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This study was performed to investigate the intrapulmonary penetration
of lascuﬂoxacin in humans. Thirty healthy adult male Japanese subjects, allocated
into ﬁve groups, received lascuﬂoxacin in a single oral dose of 75 mg. Bronchoalveolar lavage and blood sampling were performed simultaneously in each subject at 1,
2, 4, 6, or 24 h after administration, and lascuﬂoxacin concentrations in plasma, epithelial lining ﬂuid, and alveolar macrophages were determined. Lascuﬂoxacin was
rapidly distributed to the epithelial lining ﬂuid with a time to maximum drug concentration (Tmax) of 1 h, which was identical to that in plasma. The maximum concentration of drug (Cmax) values in plasma, epithelial lining ﬂuid, and alveolar macrophages were 0.576, 12.3, and 21.8 g/ml, respectively. The corresponding area
under the concentration-time curve from 0 to 24 h (AUC0 –24) values were 7.67, 123,
and 325 g · h/ml. The mean drug concentrations in the epithelial lining ﬂuid and
alveolar macrophages were much higher than those in plasma at all time points examined, and the average site-to-free plasma concentration ratios fell within the
ranges of 57.5 to 86.4 and 71.0 to 217, respectively. Drug levels in epithelial lining
ﬂuid and alveolar macrophages exceeded the MIC90 values for common respiratory
pathogens. (This study was registered at JAPIC under registration number JapicCTI142547.)
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L

ascuﬂoxacin (AM-1977) is a novel 8-methoxy ﬂuoroquinolone antibacterial agent
with unique pharmacophores at the 1st and 7th positions of the quinoline nucleus
(1). Its oral and parenteral formulations are being developed for the treatment of
community-acquired pneumonia and other respiratory tract infections in Japan. Lascuﬂoxacin has potent in vitro activity against various respiratory pathogens, such as
Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus inﬂuenzae, Moraxella
catarrhalis, and Mycoplasma pneumoniae (1). Data from microbiological studies suggested incomplete cross-resistance to lascuﬂoxacin in strains resistant to existing
quinolones and potent antibacterial activities against sequentially selected quinoloneresistant mutant Gram-positive bacteria (1).
A preclinical pharmacodynamic study using a mouse thigh infection model indicated that the ratios of the free area under the curve (fAUC) to MIC in plasma required
for bacteriostasis, or 1-log or 2-log CFU killing against S. pneumoniae isolates, were 10,
16, and 28, respectively. Following single and repeated doses in phase I studies, it was
suggested that lascuﬂoxacin should achieve these pharmacodynamic targets at a dose
of ⱕ100 mg per day, which is about 5 times lower than those of existing quinolones,
such as levoﬂoxacin (2). Murine pulmonary experimental results supported this dose
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TABLE 1 Characteristics of the 30 subjects in the studya
Time (h) of
sampling
1
2
4
6
24
Total
aData
bUrea

No. of
subjects
6
6
6
6
6
30

Age (yr)
25.3 ⫾ 4.7
22.2 ⫾ 2.9
21.8 ⫾ 2.1
22.3 ⫾ 1.6
23.0 ⫾ 2.2
22.9 ⫾ 3.0

Height (cm)
172.20 ⫾ 4.77
172.28 ⫾ 7.93
170.72 ⫾ 5.16
170.72 ⫾ 3.40
169.52 ⫾ 6.44
171.09 ⫾ 5.44

Wt (kg)
62.48 ⫾ 6.62
61.92 ⫾ 7.84
62.48 ⫾ 5.17
60.25 ⫾ 4.41
60.32 ⫾ 7.09
61.49 ⫾ 5.99

Body mass
index
(kg/cm2)
21.03 ⫾ 1.35
20.79 ⫾ 1.19
21.47 ⫾ 2.00
20.66 ⫾ 1.24
20.97 ⫾ 1.60
20.99 ⫾ 1.43

Total no. of cells in BAL
ﬂuid
3.39 ⫻ 106 ⫾ 1.42 ⫻ 106
4.28 ⫻ 106 ⫾ 1.90 ⫻ 106
4.13 ⫻ 106 ⫾ 1.69 ⫻ 106
1.42 ⫻ 106 ⫾ 0.870 ⫻ 106
2.22 ⫻ 106 ⫾ 2.16 ⫻ 106

% cellular
fraction of AM
in BAL ﬂuid
93.2 ⫾ 3.3
93.2 ⫾ 2.6
94.2 ⫾ 1.8
94.7 ⫾ 3.6
94.0 ⫾ 3.6

