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Introduction: Pseudomonas aeruginosa is an opportunistic bacterium that is naturally
resistant to antimicrobial substances. This bacterium is one of the most important causes of
hospital-acquired infections in infants and burn patients. The aim of this study was to
synthesise alumina nanoparticles using Rheum persicum hydroalcoholic extract and
investigate its effect on biofilm production genes in P. aeruginosa.

Materials & Methods: In this study, alumina nanoparticles were successfully synthesised from
hydraulic Rheum persicum extract. To ensure the formation of nanoparticles with UV-VIS
absorption, SEM scan, FTIR spectrum, nanoparticle size and volume study, and XRD
spectrum were performed, and then antimicrobial activity was investigated by determining
MIC and MBC values. Finally, the expression of the mvfR and ps/4 biofilm generator genes
was evaluated.

Results: The results of the different analyses showed that the alumina nanoparticles are
produced from R. persicum hydraulic extract. The MIC and MBC values of the nanoparticles
were determined as 1000 and 1500 micrograms per ml, respectively. The results of the effect
of nanoparticles on biofilm genes showed a significant decrease in expression of mvfR and
pslA genes.

Conclusion: The results show that the efficiency of this nanoparticle is very good and can be
used to inhibit the growth of this bacterium.
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Introduction

patients with burn wounds (3). The genus Rheum
belongs to the Polygonaceae family and comprises

Pseudomonas aeruginosa is one of the most
important opportunistic human pathogens and a
major cause of healthcare-associated infections (1).
This bacterium possesses several virulence factors,
including the ability to produce biofilm, exotoxin,
alginate, lipopolysaccharide, and pili, all of which
contribute to its pathogenicity (2). Biofilm
formation is one of the major mechanisms that
enables P. aeruginosa to colonize various tissues,
particularly in immunocompromised patients,
individuals with implanted medical devices, and
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approximately 103 species worldwide, distributed
mainly in North America, Europe, and the eastern
Mediterranean regions, including Turkey, Iran,
Afghanistan, Pakistan, Russia, and China (4). Any
particle with dimensions in the nanometer range is
referred to as a nanoparticle (NP) (5). NPs have
attracted considerable attention due to their
relatively low toxicity and broad potential for
biomedical applications, making them promising
candidates for combating pathogenic
microorganisms. Although nanoparticles have long
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been synthesized using chemical and physical
methods, green synthesis has emerged as a clean,
non-toxic, and environmentally friendly alternative.
It has been shown that electrostatic interactions
between negatively charged microbial cell surfaces
and positively charged nanoparticles facilitate
nanoparticle binding to the cell membrane, leading
to disruption of membrane permeability and,
ultimately, cell death. In addition, nanomaterials
can inhibit bacterial adhesion and delay biofilm
formation,  thereby  preventing  bacterial
colonization and proliferation. The aim of this study
was to synthesize alumina nanoparticles using
hydroalcoholic extract of R. persicum and to
investigate their effects on selected genes involved
in biofilm formation in P. aeruginosa.

Methods

For extraction, 10 g of dried powder of R.
persicum was added to 90 ml of distilled water and
10 ml of ethanol. Then, it was sonicated (45°C) for
1 hour. A concentrated 1 M aluminium nitrate
solution was used to synthesise alumina NPs as
follows: 0.5 ml of aluminium nitrate solution was
added to 10 ml of R. persicum hydroalcoholic
extract and stirred for 48 hours (11). Many analyses
were done to ensure the formation of NPs, including
a UV-VIS absorption assay in the wavelength range
of 200-400 nm (13), an FTIR spectrum (14), an
SEM scan, a nanoparticle size and volume study,
and an XRD spectrum were performed, and then
antimicrobial activity was investigated by MIC and
MBC determination using the microdilution
method in a 96-well microtiter plate in Mueller
Hinton broth according to the CLSI standard
dilution method A8-MO07 (15). Finally, the effect of
synthesised NPs on the expression of mvfR and
psiA, as biofilm-producing genes, was evaluated
using real-time PCR. The WizScript™ RT Master
kit (Wizbiosolutions Inc., South Korea) was used
for RNA extraction, and the WizScript™ cDNA
Synthesis Kit (Wizbiosolutions Inc., South Korea)
was used for cDNA synthesis according to the
manufacturer's instructions. To determine the
primers, the sequences of the studied genes were
extracted from GenBank, and then the best primer
sequence was designed and selected with the help
of GeneRunner software. After performing real-
time PCR, the results were analysed by the Relative
Expression Software Tool (REST). All experiments
were performed in triplicate.

Results
After 48 sonications, the colour of the solution
containing the hydroalcoholic extract of R.

persicum and aluminium nitrate solution changed
from yellow to dark brown, indicating the
production of aluminium oxide or alumina NPs.
The results of various analyses were as follows: the
produced NPs had a size between 50 and 300 nm.
The surface charge of the NPs was in the range of
25-55 mV (the surface charge of most NPs was in
the range of 43 mV). The results of the XRD
spectrum indicated the presence of alumina NP
crystals with a cubic crystal structure. The MIC and
MBC values of the NPs were determined to be 1000
and 1500 pg/ml, respectively. The results of the
effect of NPs on biofilm genes showed a significant
decrease in the expression of mvfR and ps/A genes.
The effect of the nanoparticle in inhibiting the
expression of the mvfR gene was about 1.04 times
that of the extract, and its effect in inhibiting the
expression of the plsA gene was about 19.02 times
that of the hydroalcoholic extract of R. persicum.

Conclusion

Findings showed that the alumina NPs
synthesised from the hydroalcoholic extract of R.
persicum had the following characteristics: a cubic
crystal structure with a size between 50 and 300 nm
and a surface charge of 25-55 mV. The NPs were
founded to have an acceptable and strong inhibitory
and lethal effect on P. aeruginosa. Meanwhile, the
effect of synthesised alumina NPs in inhibiting the
expression of the mvfR gene was about 9.96 times,
and its effect in inhibiting the expression of the plsA
gene was about 190.28 times that of the
hydroalcoholic extract of R. persicum. Considering
the results, it can be said that NPs obtained from
hydroalcoholic extract of R. persicum can be a
candidate to inhibit the growth of P. aeruginosa.
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