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Abstract Objective: This study aimed to evaluate the penetration into gynaecological
tissues of ulifloxacin, the active metabolite of prulifloxacin, a once-daily fluoro-
quinolone administered once or in repeated doses.

Methods: This was an open-label, randomised study that included 20 consenting
female inpatients (age range 40-65 years) requiring total simple hysterectomy as a
result of benign disease. Three groups of patients were enrolled: group A (four
patients whose gynaecological tissue samples were used to set up the bioanalytical
method); group B (eight patients treated 3 hours before surgery with one 600mg
tablet of prulifloxacin); group C (eight patients treated with prulifloxacin 600mg
once daily for 3 days and undergoing surgery 3 hours after the last dose). Patients
to be treated with prulifloxacin were randomly allocated to group B or C. During
surgery, samples of blood were collected jointly with healthy tissue removed from
the endometrium, proximal fallopian tube, vaginal posterior fornix and portio
vaginalis. Ulifloxacin concentrations in plasma and gynaecological tissues were
determined by a liquid chromatography-tandem mass spectrometry (LC-MS/MS)
bioanalytical method. An intrastudy assessment of the bioanalytical method
performance was also conducted for plasma and tissues using calibration and
quality control data (spiked samples).

Results: Ulifloxacin mean concentrations were always higher in group C than in
group B patients, both in plasma (0.76 vs 0.53 pg/mL}) and in gynaecological
tissues, namely fallopian tube (1.38 vs 0.81 pg/g), posterior fornix (1.48 vs 1.05
lg/g), portio vaginalis (1.46 vs 1.45 pg/g) and endometrium (2.20 vs 1.39 pg/g),
as expected after repeated drug administrations. Tissue concentrations observed
after repeated administrations were generally higher than the ulifloxacin mini-
mum inhibitory concentrations for pathogens more frequently involved in
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gynaecological bacterial infections. The mean tissue/plasma ratios ranged

between 1.5 and almost 3.

Conclusion: The results of this study are promising but not fully predictive of
clinical or microbiological efficacy for prulifloxacin. There is a need for appropri-
ate clinical trials confirming that prulifioxacin is a useful therapeutic tool in
patients with gynaecological bacterial infections.

Introduction

Prulifloxacin is an oral once-daily fluoroqui-
nolone antimicrobial agent with a broad spectrum of
antibacterial activity against Gram-negative and
Gram-positive strains.!!

After oral administration, prulifloxacin is rapidly
absorbed and quantitatively transformed by ester-
ases into ulifloxacin, the active metabolite.!l?! Fol-
lowing a single oral dose of prulifloxacin 600mg,
ulifloxacin reaches a maximum plasma concentra-
tion (Cmax) of 1.6 pg/mL after 1 hour, with an area
under the concentration-time curve from time zero
to infinity (AUCs) value of 7.3 pg/mL « h.[) After
administration of prulifloxacin 600mg once daily
for 12 days, the ulifloxacin Cmax was 2 pg/mL, with
corresponding time to reach Cmax (tmax) and steady-
state AUC (AUCss) values of 0.75 hours and 7.6 pg/
mL « h, respectively.!!! Unchanged ulifloxacin is
predominantly eliminated via the kidneys,!" achiev-
ing very high urinary concentrations up to 48 hours
after a single administration.!!! At steady-state,
which is achieved on the third treatment day, bind-
ing to human serum proteins is 45%.% The elimina-
tion half-life (ty) is approximately 10 hours.l?)

The antibacterial activity and ability of an antimi-
crobial drug to penetrate into tissues are important
factors in determining its therapeutic use. Achieve-
ment of high antimicrobial tissue concentrations
may represent a helpful thefapeutic tool in the treat-
ment of bacterial vaginosis and aerobic vaginitis,
which are mainly associated with group B strepto-
cocci and Escherichia coli infections, the so-called
‘intermediate’ flora.l>®! Bacterial vaginosis (the
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most common vaginal infection) and intermediate
flora have been associated with increased risk of
adverse pregnancy outcome,” while aerobic vagini-
tis may cause a severe form of desquamative inflam-
matory vaginitis.[)

A previous study, carried out to evaluate the in
vitro activity of ulifloxacin and its penetration into
gynaecological tissues after oral administration of
200mg, demonstrated that ulifloxacin had a very
good antimicrobial effect and achieved concentra-
tions in tissues that exceeded the minimum inhibito-
ry concentration for 90% (MICgp) of pathogens
most frequently involved as causative agents of ob-
stetric and gynaecological infections.[®! However,
this study evaluated a prulifloxacin dosage (200mg
as a single dose) which is not the same as that
recommended in European countries (equivalent to
600mg once daily).

