Arch. Pharm. Res. Vol.19, No.5, pp. 359-367, 1996

Pharmacokinetics of LB20304, a New Fluoroquinolone, in

Rats and Dogs

Mi-Kyeong Seo, Sun-Hwa Lee, Yun-Jeong Choi, Yi-Na Jeong, Sung-Hack Lee, In-Chull Kim and Yong-

Hee Lee

LG Chem Biotech Research Institute, Moonji-Dong 104-1, Yu Song, Taejon 305-380, South Korea

(Received July 3, 1996)

The pharmacokinetics of LB20304 was investigated following intravenous (IV) and oral ad-
ministration to rats and dogs. Additionally, /n vitro metabolism and serum protein binding stu-
dies were also conducted. The total body clearance, apparent volume of distribution, terminal
half-life, and extent of bioavailability were 21.8 ml/min/kg, 2265 mi/kg, 93.6 min, and 30.8%
for rats; and 7.95 ml/min/kg, 4144 mi/kg, 363 min, and 81.1% for dogs, respectively. LB20304
was stable in the liver microsome containing NADPH generating system and its serum protein
binding was 58.5-65.8% for rats, 19.1-26.6% for dogs, and 56.9-59.6% for humans. [ts tissue
concentration levels in liver, stomach, small intestine, and kidney were 9.5 to 26.1 times great-
er than plasma level, but the concentration in testis was quite low and that in brain was negli-
gible in rats. The 48 hr urinary recovery of the dose was 44% for IV dosing and 14% for oral
dosing, whereas the 48 hr biliary recovery of the dose was 6.4% for IV dosing and 4.5% for
oral dosing in rats. In summary, the pharmacokinetic properties of LB20304 were charac-

terized by its good oral absorption, long plasma half-life, and good tissue distribution.
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INTRODUCTION

Quinolones are a class of antibiotics structurally re-
lated to nalidixic acid. They exhibit bactericidal ac-
tivity primarily by inhibiting bacterial DNA gyrase
which controls the shape and the function of bac-
terial DNA through its unique supercoiling and re-
laxing activities (Sugino et al, 1977). A number of
new fluoroquinolone derivatives such as norfloxacin,
ofloxacin, enoxacin, ciprofloxacin, lomefloxacin, and
fleroxacin have recently been developed and in-
troduced into the market. These new fluorinated qui-
nolones exhibited high potency, low incidence of
bacterial resistance, high oral bioavailability, ex-
tensive tissue penetration, and long elimination half-
life. However, these fluoroquinolones possessed only
moderate activities against many gram-positive cocci,
including Staphylococci and Streptococci which are
major pathogenic strains of respiratory tract infections
(Raviglione et al, 1990; Thys et al, 1989). Since it
has been suggested that increasing resistance to the
new fluoroquinolones .is due to the moderate activity
of these drugs against gram-positive bacteria (Blumberg
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et al, 1991; Jones, 1992; Kaatz et al,, 1991), recent ef-
forts have been directed toward the synthesis of novel
quinolone that can provide improved activities against
gram-positive organisms while retaining the broad spec-
trum activity of ciprofloxacin (Fuchs et al, 1991; Pid-
dock, 1994; Sato et al., 1992).

LB20304a (mesylate salt of LB20304, 7-(3-aminome-
thyl-4-methyloxyiminopyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-oxo-1,4-dihydro-1,8-naphthylidine-3-carbox-
ylic acid methane sulfonic acid) is a new quinolone
antibacterial agent (Fig. 1). It showed a broad spec-
trum activity, particularly potent /n vitro antibacterial
activities against gram-positive bacteria (Kim et al/,
1996). Hence the improved activity against gram-po-
sitive pathogens, particularly Streptococci and  Sta-
phylococci, suggests a significant therapeutic po-
tential for this compound. In view of its activity
against not only gram-positive strains but also the fam-
ily of Enterobacteriaceae, LB20304 could be used to
treat a broad spectrum of human infections, including
those of respiratory tract, urinary tract, skin and skin
structures, bone, and gastrointestinal tract.

The peak concentration (C,,) and the area under
the plasma concentration-time curve (AUC) in re-
lation to the minimal inhibitory concentration (MIC)
of the pathogen are of primary importance for the suc-
cessful antibiotic treatment. Pharmacokinetics of LB
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Fig. 1. Chemical structures of LB20304a and LB20326a (the
internal standard of HPLC assay)

20304 was studied in the present rats and dogs. The
resultant pharmacokinetic information will be used to
address efficacy, safety, and regulatory aspects as-
sociated with LB20304,

MATERIALS AND METHODS

Chemicals

LB20304a (Lot No.: Q002, purity: 98%) was syn-
thesized at LG Chem. (Taejon, Korea). The dosing
solution (LB20304a) was prepared in water and ex-
pressed as a mesylate salt whereas the drug con-
centration (LB20304) in biological samples was ex-
pressed as a free form. Nicotinamide-adenine dinu-
cleotide phosphate (NADP), glucose-6-phosphate (G
6P), glucose-6-phosphate dehydrogenase (G6PD),
MgCl,, and B-glucuronidase were purchased from Sig-
ma Chemical Co. (St. Louis, MO, USA) and heparin
was a product of Green Cross Co. (Yongin, Korea).
The other chemicals were of analytical grade.

