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Abstract

Liquid chromatography with a column-switching technique was developed for simultaneous direct quantification of levofloxacin, gati-
floxacin and moxifloxacin in human serum. Serum samples were injected on a LiChr6GARpre-column (PC) filled with a LiChrospifer
100 RP-18, ;um where fluoroquinolones (FQs) were purified and concentrated. The FQs were back-flushed from the PC and then separated
on a Supelcosil ABZ+ Plus (150 mm 4.6 mm i.d.) analytical column with a mobile phase containing 10 mM phosphate buffer (pH 2.5), ace-
tonitrile (88:12, v/v) and 2 mM tetrabutyl ammonium bromide. The effects of ion-pair reagents, buffer type, pH and acetonitrile concentrations
in the mobile phase on the separation of the three FQs were investigated. Fluorescence detection provided sufficient sensitivity to achieve a
quantification limit of 125 ng/ml for levofloxacin and moxifloxacin; 162.5 ng/ml for gatifloxacin wittuagample size. The on-line process
of extraction avoids time-consuming treatment of the samples before injection and run time is shortened. The recovery, selectivity, linearity,
precision and accuracy of the method are convenient for pharmacokinetic studies or routine assays.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ing gatifloxacin, gemifloxacin, levofloxacin, moxifloxacin,
rufloxacin and sparfloxacin have enhanced activity against
A number of new fluoroquinolones (FQs) have become several important pathogens as well as improved pharma-
available for use worldwide since the initial introduction of cokinetic parameters in comparison to previous derivatives
ciprofloxacin in the late 198Q4]. Their anti-microbial activ- [2].
ity results from a selective antagonism between hostDNAand  Numerous techniques and methods have been developed
bacterial DNA without interfering with eucaryotic topoiso- for the determination of FQs in biological samples. Official,
merases. Numerous chemical modifications of the quinolonecompendial and other methods of analysis of 4-quinolone
structure were followed by further observations of related antibacterials were reviewed briefly by Belai et[8l], while
increases of activity, changes in pharmacokinetic character-HPLC analysis of FQs in biological matrix was reviewed re-
istics and reduced toxicity. The resulting newer FQs, includ- cently by Carluccj4]. Most of utilized methods required rela-
tively time-consuming extraction and/or concentration steps.

* Corresponding author. Tel.: +33 5 5679 5503; fax: +335 5679 5674.  IN developing an analytical method for pharmacokinetic
E-mail addressjean.grellet@chu-bordeaux.fr (J. Grellet). studies, not only the sensitivity and reproducibility suitability
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Fig. 1. Chemical structures of levofloxacinKp: 6.27 and Ka2: 6.81);
moxifloxacin (Ka1: 6.17 and Ka2: 10.77) and gatifloxacin (f.: 8.82)
[25].

for the purpose but also labour-saving factors must be con-
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Fig. 2. Schematic diagram of the column-switching system. MP1 and MP2:

sidered because of the need to examine a |arge number 0fnobile phases 1 and 2; P1 and P2: pumps 1 and 2; Inj: injector; PC: pre-

sampled5]. Facing this problem, Roth et 46] developed

the fully-automated HPLC using the column-switching tech-
nigue which allowed on-line drug determination by direct
injection of the biological fluids, leading to improvements
in the efficiency of analysis for a large number of samples.

We, therefore, described here such a method in order to de

termine simultaneously three FQs: levofloxacin, gatifloxacin
and moxifloxacin Fig. 1) by direct human serum injection

without classical sample pre-treatment steps. The first step
of this on-line method consists in trapping the analytes in the

pre-column and in eluting the biological matrix to waste. In

column; AC: analytical column; V: six-port switching valve; FD: fluores-
cence detector and W: waste.

(HDTAmMCI); citric acid were provided by Sigma/Aldrich-
Chimie (Saint Quentin Fallavier, France) and tetramethyl am-

‘monium bromide (TMeAmBr) by Merck (Nogent sur Marne,

France). Chromatography-grade acetonitrile was also pur-
chased from Prolabo. HPLC-grade water was obtained with
a Milli-Q water purification unit, Millipore (Saint Quentin
Yvelines, France). Drug-free sera were obtained from blood
bank (ETSA, Bordeaux, France).

the second step, the analytes were transferred to the analytical

column (AC) and the separation occurs.