The aim of the present study was to evaluate the
extent of ulifloxacin penetration into gynaecological
tissues after two different schedules of oral adminis-
tration of prulifloxacin 600mg in patients undergo-
ing total simple hysterectomy.

Participants and Methods

The clinical part of the study was carried out at
the Obstetric and Gynaecological Department of the
Imperia Hospital, Imperia, Italy, in accordance with
Good Clinical Practice guidelines. It was approved
by the Ethics Committee of the institution. Prior to
being admitted to the study, patients were informed
of the study procedures and provided written in-
formed consent.

Drugs R D 2007; 8 (6)

Supplied by The British Library - "The world's knowledge"

i
{
i
i




Q‘F!'“’ ,

penetration of Prulifloxacin into Gynaecological Tissues

375

———

Table I. Characteristics of the study population (mean * SD)

Variable Group A Group B Group C
(n=24) (n=8) (n=8)

Age () 58.0 + 9.1 49.4+7.0 50.8+ 6.6
weight (kg) : 71.5+£105 66682 63.8 = 10.0
Height (cm) 162.5+56.3 166.5 £ 5.7 163.1 £ 3.7
Heart rate (beats/min) 85.0 +5.8 79.9 £ 5.9 79.1 £ 5.
Diastolic pressure (mm Hg) 77.5+166 80071 81975
Systolic pressure {(mm Hg) 140.0 £ 258 123.1 £ 158 126.3+21.3
Serum creatinine (mg/dL) NA 0.75 £ 0.13 0.74 £ 0.11
Creatinine clearance (mL/min)? NA 99.0 £ 27.0 92.1 £20.6

NA = not available.

a Estimated value according to the Cockeroft and Gault formula.ldl

This non-blind, randomised study was carried out
in female patients requiring total simple hysterecto-
my because of benign disease. Patients with known
hypersensitivity to quinolone antimicrobials, who
had received treatment with antimicrobial agents
within 1 week before administration of pruliflox-
acin, who had impaired liver or renal function, who
had malignant neoplasms or who had evidence of
infection within 48 hours before surgery were ex-
cluded from the study.

Ten to 7 days before administration of pruliflox-
acin, patients were screened by medical history tak-
ing and physical examination to determine their
eligibility. Twenty Caucasian female patients aged
between 40 and 65 years were enrolled. The baseline
characteristics of the patients are reported in table I.
Analysis of variance using Tukey’s test for multiple
comparisons did not show differences between the
groups.

The most frequent diagnosis upon admission was
uterine fibroma (15/20). Four patients, whose
gynaecological tissue samples were used to perform
the intrastudy validation of the liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS)
bioanalytical method, were included in group A.
Sixteen patients were randomised to receive pru-
lifloxacin 600mg as a single administration (group
B) or as repeated (once daily for 3 days) administra-
tions (group C).
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Prulifloxacin tablets were taken with 100mL of
water, in fasting conditions. Pre-operative or con-
comitant therapies taken by the patients were prop-
erly recorded. Surgical treatment was the same for
all patients admitted to the trial, and was performed
in accordance with the institution’s standard proce-
dures. Because of technical and logistic problems
(i.e. time required for anaesthesia and surgery), 3
hours after administration was chosen as the sam-
pling time. This time-point is in the range 1.4-3.5
hours, during which the highest tissue ulifloxacin
concentrations were previously detected in patients
who underwent total hysterectomy.®! A half-hour
margin for tissue and blood sampling was allowed
(from 2.5 to 3.5 hours). The sampling times were
within the accepted range, except in the case of three
group C patients, for whom the times were slightly
carlier or postponed because of logistic problems.

During the 24 hours following surgery, patients
were monitored according to the standard proce-
dures of the institution and questioned on the occur-
rence of adverse events.

Plasma concentrations were plotted against tissue
concentrations. A correlation analysis and a linear
regression trend were also applied.

Tissue Sampling and Assays

In each patient, one sample of healthy tissue
approximately 1g in weight was removed from:
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(a) .the endometrium, (b) the proximal fallopian
tube, (c) the vaginal posterior fornix and (d) the
portio vaginalis. Samples were washed for 30
seconds in 0.9% sodium chloride solution to mini-
mise blood contamination, dried on gauze and then
placed in glass tubes and immediately frozen at
—20°C pending shipment to the bioanalytical test
facility for assay.

