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Twelve healthy volunteers participated in this randomized crossover study to compare the concentrations
and recovery levels of fleroxacin and pefloxacin in urine and to assess their bactericidal activities against 12
strains of urinary pathogens with different susceptibilities over a wide range of MICs. The volunteers received
a single oral dose of 400 mg of fleroxacin or 800 mg of pefloxacin. The mean cumulative renal excretion of
unchanged fleroxacin, N-demethyl-fleroxacin, and N-oxide-fleroxacin accounted for 67, 7, and 6% of the total
dose, respectively. The total urinary recovery of pefloxacin and the active metabolite norfloxacin was 34%. In
the time-Kill and the urinary bactericidal titer (UBT) studies, only the subjects’ urine not supplemented with
broth was used. With most tested organisms and both quinolones it took more than 8 h to achieve a reduction
in CFU of 99.9% (3 log units). Overall, there was a good correlation between UBTs and MICs for the strains.
Against Escherichia coli ATCC 25922 the median UBTs were similar for both antibiotics and at least 1:8 for
96 h; against the E. coli strain for which the MIC was 0.5 pg/ml the UBT was at least 1:4 for 48 h. The UBTs
of both drugs against Klebsiella pneumoniae were at least 1:16 for 72 h. The UBTs for Staphylococcus aureus (the
MIC for which was 16 pg/ml) of both antibiotics were low, and in some of the samples, no bactericidal titers
were observed. UBTs for Proteus mirabilis of pefloxacin are significantly higher than those of fleroxacin. For
Pseudomonas aeruginosa the median UBTs were present for the 24-to-48-h interval. The same is true for
Enterococcus faecalis. Against Staphylococcus saprophyticus, UBTs were present for at least 48 h with both
quinolones. Overall, a single oral dose of 400 mg of fleroxacin exhibits UBTs comparable to those of 800 mg
of pefloxacin. Therefore, it may be expected that half of the dose of fleroxacin gives comparable results in the

treatment of urinary tract infections; this should be substantiated in comparative clinical trials.

Fleroxacin (FLX) and pefloxacin (PFL) belong to the class
of fluoroquinolones. They are highly effective against most
gram-negative and some gram-positive bacteria. Data from
comparative and noncomparative studies have demonstrated
their efficacy against a wide range of infections, especially in
complicated and uncomplicated urinary tract infections. Both
antibiotics have long serum half-lives of about 10 to 12 h and
sustain high urinary levels following a single oral dose. Where-
as PFL is excreted into the urine as only about 10% parent
drug and about 20% active metabolite, FLX is mainly excreted
unchanged into the urine. Their pharmacokinetics and anti-
bacterial activities make them the best drugs for once-a-day
dosing for the treatment of urinary tract infections.

Usually, in vitro susceptibility testing in conjunction with
urinary concentration measurements is used to guide the treat-
ment, assuming that this information is sufficient to predict the
clinical effectiveness of the chosen chemotherapy. In contrast
to conventional standard media, urine is a complex and con-
stantly changing medium. Hydrogen ion concentration and
osmolality can vary over a wide range within a short period of
time. Changes in the composition of urine can profoundly alter
antimicrobial activity. Thus, when bacterial strains have been
tested in human urine, MICs have been found to be higher
than those in conventional media (18, 21).
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This study was carried out to determine the concentrations
and recovery levels of FLX and PFL in the urine of volunteers
after single doses of 400 and 800 mg, respectively, and to com-
pare the bactericidal urinary activity of FLX with that of PFL
against urinary pathogens by measuring the bactericidal killing
rate in urine and urinary bactericidal titers (UBTs). In contrast
to other studies, only undiluted urine was used as the growth
medium.

(This work was presented in part at the 19th International
Congress of Chemotherapy, Montreal, Canada, 16 to 21 July
1995 [19].)

MATERIALS AND METHODS

Study design and subjects. Twelve healthy volunteers (six male and six female)
participated in this randomized crossover study. The protocol of the study was
approved by an independent ethical committee (Freiburger Ethikkommission).
Persons from 18 to 44 years of age (median, 32 years) with body weights ranging
from 53 to 100 kg (median, 74 kg) were included in the study. Good general
health was determined by medical history and by physical and laboratory exam-
inations. Female volunteers were neither pregnant nor breast-feeding, and suf-
ficient contraception was indicated. Exclusion criteria consisted of clinically sig-
nificant abnormal baseline laboratory parameters, antibiotic treatment 4 weeks
prior to and during the study period (controlled by a microbiological assay),
allergy to the study drugs, bacteriuria of =10* CFU/ml of urine, need for a
special diet, use of alcohol or coffee, and nicotine abuse. No medication besides
hormonal contraception was allowed. Urine samples were collected during the
24 h before the drug administration, assayed for antibiotic concentrations, and
stored.

