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Temafloxacin (A-63004) is a new quinolone antibacterial agent with a broad spectrum of activity against
gram-positive and gram-negative aerobes and anaerobes. The pharmacokinetics and metabolism of temaflox-
acin were determined in healthy volunteers after administration of single oral doses of 100, 200, 400, 600, 800,
and 1,000 mg. The corresponding peak concentrations in plasma (mean standard deviation) were 0.98
0.26, 1.61 0.57, 2.43 t 0.56, 3.87 0.64, 4.54 1.03, and 6.67 0.74 ,ug/ml. The times that elapsed to
attain peak levels ranged from 1.25 to 3.5 h. Statistical analyses of parameters related to the extent of
absorption and the linearity of the dispositional pharmacokinetics detected no dose-related trends. Study-wide,
total clearance (223 ml/min) and renal clearance (125 ml/min) showed low intersubject variability, with
coefficients of variation near 20%. The terminal-phase rate constant of 0.090 0.008 h-1 corresponds to a
half-life of 7.7 h. Temafloxacin was excreted mainly in the urine, with 57 + 11% of the dose appearing in the
urine unchanged. Conjugated temafloxacin, oxidative metabolites, and conjugates thereof were minor
components in urine, collectively accounting for 5 to 8% of the dose. Since intravenously dosed dogs eliminated
50% of the dose by nonrenal processes, urinary recoveries approaching two-thirds of the dose in humans were
consistent with high, if not quantitative, absorption. Reported adverse events were generally mild, were
randomly distributed between temafloxacin- and placebo-treated subjects, and were not dose related.

Temafloxacin [A-63004; 1-(2,4-difluorophenyl)-6-fluoro-7-
(3-methylpiperazin-1-yl)-1,4-dihydro-4-oxoquinoline-3-car-
boxylic acid] is a new quinolone antibacterial agent. This
drug has shown marked in vitro activity against gram-
positive and gram-negative bacteria. It is a member of the
6-fluoro-7-piperazino-4-quinolones, a group of compounds
that is highly active in vitro against a broad range of
gram-negative bacilli and gram-positive organisms, is able to
control systemic infections after oral administration, and is
well tolerated when so administered (19). The activity of
temafloxacin is similar to those of ciprofloxacin and oflox-
acin (2) against gram-negative organisms; its activity is
greater than those of ciprofloxacin and ofloxacin against
gram-positive, anaerobic, and intracellular organisms (6, 12).

This is the first reported study of the pharmacokinetics of
temafloxacin after administration of a range of single oral
doses. The results of this randomized, double-blind, place-
bo-controlled study are reported below.

MATERIALS AND METHODS
Subjects. Thirty healthy adult male volunteers were ini-

tially recruited for the study at Guy's Hospital Medical
School, London, England. The demographics of the subjects
receiving temafloxacin are summarized in Table 1. The
subjects' mean age was 23 years (range, 19 to 28 years), body
weight (mean + standard deviation) was 75.2 ± 7.1 kg
(range, 60.0 to 89.0 kg), and creatinine clearance (CLCR) was
128 + 26 ml/min (range, 65 to 180 ml/min). Intergroup
differences in mean ages, weights, and renal functions were
minimal.
The subjects were prohibited from medication of any sort

for at least 48 h prior to dosing. Urinary screens for drugs of
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abuse were negative, and high-performance liquid chromato-
graphic (HPLC) analyses of predosing plasma and urine
samples revealed no interfering peaks. The protocol was
reviewed and approved by the ethical committee of Guy's
Hospital. All subjects provided informed written consent.
Study design. Subjects were divided into three groups, 10

to a group, with each group assigned to two dose levels
during the study. Subjects in group 1 received one dose of
100 mg of temafloxacin or placebo during their first study
confinement (5 days) and 400 mg of temafloxacin or placebo
during the second confinement (5 days), but the second
confinement was separated from the first confinement by at
least 1 week. The doses in group 2 were 200 and 800 mg of
temafloxacin or placebo, and those in group 3 were 600 and
1,000 mg of temafloxacin or placebo. Replacements were
required for two subjects who completed only the first
confinement. At each dosing, six subjects were randomized
to receive temafloxacin and four were randomized to receive
placebo. By the study's end, 27 subjects received a total of
36 doses of temafloxacin, which was supplied by Abbott
Laboratories as the hydrochloride salt and formulated as
100- and 200-mg capsules. There were 23 doses of placebo in
matching capsules.
Confinement began 36 h prior to administration of drug or

placebo. Subjects fasted for 8 h before taking drug or
placebo and did not eat until 4 h afterward. Temafloxacin or
placebo capsules were given with 380 ml of water, and water
was permitted ad libitum throughout the study.

