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Penetration of Orally Administered
Prulifloxacin into Human
Prostate Tissue
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Abstract

Background and objective: Prulifloxacin, a fluoroquinolone antibacterial agent,
may be a useful addition to the antimicrobial armamentarium against prostatitis
once the ability of its active metabolite, ulifloxacin, to penetrate prostatic tissue
has been determined. This study set out to evaluate ulifloxacin penetration into the
prostate following administration of the oral fluoroquinolone prodrug pruliflox-
acin in patients undergoing transurethral resection of the prostate (TURP).
Methods: This was a phase I, randomized, open-label, single-centre study involy-
ing 20 male Caucasian patients (mean age 63.1 years) requiring TURP for
treatment of benign prostatic hyperplasia. Sixteen patients were randomized to
receive prulifloxacin; the other four patients were not treated (controls) in order to
validate the bioanalytical method. Patients in the active treatment groups were
randomized to receive one or three once-daily doses of prulifloxacin 600 mg, with
the last administration 3 hours prior to surgery. Central/transitional and peripheral
zone prostatic tissue samples were obtained from the 6 o’clock and 9 o’clock
positions in the prostate, and blood samples were collected concurrently. Uliflox-
acin concentrations were determined in the tissue samples and plasma using liquid
chromatography-tandem mass spectrometry. Safety was also assessed.

Results: Prostatic tissue concentrations of ulifloxacin always exceeded those in
plasma. Mean ulifloxacin concentrations measured in samples collected from the
6 o'clock central/transitional zone of the prostate were higher in patients who
received prulifloxacin for 3 days than in those who received a single dose. Mean
prostatic tissue/plasma ulifloxacin concentration ratios after single and repeated
prulifloxacin administration ranged from 3.8 to 7.1 and from 3.9 to 9.5, respec-
tively. The highest mean ratio was found in the 6 o’clack central/transitional zone
after repeated dosing. Prostatic levels of ulifloxacin were above the minimum
inhibitory concentrations for the most common causative pathogens of bacterial
prostatitis. No treatment-related toxicities were reported.

Conclusion: These findings confirm the ability of prulifloxacin to penetrate
prostatic tissues, indicating high exposure of the target tissue to ulifloxacin and,

Clin Drug Invest 2009, 29 (1): 27-34
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therefore, a potential therapeutic role for prulifloxacin in the treatment of bacterial

prostatic infections.

Background

Prulifloxacin is a fluoroquinolone antibacterial
agent that is rapidly absorbed through the intestinal
wall and hydrolysed by paraxonase to the active
metabolite ulifloxacin following oral administra-
tion.'” Like other fluoroquinolones, ulifloxacin
prevents bacterial DNA replication, transcription,
repair and recombination through inhibition of bac-
terial DNA gyrase.l'l It has a broad spectrum of
antibacterial activity against Gram-negative and
Gram-positive bacteria.l>-!

The elimination half-life of ulifloxacin is 10-12
hours,'® allowing prulifloxacin to be administered
once daily, thus facilitating patient compliance with
treatment. Unchanged ulifloxacin is predominantly
eliminated via the kidneys, achieving very high con-
centrations in the urine up to 48 hours after a single
administration.[8! Furthermore, ulifloxacin concen-
trations in the lungs, gynaecological tissues and
urine have been shown to reach values higher than
those attained in plasma.l™ Prulifloxacin is indicat-
ed for the treatment of acute uncomplicated lower
urinary tract infections (UTIs) and complicated low-
er UTIs, as well as for acute exacerbations of chron-
ic bronchitis.

