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Abstract
Objective Proteus mirabilis is related to serious infections. The present study was designed to investigate the 
minimum inhibitory concentration (MIC) of silver nanoparticles (AgNPs) and zinc oxide nanoparticles (ZnONPs) and 
cytotoxicity among P. mirabilis isolates recovered from clinical samples in Shiraz.

Results A total of 100 P. mirabilis isolates were screened by biochemical tests and polymerase chain reaction (PCR). 
Also, 25 (25%) and 7 (7%) isolates were positive for extended-spectrum beta-lactamase (ESBLs) and carbapenemase, 
respectively. Synthesized nanoparticles were characterized by UV–vis spectrum, X-ray diffraction (XRD), and electron 
microscopy. The average size of AgNPs and ZnONPs in the present study is 48 and < 70 nm, respectively. The MIC 
and the MBC of the ZnONPs were in the range of 31.25 µg/ml and 62.5 µg/mL, respectively. Also, for AgNPs, the MIC 
and the MBC were in the range of 7.8 µg/mL and 15.6 µg/mL, respectively. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay in a primary culture of fibroblast L929 cells for this MIC indicated biocompatibility 
and low cytotoxicity of Ag NPs and for ZnONPs indicated significant cytotoxicity. Also, a MIC of AgNPs can be used as 
a therapeutic concentration without the effect of cytotoxicity in human cells.
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Introduction
Proteus mirabilis has different mechanisms of antibi-
otic resistance [1, 2]. Among these mechanisms, ESBLs 
and carbapenemase enzymes can be mentioned [3, 4]. 
These resistant strains lead to increased mortality, treat-
ment costs, and increase the length of hospitalization [5, 
6]. Nowadays, a lot of attention has been paid to the sci-
ence of nanotechnology to develop antimicrobial drugs. 
Among AgNPs and ZnONPs have been successful in this 
direction due to their strong antimicrobial properties [7]. 
The antimicrobial mechanisms of nanoparticles are not 
fully understood, but accepted mechanisms include oxi-
dative stress induction, metal ion release, non-oxidative 
mechanisms, cell membrane damage, DNA damage, and 
free radical generation [8]. Also, the antimicrobial prop-
erties of nanoparticles depend on different factors such 
as their synthesis method, nanoparticle size, morphology, 
etc. [9]. However, the number of studies that have simul-
taneously investigated the antibacterial and cytotoxicity 
effects of AgNPs and ZnONPs on P. mirabilis isolated 
from clinical samples is few. Therefore, the present study 
was designed with these goals.

Main text

Materials and methods
Samples and bacterial isolates
This cross-sectional study was conducted in the bacte-
riology and virology department of Shiraz University of 
Medical Sciences. From September 2021 to April 2022, 
a total of 100 isolates of P. mirabilis were collected from 
clinical samples (blood, urine, wound, sputum, etc.) of 
outpatients and inpatients attending university hospitals 
(Namazi, Faghihi, Hafez, Amir, Ebnesina) in Shiraz.

Characterization assays
The isolates were recognized using Gram staining, bio-
chemical tests (Urea, Sulfide Indole Motility Medium, 
Triple Sugar Iron, Methyl Red / Voges-Proskauer, Simon 
citrate, etc. of Merck Co., Germany), and PCR with the 
ure R primer [10].

Detection of ESBLs and carbapenemase
The production of ESBLs was investigated according 
to Clinical and Laboratory Standards Institute (CLSI) 
guidelines in isolates resistant to ceftazidime, cefotaxime, 
or ceftriaxone by a phenotypic confirmatory test. If the 
diameter of halo ceftazidime/clavulanic acid was greater 
than 5 mm in comparison to ceftazidime, ESBL produc-
tion was confirmed [11].

The modified Inactivation Method (mCIM) test is 
done in isolates resistant to imipenem or meropenem. 
For mCIM one loopful (1-µL) of the isolate suspen-
sion was inoculated in a tube containing 2 ml of TSB. 

A meropenem (MEM) disk is submerged in a tube, and 
the tube is incubated at 35 °C for 4 h ± 15 min. The disk is 
then removed from the tube and placed on an MH agar 
(Merck Co., Germany) plate upon which E. coli ATCC 
25,922 (carbapenem-susceptible) has been newly applied. 
The plate is incubated at 35 °C for 16 to 20 h. Finally, the 
halo diameter is checked [12].

AgNPs and ZnONPs
A chemical reduction method was used to synthesize 
AgNPs. Ascorbic acid was used as a reducing agent 
and sodium citrate as a stabilizing agent. First, ascorbic 
acid was dissolved in 64 ml of distilled water and then 
49.52  mg of sodium citrate was added to it. Then we 
adjusted the pH to 10.5 with NaOH. In the next step, 
we added silver salt (AgNo3) dissolved in distilled water 
(10  mg in 64 ul) to the solution. We allowed AgNPs to 
form on the hot plate for 30  min at a temperature of 
30  C. In the last step, centrifugation was performed at 
10,000  rpm for 40  min and falcon sediment was used 
[13].