2. Experimental
2.1. Chemicals

Moxifloxacin hydrochloride (batch 661093 E, purity
87.8%) and gatifloxacin hemihydrate (batch 107, purity 99%)
were gifts from Bayer (Puteaux, France) andi@nthal
GmbH Laboratories (Levallois-Perret, France), respectively.
Levofloxacin hemihydrate was obtained from infusion so-
lution (Tavani®, 5mg/ml, Laboratoire Aventis, France) for
initial experiments. Levofloxacin hemihydrate powder (batch
W314, purity 99.2%, Aventis Pharma, Romainville, France)
was used to confirm initial results and for validation exper-

iments. Dipotassium hydrogen phosphate, potassium dihy-
drogen phosphate, orthophosphoric acid 85%, tri sodium cit-

2.2. HPLC system

The column-switching systenfrig. 2) was composed of
an isocratic HP 1050 pump (pump 1), an HP 1050 auto-
sampler (Agilent Technologies, Waldbronn, Germany) and
a 420 Kontron pump (pump 2) (Kontron Instruments, Milan,
Italy). Pumps 1 and 2 delivered, respectively, pre-analytical
(phase 1) and analytical (phase 2) mobile phases. An electric-
actuated switching system with a six-port Rheodyne valve
was controlled by the external time-events of the HP-1050
pump. Sample injection starts its programmable time-replay.

The sample preparation was performed using a
LiChroCART® 4—4 pre-column filled with LiChrosph@&r
100 RP-18, um (Merck-Clevenot, Nogent-sur-Marne,
France). Chromatographic separation was performed at am-
bient temperature (20C) on a Supelcosil ABZ+ Plus ana-
lytical reverse phase column (AC) (150 mm4.6 mm i.d.,
5wm) (Supelco, Saint Quentin Fallavier, France). An Up-

rate were provided by Prolabo (Fontenay-sous-Bois, France)church 5um pre-column filter (Cluzeau Info Labo, Sainte-

(analytical-grade, Normapur). Tetrabutyl ammonium bro-
mide (TBAmBYr), hexadecyl-trimethylammonium chloride

Foy-La Grande, France) was inserted between the PC and the
AC.
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Fluoroquinolones were detected using a Bio-Tek spec- 2.5. Calibration standards and quality control samples
trofluorimeter (Bio-Tek Instrument, Saint Quentin en Yve-
lines, France) set at 296 nm excitation and 504 nm emission. Levofloxacin, gatifloxacin and moxifloxacin were made
Data acquisition was performed with a HP 3396A integrator up as 5000, 1600 and 320@/ml individual stock solutions
(Hewlett-Packard) via peak-areas. in water, and then used to prepare diluted solutions in wa-
ter. Six calibrators containing 125, 250, 500, 1000, 2000
and 4000 ng/ml of levofloxacin and moxifloxacin and 156,
2.3. Column-switching procedure 312, 625, 1250, 2500 and 5000 ng/ml of gatifloxacin were
prepared by adding 30 of each individual diluted solu-
Concentration/clean-up and separation of levofloxacin, tion to 970ul of drug-free human serum. Quality control
gatifloxacin and moxifloxacin in serum samples were done (QC) samples of low (250 ng/ml of levofloxacin and moxi-
by a column-switching procedure. The flow-rates were floxacin; 312 ng/ml of gatifloxacin), middle (1000 ng/ml of
adjusted to 1.0 and 1.2ml/min with pumps 1 and 2, levofloxacin and moxifloxacin; 1250 ng/ml of gatifloxacin)
respectively. Switching of concentration/clean-up, elution and high (4000 ng/ml of levofloxacin and moxifloxacin;
and separation steps was made by manipulating the six-5000 ng/ml of gatifloxacin) concentrations were prepared by
port valve. The total sequence of automated sample anal-the same procedure as the calibration standards but using
ysis required 17min and included the following three different stock solutions. Aliquots of 2Qd of all calibra-
steps: tions and QCs were transferred to Eppendorf tubes, stored at
—20°C and protected from light until assayed. Before each
e Step | (0-2 min, valve in load position)d serum sample  run, the blank human serum, calibrators, QC samples were
was injected directly by the auto-sampler onto the pre- thawed and vortexed for 30s. Aud-volume was injected
column. Then the PC was flushed by the mobile phase 1into the HPLC system.
for 2 min allowing the three FQs to be retained firmly and
many contaminants to be drained. 2.6. Assay validation
e Step Il (2-15 min, valve in injection position): FQs which
were retained near the head of PC, were then transferred Validation was performed according to the guidelines for
into the AC, by back-flushing PC with mobile phase 2using development of bioanalytical assay in human biomatrices
pump 2, where FQs were separated for quantification.  [7,8].
e Step Il (15-17 min, valve in load position): the PC was
perfused with mobile phase 1 and conditioned for the next 2.6.1. Linearity of the standard curves
injection. The concentration of each FQ was determined using the
calibration curves from 125 to 4000 ng/ml for levofloxacin
and moxifloxacin and from 162.5 to 5000 ng/ml for gati-

