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Abstract

This paper reports a new, easy, cheap, and fast MEPS-HPLC-PDA method for the
simultaneous analysis of ciprofloxacin and levofloxacin, two fluoroguinolones (FLQs) commonly
used for the treatment of pulmonary infections in cystic fibrosis (CF) patients. The FLQs were
resolved on a Discovery Cg column (250 mm x 4.6 mm; 5 um particle size) using an isocratic elution
with a run time of 15 minutes, without further purification. The method was validated over
concentrations ranging from 0.05 to 2 ug/mL for both analytes in human sputum, and Enrofloxacin
was used as internal standard.

This method was successfully tested to detect FLQs in sputum collected from CF patients.
The MEPS-HPLC-PDA method was validated using biological samples collected from CF patients
orally or intravenously injected with FLQs. The resultant data showed that the method is selective,
sensitive and robust over range of concentrations for both FLQs. The limit of quantification of the
method was 0.05 pg/mL for both analytes (comparable to more complex and expensive instrument
configurations), weighted-matrix-matched standard curves showed a good linearity up to 2 pg/mL,
and parallelism tests were also successfully assessed. The intra- and inter-day precision (RSD%)
values were <10.4% and <11.1%, respectively, for all range of analysis. The intra- and inter-day
trueness (Bias%) values are ranged from —11.8% to 7.25% for both antibiotic drugs.

At the best of our knowledge, this is the first MEPS-HPLC-PDA based method that uses
MEPS procedure for simultaneous determination of ciprofloxacin and levofloxacin in human sputum.
The method was tested successfully on real sputum samples by following a conventional drug
administration. Furthermore, the MEPS-HPLC-PDA based method provides more advantages to
detect and analyze quickly the antibiotic drugs in biological matrices than other analytical procedures

reported in literature.

Keywords: MEPS-HPLC-PDA,; Method development; Levofloxacin and Ciprofloxacin; Sputum;

Sample preparation; Cystic fibrosis.
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Introduction

The biological samples cannot easily analyzed due to multiple components forming their
constituents. Although, several analytical methods can be used to resolve drugs and metabolites from
serum, plasma and urine, poor informations are actually available to detect drugs and metabolites in
sputum. In this attempt, the high performance extraction procedures and separation techniques
provide an accurate quantification of drugs and metabolites at low concentrations and allow to detect
selectively these compounds from biological samples. In particular, we previous demonstrated that
the high performance liquid chromatography (HPLC) [1-3] and chemometric analysis [4], combined
with specific instrument set-up [5], extraction procedures [6] and/or multi-factorial analyses [7-9],
can increase the detection of drugs and metabolites in biological samples, thus improving the accuracy
and specificity of analysis. This is an important requirement particularly for antibiotic drugs, which
are metabolized rapidly after oral and/or systemic injections and need high therapeutic dosage at
targeted tissues. These requirements play a pivot role for the industrial pharmacy and clinical
laboratory to easy and cheap develop analytical methods to detect simoultaneously antibiotic drugs
without employing techniscians with great expertise in analytical chemistry.

The ciprofloxacin (1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline
carboxylic acid) (Figure 1) is the most potent second-generation fluoroquinolones (FLQS) versus
gram-negative bacteria, exhibiting a rapid onset of action without cross-reaction with penicillin,
cephalosporins, and aminoglycosides [10]. By comparing to different FLQs, the ciprofloxacin inhibits
the DNA gyrase (topoisomerase 11) and lacks the DNA replication.

The levofloxacin  ((S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methylpiperazin-1-yl)-7-oxo-
7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid) (Figure 1), is the L-isomer of the racemate
Ofloxacin [11], and a third-generation FLQs, which shows a broad-spectrum activity versus both
Gram-positive and Gram-negative bacteria. Furthermore, the levofloxacin also demonstrates higher

activity versus Gram-positive bacteria than the ciprofloxacin [12].
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Figure 1. Chemical structures of Ciprofloxacin, Levofloxacin, and Enrofloxacin (1S).

The FLQs are often used to treat lung infections in cystic fibrosis (CF) patients. Particularly,
Ciprofloxacin and Levofloxacin show a significant bactericidal activity versus Pseudomonas
aeruginosa, which causes chronic lung infections in patients affected from CF and often produces a
recurrent pulmonary exacerbation, which requires several antibiotic administrations [13].
Furthermore, the FLQs prevent of the pulmonary antibiotic-resistance occurred by biofilms both in
P. aeruginosa [14] and other CF pathogens [15, 16].

The intravenous administration (1) of therapeutic compounds can activate several metabolic
pathways, which can metabolize antibiotic drugs and decrease their bioavailability and therapeutic
dosage on the targeting tissues. Conversely, the aerosol injection can deliver high dosage of

therapeutics at the pulmonary tissue and decrease their potential side effects due to the excess of
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drugs, which are not adsorbed on lungs using the IV or oral (OS) administrations [17]. Although, the
efficacy of therapeutic treatment of CF patients depends on the antibiotic drug concentrations into the
pulmonary tissue [18], the detection of FLQ drug dosage plays a main role for the successful of
therapy in CF patients administered IV or per OS. Particularly, the dosage of FLQs needs to be
detected into sputum and other biological fluids in order to customize therapy using ciprofloxacin
and levofloxacin in patient affected from CF disease [19].

Basically, drugs and metabolites can be separated and easily detected from biological samples
using chromatography. In particular, the High Performance Liquid Chromatography (HPLC) [20-23],
the High Performance Liquid Chromatography-Mass Spectrometry (HPLC-MS) [24], Ultra
Performance Liquid Chromatography-Mass Spectrometry (UPLC-MS) [25] and other procedures
[26, 27] can be used to quantify drugs and metabolites in plasma, serum, urine and pharmaceutical
formulations as previously reported [28]. Conversely, no studies discuss actually the simultaneous
detection and quantification of ciprofloxacin and levofloxacin in human sputum combining
microextraction by packed sorbent (MEPS) procedure, which is a cheap, easy and recent technique
to separate analytes and get higher extraction from biological samples and HPLC apparatus. In fact,
Huang and colleagues report the determination of the Moxifloxacin in sputum collected from patients
affected by non-CF pulmonary diseases [29]; while Myers and colleagues firstly quantify the
ciprofloxacin in serum, urine and sputum by using high-performance liquid chromatography with
fluorescence detection [30].

We previous demonstrated that analytical procedures allow to detect, separate and quantify drugs,
metabolites and impurities from biological samples [31-36]. Furthermore, we already used
microextraction by packed sorbent-high performance liquid chromatography-photodiode array
(MEPS-HPLC-PDA) method to analyze simultaneously seven non-steroidal anti-inflammatory
drugs, i.e. furprofen, indoprofen, ketoprofen, fenbufen, flurbiprofen, indomethacin, and ibuprofen, in
human plasma and urine [6]. We report herein a MEPS procedure coupled to easy, cheap, rugged,

well-known and routine instrument configuration (high performance liquid chromatography-
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photodiode array, HPLC-PDA) to quantify simultaneously the commercially available ciprofloxacin
and levofloxacin drugs in sputum samples collected from CF patients administered 1V or per OS
therapy. This procedure can provide several advantages to extract and detect analytes in biological

samples compared to the other expensive and complex instrument configurations.

