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The in vitro potency and in vivo efficacy of Q-35, a new fluoroquinolone, against Mycoplasma pneumoniae
were investigated by pharmacokinetic studies with M. pneumoniae-infected hamsters. By using fluoroquino-
lones, macrolides, and tetracyclines as references, Q-35 was found to possess the greatest mycoplasmacidal
activity. The MIC for 90% of strains tested (MIC9.) and the MIC.5 were 0.78 and 0.39 jig/mi, respectively, and
the MBC for 90%o of strains tested (MBC90) and the MBCSO were 3.13 and 0.78 gug/ml, respectively. The
MBC50-to-MIC50 ratio for Q-35 was 2. Furthermore, only Q-35 continued to be effective against 19 strains of
erythromycin-resistant mutants of M. pneumonwiae. The efficacies of fluoroquinolones against M. pneumoniae
were also investigated by using an experimental hamster pneumonia model to measure the CFU of M.
pneumoniae in the lungs. Q-35 and ofloxacin were efficacious following oral administration of 200 mg/kg/day
for 5 days, initiated 24 h after infection, while ciprofloxacin was not active. Continuous administration of Q-35
for 10 days significantly reduced numbers of viable M. pneumoniae in the lungs. These results suggest that both
Q-35 and ofloxacin are effective in the early phase of infection and, moreover, that Q-35 is also effective in the
middle stage of infection, when progressive lung alterations and continuous increases in mycoplasmal growth
occur. Peak levels of Q-35 in sera and lungs after oral administration were higher than those of ciprofloxacin
but lower than those of ofloxacin. On the basis of these results, Q-35 appears to be a promising antimicrobial
agent in chemotherapy of mycoplasmal infection.

Q-35 is a new fluoroquinolone with a broad spectrum of
activity against various respiratory pathogens, including
gram-positive organisms, methicillin-resistant Staphylococ-
cus aureus, and gram-negative anaerobes (13, 14). Myco-
plasma pneumoniae is the causative agent of upper respira-
tory tract infections and pneumonia in humans and in
experimental animals such as hamsters (4, 7, 10). Macrolide
and tetracycline antibiotics have been widely used for che-
motherapy of M. pneumoniae infections because of the
susceptibility of the organisms to these antibiotics (5, 15, 20).
However, reported incidences of mutants resistant to eryth-
romycin, isolated both from patients treated with antibiotics
and from untreated patients, have increased (16, 17). Re-
cently, we and others have demonstrated the efficacy of
fluoroquinolones against M. pneumoniae in vitro and in vivo
(1, 2, 18). In this study, we evaluated the in vitro potency
and in vivo efficacy of Q-35 against M. pneumoniae.

MATERIALS AND METHODS
M. pneumoniae strains. Forty-nine strains of M. pneumo-

niae isolated from throat swabs of patients with pneumonia
and strain FH were used. The isolates were subcultured up
to four times in mycoplasma liquid medium (6) (Difco
Laboratories, Detroit, Mich.), divided among several tubes,
and stocked at -80°C until used for inoculation. Each isolate
was identified as M. pneumoniae by the growth inhibition
test (22).

Antimicrobial agents. The following antimicrobial agents
were used: Q-35 (Chugai Pharmaceutical Co., Ltd., Tokyo,
Japan), ofloxacin (Daiichi Pharmaceutical Co., Ltd., Tokyo,
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Japan), ciprofloxacin (Bayer Pharmaceutical Co., Ltd., Osa-
ka, Japan), erythromycin (Sigma Chemical Co., Ltd., St.
Louis, Mo.), and josamycin (Yamanouchi Pharmaceutical
Co., Ltd., Tokyo, Japan).

Selection of erythromycin-resistant mutants. For selection
of macrolide-resistant mutants of M. pneumoniae, myco-
plasma liquid medium containing erythromycin or josamycin
in twofold dilutions of 12.5, 25.0, and 50.0 ,ug/ml were
prepared as described previously (16). Samples of medium
containing each concentration of the drugs were distributed
in 1-ml amounts into each of three tubes. These tubes were
inoculated with the microorganisms (107 CFU/ml), incubated
at 37°C, and observed for 1 month. Cultures grown in the
highest concentration of erythromycin that continued to
change to yellow were serially subcultured in two series of
media with a twofold greater concentration of each macro-
lide. The strains thus obtained were subcultured in antibiot-
ic-free broth medium and tested for their susceptibility to
macrolides and Q-35.
MICs and MBCs. MICs were defined as the lowest con-