HPLC assay

All biological samples were stored at -20°C until
analysis and analyzed within 1 week by HPLC
methods reported from our laboratory (unpublished
data). Stock solution (1 mg/ml) and diluted working
solutions (0.2, 0.5, 1, 5, 10, 20, 50, and 100 pg/ml)
were prepared in methanol in a 14-ml polystyrene
(PS) tube (Becton Dickinson Labware, Franklin Lakes,
NJ, USA) to construct calibration curve from 0.2 to
100 pg/ml of LB20304 in biological samples in-
cluding plasma, tissue homogenate, urine, and bile.
Throughout the experiment, the storage and handling

of samples were conducted with the prevention of
light because LB20304 was light labile.

For the analysis of 1LB20304 in plasma or tissue
homogenate samples, a deproteinization method
(unpublished data) was applied using methanol and
10% zinc sulfate. A 100-ul of diluted working solu-
tion was mixed with 50 pl of 10% ZnSO, and 100 pl
of blank sample for calibrator, whereas 100 pl of sam-
ple was mixed with 50 pl of 10% ZnSO, and 100 ul
of methanol for study sample in a 1.5-ml polypropy-
lene (PP) tube (Becton Dickinson Labware). After cen-
trifugation of sample at 14,000 g for 20 min to obtain
a clear supernatant, 100 pl of the supernatant was in-
jected directly onto the HPLC column. The pro-
cedures for sample handling and processmg were car-
ried out at 4°C.

For the analysis of LB20304 in urine or blle samples,
a liquid-liquid extraction method (unpublished data)
was applied using chloroform (.T. Baker Inc., Phil-
lipsburg, NJ, USA), 50 mM phosphate buffer of pH 7.0,
10 mM phosphate buffer of pH 2.0, and an internal
standard (LB20326a, 50 pg/ml in methanol, LG Chem.).
A 200-ul of diluted working solution was evaporated
to dryness, then 200 pl of blank sample was spiked
and mixed for calibrator, whereas 200 pl of sample
was spiked for study sample in a 15-ml PP tube. Aft-
erwards, 10 wl of the internal standard, 200 pl of 50
mM phosphate buffer of pH 7.0, and 5 ml of CHCI;
were added, then vortexed for 10 min and centrifuged
at 1,500 g for 20 min. The CHCI, layer was transferred
into a 15-ml PP tube containing 200 pl of 10 mM
phosphate buffer of pH 2.0, then vortexed for 10 min
and centrifuged at 1,500 g for 20 min. Thereafter, 100
ul of aqueous phase transferred into HPLC injection
vial containing 100 ul of methanol for HPLC injection.

The calibration curves were linear in the range of 0.
2 and 100 pug/ml of LB20304 in all biological sam-
ples with the absolute recoveries of 61-71% for plas-
ma and liver tissue homogenate samples and 90-95%
for urine and bile samples. The absolute recoveries of
LB20304 in the other tissue homogenates at 10 pg/ml
were 76% for brain, 51% for submaxillary gland, 35%
for thymus, 70% for heart, 59% for lung, 45% for
spleen, 56% for stomach, 70% for small intestine,
55% for large intestine, 63% for cecum, 67% for kid-
ney, 70% for testis, 99% for fat, 81% for muscle, and
62% for lymph node samples.

In vitro study

Metabolism in liver microsome (n=3): A portion
of liver of rats, dogs, and humans was excised, chill-
ed, and blotted dry with paper tissue, then weighed
and homogenized with Tempest tissue homogenizer
(The Virtis Company, Gardiner, NY, USA) with 2
volumes of 0.1 M Tris-acetate buffer (pH 7.4) con-
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taining 0.1 M KCl and 1T mM EDTA. Afterthen, the
homogenate was centrifuged at 9,000 g for. 20 min
twice using Beckman Model J2-M1 (Palo Alto, CA,
USA). The supernatant was collected and centrifuged
at 105,000 g for 1 hr using Beckman Ultracentrifuge
LA-80, then the pellet was resuspended in 0.1 M
tetrasodium pyrophosphate containing 1 mM EDTA,
and then centrifuged again at 105,000 g for 1 hr. Aft-
erwards, a liver microsome was obtained from the pel-
let by resuspending with 2 volumes of 50 mM Tris-
acetate buffer (pH 7.4) containing 20% glycerol and 1
mM EDTA. All processing procedures were conducted
at 4°C. Protein content of liver microsome was measur-
ed by the Bradford method (1976), and then liver mi-
crosome was diluted to make 1.5 mg/ml protein con-
tent. The metabolism of LB20304 was determined at
37°C and 150 opm in a 3 ml incubation mixture con-
taining 0.1 M Tris buffer (pH 7.4), 16 pl/ml substrate,
0.5 mg/ml microsomal protein, 1 mM NADP, 10 mM
G6P, 2 units G6PD, and 5 mM MgCl,. The reaction
was initiated by the addition of substrate and stopped
by the addition of 50 ul 10% ZnSO, and 100 ul
methanol into 100 pl sample at different time intervals
for 1 hr. Additionally, metabolism study was con-
ducted at enzyme induced liver microsome which
was prepared at 5 day following intraperitoneal ad-
ministration of polychlorinated biphenyl mixture, aro-
clor 1254 (500 mg/kg) into rats (Czygan et al, 1973).
Aroclor 1254 was used in the induction of liver en-
zyme because its exposure showed the striking dose-
and time-dependant increases in hepatic levels of CYP
TAT and CYP1A2, and limited induction of epoxide
hydrolase, quinone oxidoreductase, and aldehyde
dehydrogenase in rats (Dragnev et al., 1994).