Sampling. Sampling was identical for subjects receiving
placebo and temafloxacin. Urine was collected for assay of
temafloxacin and its metabolites before dosing and at the
following intervals after dosing: 0 to 4, 4 to 8, 8 to 12, 12 to
24, 24 to 32, 32 to 48, and 48 to 60 h. Samples were stored
frozen until analysis.
Blood (5 ml) for assay of the concentration of temafloxacin
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TABLE 1. Subject characteristics

Dose (mg) Age (yr) Ht (cm) Wt (kg) CLCR (ml/min) (n - 6)

100 24.2 + 2.5 176.3 + 8.0 75.4 + 8.8 122 + 10 2
200 22.2 ± 2.3 179.0 ± 7.6 75.5 ± 8.4 127 ± 25 2
400 24.7 ± 2.9 182.9 ± 7.5 78.8 ± 8.1 135 ± 24 3
600 22.7 ± 2.0 173.8 ± 4.6 72.1 ± 6.4 115 ± 24 3
800 21.7 ± 1.0 182.0 ± 7.5 75.4 ± 7.5 133 ± 40 3

1,000 22.8 ± 2.5 178.1 ± 5.7 74.0 ± 3.4 135 ± 31 4

in plasma was collected into lithium-heparinized VACU-
TAINER tubes at the base line and at the following times
post dosing: 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 32, 48,
and 60 h. Blood specimens and were centrifuged; and the
plasma was frozen at -10°C or colder, packed in solid
carbon dioxide, and shipped to Abbott Laboratories for
assay.

Safety. Safety was monitored throughout the study. Vital
signs were taken at 0, 1, 2, 4, 8, 12, and 24 h. Physical
examination, ophthalmologic examination, and neurologic
assessment were performed at the base line and at 2 to 5, 24,
and 48 h; if any abnormalities were found at 48 h, examina-
tions were repeated at 4 to 6 days. Laboratory tests included
the following: prothrombin time and activated partial throm-
boplastin time at 0, 6, 12, and 32 h; 4-h CLCR at the base line
and 24 to 48 h; urinalysis at the base line, 24 h, 48 h, and 4
to 6 days; and examination of freshly collected urine for
crystals at 2 and 4 h after dosing. Electrocardiograms were
performed at the base line, 1 to 3 h, and 48 h, and electro-
encephalograms were performed at the base line and 24 to 36
h.
HPLC. The concentrations of temafloxacin and its known

metabolites in plasma and urine were determined by re-
versed-phase HPLC with tandem fluorescence and UV
detection (4). Plasma, after treatment with a displacing
reagent, was ultrafiltered with an Amicon Centrifree appa-
ratus. The reagent for quantitatively displacing temafloxacin
from plasma proteins contained 0.5% sodium dodecyl sulfate
and 30% acetonitrile, with a bromophenyl-substituted qui-
nolone serving as the internal standard. Ultrafiltrates were
analyzed with an Adsorbosphere HS C18 column (particle
size, 7 p.m; 250 by 4.6 mm; Alltech Associates), with UV and
fluorescence detectors operated at 280 nm (fluorescence
emission cutoff, 389 nm). The mobile phase consisted of 1:1
water-acetonitrile containing 0.04 M H3PO4, 0.01 M
NaH2PO4, 0.2% sodium dodecyl sulfate, and 0.005 M
N-acetylhydroxamic acid. The procedure has been shown to
have a mean intraassay coefficient of variation (CV) of 0.7%
over the concentration range of 0.05 to 10 ,ug/ml. Repeated
analyses of quality control samples containing 0.2 and 2
,ug/ml provided interassay CV estimates of 1.88 and 1.98%,
respectively, at the end of the study. Calibration curves
typically comprised nine standards with concentrations
ranging from the limit of quantitation of 0.01 to 5 or 7.5
p.gIml. The mean calibration curve correlation coefficient for
13 assays was 0.9996. Urine standards and unknowns, after
dilution (typically 1/50 to 1/100), were supplemented with
internal standard and analyzed without further processing.
The extent of conjugation of temafloxacin and its metabolites
in pooled urine specimens was determined by comparison of
results of HPLC analyses before and after hydrolysis by
base (0.5 h at 60°C in 1 N NaOH) and also by incubation with
,B-glucuronidase (18 h at 37°C with 4,500 U/ml).
Both the plasma and urine calibration curves were supple-