centration of an antimicrobial agent inhibiting more than
99% of the mycoplasmal colonies compared with the control.
The definition of MBC most often used in clinical microbi-
ology is the lowest drug concentration that kills 99.9% of a
mycoplasmal population in a mycoplasma liquid medium
(12, 19, 23). The same 50 strains of M. pneumoniae as used
in the previous experiment were employed for the determi-
nation of MICs and MBCs of Q-35. Each stocked strain of
M. pneumoniae was diluted to 105 CFU/ml. A 200-,ul volume
of each sample was cultured in a sealed microtiter plate
(Nunc Co., Ltd., Roskilde, Denmark) at 37°C. After 2 days
of cultivation, twofold dilutions of antimicrobial agents were
added to the culture of each strain. After an additional 2 days
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of cultivation, 10-fold dilutions of each sample were used for
plating on agar plates to provide a range of 500 to 1,000
CFU/10 ,ul per sample. FH strains of M. pneumoniae were
used as references. The number of mycoplasmas in broth
without antibiotics reached approximately 107 CFU/ml dur-
ing this period.

Pharmacokinetics in hamsters. The concentrations of Q-35,
ofloxacin, and ciprofloxacin in sera and lungs of female
Syrian hamsters weighing 70 to 80 g were determined. Blood
and tissue samples were collected from groups of five
hamsters at 0.125, 0.25, 0.5, 1, 2, 4, and 6 h after oral
administration of each drug. Blood and lung samples were
collected as described previously (1, 9). Briefly, the thorax
of each animal, which had been anesthetized with 0.3 ml of
2% sodium pentobarbital, was opened and the blood was

pooled in the axillar space and removed with a capillary
pipette. The lungs were dissected free from the trachea and
other structures. The lungs were then rinsed in sterile saline
to remove adherent blood, blotted dry on gauze, weighed
and homogenized in 3 volumes of 0.1 M phosphate buffer,
and centrifuged at 1,800 x g for 20 min. Antibiotic concen-
trations in serum and lung samples were determined by a
disk agar dilution bioassay procedure with B. subtilis 6633 kp
used as assay organism and heart infusion agar used as the
growth medium, as described previously (11). For pharma-
cokinetic studies with serum and lung samples, peak antibi-
otic concentration (Cm..) was determined. The area under
the concentration-time curve (AUC) was calculated by using
the trapezoidal rule from zero to infinity. The elimination
half-life was determined by linear regression analysis.

Experimental M. pneumoniae model. M. pneumoniae 242,
freshly isolated from the throat swab of a patient, was

passaged five to seven times in mycoplasma liquid medium
and used as the challenge strain. Culture samples were kept
at -80°C until used. The MIC and MBC of Q-35 for this
strain were 1.56 and 12.5 p,g/ml, respectively. MBCs of
ofloxacin and ciprofloxacin were 3.12 and 12.5 p,g/ml, re-

spectively, and the MICs of both of the drugs were 3.12
,g/ml, as described previously (2). Syrian golden hamsters
(specific pathogen free, female, 6 weeks old, 70 to 80 g),
obtained from the Inoue Animal Center (Kumamoto, Japan),
were anesthetized with 0.3 ml of 2% sodium pentobarbital
administered subcutaneously (Dainihon Pharmaceutical Co.,
Ltd., Osaka, Japan) and infected with 2 x 107 CFU by the
intratracheal peroral route as described by Barile et al. (4).
Inoculation with M. pneumoniae was carried out as de-
scribed previously (1).
Pulmonary clearance studies. To evaluate the intrapuimo-

nary killing of mycoplasmas, hamsters were treated orally
with Q-35, ofloxacin, or ciprofloxacin at 100 and 200 mg/kg.
The durations of therapy were 5 days initiated 24 h after
infection and 5 days and 10 days initiated 5 days after
infection. Controls received identical treatment with isotonic
saline. The thorax of each animal, which had been anesthe-
tized with 0.3 ml of 2% sodium pentobarbital, was opened;
blood was pooled in the axillar space and removed with a

capillary pipette. The lungs were then dissected free from
the trachea and other structures and homogenized in 4 ml of
mycoplasma liquid medium. Viable mycoplasmas in the
homogenates were quantitated by plating 0.1 ml of serial
10-fold tissue dilutions on agar medium.