Ureaplasma/
ureaBALb
77.9 ⫾ 25.1
78.2 ⫾ 31.6
73.7 ⫾ 26.1
69.4 ⫾ 16.7
72.4 ⫾ 18.5

are means and SD for each group.
plasma-to-BAL ﬂuid urea concentration ratio.

plasma/ureaBAL,
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setting: lascuﬂoxacin showed signiﬁcant bacterial killing in the mouse model when we
emulated the area under the concentration-time curve (AUC) in plasma in the clinical
dose (lascuﬂoxacin, 75 mg per day [q.d.]); (levoﬂoxacin, 500 mg q.d.) (3).
Phase I studies of lascuﬂoxacin exhibited favorable pharmacokinetic proﬁles with a
complete gastrointestinal absorption, an adequate elimination half-life, 15.6 to 18.2 h,
suitable for once-daily dosing, and an approximately dose-proportional increase in AUC
as well as in maximum concentration in plasma (Cmax): total body clearance and volume
of distribution were 8.07 liters/h and 188 liters after 100 mg oral administration (2); the
respective values were 7.62 liters/h and 172 liters after a 100-mg intravenous administration (4), and human plasma protein binding was 74.0% (2). These pharmacokinetic
proﬁles and antibacterial activities suggest that lascuﬂoxacin has potential as an
efﬁcient treatment for respiratory infections.
It is widely believed that effective antibacterial therapy can be achieved by the use
of an agent with reliable antibacterial activity delivered to the site of infection at
adequate concentrations. For pneumonia, epithelial lining ﬂuid (ELF) is considered to
represent the environment of the site of infection for extracellular pathogens, and the
alveolar cellular space is thought to be the site of infection for intracellular pathogens,
where drug concentration measurement can provide information on the penetration
into alveolar macrophages (AM) (5–7). As demonstrated in studies of other antibacterial
agents, it is possible to obtain accurate measurements of the drug concentrations in
these sites using urea as a marker, by performing bronchoalveolar lavage (BAL) and
using a highly sensitive assay (5, 7). Some researchers investigated the pulmonary
penetration of antibacterials using this method and reported some differences in the
penetration of these agents into the ELF and AM (6, 7) and also among quinolones
(8–15).
This study was performed to evaluate the plasma and intrapulmonary (ELF and AM)
pharmacokinetic proﬁles of lascuﬂoxacin in healthy adult volunteers after a single oral
administration of the clinical optimal dose, 75 mg.
(These data were presented in part at ASM Microbe, Boston, MA, 16 to 20 June,
2016.)
RESULTS
Subjects. Thirty-one healthy male Japanese subjects were enrolled and completed
the study. Of the 31 subjects, 30 were included in the evaluable population for
pharmacokinetics, as both BAL and plasma samples were collected appropriately from
them. One subject was excluded from the pharmacokinetic population because there
was insufﬁcient recovery of cells from the specimen for determination of drug concentration in AM. There were no differences in background characteristics among groups
or subjects allocated to each BAL time point. The total number of cells recovered, the
cellular fraction of AM in BAL ﬂuid, and the plasma-to-BAL ﬂuid urea concentration ratio
were 1.42 ⫻ 106 to 4.28 ⫻ 106 cells, 93.2% to 94.7%, and 69.4 to 78.2, respectively
(Table 1).
Pharmacokinetic assessments. The mean concentrations of lascuﬂoxacin in
plasma, ELF, and AM are listed in Table 2 and illustrated in Fig. 1 and 2. The mean drug
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TABLE 2 Concentrations of lascuﬂoxacin in plasma, epithelial lining ﬂuid, and alveolar macrophages, and site-to-plasma concentration
ratiosa
Time (h) of
sampling
1
2
4
6
24

Concn (g/ml)
Cp
0.576 ⫾ 0.145
0.501 ⫾ 0.0876
0.443 ⫾ 0.0419
0.387 ⫾ 0.0119
0.176 ⫾ 0.0545

Site-to-plasma concn ratio
CELF
12.3 ⫾ 3.74
9.22 ⫾ 3.45
7.15 ⫾ 3.21
5.84 ⫾ 1.72
2.65 ⫾ 0.880