Blood samples were collected at the same time of
tissue removal in lithium heparinised 10mL BD
Vacutainer® tubes. The samples were centrifuged
within 20 minutes of collection. The supernatant
plasma (about 4mL) was separated and transferred
into plastic tubes (polypropylene). Two parts of
=21.5mL each were provided. Haemolysis of blood
samples was minimised. Tissue and plasma samples
were properly labelled for identification.

After oral administration the prodrug pruliflox-
acin is undetectable in biological fluids, being al-
most quantitatively transformed into the active me-
tabolite ulifloxacin. Concentrations of ulifloxacin
were determined in plasma and gynaecological tis-
sues by an LC-MS/MS bioanalytical method in cali-
bration ranges of 0.05-25 pg/mL and 0.055-27.5
neg/g, respectively. Samples from plasma and each
tissue were analysed in separate batches. Seven cali-
brators, excluding blanks, and six quality control
samples (QCs) [three concentrations in duplicate]
were analysed within each batch. Calibrators and
QCs were prepared with spiked blank matrices.
Plasma samples were deproteinised with 0.1% for-
mic acid in acetonitrile. Following centrifugation,
the organic phase recovered in the supernatant was
dried under nitrogen. The residue was reconstituted
with a mixture of water, acetonitrile and formic acid
(79.9/20/0.1, v/v) and then injected onto the LC-
MS/MS system. Tissue samples were homogenised
using a Polytron® Homogenizer PT-MR3100
(Kinematica, Lucerne, Switzerland) after adding 10
volumes of Dulbecco’s phosphate buffered saline
(DPBS), and then processed as the plasma samples.
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Ciprofloxacin was used as the internal standard
for both plasma and tissues. The LC-MS/MS appa-
ratus consisted of a Hewlett Packard 1100 HPLC
(high-performance liquid chromatography) system,
a CTC-PAL autosampler (CTC Analytics) and a
Sciex API 3000™ Triple Quadrupole Mass Spec-
trometer (Applied Biosystems, Monza, Italy) with a
Turbo Ion Spray in positive ion mode with multiple
reaction monitoring (MRM). The following mass/
charge ratios (m/z) were used to monitor precur-
sor — product ions: 350.2 — 248.2 for ulifloxacin
and 3322 — 2882 for ciprofloxacin. A
Chromolith® speed ROD RP18e analytical column
(50 x4.6mm, 3.5um internal diameter) [Merck,
Dammstadt, Germany] was used. The injection vol-
ume was 10pL; the injection cycle was 4.0 min and
the total flow rate was 1.0 mL/min. The mobile
phase (0.1% formic acid in water/methanol, 20/80)
was generated by the HLPC system pumps. Elution
was performed in isocratic conditions (with gradient
wash). The column temperature was kept at 45°C by
the column oven. The retention time of ulifloxacin
was about 1.84 min.

Chromatograms were integrated to measure peak
areas using Analyst™ version 1.2 (Applied Biosys-
tems) and the data were transferred to Watson™
LIMS (Laboratory Information Management Sys-
tem) [Thermo Fisher Scientific, Waltham, MA,
USA] for standard curve regression, curve fitting
and data management. A linear regression (weighted
1/concentration2) was applied. The intrastudy per-
formance of the bioanalytical method was evaluated
within each batch by means of the calibration curve
fitting and from the accuracy of the QCs. The accu-
racy of calibrators and QCs was established as ac-
ceptable for results within $20% and +£15% of the
nominal value, respectively. For each batch, two
QCs at different concentrations with accuracy
higher than £15% of the nominal value were consid-
ered as acceptable.
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Table Il. Plasma and tissue concentrations of ulifloxacin

Patient no. Plasma Fallopian tube Fornix Portio vaginalis Endometrium
: (ng/mb) (29/9) (rg/9) (rg/g) (ng/g)
Group B — -
2 0.81 177 1.64 1.27 1.30
4 0.94 1.60 1.46 1.20 3.03
5 0.63 0.54 147 5.24 2.52
7 0.22 0.46 0.73 0.98 1.39
10 0.22 0.23 0.49 0.50 0.74
12 0.28 0.29 0.57 0.52 0.66
13 0.53 0.96 1.05 0.63 0.17
16 0.59 0.61 1.00 1.29 1.27
Mean 0.53 0.81 1.05 1.45 1.39
gD 0.27 0.59 0.44 1.57 0.86
Min 0.22 0.23 0.43 0.50 0.17
Max 0.94 1.77 1.64 5.24 3.03
Group C
1 1.08 1.79 1.62 2.19 6.46
3 1.05 2.35 2.1 2.27 2.04
6 0.53 0.86 1.46 1.02 1.28
8 0.23 0.23 0.62 0.27 0.41
9 0.23 0.63 0.55 0.51 0.57
11 0.37 0.60 0.74 0.95 0.88
14 1.14 2.38 2.01 1.80 2.70
15 144 2.32 2.76 271 329
Mean 0.76 1.38 148 1.46 2.20
SD 0.47 0.92 0.80 0.20 2.00
Min 0.23 0.23 0.55 0.27 0.41
Max 1.44 2.38 2.76 2.1 6.46
Results four out of six samples analysed within each