2.4. Mobile phases floxacin. The curves were obtained daily by computing lin-
ear non-weighted least-square regressions of the peak ar-
Mobile phase 1 consisted of a mixture of 10 mMHPO, eas () versus FQ’'s concentrations)(and used to deter-
buffer adjusted to pH 5.4 with orthophosphoric acid and ace- mine FQs concentrations in unknown samples. Ten stan-
tonitrile (98:2, v/v). dard curves were prepared on 10 separate days. The mean
Mobile phase 2 was a mixture of 10 mM kRO, buffer, slope value and standard deviation were determined from
pH 2.5 containing 2 mM TBAmMBr and acetonitrile (88:12, these 10 experiments. Moreover, mean intercept was cal-
VIv). culated and statistically compared to zero by Studdast

During the optimization of analytical separation, an ini- (statistical significance aB < 0.05). The back-calculated
tial phase containing 10 mM KHPOy buffer pH 2.5 with concentrations were also determined for all calibration stan-
15% acetonitrile was used. Then the effect of ion-pair agentsdards and accuracy and precision calculated from these
on retention and separation of the three FQs was stud-data.
ied by adding 2mM TBAmMBr, 2mM TMeAmBr or 2 mM
HDTMeCI. For each ion-pairing agent, the influence of or- 2.6.2. Precision and accuracy
ganic modifier concentration was tested. Additional exper-  For the within-day assay precision and accuracy, 10 repli-
iments were performed to test the influence of TBAmMBr cates of each low, middle and high quality control sam-
concentration. The influence of the buffer was also evalu- ples were analyzed for the same day. For the between-day
ated using a mobile phase containing 12% acetonitrile andassay precision and accuracy, triplicates of each low, mid-
either 10mM phosphate or 10 mM citrate buffer. Further, dle and high QC samples were analyzed daily for 10 days.
the effect of pH variation was tested using 10 mM phos- These QCs replicates were analyzed together with serum
phate buffer containing 2mM TBAmBr set at pH 2.0, 2.5, blank and calibrators in the same analytical sequence. The
3.0, 3.5 and 4.0 by adding concentrated orthophosphoricmean concentrations and standard deviations were calculated
acid. from within-day and between-day experiments; the precision
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and the inaccuracy were computed using standard method: 8
[7,8].
6

tion

2.6.3. Recovery =
The extraction efficiency (recovery) was determined by ¢ 4
comparing peak areas of aqueous standards directly injecte(g

. .. . LVFX-GATI
into the AC and those from serum standards containing sim- 2 ZGATI-MOXI
ilar FQ concentrationsn(= 10), submitted to the “on-line”
extraction by the column-switching technique. 0 - - - '
TBAmBr2amM TBAmBr5SmM TBAmBri0 mM TMeAmBr2mM
2.6.4. Limit of detection and limit of quantification Fig. 3. Effect of ion-pairing agents on separation of the tested quinolones.

The limit of detection (LOD) in serum was defined as the chromatographic column: Supelcosil ABZ+ Plus (150 nand.6 mm i.d.;
concentration providing a signal-to-noise ratio of 3. The limit  5pm particle size). Mobile phase: 10mM KROs pH 2.5 and 15% ace-
of quantification (LOQ) is the minimum injected amount that tonitrile with 2, 5 and 10mM TBAmBr or 2mM TMeAmB; flow-rate:

1.2 ml/min. Injected volume: pl. All experiments were carried out at ambi-

demonstrated precise measurements (maccuracy and Coeﬁlént temperature: 2CC. LVFX: levofloxacin; GATI: gatifloxacin and MOXI:

cient of variation (CV) less than 15%). moxifloxacin.

