S. aureus were 
mild (17). In another investigation, 100% resistance of 
A. baumannii to different antibiotics was shown and 
all isolates (100%) were susceptible to nanosilver (18). 
AgNPs inhibited the virus from binding to host cells, 
as demonstrated in vitro (19). Possible mechanisms of 
AgNPs on bacteria can be attributed to their effects on the 
respiratory chain and cell division (20).

Figure 2. The Effect of Different Concentrations of AgNPs on MRSA 
Isolates by Agar Well Diffusion Method.

Table 1. Means of Inhibition Growth Diameter (mm) Obtained by Agar Well 
Diffusion Method Using Different Concentrations of AgNPs Against 10 MRSA 
Isolates

Bacteria
Nanoparticle (mg/mL)

0.015 0.03 0.07 0.15 0.31 0.62 1.25 2.5 5 10 20

MRSA1 - 8 10 12 12 15 17 18 20 20 25

MRSA2 8 9 10 12 13 14 14 15 15 20 20

MRSA3 10 10 12 13 14 16 20 23 23 24 24

MRSA4 9 10 11 12 13 15 20 22 24 24 25

MRSA5 10 11 11 13 14 15 18 21 23 24 24

MRSA6 9 10 11 12 15 17 18 20 22 23 23

MRSA7 10 11 12 14 16 16 17 20 23 23 24

MRSA8 10 12 14 16 18 20 23 23 24 26 26

MRSA9 10 11 13 17 18 20 22 24 24 25 25

MRSA10 - 10 12 13 14 14 16 17 20 24 26

Table 2. Laboratory Conditions for Synthesis of Silver Nanoparticles

Sample Laboratory condition Morphology

A 50 watt-5 minutes Nanoparticles

B 50 watt-10 minutes Nanoparticles

C 50 watt-15 minutes Nanoparticles

D 60 watt-5 minutes Nanoparticles

E 60 watt-10 minutes Agglomeration

F 60 watt-15 minutes Agglomeration + nanoparticles
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Conclusions
AgNPs, prepared by the described method, had great 
potential as antimicrobial agents. Applications of AgNPs 
based on these findings may lead to valuable discoveries 
in several fields such as antimicrobial systems and medical 
devices. The advent of AgNPs as promising antibacterial 
nanomaterials requires clear and full elucidations of their 
possible toxicity.
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