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The pharmacokinetics and tolerance of DU-6859a, 7-[(7S)-7-amino-5-azaspiro[2,4]heptan-5-yl]-8-chloro-6-
fluoro-1-[(1R, 2S)-2-fluoro-1-cyclopropyl]-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid sesquihydrate, were
investigated in healthy male Japanese volunteers after single (25, 50, 100, and 200 mg) and multiple (100 mg
three times a day for 6 days plus once a day on the 7th day and 50 mg every 12 h for 13 doses) oral doses.
DU-6859a was well tolerated at all doses, and all 36 subjects completed the study; mild transient soft stool in
five volunteers and mild transient diarrhea in one volunteer on the multiple-dose (100 mg three times a day)
study were the only side effects reported. No drug crystals were observed in the urine after the single 200-mg
dose and the 100-mg three times a day regimen. DU-6859a was rapidly absorbed in the fasted state. The mean
maximum concentration in serum (Cmax) ranged from 0.29 to 1.86 mg/ml for the 25- to 200-mg dose, and the
mean time to reach Cmax ranged from 1.0 to 1.3 h. The terminal half-life ranged from 4.4 to 5.0 h. The area
under the curve increased dose dependently. The serum protein binding of the drug was approximately 50%.
The apparent volume of distribution clearly exceeded 1 liter/kg, suggesting good tissue penetration. Within 48
h, the cumulative urinary recovery of unchanged drug amounted to 69 to 74% of the dose administered, while
fecal excretion up to 48 h after the 200-mg dose accounted for ca. 3% of the dose. Food intake did not affect the
rate and extent of absorption of DU-6859a to a clinically significant extent. During multiple oral dosing, the
accumulation of the drug in serum was close to the theoretically predicted values, which indicated that there
was virtually no drug accumulation.

7-[(7S)-7-Amino-5-azaspiro[2,4]heptan-5-yl]-8-chloro-6-
fluoro-1-[(1R, 2S)-2-fluoro-1-cyclopropyl]-1,4-dihydro-4-oxo-
3-quinolinecarboxylic acid sesquihydrate (DU-6859a) is a new
fluoroquinolone antimicrobial agent with a broad spectrum
and high in vitro activity against various aerobic and anaerobic
gram-positive and gram-negative organisms (3). Its chemical
structure is shown in Fig. 1. DU-6859a is currently under phase
2 clinical investigation in Japan. Early pharmacokinetics and
tissue distribution studies in different animal species revealed
that this new fluoroquinolone was rapidly and well absorbed
following oral administration and that drug levels in most tis-
sues except the central nervous system exceeded the corre-
sponding levels in serum (2). In rats, DU-6859a was extensively
conjugated with glucuronic acid to form its ester glucuronide
(1a). On the other hand, the serum radioactivity concentra-
tions after a single oral administration of [14C]DU-6859a to
dogs and monkeys were close to serum levels of unchanged
drug determined by the high-pressure liquid chromatography
(HPLC) method, which indicated that DU-6859a underwent
metabolism to a very limited extent in these animal species (5).
In this study, the pharmacokinetics and tolerance of DU-

6859a after single and multiple oral doses in healthy Japanese
male volunteers have been investigated.
(Part of this research was presented at the 33rd Interscience

Conference on Antimicrobial Agents and Chemotherapy, New
Orleans, La., 17 to 20 October 1993.)

MATERIALS AND METHODS

Test compound. Daiichi Pharmaceutical Co. Ltd. (Tokyo, Japan) supplied 25-
and 50-mg tablets of DU-6859a. DU-6859 represents the anhydrate of DU-6859a
(Fig. 1). The doses were expressed as the equivalents of DU-6859.
Subjects. Thirty-six healthy male Japanese volunteers participated in the study

after being fully informed of the purpose and risks involved. They gave written
informed consent to participate in the study, which was approved by the Ethical
Committee of Hamamatsu University School of Medicine. The subjects ranged
in age from 24 to 48 years and weighed between 52.8 and 87.0 kg. They were
judged to be healthy, based on a physical examination and standard biochemical,
hematological, and urinalysis screening tests. All subjects were free of other
medications for at least 1 week before and during the study. Alcohol and caf-
feine-containing beverages were prohibited during the study.
Dosing and sample collection. For the single-dose study, 24 subjects were