2.6.5. Stability TBAmMBr, TMeAmBr and HDTACI in the mobile phase to

The short term stability of FQs in serum were studied g4y rate the free silanol groups. HDTACI was rejected due to
under two experimental conditions: during three freeze—thaw |, eliable retention times.

cycles and after storage at room temperature for 24h. Long  The pest peak shapes and resolutions of quinolones were
term stability in serum was assessed after 1 month storageyptained with TBAMBr Fig. 3). Increasing concentrations of
at —20°C. _Stablllty was evaluated by comparing measured TgamBr from 2 to 10 mM did not improve FQ's separation
concentrations before and after storage. (Fig. 3 and thus, 2mM TBAmBr was chosen for the final
mobile phase.
The effect of pH mobile phase was also studied in the

3. Results and discussion range of 2.0-4.0. The mobile phase pH had a little impact
on resolution of FQs and the best separations were observed
3.1. Method development between 2.5 and 3.5(g. 4).
L . . Further, we studied the effect of buffer nature on the sepa-

3.1.1. Optimisation of chromatographic separation ration of quinolones. The resolution was similar when using

In our laboratory, different columns have been used suc- gt acid instead of phosphate buffer (data not shown) and
cessfully to separate FQs: KromasiCyg [9], Ashahipack the latter was chosen for the final mobile phase.
ODP50[10] and Supelcosil ABZ+ PlufL1]. Among these Finally, we investigated the effect of acetonitrile concen-

columns, silica-based deactivated Supelcosil ABZ+ PIus pro- 5tion in the mobile phase. As expected, the retention times
vided the best peak shapes and efficiencies, so it was chosennq resolutions of the quinolones increased with decreasing
for our experiments. acetonitrile concentration from 15 to 11%ig. 5). A con-

Acidic pH of the mobile phase was chosen for the method ¢entration of 12% organic modifier provided the best com-
development to reverse quinolone carboxylic function ion- promise between resolution and run duration.

isation and to increase chromatographic retention of FQs.
Nevertheless, when initial mobile phase (10 mM phosphate
buffer; pH 2.5 acetonitrile; 85:15, v/v) was used, levofloxacin 61

and gatifloxacin were little retainetk(were 2.1 and 4 min, A/"—‘__"‘\‘

respectively) and their peaks overlapped.

c
. : 4
The low retention was due to the eluting strength of the % ./'\"’—'\- —&—LVFX-GATI
mobile phase and led us to reduce organic modifier concentra-g —#— GATI-MoXI
tion. However, the peak tailing was extremely serious prob- & 2 |

ably due to the secondary interactions at the working pH,
between silanol groups on the support and the fully proto-
nated basic groups of the FQ molecules despite the use of ¢ 0 ' ' - - ' -

deactivated column packing (Supelcosil ABZ+ Plus). To re- 15 2 25 3 35 4 45

duce the peak tailing, different methods are available: adding PH

alon-pairing reagent in the mobile phase which competes for Fig. 4. Effect of mobile phase pH on resolution of the tested quinolones.

the avallat_)le adso_rptlon_snes Or_mOdlfymg mobile Phase pH Mobile phase: 10 mM KHPQ4, 2mM TBAmBr with 15% acetonitrile, at
to reduce interactions with the silanol groups. The influence py ranging from 2.0 to 4.0. Other experimental conditions asiq 3

of ion-pairing agents was studied by adding amines such asLVFX: levofloxacin; GATI: gatifloxacin and MOXI: moxifloxacin.
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Fig. 5. Effect of mobile phase acetonitrile concentration on retention (A) and resolution (B) of the tested quinolones. Mobile phase,; HPQMK 2.5,
2mM TBAmBr with 11-15% acetonitrile. Other experimental conditions d&Sgn 3. LVFX: levofloxacin; GATI: gatifloxacin and MOXI: moxifloxacin.

The final optimized analytical mobile phase consisted of 3.2. Method validation
2mM TBAmMBr, 10 mM KH,PO, buffer pH 2.5 and 12%
acetonitrile. 3.2.1. Selectivity

“Trap and flush” back-flushing column-switching meth-
ods may suffer from decrease selectivity compared to ex-

