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Antibiotic, Iran both, the broth dilution method was performed. Microdilution method and real

time PCR technique were used to determine the effective dilution of copper oxide
nanoparticles and chloramphenicol antibiotics and expression of MexA gene,
respectively.

Result. The identity of 49 strains was confirmed. All strains had the MexA gene and
were resistant to more than two antibiotics. The MIC of bacterial strains was 250
pug/ml for copper oxide nanoparticles and 62.50 pg/ml for chloramphenicol
antibiotic. Compared to antibiotics, copper nanoparticles had a greater effect on
MIC, though it was lower than the combined effect of antibiotics and copper oxide
nanoparticles.

Conclusion. Copper oxide nanoparticles or the synergistic effect of copper oxide
nanoparticles and chloramphenicol antibiotics are effective in reducing MexA gene
expression.

Practical Implications. Nanoparticles are an important option for use as an
alternative to or supplement to antibiotics. Also, copper oxide nanoparticles are
more effective to inhibit bacterial growth when used in combination with
antibiotics.
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Extended Abstract

Background

Pseudomonas aeruginosa is one of the causative
agents of nosocomial infections in the intensive care
unit (ICU), and it is a major problem in controlling
nosocomial infections due to its resistance to various
antibiotics. Chloramphenicol is a broad-spectrum,
inexpensive, and common antibiotic in most
countries. In recent years, nanoparticles have
become one of the alternatives that can replace or
supplement antibiotics. MexAB-OprM is a secretory
pump found in all isolates of P. aeruginosa and
causes the innate resistance of these bacteria to a
variety of antibiotics. The aim of this study was to
evaluate the expression level of MexA gene in
samples of resistant P. aeruginosa treated with
copper nanoparticles and chloramphenicol.

Methods

In a cross-sectional descriptive study, 49 samples
were collected and identified from 11 laboratories in
Mashhad, Iran. To identify the collected P.
aeruginosa samples, we used different biochemical
tests, including growth in McConkey agar medium,
SIM (Sulfide Indole Motility), MB (Eosin Methylene
Blue), oxidase test, catalase, urease, reaction in TSI
medium (Triple Sugar Iron), OF test, mobility test,
growth in streamide agar medium (Simon citrate
agar), and growth at 42 °C Hinton agar. Antibiotic
susceptibility of bacteria was obtained according to
the Clinical and Laboratory Standards Institute
(CLSI) guidelines in 2018.

The discs of amoxicillin-clonic acid (30 pg),
gentamicin (10 pg), clindamycin (10 pg), imipenem
(10 ug), tetracycline (5 pg), ceftazidime (30 pg),
chloramphenicol (10 pg), erythromycin (15 pg), and
sulfamethoxazole (30 pg) were used. To ensure the
presence of the gene in strains with multidrug
resistance, DNA extraction was performed using a
DNA extraction kit (Qiagen, Hilden, Geermany)
according to the manufacturer's instructions. Copper
nanoparticle powder (ARMINANO brand) was
purchased from Armina Ebtekar Sustainable
Engineering Company. To prepare a dilution series
of copper oxide nanoparticles, a dilution series of

62.5 1000, 500, 250, 125, and 31.25 pg/ml was
prepared. Dilutions of chloramphenicol antibiotics
were performed according to the CLSI table by the
serial dilution method, and then diluted in a ratio of
1: 100 in culture medium. Finally, according to the
standard method of the National Committee of
Clinical Laboratory Standards (NCCLS), the
minimum inhibitory concentration (MIC) was
determined by dilution broth method to determine
the antimicrobial effect of copper oxide
nanoparticles and chloramphenicol. After treatment
with inhibitors, real time polymerase chain reaction
(PCR) technique was used to determine the effect of
copper oxide nanoparticles and chloramphenicol
antibiotics and expression of MexA gene on its
causative bacteria.

Results

All the samples collected from 11 medical
diagnostic laboratories in Mashhad were confirmed
as P. aeruginosa. Antibiotic susceptibility testing was
performed for resistant strains of P. aeruginosa.
Diagnosis was performed according to CLSI
standard and the results were reported as sensitive
(S), semi-sensitive (IM), and resistant (R). Moreover,
all strains were resistant to more than two
antibiotics, and 11 strains showed resistance to
chloramphenicol. The PCR was performed on 49 P.
aeruginosa strains. Amplification of the MexA efflux
pump gene in bacterial strains showed the presence
of a 500 bp band in gel electrophoresis. Strains
containing the desired gene were considered as
positive control. The results of molecular analysis of
the strains showed that all strains had the desired
gene. The results showed that the MIC of bacterial
strains was 250 pg/ml for copper oxide nanoparticles
and 62.50 pg/ml for chloramphenicol antibiotic. To
compare the effect of copper oxide and
chloramphenicol nanoparticles on MexA gene
expression, gene expression was evaluated in two
groups treated with copper oxide nanoparticles and
chloramphenicol nanoparticles and untreated
samples using melting curve analysis and the
amplification curve. The expression of MexA gene in
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the treated strains showed a change compared to the
control sample. According to the results of MexA
gene expression, the P-value for MexA gene was less
than 0.05, indicating a significant difference between
the two groups.

Conclusion

Recent studies have indicated an increase in the
prevalence of antibiotic resistance among P.
aeruginosa strains. Antibiotic resistance is a serious
problem for the treatment of P. aeruginosa infections

in the hospital. According to the results of present
study, copper oxide nanoparticles can be considered
as an option for controlling infections caused by P.
aeruginosa. Also, due to the chromosomal presence
of MexAB-OprM efflux genes in P. aeruginosa
samples, the gene components of this system can be
used as diagnostic tools in the molecular
identification of drug-resistant P. aeruginosa.
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