2. Experimental
2.1 Chemicals, solvents, and devices

Levofloxacin, ciprofloxacin, enrofloxacin (used as Internal Standard, 1S) (all >98% purity
index), sodium phosphate monobasic and sodium phosphate dibasic (>99% purity index), phosphoric
acid (to obtain phosphate buffer at pH = 2.5), and triethylamine (>99.5% purity index, TEA) were
purchased from Sigma-Aldrich (Milan, Italy). The commercially available levofloxacin (Tavanic®)
and ciprofloxacin (Ciproxin®) drugs were obtained from Sanofi-Aventis S.p.A. (Milan, ltaly) and
Bayer S.p.A. (Milan, Italy), respectively.

Methanol and acetonitrile (AcN) (HPLC-grade) were purchased from Carlo Erba (Milan,
Italy) and were used without further purification. The water for HPLC analysis was generated by
Millipore Milli-Q Plus water treatment system (Millipore Bedford Corp., Bedford, MA, USA).

Oasis HLB (1 cc, 30 mg) and Sep-Pak (1 cc, 50 mg) were purchased from Waters (Milford,
MA, USA); Evolute (1 cc, 25 mg) from Stepbio (Bologna, ltaly); Strata-X (1 cc, 30 mg) from
Phenomenex (Torrance, CA, USA); and Bond Elut (1 cc, 50 mg) from Agilent (Santa Clara, CA,
USA).

MEPS device (syringe) and replacement needle with Cig stationary phase were purchased

from SGE Analytical Science (Australia).

2.2 Sputum collection and storage
Sputum samples were collected from CF patients hospitalized in Cystic Fibrosis Unit at the

“Bambino Gesu” Children Hospital of Rome. The patient was informed about all procedures before

7
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a written informed consent was carried out. The samples were collected, by coughing into a sterile
container, both from patients not undergoing FLQs therapy (controls) and those under treatment with
ciprofloxacin or levofloxacin (each at 500 mg twice daily). All samples were stored at -80°C until

further analysis.

2.3 Sputum sample preparation

180 uL of human blank sputum was mixed with 10 uL of analyte working solutions and 10
pL of IS (1 pg/mL), vortex-mixed for 1 minute (10% v:v of matrix modification for calibration curve
and QC samples, 5% v:v of matrix modification for real samples).

A preliminary cleaning and dilution step for sputum samples was achieved using
trichloroacetic acid (TCA) (20 mg/mL) in 1: 0.5 ratio (v:v) followed by centrifugation at 12.000 x g
for 5 minutes, and the resultant samples were exctracted using MEPS device. This step denatures the
proteins, hydrolyses the bound drug residues, and reduces the sample density to facilitate the sample
flow through the Cyg stationary phase, as previously described [37].

The MEPS device, consisting of a 250 uL syringe with a replacement needle, was used in off-
line instrument configuration to separate and purify samples. The MEPS removable needle,
containing a Cyg stationary phase, was able to analyse at least 90-120 samples before it was changed.
To enhance the overall process efficiency, the total volume of each step was achieved performing
multiple “suctions” (in and out).

The extraction procedure was performed as herein reported: the sorbent was conditioned with
3 x 150 uL of methanol and 3 x 150 uL of phosphate buffer (30 mM, pH 2.5); sample application by
passing the biological fluid (sputum) diluted 1:0.5 (v:v) with TCA (20 mg/mL) (8 x 100 uL) through
the sorbent; wash step with 1 x 150 uL of phosphate buffer (30 mM, pH 2.5) and methanol (95:5,
v:v); the analytes was eluted with 8 x 25 uL of methanol in a vial and then directly injected into the

HPLC system. The average flow rate at every single step was 10 uL/s.
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2.4 Apparatus and chromatographic condition

HPLC analyses were performed on a Waters liquid chromatography equipped with a model
600 solvent pump, and a 2996 photodiode array detector. Mobile phase was directly on-line degassed
by using Degassex, mod. DG-4400 (Phenomenex, Torrance, CA, USA). Empower v.2 Software
(Waters Spa, Milford, MA, USA) was used for data acquisition and analysis.

In order to optimize the chromatographic conditions, different columns were tested, such as
Gemini Cyg (250 x 4.6 mm, 5 um particle size, Phenomenex, Torrance, CA, USA), GraceSmart RP1g
(250 x 4.6 mm, 5 pum particle size, Grace, Deerfield, IL, USA), and Discovery Cg column (250 x 4.6
mm, 5 pm particle size, Supelco, Milan, Italy).

Discovery Cg packing column (250 x 4.6 mm, 5 um particle size; Supelco, Milan, Italy)
connected to a Security Guard column (4.0 x 3.0 mm, 5 pum particle size; Supelco, Milan, Italy) was
finally used to separate antibiotic drugs and IS. The column was thermostated at 25°C (x 1°C) using
a Jetstream2 Plus column oven during the analysis.

For quantitative analyses, the selective detection was performed at 295, 279, and 278 nm for
levofloxacin, ciprofloxacin, and enrofloxacin (IS), respectively (see Supplementary Material, section
S.1 for analytes and IS UV/Vis spectra).

An isocratic elution mode was performed using a binary solvent system composed by
phosphate buffer (30 mM, pH 2.5, 1% TEA), and AcN (1% TEA) (86:14, v:v) at 1.0 mL/min flow

rate.

2.5 Stock solution, calibration curve and QC analysis

The three chemical standards stock solutions were made at the concentration of 1 mg/mL in a
final volume of 10 mL of mobile phase. The combined working solutions of mixed standards at the
concentrations ranging from 1 to 40 ug/mL were obtained by the dilution of a mixed solution at 500

pug/mL in volumetric flasks containing the mobile phase.
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Finally, the eight calibration standards were carried out as previously reported (see Section

2.3 Sputum sample preparation) and injected into the HPLC-PDA system.

2.6 Method validation
In order to demonstrate the suitability of the developed analytical method, validation was
carried out according to International Guidelines [38-40]. In this way, Limit of Detection (LOD),
Limit of Quantification (LOQ), linearity, intra- and inter-day trueness and precision, selectivity,
recovery, stability, parallelism test, and ruggedness were tested for each analyte in sputum samples.
The method efficiency (recovery) was optimised to obtain the better results in terms of sample

clean up and maximum peaks area responses (as signal-to-noise ratio).

3. Results and discussion
3.1 Optimization of MEPS extraction procedure

A main step in the multi-drug determination procedure is represented by the extraction and
clean-up assays. Both allow to obtain the maximum recovery of analytes, without significant
interference peaks. Several assays were tested, starting from a simple Liquid-Liquid extraction (LLE)
with AcN [40], also acidified with phosphoric acid or TCA. These procedures allowed low recovery
for ciprofloxacin (approx. 60%), but gave higher values (approx. 80%) for levofloxacin, comparable
to those reported by Schulte and coworkers [41] for plasma samples.

