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bstract

A rapid and simple method for determining two fluoroquinolones (FQNs), namely Ciprofloxacin and Ulifloxacin, this being the last active
etabolite of Prulifloxacin, in aqueous human humor (AHH) has been developed and validated. The calibration data resulted linearly correlated

n the 4–500 ng/mL concentration range with 8 ng/mL lower limit of quantification (LLOQ) for Ciprofloxacin, and 5–600 ng/mL concentration
ange with 6 ng/mL LOD for Ulifloxacin. The proposed analytic procedure has been validated by testing quality control sample (QCS) of AHH
robed with the two FQNs at 10, 50, 500, and 1000 ng/mL concentration values. Validation of the method has been checked by accuracy and

recision data of intra-day and long-term experiments. The two FQN concentrations have been measured by HPLC technique with UV detection at
78-nm wavelength for the AHH of patients to whom were supplied oral doses of FQNs (500 mg) twice in a day, within 1–24 h before the surgery
ntervention of cataract. The average concentration of Ciprofloxacin resulted 186 ng/mL and that of Ulifloxacin 78 ng/mL. The nice quality of the
roposed analytic procedure means that it may be suitable for in vivo studies of pharmacokinetics regarding these substances in the AHH medium.

2008 Elsevier B.V. All rights reserved.

evers

d
i
p
t
s
o
r
a
e
c

1

eywords: Aqueous human humor; Prulifloxacin; Ciprofloxacin; Ulifloxacin; R

. Introduction

.1. The fluoroquinolones

Fluoroquinolones (FQNs) are synthetic antibiotics largely
mployed in clinical treatments thanks to their large activ-
ty spectrum against gram-positive and gram-negative bacteria.
ike quinolones, from which they are derived, the structural
olecular unity in these compounds is the nalidixic acid with a
uoro atom attached to the central ring, typically at 6-position
see Fig. 1). Based on their chronological development, FQNs
ave been classified as first, second, third and fourth generation

roups. Ciprofloxacin (CPUFX) is a second-generation fluoro-
uinolone, largely known and used in clinical practice for its
xcellent pharmaceutical properties. Very recently, other FQN
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ed-phase chromatography

erivatives with antibiotic activity have been synthesized and
ntroduced into the market such as the Prulifloxacin (PUFX), a
ro-drug of Ulifloxacin (UFX) [1]. Nowadays, UFX is subjected
o intensive and deep pharmacokinetic studies since it has been
hown that such a drug possesses both in vivo that in vitro, antibi-
tic activities like those of well-known CPUFX [1,2]. For these
easons, the interest of the scientific community is grown more
nd more in the past period, and the extension of the knowl-
dge on UFX permeability through various biological tissues
urrently represents an intriguing task.

.2. Objective and target analyte

This study is focused on two FQN antibiotics: CPUFX and
UFX. The first objective of this work was to validate a simple

nd rapid quantification method of CPUFX and UFX in the AHH
fter oral administration. Secondary, we want to evaluate the
ermeability of PFUX with respect to CPUFX in AHH as a
reliminary clinical study.

mailto:pellerob@unipg.it
dx.doi.org/10.1016/j.jpba.2008.01.043


568 R.M. Pellegrino et al. / Journal of Pharmaceutical and Biomedical Analysis 47 (2008) 567–574

acin, P

p
a
r
i
d
m

2

2

6
1
H
f
a
p
A

2
d

e
t
d
u
w
r
C
t
b
o
a
s
b
p

a
w
2

w
r
p

2

c
i
w
w
i
r
C
w
d
e
5

2
b

p
h
a
p
p
S
C
r
d
c
F
w
[
c
v
h
Z
[
2

a
6
r

Fig. 1. Structure of Ciproflox

The CPUFX, when supplied orally or systemically to a
atient, was scarcely metabolized and showed a direct antibiotic
ctivity [3]. PUFX, on other side, when orally administered, was
apidly metabolized into its active metabolite UFX thanks to the
ntestinal esterase [1,4]. This is the reason for which the analytic
etection of the PUFX permeability in fluid biological tissues
ust be referred to the UFX concentration.