Serum protein binding (n=3): Binding of LB20304
to rat, dog, and human serum protein was det-
ermined by an ultrafiltration method. After incubation
of 2 and 10 pg/ml serum samples for 10 min at 37°C,
0.5 ml! of the serum was immediately transferred to
Ultrafree-MC Millipore (5000 NMWL, Millipore Cor.,
Bedford, MA, USA), vortex mixed for 1 min, and the
tube was then centrifuged at 3,000 g for 15 min at
37°C. Afterwards, two-fold of methanol was added
into the filtrate for HPLC analysis. For the estimation
of total drug concentration in the serum, 50 ul of
serum was sampled from the tube before cen-
trifugation. The bound fraction of drug was calculated
by the following equation, bound fraction (%)=100x
(1- drug concentration in the ultrafiltrate/total drug
concentration in the serum). Preliminary experiments
indicated that the adsorption of LB20304 to the dev-
ice or to the membrane was negligible (less than 7%).

In vivo study in rats

Male Sprague-Dawley rats (200-300 g) were hous-

ed in standard laboratory rat cages, with food and
water ad [ibitum, in a light-controlled room at a tem-
perature of 22+1°C and a humidity of 55+10%.
Each rat was housed individually in a Ballmann cage
(Dae Jong Instrument Company, Seoul, Korea) for
plasma disposition and biliary excretion experiments
or in a metabolic cage for tissue distribution and uri-
nary excretion experiments. Rats were fed ad fibitum
for |V studies, whereas rats were fasted 12 hr before/6
hr after dosing for oral studies.

Plasma disposition study (n=3-10): The femoral ar-
tery and the femoral vein (infusion study only) of rats
were cannulated with polyethylene tubing (PE-50,
Clay Adams, Parsippany, NJ, USA) under light ether
anesthesia. After complete recovery from anesthesia,
5-200 mg/4 ml/kg of LB20304a was infused for 1 min
via the femoral vein for intravenous (IV) infusion, but
20-500 mg/4 ml/kg was administered via gavage for
oral dosing. Afterwards, approximately 250 pl al-
liquots of blood were withdrawn into heparinized
tube (25 U/ml) from the femoral artery at 1, 5, 10, 20,
40, 60, 120, 240, and 360 min for IV infusion or at 5,
15, 30, 60, 90, 120, 240, 360, and 480 min for oral
dosing. Plasma samples were separated by cen-
trifuging the blood samples at 14,000 g for T min.

Tissue distribution study (n=3): Rats were ex-
sanguinated by blood collection from the posterior
vena-cava at 30, 60, and 240 min following oral ad-
ministration of 20 mg/4 ml/kg of LB20304a via ga-
vage. Approximately 1 g of liver, lung, heart, spleen,
and kidney were quickly removed, rinsed, weighed,
minced, and homogenized with 4 volumes of iso-
tonic phosphate buffer (pH 7.4) using a Tempest tis-
sue homogenizer to obtain aliquots of tissue homo-
genate. Also, an aliquot of plasma was obtained by
centrifuging the blood sample at 14,000 g for 1T min.
Additionally, tissue distributions including 18 tissues,
such as plasma, blood, brain, submaxillary gland,
thymus, heart, lung, liver, spleen, stomach, small in-
testine, large intestine, cecum, kidney, testis, fat, mus-
cle, and lymph node, were studied at 30 min fol-
lowing oral administration of 20 mg/kg of LB20304a
to rats.

Urinary excretion study (n=4): Urine samples were
collected at 0-12, 12-24, and 24-48 hr post-dosing of
20 mg/4 ml/kg of LB20304a in rats. Dosing solution
was administered via the tail vein for IV bolus dosing"
or via gavage for oral dosing. Finally, urine sample
was aliquoted after recording its volume. For the as-
say of glucuronide conjugation, 0.2 ml of urine sam-
ple was added to 400 pl of B-glucuronidase (10,000
U/ml in water), then incubated for 24 hr at 37°C and
150 opm to hydrolyze the conjugate.

Biliary excretion study (n=4): The bile duct of rats
was cannulated with polyethylene tubing (PE-10) und-
er light ether anesthesia. After complete recovery
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from anesthesia, 20 mg/4 ml/kg of LB20304a was ad-
ministered via the tail vein for IV bolus dosing or via
gavage for oral dosing. Afterwards, bile samples were
collected at 0-2, 2-4, 4-6, 6-12, 12-24, and 24-48 hr.
Finally, bile sample was aliquoted after recording its
volume. For the assay of glucuronide conjugation, 0.2
ml of bile sample was added to 400 pl of B-glu-
curonidase (10,000 U/ml in water), then incubated
for 24 hr at 37°C and 150 opm to hydrolyze the con-
jugate.