Prostatitis is a common outpatient condition seen
in urological practice. The incidence of physician-
diagnosed prostatitis is 4.9 cases per 1000 person-
years, with a high prevalence of prostatitis symp-
toms, a rate that is quite comparable to those of
ischaemic heart disease and diabetes mellitus.['?!
Bacterial prostatitis has proven to be a difficult
condition to treat, probably in part due to inappropri-
ate drug penetration within prostatic tissues and
fluid. Indeed, there are vast differences in the ability
of various antibacterial agents to penetrate prostatic
tissue, with penetration being dependent on a num-
ber of factors including absorption, plasma protein
binding, lipid solubility, intercompartment pH gra-
dient, and biotransformation.!'"! Several fluoroguin-
olones have been shown to achieve prostatic tissue

2 2009 Adis Data Information BV, All rights reserved.

concentrations higher than those achieved in plas-
ma.l'"! As a result of their favourable pharmacokine-
tic profiles and broad-spectrum activity, fluoroquin-
olones are currently recommended for the treatment
of acute or chronic bacterial prostatitis.!'?!

Enterobacteriaceae, especially Escherichia coli,
are frequently involved as causative agents of bac-
terial prostatitis.!'*!* Prulifloxacin has demonstra-
ted potent activity against these organisms*-! and
may, therefore, prove to be a useful addition to the
antimicrobial armamentarium against prostatitis
once the ability of its active metabolite to penetrate
prostatic tissue is established and quantified.

The aim of this study was to evaluate the extent
of ulifloxacin penetration into the prostate gland
following two different schedules of administration
of prulifloxacin in patients admitted for tran-
surethral resection of the prostate (TURP). The se-
condary objective of the study was to evaluate the
safety profile of prulifloxacin.

Methods

This phase I, randomized open-label study was
conducted at the Division of Urology, San Paolo
Hospital, Savona, Italy, in accordance with World
Medical Assembly and Good Clinical Practice
guidelines, and with the approval of the local Ethics
Committee. All patients provided written informed
consent prior to being admitted to the study. Being a
preliminary pilot study, the number of patients en-
rolled was not determined on a statistical basis.

Eligible patients were male Caucasian inpatients
between 50 and 70 years of age and requiring TURP
for the treatment of benign prostatic hyperplasia.
Patients with known or suspected hypersensitivity to
fluoroquinolone antimicrobials, who had received
treatment with antimicrobials within | week prior to
receiving prulifloxacin or experimental drugs in the
4 weeks preceding the study, who had impaired liver
or renal function, who had evidence of infection
within 48 hours prior to surgery, or who had an

Clin Drug Invest 2009; 29 (1)
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indwelling catheter for 48 hours or more prior to
surgery were excluded from the study. Patients were
also considered ineligible if they had valvular heart
disease requiring prophylaxis for cardiac endocardi-
tis, gastrointestinal disease or a history of malab-
sorption, malignant neoplasms or epilepsy.

Patients were enrolled and screened 7-10 days
before the administration of prulifloxacin. Each pa-
tient’s medical history was determined, and patients
underwent a physical examination, assessment of
vital signs, ECG, virological tests and laboratory
analyses.

Prostatic tissue samples from a control group of
patients who did not receive prulifloxacin were used
to validate the liquid chromatography-mass spec-
trometry (LC-MS/MS) bioanalytical method. Enroi-
ment of these patients was completed before com-
mencing enrolment for the active treatment groups.
Patients eligible for treatment with prulifloxacin
were assigned to treatment sequentially according to
a randomization list, and following a progressive
order. No blinding procedures were implemented.
Patients received either one tablet of prulifloxacin
600 mg approximately 3 hours prior to surgery, or
three tablets of prulifloxacin 600 mg once daily
for 3 days, with the last administration occurring
3 hours prior to surgery. A margin of 30 minutes
either side of the target time for drug administration
was allowed. The final dose of prulifloxacin was
administered by the investigators; compliance was
otherwise assessed using tablet counts. Safety was
assessed by monitoring adverse events for 48 hours
following surgery. Emergent signs and symptoms
were reported in case report forms.

Because of the explorative nature of the trial, the
sample size was not based on a power calculation.
For this reason, only descriptive statistics (mean,
standard deviation, minimum and maximum) were
applied. Taking into account the small number of
enrolled patients, inferential statistics were not im-
plemented. Observed plasma concentrations were
plotted against tissue concentrations and linear re-
gression analysis was applied. Statistical analyses
were performed using SAS for Windows, version
9.1.3 (SAS Institute Inc., Cary, NC, USA).