. Materials and methods

.1. Reagents

Ciprofloxacin [3-quinolinecarboxylic acid, 1-cyclopropyl-
-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-CAS 85721-33-
], ortho-phosphoric acid 85%, water and acetonitrile
PLC grade and 1-mL eppendorf vials were purchased

rom Sigma–Aldrich; Ulifloxacin [1H,4H-[1,3]-thiazeto-[3,2-
]quinoline-3-carboxylic acid, 6-fluoro-1-methyl-4-oxo-7-(1-
iperazinyl), CAS 112984-60-8] was gently supplied from
ngelini S.p.A.

.2. Analytical techniques for CPUFX and UFX
etermination

Two reviews [3,5] deals with the state-of-the-art techniques
mployed in the analysis of FQN antibiotics. Among FQNs
he CPUFX is among the most studied substances. Quantitative
etermination of CPUFX in complex biologic fluids as plasma,
rines, serum, milk, aqueous and vitreous humor is possible
ith a very nice sensitivity through HPLC, using UV, fluorimet-

ic (FL), and spectrometric detectors. The HPLC separation of
PUFX from other FQNs [6], or from the naturally present in

he matrix substances, is conducted with a very good resolution
y means of inverted phase C18 columns. Generally the limit
f detection (LOD) with UV detectors is around 2–40 ng/mL
nd it depends very much on both the employed volume and
ample preparation’s steps. Even if bioassay methods also have
een used to measure CPUFX in aqueous and vitreous humor,
recision of these procedures was much low [7].

UFX was determined after PUFX administration with HPLC
nd UV detector [8]. Also HPLC–tandem mass spectrometry
as used for human plasma samples [4]. The LOD was around

5–40 ng/mL in both cases.

Taking into account the existing literature data, the method
as based on the HPLC–UV analytical technique by using a

eversed-phase column because its use is a very common, inex-
ensive and does not require specialized personnel.

c
w
h
i
[

rulifloxacin and Ulifloxacin.

.3. Chromatographic apparatus and conditions

The HPLC instrument was a Hewlett-Packard 1100 model,
onsisting of a degaser system, a quaternary pump, a Rheodyne
njector with 20 �L loop and an UV–vis detector. The detector
as operated at a wavelength of 278 nm. Data were collected
ith a HP 3395 integrator. The mobile phase consisted of an

socratic acetonitrile/85% aqueous phosphoric acid at a mixture
atio of 15:85, respectively and the flow was set at 0.5 mL/min.
hromatographic separation was achieved at room temperature
ith a Hewlett Packard ZORBAX Eclipse XDB-C8 column,
imensions: 4.6 mm × 150 mm, 5 �m (PN 5063-6600). Before
ach injection, rheodyne valve was washed three times with
0 �L mobile phase.

.4. Concentration range of CPUFX and UFX in various
iological tissues after supply

Several investigations have been carried out to study FQNs
enetration in tissues and into different biological media, both
uman and animal, after systemic administration [8–12]. Usu-
lly, the detected concentration level of various Floxacines in
lasma, milk, and urine of patients treated with single or multi-
le doses of these antibiotics, ranges from 50 to 1000 ng/mL.
ome authors [13–17] reported the HPLC measurements of
PUFX and other FQN concentrations, in AHH and the vit-

eous humor, but only after a topic application. In AHH, the
etected CPUFX concentration was in these circumstances
omprised between 150 and 1000 ng/mL. CPUFX and other
loxacines have been measured by bioassay in AHH of patients
ho received two oral doses of 500 mg before cataract surgery

7]. In their paper, the authors report that average CPUFX
oncentration was found to be 560 ng/mL. Again, in an in
ivo pharmacokinetic study of CPUFX penetration in serum
as been performed in AHH and vitreous humor onto New
ealand white rabbit after systemic supply of a 40 mg/kg dose
18]. Maximum detected CPUFX concentration has been about
50–300 ng/mL.