In vivo study in dogs (n=5-6)

Male beagle dogs (8-12 kg, Hazleton Research Pro-
duct Inc., Calamazoo, MI, USA) were housed in stan-
dard laboratory dog cages (Dae Jong Instrument Com-
pany), with food and water ad /ibitum, in a light-con-
trolled room at a temperature of 22+1°C and a humi-
dity of 55+10%. Each dog was housed individually
in a metabolic cage for plasma disposition study and
fasted 12 hr before/6 hr after dosing for oral studies.
10 mg/0.2 ml/kg of LB20304a was IV infused for 0.5
min via the cephalic vein of left leg or 10 mg/2 mlkg
of LB20304a was orally administered via gavage. Aft-
erwards, approximately 300 pl alliquots of blood
were withdrawn via the cephalic vein of right leg at 0.
5, 5, 10, 20, 40, 60, 90, 120, 180, 240, 300, 360,
480, 600, and 720 min for IV infusion or at 5, 10, 20,
40, 60, 90, 120, 180, 240, 300, 360, 480, 600, and
720 min for oral dosing to obtain 100 pl of plasma.

Pharmacokinetic analysis

The data after IV administration of LB20304 were
plotted as plasma concentration vs. time and fitted to
a two-exponential decay model using the non-linear
regression program SIPHAR (Version 4.0, Simed, Cre-
teil Cedex, France). The following pharmacokinetic
parameters, such as the half-life at terminal phase (t;,
.p), area under the plasma concentration-time curve
from time zero to time infinity (AUC), time-averaged
total body clearance (CL), and apparent volume of dis
tribution at steady-state (Vd,) were estimated. The
data after oral administration of LB20304 were plotted
as plasma concentration vs. time and the model in
dependent parameters, such as peak concentration
(Crad, Peak time (t,.), AUC, and extent of biocavak
lability (BA) were estimated from the observed data.
AUC from time zero to time infinity was calculated
by trapezoidal rule-extrapolation method: This
method employed the logarithmic trapezoidal rule re-
commended by Chiou (1978) for the calculation of
area during the declining plasma level phase and
linear trapezoidal rule for the rising plasma level
phase. The area from the last data point to time in
finity was estimated by dividing the last measured
plasma concentration by the terminal rate constant.
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Standard method by Gibaldi and Perrier (1982) was
used to calculate CL and Vd,. BA was calculated by

{AUCq,, % Dose )/ (AUC,, X Doseg,). The data were ex

pressed as mean=standard deviation (SD).

Statistical data analysis

Statistical significance of difference was first tested
with one-way analysis of variance (ANOVA). Where
there was a statistical difference, multiple comparisons
were conducted with the use of Fisher's Protected
Least Significance Difference (PLSD) test. a P value of
less than 0.05 was chosen as the leve| of statistical
difference.

RESULTS

The concentration-time profiles of LB20304 after in-
cubation with liver microsomes of rats, dogs, and hu-
mans are shown in Fig. 2. In the normal liver mi-
crosomes of all species, the concentration of LB20304
did not decrease with time after incubation. However,
the concentration of LB20304 decreased to 57+ 1%
in the rat microsome treated by aroclor.

The serum protein bindings of LB20304 in rats,
dogs, and humans are listed in Table I. LB20304 was
not highly bound to rat, dog, and human serum, and
the bound fraction for this compound was 58.5-65.
8%, 19.1-26.6%, and 56.9-59.6%, respectively. The
serum protein bindings of LB20304 were not sig-
nificantly different between low (2 pg/ml) and high
(10 pg/ml) concentrations in each species, but they
were significantly different among species.

The plasma concentration-time profiles of LB20304
following IV infusion and oral administration of vari-
ous doses in rats are shown in Figs. 3 and 4, respec-
tively; and the relevant pharmacokinetic parameters
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Fig. 2. The concentration profiles of LB20304 after in-
cubation in the liver microsomes of rats, dogs, and humans
at 16 ug/ml concentration. Each point represents the mean
+SD (n=3). Key: ®, Rat; O, Dog; m», Human; O, Rat
(aroclor treated)
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are listed in Table Il. After IV infusion for 1 min, the
plasma concentrations seemed to decrease parallel

Table I. Serum protein binding (%) of LB20304 in rats, dogs,
and humans (mean+5D, n=3)

2

Conc.  Rat Dog Human P
[ng/mil]

2 65.8+1.94 191+4.28° 59.6+3.72 0.0001
10 58.5+7.00 266+11.2¥ 56.9+424 0.0045
pY 0.1549 0.3352 0.4515

statistical significance of difference at P<0.05 by one-way
analysis of variance (ANOVA) between concentrations
YStatistical significance of difference at P<0.05 by one-way
analysis of variance (ANOVA) among species

¥Significantly different from other species at P<0.05 by
Fisher's Protected Least Significance Difference (PLSD) test
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Fig. 3. The plasma concentration-time profiles of LB20304 fol-

lowing IV infusion for 1 min of various doses to rats. Each

point represents the mean=+SD (n=3-10). Key: ®, 5 mgkg; O,

20 mg/kg; w, 50 mghke; 0, 100 mgkg; &, 200 mgkg
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each other and biexponentially at the dose ranges stu-
died over 5-200 mg/kg. There was no significant diff-
erence in the CL values. However, the t;,; and Vd,, at
5 mgkg dose were significantly different from those
of others, which might come from the incomplete de-
termination of terminal phase due to the non-de
tection at 360 min. The t,,5, Vd,, and CL were in the
range of 71.6-128 min, 1144-3025 ml/kg, and 14.6-
21.8 ml/min/kg, respectively. After oral administration
of LB20304 to rats, the elimination profiles of plasma
concentration seemed to change linearly each other
over 20-200 mg/kg doses studied. The BA was 30.8,
27.3, 41.6, and 36.0%, respectively. However, the el
imination profile of plasma concentration at 500 mg/
kg dose seemed to change differently from those at
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Fig. 4. The plasma concentration-time profiles of LB20304
following oral administration of various doses to rats. Each
point represents the mean=SD (n=3-10). Key: ®, 20 mg/kg;
O, 50 mg/ke; m, 100 mg/kg; o, 200 mg/kg; a, 500 mgkg