The Solid Phase Extraction (SPE) procedure was also tested using different stationary phases
from different manufacturers, such as Oasis HLB, Evolute, Strata-X, Bond Elut, and Sep-Pak. All the
SPE sorbents were conditioned according to general procedures suggested by the manufacturer. These
procedures allowed to achieve high recovery values (approx. >80%), although high volumes of
samples were required.

Based on these results, a MEPS microextraction procedure was tested according to general

conditions for cartridge set up, sample extraction, and elution reported in literature [37].
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For the MEPS optimisation, sputum QC samples supplemented with 0.15 ug/mL of analytes
were used. Before the analysis, the biological samples are diluted in water at the ratio from 1: 4 to 1:
20 (v/v) and then centrifuged as previously reported [37]. The resultant sample was withdrawn and
concentrated; while the cleaning step was previously achieved by using water (200 pL). The
concentrated analytes on the stationary phase of MEPS were eluted using methanol (20 uL) and then
directly injected into the HPLC-PDA apparatus. This procedure allowed for lower analyte signals and
for the presence of interference peaks, but an overall improvement respect to initially tested procedure
was observed in terms of signal-to-noise ratio. Additionally, the overall processing time is decreased
from 30-40 minutes (LLE and SPE extractions) to approximatly 10 minutes.

The MEPS procedure was then optimised in order to better clean the sample from biological
matrix interferences and to optimise the response in terms of peak area. In fact, the recovery
procedure, which is expressed as a function of peak area, can increase linearly from single extraction
cycle (1 x 100 pL) to eight cycles (8 x 100 uL) using "draw—eject” multiple extraction cycles from
the same sample.

MEPS procedure was also optimized in order to improve the devices’ lifetime to carry out
multiple analysis; to decrease its cost and time consuming; and to prevent syringe-to-syringe
variations. This “target” can lead to a not obvious analytical drawbacks, i.e. the carry-over. In fact,
the carry-over represents a limiting step, compound-dependent phenomenon, and could be caused
from the MEPS device, from the adsorption of analytes in the instrument under isocratic condition of
the analysis. Furthermore, the carry over should be evaluated to increase precision and trueness of
analytical method during the validation process.

The analyses were carried out using different tests. In particular, we firstly used ultra pure
water (3 times) and elution solvent (4 times), during the washing step and sorbent cleaning, to
decrease the carry-over below 0.02% [37]. Unfortunatly, the carry over was decreased but not
suppressed during the analyses. Secondly, we changed the washing solvent and the ultrapure water

was replaced with phosphate buffer (30 mM, pH 2.5) and methanol (95:5, v:v). This mixture improved
11
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the signal-to-noise ratio, analytes recovery , and no carry-over. By changing the pH (2.5 — 7.4) and
the ionic strength (5 — 50 mM) of phosphate buffer herein reported, we showed that a pH value of 2.5
prevents the arrangment of enrofloxacin in its zwitterionic form (pH 7.5); while a ionic strength of
30 mM increased the signal-to-noise ratio up to a plateau. The elution solvent was also optimized to
increase the overall signal (in terms of analyte peak area) and improve the clean up of MEPS
apparatus.

Pure methanol was used as elution solvent to perform the maximum overall recovery of
analytes. Pure methanol as elution solvent was used in order to maximise the overall recovery. In this
way the interactions between the analytes and the stationary phase were less strong leading to an
increased response (in terms of analytes and IS peak area). In this attempt, we optimized the extraction
procedure according to the following steps:

1. MEPS Conditioning: methanol (3 x 150 uL) and phosphate buffer (30 mM, pH 2.5)

(3% 150 pL);

2. MEPS Sample load: diluted sputum 1:0.5 (v:v) with TCA (20 mg/mL) (8 x 100 uL)

3. MEPS Wash: phosphate buffer (pH 2.5, 30 mM) and methanol (95:5, v:v) (1 x 150

uL)

4. MEPS Elution: methanol (8 x 25 uL)

This optimised procedure allowed to increase the sample cleaning up and maximum peaks
area responses, to avoid the carry-over phenomena, and to reuse the device up to 90-120 folds without
any loss of performance. The syringe-to-syringe variations were also tested. The accuracy of QC
samples at three levels of concentrations (low, medium, high) was similar in terms of inter-day

precision and trueness for all needles used during the analysis.

3.2 HPLC separation and method development
The chromatographic conditions were optimized to increase the drug detection and peak

signals, to decrease the run time, and to avoid the presence of interferences during the analysis.
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Different gradient and isocratic mobile phases were performed to separate accurately ciprofloxacin,
levofloxacin, and IS.

The isocratic condition, made from different percentage of organic solvents and buffers at
different pHs, were firstly carried out to develop a reproducible analytical method for HPLC analysis
of ciprofloxacin and levofloxacin. The chromatographic separation of antibiotic drugs was performed
using different stationary columns, i.e. two Octadecylsylane columns [41, 42], and one Octylsylane
column: Gemini Cyg (250 x 4.6 mm, 5 um particle size), GraceSmart RP1g (250 x 4.6 mm, 5 um
particle size), and Discovery Cg column (250 x 4.6 mm, 5 um particle size). The mobile phase, made
from organic solvent and buffer at different pHs, was following reported: (a) AcN and 2% v:v acetic
acid [23], (b) 30 mM ammonium acetate buffer (pH 2.5) and AcN (80:20, v:v) to transfer the method
from PDA to mass spectrometric detector, and finally (c) a binary solvent system, made from the
sodium dehydrogenate phosphate buffer (30 mM, pH 2.5) with triethylamine (TEA) (1%, v:v), and
AcN (84:16, v:v) with TEA (1%, v:v), using a flow rate of 1.0 mL/min.

The method (c) was used to separate ciprofloxacin, levofloxacin and IS during the analysis.
In fact, it allows to separate drugs and IS accurately without any overlapping of drug retention times
and interferences of sputum components during the MEPS extraction. The procedure reported in point
(c) allows to detect ciprofloxacin, levofloxacin and IS at different retention times; to separate drugs
and potential interference peaks derived from biological samples; and to maintain a suitable overall
run time. Furthermore, to increase the peak shape and the retention times different TEA percentages,
i.e. 0.5%, 0.8%, and 1% (v:v), was added to AcN and buffer phosphate during the analysis. The
resultant data demonstrated that the peak shape of varios compounds is symmetric and the retention
times of ciprofloxacin and levofloxacin, respectively, are well separated using 1% (v:v) of TEA. A
slight asymmetric shape for the retention time occurred for IS using 1% (v:v) of TEA; however, this
value does not affect significantly the peak integration during the analysis of data.

By applying the chromatographic condition herein reported, a robust baseline was carried out

in 15 minutes to separate drugs, and the retention times of compounds were 8.38 (+ 0.45), 9.19 (+
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0.46), and 12.2 (+ 0.53) for levofloxacin, ciprofloxacin, and enrofloxacin (1S), respectively [see
Supplementary Material, section S.2 for System Suitability Test (SST) separation].

The LOQ values were 0.05 pg/mL for levofloxacin and ciprofloxacin (based on signal-to-
noise ratio of 10:1, the analytes show a precision below 20% and a trueness over 80-120%),
respectively; while the LODs of the method was further set based on the signal-to-noise ratio (3:1) of

the chromatograms at 0.017 pg/mL for ciprofloxacin and levofloxacin, respectively (Table 1).
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Table 1: Mean linear calibration curve parameters performed by weighted-linear least-squares regression analysis of six independent eight non-zero

concentration points.