Drug administration and sample collection. After written informed consent
was obtained, each volunteer received in random order and in a crossover design
one oral dose of 400 mg of FLX (two tablets, 200 mg each; Hoffmann-La Roche
Ltd., Basel, Switzerland) or 800 mg of PFL (two tablets, 400 mg each; Rhone



1660 NABER ET AL.

TABLE 1. MICs® and MBCs of FLX and PFL for
the 12 bacterial strains used in the study

FLX PFL
Species or strain

MIC! MIC> MBC MIC' MIC> MBC

E. coli ATCC 25922 0.03 =0.06 =006 0.03 =0.06 =0.06
K. pneumoniae 0.125 =0.06 0.125 0.125 0.125 025
E. coli 0.5 0.5 1 0.5 1 1

S. aureus 1 0.5 =006 =006 0.5 0.125  0.125
P. mirabilis 1 =006 025 1 0.125  0.25
P. aeruginosa 1 2 2 4 2 2 4

P. aeruginosa 11 4 2 4 4 2 4

S. saprophyticus 4 2 4 4 2 4
E. faecalis 1 4 4 4 4 2 4
E. faecalis T 8 4 4 8 4 4

S. aureus 11 16 8 32 16 8 16
Streptococcus group B sp. 16 8 16 16 8 16

4 MIC', MIC (pg/ml) by agar dilution method; MIC?, MIC (ug/ml) by broth
microdilution method.

Poulence Rorer GmbH, Cologne, Germany) while in an overnight fasting state.
Alcohol- and xanthine-containing beverages and meals were not allowed 12 h
before and 24 h after drug administration. Urine was collected at the following
intervals during the 7 days: 0 to 6, 6 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96,
96 to 120, 120 to 144, and 144 to 168 h. The volumes of urine were recorded, and
a sample was retained for assay. Urine samples were centrifuged, sterile filtered,
and stored at —20°C until the assay. The washout period between the two oral
administrations was 14 days.

Drug analyses. The urinary concentrations of FLX and its metabolites, FLX-
N-oxide (FNO) and N-demethyl-FLX (NDF), and that of PFL and its metabo-
lites, N-demethyl-PFL (norfloxacin [NOR]) and PFL-N-oxide (PNO), were de-
termined by a high-performance liquid chromatography (HPLC) method with a
high degree of sensitivity and specificity. Urine samples were defrosted and
shaken for 1 min and diluted 1:50 with buffer, and 5 or 10 pl of the FLX samples
and 10 or 50 pl of the PFL samples were used for HPLC analysis. If necessary
the samples were further diluted with urine sampled before the drug adminis-
tration to bring the expected concentration within the range of the standards.
The chromatographic system included a Spectroflow 400 pump (Kratos Analyt-
ical Instruments, Ramsay, N.J.) operating at a flow rate of 1.2 ml/min. An
Autosampler 460 (Kontron, Eching, Germany) automatic sampler was used for
automatic sample injection. The column used was a Spherisorb ODS II (pore
size, S5um; 250 by 4.6 mm). The solvent used for the FLX test was a mixture of
0.1 M citric acid, 22 nM ammonium perchlorate, 5 mM tetrabutylammonium
hydroxide, and acetonitrile (87:13). For the PFL test, a mixture of 0.11 M citric
acid, 22 nM ammonium perchlorate, 5 mM tetrabutylammonium hydroxide, and
acetonitrile (88:12) was used. A wavelength fluorescence detector was set at an
excitation of 290 nm and an emission wavelength of 460 nm to determine FLX
levels; the corresponding settings were 275 and 450 nm to determine PFL levels.
The retention times for FLX, FNO, NDF, PFL, NOR, and PNO were 7.7, 9.2,
6.3,9.8, 8.3, and 11.7 min, respectively. The limits for detection were 0.454, 0.926,
0.690, 0.0884, 0.0876, and 0.0897 pg/ml for FLX, FNO, NDF, PFL, NOR, and
PNO, respectively. In quality control tests 94.7 to 98.0% of FLX, 97.1 to 99.9%
of FNO, 95.7 to 98.2% of NDF, 97.6 to 101.0% of PFL, 93.6 to 100.5% of NOR,
and 92.9 to 101.1% of PNO were detected. The between-day precision was found
to be not higher than 6.2% for FLX and its metabolites and 10.1% for PFL and
its metabolites.