CAM
19.9 ⫾ 16.5
9.13 ⫾ 5.76
9.68 ⫾ 3.04
21.8 ⫾ 17.2
6.03 ⫾ 2.88

CELF/Cp
22.4 ⫾ 9.05
18.4 ⫾ 5.68
16.5 ⫾ 7.56
15.2 ⫾ 4.74
15.0 ⫾ 2.38

CELF/Cfpb
86.4 ⫾ 35.0
70.9 ⫾ 21.9
63.6 ⫾ 29.2
58.3 ⫾ 18.3
57.5 ⫾ 9.30

CAM/Cp
31.9 ⫾ 20.3
18.5 ⫾ 12.0
21.9 ⫾ 6.75
56.4 ⫾ 43.7
38.0 ⫾ 22.6

CAM/Cfpb
123 ⫾ 77.8
71.0 ⫾ 46.0
84.3 ⫾ 25.9
217 ⫾ 167
146 ⫾ 87.2

aAbbreviations:

Cp, CELF, and CAM, concentrations of lascuﬂoxacin in plasma, epithelial lining ﬂuid (ELF), and alveolar macrophages (AM), respectively; Cfp, free
concentration of lascuﬂoxacin in plasma. Data are means and SD for six subjects.
bThe free fraction of lascuﬂoxacin in plasma is assumed to be 0.26.

Downloaded from http://aac.asm.org/ on March 4, 2021 by guest

concentrations in ELF and AM were much higher than those in plasma at all sampling
time points.
The concentrations of lascuﬂoxacin in ELF and plasma achieved a peak at 1 h, the
ﬁrst sampling point, and both concentration curves decreased gradually over 24 h. The
mean ratios of ELF-to-free plasma concentrations of lascuﬂoxacin ranged from 57.5 to
86.4.
The concentrations of lascuﬂoxacin in AM ﬂuctuated within the range of 9.13 to 21.8
g/ml until 6 h after dosing and decreased to 6.03 g/ml at 24 h. Large interindividual
differences were observed in lascuﬂoxacin concentrations in AM in comparison to those
in ELF or plasma at all sampling time points (Fig. 2). The mean ratios of AM-to-free
plasma concentration of lascuﬂoxacin ranged from 71.0 to 217.
The plasma and pulmonary pharmacokinetic parameters are listed in Table 3. The
concentrations of lascuﬂoxacin in plasma and ELF achieved mean Cmax of 0.576 and
12.3 g/ml with time to Cmax (Tmax) of 1 h, mean AUC0 –24 of 7.67 and 123 g · h/ml,
and the ELF-to-free plasma Cmax and AUC0 –24 ratios were 82.1 and 61.7, respectively.
The concentrations of lascuﬂoxacin in AM showed a mean Cmax of 21.8 g/ml with Tmax
of 6 h, mean AUC0 –24 of 325 g · h/ml, and AM-to-free plasma Cmax and AUC0 –24 ratios
were 146 and 163, respectively.
Safety. Lascuﬂoxacin was well tolerated by all subjects, without serious adverse
events (AEs) and with no serious abnormal changes in vital signs or in the results of
12-lead electrocardiogram (ECG) or clinical laboratory tests. Of the 31 subjects enrolled
in this study, 17 showed a total of 25 nonserious AEs. The most commonly reported AEs
were increases in C-reactive protein in nine subjects, fever after the BAL procedure in
six subjects, leukocytosis and headache in three subjects each, and feeling of body heat

FIG 1 Mean concentrations of lascuﬂoxacin in plasma, epithelial lining ﬂuid (ELF; left panel), and alveolar
macrophages (AM; right panel). The data are means and SD for six subjects in each group.
April 2018 Volume 62 Issue 4 e02169-17
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FIG 2 Individual concentrations of lascuﬂoxacin in plasma, epithelial lining ﬂuid (ELF; left panel), and
alveolar macrophages (AM; right panel).