The UFX concentration in human plasma, after oral
dministration of 600 mg PUFX ranges between 110 and
60 ng/mL [4,8]. At our best knowledge, there is no
eport in the literature concerning the measure of UFX
oncentration level in AHH except only one example

here the UFX concentration was detected in the aqueous
umor of pigmented rabbit achieving 14 ng/mL as a max-
mum value, after an oral supply of 20 mg/kg of PUFX
19].
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both in a time of 1–12 h before the surgery treatment. Just
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.5. Calibration range

The forecast concentration range for CPUFX and UFX, either
n quality control samples (QCSs) and in the real samples, is
omprised between 50 and 1000 ng/mL. However, as shown
elow, the preparation procedure of AHH requires a 1:6 dilu-
ion ratio so that the calibration range of 5–500 ng/mL has been
aken as adequate. In this paper the analytes’ peak areas have
een directly correlated with their concentrations expressed in
g/mL.

.6. Validation parameters

The validation of the method was performed by establish-
ng the limit of detection (LOD), lower limit of quantification
LLOQ), linearity of calibration curve and the method’s repro-
ucibility and repeatability. In order to obtain these validation
ata two types of samples were prepared: calibration standard
olution (CSS) and quality control samples. The LOD was
xpressed as the lowest dilution value of CS that presents a
RDS that did not exceed 15% and the LLOQ was expressed

s the lowest dilution value of QCs that presents a %RDS that
id not exceed 20%. Linearity was checked with correlation
oefficient r2 and with homoscedasticity of calibration curve.
epeatability and reproducibility were checked, respectively,
y intra- and inter-day determinations of accuracy and preci-
ion. Accuracy, expressed as average percent of recovery of
ve replicates QCs at various concentrations, should be in the
anges of 80–110% for samples concentration between 100 and
000 ng/mL and 60–115% for samples concentration between
0 and 99 ng/mL [20]. Precision, expressed as percentage of the
RDS of five replicates, should not exceed 15% in all cases

21].

.7. Preparation of the calibration standard solution (CSS)

0.0130 g of CPUFX and 0.0157 g of UFX were exactly
eighted each in a different volumetric flask of 25 mL and the

elevant volume was adjusted with an 85% aqueous solution of
rtho-phosphoric acid. The two standard solutions have been
amed A-CPUFX and A-UFX, respectively. To facilitate the
olid dissolving the two flasks were submerged into an ultra-
ounds bath (VWR International, USC-300TH model) at room
emperature for a time of 5 min. Next, by mixing and diluting
pportune volumes of these solutions we achieved six CSS that
e named B, C, D, E, F, and G and that contained both substances

t conc. 500, 380, 250, 125, 41.6, and 4.16 ng/mL for CPUFX
nd 600, 450, 300, 150, 50.2, and 5.02 ng/mL for UFX. The vol-
mes of these solutions were adjusted to the mark with mobile
hase.

.8. Preparation of standard-pool of AHH samples
SPAHH)
During some surgery treatments of cataract, aliquots of
0–150 �L of AHH have been withdrawn from 22 randomized
onscious patients (healthy and not floxacines treated). Each

s
p
p
a
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ample, after transferring into a 1 mL eppendorf vial, was frozen
t −20 ◦C just soon after the sampling. The collected AHH sam-
les were restored to room temperature and put all together in
rder to reach a total volume of ca. 1.2 mL.

.9. Preparation of quality control samples (QCSs)

0.0501 g of CPUFX and 0.0500 g of UFX have been exactly
eighted, each in a 10 mL volumetric flask, and relevant vol-
mes were adjusted to the mark with the mobile phase. 1 mL
f each solution has been transferred in a 10 mL volumetric
ask and volume was adjusted to the mark with the mobile
hase. From this solution, containing both floxacines at an
verall concentration of 500 �g/mL, through subsequent dilu-
ions, we prepared one solution having 10 �g/mL (CU-10) and
nother with 1 �g/mL (CU-1). Afterward, we prepared four
lass test tubes labeled QC-1000, QC-500, QC-50 and QC-
0. We transferred in the first two 20 and 10 �L of CU-10
olution and in the third and fourth 10 and 5 �L of CU-1
olution. Solvent was evaporated by fluxing gently dry N2
nd soon after we added (200 �L of SPAHH) to each glass
est tube. After 5 min of gentle stirring to ensure the total
ntibiotics solubilization, the four QCSs QC-1000, QC-500,
C-50 and QC-10 were each divided in 10 aliquots of 20 �L
ith the transferring in eppendorf vials of 1 mL each. Finally