Bacteria. Eleven pathogens were cultured from the urine of patients with
urinary tract infections. For each pathogen, the MIC of FLX was the same as that
of PFL, as determined by the agar dilution method. The pathogens included
Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, two strains of Pseudo-
monas aeruginosa (I and II), two strains of Enterococcus faecalis (1 and II), two
strains of Staphylococcus aureus (I and II), Staphylococcus saprophyticus, and a
Streptococcus group B sp. The reference strain, E. coli ATCC 25922, which was
susceptible to nalidixic acid, was also tested. The MICs and minimal bactericidal
concentrations (MBCs) for the strains are given in Table 1.

Inhibitory and bactericidal activity. The MICs were determined by a microdi-
lution method (Mueller-Hinton broth) using an inoculum of 10° CFU/ml as well
as by an agar dilution method (Iso-Sensitest agar) using a multipointer delivery
with an inoculum of 10* CFU per point. The MIC was defined as the lowest
concentration inhibiting visible growth after incubation at 37°C for 18 h. Mini-
mal bactericidal concentrations (MBC) were determined in a two-step procedure
by counting the CFUs on antibiotic-free media. Bactericidal activity was defined
as a reduction of CFUs by more than 99.9% (more than 3 log units) from
an inoculum of 10> CFU/ml after incubation at 37°C for 18 to 24 h.

For time-kill studies the bactericidal activities of FLX and PFL in pooled urine
taken during the 0-to-6-h urine sample-collecting period were determined. The
FLX and PFL-plus-NOR concentrations in the pooled urine sample were de-
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termined by HPLC and were 216.7 and 167.8 pg/ml, respectively. After inocu-
lation with 10° CFU/ml the urine samples were incubated at 37°C, and samples
were taken at 0, 1, 2, 3, 4, 6, 8, and 16 to 24 h and subcultured for determination
of viable cells. CFUs were counted after 18 h of incubation at 37°C.

UBTs. Urinary bactericidal titer (UBT) determinations were based on the
principles of a modified and extended Schlichter test with the patient urine in-
stead of serum as the antimicrobial milieu (6). UBTs were determined by assay-
ing microtiter plates. The urine from each collecting period was diluted in a twofold
manner with the undiluted antibiotic-free urine of the corresponding individual,
collected 24 h before drug administration. The final inoculum was 10° CFU/ml.
The inoculated plates were incubated at 37°C for 18 h and subcultivated on
antibiotic-free Iso-Sensitest agar supplemented with 5% blood for counting the
CFUs. The UBT was defined as the greatest urinary dilution bactericidal for the
pathogen tested. The measured UBTs ranged from 1:1 (undiluted urine) to
1:1,024. The inoculum preparation, the incubation, and the subculturing tech-
niques were identical to the methods used for the MIC and MBC determina-
tions. For quality control reference strain E. coli ATCC 25922 was used. The
methodological variability of the UBT assay was determined earlier as follows.
By using three different fluoroquinolones and six different bacterial strains a total
of 18 UBTs (eight replicates each) were determined. A standard deviation of
+0.37 dilution steps (variant coefficient, 0.14) was found (data not published).

The area under the UBT-versus-time curve (AUBTC) was calculated by the
trapezoidal rule by using transformed UBTSs (see below) of the corresponding
collecting periods.

Statistical analysis. Statistical analysis was primarily based on an analysis of
variance on the transformed data, where the actual transformation used was y =
log, (x + 1), where x denotes the titer corresponding to no bactericidal effect for
the undiluted urine. The effects related to error and volunteer are considered to
be random effects; all other effects are considered fixed. Three analyses were run;
all analyses were based on the assumption of complete independence between
subjects. In the simplest analysis, measurements for a subject were considered
independent. The second analysis assumed an autoregressive model of first order
between patients, and the third analysis assumed a Toeplitz structure. Calcula-
tions were made with SAS version 6.09 software. Assumption of normality was
roughly checked by using a normal probability plot on the residuals.

In the second analysis simple paired ¢ tests were performed with transformed
data for the UBTs and AUBTCs. A P value of <0.05 was set as statistically
significant. For indicating the size of the effects, it was decided that medians
rather than geometric means would be used. The artificial value of 0 used to
indicate no bactericidal effect of undiluted urine creates in our opinion problems
for interpreting geometric means.