in two subjects. All of these AEs were considered to be related to the BAL procedure,
and a causal relationship to the study drug was excluded.
DISCUSSION
In this study, we examined the pulmonary distribution and pharmacokinetics of
lascuﬂoxacin after a single oral administration in healthy adult volunteers. The
concentration-time curve of lascuﬂoxacin in plasma (Tables 2 and 3) was almost the
same as that in another phase I study, in which 75 mg of lascuﬂoxacin was administered
to 24 healthy male volunteers, and serial plasma samples were taken from all subjects
over 24 h: the mean AUC0 –24 was 6.95 g · h/ml (in-house data of Kyorin Pharmaceutical Co., Ltd.).
The mean observed peak concentration of lascuﬂoxacin in ELF at Tmax of 1 h was
12.3 g/ml, with no apparent delay of peak compared to that in plasma, and the
concentration in ELF was maintained at more than 58 times higher than the free
concentrations in plasma for 24 h after oral administration.
The observed concentrations of lascuﬂoxacin in AM were also much higher than
those in plasma for 24 h, but those in ELF showed a different behavior. The mean
concentration of lascuﬂoxacin in ELF decreased in parallel with that in plasma, and the
mean ELF-to-free plasma ratios were relatively constant throughout the sampling
period. In contrast, the mean AM-to-plasma ratios ﬂuctuated over time. In this study,
BAL and blood samples were taken only once from each subject at one of the
scheduled time points because repeated BAL sampling from each subject was difﬁcult
for safety reasons. Therefore, the possible inﬂuence of interindividual variation of drug
concentration could not be excluded. While large standard deviations (SD) in drug
concentrations were observed in AM, the standard deviations were smaller in plasma or
ELF. These ﬁndings do not explain the possibility that the bimodal lascuﬂoxacin
concentrations in AM depended mainly on the interindividual variation of drug exposure; some unknown transport mechanisms differing between individuals are suspected to control the drug distribution into the AM.

TABLE 3 Pharmacokinetic parameters of lascuﬂoxacin in plasma, ELF, and AMa
Sample
Plasma
ELF
AM

Tmax (h)
1
1
6

aPharmacokinetic

Cmax
(g/ml)
0.576
12.3
21.8

AUC0–24
(g · h/ml)
7.67
123
325

Site-to-plasma
Cmax ratio

Site-to-free plasma
Cmax ratio

Site-to-plasma
AUC0–24 ratio

Site-to-free plasma
AUC0–24 ratio

21.4
37.8

82.1
146

16.0
42.4

61.7
163

parameters were calculated from the mean concentration-time proﬁle of lascuﬂoxacin. ELF, epithelial lining ﬂuid; AM, alveolar macrophages.

