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Abstract: [Objective] To explore the intracellular antimicrobial activities of erythromycin, ciprofloxacin, levofloxacin,
moxifloxacin against Legionella pneumophila. [ Methods] The minimum inhibition concentration (MIC) of each antibiotic was
evaluated by E-test method and microdilution method respectively. The minimal extracellular concentration inhibiting intracellular
multiplication (MIEC) of each antibiotic was evaluated by the MTT colorimetric assay system. [ Results] The MIC concentration for
each drug by E-test method were: erythromycin, 0.047 pg/mL; ciprofloxacin, 0.38 wg/mL; levofloxacin, 0.125 pg/mL;
moxifloxacin, 0.125 pg/mL, the MIC concentrations for each drug by microdilution method were: erythromycin, 0.125 pg/mL;
ciprofloxacin, 0.03 pg/mL; levofloxacin, 0.016 pg/mL; moxifloxacin, 0.016 pg/mL. The MIEC concentration for each drug
were; erythromycin, 0.25 pg/mL; ciprofloxacin, 0.016 pwg/mL; levofloxacin, 0.016 pg/mL; moxifloxacin, 0.004 pg/mL.
[ Conclusions] Fluoroquinolones have superior activity than erythromycin in U937 cells infected with L. pneumophila. Moxifloxacin
is the most potent drug among the four tested antimicrobials. Our results indicated that the MTT assay system allows comparative
and quantitative evaluations of the intracellular activities of antibiotics against L. pneumophila and efficient processing of a large
number of samples.
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Fig.1 Cytopathic effect of L. pneumophila ATCC 33152
against U937 cells

The induced U937 cells (2 x 10°/well) were seeded in a 96—
well microplate.  The cell monolayers were then infected with L.
pneumophila ATCC 33152 at various inoculum sizes. The microplates
were cultured at 37 °C for 2 h, and the plates were then washed 3
times to remove extracellular medium and bacteria.  New culture
medium (200 pL) without any antibiotics was added to each well.
U937 cells after 72 h of incubation were quantified by the MTT
assay and were expressed as the optical density at 570 nm. Each

point represents the mean + SD for 3 wells.

22 dHBESMIEE M MIC E

531K F E-test 12 FIAT FR A 8325 I 22 Bt 14 24
PIxt Lp ATCC 33152 i MIC B, 455K . B Fq
ELRAER2ZERE R (P <0.05), E-test % :EM
0.047 pg/mL.CI 0.38 pg/mL.LE 0.125 wg/mL,
MO 0.125 wg/mL; B % EM 0.125 pg/mL . CI
0.03 pwg/mL LE 0.016 pg/mL MO 0.016 pg/ml,
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Fig.2 Cytopathic effect caused by antibiotics
The induced U937 cells (2 x 10°/well) were seeded in a 96-
well microplate. Antibiotics were added to the wells at the indicated
concentrations. After 72 h of culture the remaining induced U937
cells were stained with MTT and the optical density of the purple
formazan product was quantified at 570 nm. FEach column represents

the mean = SD for 3 wells.
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ZHHP AR/ CPE $14f, #°8 0%CPE #14il; KF
50%CPE #lifil ¥ B £ 259 2 MIEC {8, 5250 BT
4 PP 254 ) MIEC:EM 0.25 wg/mL CI 0.016 pg/
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Fig.3 Inhibition by antibiotics of cytopathic effect of
intracellular L. preumophila
The induced U937 cells were infected with L. pneumophila ATCC
33152 at 1 x 10° CFU/well (20 times the CPED50) for 2 h. After
the extracellular bacteria were washed out, antibiotics were added to
the wells at the indicated concentrations. After 72 h of culture the
remaining induced U937 cells were stained with MTT and the optical
density of the purple formazan product was quantified at 570 nm.

Each column represents the mean + SD for 3 wells.
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Fig.4 Dose-response curves demonstrating the effect of
different concentrations of various antimicrobial agents
on the cytopathic effect (CPE) of L. pneumophila
ATCC 33152

The induced U937 cells (2 x 10°/well) were cultured in 96-
well microplates and were infected with L. pneumophila ATCC 33152
(at 1 x 10° CFU/well; 20 times the CPED50) for 2 h. Then the
extracellular medium and bacteria were removed, and new culture
medium (200 pL) containing twofold dilution series of different
antibiotics was added to each well. The viability of the U937 cells
was quantified 72 h later by the MTT assay and was expressed as the
optical density at 570 nm. Maximum inhibition of the cytopathic
effect was obtained when the cells were treated with moxifloxacin (4
pg/mL); minimum inhibition of the cytopathic effect was recorded
when no antibiotic was used. The MIEC resulting in 50% inhibition
of the bacterial cytopathic effect was defined as the MIEC of each
drug, representing an indicator of the intracellular activity of the

antibiotic.

AT, INZ ANE T E A=A 0 CPE MIPLAZ
I R 1y AR R BB G HY , RTAR B FE0
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