Table II. Pharmacokinetic parameters of LB20304 in the plasma following 1V infusion for 1 min and oral administration of

various doses in rats (mean=®5D, n=3~10)

Parameters 5 mg/kg 20 mg/kg 50 mg/kg 100 mg/kg 200 mgkg 500 mg/kg p"

v

tyop [Min] 71.6+16.87 93.6+11.6 128+2.51 117+7.04 124+4.13 0.0001
AUC [ug - min/ml] 224542600 778.4+196.8 2485+2064 4189+729.6 11004+591.7

CL [ml/min/kg] 18.0-£2.25 21.8+6.57 16.4+£1.23 19.5+3.04 14.6+0.777 0.1245
vd,, [mlke] 1144+663.3" 2265£959.5 2625+280.8 3025+308.6 2415%+253.0 0.0055
oral

AUC [ug - min/ml] 239.6+-48.24 6£78.4+7032 1741+176.0 3957+£381.6 16120+2082

t . [Min) 183x£11.7" 26347507 70.0+17.3°  120+0.00 130+96.4  0.0001
Conax [1g/ml] 22340640 54240856 9.02+0.616 12.5+1.50 27.7+6.42

BA [%] 30.8 27.3 41.6 36.0 58.67

UStatistical significance of difference at P<0.05 by one-way analysis of variance (ANOVA) among doses

PSignificantly different from other doses at P<0.05 by Fisher's Protected Least Significance Difference (PLSD) test

YSignificantly different from 20, 50, and 100 mg/kg doses at P<0.05 by Fisher's Protected Least Significance Difference (PLSD) test

“Significantly different from 100, 200, and 500 mg/kg doses at P<0.05 by Fisher's Protected Least Significance Difference (PLSD) test
“Significantly different from 200 and 500 mg/kg doses at P<0.05 by Fisher's Protected Least Significance Difference (PLSD) test
“Significantly different from 500 mg/kg doses at P<0.05 by Fisher's Protected Least Significance Difference (PLSD) test

7Relative to 200 mg/kg IV dose
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Fig. 5. The tissue concentration of LB20304 in the various

tissues at 30 min following oral administration of 20 mg/kg
to rats. Each point represents the mean 5D (n=3)

Conc. of LB20304 (ug/g or mi)

Fig. 6. The tissue concentration-time profiles of LB20304
following oral administration of 20 mg/kg to rats. Each
point represents the mean£5D (n=3). Key: o, 30 min; m, 60
min; =, 240 min '

20-200 mg/kg doses. By the increase of dose 2.5
times from 200 to 500 mg/kg, the AUC increased 4.1
times and the BA increased from 36.0% to 58.6%. By
contrast, the peak concentrations seemed to change
non-linearly and the peak times increased sig-
nificantly over 20-500 mg/kg oral doses (P<0.05 by
ANOVA). The increase of C,_, was 2.4, 4.0, 5.6, and
12.4 times by the increase of dose 2.5, 5, 10, and 25
times from 20 to 500 mg/kg.

After single oral administration of 20 mg/kg to rats,
the various tissue concentrations of LB20304 at 30
min are shown in Fig. 5; and the major tissue con-
centrations of LB20304 at 30, 60, 240 min are shown
in Fig. 6. The tissue concentration levels at 30 min in
liver, stomach, small intestine, and kidney were 9.5
to 26.1 times, and those in spleen, submaxillary
gland, heart, thymus, lung, large intestine, cecum,
muscle, and lymph node were 1.3 to 4.4 times great-
er than plasma level, whereas blood concentration
was similar to plasma level. The concentration in

M.K. Seo, S.H. Lee, Y.J. Choi, Y.N. Jeong, 5.H. Lee, [.C. Kim and Y.H. Lee

60 —

i

=]

S

S 45 -

- 8

-

© a 304

g S

= e

o & 154 4

%

n B A
0 . e T —
0 12 24 36 48

Time (hr)

Fig. 7. The urinary and biliary cumulative excretion-time
profiles of LB20304 following IV bolus and oral ad-
ministration of 20 mg/kg to rats. Each point represents the
mean=+5D (n=4). Key: ®, Urine in IV; O, Urine in oral; m,
Bile in IV; o, Bile in oral

testis was quite low and that in brain was negligible.
The tissue concentrations decreased time-dependently
with the the highest concentration at the first sampling
time point (30 min).

After single IV bolus and oral administration of 20
mg/kg to rats, the cumulative excretion-time profiles
of LB20304 (% of dose) into the urine and bile are
shown in Fig. 7. The excretion profiles showed that
LB20304 was mainly excreted within 12 hr. The 48
hr urinary recovery of the dose was 44+9.0% for IV
dosing and 1441.4% for oral dosing, whereas the 48
hr biliary recovery of the dose was 6.4£1.5% for IV
dosing and 4.51+1.6% for oral dosing. After B-glu-
curonidase treatment, the recovery of the dose was
17£3.5% in urine and 19+£4.7% in bile for oral dos-
ing. Therefore, the urinary excretion of LB20304 was
higher than its biliary excretion, whereas the biliary
excretion of LB20304 glucuronide conjugate was
higher than its urinary excretion.