Analyte Linearity range (ug/mL) Slope? Intercept? Detemination Coefficient (R?)
Ciprofloxacin 0.05-2 (0.017 ug/mL®)  0.157 (+ 0.004) -0.0002 (z 0.0005) 0.9933
Levofloxacin 0.05-2 (0.017 ug/mL")  0.192 (+0.004) 0.0084 (+ 0.0005) 0.9966

2\/alues at 95% confidence intervals on the mean of six independent calibration curves. "The round bracket shows the
LOD values obtained from signal-to-noise ratio (3); the slope and intercept of calibration curve are expressed in ug/mL.

15



323 The within-assay precision (repeatability) was carried out by performing six consecutive
324  assays, on the same day, on QC samples spiked at three different drug concentrations, i.e. 0.15 (low
325  level), 0.30 (medium level) and 0.75 (high level) ug/mL, which are within the range of the calibration
326  curve. The QC samples were also analyzed in different days to evaluate the between-assay precision
327  (intermediate precision). The trueness of the method was further tested using the same concentrations
328  for ciprofloxacin and levofloxacin, respectively, and comparing the QC concentrations of both drugs
329  with their nominal values (Table 2). The QCs over range at 40 ug/mL were also quantified after a
330  dilution step (40 folds, v:v) with the pooled corresponding blank sputum matrix followed by MEPS-
331 HPLC-PDA analyses, and the precision and trueness values were comparable to those obtained for
332  low, medium, and high levels.

333

334  Table 2: Intra-day and Inter-day precision (RSD%), trueness (Bias%) of the analytical method

335  obtained from the analysis of QC samples.

336
INTRADAY INTERDAY
Ciprofloxacin Levofloxacin Ciprofloxacin Levofloxacin
Theoretical® 0.15
Mean Back-Calculated? 0.16 0.15 0.15 0.16
BIAS% 7.25 0.12 -0.35 4.77
RSD% 6.32 9.18 6.27 5.70
Theoretical® 0.30
Mean Back-Calculated? 0.27 0.29 0.27 0.29
BIAS% -9.74 -3.81 -9.49 -3.76
RSD% 1.75 5.77 2.60 7.88
Theoretical® 0.75
Mean Back-Calculated? 0.75 0.68 0.80 0.66
BIAS% 3.20 -4.35 6.82 -11.8
RSD% 6.09 11.1 10.4 3.19
337 The data are the mean values of six experiments (n = 6). Concentration is
338 expressed in ug/mL;
339
340 As reported in Figure 2, the selectivity and specificity of the method were tested on blank

341  sputum samples extracted using MEPS procedure and analysed by HPLC-PDA apparatus without

342  any fortification (a), and after the supplement of IS (b) or analytes plus IS (c). These expeimental
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conditions demonstrated that the analyte retention times are similar to those of real samples and no

interfering peaks were observed.

Figure 2. Chromatograms obtained after the extraction and analysis of ciprofloxacin, levofloxacin,
and enrofloxacin at 279, 295, and 278 nm, respectively (trace a: blank human sputum, trace b: blank
human sputum spiked with 1 ug/mL of Internal Standard, and trace c: blank human sputum spiked
with 1 ug/mL of Internal Standard and 0.75 pg/mL of analytes). 20 uL of samples was injected during

the analysis.
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The carry-over was not obvious in the biological matrices, especially when isocratic elution
mode was used. For this reason, a blank sputum sample was injected after the analysis of sputum
fortified at the upper limit of quantification (ULOQ, 2 pg/mL) and no “memory effects” were
observed. In addition, the intra-matrix variability was tested using six different batches of sputum
samples, and no interferences for ciprofloxacin, levofloxacin and IS were carried out during the

analysis.

3.3 Method validation

The calibration curves in blank sputum were calculated by analysing for six-times the eight
non-zero concentration standards made in freshly spiked blank sputum, and the results were
performed by plotting the corrected area (analyte area/IS area ratio) for each level versus the nominal
concentration level corresponding to each standard solution. The linearity of the standard curves was

assessed by calculating the intercept, slope, determination coefficient and variation in the range of
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0.05-2 pug/mL for levofloxacin and ciprofloxacin, respectively. Levofloxacin and ciprofloxacin
calibration samples were prepared by diluting their working standard solutions in sputum, and at least
eight concentration levels were used. The calibration curves were linear over the range reported for a
least-squares linear-regression determination coefficient (r?) > 0.9933, using a weighting factor of
(1/x?). The resultant calibration curves, for ciprofloxacin, levofloxacin and IS at their maximum
wavelengths (295, 279, and 278 nm, respectively), were plotted using weighted linear least-squares
regression analysis, as permitted by the method validation guidelines, stating that “standard curve
fitting is determined by applying the simplest model that adequately describes the concentration—
response relationship using appropriate weighting...” [38]. All calibration curve parameters are
reported in Table 1.

The precision and trueness (also for QCs over range) were acceptable for RSD% and Bias%
values below 15% (Table 2). The limit of quantitation was 0.05 pug/mL for both levofloxacin and
ciprofloxacin (Table 2).

The selectivity of method was also studied by analysing six sputum samples from different
patients. According to ICH guideline requires [39], the blank samples showed neither area values
higher than 20% of LOQ areas at the analyte retention times, nor higher than 5% of IS area at the
drug retention time. The representative chromatograms of antibiotic drugs obtained from simple
human sputum (control) after extractions were shown in Figure 2 (trace a). No interfering peaks were
detected at the levofloxacin or ciprofloxacin retention time (see Supplementary Material, section S.3).

No significant decrease of drug concentrations or changes of chromatograms, due to the
potential degradation of antibiotic drugs, were carried out for the stock solutions, the spiked sputum
samples and the extracts stored at room temperature. The spiked sputum samples stored at —20°C, at
+4°C, and freezing-thawed samples (n = 3 cycles) were also stable for at least 1 month (see

Supplementary Material, section S.4 for long-term stability, and Table S.4.1).
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The HPLC-PDA method ruggedness was also carried out over chromatographic conditions
that were designedly modified. Results supported the ruggedness of the developed method
(Supplementary Material, section S.5, and Table S.5.1 for data on retention and selectivity factor).

A parallelism check was performed by analysing a high drug sputum sample concentration
diluted 40-folds (v:v) with the pooled corresponding blank matrix used to make standards and QC
samples. The resultant data demonstrated that a limit of quantification for sputum could be carried
out by diluting samples up to 40 ug/mL above the maximum value of the standard calibration curve.
The resultant values for the accuracy parameters, i.e. precision and trueness, can be compared to those

obtained for the concentrations of antibiotic drugs within the calibration range.