April 2018 Volume 62 Issue 4 e02169-17

aac.asm.org 4

Intrapulmonary Pharmacokinetics of Lascuﬂoxacin

Antimicrobial Agents and Chemotherapy

April 2018 Volume 62 Issue 4 e02169-17

Downloaded from http://aac.asm.org/ on March 4, 2021 by guest

In general, some technical problems in the urea method should also be considered
when interpreting the experimental results: the lysis of AM in ELF and overestimation
of the diffusion of urea into the BAL ﬂuid recovered because of the prolonged dwell
time during the lavage procedure (6, 16). The ranges of standard deviations for ELF
were wider than those for plasma, and the ranges of SD for AM were wider than those
for ELF, as shown in Table 2. Therefore, there may have been some technical errors in
the experiments, although these errors would have been small enough to not affect the
conclusions because of the small variation of experiment markers, as shown in Table 1.
Lascuﬂoxacin binds to proteins, mainly albumin, in plasma: protein binding of
lascuﬂoxacin was 74.0% (2). In contrast, the fraction of lascuﬂoxacin bound in ELF may
be negligible, because the concentration of albumin in ELF was shown to be less than
1/10 that in plasma (16). Therefore, the site-to-free plasma concentrations should be
used to estimate the penetration of lascuﬂoxacin in ELF and AM instead of the
site-to-total plasma concentrations. The ELF- and AM-to-free plasma concentration
ratios of lascuﬂoxacin observed in humans were much higher than those for other
commercially available quinolones. Documented ELF-to-free plasma AUC ratios in
humans for ciproﬂoxacin, levoﬂoxacin, and garenoxacin are approximately 1 to 5, and
the ratio for moxiﬂoxacin, which is known to have higher pulmonary penetration, is
approximately 9 or 10 (6). Reported AM-to-free plasma AUC ratios in humans for
ciproﬂoxacin, levoﬂoxacin, and garenoxacin are approximately 8 to 56, while the ratio
for moxiﬂoxacin is 25 or 51 (6). On the other hand, lascuﬂoxacin showed remarkable
pulmonary penetration, with ELF-to-free plasma and AM-to-free plasma AUC0 –24 ratios
of 61.7 and 163, respectively, in this study. Several quinolones are known to be highly
distributed to ELF and AM, mediated by passive diffusion (17) or active transport by
macrophages or other cells (18, 19). The augmented penetration of lascuﬂoxacin into
the ELF and AM may be mediated by the same mechanisms to a greater extent or by
additional as-yet-undeﬁned mechanisms. Further studies are necessary to elucidate the
intrapulmonary penetration of quinolones, including lascuﬂoxacin, in humans.
The reported MIC90 values against methicillin-sensitive S. aureus, methicillinresistant S. aureus, S. pneumoniae, H. inﬂuenzae, M. catarrhalis, and M. pneumoniae are
0.015, 2, 0.06, 0.06, 0.06, and 0.25 g/ml, respectively (1). The present study demonstrated that the concentrations of lascuﬂoxacin in both ELF (2.65 to 12.3 g/ml) and AM
(6.03 to 21.8 g/ml) markedly exceed the MIC90 values of the target pathogens causing
respiratory tract infections. Based on the results of pharmacokinetic/pharmacodynamic
(PK/PD) analyses for phase II and III studies in patients with respiratory tract infections,
more than 90% of clinical and microbiological efﬁcacy could be produced when the
fAUC 0 –24/MIC values exceeded 4. Such a pharmacodynamic target was achieved even
after oral administration at a dose of 75 mg once a day, which is the lowest dose level
among the existing quinolones (in-house data of Kyorin Pharmaceutical Co., Ltd.). The
resultant plasma AUC0 –24 and site-to-free plasma ratios of lascuﬂoxacin in ELF and AM
in this study would support these PK/PD scenarios in clinical studies.
Despite the development and wide use of antibacterials, pneumonia is still the
leading cause of infection-related mortality worldwide, and the emergence of strains
resistant to existing antibacterial drugs has become a serious clinical concern. Japanese
nationwide surveillance revealed that approximately one-half of S. pneumoniae clinical
strains were penicillin intermediate resistant or penicillin resistant, and 80% of isolated
strains were resistant to clarithromycin and azithromycin (20). Most clinical isolates of
M. pneumoniae were resistant to macrolides (21). Thus, there is an urgent need for new
treatment options against these pathogens involved in respiratory tract infections.
At the time of contribution of this paper, application for approval of the oral
formulation of lascuﬂoxacin for clinical use has been submitted, and its intravenous
formulation is under phase III clinical trials in Japan. Based on the excellent pulmonary
distribution and potent antibacterial activity against typical and atypical pathogens,
lascuﬂoxacin is a promising new agent for the treatment of community-acquired
pneumonia and lower respiratory tract infections.
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Study design and subjects. The study had a prospective, open-label single-dose design to evaluate
the plasma and intrapulmonary pharmacokinetics of lascuﬂoxacin after oral administration to healthy
adult male volunteers. Subjects were allocated into ﬁve groups (six per group) so that each underwent
bronchoscopy only once at time points of 1, 2, 4, 6, or 24 h after administration of the study drug. All
subjects were given a single oral dose of 75 mg of lascuﬂoxacin tablets (Kyorin Pharmaceutical Co., Ltd.,
Tokyo, Japan), under fasting conditions.
Healthy Japanese male subjects aged 20 to 40 years were recruited for this study; principal eligibility
criteria included a body mass index of 18.5 to 24.9 kg/m2, no history of smoking, and no clinically
signiﬁcant abnormalities in vital signs, ECG, or clinical laboratory tests according to diagnosis during the