RESULTS

Urinary excretion. The mean cumulative renal excretion of
unchanged FLX accounts for 67.1% =+ 4.5% of the total dose
(range, 59 to 72%). The urinary excretion of NDF and FNO
accounted for 6.9% = 2.2% and 5.8% * 1.6% of the dose,
respectively. Due to extensive metabolism of PFL only 13.2%
*+ 4.2% of unchanged PFL was detected in urine. The principal
metabolites NOR and PNO accounted for 20.8% * 3.8% and
19.2% = 2.5% of the administered dose, respectively. The total
urinary recovery of the parent drug and the active metabolite
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time
FIG. 1. Mean urinary concentrations of FLX and PFL plus NOR. For sig-
nificant differences P < 0.05.
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TABLE 2. Concentrations of FLX, PFL, and their metabolites in urine
Mean (range) concn (ug/ml) and n“ for:
Collection FLX FNO NDF PFL NOR PNO
interval
(h) Concn Concn Concn Concn Concn Concn
(range) " (range) " (range) n (range) " (range) " (range)
pre® 0 -¢ 0 - 0 - 0 - 0 - 0 -
0-6 12 217 (98-427) 12 21.4 (4-70) 12 16.3 (5-40) 12 84.0 (37-219) 12 80.3 (20-144) 12 115.4 (29-233)
6-12 12 160 (63-355) 12 17.6 (4.6-62) 12 16.8 (4-49) 12 50.1(22-97) 12 76.3 (46.1-133) 12 93.8 (19-192)
12-24 12 102 (43-178) 12 10.2(5-19) 12 12.2(5.5-24.5) 117 46.0 (8-104) 114 72.9 (31-109) 114 70.5 (31-115)
24-48 12 26.8 (12-49) 12 24(1.2-5.8) 12 3.1(0.8-9) 12 19.0 (2.3-53) 12 29.1 (14-68) 12 27.3 (10-70)
48-72 12 6.3 (2.4-11.8) 1 1.5¢ 8 0.7 (0.7-1.7) 12 5.8 (0.2-13.8) 12 102 (1.7-23) 12 8.7 (1.2-19)
72-96 12 2.2(0.8-3.9) 0 - 2 0.2 (0.9-1.3) 10 2.4 (0.3-8.9) 12 3.9 (0.4-7) 12 3.4(0.2-12)
96-120 8 0.6 (0.5-1.4) 0 - 0 - 9 0.9 (0.3-3.4) 12 1.5 (0.1-4.4) 10 1.3(0.1-4.2)
120-144 4 0.3 (0.7-1) 0 - 2 0.1 (0.6-0.8) 8 0.5(0.2-3.2) 10 0.5 (0.1-2.4) 8 0.5(0.2-3.7)
144-168 4 0.2 (0.5-0.8) 0 - 1 0.8° 5 0.2 (0.1-2) 8 0.3 (0.1-2) 6 0.3 (0.1-2.8)

“ n, number of individuals with concentrations above the quantification limit.
® pre, sample taken prior to drug administration.

-, below quantification limit.

4 One sample not available.

¢Since n = 1, the concepts of mean and range are not applicable.

NOR was 34%. Thus, the mean percentage of the total amount
of FLX recovered in the urine over the study period of 7 days
was about twice as much as that of PFL plus NOR. With both
drugs, FLX and PFL plus NOR, the renal excretion was almost
complete after 48 h. The mean urinary concentrations of FLX
and PFL plus NOR are shown in Fig. 1. During the 0-to-6-h,
the 6-to-12-h, and the 12-to-24-h periods the mean concentra-
tions of the metabolite NDF were 16.3, 16.8, and 12.2 pg/ml,
respectively (Table 2). The interindividual variations were con-
siderable. The urinary concentrations of unchanged FLX and
those of PFL plus NOR were in the same range during the
total time of observation after single oral doses of 400 and 800
mg, respectively. There were no significant differences (P >
0.05) in the concentrations (in micrograms per milliliter) of
FLX and PFL plus NOR during the first 24 h. Between the
third and the fifth day the PFL-plus-NOR concentrations were
higher but were similar on days 6 and 7.