3.4 Comparisons with existing methods

The resultant method showed several advantages to analyze simultaneously the antibiotic
drugs. In fact, this procedure increases the detection of ciprofloxacin and levofloxacin in biological
samples, particularly sputum collected from CF patients. The previous data showed that only single
levofloxacin [17], ciprofloxacin [30], or other FLQs [29] was extracted from sputum collected from
patients. Additionally, the methods previously reported require a complex instrument configuration
of the HPLC and often a complex extraction procedure instead of MEPS-HPLC-PDA apparatus [23].
Conversely, the MEPS-HPLC-PDA method allows to detect ciprofloxacin and levofloxacin
simultaneously in sputum samples of CF patients after a simple (similar to well-know SPE procedure
but based on a syringe device), rapid, and selective MEPS extraction in approximatly 10 minutes
without the presence of interfering peaks and/or the carry-over phenomena as reported in Materials
and Methods section (3.3.2) and in Supplementary Materials section S.3. The resultant procedure
allows the continuous analysis of samples under isocratic eluation at short running time (15 minutes,
without re-conditioning HPLC apparatus); is not time consuming for the extraction of samples (10
minutes for MEPS apparatus) compared to other extraction procedure (20 minutes reported for the

same analytes in other matrix [41]), does not require any further purification and/or extraction

19



415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

process; and particularly, is a cheap (a single MEPS removable needle can be used to analyze almost
90-120 samples before its replacement) and green chemistry method.

The LOQs were carried out easely using MEPS-HPLC and PDA detector and were similar to
those obtained using more sensitive detectors, i.e. FLD, which was commonly used to quantify drugs
in plasma samples [42], more complex and/or expensive apparatus and equipment configurations, i.e.
MIPs [43]. In particular, the LOQ values were included in the range from 2.5-3 [44, 45] to 100-folds
lower than data previously reported [46], and were obtained using different biological samples and a
more complex apparatus set up. The MEPS-HPLC-PDA also decreased of 5 x 10*-folds the limit of
detection for antibiotic drugs with respect to the maximum concentration (Cmax) level of levofloxacin,
which can detect after aerosol injection [17]. Conversely, the oral administration of antibiotic drugs
provides a level of concentration for both drugs in the range 10-20 pug/mL [47, 48], which is higher
than the LOQs performed using this procedure.

The MEPS-HPLC-PDA apparatus allows to run samples under isocratic elution, thus deleting
drawbacks, i.e. dead volumes, occurred using the same set up in different apparatus and equipments.
The use of IS allows to monitor contineously the extraction and analysis of samples over the time.
The MEPS-HPLC-PDA apparatus also requires short time (15 minutes) to complete analysis. The
short time of analysis may provide several advantages in clinical studies.

In the reported procedure, MEPS extraction was performed in “off-line” mode, but this is not
a limiting step, especially related to the HPLC isocratic mode separation (easy method transfer also
to other HPLC instrument) and all MEPS procedures reported herein can be directly configured into
the software system (for on-line measurements) without any loss of chromatographic resolution
and/or analytical performances related to the autosampler void volume. The major advantage of the
developed extraction procedure is that MEPS device, like SPE, is “field portable” for remote
sampling without the use of automated equipment with the sample loading step (field based) and
clean up/elution (laboratory based) separated, particularly adapted to small sample volume analysis.

In off-line configuration, the manual operation of the syringe pump allowed sampling without the
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need for portable power supplies or other sampling equipments. Additionally the use of off-line MEPS
configuration can reduce the need to recover and stabilize samples for transport to the laboratory, and
permit to use this device for off-line analysis by NMR, and IR methods including immunoassay. The
reported procedure allows also to eliminate all extra steps between sample preparation and sample
injection.Table 3 lists the extraction procedure, the instrument setting up, the elution mode, the
chromatographic analysis and the analytical parameters used to detect ciprofloxacin and/or

levofloxacin extracted from different biological samples.
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449  Table 3: Analytical methods show the analysis of ciprofloxacin and/or levofloxacin extracted from different biological samples.

450
Analytes @ Extraction P Instrument Chromatographic
Sample Elution LOD LOQ Year Ref.
(FLQs) (Requested time) Setting up analysis (Minutes)
. . PP .
Plasma  Ciprofloxacin (10 minutes) HPLC-FLD Gradient Not reported 0.0412 ug/mL 16 2003 20
. . SPE .
Plasma  Ciprofloxacin (Not reported) HPLC-FLD Gradient Not reported  16.56 pug/mL 16 2005 21
. : PP/dilution . :
AHH Ciprofloxacin (5 minutes) HPLC-UV/Vis Isocratic ~ 0.004 pg/mL 0.008 pg/mL 10 2008 22
. . PP . .
Plasma  Ciprofloxacin (15 minutes) HPLC-UV/Vis Isocratic 0.083 pg/mL  0.169 pg/mL 15 2008 23
Serum 0.04 pg/mL 0.1 png/mL
Urine . PP/dilution . . 0.1 pg/mL 0.5 ug/mL 6.0 (ESY)
CSE Levofloxacin (Not reported) UHPLC-ESI-MS/MS Gradient 0.016 pg/mL 0,053 pg/mL_ and 5.8 (ES) 2014 25
Bronchial 0.008 mg/kg 0.027 mg/kg
: . : Dilution
Urine Ciprofloxacin (Not reported) Fluorescent spectroscopy - Not reported 0.2 pug/mL Not reported 2009 27
Plasma . : PP . . 0.078 pg/mL
Sputum Moxifloxacin (Not reported) HPLC-UV/Vis Isocratic Not reported 01563 ug/mL Not reported 2009 29
. . LLE -
Sputum  Ciprofloxacin (Not reported) HPLC-FLD Gradient 0.05 gg/mL  Not reported Not reported 1987 30
Levofloxacin MAE i ) . 2.9 ng/g 8.6 ng/g
Compost Ciprofloxacin (20 minutes) UPLC-HESI-MS Isocratic 3.0 ng/g 9.0 ng/g 14 2015 41
. LLE .
Plasma  Levofloxacin (10 minutes) HPLC-FLD Gradient 0.01 ng/mL  0.05 pg/mL 25 2006 42
. . . MIP .
Urine Ciprofloxacin (Not reported) HPLC-FLD Gradient  0.0049 pg/mL 0.016 pg/mL 25 2009 43
451
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452  Table 3 cont.: Analytical methods show the analysis of ciprofloxacin and/or levofloxacin extracted from different biological samples.
453
Analytes @ Extraction P Instrument Chromatographic
Sample Elution LOD LOQ Year Ref.
(FLQs) (Requested time) Setting up analysis (Minutes)
. . PP/LLE/evaporation .
Serum Ciprofloxacin (Not reported) HPLC-FLD Isocratic 0.06 pg/mL  0.125 pg/mL 10 1986 44
. PP .
Broth Levofloxacin (Not reported) HPLC-FLD Isocratic Not reported  0.15 pg/mL Not reported 2013 45
. Levofloxacin Dilution/Precipitate 0.4-0.5 pg/mL
Urine Ciprofloxacin (Not reported) UV and AAS 0.4-0.46 pg/mL Not reported Not reported 2005 46
Sputum  -evofloxacin MEPS HPLC-PDA lsocratic  0.017ug/mL  0.05 ug/mL 15 Current  Current

Ciprofloxacin (10 minutes)

paper paper

fkoroquinolones detected using procedure for the simoultaneous analysis of different drugs; Pextraction time depends on the centrifugation time; AHH = aqueous
A5man humor; PP = protein precipitations; LLE = liquid-liquid extraction; MAE = microwave assisted extraction; MIP = molecularly imprinted polymer; CSF =
AB56érebrospinal fluid; ES™ = positive ionisation mode; ES™ = negative ionisation mode; FLD = fluorescence detection; HESI = Heated Electro Spray lonisation; AAS
453tomic absorption spectrometric.