he remaining SPAHH volume (about 150 �L) was divided in
ome aliquots of 20 �L named QC-B and used as blank sam-
les. All aliquots were frozen at −20 ◦C until the analysis
ime.

.10. QC samples processing and analysis

Just before the analyses, samples of QCs were brought
nd conditioned at room temperature and directly added with
00 �L of mobile phase, thus 1:6 dilution was performed. After
he vigorous agitation for 30 s by hand, the sample was cen-
rifuged for 5 min at 1000 × g with a microfuge-18 Beckman.
0–35 �L of supernatant liquid was injected three times into
he chromatographic apparatus. Thus, the CPUFX and UFX
oncentrations were deduced by using averaged values of peak
reas.

.11. Patients and samples collection

50 healthy patients (25 males and 25 females) aging from
1 to 87 years and having cataract surgery intervention were
ivided in two groups of 25 in a random manner. To all these
atients were supplied two oral doses of FQNs, the first dose
he day before the cataract intervention and the second dose just
he day of surgery. The first group received two oral doses of
00 mg CPUFX, the second two oral doses of 500 mg PUFX,
oon before surgery, 0.02–0.150 mL of AHH was aspirated by
aracentesis. The samples were immediately transferred into
re-weighted eppendorf vials and stored at −20 ◦C until the
nalytic action.
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heteroscedastic case, the two lowest concentrations (F and G)
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.12. Clinical samples processing and analysis

The AHH collected samples were brought back at room tem-
erature and the coarse weight was measured. The density of
queous humor practically that of water being 1000 g/mL [22],
he weight and the volume of liquid coincide in their numeri-
al values for samples put in the vials after the withdraw. The
amples with less than 20 �L were discarded. 20 �L of AHH
as put into eppendorf test tube and the samples were treated

s described in the previous paragraph.

. Results and discussion

.1. Matrix sample volume

Antibiotics are taken from plasma, serum, milk, and
rine starting with volumes of sample of order of 0.2–1 mL
8,9,23–25]. These matrices are easily withdrawn and are avail-
ble in relatively abundant quantities. By contrast, AHH can be
btained only from voluntary and allowing patients, subjected
o ophthalmology surgery. This fact limits the sample’s avail-
bility very much. Moreover we have appreciated that the AHH
olume to be withdrawn is highly variable among the patients
ith an average of 71 ± 40 �L. So, it was decided to fix the sam-
le volumes at 20 �L and to discard samples not reaching this
hreshold.

.2. Sample preparation

In comparison with plasma, serum, urine, or milk, the AHH is
matrix relatively poor of salts and proteins, being essentially

onstituted by water at 99% [22]. On the other hand, such an
HH characteristic allows avoiding complex pre-treatments to

xtract and deproteinize the sample in the step preceding HPLC
nalysis of the FQNs. Basci et al. have proposed a completely
pposite treatment, which consisted of the simple dilution of
HH [15]. However, about 15–50% of FQNs is linked to pro-

eins [1,3], and only the action of a denaturizing agents assures
heir complete solubilization.

As a mild way to precipitate proteins, the dilution with mobile
hase followed by centrifugation step was proposed. This mix-
ure is able to precipitate proteins, thanks to acetonitrile and
he low pH of the aqueous layer, simultaneously ensuring sol-
bilization of the drugs. In fact, as shown by the validation
ethod, the accuracy in analyte recovery is more than satisfac-

ory (Tables 3 and 4). Compared to other methods of preparation
t is extremely simple and can significantly reduce the time of
ample’s elaborations. Moreover, the tube of sample analysis
s the same of sample preparation: this eliminates the loss of
nalyte.