assigned to one of four groups of six. After overnight fasting (unless otherwise
stated), groups 1 to 4 received a 25-, 50-, 100-, or 200-mg dose of DU-6859,
respectively. The drug was administered orally with 100 ml of water at about 0900
h. Lunch was provided after 4 h, and an evening meal was provided after 9 h. The
subjects were allowed to drink water freely. In the study where the effect of food
on the pharmacokinetics of DU-6859a was to be investigated, group 3, which was
given the 100-mg dose, received the same dose 30 min after a standard breakfast.
The standard breakfast consisted of two rolls, 8 g of margarine, 25 g of cheese,
a medium-boiled egg, 100 ml of orange juice, and 150 ml of low-fat milk. Group
3 ingested the drug in the nonfasting state 10 days later. In addition to the blank
samples taken shortly before drug administration, serial blood samples (5 ml)
were collected 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, and 48 h after oral dosing. The
blood samples were allowed to stand at room temperature for 30 min and were
centrifuged at 2,000 3 g for 15 min to separate serum. Urine samples were
collected from 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 12, 12 to 24, and 24 to 48 h. Fecal
samples were collected for 2 days in the single-200-mg-dose study. All samples
were stored frozen at 2208C until analysis.
For the multiple-dose study, the remaining 12 subjects were assigned to two

groups of six. Group 5 received DU-6859a at a dose of 100 mg three times a day
(t.i.d.) at 0900, 1500, and 2100 h for 18 doses (days 1 to 6) and once on day 7. The
other group (group 6) received DU-6859a at a dose of 50 mg every 12 h (twice
a day [b.i.d.] at 0900 and 2100 h) for 13 doses (days 1 to 7). For group 5, serial
blood samples (5 ml) were collected predosing and 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48,* Corresponding author.
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72, 73, 74, 75, 76, 78, 80, 84, 96, 120, 144, 145, 146, 147, 148, 150, 152, 156, 168,
192, and 216 h after the initial oral dose. Serum samples were obtained in the
same way as in the single-dose study. Urine samples were collected from 0 to 24,
24 to 48, 48 to 60, 60 to 72, 72 to 74, 74 to 76, 76 to 78, 78 to 80, 80 to 82, 82 to
96, 96 to 120, 120 to 144, 144 to 156, 156 to 168, 168 to 180, 180 to 192, and 192
to 216 h. For group 6, serial blood samples (5 ml) were collected predosing and
0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 72, 73, 74, 75, 76, 78, 80, 84, 96, 120, 144, 145,
146, 147, 148, 150, 152, 156, 168, and 192 h after the initial dose. Urine samples
were collected at 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 12, 12 to 24, 24 to 48, 48 to 60,
60 to 72, 72 to 96, 96 to 120, 120 to 144, 144 to 156, 156 to 168, and 168 to 192
h. All samples were stored at 2208C until analysis. Microscopic urinalysis to
detect the presence of drug crystals was performed on fresh urine samples taken
predosing and 2, 4, and 6 h after the single 200-mg dose and 2, 4, and 6 h after
the 10th dose (day 4) during repeated oral doses (100 mg t.i.d.).
Analytical method. The concentrations of DU-6859 in serum and urine were

determined by using an HPLC method (1). In brief, DU-6859 and the internal
standard were extracted from serum and urine by means of a Bond Elut C8 LRC
column. The extracts were chromatographed on a reversed-phase column using
tetrahydrofuran–50 mM KH2PO4 (adjusted to pH 2 by adding phosphoric ac-
id)–1 M ammonium acetate (19:81:1, vol/vol) as the mobile phase at a flow rate
of 1.0 ml/min. DU-6859 eluted from the analytical column was irradiated with
UV light in an on-line photochemical reactor. Fluorescence detection at an
excitation wavelength of 280 nm and at an emission wavelength of 430 nm
resulted in a detection limit of 0.01 mg/ml for serum and 0.1 mg/ml for urine. The
intraday and interday accuracy and precision, as indicated by relative error and
coefficient of variation, respectively, were within 15%.
Fecal specimens were homogenized with 50 mM KH2PO4 (500 or 1,000 ml,

depending on weight). The homogenate was centrifuged at 1,800 3 g for 15 min,
and the supernatant was then processed through the same analytical procedures
as used for the serum and urine samples. There were no interfering peaks on the
chromatograms of the fecal extracts. The calibration curve was linear within the
range from 0.092 to 23.5 mg/ml of supernatant.
All drug concentrations were expressed as equivalents of DU-6859 (anhy-