Bactericidal kinetics in urine. The pathogens used for this
study reflect the clinical situation where fluoroquinolones are
still the most active drugs against Enterobacteriaceae, according
to a recently published susceptibility study (20). The bacteri-
cidal kinetics of the tested strains are shown in Fig. 2. FLX
reduced the initial number of bacteria by at least 99% (2 log
units) at 6 h for E. coli ATCC 25922, S. aureus 1, P. aeruginosa
I and II, and the Streptococcus group B sp. However, bacteri-
cidal activity, defined as a reduction in the number of CFU by
at least 99.9% (3 log units) was not achieved during the 16-to-
24-h period for P. mirabilis, P. aeruginosa 11, and S. aureus II.
PFL reduced the initial number of bacteria by at least 99% at
6 h for K. pneumoniae, S. aureus 1, and E. faecalis 1. Bacteri-
cidal activity during the 16-to-24-h period was not achieved for
P. mirabilis and S. aureus 11, as with FLX. The results of bac-
terial killing do not always exactly correlate with the MIC.
With PFL there is more rapid killing of K. pneumoniae than of
E. coli ATCC 25922. P. mirabilis was more resistant to killing
by both substances than the other Enterobacteriaceae. In spite
of high urinary concentrations there was only a slight reduction
in the number of S. aureus II organisms.

UBTs. The antibacterial activity of quinolones including
FLX in urine is reduced: the MIC of FLX against the tested
E. coli, K. pneumoniae, and P. aeruginosa organisms was re-
duced by 3 dilution steps in the pooled urine of 12 volunteers
compared to the FLX MIC in Mueller-Hinton broth (data not

shown). The mean pH of the urine samples was 6 (*0.8) with
a range of 5 to 8. Median UBTs and associated ranges versus
the collecting period for each organism and antibiotic are
shown in Table 3. Overall, there is a good correlation between
the UBTs and MICs for the strains. In general, for the strains
for which the MICs are relatively low the UBTs are higher
than for those for strains for which the MICs are higher. For
P. mirabilis and S. saprophyticus, however, the UBTs were 1 to
2 dilution steps higher than expected from the MICs (agar
dilution) of both antibiotics. All individuals showed UBTs for
FLX in the 12-to-24-h collecting period for each strain except
the less-susceptible strain of S. aureus. The same is true for
PFL except for E. faecalis, S. aureus, and the Streptococcus
group B sp. Against E. coli ATCC 25922 the median UBTs
were similar and at least 1:8 for 96 h; against the other E. coli
strain the median UBTs were at least 1:4 for 48 h. The UBTs
of both drugs against K. pneumoniae were at least 1:16 for 72 h.
Different UBTs for the staphylococci strains reflect their dif-
ferent susceptibilities. For the strain for which the MIC was
relatively high, the median UBTs of both antibiotics were low,
and in some of the samples there were no bactericidal titers.
UBTs for P. mirabilis were significantly higher with PFL than
with FLX. For P. aeruginosa the UBTs were higher for the
strain with the lower MIC. Similarly, UBTs for E. faecalis were
higher in the more susceptible strain. Against S. saprophyticus,
all individuals showed UBTs for at least 48 h with both quin-
olones.

The UBTs described above represent median values. Within
a species, however, there were occasionally large ranges in
UBTs (Table 3). This was most clearly seen in the first collec-
tion period (0 to 6 h), in which there were differences of more
than 4 dilution steps between maximal and minimal UBTs for
both quinolones in most cases.

Concerning statistics the three analyses based on an analysis
of variance lead to the same interpretation. The main effects
and the second-degree interactions between fixed effects are
significant, with P values that are <0.0001. The third-degree
interaction between fixed factors was never in a range indicat-
ing an effect (P > 0.4). For estimating the effect of gender all
analyses according to this model resulted in P values that were
>(.25. Descriptively, values for male subjects were 17% lower
than those for female subjects. This difference may well be
explained by the higher body weights of the male subjects. As
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TABLE 3. Median (range) urinary bactericidal titers (reciprocal values)”

Median (range) UBT? (reciprocal value) of indicated drug for:

Collecting

period E. coli ATCC 25922

K. pneumoniae E. coli

S. aureus 1 P. mirabilis P. aeruginosa 1

(h)
FLX PFL FLX PFL FLX

FLX PFL FLX PFL FLX PFL

0-6 512 (128-1,024) 256 (128-1,024) 512 (64-1,024) 128 (64-512) 32 (8-256) 16 (4-128) 128 (16-512) 128 (64-512) 256 (128-1,024) 512 (256-1024) 32 (16-128) 16 (4-64)

6-12 512 (64-1,024) 128 (64-512)

256 (64-1,024) 128 (32-512) 24 (4-256) 16 (4-64) 128 (16-512) 128 (64-256) 256 (64-1,024) 512 (128-1,024) 32 (8-128) 16 (8-32)