mented with standards of potential metabolites of temaflox-
acin. The known metabolites of temafloxacin (Fig. 1) origi-
nate from sequential oxidation of the piperazinyl moiety to
an oxo derivative (5'-OXO), then to ethylenediamine analogs
(EDA and MEDA), and finally to an aminoquinolone (AQ).
The identities of these compounds in the urine and plasma
specimens of subject were verified by cochromatography
with authentic references and by comparisons of relative
fluorescence efficiencies (i.e., ratios of the UV and fluoro-
metric responses) with those of the standards.

Pharmacokinetic analysis. The pharmacokinetics of tema-
floxacin were evaluated by use of both noncompartmental
and curve-fitting techniques. In the former approach, groups
were compared for the time elapsed to peak drug level (Tmax;
hours), dose-normalized maximal concentrations in plasma
(Cmax/D; micrograms per milliliter per 100 mg), trapezoidal
areas under the temafloxacin concentration in plasma-time
curve from 0 to 60 h (AUCO_w; microgram hours per
milliliter), apparent total body clearances (CLT/F; milliliters
per minute [F is the fraction of the dose absorbed]), and
renal clearances (CLR; milliliters per minute). CLR was
calculated as AJ/AUCO6o, where Ae is the amount excreted
from 0 to 60 h. CLCR was computed as the urinary excretion
rate divided by the concentration in plasma. The terminal-
phase rate constant (1B) was used to extrapolate from
AUC,,60 to AUCO_. (AUC from 0 h to infinity). Total
clearance was computed as dose/AUC,,. In the curve-
fitting approach (Table 2), initial estimates for NONLIN (9)
were obtained with the program CSTRIP (14). Model selec-
tion was based on comparisons of data fitted to biexponential
(one-compartment open model) and triexponential equa-
tions, using the information criterion of Akaike (1, 20). In
general, the data from the lower doses were better fitted by
the triexponential equations; however, with increasing size
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TABLE 2. Nonlinear regression analysis resultsa

Dose Data Lag time A (>g/ml/mg) B (,ag/ml/mg) Ka (h 1) a (h5) a (h-1)(mg) (h)

100 Mean 0.47 0.0053 0.0062 7.16 0.568 0.0971
GMC 0.26 0.0049 0.0074 3.01 0.907 0.1032

200 Mean 0.67 0.0045 0.0052 8.60 0.395 0.0882
GMC 0.31 0.0019 0.0062 1.88 0.212 0.0894

400 Mean 0.37 0.0067 2.27 0.0873
GMC 0.26 0.0067 1.34 0.0869

600 Mean 0.57 0.0074 2.30 0.0891
GMC 0.32 0.0075 1.21 0.0873

800 Mean 0.33 0.0071 3.22 0.0903
GMC 0.16 0.0069 1.00 0.0884

1,000 Mean 0.26 0.0077 2.21 0.0894
GMC 0.18 0.0077 1.20 0.0887

a NONLIN regressions are of data from individual subjects (n = 6) or group mean curves (GMC) determined by a biexponential equation [Cp = dose B(e-'
- e Ka), where Cp is the concentration of temafloxacin in plasma, B is the zero time intercept for the 3 phase, t is time, and Ka is the absorption rate constant]
for the 400- through 1,000-mg dose groups and a triexponential equation [Cp = dose (Ae,-t + Be,-) - (A + B) e-Ka', where A is the zero time intercept for the
a phase] for the 100- and 200-mg groups.