458
459
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At the best of our knowledge, there is no MEPS-HPLC-PDA procedure in liturature, which
allows to detect simultaneously, and regardless of clinical therapy, ciprofloxacin and levofloxacin
collected from sputum of patients affected from CF with comparable performances. Furthermore, the
MEPS-HPLC-PDA apparatus shows great analytical performance in biological samples compared to

other expensive and complex analytical procedures.

3.5 Application to real CF sputum samples

The resultant method was tested to quantify ciprofloxacin and levofloxacin in sputum samples
collected from CF patients after IV or per OS administration. The collected samples were extracted
using MEPS system and analyzed by HPLC-PDA apparatus. Figure 3 shows chromatograms obtained
after the analysis of real samples (see also Supplementary Material, Section S.6 for all chromatograms

at maximum wavelengths).

Figure 3. Chromatograms obtained after the analysis of real samples. Drugs: Levofloxacin (1V top,
OS bottom) box A at 295 nm, and Ciprofloxacin (IV top, OS bottom) box B at 279 nm; injected dose:

500 mg x 2/die.
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477  The quantitative analysis of real samples were further showed in Table 4.

478
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479  Table 4: Quantitative analysis of sputum samples collected from patients treated with Levofloxacin and Ciprofloxacin.

480
Ciprofloxacin Levofloxacin Time Sample Volume
Sample # Way of Administration Drug Treatment
(ug/mL) (nwg/mL)  (hours)? (mL)

1 0OS Levofloxacin (500 mg x 2/die) - 0.21 2 2

2 vV Levofloxacin (500 mg x 2/die) - BLQ 2 2

3 0OS Ciprofloxacin (500 mg x 2/die) 0.10 - 2 2

4 vV Ciprofloxacin (500 mg x 2/die) 1.06 - 8 2

5 CTRL - - - - 2

6 CTRL - - - - 2
481 OS: oral administration; 1V: intravenous administration: CTRL: control. #Time between last fluoroquinolone administration and
482 sputum collection.
483
484
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Sputum samples were collected 2 hours after the last fluoroquinolone administration for
samples 1, 2, and 3, and after 8 hours for sample 4. Low CF sputum concentration levels for
levofloxacin (0.21 pg/mL) and ciprofloxacin (0.10 ug/mL) after 2 hours of injection per OS
administration depend on the low serum Cmax (approximatly 7 pug/mL) level at tmax (2.2 hours) as
reported by Lee and coworkers [49]. Additionally, the high ciprofloxacin concentration after IV
administration agreed published data of Payen and coworkers [50].

CF patients are highly susceptible to bacterial respiratory infections. Therefore, they
underwent to repeated, intensive and prolonged cycles of antibiotic therapy to maintain the lung
function and to reduce the number of pulmonary exacerbations. Treatment of pulmonary infectious
in CF patients is a challenge for the clinician due to the multi-drug resistance phenotype of bacterial
pathogens and to the unpredictable pharmacokinetic alterations arising from the complex
pathophysiological changes observed in this population. To optimise the efficacy of the antibiotic
treatment of lung infections in CF patients, the current strategies recommend intravenously
administered ciprofloxacin at 20-30 mg/Kg/day [51].

As previously reported in literature, the mean ciprofloxacin concentration in sputum
determined at 1, 2, or 4 h after OS and IV administration in CF patients ranged from 0.16 to 1.64 and
from 1.02 to 0.39 pg/mL, respectively [52]. At the best of our knowledge, and as additional novelty
of the reported work, no similar data are available for levofloxacin following OS or IV administration
and determined in sputum samples. This is another novelty of the herein reported work, that permit

the evaluation of the antibiotic treatment efficacy when different clinical protocol were adopted.

4. Conclusions

The determination and quantification of levofloxacin and ciprofloxacin using MEPS-HPLC-
PDA in sputum samples collected from CF patients were successfully performed through a Discovery
Cs column using a binary solvent system (86:14, v:v) made from phosphate buffer (30 mM, pH 2.5,
1% TEA), and AcN (1% TEA) at 1.0 mL/min flow rate.
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The analytical performance was validated and the method was successfully tested to quantify
the ciprofloxacin and levofloxacin in sputum samples collected from CF patients, which were injected
per OS or IV under antibiotic therapy. In the explored range the method is accurate, selective, and
sensitive enough to allow the analysis of antibiotic drugs in sputum after MEPS extraction. Neither
endogenous compounds nor other co-administered drugs showed significant interferences in terms of
selectivity. The analyses can be carried out by means of a relatively simple procedure, with a decrease
of analytical variability and sample handling time. These advantages depend also on the use of IS,
and the isocratic elution mode. Our results further suggest that MEPS-HPLC-PDA can be a suitable
tool to detect, separate and quantify efficiently the levofloxacin and ciprofloxacin from biological
samples, and can represent an innovative therapeutic strategy for the analysis of antibiotic drugs in
clinic. Another main advantage is represent by the simultaneously and regardless of clinical therapy
quantification of these two drugs in sputum collected from CF patients. The MEPS-HPLC-PDA in
off-line mode can also represent an easy, fast, routinary and cheap analytical method to various
antibiotic drugs in biological samples without using time consuming and expensive apparatus, which

require specialists and optional configurations.

Acknowledgments

This work was supported from grant ex 60%, University of Chieti — Pescara “G. d’Annunzio”.

References

[1] M. Locatelli, Anthraquinones: analytical techniques as a novel tool to investigate on the
triggering of biological targets; Curr. Drug Targets 12 (2011) 366-380.

[2] M. Locatelli, L. Governatori, G. Carlucci, S. Genovese, A. Mollica, F. Epifano, Recent
application of analytical methods to phase | and phase Il drugs development: a review; Biomed.

Chromatogr. 26 (2012) 283-300.

28



536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

M. Locatelli, D. Melucci, G. Carlucci, C. Locatelli, Recent HPLC strategies to improve
sensitivity and selectivity for the analysis of complex matrices; Instrument. Sci. & Technol. 40
(2012) 112-137.

D. Melucci, S. Fedi, M. Locatelli, C. Locatelli, S. Montalbani, M. Cappelletti, Application of
Pyrolysis-Gas Chromatography-Mass Spectrometry and Multivariate Analysis to Study
Bacteria and Fungi In Biofilms Used For Bioremediation; Curr. Drug Targets 14 (2013) 1023-
1033.

S. Zaza, S.M. Lucini, F. Sciascia, V. Ferrone, R. Cifelli, G. Carlucci, M. Locatelli, Recent
advances in the separation and determination of impurities in pharmaceutical products;
Instrument. Sci. & Technol. 43 (2015) 182-196.