The plasma concentration-time profiles of LB20304
following IV and oral administration of 20 mg/kg to
rats and 10 mgkg to dogs are shown in Figs. 3, 4,
and 8; and the relevant pharmacokinetic parameters
are listed in Table [ll. The CL, Vd, ti;, and BA were
21.8 ml/min/kg, 2265 ml/kg, 93.6 min, and 30.8% in
rats; and 7.95 ml/min/kg, 4144 mlkg, 363 min, and
81.1% in dogs, respectively. Therefore in dogs, the
CL decreased whereas the t;3 and BA increased sig-
nificantly compared to those of rats (P<0.05 by ANO-
VA). However, there was no difference in the volume
of distribution (Vd,) between rats and dogs.

DISCUSSION

After IV administration of 20 mgkg to rats and 10
mg/kg to dogs, the CL, Vd,, and t, 5 of LB20304 were
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Table lI. Pharmacokinetic parameters of [B20304 in the
plasma following IV and oral administration of 20 mg/kg to
rats and 10 mg/kg to dogs (mean+SD, n=5~10)

Parameters Rat Dog pY

v

U2 (Min] 93.6x11.6 363+-64.4 0.0001
AUC [ug - min/ml] 778.4+196.8 1090+322.4

CL [ml/min/kg] 21.8%£6.57 7.95+2.67 0.0034
Vd,, [ml/kg] 22651959.5 41441834 0.1082
Oral

AUC [ug - min/ml] 239.6+48.24 884.0+162.4

tmax [MiN] 18.3+11.7 53.3x£320 0.0059
C.., lug/mli] 22340640 1.72+0.225

BA [%] 30.8 81.1

"Statistical significance of difference at P<0.05 by one-way
analysis of variance (ANOVA) between rats and dogs

21.8 ml/min/kg, 2265 ml/kg, and 93.6 min in rats;
and 7.95 ml/min/kg, 4144 ml/kg, and 363 min in
dogs, respectively. The CL, Vvd,, and t,, of cipro-
floxacin (CFLX) were 57.3 ml/min/kg, 3780 ml/kg,
and 45.6 min in rats (unpublished data); 10.6 ml/min/
kg, 3330 ml/kg, and 223 min in dogs (unpublished
data); and 7.9 ml/min/kg, 1700 ml/kg, and 156 min in
dogs, respectively (Nakamura ef a/, 1990). Therefore,
LB20304 seemed to have longer half-life than CFLX
and similar tissue distribution to CFLX in rats and
dogs. By contrast, after oral administration of 20 mg/
ke to rats and 10 mgkg to dogs, the C_,,, AUC, and
BA of LB20304 were 2.23 pg/ml, 239.6 ug.min/ml,
and 30.8% in rats; and 1.72 ug/ml, 884.0 ug - min/
ml, and 81.1% in dogs, respectively. The C_,, AUC,
and BA of CFLX were 1.5 pg/ml, 154 ug - min/ml,
and 42% in rats (unpublished data); 3.1 pg/ml, 570
ug - min/ml, and 75% in dogs (unpublished data);
and 1.1 pg/ml, 458 pg - min/ml, and 44% in dogs,
respectively (Nakamura et al, 1990). Therefore, LB
20304 seemed to have similar oral absorption charac-
teristics to CFLX in rats and dogs. When LB20304
was orally administered at the dose of 20 mgkg to
rats and 10 mg/kg to dogs (Figs. 4 and 8), the plasma
concentrations of LB20304 were maintained at least
for 7.4 hr in rats and 26.2 hr in dogs above its /n vi-
tro MICs for the most pathogenic organisms (0.1 pg/
mi, Kim et a/, 1996).

The phase | metabolism of LB20304 was con-
sidered to be negligible in rats, dogs, and humans, be-
cause of no metabolism in the /n_ vitro liver mi-
crosomes where phase | metabolisms generally take
place. By contrast, LB20304 was considered to re-
ceive phase | metabolism by the enzyme induction,
because LB20304 concentration decreased in the rat
microsome treated with aroclor (Fig. 2). It was re-
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Fig. 8. The plasma concentration-time profiles of LB20304
following IV infusion for 0.5 min and oral administration of
10 mg/kg to dogs. Each point represents the mean+5SD (n=
5-6). Key: ®, IV; O, oral

ported that aroclor 1254 showed the striking dose-
and time-dependant increases in hepatic levels of
CYP1A1 and CYP1A2, and limited induction of epox-
ide hydrolase, quinone oxidoreductase, and aldehyde
dehydrogenase in rats (Dragnev et al,, 1994).

After IV infusion of LB20304 in rats, its plasma con-
centrations decreased linearly, which indicated that.
its distribution, metabolism, and excretion were not
changed over 5-200 mg/kg doses studied. After oral
administration of LB20304 to rats, the BA was in the
range of 27.3-41.6%, which indicated that its first-
pass metabolism and/or absorption fraction were not
changed over 20-200 mg/kg doses. However, the BA
was 58.6% at 500 mg/kg oral dose, which indicated
that its first-pass metabolism decreased at higher dose.
By contrast, the absorption of LB20304 seemed to be
governed by the saturation process at absorption site
over 20-500 mg/kg, because the peak concentrations
changed non-linearly and the peak times increased
by the increase of dose.