of dose, absorption and dissolution processes obscured the
distributive phase, rendering the biexponential equation
more appropriate. The curves were all fitted several times,
with various initial estimates. The initial weighting scheme
was 1/concentration2, which reflects the reciprocal analytical
variances; however, in some cases, the absorptive-phase
kinetics were clearly more complex than specified by the
model. Accordingly, it was necessary to down-weight the
data in this phase; otherwise, bias of the disposition phase
and underestimation of peak levels occurred.

Statistical analyses. Equivalence among the dosage groups
in the pharmacokinetic parameters was examined by a
one-way analysis of variance. Calculations were performed
with PROC GLM of SAS (13). When the P value for the
dosage was less than 0.05, indicating differences among
groups, pairwise comparisons were made at the 0.05 signif-
icance level by use of the t test (the Fisher least significant
difference test). The determinants of intersubject variability
in CLT/F and CLR were assessed by stepwise linear regres-
sion analyses, with CLCR, weight, age, urinary output,
tobacco use, and alcohol use used as variables.

Protein binding. The binding to plasma proteins was
evaluated by supplementing blank human plasma from fast-
ing male and female subjects with [14C]temafloxacin at
concentrations of 0.3, 1, 3, 10, and 30 pug/ml. The free
fraction in plasma was determined at ambient temperature
by ultrafiltration with Amicon Centrifree devices. Adsorp-
tion to the device was checked and found to be negligible by
ultrafiltration of saline solutions of temafloxacin.

RESULTS

Pharmacokinetics. The mean concentrations of temaflox-
acin in plasma after the various oral doses are presented in
Fig. 2. The observed Cmaxs ranged from 0.98 + 0.26 to 6.67
± 0.74 ,usg/ml for the six dosage groups. Although peak levels
increased with increasing dose size (Table 3), the increase
was slightly less than proportionate, as was indicated by a
decline in dose-normalized levels (Cmax/D; micrograms per
milliliter per 100 mg administered) from 0.98 at 100 mg to

0.67 at 1,000 mg. Intergroup differences in Cmax/D were
statistically significant (P = 0.005). Least significant differ-
ence t tests found the Cmax/D for the 100- and 200-mg groups
to be statistically different from those of the higher-dose
groups. Attendant with these changes were increases in
Tmax, which averaged 1.25 ± 0.52 h at 100 mg and 2.5 ± 0.6
h at 1,000 mg. In several cases in the higher-dose groups (400
to 1,000 mg), secondary peaks occurred during the absorp-
tive process, perhaps because of delayed absorption of one
or more capsules at higher doses.
The results of the nonlinear regression analyses of indi-

vidual and group mean curves are summarized in Table 2.
Most subjects had a lag between the time of dose adminis-
tration and the appearance of temafloxacin in plasma. The
lag times calculated by NONLIN, which were independent
of dose, averaged 0.44 h (26 min). The apparent absorption
rate constants, which reflect the combined kinetics of ab-
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FIG. 2. Mean plasma temafloxacin concentrations in humans
after single oral doses of 100 (l), 200 (-), 400 (0), 600 (0), 800 (A),
and 1,000 (A) mg.
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TABLE 3. Temafloxacin pharmacokinetic parameters after single oral dosesa

Dose Cmax T.. (h) AUCO,. CLr/-F CLR LRC R h) t12h V1p/F Xu6
(mg) pLg/ml Per 100 mg max (jig h/mi) (ml/mi) (ml/min) (liters) (% dose)

