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Antibacterial activity and mechanism of moxifloxacin nanoparticles
against drug-resistant Pseudomonas aeruginosa

WANG Yu, WANG Qian-mei, FENG Wei, YUAN Qian, YAO Pu, SUN Feng-jun’, XIA Pei-yuan

(Department of Pharmacy, First Affiliated Hospital, Army Medical University (Third Military Medical University),
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Abstract: We prepared moxifloxacin (MXF) loaded nanoparticles by nano-precipitation/self-assembly method,
then compared the antibacterial activity of MXF and MXF loaded nanoparticles, and investigated the antibacterial
mechanism of MXF loaded nanoparticles against Pseudomonas aeruginosa in vitro. The physicochemical properties
such as particle size and zeta potential were investigated by laser particle size analyzer. The in vitro release charac-
teristics were investigated by high performance liquid chromatography (HPLC). The effect of nanoparticles on
HBE cells viability was investigated by CCK-8 assay. In addition, the in vitro antibacterial activity was investigated
by minimum inhibitory concentration (MIC) assay, biofilm formation assays and transmission electron microscope
(TEM) observation, then the antibacterial mechanism was initially explored. The particle size measurement showed
that the nanoparticles had a size of 332.5 £ 2.7 nm, a polymer dispersion index (PDI) of 0.125 + 0.053, a zeta
potential of —24.3 = 1.7 mV, and a uniform particle size distribution, drug loading content was (6.02 + 1.27) %,
encapsulation efficiency was (16.69 £ 1.17) %. The TEM results show that the nanoparticles have a spheroidal
structure, and the particle size and distribution are consistent with the particle size measurement results. The
nanoparticles can be effectively and rapidly released in phosphate buffer saline (PBS), releasing about 70% in 24 h,
and releasing 87% in 72 h, and almost completely releasing the MXF at 120 h. At the same time, compared with
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moxifloxacin free drug, its MIC value is 8 pug-mL", which is 1/2 of MXF solution, and can significantly inhibit

the formation of bacterial biofilms. It has well antibacterial activity in vitro and can be targeted to the surface of

bacteria to exert its efficacy and improve the antibacterial effect. The moxifloxacin nanoparticles prepared in this

study has a uniform particle size distribution, well drug release performance and antibacterial effect, and provides

new ideas and strategies for the treatment of bacterial lung infection and the development of new antibacterial

nanoformulations.
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Figure 1 The size distribution (A) and morphology (B) of moxifloxacin loaded nanoparticles (MXF/NPs). Scale bar represents 200 nm
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Figure 2 The drug release profiles of MXF/NPs in phosphate
buffer saline (PBS). n=3,x%s
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Figure 3 The effect of blank nanoparticles (blank NPs) and MXF/
NPs on human bronchial epithelial (HBE) cell viability. n =3, x £ s
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Figure 4 The effects on biofilm formation of P727 isolate treated
with control (cells were treated with culture medium), MXF, MXF/
NPs at 1/4 MIC of MXF (4 ug'mL"). The absorbance value was
measured at 590 nm. MIC: Minimum inhibitory concentration.

n=3,x%s."P<0.05 vs control group; “P<0.05 vs MXF group
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Control Blank NPs

MXF MXF/NPs

Figure 5 The effect of different drug solution on the morphology of P727 bacteria. The P727 isolate cells were separately incubated with
control, blank NPs, MXF, MXF/ NPs at 1/4 MIC of MXF (4 pg-mL") for 4 h, then were fixed with 2.5% glutaraldehyde overnight. Scale bar

represents 500 nm

Control

CyS5 labeled NPs

Figure 6 The interaction capability of P727 bacteria with Cy5 solution and Cy5 labeled nanoparticles. In the control group, only the
phosphate buffer saline (PBS) solution was added. Green is SYTO 9 labeled P727, and red is Cy5 and Cy5 labeled nanoparticles. The red

arrow shows the nanoparticles are targeted to the surface of the bacteria. Scale bar represents 20 um
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