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Abstract We made a comparative study of the in-vitro
activities of grepafloxacin (GPFX), ofloxacin (OFLX),
erythromycin (EM), clarithromycin (CAM), roxithro-
mycin (RXM), and minocycline (MINO) against 20 strains
of Mycoplasma pneumoniae (17 clinical isolates and 3
standard strains). The minimum inhibitory concentration
(MIC)90-to-minimum bactericidal concentration (MBC)90
ratio showed that the new quinolones have bactericidal
effects on M. pneumoniae. Thus, it is expected that the new
quinolones, especially grepafloxacin, will be clinically useful
antimicrobial agents for the treatment of M. pneumoniae
infection because of their good pharmacokinetic properties
and bactericidal action.
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Introduction

Mycoplasma pneumoniae is a major causative organism
of pneumonia, accounting for as many as 20% of all
pneumonia cases.1 The therapeutic drugs recommended for
M. pneumoniae infections are several quinolones, macro-
lides, and tetracyclines. Macrolides are effective in reducing
the duration of symptoms.2,3 However, an erythromycin-
resistant strain has been reported. After the exposure of
strains susceptible to erythromycin in vitro and in vivo,
strains resistant to erythromycin and other macrolides
occurred spontaneously.4,5 Therefore, new chemothera-

peutic drugs will be needed to achieve another choice of
treatment for mycoplasmal infections. Grepafloxacin, one
of the new quinolone derivatives, is an antibiotic that can be
administered orally. The objective of this study was to
assess the in-vitro bacteriostatic and bactericidal actions of
grepafloxacin against M. pneumoniae, in comparison with
these actions of ofloxacin, erythromycin, clarithromycin,
roxithromycin, and minocycline.

Materials and methods

Compounds

The following antibiotics were used in this study; grepa-
floxacin (Otsuka Pharmaceutical, Tokyo, Japan), erythro-
mycin (Dainippon Pharmaceutical Tokyo, Japan),
clarithromycin (Taisho Pharmaceutical Tokyo, Japan),
roxithromycin (Nippon Hoechst Marion Roussel, Tokyo,
Japan), ofloxacin (Daiichi Pharmaceutical Tokyo, Japan),
and minocycline (Nihon Lederle Pharmaceutical Tokyo,
Japan). All antibiotics were kindly donated by the manu-
facturers. The new quinolones were dissolved in distilled
water with 0.1N-NaOH. Minocycline was dissolved in pure
distilled water, and the macrolides were dissolved in
ethanol. These drug solutions (10mg/ml) were diluted with
medium (as outlined below) and then used immediately.

Organisms

Seventeen clinical strains of M. pneumoniae were obtained
from Nagasaki University Hospital. Three standard strains,
M129, FH, and Mac, were obtained from Dr. M. F. Barile
(Food and Drug Administration, Bethesda, MD, USA).
These strains were cultured in modified Chanock
broth medium,6 which consisted of 70% autoclaved
pleuropneumonia-like organism (PPLO) broth (Difco
Laboratories, Detroit, Ml, USA), 20% non-activated horse
serum, 10% fresh yeast extract (25% solution), 1% glucose,
and 0.002% phenol red, adjusted to pH 7.8 with 1N NaOH.
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Determination of antibacterial activity

Minimum inhibitory concentrations (MICs) were deter-
mined by the micro broth dilution method, using modified
Chanock broth medium. Twofold dilutions of drugs in the
broth medium were prepared for the following range of
concentrations: grepafloxacin, 0.0078 to 8µg/ml; ofloxacin,
0.0078 to 8µg/ml; erythromycin, 0.0019 to 2µg/ml; clarithro-
mycin, 0.0019 to 2µg/ml; roxithromycin, 0.0019 to 2µg/ml;
and minocycline, 0.0625 to 64µg/ml. The broth culture of
each M. pneumoniae strain, after 7 to 14 days of incubation,
and containing approximately 106 CFU/ml, was used as an
inoculum for MIC determination. Each 10-µl aliquot of
these broth cultures was inoculated into a well of a 96-well
microdilution plate containing 90µl of the drug solution per
well to be inoculated with M. pneumoniae at 105 CFU/ml.
The plates were sealed, and incubated at 37°C. Negative
controls without the drugs or the organism were included
on each plate. The MIC of M. pneumoniae was determined
at the time when the color of the no-drug control medium
was changed from red to yellow by the organism growth,
and the lowest concentration of antibiotic without medium
color change by growth inhibition was defined as the MIC.
Minimum bactericidal concentrations (MBCs) were deter-
mined by the agar method, using the modified Chanock
medium with 1.4% agar. An aliquot (0.1ml) of the broth
used for MIC determination was inoculated onto the agar
and incubated at 37°C. The concentration of antimicrobial
agent without colony formation was defined as the MBC.