100 0.98 (27) 0.98 1.25 (42) 7.51 (16) 227 (16) 133 (20) 1.09 (21) 0.097 (13) 7.1 143 (25) 59.4 (21)
200 1.61 (35) 0.81 1.92 (63) 15.02 (24) 237 (33) 138 (14) 1.12 (25) 0.088 (9) 7.9 161 (30) 60.9 (22)
400 2.43 (23) 0.61 2.50 (22) 29.69 (19) 232 (19) 138 (29) 1.01 (17) 0.087 (4) 7.9 159 (19) 59.2 (24)
600 3.87 (17) 0.65 2.58 (50) 49.54 (15) 205 (13) 96 (14) 0.86 (26) 0.089 (10) 7.8 138 (8) 46.8 (11)
800 4.54 (23) 0.57 3.50 (59) 58.66 (14) 232 (15) 132 (21) 1.04 (25) 0.090 (6) 7.7 154 (14) 56.5 (15)

1,000 6.67 (11) 0.67 2.50 (22) 82.25 (15) 206 (12) 117 (14) 0.90 (19) 0.089 (7) 7.8 139 (13) 56.5 (10)
Meanb 0.71 (31) 2.38 (54) 7.71 (17) 223 (20) 125 (22) 1.00 (23) 0.090 (9) 7.7 149 (20) 56.5 (19)

a Values are means from six subjects, with CVs given in parentheses. Vp/F, Volume of distribution in the f3 phase; X.60, amount excreted in the urine after 60
h; abbreviations for all other parameters are defined in the text.

b Study-wide mean (n = 36) of parameter or dose-normalized parameter (per 100 mg administered).

sorption and dissolution, declined with in
however, there were subjects in all dosai
showed rapid absorption (half-life [t1/2], <15
The decline in temafloxacin levels was usu

nential, except in the 100- and 200-mg groul
distributive phase lasting 3 to 6 h was u

Temafloxacin levels in plasma 24 h after do
cally one-eighth to one-fifth of the peak leve
The group mean AUCs of temafloxacin M

related with the dose (r = 0.998), and the i
regression was not statistically significant (Fi
of the regression forced through the origin X
ml/100 mg administered. The apparent tot,
temafloxacin, CLT/F, showed little change
dose, ranging from 205 to 237 ml/min for
groups, and was 223 44 ml/min study-N
Normalization of CLT/F by body surface,
mll/min/1.73 m2) had a negligible effect on
CV. Intergroup differences in CLT/F were
significant.
Mean CLR values ranged from 96 to 138 ml

125 ml/min study-wide. Intergroup differenc4
the ratio of CLR to CLCR, were not statistic
The temafloxacin CLR averaged 100.3% of 1

ing CLCR for the individual subjects. The
temafloxacin in plasma, determined by ultr
found to be independent of concentration,
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FIG. 3. Dose proportionality of temafloxacir

comparison (correlation coefficient = 0.998; AUC
100 mg administered).

icreasing dose; thus, the renal clearance of unbound temafloxacin slightly
ge groups who exceeds the glomerular filtration rate, as estimated by CLCR.
min). A one-way analysis of variance found no intergroup

ally monoexpo- differences among the terminal-phase rate constants (1B),
ps, for which a which averaged 0.0902 h-' for all subjects, corresponding to
sually evident. a t112 of 7.7 h. Mean t412s for the six dosage groups ranged
sing were typi- from 7.1 to 7.9 h (Table 3).
ls. The determinants of intersubject variance in the CLT/F
iere highly cor- and CLR of temafloxacin were evaluated by stepwise linear
intercept of the regression. From the variety of variables tested, only CLCR
ig. 3). The slope was found to be statistically significant (PR > F = 0.022 for
was 7.71lagn hi CLTF and 0.0001 for CLR), accounting for 14.5 and 35% of
al clearance.of the variances in CLT/F and CLR, respectively. The low
with increasing indices of determination from the regressions reflect the
the SiX dosage narrow ranges in the temafloxacin clearances, which had
wde (20able 39) study-wide CVs of 20%, and in the CLCR of the panel of

tahrea (t0 ±b t young, healthy volunteers (CV, 26%). Tobacco use was
te intersubject associated (PR > F = 0.019) with lower CLR (113 versus 135

not statiStiCally ml/min) and CLCR (120 versus 132 ml/min); however, CLT/F

Umin/ averagig. (225 versus 222 ml/min) and the CLR/CLCR ratios (0.98
smin, averaging versus 1.04) for smokers and nonsmokers were comparable.

