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Experimental study on ultrasound—-mediated sustained—release drug—loaded
nanoparticles to promote synergistic bactericidal effect of
anti—tuberculosis drugs
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ABSTRACT Objective To investigate the synergistic bactericidal effect of ultrasound-mediated sustained-release
drug-loaded poly lactic—co—glycolic acid (PLGA) copolymer nanoparticles on attenuated bovine mycobacterium tuberculosis in
vitro and in vivo.Methods PLGA-loaded levofloxacin (LEV) sustained—release nanoparticles (LEV-NPs) were prepared by
double emulsification method, and their physical characteristics and drug release were detected. Bacillus Calmette—Guerin
(BCG) bacterial solution was randomly divided into LEV group (only added LEV) , ultrasound combined with LEV group (added
LEV and irradiated by ultrasound immediately ), ultrasound combined with LEV-NPs group (added LEV-NPs and irradiated
by ultrasound immediately), and control group (added the same dose of PBS buffer).After 24 h of experimental treatment , the
number of viable colonies in each group was detected.The changes of live and dead bacteria and the surface structure of BCG in
each group were observed.A model of subcutaneous BCG tuberculosis granuloma was established in SD rats, 20 rats were divided

into LEV group (only subcutaneous injection of LEV ) , ultrasound combined with LEV group (subcutaneous injection of LEV and
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irradiated by ultrasound immediately ), ultrasound combined with LEV-NPs group (subcutaneous injection of LEV-NPs and
irradiated by ultrasound immediately) and control group (subcutaneous injection of the same dose of normal saline ). The volume
of subcutaneous BCG tuberculosis granuloma was measured on the 3rd, 7th, and 14th day after treatment, and the therapeutic
effect of each group was calculated and compared.Results LEV-NPs were spherical with uniform size and good dispersion,
with a particle size of (282.42+3.55)nm and a Zeta potential of —(20.4+0.63)mV.The drug loading rate and encapsulation rate
were 6.21% and 65.3%, respectively.The cumulative drug release rate of LEV-NPs at 24,48 and 72 h were 31.2%,45.7% and
46.90% , respectively.In vitro experiments showed that the bacterial activity in the ultrasound combined with LEV-NPs group
decreased most significantly, and the colony survival rate was about 26% , which was statistically significant compared with other
groups (all P<0.01).The ultrasound combined with LEV-NPs group showed bright red fluorescence in the field of view under
laser confocal microscopy, with mainly dead bacteria and only a few live colonies.Field emission scanning electron microscopy
showed that the number of bacteria in the ultrasound combined with LEV-NPs group was significantly reduced , and the bacteria
were stretched and broken, with the most serious bacterial damage.In vivo experiments results showed that the volume of
subcutaneous BCG tuberculosis granuloma was significantly reduced in the ultrasound combined with LEV=NPs group compared
with the other groups, and the differences were statistically significant (all <0.05).Conclusion Ultrasound-mediated LEV—
NPs can significantly improve the bactericidal effect of LEV against attenuated bovine mycobacterium tuberculosis with
synergistic effect in vitro and in vivo.

KEY WORDS Ulirasonic irradiation; Poly lactic—co—glycolic acid coploymer nanoparticles ; Levofloxacin; Synergistic

antimicrobial ; Attenuated bovine mycobacterium tuberculosis
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