. . . . traction methods. Using the common packing materials such
We adopted on-line extraction of FQs from the biological as G or Cig only proteins, salts and other highly polar

matrix by a column-switching technique to reduce the classi- serum components are flushed to waste, while most of en-

callabor-intensive and time consuming preparation processes :
. . : dogenous compounds are retained on the PC and transferred
[9,11,12] The composition of the mobile phase was adjusted g b

to allow the retention of the FQs on the pre-column and to tothe AC, together with the substances of intef#8}. This

elute the serum contaminants. The parameters to consideffj rawback was compensated in the proposed method by tak-
. o b ing advantage of fluorescence detection technique selectiv-
were the proportion of organic modifier, the pH value and

buffer capacity of the final mixturl2]. An acidic pH and ity. Typical chromatograms of a blank and a spiked serum

a low elution strength (2% of acetonitrile) were used for the yvith_levofloxacin, ga_t iflox_acin and moxiﬂoxgcin are shovyn

mobile phase to increase lipophilicity of FQs and to improve in Fig. 6. The retention times of Ievofloxa<_:|n, gatlflo>_<acm
. . ‘ - and moxifloxacin were 5.1, 8.9 and 13.4 min, respectively.

their retention on the pre-column. Among different acidic pH,

pH 5.4 provided the best sample clean-up while obtaining re-

coveries greater than 85%dgble J). With respect of a small ; . . .

volume of injection (Ful), a low capacity of the phosphate . Linear Iegst—squgre regression analysis of _the qal|bra-

buffer (10 mM) was chosen to avoid precipitation during this tion graphs in 10 different days demo_nstrated Imeamy be-
tween the response and corresponding concentrations of

clean-up step. Extraction and sample cleaning remained un- X
changed after 100 on-line extractions. Nevertheless, the ex-I @S ver the range of 125-4000 ng/ml for levofloxacin and
traction pre-column and them filter were replaced after moxifloxacin and 162.25-5000 ng/ml for gatifloxacin. The
about 100 injections to avoid AC damage. mean slopes£S.D.) were 0-5&0-92% 1.06 fEQ'OG)’ 0,'75
(£0.04) for levofloxacin, gatifloxacin and moxifloxacin, re-
spectively, and the corresponding mean intercepts (respec-
Table 1 tively: —20.3 @&27.27),—11.32 ¢-15.32),—44.4 &41.9))
Extraction recovery of levofloxacin, gatifloxacin and moxifloxacin from \yere not significantly different from zer@(> 0_05)_ The re-
serum sults of linear regression analysis show that the correlation co-

3.1.2. Extraction of FQs from human serum

3.2.2. Linearity

Theoretical Recovery (%) efficients of all standard curves wer®.999. In addition, the
concentration (ng/mi) (mean S.D.) 1= 10) accuracies (given as inaccuracies) and precisions of all back-
Levofloxacin calculated standard concentrations demonstrated ruggedness
iggo zg'_git ‘11:36 of the calibrations. The accuracy ranged freid.1 to 12.6%
4000 94.7+ 1.23 and precision (CV) from-0.2 to 13% Table 2.
Gatifloxacin
3125 90.7+ 4.23 3.2.3. Precision and accuracy
1250 87.6+2.13 The between-day assay and within-day assay precision
5000 94.2£ 1.26 (CV) and accuracy (given as inaccuracy, i.e. the differ-
Moxifloxacin ence between measured and theoretical concentrations) were
250 91.5+2.14 checked using quality control samples. For all tested concen-
1000 92.2-1.84 trations, the CV and the inaccuracies were lesser than 6%
4000 94.7+ 1.11

(Table 3. These results indicate that the method is reliable,
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Fig. 6. Chromatograms of a blank (1) and a serum sample spiked (Il) with levofloxacin (250 ng/ml), gatifloxacin (312.5 ng/ml) and moxifloxacin (50 ng/ml
processed by “on-line” extraction. Mobile phase: 12% acetonitrile at pH 2.5. Other experimental conditiofga.ifA) Levofloxacin, (B) gatifloxacin and
(C) moxifloxacin.

reproducible and accurate and so, the use of an internal stanthe nominal concentrations and the CV were lesser than
dard is not necessary. 15%. Thus, 125 ng/ml for levofloxacin and moxifloxacin and
162.5 ng/ml for gatifloxacin were defined as the LOQs.

3.2.4. Limit of detection (LOD) and limit of
quantification (LOQ) 3.2.5. Stability

The LOD were 60ng/ml for levofloxacin, 120ng/ml Since many serum samples are expected to be analyzed
for gatifloxacin and 35ng/ml, for moxifloxacin. At con- daily, the stability of spiked serum samples was examined at
centrations of 125, 162.5 and 125ng/ml for levofloxacin, roomtemperature (2@C) over 24 h. No significant difference
gatifloxacin and moxifloxacin, the percent deviation from in the FQs measured concentrations was observed during