es in CLR, or in A small, but significant (PR > F = 0.010) circadian effect
,ally significant. was also observed with CLR, which averaged 120 and 143
the correspond- ml/min for the night and day collection intervals, respec-
free fraction of tively.
rafiltration, was Excretion and metabolism. Group 0- to 60-h urinary recov-
averaging 74%; eries of unchanged temafloxacin were 59.4 ± 12.7, 60.9 ±

13.2, 59.2 ± 14.1, 46.8 ± 5.0, 56.5 ± 8.4, and 56.5 ± 5.4% for
the respective 100-, 200-, 400-, 600-, 800-, and 1,000-mg
doses; the intergroup differences were not statistically sig-
nificant. The study-wide recovery of unchanged temaflox-
acin at 0 to 60 h was 56.5 ± 10.5% of the dose. Based on the
kinetic parameters discussed earlier, less than 1% of the
dose remained to be excreted at the end of the 60-h interval.

Hydrolysis of pooled urine specimens revealed that un-
conjugated temafloxacin was the preponderant component.
Levels of the glucuronide conjugate, determined by the
difference between HPLC analyses of untreated and hydro-
lyzed urine specimens, were typically less than 6% of the
levels of free drug and, as such, approached the analytical
limit of precision of this approach; however, a study-wide
mean concentration difference of 3.5% between paired anal-
yses of nonhydrolyzed and hydrolyzed samples was found to

*;0 I ~00 be statistically significant. The levels of the oxidative metab-
800 1000 olites and their conjugates were collectively about 2% of the

levels of temafloxacin and its conjugate; thus, the urinary
based on AUC recovery of temafloxacin and its metabolites from time zero
7.71 ,ug- h/ml/ to infinity represented approximately two-thirds of the ad-

ministered dose.
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Safety. No clinically significant changes were observed in
any subject for any of the safety evaluations performed. The
adverse events reported were generally mild and randomly
distributed between temafloxacin- and placebo-treated sub-
jects. The incidence of adverse events was not dose related.
The most frequently reported adverse event was headache
for both the temafloxacin (22.2%) and placebo (21.7%)
groups. No study drug crystals were observed in the urine.

DISCUSSION

After administration of single oral doses of temafloxacin
ranging from 100 to 1,000 mg, the extent of absorption was
essentially constant and the dispositional kinetics were lin-
ear. Dose-related trends in CLT/F, CLR, 4/2pl, and urinary
recovery were not statistically demonstrable. Intersubject
coefficients of variation were low for an orally administered
drug, ranging from 8.6% for ,B to about 20% for CLR and
CLT/F.

In experiments in dogs (unpublished data), orally admin-
istered temafloxacin was found to be quantitatively ab-
sorbed; yet, the urinary recovery accounted for only 50% of
the intravenously administered dose. The extent of absolute
absorption (F) of temafloxacin after oral administration
could not be determined in the present study. However, the
finding of constancy of urinary recovery with dose in our
human subjects, as well as data from dog experiments,
indicated that absorption is extensive, if not quantitative, in
humans. The fact that urinary recoveries were higher in
humans than they were in dogs may reflect interspecies
differences in biliary secretion thresholds. Temafloxacin has
a molecular weight of 417; thus, both parent and conjugates
are above the biliary secretion threshold of 325 + 50 in dogs
(17). Humans have a generally higher threshold with less
efficient secretion, so clearance of unchanged temafloxacin
by this route would be expected to be less competitive
against renal excretion.
The collective observations of decreases in CmaxID and

increases in Tmax with increasing dose indicate that the rate
of dissolution of temafloxacin may have been a major factor.
The solubility of temafloxacin at pH 1 to 2 or 5.5 to 7 is
approximately 0.5 to 1 mg/ml; thus, the gastrointestinal fluid
present and the 380 ml of water ingested with each dose
should have been sufficient to allow rapid dissolution of the
100- and 200-mg doses. With larger doses, dissolution may
have progressively become the rate-limiting process in ab-
sorption. Prolongation of the absorptive process also
masked the distributive phase of temafloxacin. In the six
subjects of the 100- and 200-mg groups who had Tmax values
of less than or equal to 1 h, NONLIN-calculated values for
the distributive rate constant averaged 0.74 h-1; however,
with increasing dose size, the magnitudes of the rates of the
absorptive and distributive processes became similar enough
to obscure the former process, resulting in curves that were
essentially biexponential.