screening period. Exclusion criteria included mainly a history of hypersensitivity to lidocaine, atropine,
local anesthetics, or other medications, medical histories of food allergy or atopic disease, the presence
of serious functional disorders or complications that would represent an obstacle to the investigation, a
history of excessive alcohol or caffeine consumption, and a positive HIV or hepatitis B or C virus status.
All subjects were provided written informed consent prior to enrollment in the study. The protocol was
approved by the Institutional Review Board of the study site. The study was conducted at Osaka
Pharmacology Clinical Research Hospital (Osaka, Japan) in accordance with the Declaration of Helsinki
and the guidelines on Good Clinical Practice. This study was registered at JAPIC under registration
number JapicCTI-142547.
BAL. Each subject underwent bronchoscopy with the BAL procedure by a skillful pulmonologist at
one of the protocol-speciﬁed time points, i.e., 1, 2, 4, 6, or 24 h after administration of the study drug.
Subjects were pretreated with anesthesia consisting of 0.5% lidocaine nebulizer and atropine sulfate
injection 15 min before bronchoscopy. Topical lidocaine anesthesia on the pharynx was then performed
using a Jackson-type spray.
The BAL and successive procedures were conducted according to the method described previously
(22, 23). Brieﬂy, a ﬁber-optic bronchoscope was inserted up to the right middle lobe and wedged in
place. BAL was carried out by instillation of four 50-ml aliquots of sterile saline into the subsegmental
bronchus of the right middle lobe, and each specimen was immediately aspirated. Instillation of 50 ml
of saline and its aspiration were performed within 1 min. The ﬁrst aliquot of the aspirate was discarded,
and the remaining three aliquots were pooled and immediately placed on ice.
The BAL ﬂuid was ﬁltered through sterile gauze and centrifuged at 400 ⫻ g for 5 min at 4°C to
separate the cells from the supernatant. The cells sedimented from the BAL ﬂuid were retained for cell
counting and fractionation. The BAL cells and supernatant samples were refrigerated at ⫺85°C until
shipping to the laboratories for urea nitrogen and lascuﬂoxacin concentration analyses.
Blood samples. Blood sampling was conducted once in each subject to analyze concentrations of
urea and lascuﬂoxacin in plasma within 5 min of completion of the corresponding BAL procedure. Blood
samples were collected into heparinized tubes and centrifuged. Plasma samples were transferred into
storage tubes and stored at ⫺85°C until shipping to the laboratories for urea nitrogen and lascuﬂoxacin
concentration analyses.
Determination of lascuﬂoxacin concentrations in plasma, BAL ﬂuid, and AM. The concentrations
of lascuﬂoxacin in plasma were determined by solid-phase extraction and separation by highperformance liquid chromatography (HPLC) with ﬂuorescence detection at JCL Bioassay Corporation
(Hyogo, Japan). Brieﬂy, an internal standard (AM-1954) (24) was added to 200 l of plasma, and the
mixture was applied to a solid-phase extraction cartridge (Oasis HLB, 10 mg/1 ml; Waters Corp., Milford,
MA), which was washed twice with 1 ml of 5% methanol and then eluted with 1 ml of methanol. The
eluate was evaporated to dryness under a stream of nitrogen gas. The resultant residue was dissolved
with a mixture of 0.01 mol/liter phosphoric acid and acetonitrile (70:30 [vol/vol]). The mobile phase for
HPLC consisted of a mixture of 0.01 mol/liter phosphoric acid and acetonitrile (70:30[vol/vol]) containing
0.02% 1-octanesulfonic acid sodium salt. A part of the sample prepared as described above was pumped
through an Inertsil ODS-3 column (5-m particle size, 4.6 by 150 mm; GL Sciences, Tokyo, Japan) at a ﬂow
rate of 1.0 ml/min. Fluorescence detection was performed at wavelengths of 289 nm (excitation) and 498
nm (emission). The lower limit of quantiﬁcation (LLOQ) for the plasma assay was 5 ng/ml, and the
calibration range was 5 to 5,000 ng/ml. The intra- and interday precisions ranged from 3.4% to 9.1% and
from 1.3% to 3.8%, respectively.
The concentrations of lascuﬂoxacin in BAL ﬂuid and AM were determined by solid-phase extraction
and separation by liquid chromatography-tandem mass spectrometry in positive ionization mode at
Sumika Chemical Analysis Service, Ltd. (Osaka, Japan). The solid-phase extraction procedure was almost
the same as that for plasma except with use of Oasis HLB (30 mg/1 ml; Waters Corp.) as the solid-phase
extraction cartridge. The mobile phase for liquid chromatography was a mixture of 0.1% formic acid (A)
and acetonitrile containing 0.1% formic acid (B) (A/B ⫽ 90:10 [vol/vol] in 0 to 7 min, 80:20 in 7 to 9 min,
10:90 in 9 to 12.5 min, and 90:10 in 12.5 to 15 min). A part of the sample prepared as described above
was pumped through a Sumipax ODS Z-CLUE column (3-m particle size, 2.0 by 50 mm; Sumika
Chemical Analysis Service, Ltd., Tokyo, Japan) at a ﬂow rate of 0.3 ml/min. Lascuﬂoxacin and the internal
standard were ionized prior to detection in multiple-reaction monitoring mode while monitoring the
following transitions: m/z 440 to 317 for lascuﬂoxacin and m/z 438 to 303 for the internal standard.
The LLOQ for the BAL ﬂuid and AM assay was 0.1 ng/ml, and the calibration range was 0.1 to 100 ng/ml.
The intra- and interday precision ranges were from 2.4% to 8.3% and from 5.7% to 9.9%, respectively.
Determination of urea in plasma and BAL ﬂuid. The concentrations of urea in plasma and BAL ﬂuid
were analyzed according to the urease-indophenol method with a commercially available kit (Urea N B;
Wako Pure Chemical Industries, Ltd., Osaka, Japan) at Shin Nippon Biomedical Laboratories, Ltd. (Kaaac.asm.org 6
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