.3. Selectivity
The selectivity was investigated analyzing the work solu-
ion F, the blank sample of AHH (QC-B) and the samples with
PUFX and UFX at 10 ng/mL conc. (QC-10). We tested a set
f HPLC columns and Zorbax C8 resulted as the most efficient.

a
i

s
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ith columns C18 phase type the group of substances naturally
resent in the AHH showed a very good resolution but in a range
f retention times that override that CUPFX and UFX. A similar
esult was obtained by Basci et al. who solved the peaks over-
ay by using a selective detector [15]. Instead, with Zorbax C8
olumn, at the chromatographic conditions reported below, the
etention time of the two FQNs was relatively shorter (5.7 and
.8 min) with good peaks shape that did not interfere with those
f substances naturally present in the AHH, as shown in Fig. 2.

.4. Validation data

According to the criteria earlier mentioned, we have checked
alidation parameters analyzing appropriate QC and CS sam-
les, as follows.

.4.1. LOD and LLOQ
The LOD and LLOQ for the two FQNs determined by empiri-

al method measured a series of dilution of the CSS, with mobile
hase, and QCS, with SPAHH. LOD of 4 ng/mL for CPUFX and
ng/mL for UFX were the lowest concentrations that presented
%RDSs value that did not exceed 20%. The LLOQ of 8 ng/mL

or CPUFX and 6 ng/mL for UFX were the lowest concentration
hat present an RDS that did not exceed 10%. These values were
dequate for a correct quantification of two drugs in AHH.

.4.2. Linearity and calibration data
The six calibration solutions B–G, soon after preparation,

ere injected in the HPLC instrument. Each concentration level
as analyzed in triplicate fashion. Averaged peak-area values for
PUFX and UFX were directly correlated to the corresponding

ubstance concentration. Table 1 collects the results concerning
hese analyses.

The r2 correlation coefficient was 0.9999 for CPUFX and
.9997 for UFX. Values of slope and intercept of the linear
egression reported in Table 1 were used to calculate the con-
entration of the two FQNs in the unknown samples using the
wo following equations:

CPUFX (ng/mL) =
(

0.3189 × area CPUFX

1000
+ 0.0797

)
× 6,

UFX (ng/mL) =
(

0.527 × area UFX

1000
+ 0.6917

)
× 6

eing “6” the dilution factor in both cases.
Given considerable extent of the calibration range (two

rders of magnitude), the homoscedasticity of the analytical
ethod was evaluated with Cochran’s test. In order to achieve

omoscedasticity, the Cochran C of 4 standards with 3 repli-
ates of each standard should be less than the critical values
f 0.768 [26]. Since the largest and smallest values of variance
sually appear at the extremities of the calibration curve in the
nd the two highest concentration (B and C) standards were
ncluded in the tests. The results are shown in Table 2.

The two calibration curves pass the homoscedasticity test
ince the C3,4 values were less than the critical value.
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Fig. 2. Chromatograms of calibration solution 20 ng/mL (A); QC-B (B); QC-10 (C).

Table 1
Calibration data of CPUFX and UFX

Analyte Work solution Concentration (ng/mL) Area (average)a RDS% Type Slope Intercept r2

CPUFX

B 500 1567 0.29 Linear 0.3189 0.0797 0.9999
C 380 1191 0.00
D 250 783 0.20
E 125 400 1.26
F 41.6 123 1.65
G 4.16 14 8.69

UFX

B 600 1136 0.24 Linear 0.527 0.6917 0.9997
C 450 852 0.00
D 300 578 1.20
E 150 297 0.73
F 50.2 84 7.41
G 5.02 12 3.09

a n = 3, the area value was divided by 1000.

Table 2
Cochran’s test results

Concentration (ng/mL) S.D. Square of S.D. Sum of square S.D.a Cb

Calibration data of CPUFX
500 5.590 31.243 42.203 0.740
380 1.617 2.615
41.6 2.489 6.194
4.16 1.466 2.151

Calibration data of UFX
600 3.396 11.530 41.376 0.682
450 1.196 1.430
50.2 5.312 28.222
5.02 0.440 0.194

a Standard deviation of the three replicates.
b C: Cochran’s C.