M. Locatelli, V. Ferrone, R. Cifelli, R.C. Barbacane, G. Carlucci, MicroExtraction by Packed
Sorbent and HPLC determination of seven non-steroidal anti-inflammatory drugs in human
plasma and urine; J. Chromatogr. A 1367 (2014) 1-8.

M. Locatelli, S. Genovese, G. Carlucci, D. Kremer, M. Randic, F. Epifano, Development and
application of high-performance liquid chromatography for the study of two new
oxyprenylated-anthraquinones produced by Rhamnus species; J. Chromatogr. A 1225 (2012)
113-120.

M. Locatelli, F. De Lutiis, G. Carlucci, High Performance Liquid Chromatography
determination of Prulifloxacin and five related impurities in pharmaceutical formulations; J.
Pharm. Biomed. Anal. 78-79 (2013) 27-33.

M. Locatelli, R. Cifelli, C. Di Legge, R.C. Barbacane, N. Costa, M. Fresta, C. Celia, C.
Capolupo, L. Di Marzio, Simultaneous determination of Eperisone Hydrochloride and
Paracetamol in mouse plasma by High Performance Liquid Chromatography-PhotoDiode Array
Detector; J. Chromatogr. A 1388 (2015) 79-86.

H.J. Zeller, K. Grohe, The in vitro and in vivo activity of Ciprofloxacin; Eur. J. Clin. Microbiol.

Dis. 3 (1984) 339-343.

29



562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

S77

578

579

580

581

582

583

584

585

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

K. Croom, K. Goa, Levofloxacin: a review of its use in the treatment of bacterial infections in
the United States; Drugs 63 (2003) 2769-2802.

M. Garrison, Comparative antimicrobial activity of Levofloxacin and Ciprofloxacin against
Streptococcus pneumoniae; J. Antimicrob. Chemother. 52 (2003) 503-506.

C. Stockmann, C. Sherwin, J. Zobell, D. Young, C. Waters, M. Spigarelli, K. Ampofo,
Optimization of anti-pseudomonal antibiotics for cystic fibrosis pulmonary exacerbations: IlI.
Fluoroquinolones; Pediatr. Pulmonol. 48 (2013) 211-220.

A. Fernandez-Olmos, M. Garcia-Castillo, L. Maiz, A. Lamas, F. Baguero, R. Canton, In vitro
prevention of Pseudomonas aeruginosa early biofilm formation with antibiotics used in cystic
fibrosis patients. Int. J. Antimicrob. Agents. 40 (2012) 173-176.

G. Di Bonaventura, 1. Spedicato, D. D'Antonio, I. Robuffo, R. Piccolomini, Biofilm formation
by Stenotrophomonas maltophilia: modulation by quinolones, trimethoprim-sulfamethoxazole,
and ceftazidime. Antimicrob. Agents Chemother. 48 (2004) 151-160.

A. Pompilio, C. Catavitello, C. Picciani, P. Confalone, R. Piccolomini, V. Savini, E. Fiscarelli,
D. D'Antonio, G. Di Bonaventura, Subinhibitory concentrations of moxifloxacin decrease
adhesion and biofilm formation of Stenotrophomonas maltophilia from cystic fibrosis. J Med
Microbiol. 59 (2010) 76-81.

C. Stockmann, C.M.T. Sherwin, K. Ampofo, M.G. Spigarelli, Development of Levofloxacin
inhalation solution to treat Pseudomonas aeruginosa in patients with cystic fibrosis; Ther. Adv.
Respir. Dis. 8 (2014) 13-21.

M. Dudley, J. Loutit, D. Griffith, Aerosol antibiotics: considerations in pharmacological and
clinical evaluation; Curr Opin Biotechnol 19 (2008) 637—643.

C.H. Gao, L.S. Yu, S. Zeng, Y.W. Huang, Q. Zhou. Personalized therapeutics for levofloxacin:

a focus on pharmacokinetic concerns; Ther. Clin. Risk Manag. 10 (2014) 217-227.

30



586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

S. Imre, M.T. Dogaru, C.E. Vari, T. Muntean, L. Kelemen, Validation of an HPLC method for
the determination of ciprofloxacin in human plasma; J. Pharm. Biomed. Anal. 33 (2003) 125-
130.

7. Vybiranova, M. Nobilis, J. Zoulova, J. Kvétina, P. Petr, High-performance liquid
chromatographic determination of ciprofloxacin in plasma samples; J. Pharm. Biomed. Anal.
37 (2005) 851-858.

R.M. Pellegrino, F. Segoloni, C. Cagini, Simultaneous determination of ciprofloxacin and the
active metabolite of prulifloxacin in aqueous human humor by high-performance liquid
chromatography; J. Pharm. Biomed. Anal. 47 (2008) 567-574.

S.S. Wu, C.Y. Chein, Y.H. Wen, Analysis of ciprofloxacin by a simple high-performance liquid
chromatography method; J. Chromatogr. Sci 46 (2008) 490-495.

M. Szultka, R. Krzeminski, J. Szeliga, M. Jackowski, B. Buszewski, A new approach for
antibiotic drugs determination in human plasma by liquid chromatography—mass spectrometry;
J. Chromatogr. A 1272 (2013) 41— 49.

R. Cazorla-Reyes, R. Romero-Gonzalez, A.G. Frenich, M.A. Rodriguez Maresca, J.L. Martinez
Vida, Simultaneous analysis of antibiotics in biological samples by ultra high performance
liquid chromatography—tandem mass spectrometry; J. Pharm. Biomed. Anal. 89 (2014) 203-
212.

A.H. Kamel, W.H. Mahmoud, M.S. Mostafa, Biomimetic ciprofloxacin sensors made of
molecularly imprinted network receptors for potential measurements; Anal. Methods 3 (2011)
957-964.

M.C. Ortiz, L.A. Sarabia, M.S. Sanchez, D. Giménez, Identification and quantification of
ciprofloxacin in urine through excitation-emission fluorescence and three-way PARAFAC

calibration; Anal. Chim. Acta 642 (2009) 193-205.

31



610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

J. Sousa, G. Alves, A. Fortuna, A. Falcdo, Analytical methods for determination of new
fluoroquinolones in biological matrices and pharmaceutical formulations by liquid
chromatography: a review; Anal. Bional. Chem. 403 (2012) 93-129.

L. Huang, Q. Yu, M.-Z. Liang, Y.-P. Qin, F. Nan, J. Xiang, Determination of moxifloxacin in
human plasma and sputum by RP-HPLC-UV; Chinese Journal of New Drugs 18 (2009) 1419-
1423.

C.M. Myers, J.L Blumer, High-performance liquid chromatography of ciprofloxacin and its
metabolites in serum, urine and sputum; J. Chromatogr. 422 (1987) 153-164.

S. Persiani, E. Roda, L. C. Rovati, M. Locatelli, G. Giacovelli, A. Roda, Glucosamine oral
bioavailability and plasma pharmacokinetics after increasing doses of cristalline glucosamine
sulfate in man; Osteoarthr. Cartilage 13 (2005) 1041-1049.