drate).
Serum protein binding. The binding of DU-6859 to serum proteins was de-

termined by the ultrafiltration method (MPS-3; Amicon Corp.). DU-6859 did not
adsorb to the membrane. The binding study was conducted on serum samples
obtained from the volunteers at three time points (1, 4, and 8 h after dosing) in
the 100-mg dose study. The unbound fraction (FU) in serum was calculated as
the concentration in the filtrate divided by the original serum concentration. The
serum protein binding rate was calculated as (1 2 FU) 3 100.
Pharmacokinetic and statistical analysis. Visual inspection of the log-linear

concentration-time curves revealed that the serum concentrations of DU-6859
declined biphasically. The drug concentration-time data for each volunteer were
fitted individually to a two-compartment open model with first-order absorption
with or without lag time, corresponding to the equation C(t) 5 Ae2a(t 2 t0) 1
Be2 b(t 2 t0)2 Ce2 Ka(t 2 t0), where C(t) (in micrograms/milliliter) is the estimated
concentration of DU-6859 at time t; A and B (in micrograms/milliliter) are the
zero time intercept of the distribution (a) phase and elimination (b) phase,
respectively, and a and b (per hour) represent the slopes of the a and b phases,
respectively; C is equal to A 1 B; Ka (per hour) is the absorption rate; and t0 is
the lag time. Calculations were performed with the nonlinear least-squares com-
puter program MULTI developed by Yamaoka et al. (7). No weighting factor
was used. The goodness of fit of the model with or without lag time was deter-
mined by visual inspection of the difference between the observed values and the
simulated curve. The terminal elimination half-life was calculated as 0.693/b.
Maximum serum concentration (Cmax) and the time to reach Cmax (Tmax) were
obtained from the measured values. The area under the concentration-time
curve (AUC) was determined to the last quantifiable serum concentration using
the linear trapezoidal rule and extrapolated to infinity using the terminal-phase
rate constant. The mean residence time was calculated as the ratio of the area
under the first-moment curve (AUMC) to the AUC0–24. The apparent total body
clearance (Cltot/F) was calculated by using the equation Cltot/F 5 dose/AUC0–`.
The renal clearance (ClR) was calculated as [X]/AUC0–24, where [X] is cumula-
tive urinary excretion of DU-6859 from 0 to 24 h after oral dosing. The simula-
tion of the concentration-time profiles of DU-6859 after multiple oral dosing was
performed based on the pharmacokinetic parameters calculated for the single
100-mg oral dose in the non-fasted state.
For statistical comparison between the pharmacokinetic parameters obtained

in the fasted state and those obtained in the non-fasted state, a paired Student’s
t test and Wilcoxon signed rank test were used, with P 5 0.05 considered the
minimal level of significance. The Wilcoxon signed rank test was used only for
Tmax. To evaluate the correlation between the doses ranging from 25 to 200 mg
and the resulting AUC and Cmax, linear regression analysis was performed. All
data are expressed as mean 6 standard deviation (SD) (n 5 6).

RESULTS

Safety and tolerance.All 36 volunteers completed the single-
and multiple-dose studies. Mild transient soft stool in five
volunteers and mild transient diarrhea in one volunteer in the
group receiving multiple oral 100-mg doses were the only side
effects observed. No drug crystals were detected in the urine
after the single 200-mg dose and multiple doses (100 mg t.i.d.).
None of the adverse events were considered serious. There
were no clinically remarkable changes in serum chemistry,
hematology, or urinalysis test results during the study.
Single-dose pharmacokinetics. The mean drug concentra-

tions in serum versus time profiles obtained after single oral
administration of DU-6859a (25, 50, 100, and 200 mg) to fasted
Japanese male volunteers are shown in Fig. 2. The kinetic
profiles could be fitted to a two-compartment open model with
first-order absorption with or without lag time. The pharma-
cokinetic parameters for each dose are summarized in Table 1.
The lag times ranged from 0.23 to 0.58 h for all doses studied.
The absorption of DU-6859a from the empty gastrointestinal
tract was rapid, and Cmax values of 0.29, 0.51, 1.00, and 1.86
mg/ml of serum appeared within 1 to 2 h after administration.
After Cmax was reached, the serum drug level decreased bi-
phasically, with elimination half-lives of 4 to 5 h. The half-lives
proved to be independent of the dose. The volume of distri-
bution at steady state (Vss/F) ranged from 1.46 to 1.88 liters/kg.
The serum protein binding rates 1, 4, and 8 h after a single