© 2009 Adis Data Information BV, All rights reserved.

Tissue Sampling and Assays

Eight samples of prostatic tissue were collected
from each patient: two samples from the central/
transitional zone and two samples from the peripher-
al zone at the 6 o’clock position and two samples
from the central/transitional zone and two samples
from the peripheral zone at the 9 o’clock position.
During surgery, the bladder was continuously irri-
gated with sterile saline, thereby minimizing the
possibility of contamination of the tissue samples by
blood and urine. In addition, samples were rinsed
after collection with normal saline and stored at
—20°C until analysis.

One blood sample was withdrawn concomitantly
with each tissue collection to allow comparisons of
drug concentrations in these different areas of the
prostate. Intravenous blood samples were collected
using S-Monovette® heparinized lithium tubes (Sar-
stedt, Leicester, Leicestershire, UK). Within 20
minutes of collection, plasma was separated by cen-
trifugation, transferred into two polypropylene tubes
(atleast 1.5 mL of plasma each), and stored at —20°C
until analysis.

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 human plasma and prostatic
tissue by validated LC-MS/MS bioanalytical meth-
ods with a calibration range of 50-10 000 ng/mL or
ng/g, respectively. A prestudy validation of the
methods for measurement of ulifloxacin in plasma
and prostatic tissue was performed to assess the
following parameters: linearity, precision, accuracy,
selectivity, sensitivity (lower limit of quantitation
[LLQ]), recovery, matrix effects and carry-over.

Plasma and tissue samples were analysed using
calibration standards prepared in the same matrix as
samples spiked with ulifloxacin. Eight calibration
standards (excluding blanks) in duplicate and six
quality control samples (QCs) [spiked at 150, 200
and 7500 ng/mL, each in duplicate] were run within
each batch. The batch was considered acceptable if
75% of calibrants showed accuracy within 15%
(£20% at the LLQ) of the nominal value and at least

Clin Drug Invest 2009; 29 (1)
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67% (four of six) of the QCs were within +15% of
their respective nominal values and at least 50% of
QCs were within £15% of nominal value at each
concentration.

Aliquots of human plasma (10 pL) were added
with 20 pL of internal standard (IS, ciprofloxacin
1000 ng/mL) and 400 pL of 0.1% formic acid in
acetonitrile into 96 well plate. Following vortex
mixing and centrifugation (20 minutes at 2060 g,
6°C), an aliquot of the supernatant (280 pL) was
transferred into a second 96 well plate, dried under
nitrogen gas at 40°C and the residue was reconstitut-
ed with 150 pL of a mixture containing water,
acetonitrile and formic acid (79.9/20/0.1, v/v/v} and
injected onto the LC-MS/MS system.

Human prostate tissue was added to nine
volumes of Dulbecco's phosphate buffered saline
and homogenized using an Ultrasonic Processor
{Hielscher Ultrasonics, GmbH, Teltow, Germany).
Aliquots of 20 pL of IS ciprofloxacin 1000 ng/mL
and 0.1% formic acid 400 uL in acetonitrile were
then added to 40 pL of the homogenates in 96 well
plate and the samples processed as for plasma sam-
ples.

The LC-MS/MS apparatus consisted of an
Agilent 1100 high-performance liquid chromatogra-
phy system (Agilent Technologies, Milan, Ttaly), a
CTC PAL autosampler (Alfatech, Genoa, Italy) and
a Sciex API3000™ triple quadrupole mass spectro-
meter with a Turbo Ton Spray™ (Applied Biosys-
tems, Milan, Italy) in positive ion mode with multi-
ple reaction monitoring. The following mass/charge
ratios (m/z) were used to monitor precursor — prod-
uct ions: 350.2 — 248.2 for ulifloxacin and 332.2 —
288.2 for ciprofloxacin. A Chromolith® RP C18
column (50 x 4.6 mm, 3.5 pm) [Merck, Darmstadt,
Germany) was used. The analytes were eluted,
under gradient conditions, using a mobile phase
containing 0.1% formic acid in water and methanol.
The flow rate was 1 mL/minute and a split was used
to reduce the flow rate directed to the mass spectro-
meter to 0.3 mL/minute. The retention times of
ulifloxacin and ciprofloxacin were about 1.8 and 1.7
minutes, respectively.