12-24 256 (32-1,024) 128 (32-1,024) 256 (16-512) 128 (16-512) 16 (4-64) 8 (2-64) 64 (4-256) 128 (32-256) 128 (64-1,024) 512 (128-1,024) 16 (4-32) 8 (4-32)
2448 64(32-512)  64(16-512)  64(16-256)  32(8-512) 4(0-32) 4 (0-64) 32(2-128) 64 (16-128) 32(32-256)  128(64-512)  4(2-16)  2(0-32)
48-72 24 (4-128) 24 (2-256) 16 (2-64) 16(0-128)  0(0-8)  1(0-16)  8(0-16) 16 (4-32) 8 (4-32) 64 (16-128)  0(0-4) 00-8)
72-96  8(0-32) 8 (0-128) 3(0-16) 4(0-32) 0 0(0-8) 1(0-4) 4 (1-16) 2(0-8) 16 (4-128) 0 0 (0-4)
96-120  0(0-8) 2(0-32) 0(0-2) 1(0-32) 0 0(0-2) 0 (0-8) 1(0-4) 0(0-2) 4(1-32) 0 0(0-1)
120-144  0(0-4) 0 (0-64) 0(0-2) 0(0-32) 0 0 1(0-8) 0 2(0-32) 0 0
144-168 0 (0-4) 0(0-32) 0 (0-4) 0 (0-16) 0 0 0 (0-4) 0 1(0-32) 0 0

¢ Dilution with antibiotic-free urine

® Values in boldface are those that are significantly (P < 0.05) different for the two treatment groups. Ranges with endpoints of 1,024 include values greater than

1,024.

only differences between treatments for specific species and
specific points in time appeared to be of interest, only the
results of the paired T tests are presented in Table 2, especially
since a rough check has indicated normal probability. Because
of the highly significant results in the overall analysis, signifi-
cant differences in these comparisons cannot be considered
artifacts created through numerous comparisons.

In comparing AUBTGC:s, there was no statistical significance
for the differences for 8 of the 12 strains. For four strains,
E. coli (uropathogen), P. mirabilis, S. saprophyticus, and E. fae-
calis 11, a statistically significant (P < 0.05) difference could be
found in favor of PFL.

DISCUSSION

Successful antibiotic treatment is based on pharmacokinetic
and pharmacodynamic principles. For lower urinary tract in-
fections it is not difficult to get access to the site of infection
and the concentrations of drugs are measured in the urine. The
elimination of FLX occurs by both renal and nonrenal path-
ways. The main metabolic pathways include N demethylation
to antimicrobially active NDF and N oxidation to inactive FNO
(24, 26). The N-demethyl metabolite has antimicrobial activity
against Enterobacteriaceae comparable to that of the parent
drug (2). In plasma, Griggs et al. could not detect any concen-
trations of the active metabolite (11). In contrast to those in
plasma, the concentrations of the active metabolite in the urine
are high enough to contribute to the antimicrobial activity
during the first 3 days. For calculating the concentration of
the active drug in the urine, it would be reasonable to add the
concentration of the metabolite to that of the parent com-
pound; this would yield up to 74% recovery of the adminis-
tered dose.

In contrast to FLX, PFL is eliminated predominantly by non-
renal mechanisms (16). PFL metabolism is extensive, mainly by
oxidation, to form the principal metabolites NOR and PNO.
The latter has little antibacterial activity (8). The small contri-
bution of renal clearance to the elimination of PFL is also
confirmed by our results of 12% urinary recovery of unchanged
substance. This result, together with that for NOR, indicates
that 34% of the dose administered was excreted in the urine
as antimicrobially active substance. The pharmacokinetic com-
parison with FLX reveals considerable differences in the per-
centages of the total amounts recovered in the urine. Because
of the double dose, however, there are no major differences in
the concentrations found in urine.