oral dose of 100 mg were (mean 6 SD) 54.5% 6 3.0%, 47.8%
6 6.1%, and 46.0% 6 6.8%, respectively. The AUC0–` and
Cmax increased dose dependently. A good linear correlation
was found between the administered doses and the resulting
AUC and Cmax, with correlation coefficients of 0.929 and 0.952,
respectively.
The cumulative urinary excretion of unchanged drug (col-

lection period, 0 to 48 h) amounted to 69.2% 6 5.9%, 73.6%
6 6.8%, 73.3% 6 11.9%, and 72.4% 6 4.6% of the dose after
a single oral administration of 25, 50, 100, and 200 mg, respec-
tively. ClR ranged from 185 to 240 ml/min and remained al-
most constant as the dose increased. The fecal excretion of
unchanged drug after a single oral 200-mg dose was investi-

FIG. 1. Chemical structure of DU-6859a.

FIG. 2. Mean serum concentration-time profiles for DU-6859 in six fasted
healthy male volunteers after single oral doses of 25, 50, 100, and 200 mg.
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gated, and 3.10% 6 0.48% of the dose given was recovered up
to 48 h postdosing.
To investigate the effect of food on the pharmacokinetics of

DU-6859a, six volunteers (group 3) received an oral 100-mg
dose in the nonfasted state. The serum concentration-time
profiles are shown in Fig. 3. Food intake had no significant
influence (P . 0.05) on Cmax, AUC, Tmax, Vss/F, elimination
half-life, or ClR or Cltot of DU-6859. There was a significant
increase in MRT in nonfasted subjects (6.46 6 0.44 h) com-
pared with that in fasted subjects (5.83 6 0.45 h).
The mean urinary concentration-time profiles of DU-6859

up to 48 h after oral dosing are shown in Fig. 4. The urinary
concentrations increased dose dependently. The concentra-
tions in the sample obtained 12 to 24 h after oral doses of 25,
50, 100, and 200 mg were 5.3 6 1.0, 9.0 6 1.8, 14.1 6 4.1, and
41.8 6 11.8 mg/ml, respectively.
Multiple-dose pharmacokinetics. A plot of the mean ob-

served and predicted serum concentration-time profile data for
each dosage is shown in Fig. 5. The simulation was performed
by using the pharmacokinetic parameters obtained for a single
100-mg oral dose to nonfasted subjects. Good agreement was
found between the observed and predicted values over the
7-day dosing period, and visual inspection of the pharmacoki-
netic profiles showed that the steady-state concentrations of
DU-6859 were achieved on the second day in both dosage
groups. In group 5 (100 mg t.i.d. for 19 doses), the mean peak
concentrations after the 1st, 10th, and 19th doses were 0.67 6

0.12, 0.82 6 0.18, and 0.89 6 0.11 mg/ml, respectively, which
were achieved 2 h after each dosing. The mean trough drug
levels in serum ranged from 0.26 to 0.32 mg/ml and did not
change over the 7 days. In group 6 (50 mg every 12 h for 13
doses), the mean peak concentrations after the 1st, 7th, and
13th doses were 0.35 6 0.05, 0.49 6 0.04, and 0.45 6 0.07
mg/ml, respectively, with Tmax being reached 2 h after each
dose. The mean trough drug levels in serum ranged from 0.07
to 0.12 mg/ml and were almost constant over the 7 days.
The mean urinary excretion of unchanged drug during mul-

FIG. 3. Serum concentration-time profiles for DU-6859 in six fasted and
nonfasted healthy male volunteers after a single oral dose of 100 mg. Error bars
indicate SD (n 5 6).

FIG. 4. (A) Urinary concentrations and (B) cumulative urinary excretion of
DU-6859 in six fasted subjects after single oral doses of 25, 50, 100, and 200 mg.
Error bars indicate SD (n 5 6).