Statistical analysis. Means of CFU for each group of five
hamsters were compared with those for the control group by
Dunnett's multicomparison method (8).
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FIG. 1. MICs and MBCs of Q-35 for 50 strains of M. pneumo-
niae, determined by the broth dilution method. Numbers at the
bottom indicate numbers of isolates inhibited. Symbols: 0, MIC; 0,
MBC. a), strain FH.

RESULTS

MICs and MBCs in broth. The MICs and MBCs of Q-35
for the 50 strains ofM. pneumoniae are shown in Fig. 1. The
MIC for 50% of strains tested (MIC50) and the MIC90 of Q-35
were 0.39 and 0.78 ,ug/ml, respectively, and the MBC for
50% of strains tested (MBC50) and the MBC90 were 0.78 and
3.13 ,ug/ml, respectively. The susceptibilities of 19 macro-
lide-resistant strains ofM. pneumoniae, induced with eryth-
romycin and josamycin, are presented in Fig. 2. With
macrolides, each macrolide-resistant strain showed cross-
resistance between erythromycin and josamycin. By con-
trast, Q-35 was equally active against both erythromycin-
susceptible and -resistant strains.

Efficacy of Q-35 for M. pneumoniae-infected hamsters. The
effects of 5 days of oral administration of Q-35, ofloxacin, or
ciprofloxacin given 24 h postchallenge were investigated.
Q-35 and ofloxacin were both markedly effective in reducing
the counts of viable M. pneumoniae in the lungs when
administered at 200 mg/kg/day (Fig. 3, columns A). How-
ever, they were ineffective when administered at 100 mg/kg/
day. Drugs were also administered 5 days after infection to
determine their effects on reducing mycoplasmas which had
already colonized lung tissue. The effects of 5 and 10 days of
oral administration of these drugs on the counts of M.
pneumoniae when therapy was begun 5 days after challenge
are also shown in Fig. 3. Q-35 and ofloxacin were effective
when administered orally at 200 mg/kg/day for 5 days (Fig. 3,
columns B) or for 10 days (columns C) (P < 0.05). Q-35 but
not ofloxacin was effective at the dose of 100 mg/kg/day for
10 days of dosing (Fig. 3, columns C) (P < 0.05). Ciproflox-
acin did not reduce counts of M. pneumoniae when admin-
istered both 24 h and 5 days after infection.

Pharmacokinetic profiles in hamsters. Drug levels in serum
and lung samples after oral administration of 50 mg of Q-35,
ofloxacin, or ciprofloxacin per kilogram of body weight are
shown in Fig. 4. The Cm.s of Q-35, ofloxacin, and cipro-
floxacin in serum were 4.2 + 0.9, 8.5 + 0.6, and 0.7 + 0.1
jig/ml, respectively. The Cm.s in lungs were 4.1 + 0.5, 7.6
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FIG. 2. MICs and MBCs of Q-35 (A) and erythromycin (B) for 19
strains of macrolide-resistant (R) M. pneumoniae mutants and their
parents (P), determined by the broth dilution method. Numbers at
the bottom indicate numbers of strains inhibited. *, parent strains;
0, macrolide-resistant strains; , MIC; -, MBC.

+ 1.2, and 0.8 + 0.4 ,ug/ml, respectively. The AUCs of Q-35,
ofloxacin, and ciprofloxacin in serum samples were 5.7, 17.2,
and 1.0 ,g. h/ml, respectively. Those in lung samples were
7.9, 12.8, and 1.1 ,ug. h/ml respectively. The half-lives of
Q-35 and ofloxacin in serum were 1.5 h, and the half-life of
ciprofloxacin was 1.6 h. Those in lung samples were 1.3, 1.5,
and 1.1 h, respectively. These accumulated data suggest that
the most favorable pharmacokinetics in hamsters were ob-
tained with ofloxacin, followed by Q-35 and ciprofloxacin.
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FIG. 3. Activities against M. pneumoniae in hamsters of Q-35,
ofloxacin, and ciprofloxacin administered orally for 5 days with
treatment initiated 24 h after infection (columns A) and administered
for 5 days (columns B) or 10 days (columns C) with treatment
initiated 5 days after infection. Values are means + standard
deviations (error bars) for five hamsters. Asterisks indicate a signif-
icant difference between the drug treatment and the control values
(P < 0.05). Symbols: [l, control; * and M, 200 and 100 mg of drug
per kg per day, respectively.
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DISCUSSION