' 2009 Adis Dalo Information BV, All ights reserved.

Chromatograms were integrated to measure peak
areas using Analyst™ version 1.4:1 (Applied Bio-
systems, Streetsville, ON, Canada) and the data
were transferred to Watson™ LIMS (Laboratory
Information Management System) [Thermo Fisher
Scientific, Waltham, MA, USA] for standard curve
regression, curve fitting and data management. A
weighted linear regression function (weight: 1/con-
centration squared) was used to fit calibration lines
and consequently to calculate ulifloxacin concentra-
tions in QCs and in human plasma and prostate
samples.

Results

Intrastudy Validation

Validation results indicated adequate method
sensitivity (LLQ), selectivity, carry-over, extraction
recovery, matrix effect, linearity, precision and ac-
curacy over the nominal range of 50.0-10 000 ng/
mL in plasma and 50-10 000 ng/g in prostatic tis-
sue. Recovery of ulifloxacin from the matrices was
high (280%}) and the carry-over effect was negligi-
ble. Therefore, the methods used were applicable to
pharmacokinetic studies of prulifloxacin.

The intrastudy validation results confirmed good
performance for the bioanalytical method. Six ana-
lytical batches were accepted throughout the study
(one for plasma and five for tissues). The calibration
curves, constructed with eight calibrators (excluding
blanks and including the LLQ and the upper limit of
quantitation) were linear in the tested range with
accuracy of the calibrators within 100 £ 15% of the
nominal values. The coefficients of determination
(R2) were always higher than 0.99.

The accuracy of the QCs was within 100 + 20%
of the nominal values in at least five of six samples
analysed within each bioanalytical session.

Patient Characteristics

Twenty male Caucasian patients requiring TURP
because of benign prostatic disease were enrolled,
including four control patients. Sixteen patients
were randomized to receive prulifloxacin 600 mg as

Clin Drug Invest 2009; 29 (1}
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Table | Baseline characteristics of the study population

Variable Controls (n = 4) Prulifloxacin 600 mg (n = 16)
single dose (n = 8) 3 doses (n = 8)

Mean age [y (+ SD)] 62.2 (+ 4.99) 62.6 (+ 4.72) 64.1 (+ 3.14)
Mean height [cm {+ SD)] 168.5 (+ 5.97) 173.2 (+ 10.28) 167.8 (+ 4.97)
Mean bodyweight [kg (+ SD)] 70.5 (+ 11.12) 74.8 (+ 10.48) 76.4 (+ 8.14)
Diagnosis on admission (n)

BPH 4 7 8

BPH + urethral stenosis 1
Mean prostate weight [g (+ SD)] 30,0 + 4.4 324 4.7 29.0 + 8.0

BPH = benign prostatic hyperplasia.

single or 3-day repeated administrations. Table I
shows the demographic and baseline characteristics
of the study patients, including the mean prostate
weight in each study group. The mean age was 63.1
years (range 54-70 years). Baseline laboratory val-
ues and vital signs were similar between treatment
groups. Fourteen patients reported 35 concomitant
medications. Of these, four patients were in the
control group and five patients each were in the
prulifloxacin single- and 3-dose treatment groups.
Compliance for study medication was 100% and all
patients completed the trial and were evaluable for
pharmacokinetic and safety evaluations.

Drug Bioavdilability

Blood sampling was always performed concomi-
tantly with tissue collections. Because of logistical
and technical issues related to surgery, some differ-
ences between the theoretical target time (3 hours
from the last dose intake) and the actual sampling
time were recorded. These differences ranged be-
tween ~1 and +50 minutes.