Since renal excretion is the predominant component of the
total clearance of temafloxacin, appreciation of the underly-
ing mechanisms is important: renal function is expected to
be an important predictor of interpatient variability. The
observation that the CLR of unbound drug slightly exceeded
the CLCR indicates that glomerular filtration is the dominant
process and that tubular secretion plays a minor role in the
renal elimination of temafloxacin. Close inspection of the
mean plasma-concentration-versus-time courses revealed a
very slight sinusoidal fluctuation in the postdistributive
phases, with shallower slopes during the evening periods.

The underlying phenomenon appears to be the reduction in
CLR at night. Similar circadian effects have been noted in the
review of chronopharmacokinetics by Reinberg and Smolen-
sky (11). Since cardiac output, renal blood flow, glomerular
filtration rate, and the associated renal regulatory hormones
are at their daily minimum during the nighttime period of
inactivity, a slightly lower CLR at night would be expected.

Eight quinolone antibacterial agents are sufficiently well-
described in the recent literature to allow comparisons with
temafloxacin: ciprofloxacin, difloxacin, enoxacin, flerox-
acin, lomefloxacin, norfloxacin, ofloxacin, and pefloxacin (3,
5, 7, 8, 10, 15, 16, 18). Because the metabolic clearances of
these quinolones are low, compared with hepatic blood flow,
the primary determinant of kinetic differences among them is
the mechanism of renal elimination. Pefloxacin and diflox-
acin, which are the least polar, are renally reabsorbed and,
as a result, have the longest t1/2s. With the more polar
quinolones, such as ciprofloxacin, norfloxacin, and enoxa-
cin, CLRs exceed the glomerular filtration rate by factors of
up to 3:1, which results in t1/2s in the 3- to 7-h range. The
present data for temafloxacin indicate that it is mechanisti-
cally intermediate, with the CLR approximating the glomer-
ular filtration rate. Accordingly, the dose-invariant and ap-
parently high absorption efficiency, as well as a somewhat
longer t1/2, results in AUCs that equal or exceed those
reported for the renally eliminated quinolones.
From the results of this study of single ascending doses of

temafloxacin (100 to 1,000 mg) given to healthy subjects, it
was determined that temafloxacin is primarily eliminated
renally, ostensibly with linear pharmacokinetics. Oral ad-
ministration of 400 mg twice daily for several days or more is
anticipated to produce steady-state minima of about 2 ,ug/ml.
This is above the MIC for 90% of the strains for the majority
of the organisms examined by Hardy et al. (6) and Barry and
Jones (2). Thus, it is expected that temafloxacin will prove to
be useful in the treatment of infections of the urinary tract,
lower respiratory tract, and skin or skin structure.

ACKNOWLEDGMENTS

We thank Sheila Bunnell and Louie Varga for expert technical
assistance in performing HPLC analyses of the study samples and
Barb Bopp for the determination of the free fraction in plasma. We
are also indebted to Joanne Afarian for study coordination and to
Tom Soeder and Phil Pichotta for statistical analyses.
The research was supported by Abbott Laboratories, Abbott

Park, Ill.

REFERENCES
1. Akaike, H. 1976. An information criterion (AIC). Math Sci.

14:5.
2. Barry, A. L., and R. N. Jones. 1989. In-vitro activities of

temafloxacin, tosufloxacin (A-61827) and five other fluoroqui-
nolone agents. J. Antimicrob. Chemother. 23:527-535.

3. Crump, B., R. Wise, and J. Dent. 1983. Pharmacokinetics and
tissue penetration of ciprofloxacin. Antimicrob. Agents Chemo-
ther. 24:784-786.

4. Granneman, G. R., and L. T. Sennello. 1987. High-performance
liquid chromatographic procedures for the determination of
difloxacin and its metabolites in biological matrices. J. Chro-
matogr. 413:199-206.