Q-35 is a new fluoroquinolone desigr
spectrum of activity. Addition of a 3-me
and a methoxyl substituent to the quinc
entiates Q-35 from other fluoroquinoloi
stereochemical structure of Q-35 closel
cyclic structural features of ofloxacin (1
vitro against gram-positive organisms, ii
resistant S. aureus and many of the gran
(13).
We recently described the antimycop

of several fluoroquinolones in vitro (2)
against M. pneumoniae pneumonia iI

purpose of the present study was to evaluate the in vitro and
in vivo activities of Q-35 against M. pneumoniae.
The current in vitro data, compared with our previously

published results (2), showed that the mycoplasmacidal
activity of Q-35 was higher than those of ofloxacin and
ciprofloxacin as the MBC50-to-MIC50 ratios for Q-35, oflox-
acin, and ciprofloxacin were 2, 4, and 4, respectively, and
the MBC50-to-MIC50 ratios for the tetracyclines and mac-
rolides were markedly higher, in the range of 32 to 2,000. As
Niitsu et al. have reported, the development of erythromycin
resistance in M. pneumoniae is accompanied by cross-
resistance to other macrolides in vitro (16), and erythromy-
cin-resistant mutants of M. pneumoniae were isolated from
clinical specimens from a patient who had been treated with
erythromycin. Q-35 was highly active against erythromycin-
and josamycin-resistant mutant strains of M. pneumoniae
(0.78 ,ug/ml). These accumulated data suggest that Q-35 may

-- l be useful in treating respiratory tract infections caused by M.
_______________ pneumoniae.

Intratracheal inoculation of hamsters with M. pneumoniae
4 5 6 results in sequences of pathological and immunological

changes resembling those that occur in the natural human
disease (4, 7, 10). There is little information on the preclin-
ical efficacy of antimycoplasmal activity of antimicrobial
agents in an M. pneumoniae-infected model. On the basis of
our previous reports (1, 2), we selected Q-35, ofloxacin, and
ciprofloxacin as comparative agents since they had low
MICs and MBCs against mycoplasmas. Our results show
that the efficacies of Q-35 and ofloxacin appear to be
dependent on the time after infection at which therapy is
initiated (1). At an early stage (1 day after infection), both
Q-35 and ofloxacin were active, but 5 days after infection,
with increased mycoplasmal growth and inflammatory
progress in the lungs at 10 days of dosing, Q-35 appeared to
be slightly more efficacious than ofloxacin. The decreased
efficacy of ofloxacin beyond the initial stage of the disease
has also been reported for pneumococcal infection (3).

Pharmacokinetic data for uninfected hamsters show that
absorption and distribution of Q-35 are higher than those of
ciprofloxacin but lower than those of ofloxacin. As described

~ - J
previously (1), under fasted conditions, the Cm.5s and AUCs
of ofloxacin and ciprofloxacin in serum after oral adminis-
tration were 25.5 and 1.3 p,g/ml and 30 and 1.5 p,g. h/ml,

4 s 6 respectively. The CmE,,,s and AUCs of these drugs in lung
samples were 21.3 and 3.6 p,g/ml and 36.9 and 3.5 ,ug. h/ml,

and ciprofloxacin in respectively. These results were higher than those obtained

vistration of 50 mg/kg to in the current study. Although the reasons for these discrep-
iations (error bars) for ancies are not clear, fluoroquinolone absorption might be
Sin; x, ciprofloxacin. affected by albumin magnesium in the food (21). The in vitro

and in vivo antimycoplasmal activities and pharmacokinetic
properties of Q-35 described above suggest that this antimi-
crobial agent may be useful in treating respiratory tract
infections caused by M. pneumoniae in humans.
To clarify correlations between the activities of Q-35

ied to have a broad against M. pneumoniae and the clinical effects of these
thylaminopiperidine antibiotics on mycoplasma infections, further work is
ndone nucleus differ- needed.
ne compounds. The
ly resembles the tri-
.2). Q-35 is active in
ncluding methicillin-
n-positive anaerobes

ilasmacidal activities
and their efficacies

n hamsters (1); the
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