The concentration levels of LB20304 in tissues
were generally higher than plasma level in rats. Such
good tissue uptake of LB20304 was consistent with

‘its relatively large Vd, (2265 ml/kg in rats) and ex-

plained by its lipophilic property as well as its
moderate serum protein binding (Table 1). In the vari-
ous quinolones, the tissue concentration levels were
also higher than plasma level in rats (Nakamura et al.,
1990; Siefert et al, 1986a) and the serum protein
bindings were low to moderate (Okezaki et al, Gil-
fillan et al, 1984; Montay et al., 1984; Siefert et al.,
1986b; Fujii et al, 1984; Okazaki et al, 1984; Kasa-
jima et al, 1986). However, irrespective of the good
tissue penetration of LB20304, its brain concentration
level was negligible, which may indicate its poor
penetration into the central nervous system and/or in-
creased pumping out from the cerebrospinal fluid
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(CSF) to plasma via the presence of an active tran-
sport system. Qoie et al. (1996) reported that the low
central nervous system (CNS) to plasma concentration
ratio of quinolones was characterized by the pres-
ence of an active transport system for the efflux of
quinolones across the choroid plexus.

The recovery of LB20304 into urine and hile was
incomplete in rats, because the 48 hr urinary/biliary
recovery of the dose was 50.4% for 1V dosing and 18.
5% for oral dosing. Based on the /n vitro metabolism
and deconjugation studies, the unrecovered fraction
(49.6%) of LB20304 for IV dosing was partly ex-
plained by the glucuronide conjugation, because
there was a considerable excretion of LB20304 glu-
curonide into the bile and urine of rats. The 18.5% re-
covery of LB20304 for oral dosing seemed due to ex-
tensive first-pass metabolism "or incomplete ab-
sorption, which was supported by low oral bioavai-
lability (30.8%}).

In the pharmacokinetics of LB20304 for dogs, the
CL decreased significantly, and the t,,; and BA in
creased significantly, whereas the Vd,, did not change
compared to those of rats. Compared to those of rats,
the increase of t;,5 by 3.9-fold in dogs seemed to the
decrease of LB20304 elimination (metabolism and ex
cretion); and the increase of BA by 2.6-fold in dogs
seemed to the decrease of first-pass metabolism and/
or the increase of absorption.

In summary, the pharmacokinetic properties of LB
20304 were characterized by its good oral absorption,
long plasma half-life, and good tissue penetration. In
the infectious models in mice (Oh et al, 1996), LB
20304 was effective against systemic pulmonary and
urinary tract infections caused by a variety of or-
ganisms, and its efficacies were generally better than
those of ciprofloxacin and ofloxacin due to its good
in vitro MIC efficacy (Kim et al, 1996) as well as in
vivo pharmacokinetic characteristics.

ACKNOWLEDGEMENT

The authors wish to thank Drs. Myung Gull Lee
and Youn Sung Choo for ther helpfu commnts.

REFERENCES CITED

Blumberg, H.M., Rimland, D., Caroll, D.)., Terry, P.
and Wachsmuth, 1.K., Rapid development of cipro-
floxacin resistance in methicillin-susceptible and -
resistant Staphylococcus aureus. J. Infect. Dis., 163,
1279-1285 (1991).

Bradford, M:M., A rapid and sensitive method for the
quantitation of microgram quantities of protein u-
tilizing the principle of protein-dye binding. Anal.
Biochem., 72, 248-54 (1976).

Chiou, W.L., Critical evaluation of potential error in

M.K. Seo, S.H. Lee, Y.]. Choi, Y.N. Jeong, 5.H. Lee, [.C. Kim and Y.H. Lee

pharmacokinetic studies using the linear tra-
peizoidal rule method for the calculation of the
area under the plasma level-time curve. /. Phar-
macokin. Biopharm., 6, 539-546 (1978).

Czygan, P., Greim, H., Garro, AlJ., Hutterer, F,
Schaffner, F., Popper, H., Rosenthal, O. and Coop-
er, D.Y., Microsomal metabolism of di-
methylnitrosamine and the cytochrome P-450 de-
pendency of its activation to a mutagen. Cancer
Res., 33, 2983-2986 (1973).

Dragnev, K.H., Beebe, L.E, Jones, C.R., Fox, S5.D.,
Thomas, P.E., Nims, RW. and Lubet, R.A., Sub-
chronic dietary exposure to aroclor 1254 in rats:
accumulation of PCBs in liver, blood, and adipose
tissue and its relationship to induction of various
hepatic drug-metabolizing enzymes. Toxicol. Appl.
Pharmacol., 125, 111-122 (1994).

Fuchs, P.C., Barry, A.L., Pfaller, M.A., Allen, S.D. and
Gerlach, E.H., Multicenter evaluation of the /in vi-
tro activities of three new quinolones, spatfloxacin,
Cl-960, and PD-131,628, compared with the ac-
tivity of ciprofloxacin against 5,252 clinical bac-
terial isolates. Antimicrob. Agents Chermother., 35,
764-766 (19971).