The intrastudy validation results indicated good
performance of the bioanalytical method. Seven an-
alytical batches were accepted throughout the study
(one for plasma, five for the tissues and one for
repeated assays). The calibration curves, construct-
ed with at least six calibrators (excluding blanks and
including the lower and the upper calibration limits),
were linear in the tested ranges and showed accura-
cy within 100 £ 20% of the nominal value. The
determination coefficients (R2) were higher than
0.99.

In agreement with the prefixed batch acceptance
criteria, the accuracy of the quality control samples
were within £15% of the nominal value in at least
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bioanalytical session.

Table II shows the individual plasma and tissue
ulifloxacin concentrations in groups B and C. The
mean ulifloxacin concentrations in plasma and tis-
sue were in all cases higher in group C than in group
B patients, as would be expected with repeated
administrations. Specifically, 3 hours after single
and repeated drug administrations, the mean uliflox-
acin concentrations were (.81 and 1.38 pg/g in the
proximal fallopian tubes, 1.05 and 1.48 pg/g in the
posterior fornix, 1.45 and 1.46 g/g in the portio
vaginalis, and 1.39 and 2.20 pg/g in the endometri-
um, respectively.

The tissue/plasma concentration ratio data are
reported in table III. Mean gynaecological tissue
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Table lll. Tissue/plasma ulifloxacin concentration ratios

e

Patient no. Fallopian tube Fornix Portio vaginalis Endometrium
Group B o
2 2.20 2.03 1.58 1.61
4 1.70 1.55 1.27 3.21
5 0.86 2.35 8.38 4.03
7 2.1 3.38 4.53 6.44
10 1.07 2.26 232 3.42
12 1.01 2.00 1.82 2.33
13 1.82 2.00 1.20 0.33
16 1.03 1.7 2.21 217
Mean 147 2.16 2.91 2.94
SD 0.54 0.56 245 1.82
Min 0.86 1.55 1.20 0.33
Max 2.20 3.38 8.38 6.44
Group C
1 1.66 1.50 2.03 5.98
3 2.24 2.01 2,16 1.94
6 1.62 275 1.92 237
8 1.01 2.70 1.15 1.77
9 229 2.37 2.18 248
11 1.62 2.00 2.56 2.37
14 2.09 1.76 1.58 237
15 1.61 1.92 1.88 2.28
Mean 1.77 2.13 1.93 2.70
SD 0.42 0.44 0.42 1.35
Min 1.01 1.50 1.15 1.77
Max 2.29 275 2.56 5.98

ulifloxacin concentrations were constantly higher
than the relevant plasma concentrations in both
groups of patients. The mean tissue/plasma ratio
ranged between 1.5 and almost 3. The highest mean
tissue/plasma ratio was found in the endometrium,
followed by the portio vaginalis, posterior fornix
and fallopian tubes, as confirmed by a significant
tissue effect detected with analysis of variance for
repeated measures.

Figure 1, figure 2, figure 3 and figure 4 show the
results of the correlation analysis and linear regres-
sion, Statistical analysis showed a correlation coeffi-
cient different from zero between the ulifloxacin
plasma and tissue concentrations.

During the study, no prulifloxacin-related ad-
verse events were reported.

© 2007 Adis Data Information BV, All righfs reserved.

Discussion

The results of this study demonstrated that after
single and repeated administrations of prulifloxacin,
ulifloxacin tissue concentrations higher than those
in plasma were achieved. As expected, mean
ulifloxacin plasma and tissue concentrations were
higher after the 3-day administration of pruliflox-
acin than following single administration. The in-
crease in mean values was approximately 45% in
plasma, and ranged from 40% to 70% in tissues,
except in the portio vaginalis, where mean uliflox-
acin concentrations were very similar after single
and repeated administrations.