Table 2
Ten-day standard curve validation for the three tested FQs
Added concentrations Back-calculated concentrations CV (%) Inaccuracy (%)
(ng/ml) (ng/ml) (meant: S.D.) (= 10)
Levofloxacin
125 138.6+14.5 133 126
250 247.8£10.9 44 -0.9
500 499.14+10.3 21 -0.2
1000 993.6+ 30.2 33 -0.6
2000 1984.1+29.6 15 -0.8
4000 4008.2+18.0 04 0.2
Gatifloxacin
156.25 180.0+ 13.6 75 132
3125 314.2+£17.7 45 0.5
625 627.2+21.1 33 0.35
1250 1224.1+52.1 41 -2.8
2500 2503.3:29.8 11 0.13
5000 5004.9-9.38 01 0.09
Moxifloxacin
125 142.9+18.5 129 143
250 250.115.2 60 0.4
500 508.5+21.3 419 17
1000 990.4-47.0 475 -0.9
2000 1968.2:56.4 286 —1.58

4000 4014.6-17.1 Q42 036
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Table 3
Within- and between-day precisions (CV) and inaccuracies of levofloxacin, gatifloxacin and moxifloxacin assays in serum
Added concentrations Within-day assaysn(= 10) Between-day assays£ 10)

ng/ml
(ng/mi) Measured CV (%) Inaccuracy (%) Measured CV (%) Inaccuracy (%)

(meant S.D.) (ng/ml) (meant S.D.) (ng/ml)

Levofloxacin

250 246.5£10.4 39 58 2409 £ 13.3 55 —3.6
1000 1044.2:22.4 21 44 9621+ 13.0 13 -3.7
4000 3959.6:92.0 23 -1.0 38256+ 79.4 20 —43
Gatifloxacin

3125 304.1+10.4 34 —2.6 2947+ 10.4 35 -5.6
1250 1284.2:22.3 18 27 118611+ 37.2 31 -51
5000 4955.2+ 66.0 13 -0.8 47981+ 71.3 14 —-4.0
Moxifloxacin

250 260.1:12.5 48 4.0 2394+ 12.9 53 —4.2
1000 1034.6:37.7 36 34 9685 + 29.3 30 -31
4000 4170.158.7 14 42 38708 + 63.7 16 -32

the 24 h-period of assay (for middle QC concentrations [2] A. Aminimanizami, P. Beringer, R. Jelliffe, Clin. Pharmacokinet. 40

(ng/ml): 1021.5+ 18.4 after 24 h versus 10324 21.6 for (2001) 169. _ _
levofloxacin; 1254.3t 26.4 after 24 h versus 12714431.2 [3] F. Belai, A.A. Al-Majed, A.M. Al-Obaid, Talanta 50 (1999) 765.

. - [4] G. Carlucci, J. Chromatogr. A 812 (1998) 343.
for gatlfloxacm_and 1(_)08.& 47.2 after _24h_versus 1026.8 [5] E. Matsui, M. Hoshino, A. Matsui, A. Okahira, J. Chromatogr. B
4 38.1 for moxifloxacinP > 0.05). No significant decrease 668 (1995) 299.
of FQs concentrations was noted after three freeze—thaw [6] W. Roth, K. Beschke, R. Jauch, A. Zimmer, F.M. Koss, J. Chro-
cycles and after 1 month storage-20°C (data not shown). matogr. 222 (1981) 13.

[7] S. Braggio, R.J. Barbany, P. Grossi, M. Cugola, J. Pharm. Biomed.
Anal. 14 (1996) 375.

4. Conclusion [8] H.T. Karnes, C. March, Pharm. Res. 10 (1993) 1420.
’ [9] B.B. Ba, D. Ducint, M. Fourtillan, M.C. Saux, J. Chromatogr. B 714
(1998) 317.

A column-switching HPLC technique was established for [10] p. Rispal, J. Grellet, C. Celerier, D. Breilh, M. Dorian, J.L. Pelle-
simultaneous determination of levofloxacin, gatifloxacin and grin, M.C. Saux, B. Leng, Arzneim. Forsch/Drug Res. 46 (1996)
moxifloxacin in human serum. It allows a direct, efficient 316.
and reproducible on-line extraction of three FQs. In addi- 111 B-B- Ba, R. Etienne, D. Ducint, C. Quentin, M.C. Saux, J. Chro-

. . . " . matogr. B 754 (2001) 107.
tion, the method is selective, sensitive and reliable. The pre'[12] P. Camp-Falco, R. Herraez-Hernandez, A. Sevillano-Cabeza, J. Chro-
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