Fujii, T., Furukawa,, H., Yoshida, K., Miyazaki, H.
and Hashimoto, M., Disposition and metabolism of
[“C]AT-2266 I. Single administration. Chemoth-
erapy, 32, 117-135 (1984).

Gibaldi, M. and Perrier, D., Pharmacokinetics. 2nd
ed., Marcel Dekker, New York (1982).

Gilfillan, E.C., Pelak, B.A., Bland, J.A., Malatesta, P.F.
and Gadebusch, H.H., Pharmacokinetic studies of
norfloxacin in laboratory animals. Chemotherapy,
30, 288-296 (1984).

Jones, R.N., Fluoroquinolone resistance, an evolving
national problem or just a problem for some phy-
sicians? Diag. Microbial. Infect. Dis., 15, 177-179
(1992).

Kaatz, G.W., Seo, S.M. and Ruble, C.A., Mechanisms
of fluoroquinolone resistance in Staphylococcus au-
reus. /. Infect. Dis., 163, 1080-1086 (1991).

Kasajima, H., Ishikawa, N., Machida, M., Uchida, H.
and Irikura, T., Pharmacokinetics of a new qui-
nolone, AM-833, in mice, rats, rabbits, dogs, and
monkeys. Antimicrob. Agents Chermother., 30,
304-309 (1986).

Kim, M.Y., Oh, ].I., Paek, K.S., Hong, C.Y., Kim, L.C.
and Kwak, J.H., /n vifro activities of LB20304, a
new fluoroquinolone. Arch. Pharm. Res., 19, 52-59
(1996).

Montay, G., Goueffon, Y. and Roquet, F., Absorption,
distribution, metabolic fate, and elimination of
pefloxacin mesylate in mice, rats, dogs, monkeys,
and humans. Antimicrob. Agents Chermother., 25,
463-472 (1984).

Nakamura, S., Kurobe, N., Ohue, T., Hashimoto, M.



Pharmacokinetics of LB20304, a New Fluoroquinolone, in Rats and Dogs

and Shimizu, M., Pharmacokinetics of a novel qui-
nolone AT-4140 in animals. Antimicrob. Agents
Chemother., 34, 89-441 (1990).

Oh, ].I., Paek, K.S., Ahn, M.)., Kim, M.Y., Hong, C.Y.,
Kim, I.C. and Kwak, J.H., /n vitro and /n vivo evalu-
ations of LB20304, a new fluoroquinolone. An-
timicrob. Agents Chemother, 40, 1564-1568
(1996).

Okazaki, O., Kuruta, T., Hashimoto, K., Sudo, K,
Tsumura, M. and Tachizawa, H., Metabolic dispo-
sition of DL-8280 the second report: absorption,
distribution, and excretion of [14C]-DL-8280 in
various animal species. Chemotherapy, 32, 1185-
1202 (1984).

Okezaki, E., Terasaki, T. and Nakamura, M. Serum
protein  binding of lomefloxacin, a new an-
timicrobial agent, and its related quinolones. /.
Pharm. Sci., 78, 504-507 (1989).

Qoie, T., Suzuki, H., Terasaki, T. and Sugiyama, Y.,
Characterization of the transport properties of a qui-
nolone antibiotic, fleroxacin, in rat choroid plexus.
Pharm. Res., 13, 523-527 (1996).

Piddock, L.J.B., New quinolones and gram-positive
bacteria. Antimicrob. Agents Chermother., 38, 163-
169 (1994).

Raviglione, M.C., Boyle, J.F., Mariuz, P, Pa-
blosMendez, A., Cotes,” H. and Merlo, A., Cipro-
floxacin-resistant methicillin-resistant Sta-
phylococcus aureus in an acute-care hospital. An-
timicrob. Agents Chemother.,, 34, 2050-2054

367

(1990).

Sato, K., Hosino, K., Tanaka, M., Hayakawa, I. and O-
sada, Y., Antimicrobial activity of DU-6859%a, a
new potent fluoroquinolone, against clinical iso-
lates. Antimicrob. Agents Chermother., 36, 1491-
1498 (1992).

Siefert, H.M., Maruhn, D. and Scholl, H., Phar-
macokinetics of ciprofloxacin 2nd communication:
distribution to and elimination from tissues and or-
gans following single or repeated administration of
[14C]ciprofloxacin in albino rats. Arzneim. Forsch./
Drug Res., 36, 1503-1510 (1986a).

Siefert, H.M., Maruhn, D., Maul, W., Forster, D. and
Ritter, W., Pharmacokinetics of ciprofloxacin 1nd
communication: absorption, concentrations in plas-
ma, metabolism, and excretion after a single ad-
ministration of [14C]ciprofloxacin in albino rats
and rhesus monkeys. Arzneim. Forsch./Drug Res.,
36, 1496-1502 (1986b).

Sugino, A., Peebles, C.L., Kruezer, K.N. and Coz-
zarelli, N.R., Mechanism of action of nalidixic acid:
purification of Escherichia coli nalA gene product
and its relationship to DNA gyrase and a novel
nicking-closing enzyme. Proc. Natl Acad. S5ci.
USA, 74, 4767-4771 (1977).

Thys, J.P., Jacobs, F. and Motte, $., Quinolones in the
treatment of lower respiratory tract infections. Rev.
Infect. Dis., 11 (Suppl. 5), 51212-51219 (1989).