572 R.M. Pellegrino et al. / Journal of Pharmaceutical and Biomedical Analysis 47 (2008) 567–574

Table 3
Repeatability by intra-day accuracy and precision observed with QC samples

Analyte Concentration added (ng/mL) Concentration found (ng/mL) ± S.D. Accuracya (%) Precisiona (%RDS)

CPUFX

1000 997 ± 16 99.7 1.6
500 493 ± 6 98.6 1.2

50 49 ± 4 98.4 8.2
10 9.2 ± 0.6 91.6 6.2

UFX

1000 994 ± 19 99.4 1.9
500 487 ± 10 97.4 2.1

50 48 ± 2 95.6 5.0
10 9.3 ± 0.5 92.5 5.7

a n = 5.

Table 4
Reproducibility by inter-day accuracy and precision observed with QC samples

Analyte Concentration added (ng/mL) Concentration found (ng/mL) ± S.D. Accuracya (%) Precisiona (%RDS)

CPUFX

1000 978 ± 22 97.8 2.2
500 472 ± 11 94.4 2.3

50 48 ± 5 96.4 9.8
10 8.6 ± 0.7 86.2 8.0

U

1000 981 ± 10 98.1 1.0
500 464 ± 6 92.9 1.2

94.8 6.9
84.0 13.1
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Table 5
CPUFX concentration in AHH

Sample Body weight of patient (kg)a CPUFX (ng/mL) ±S.D.b

1 66 156 2
2 54 233 17
5 – 189 7
6 60 148 6
8 80 96 1
11 – 105 9
12 60 18 7
15 84 152 3
17 62 32 5
18 68 505 9
22 84 252 6
23 65 259 3
24 52 125 4
25 80 173 2
28 76 38 8
29 – 258 4
30 76 118 7
31 72 62 5
32 58 99 4
36 62 109 2
37 55 498 7
38 – 58 6
42 80 291 4
45 – 153 6
46 – 514 2
FX 50 47 ± 3
10 8.3 ± 1.3

a n = 5.

.4.3. Determination of repeatability and reproducibility
Repeatability and reproducibility of the method was tested

ith intra-day and inter-day (until 25–45 days) experiments,
etermining accuracy and precision in the analyses of five QCSs
s described below: five samples of QC-1000, QC-500, QC-50
nd QC-10 were subjected to intra-day analysis. The remain-
ng samples were analyzed within 25–45 days to test long-term
arameter control. The first set of experiments allowed deter-
ining the method’s repeatability and the second the method’s

eproducibility through the measure of accuracy and precision.
able 3 collects data for first set of analyses whilst Table 4 reports
ata of the second set.

The tables show that in both cases the method of analysis
eached the required levels of accuracy and precision.

The goodness of the obtained results on validation procedure
nabled us to apply the proposed method to the clinical study
f comparison of CPUFX and UFX FQNs permeability in the
HH.

.5. Clinical applications

As a preliminary application, we have used this analytic
ethod to measure the concentration of CPUFX and PUFX in
HH of 45 patients treated with these two antibiotics. This study

s described below. Our results are given in Tables 5 and 6 which
efer to data of analyses performed on samples collected in the
culist Clinical of the Perugia University, following the proce-
ures described in detail through the above paragraphs. Samples

aving volume lower than 20 �L were not included among those
ubjected to the analysis. Only sample corresponding to patient
abeled with number 9 resulted lower than 20 �L and was then
iscarded.