Both antibiotics have good pharmacokinetic and antimicro-

bial properties and are useful for the treatment of urinary tract
infections. The MIC is usually determined under standardized
in vitro conditions in defined artificial media at a pH of 7.2. As
pointed out in a recent review broth macrodilution meth-
ods sometimes yield slightly higher MICs than microdilution
methods (7). The differences in our study were mainly within
1 dilution step. Since the antibacterial activities of newer fluoro-
quinolones are, in general, reduced in urine, the urinary con-
centrations measured after drug administration cannot be cor-
related directly with the MICs of the antibiotic obtained in a
nutrient broth or agar (10). All quinolones, including FLX and
PFL, are up to 60-fold less active in urine at pH 5 than in broth
at pH 7. This is partly due to the acid pH and the relatively high
magnesium content found in urine (4). Hohl et al. found that
the activities of FLX and NOR in urine at pH 7 against a
standard inoculum of 2 X 10° CFU/ml were 2- to 4-fold lower
than in broth, whereas in urine at pH 5 the activities were as
much as 32-fold lower against P. aeruginosa, 16-fold lower
against staphylococci, and as much as 64-fold lower against
E. coli tested in broth at pH 7 (14a). The decrease in activity
was less for FLX than for NOR and smaller against the more
resistant strains (P. aeruginosa and S. aureus) than against the
very susceptible strains (E. coli). Zhanel et al. studied the effect
of human urine on the MIC of ciprofloxacin against E. coli. In
urine at pH 5.5 MICs increased 64-fold compared to those
measured in Mueller-Hinton broth at pH 7.3 (28). Similar
results with newer quinolones have been obtained by other in-
vestigators (5, 9, 13, 17, 22, 25). From the data reported in the
literature it appears that the discrepancy between in vitro con-
ditions and the physiological environment of urine could be
too great to be neglected. However, since the concentration in
urine is very high, this could be considered a problem, perhaps,
only for pathogens for which the MICs are high, such as en-
terococci, staphylococci, and Pseudomonas.

MBCs of the fluoroquinolones are usually within two dilu-
tions of the MICs when tested at standard inocula. This is also
true for our results. The MBCs of FLX and PFL yielded com-
parable results and differed only slightly (1 dilution) in three
cases. These minor discrepancies do not reflect the differences
in the UBTs. Killing of bacteria versus drug concentration is
one relevant pharmacodynamic end point. Studies that exam-
ine the bactericidal activities of fluoroquinolones versus time
confirm their good activities against most gram-negative iso-
lates and have been reviewed recently (7). Exposure of entero-
bacteria and P. aeruginosa to various fluoroquinolones at con-
centrations two to four times the MIC typically reduces viable
cell counts by 3 log,, units or more by 2 h of incubation. Most
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TABLE 3—Continued

Median (range) UBT (reciprocal value) of indicated drug for:

P. aeruginosa 11 E. faecalis 1 S. saprophyticus E. faecalis 11 S. aureus 11 Streptococcus group B sp.
FLX PFL FLX PFL FLX PFL FLX PFL FLX PFL FLX PFL
16 (4-64) 8(4-32) 16 (4-32) 16 (0-32) 32 (16-64) 32 (8-64) 8(4-32) 16 (4-32) 4 (1-16) 1(0-8) 8(4-32) 8 (4-16)
8 (2-64) 8(4-32) 16 (2-32) 8 (0-16) 24 (8-64) 16 (8-64) 8 (2-16) 8 (4-16) 2 (1-8) 1(0-4) 8(4-32) 8 (2-16)
8 (2-16) 4 (2-16) 8 (2-16) 8 (0-16) 16 (4-32) 32(8-32) 4(2-8) 4 (2-16) 2(0-2) 1(0-2) 6 (2-16) 8 (0-16)
2 (0-16) 2 (0-16) 2(0-4) 2(0-8) 4(2-8) 8 (4-16) 1(0-4) 2(0-8) 0(0-2) 1(0-1) 2(0-4) 2(0-4)
0(0-2) 0(0-4) 0(0-1) 1(0-2) 0(0-2) 2 (8-8) 0(0-1) 0(0-2) 0(0-1) 0(0-1) 0(0-2) 0(0-2)
0 0(0-4) 0 0(0-1) 0 1(0-2) 0 0(0-1) 0 0(0-1) 0(0-2) 0(0-2)
0 0(0-1) 0 0 0 0(0-1) 0 0 0 0 0(0-1) 0(0-2)
0 0 0 0 0 0 0 0 0 0 0(0-1) 0(0-1)

0 0 0 0 0 0 0 0 0 0 0(0-1) 0

of these studies have been performed in Mueller-Hinton agar
or similar media; some have been performed in serum. Factors
that affect inhibitory activities also alter bactericidal activities.
In our in vitro model we used constant concentrations for the

entire duration of the experiment. In contrast to those in se-
rum, the kinetics in urine depend on the amount of excreted
urine and frequency of micturition. Our results show that the
bactericidal kinetics in urine are slower than those in media.
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FIG. 2. Bactericidal kinetics in urine (collecting period, 0 to 6 h) after a single oral dose of 400 mg of FLX or 800 mg of PFL. gr.B, group B.
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The results of an early study, which used simulated serum
concentrations in Mueller-Hinton agar, showed the reduction
of the initial number of E. coli cells (MIC for E. coli, 0.25 to 0.5
wg/ml) by at least 99% in 1.5 to 4.5 h versus 8 h in our study (3).