Data reported in a previous study performed in
Japanese patients receiving a single prulifloxacin
200mg dose showed high tissue ulifloxacin concen-
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34 ¢ Single administration
s 3-Day repeated administrations

Slope = 1.93 (p < 0.0001)
Intercept =-0.15 (p = NS}
2 =0.8846

Fallopian tube concentration (ug/g)
i

0 0.5 1 15 2
Plasma concentration (ug/ml)

Fig. 1. Correlation between fallopian tube and plasma ulifloxacin
concentrations. Symbols are the measured drug concentrations
and the line is the regression fit. NS = not significant.
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Fig. 2. Correlation between posterior fomix and plasma ulifloxacin
concentrations. Symbols are the measured drug concentrations
and the line is the regression fit.

trations up to 9 hours after drug administration,®!
although the concentrations were generally lower
than those observed in this investigation. These dif-
ferences are mainly due to the different prulifloxacin
dosages (600mg vs 200mg) and study designs used
in the two studies. In the previous trial, tissue and
blood samples were collected from 1.40 to 9.15
hours after a single prulifloxacin 200mg administra-
tion, while in this study a single time-point was
chosen and a 3-day repeated administration sched-
ule was also implemented. Few tissue samples were
collected at approximately 3 hours post-administra-
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tion in the previous study, and the range of uliflox-
acin concentrations was clearly lower than those
observed after a single dose of prulifloxacin 600mg
in the current study.

Tissue and blood samples were simultancously
collected approximately 3 hours after oral pruliflox-
acin administration, a time-point definitely longer
than the tmax of the drug (which ranges from 0.75 to
1 hours).Il)l However, this time-point was chosen as
the earliest practicable sampling point given the
time needed for anaesthesia and surgical procedures.

— 67 © Single administration
32 » 3-Day repeated
S 54 ¢ administrations
c
2 Slope = 1.65 (p = 0.04)
% 44 Intercept = 0.40 (p = NS)
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Plasma concentration {ug/mt)

Fig. 3. Correlation between portio vaginalis and plasma ulifloxacin
concentrations. Symbols are the measured drug concentrations
and the line is the regression fit. NS = not significant.
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Fig. 4. Correlation between endometrium and plasma ulifloxacin
concentrations. Symbols are the measured drug concentrations
and the line is the regression fit. NS = not significant.
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The delayed blood sampling time explains the rela-
tively low plasma concentrations observed in this
study compared with those previously reported at

tmax-m

The ulifloxacin concentrations in gynaecological
tissues in this study were constantly higher than
those in plasma. Thesc findings pointed to the ability
of the drug to penetrate gynaecological tissues, and
in general confirmed the high tissue exposure to
ulifloxacin, as previously reported in lung tissue.!!%!
In this study, the highest ratic was found in the
endometrium, followed by the portio vaginalis, the
posterior fornix and the fallopian tubes. Statistical
analysis demonstrated a significant correlation be-
tween ulifloxacin plasma and tissue concentrations.
The tissue/plasma ratio ranged between 1.5 and
almost 3. Similar findings were reported for penetra-
tion of telithromycin and ciprofloxacin into female
genital tissues,!'12) but not for erythromycin or
trovafloxacin, which generally had lower drug con-
centrations in tissues compared with plasma.[1314]

Prulifloxacin tissue concentrations, particularly
those observed after repeated administrations, were
generally higher than MICs for pathogens frequent-
ly involved in gynaecological bacterial infections,
namely E. coli (MICog 0.12 pg/mL or £0.015 pg/
mL),[1318) Enterococcus spp. (MICgo 1 pg/mL),!H]
Serratia  spp. (MICgo 0.5 pg/mL)!1  and
Pseudomonas aeruginosa (MICgo 1 pg/mL)16l
However, according to recent data on concentration-
dependent selection of resistant mutants and identi-
fication of the AUC/MIC ratio as the parameter that
most closely correlates with clinical and/or bacterio-
logical success,!!”!8 ulifloxacin concentrations re-
ported in this study may be hypothesised as being
potentially most efficient in infections caused by
E. coli.

The high tissue/plasma ratio and the extended
antibacterial spectrum suggest that active concentra-
tions of ulifloxacin are achieved in gynaecological
tissues, even if the single time-point evaluated in

© 2007 Adis Data Information BY. Al rights reserved.
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this study places some limitations on interpretatiop
of the data. It is possible, for example, that the
higher tissue/plasma ratios observed at tissue sites
may have been related to different ulifloxaciy
pharmacokinetics in tissue and plasma, since at the
same time-point, site concentrations were probably
increasing while plasma concentrations were de-
creasing.

Conclusion

The results of this study confirm the ability of
prulifloxacin to penctrate gynaecological tissues
well. However, they are promising but not fully
predictive of clinical or microbiological efficacy.
Thus, there is a need for appropriate clinical trials
confirming that prulifloxacin may be a useful thera-
peutic tool in patients with gynaecological bacterial
infections.
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