5. Granneman, G. R., K. M. Snyder, and V. S. Shu. 1986.
Difloxacin metabolism and pharmacokinetics in humans after
single oral doses. Antimicrob. Agents Chemother. 30:689-693.

6. Hardy, D. F., R. N. Swanson, D. M. Hensey, N. R. Ramer, R. R.
Bower, C. W. Hanson, D. T. W. Chu, and P. B. Fernandes. 1987.
Comparative antibacterial activities of temafloxacin hydrochlo-
ride (A-62254) and two reference fluoroquinolones. Antimicrob.
Agents Chemother. 31:1768-1774.

440 GRANNEMAN ET AL.



TEMAFLOXACIN PHARMACOKINETICS AFTER SINGLE ORAL DOSES 441

7. Leroy, A., J. P. Fillastre, and G. Humbert. 1990. Lomefloxacin
pharmacokinetics in subjects with normal and impaired renal
function. Antimicrob. Agents Chemother. 34:17-20.

8. Lode, H., G. Hoffken, P. Olschewski, B. Sievers, A. Kirch, K.
Borner, and P. Koeppe. 1987. Pharmacokinetics of ofloxacin
after parenteral and enteral administration. Antimicrob. Agents
Chemother. 31:1338-1342.

9. Metzler, C. M., G. L. Elfring, and A. J. McEwen. 1974. A
package of computer programs for pharmacokinetic modeling.
Biometrics 30:562-563.

10. Montay, G., G. Goueffon, and F. Roquet. 1984. Absorption,
distribution, metabolic fate, and elimination of pefloxacin me-

sylate in mice, rats, dogs, monkeys, and humans. Antimicrob.
Agents Chemother. 25:463-472.

11. Reinberg, A., and M. H. Smolensky. 1982. Circadian changes of
drug disposition in man. Clin. Pharmacokinet. 7:401-420.

12. Rolston, K. V. I., D. H. Lo, B. LeBlanc, G. Gooch, and G. P.
Bodey. 1988. Comparative in vitro activity of the new difluoro-
quinolone temafloxacin (A-62254) against bacterial isolates from
cancer patients. Eur. J. Clin. Microbiol. Infect. Dis. 7:684-686.

13. SAS Institute Inc. 1985. The GLM procedure, p. 433-506. In
A. A. Ray (ed.), SAS user's guide: statistics. SAS Institute Inc.,
Cary, N.C.

14. Sedman, A. J., and J. G. Wagner. 1976. CSTRIP-a FORTRAN

computer program for obtaining initial polyexponential esti-
mates. J. Pharm Sci. 65:1006-1010.

15. Swanson, B. N., V. K. Boppana, P. H. Viasses, H. H. Rotmensch,
and R. K. Ferguson. 1983. Norfloxacin disposition after sequen-
tially increasing oral doses. Antimicrob. Agents Chemother.
23:284-288.

16. Weidekamm, E., R. Portmann, K. Suter, C. Partos, D. Dell, and
P. W. Lucker. 1987. Single- and multiple-dose pharmacokinetics
of fleroxacin, a trifluorinated quinolone, in humans. Antimicrob.
Agents Chemother. 31:1909-1914.

17. Williams, R. T. 1971. Species variation in drug metabolism, p.
187-205. In B. N. LaDu, H. G. Mandel, and E. L. Way (ed.),
Fundamentals of drug metabolism and drug disposition. The
Williams & Wilkins Co., Baltimore.

18. Wise, R., R. Lockley, J. Dent, and M. Webberly. 1984. Pharma-
cokinetics and tissue penetration of enoxacin. Antimicrob.
Agents Chemother. 26:17-19.

19. Wolfson, J. S., and D. C. Hooper. 1985. The fluoroquinolones:
structures, mechanisms of action and resistance, and spectra of
activity in vitro. Antimicrob. Agents Chemother. 28:581-586.

20. Yamaoka, K., T. Nakagawa, and T. Uno. 1978. Application of
Akaike's information criterion (AIC) in the evaluation of linear
pharmacokinetic equations. J. Pharmacokinet. Biopharm. 6:
165-175.

VOL. 35, 1991