The assessment of UBTs integrates the pharmacodynamic
aspects of antibacterial activity in urine as medium and obtain-
able urinary concentrations. This allows for the direct compar-
ison of pharmacodynamic properties of different substances of
the fluoroquinolone group with the comparable antimicrobial
activities. Since interindividual variations in urinary excretion
and in content of urine (pH and cations) can be expected, not
only the median but especially also the minimal obtainable
UBTSs may be of clinical relevance. Aguilar et al. measured the
UBTSs of rufloxacin and NOR and found NOR UBTSs against
E. coli in a range of 1:64 to 1:1,024 and somewhat lower
rufloxacin UBTS, 1:4 to 1:512, in the first 4 h (1). However the
investigators used urine which was supplemented with broth
for dilution. The same is true for another study where supple-
mented urine was used for determining the antibacterial activ-
ity of PFL in urine (12). Results from the present study are
consistent with findings of previous work on the UBTs of PFL
compared to those of NOR, where median UBTs of PFL
against E. coli (PFL MIC, 0.125 pg/ml) were measured over 5
days and those against a nalidixic acid-resistant E. coli (PFL
MIC, 1.0 wg/ml), K. pneumoniae (PFL MIC, 0.5 pg/ml), and S.
saprophyticus (PFL MIC, 2.0 wg/ml) were measured over 3
days (14). Zeiler et al. determined the UBTS of ciprofloxacin,
NOR, and ofloxacin under various conditions. They demon-
strated that at a neutral pH the UBTSs for all three quinolones
increased compared to those at pH 5.6 (27).

Calculation of AUBTC from the serial measurement of
UBTSs could be a rational method to compare antibacterial
drugs, since UBTs integrate pharmacokinetics and antibacte-
rial activity, measured in urine. This concept has been evalu-
ated in animal and human clinical studies using measurements
of the AUC/MIC ratio in serum and correlating the individual
results with clinical outcome for infections other than those of
the urinary tract (15, 23). There were no significant differences
in the AUBTCs between FLX and PFL, with the exception of
those for four strains (S. aureus 1, P. mirabilis, S. saprophyticus,
and E. faecalis 11), in favor of PFL. These differences cannot be
explained by different antimicrobial activities but rather reflect
longer-lasting UBTs of PFL for these strains. Measured UBTSs
and AUBTGC:s for E. coli (uropathogen) of both drugs were
smaller than predicted by the MIC. Measured and predicted
values for the other bacteria showed close agreement. The clin-
ical significance of the differences in UBTs and AUBTCs is
unknown, since specific UBTs and AUBTCs have not been
correlated to clinical outcome in prospective human trials. The
greater variability of results obtained by using urine, which
cannot be standardized as well as defined artificial nutrient me-
dia, as the medium may be regarded as a disadvantage of this
method. On the other hand two possible advantages should be
considered: results obtained for an individual patient may re-
flect much better the specific clinical situation and results ob-
tained for a collection of individuals may reflect much better
the variability in “real life” that one has to consider when giv-
ing dosage recommendations. Thus, measurement of UBTs and
AUBTG s could be a suitable investigational tool for the com-
parison of drugs of the same class and for the development and
evaluation of new drugs. This method should be included,
therefore, in the clinical studies to evaluate its predictive value.

In conclusion, the study has shown that after a single oral
doses of 400 mg of FLX and 800 mg of PFL, comparable uri-
nary concentrations of antibacterial active substances can be
found, resulting in comparable killing rates and UBTs against
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uropathogens with different susceptibilities over a wide range
of MICs. For two strains (E. faecalis 1 and S. aureus 1T) UBTSs
of FLX, not those of PFL, were present in all individuals at any
time, whereas for four strains (S. aureus 1, P. mirabilis, S. sap-
rophyticus, and E. faecalis 11) the AUBTC for PFL was signif-
icantly larger than that for FLX. The remaining strains showed
no difference. The data of this study are based on strains with
comparable MICs and MBCs. Overall, a single oral dose of 400
mg of FLX exhibits UBTs comparable to those of 800 mg of
PFL. Therefore, it may be expected that for FLX half of the
dose of PFL gives comparable results in the treatment of uri-
nary tract infections. This hypothesis should be substantiated
in comparative clinical trials.
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