Table 1. Susceptibilities of Mycoplasma pneumoniae strains

Antibiotics MIC (µg/ml)a MBC (µg/ml)b

Range 50% 90% Range 50% 90%

GPFX 0.0625–0.25 0.125 0.25 0.125–2 0.125 0.25
OFLX 1–4 2 2 2–8 2 2
EM 0.0019–0.0078 0.0019 0.0019 0.0019–0.032 0.016 0.032
CAM ,0.0019–0.0039 0.0019 0.0019 0.0019–0.032 0.0078 0.032
RXM 0.0039–0.016 0.0039 0.0039 0.0039–0.125 0.0078 0.0625
MINO 0.0625–8 1 2 0.5–64 32 64

GPFX, Grepafloxacin; OFLX, ofloxacin; EM, erythromycin; CAM, clarithromycin; RXM,
roxithromycin; MINO, minocycline; MIC, minimum inhibitory concentration; MBC, minimum
bactericidal concentration
a 50% and 90%, MICs for 50% and 90% of strains tested, respectively
b 50% and 90%, MBCs for 50% and 90% of strains tested, respectively

Table 2. MIC90/MBC90 ratios of M. pneumoniae strains to antibiotics

Antibiotics MIC90a/MBC90b

GPFX 1
OFLX 1
EM 0.059
CAM 0.059
RXM 0.062
MINO 0.031
a MIC90, MIC for 90% of strains tested
b MBC90, MBC for 90% of strains tested

Fig. 1A,B. Distribution of A minimum inhibitory concentration
(MIC)s and B minimum bactericidal concentration (MBC)s of antibio-
tics against 20 strains of Mycoplasma pneumoniae. Open squares,
grepafloxacin; open diamonds, ofloxacin; open circles, erythromycin;
open triangles, clarithromycin; solid squares, roxithromycin; solid
diamonds, minocycline
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Results

As shown in Table 1 and Fig. 1, the MIC50 and MIC90
values for grepafloxacin against M. pneumoniae were 0.125
and 0.25 µg/ml, which were higher values than those for the
macrolides (0.0019 to 0.0039µg/ml for erythromycin,
clarithromycin, roxithromycin). These MICs of grepaflox-
acin were lower than the values for ofloxacin and
minocycline. The MBCs of macrolides showed values 2 to
16 times higher than their MICs, while the new quinolones
had equal MIC and MBC values. The MBC90-to-MIC90
ratios showed the strong bactericidal activity of the new
quinolones (Table 2).

Discussion

New quinolone antibacterial agents have a broad spectrum
of activity and have been employed for the treatment of
various kinds of infections in humans. It has been reported
that new quinolones are active against M. pneumoniae and
that their MICs are comparable to those of tetracyclines,
but inferior to those of macrolides.7–9

In our study, grepafloxacin demonstrated stronger
antibacterial activity against M. pneumoniae than ofloxacin
and minocycline, although it was less active than macro-
lides. Comparison of bacteriostatic and bactericidal actions
indicated that the new quinolone antibacterial agents had a
stronger bactericidal activity than the other drugs tested in
this study. In addition, the MBC90 of grepafloxacin was

0.25µg/ml, lower than that of ofloxacin. These results
suggest that grepafloxacin will be another choice for the
clinical treatment of mycoplasmal infections, and will be
useful to counteract the occurrence of strains that are
resistant to macrolides.
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