Prostatic tissue concentrations of ulifloxacin al-
ways exceeded those in plasma. Mean ulifloxacin
concentrations measured in samples collected from
the 6 o’clock central/transitional zone of the prostate
were higher in patients who received prulifloxacin
for 3 days than in those who received a single dose
(table IT). These findings were not fully replicated in
samples collected from the 9 o’clock zone (table IT),

Mean prostatic tissue/plasma ulifloxacin concen-
tration ratios after single and repeated prulifloxacin
administrations ranged from 3.8 to 7.1 and from 3.9
to 9.5, respectively (table III). The highest mean
ratio was found in the 6 o’clock central/transitional
zone after repeated dosing.

Figure 1 shows the results of the linear regres-
sion. Statistical analysis showed a significant slope
with a nonsignificant intercept, indicating a propor-
tional increase between tissue and plasma uliflox-
acin concentrations.

Table Il. Mean ulifloxacin concentrations (+ SD) in plasma and prostatic tissue samples In patients who received prulifloxacin prior to

transurethral resection of the prostate

Variable Prulifloxacin 600 mg (n = 16)

single dose (n = 8) 3 doses {n = 8)
Plasma (pg/mL) 0.47 (£ 0.31) 0.49 (+ 0.26)
Prostatic tissue (pg/g)

6 o'clock position 2.7 (+2.2) 4.2 (£ 4.3)
cenlsal/transitional zone 2.5 {+2.1) 55 (x5.7)
peripheral zone 2.9 (+ 2.5) 2.9 (+1.9)

9 o'clock position 2.4 (£ 2.1) 2.0 (£ 1.6)
central/transitional zone 1.9 (£1.8) 2.1 (2 1.4)
peripheral zone 3.0 (+ 2.4) 1.9 (£ 2.0)

@ 2009 Adis Data Information BY. All rights reserved.
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---0-- Single

10 —{— Repeated

Mean ulifloxacin tissue concentration (pg/g)

Cenltral/lransitional zone Peripheral zone

Fig. 2. Intraindividual comparisan of ulifloxacin concentrations in
central/transitional and peripheral zones after single and repeated
administration of prulifloxacin.

relatively homogeneous distribution of the drug
throughout the prostate. Similar results have been
observed with lomefloxacin.!'"! The acceptably high
ulifloxacin concentrations also observed in the peri-
pheral zone of the prostate have potential clinical
significance since this zone is more frequently the
site of infection in bacterial prostatitis.!?)

Regression analysis showed that ulifloxacin con-
centration in prostate tissue increased proporticnally
with ulifloxacin plasma levels. After repeated pru-
lifloxacin administration, a situation that more
closely resembles use of antibacterials in bacterial
prostatitis, the mean tissue/plasma ratio ranged from
3.9 t0 9.5, a ratio higher than that previously report-
ed for ciprofloxacin, ofloxacin and lomeflox-
acin,!*'618 and indicating very good penetration of
the drug into prostate. This result confirms the capa-
city for ulifloxacin to penetrate target tissues, as
previously reported for lung and gynaecological tis-
sues. (891

The causative agents of chronic bacterial prosta-
titis include mainly Gram-negative strains, most fre-
quently E. coli, and, to a lesser extent, Kiebsiella
Spp., Proteus spp., Enterococci spp, Serratia spp.
and Pseudomonas aeruginosa.'">") The prostatic
concentrations of ulifloxacin achieved in this study
were generally above the minimum inhibitory con-
centration required to inhibit growth of 90% of

@® 2009 Adls Data Information BV, Al rights reserved.

isolates involved in prostatic bacterial infections, 35
and therefore a good efficacy profile for pruliflox-
acin in the treatment of patients with prostatic infec-
tions may be predicted. Indeed, a recent double-
blind, clinical trial comparing prulifloxacin and
levofloxacin in the treatment of chronic bacterial
prostatitis confirmed a comparable rate of eradica-
tion for these two drugs.!"”! The limited sample size
of this study does not allow any definite conclusions
to be drawn. However, the results of this study,
when considered in light of the broad antimicrobial
spectrum  of prulifloxacin, particularly against
P. aeruginosa,™ and the ability of the drug to
penetrate into prostate tissue, call for wider clinical
trials.