The AgNPs were characterized by Unico UV-2100 
Spectrophotometer. The scanning range for the samples 
was 300–500 nm. The double distilled water was used as 
a blank reference. Also, the X-ray diffraction data were 
obtained by X-ray diffractometer (ASENWARE, AW-
XDM300 with Cu Kα radiation sources (λ = 0.154 nm) by 
operating voltage 18 kV and the range of diffraction angle 
were set as 10°-80°). The morphology and size of the par-
ticle were determined using a scanning electron micro-
scope (SEM), (X13, Philips, America Leo 1430vp) [14].

In this study, ZnONPs powder was purchased from the 
Burhan nanoscale innovators company of the Ferdowsi 
University of Mashhad and used. These nanoparticles 
have been characterized using UV-Vis, XRD, and trans-
mission electron microscopy (TEM) methods.

MIC of nanoparticles
The MIC of AgNPs and ZnONPs for ESBLs and car-
bapenemase-positive isolates were done using the 
method described in the CLSI guideline (2018). For this 
test, 100 ul of MHB was added to the 12 to 1 well. Then 
100 ul of nanoparticle stock solution (125 ug/mL for 
AgNPs and 1000 ug/mL for ZnONPs) was poured into 
well 12 and serial dilution was prepared from well 12 to 
3. Then, 5 ul of bacteria whit a concentration of 107 CFU/
mL were added to all the wells except the negative con-
trol well. Finally, the microplate was incubated at 37 C for 
24 h. The first dilution in which no growth was observed 
was considered MIC [15].

Minimum bactericidal concentration (MBC) of nanoparticles
After the MIC determination for each nanoparticle, 
an amount of 50 ul from all the wells which showed no 
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visible bacterial growth were inoculated on MH agar 
plates and incubated for 24 h at 37 C. When 99.9% of the 
bacterial population is killed at the lowest concentration 
of a nanoparticle agent, it is called an MBC endpoint [15].

Cytotoxicity assay/ cell viability (MTT assay)
The cytotoxicity of AgNPs and ZnONPs was evaluated 
in a primary culture of fibroblast L929 cells after 24, 48, 
and 72  h of incubation by the MTT assay. Briefly, the 
cells were seeded (104 cells/well) into 96-well microplates 
and maintained in an incubator for 24 h at 37 °C in a 5% 
CO2 atmosphere, then cells were treated with AgNPs 
and ZnONPs in DMEM in different concentrations 
(15.6 and 7.8 µg/ml) for AgNPs and (62.5 and 31.25 µg/
ml) for ZnONPs, then incubated at 37 °C for 24, 48 and 
72 h and the untreated cells served as control. Then the 
samples were washed with PBS (PH 7.4) and again incu-
bated for 4 h with 100 µL/well MTT (0.5 mg/ml) to make 
formazan crystals. After that dissolved formazan crystals 
were by adding 100 µL/well DMSO. The absorbance was 
read with a spectrophotometer using a 570 nm filter. All 
experimental groups were done in five replicates. Cell 
viability was calculated using the following formula [16]:

 Percentage of cell viability% =
sampleabsorbance

controlabsorbance
× 100

Statistical analysis
Statistical analysis was performed using SPSS version 26. 
The chi-square test was used to calculate statistical sig-
nificance (p < 0.05).

Results
Study population
A total of 100 isolates of P. mirabilis were isolated from 
patients. The average age of the patients was 35.4 years 
(range 1 to 71 years) and the outpatients/inpatients ratio 
was 46/54. In general, the age group of 21–40 years had 
the highest frequency and the male/female ratio was 
43/77.

Detection of ESBLs and carbapenemase
In our study, 25 (25%) isolates were positive for ESBLs 
and 7 (7%) isolates were positive for carbapenemase 
enzymes. Most carbapenemase positives were able to 
produce ESBL (4 of 7 isolates). Among ESBLs and car-
bapenemase positive, 4 isolates were common between 
the two groups.

Characterization of nanoparticles
The UV-VIS absorption spectra of the AgNPs were moni-
tored in a range of 300–500 nm. A strong peak specific 
for the synthesis of AgNPs was obtained at 410 nm which 
was specific to silver nanoparticles. The crystalline nature 
of the AgNPs was performed by XRD. The XRD patterns 
for AgNPs indicated that three chief characteristic dif-
fraction peaks for AgNPs were observed at 2” = 38, 44, 
and 63 (Fig. 1). The Characterization of AgNPs was con-
firmed using SEM (X13, Philips, America Leo 1430vp) 
that the average size of the nanoparticles is about 48 nm 
and they are spherical (Fig.  2). In this study, ZnONPs 
with spherical shape and less than 70 nm size used.