Average 186 5.4

Average sample volume: 80 �L.
a Data not collected for all patients.
b n = 3.
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Table 6
UFX concentration in AHH

Sample Body weight of patient (kg)a UFX (ng mL−1) ±S.D.b

3 64 20 3
4 80 43 3
7 70 17 5
9 90 Not determinedc –
10 – 14 4
13 67 5 3
14 70 104 4
16 65 152 4
19 62 42 3
20 80 148 4
21 50 59 2
26 57 124 4
27 58 78 3
33 68 31 5
34 65 57 7
35 75 22 9
39 80 33 5
41 61 24 5
43 95 13 8
44 115 40 4
89 – 133 8
90 – 194 5
91 – 169 8
31 72 294 9

Average 78 5.2

Average sample volume: 75 �L.
a Data not collected for all patients.
b

s
(
A
i
c
F

U
s
h
t
d
i
w
t
w
o
a

a
n
t
t
o
m

i
a

4

4

s
a
P
c

p
a
t
b
s
m
u
n

t
a
d

v
p
p
p
C

4

o
t
a
a
2
n
s
t

A

p
a
p

R

n = 3.
c The sample volume was less than 20 �L.

The average concentration of CPUFX in AHH of patients
upplied with two oral doses of 500 mg is equal to 186 ng/mL
number of cases = 25). The average concentration of UFX in
HH of patients treated with two 500 mg oral doses of PUFX

s equal to 78 ng/mL (number of cases = 24). No remarkable
orrelation was observed between body weight of patients and
QNs concentration in AHH.

Tables 5 and 6 show that the concentration of CPUFX and
FX in AHH varies also 10-fold between patients. This data

uggest that, in accordance with pharmacokinetic studies in
uman plasma of two fluoroquinolones [1,23], the concentra-
ion in AHH subsequent oral administration, after a maximum,
ecrease rapidly. In this work the data time between oral admin-
stration and subsequent sampling was not collected but it was
ithin 1–24 h. This time is much higher than the long half-life of

hese fluoroquinolones in human plasma, which is about 4–10 h,
hatever the dose. Future pharmacokinetics study of this flu-
roquinolones in AHH will be necessary for clarifying these
spects.

Moreover, Tables 5 and 6 show that CPUFX presents an aver-
ge concentration of about 2.4 times higher than UFX. This was
ot expected because it is inconsistent with the data available in

he literature showing a concentration of plasma UFX similar to
hat of CPUFX after oral administration. This can be explained
r with a less penetration velocity of UFX into AHH or in a
ore rapid excretion of the drug respects the CPUFX. Further
and Biomedical Analysis 47 (2008) 567–574 573

nquiries on the concentration of UFX in AHH must take into
ccount these results.

. Conclusions

.1. Analytical methods

The procedure described in the present article repre-
ents a validated HPLC-based method to detect Ciprofloxacin
nd Ulifloxacin, the latter being the active metabolite of
rulifloxacin, in the aqueous human humor of patients in surgery
ataract treatment.

The sample preparation is simple, inexpensive and rapid. It
ermits the elaboration of a large number of samples in a rel-
tively shorter time compared to another method. In fact the
ypical laborious deproteinization procedure has been replaced
y a simple dilution of the sample with mobile phase and sub-
equent centrifugation in the same analysis tube. This allows
inimizing the loss of analyte. The small and very variable vol-

me of AHH withdrawn from each patient (20–150 �L) does
ot constitute a limit at the whole sensitivity.

The use of non-selective detector UV does not affect the result
hanks to chromatografic conditions that allow a very good sep-
ration of the two antibiotics from the other substances naturally
ispersed in the aqueous human humor.

It is worthy to notice that HPLC separation procedure is
ery simple and can be easily reproduced because it has been
erformed under isocratic conditions by using an extremely sim-
le eluant (acetonitrile/phosphoric acid). Due to its features the
resent method is suitable for the pharmacokinetic studies of
PUFX and UFX in human healthy volunteers.

.2. Clinical results

The developed method allows the comparative assessment
f the two drugs in AHH by in vivo experiments: the compara-
ive assessment of penetration of CPUFX and UFX in the AHH
llowed establishing that, as a consequence of an equal oral
dministration, CPUFX presents an average concentration about
.4 times higher than UFX. These results, although prelimi-
ary, together with the pharmacologic properties of Prulifloxacin
hould be taken in serious consideration in the clinical applica-
ions of this drug.
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