A. Roda, L. Sabatini, A. Barbieri, M. Guardigli, M. Locatelli, F.S. Violante, L.C. Rovati, S.
Persiani, Development and validation of a sensitive HPLC-ES-MS/MS method for the direct
determination of glucosamine in human plasma; J. Chromatogr. B 844 (2006) 119-126.

S. Persiani, R. Rotini, G. Trisolino, L.C. Rovati, M. Locatelli, D. Paganini, D. Antonioli, A.
Roda, Synovial and plasma glucosamine concentrations in osteoarthritic patients following oral
crystalline glucosamine sulphate at therapeutic dose; Osteoarthr. Cartilage 7 (2007) 764-772.
E. Pastorini, M. Locatelli, P. Simoni, G. Roda, E. Roda, A. Roda, Development and validation
of a HPLC-ESI-MS/MS method for the determination of 5-aminosalicylic acid and its major
metabolite N-acetyl-5-aminosalicylic acid in human plasma; J. Chromatogr. B 872 (2008) 99—
106.

C. Parolini, S. Caligari, D. Gilio, S. Manzini, M. Busnelli, M. Montagnani, M. Locatelli, E.
Diani, F. Giavarini, D. Caruso, E. Roda, A. Roda, C.R. Sirtori, G. Chiesa, Reduced biliary sterol
output with no change in total faecal excretion in mice expressing a human apolipoprotein A-I

variant; Liver Int. 32 (2012) 1363-1371.

32



635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

M. Locatelli, R. Cifelli, G. Carlucci, A. Romagnoli, Stability study of prulifloxacin and
ulifloxacin in human plasma by HPLC-DAD; J. Enzyme Inhib. Med. Chem. Accepted paper,
doi: 10.3109/14756366.2015.1004062.

M. Abdel-Rehim, Recent advances in microextraction by packed sorbent for bioanalysis; J.
Chromatogr. A 1217 (2010) 2569-2580.

CDER and CVM Guidance for Industry, Bioanalytical Method Validation. Food and Drug
Administration, May 2001. http://www.fda.gov\cder\guidance\4252fnl.pdf.

International Conference on Harmonisation of technical requirements for registration of
pharmaceuticals for human use. Harmonised Tripartite Guideline: Validation of Analytical
Procedures: Text and Methodology, ICH Q2(R1). 2005.

I. Taverniers, E. Van Bockstaele, M. De Loose, Trends in quality in the analytical laboratory.
I1. Analytical method validation and quality assurance; Trend Anal. Chem. 23 (2004) 535-552.
A. Speltini, M. Sturini, F. Maraschi, S. Viti, D. Sbarbada, A. Profumo, Fluoroguinolone residues
in compost by green enhanced microwave-assisted extraction followed by ultra performance
liquid chromatography tandem mass spectrometry; J. Chromatogr. A 1410 (2015) 44-50.

S. Schulte, T. Ackermann, N. Bertram, T. Sauerbruch, W.D. Paar, Determination of the newer
quinolones levofloxacin and moxifloxacin in plasma by high-performance liquid
chromatography with fluorescence detection; J. Chromatogr. Sci. 44 (2006) 205-208.

E. Benito-Pefia, S. Martins, G. Orellana, M.C. Moreno-Bondi, Water-compatible molecularly
imprinted polymer for the selective recognition of fluoroquinolone antibiotics in biological
samples; Anal Bioanal Chem 393 (2009) 235-245.

F. Vallee, M. LeBel, M.G. Bergeron, Determination of ciprofloxacin in biological samples by
reversed-phase high performance liquid chromatography; Ther. Drug Monit. 8 (1986) 340-345.
L. Tasso, T. Dalla Costa, Simultaneous determination of gatifloxacin and levofloxacin in Todd-
Hewitt broth employing an in vitro pharmacokinetic-pharmacodynamic model; Latin Am. J.

Pharm. 32 (2013) 353-357.

33



661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

[46]

[47]

[48]

[49]

[50]

[51]

[52]

AM. El-Brashy, M. El-Sayed Metwally, F.A. El-Sepai, Spectrophotometric and atomic
absorption spectroscopic determination of some fluoroquinolone antibacterials by ion-pair
complex formation with bismuth (I11) tetraiodide; J. Chin. Chem. Soc. 52 (2005) 253-262.

M. Cazzola, M.G. Matera, G. Donnarumma, M.A. Tufano, A. Sanduzzi, F. Marchetti, F. Blasi,
Pharmacodynamics of levofloxacin in patients with acute exacerbation of chronic bronchitis;
Chest 128 (2005) 2093-2098.

Y. Nakamori, E. Tsuboi, K. Narui, T. Nakatani, K. Nakata, H. Sugi, Sputum penetration of
Levofloxacin and its clinical efficacy in patients with chronic lower respiratory tract infections;
Jpn. J. Antibiot. 45 (1992) 539-547.

C.K.K. Lee, M.P. Boyle, M. Diener-West, L. Brass-Ernst, M. Noschese, P.L. Zeitlin,
Levofloxacin pharmacokinetics in adult cystic fibrosis; Chest 131 (2007) 796-802.

S. Payen, R. Serreau, A. Munck, Y. Aujard, Y. Aigrain, F. Bressolle, E. Jacgz-Aigrain,
Population pharmacokinetics of ciprofloxacin in pediatric and adolescent patients with acute
infections; Antimicrob. Agents Chemother. 47 (2003) 3170-3178.

G. Doring, P. Flume, H. Heijerman, J.S. Elborn, Treatment of lung infection in patients with

cystic fibrosis: Current and future strategies; J. Cyst. Fibros. 11 (2012) 461-479.

R.L. Davis, J.R. Koup, J. Williams-Warren, A. Weber, L. Heggen, D. Stempel, A.L. Smith,
Pharmacokinetics of ciprofloxacin in cystic fibrosis; Antimicrob. Agents Chemother. 31 (1987)
915-919.

34



681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

Figure and Table captions
Table 1: Mean linear calibration curve parameters performed by weighted-linear least-squares

regression analysis of six independent eight non-zero concentration points.

Table 2: Intra-day and Inter-day precision (RSD%), trueness (Bias%) of the analytical method

obtained from the analysis of QC samples.

Table 3: Analytical methods show the analysis of ciprofloxacin and/or levofloxacin extracted from

different biological samples.

Table 4: Quantitative analysis of sputum samples collected from patients treated with Levofloxacin

and Ciprofloxacin.

Figure 1. Chemical structures of Ciprofloxacin, Levofloxacin, and Enrofloxacin (IS).

Figure 2. Chromatograms obtained after the extraction and analysis of ciprofloxacin, levofloxacin,
and enrofloxacin at 279, 295, and 278 nm, respectively (trace a: blank human sputum, trace b: blank
human sputum spiked with 1 pg/mL of Internal Standard, and trace c: blank human sputum spiked
with 1 ug/mL of Internal Standard and 0.75 pg/mL of analytes). 20 uL of samples was injected during

the analysis.

Figure 3. Chromatograms obtained after the analysis of real samples. Drugs: Levofloxacin (IV top,

OS bottom) box A at 295 nm, and Ciprofloxacin (IV top, OS bottom) box B at 279 nm; injected dose:

500 mg x 2/die.
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