MIC and MBC of Nanoparticles
MIC and MBC testing was performed on 28 isolates. 
The MIC and the MBC of the ZnONPs were in the 
range of 31.25 µg/ml and 62.5 µg/mL, respectively. Also, 
for AgNPs, the MIC and the MBC were in the range of 

Fig. 1 XRD diffraction pattern of synthesized AgNPs
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7.8  µg/mL and 15.6  µg/mL, respectively. In the present 
study, MBC for AgNPs and ZnONPs was the same con-
centration that was obtained for the MIC. The MIC and 
MBC showed that P. mirabilis is more sensitive to AgNPs 
than to ZnONPs.

Cytotoxicity assay/ cell viability (MTT assay)
Cytotoxicity assays were performed at 24, 48, and 72  h 
after exposure to nanoparticles by evaluating the viability 
of L929 cells subjected to AgNPs and ZnONPs using the 
MTT assay. As shown in Fig. 1, cell viability of all treat-
ment groups with two AgNPs concentrations exceeded 
at least 91% of that of the control in 72 h after the incu-
bation. So even after 72  h, no significant decrease in 
cell viability was observed in cells treated using AgNPs; 
which indicated biocompatibility and low cytotoxicity of 
AgNPs. Whereas the exposure of L929 cells to 62.5  µg/
mL and 31.25 µg/mL ZnONPs indicated significant cyto-
toxicity after 24 and 72 h incubation time.

All the data were expressed as mean value ± standard 
deviation (SD) for five samples (n = 5). Furthermore, for 
ZnONPs, cytotoxicity at 15.6  µg/mL (lower than MIC) 
was not observed. Also, in AgNPs cytotoxicity at 62.5 µg/
mL (higher than MIC) was observed (Fig. 3).

Discussion
Infections caused by ESBLs and carbapenemase bacteria 
are one of the most important problems in patients [17]. 
In previous reports similar to the results of our study, the 
prevalence of ESBLs and carbapenemase-positive isolates 
in inpatients was significantly higher than in outpatients 
which can be caused by the selective pressure of using 
more and more diverse antibiotics in the hospitals [18, 
19]. In our study, similar to the study of Mirzaei et al., the 

prevalence of ESBLs in Proteus mirabilis is significant [3]. 
In the study conducted by Ahmed et al., the prevalence 
of carbapenemase enzymes was higher than in our study 
[20]. According to the results of our study, the antibacte-
rial activity of AgNPs was greater than that of ZnONPs. 
By our results, Elm et al. showed that the antibacte-
rial activity of silver in gram-negative clinical isolates is 
greater than that of ZnO [21]. In the study of Raheem et 
al. in 2018, the MIC and MBC of AgNPs in one isolate of 
Proteus mirabilis have reported as 16 µg/mL and 65 ug/
ml respectively which, like Parveen et al. study, is differ-
ent from our study. This can be due to reasons such as the 
number of investigated isolates, the method of nanopar-
ticle synthesis, the laboratory conditions of synthesis, 
and the characteristics of nanoparticles [22, 23]. Similar 
to the present study, disaanayake et al.‘ and Raheem et al. 
have shown that MIC and MBC were the same [22, 24].

Furthermore, in the present study, MTT assay indi-
cated biocompatibility and low cytotoxicity of AgNPs and 
for ZnONPs indicated significant cytotoxicity. According 
to the study, the toxicity of ZnONPs can be attributed 
to the expression of endoplasmic reticulum (ER) stress 
genes, intracellular ROS (reactive oxygen species), and 
Zn ions [16]. Based on the results of the present study, 
the MIC concentration of AgNPs can be effective against 
P. mirabilis isolates isolated from clinical samples without 
cytotoxicity to human cells. But for ZnONPs, the MIC 
concentration only can be used to sterilize the environ-
ment, surfaces, and medical devices. It can also be used 
locally (externally). Although the role of antibiotics is 
significant in the treatment of bacterial infections, wide-
spread resistance has become a warning sign to replace 
them. In this study, it was found that silver is more effec-
tive than ZnONPs on clinical strains of P. mirabilis and a 

Fig. 2 SEM images of the synthesized AgNPs with scales 300 nm
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concentration of AgNPs that can kill bacteria can be used 
as an antibacterial drug without cytotoxicity for human 
cells.

Limitations
The lack of investigation on others NPs (such as copper, 
iron, gold, titanium, etc.) in P. mirabilis isolates can be 
mentioned as one of the chief limitations of the current 
study.
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