TABLE 1. Pharmacokinetic parameters of DU-6859a after a single oral dose to healthy male volunteers

Parameter
Mean 6 SD (n 5 6)

25-mg dose 50-mg dose 100-mg dose 200-mg dose

Cmax (mg/ml) 0.29 6 0.08 0.51 6 0.14 1.00 6 0.14 1.86 6 0.36
Tmax (h) 1.3 6 0.9 1.2 6 0.5 1.2 6 0.5 1.0 6 0.0
Ka (h

21) 4.13 6 2.01 6.12 6 5.99 7.76 6 8.37 5.09 6 4.89
Lag time (h) 0.58 6 0.64 0.39 6 0.35 0.31 6 0.24 0.23 6 0.25
t1/2 (h) 4.40 6 0.35 4.62 6 1.29 5.02 6 1.96 4.60 6 0.80
Vss/F (liters/kg) 1.46 6 0.26 1.88 6 0.46 1.84 6 0.37 1.79 6 0.25
AUC0–` (mg z h/ml) 1.52 6 0.32 2.62 6 0.53 5.55 6 1.22 12.03 6 3.27
MRT (0–24 h) (h) 5.876 1.15 5.93 6 0.51 5.83 6 0.45 6.18 6 0.68
Cltot (ml/min) 284 6 54 328 6 59 313 6 72 293 6 76
ClR (ml/min) 185 6 19 240 6 31 227 6 57 211 6 65
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tiple dosing was almost constant, and no change in rate due to
consecutive doses was observed. In groups 5 and 6, cumulative
urinary excretion was 69.0% 6 6.7% (up to 72 h after the final
dose) and 77.0% 6 7.5% of the total dose (up to 48 h after the
last dose), respectively. These values were consistent with
those found after single oral doses.

DISCUSSION
The dose regimens tested were well tolerated by all volun-

teers, and all volunteers completed the single- and multiple-
dose studies. It has been reported that crystalluria was ob-
served at higher doses of norfloxacin (4) and ciprofloxacin (6).
No drug crystals of DU-6859a were noted in the urine follow-
ing either single or multiple dosing.
DU-6859a as the tablet formulation was found to be rapidly

absorbed from the empty gastrointestinal tract, as indicated by
the Tmaxs, which were achieved 1.0 to 1.3 h after oral admin-
istration. AUC and Cmax increased linearly over the dose range
from 25 to 200 mg. Vss/F ranged from 1.46 to 1.88 liters/kg and
clearly exceeded 1 liter/kg, which reflected good tissue pene-
tration for this drug.
Approximately 70% of the dose given was recovered in urine

as unchanged drug up to 48 h after a single oral dose, which
indicated that the bioavailability of DU-6859a in human vol-

unteers would be at least greater than 70%. ClR ranged from
185 to 240 ml/min, and ca. 50% of total drug was bound to
serum proteins. Thus, the renal clearance of free drug was
much greater than the mean glomerular filtration rate. These
data indicated that active processes would take place in the
urinary excretion of DU-6859. The high urinary concentrations
of unchanged drug were maintained over a long period and
represented an important prerequisite for the treatment of
urinary tract infections. Nonrenal clearance accounted for
about one-third of the Cltot. Fecal excretion of the drug up
to 48 h after the 200-mg dose was only about 3% of the dose.
The quantitative contribution of biliary excretion and/or met-
abolic reactions to this process has not yet been fully investi-
gated.
The effect of food intake on the pharmacokinetics of DU-

6859a was investigated by comparing the pharmacokinetic pa-
rameters obtained for the single 100-mg dose in fasted and
nonfasted states. Food intake slightly increased the MRT,
which, however, was not considered clinically significant. All
pharmacokinetic parameters other than MRT showed no sta-
tistically significant difference between the fasted and non-
fasted states (P . 0.05, n 5 6).
During the multiple dosing of 100 mg t.i.d. and 50 mg b.i.d.

over 6 days plus once on the 7th day, the measured accumu-
lation of the drug in serum was close to the theoretically pre-
dicted value. The cumulative urinary excretion rate in the mul-
tiple-dose study was similar to that in the single-dose study.
These data indicated that time-dependent effects such as au-
toinduction or autoinhibition of drug-metabolizing enzymes
could be excluded. The peak concentrations after the 100-mg
t.i.d. regimen were four to eight times the MIC for 90% of
clinically isolated strains such as Streptococcus pneumoniae,
Staphylococcus aureus, and Klebsiella pneumoniae (3). After the
50-mg b.i.d. regimen, peak levels were two- to fivefold higher
than the MIC for 90% of these strains.
In conclusion, DU-6859a was well tolerated after a single

oral dose of up to 200 mg and after 100-mg t.i.d. and 50-mg
b.i.d. regimens. DU-6859a was rapidly absorbed from tablet
formulation and primarily eliminated by the kidney, with elim-
ination half-lives of 4.4 to 5.0 h. It is expected that DU-6859a
will prove to be an effective therapeutic agent in the treatment
of various infectious diseases.
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