Importantly, the safety profile of prulifloxacin in
this study was also very favourable with no drug-
related adverse events being reported.

Conclusion

The findings of this study confirm the ability of
prulifloxacin to penetrate prostatic tissue, resulting
in high exposure of the target tissue to ulifloxacin
and, thereby, a potential therapeutic role of pru-
lifloxacin in the treatment of bacterial prostatic in-
fections.
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Table lll. Mean prosiatic tissue to plasma ratios (+ SD) of ulifloxacin concentrations in patients who received prulifloxacin prior to

transurethral resection of the prostate

Prostatic tissue position/zone

Prulifloxacin 600 mg (n = 16)

single dose (n = 8)

3 doses (n = B)

6 o'clock position 5.8 (£ 2.1)
centralftransitional zone 5.2 (x2.0)
peripheral zone 6.3 (+ 2.3)

9 o'clock position 5.4 (£ 4.7)
central/transitional zone 3.8({£1.2)
petipheral zone 7.1 (£ 6.4)

7.6 (£ 5.0)
9.5 (£ 6.3)
5.7 (+ 2.6)
4.3 (1.9)
4.6 2.1)
3.9 (+ 1.9)

Safety

No serious adverse events and no treatment-relat-
ed adverse events occurred. One patient in the un-
treated control group reported a single episode of
cutaneous rash, which spontaneously resolved with-
in a few hours.

Discussion

The results of this study showed that after single
and repeated administrations of prulifloxacin
600 mg, high ulifloxacin concentrations were
reached in prostatic tissue.

As expected, ulifloxacin plasma concentrations
in our study were relatively low compared with
previous reported data.'®! However, in that study,

X Day 1
O Day 2

Slope = 7.1109 (p < 0.0001)
Intercept = —-0.536 (NS)
o R? =0.4375

ury
[a=]
1

-
[=2]
‘

—_ - —_
o @ =] n S
1 L 1 ' L

Mean ulifloxacin issue concentration (ug/g)

T 1
0 0.5 1 1.5
Mean ulifloxacin plasma concentration (pg/mL)

Fig. 1. Correlation between tissue and plasma ulifloxacin concen-
trations. NS = nol significant; R2 = coefficient of determination.
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blood samples were taken at the time of peak con-
centration of the drug (0.75-1 hours), whereas in the
current study, blood samples were collected approx-
imately 3 hours after the last prulifloxacin dose,
which was chosen as the earliest practicable sam-
pling point given the time needed for anaesthesia
and surgical procedures. Sampling procedures were
carefully implemented to avoid contamination by
blood and urine, although negligible interference
cannot be definitely excluded.

After single and 3-day repeated administrations
of prulifloxacin 600 mg, ulifloxacin tissue concen-
trations were always higher than those reached in
plasma. When data were pooled, the mean (& SD)
prostatic ulifloxacin concentrations after single and
repeated administrations were 2.6 + 2.2 and
3.1 & 3.4 pug/g, respectively, indicating drug ac-
cumulation in the prostate over time. Higher pene-
tration of ulifloxacin in the 6 o’clock position com-
pared with the 9 o’clock sampling zone was observ-
ed, and this was more evident after repeated
administration of prulifloxacin. This is probably be-
cause the major blood vessels of the prostate pass
through the gland predominantly at the 5 and 7
o’clock positions, thereby resulting in a higher drug
concentration at the 6 o’clock position, as has pre-
viously been reported in a comparative trial investi-
gating the distribution of ofloxacin and ciprofloxa-
cin in prostatic tissue.!'s!

When samples collected at the 6 and 9 o’clock
positions were considered together with ulifoxacin
concentrations in peripheral versus central/transi-
tional zones (figure 2), the highest ulifloxacin con-
centrations were seen in the central/transitional zone
in some patients, although in general there was a

Ciin Drug Invest 2009; 29 (1)
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