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Determination of (fluoro)quinolone antibiotic residues in pig kidney
using liquid chromatography–tandem mass spectrometry

I. Laboratory-validated method
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Abstract

A new LC–MS/MS method has been developed for the multiresidue determination of 11 (fluoro)quinolone antibiotics (FQs), including acidic
and amphoteric species, around their maximum residue level (MRL) in pig kidney. The procedure involves a common sample preparation by
solid-phase extraction on disposable extraction cartridges followed by a fast reversed-phase liquid chromatography–tandem mass spectrometry
analysis. The method was validated according to the Commission Decision 2002/657/CE. The accuracy of the method was satisfactory with
recoveries included in the interval 80–100%. The precision results showed mean repeatability and reproducibility coefficients of 7.4% and
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1.8%, respectively. Limits of quantification much lower than the MRLs could be obtained.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The widespread use of antibiotics in agriculture has
esulted in the presence of these compounds residues in food-
tuffs from animal origin. Usually an interval between the last
dministration of the drug to the animals and the time when

reated animals can be slaughtered is established for the pro-
uction of safe foodstuffs[1]. However, due to the repeated
xposure to antibiotic residues, an increase of resistance to
uman pathogens has been observed[2,3] with dramatic
onsequences on public health[4–6]. To face this problem,
ore and more efficient antibiotics have been developed

uch as the 4-quinolones and their 6-fluorinated piperazinyl
erivatives, the (fluoro)quinolones (FQs). These antibiotics
re used in human and veterinary medicine in the treatment
f respiratory diseases and enteric bacterial infections.

In 1990, the European Union (EU) established safe maxi-
um residue limits (MRLs) for residues of veterinary drugs

n animal tissues entering the human food chain (Council
egulation (EEC) No. 2377/90)[7]. Their monitoring in the

∗

Member State laboratories of the EU has been request
the Council Directive 96/23/EC in 1996[8]. The new EU leg
islation will strengthen the control of all types of additiv
in animal feed and in particular will complete the EU’s dr
to phase out antibiotics as growth promoters [EU Institut
press release, IP/02/1891, 16/12/2002].

In order to support this policy, sensitive multiresid
analytical methods are required[9]. Methods described
literature for the determination of 4-quinolones are m
often based on liquid chromatography with UV[10–13], flu-
orescence[14–19]or mass spectrometric detection[20–23],
and capillary electrophoresis[24]. The multiresidue analys
of this group of compounds is often hampered by
differences in pKa between the acidic and the amphot
dyes[15,20,25]. Therefore a liquid chromatography–tand
mass spectrometry method has been developed in ou
oratory for the simultaneous detection of 11 FQs[26]. The
studied FQs were danofloxacine, cinoxacine, ciprofloxa
enoxacine, enrofloxacine, flumequine, marbofloxac
nalidixic acid, norfloxacine, ofloxacine and oxolinic a
(Fig. 1) which MRLs are presented inTable 1. For the FQ
for which no MRL has been defined yet, 150�g kg−1 was se
Corresponding author. Tel.: +32 14 571 339; fax: +32 14 571 548.
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Table 1
Maximal residue limits (MRLs) of the (fluoro)quinolones in pig kidney and MRM conditions for their detection in MS/MS (fragment ions in bold were used
for quantification)

FQ MRL (�g kg−1) Parent ion (m/z) Cone voltage (V) Collision energy (eV) Fragment ion (m/z)

Amphoteric FQs
Norfloxacine a 320.14 35 15 276.15

25 233.11
Ofloxacine a 362.15 25 25 261.10

20 318.17
Enoxacine a 321.14 35 30 206.07

20 257.14
Marbofloxacine 150 363.15 30 20 345.20

15 320.10
Enrofloxacine b 360.17 35 20 316.20

30 245.20
Ciprofloxacine b 332.14 30 15 288.13

25 245.20
Danofloxacine 200 358.16 35 25 96.10

20 314.20

Acidic FQs
Cinoxacine a 263.10 35 20 217.10

15 245.20
Flumequine 1500 262.20 35 35 202.10

20 244.20
Oxolinic acid 150 262.14 40 30 216.10

20 244.10
Nalidixic acid a 233.17 40 15 215.15

25 187.10

Internal standards
Lomefloxacine a 352.20 35 25 265.18

25 308.26
Cincophen a 250.04 45 35 128.02

30 222.17
a No MRL has been fixed by the European legislation.
b MRL for ciprofloxacine + enrofloxacine = 300�g kg−1.

the identification of the 11 FQs. However, only the determi-
nation of seven amphoteric FQs could be validated whereas
that of the four acidic FQs showed poor repeatability and ac-
curacy results therefore requiring further investigations[27].

The present paper shows the optimisation and in-house
validation of a new method allowing the simultaneous iden-
tification and quantification of these 11 FQs in a single analy-
sis. A new common sample preparation procedure involving
a liquid and a solid-phase extraction is described, followed

Fig. 1. Chemical structure of norfloxacine showing the 4-oxo-1,4-
dihydroquinoline skeleton common to all FQs (), the piperazinyl moiety
typical for amphoteric FQs ( ) and the fluorinated dye ().

by the multiresidue LC–MS/MS detection of the extracted
compounds at MRL and lower. Two internal standards, lome-
floxacine and cincophen, are proposed for the quantification
of the amphoteric and acidic FQs, respectively. The in-house
validation of the method, according to Commission Decision
2002/657/CE[28], is discussed.

2. Experimental

2.1. Reagents

The FQs standards norfloxacine, enoxacine, en-
rofloxacine, ciprofloxacine, ofloxacine, lomefloxacine
hydrochloride, cinoxacine, oxolinic acid, nalidixic acid,
flumequine and 2-phenyl-4-quinoline carboxylic acid
(cincophen) were obtained from Sigma–Aldrich (St. Louis,
MO, USA). Danofloxacine mesylate was provided by Pfizer
(Groton, CT, USA) and marbofloxacine was from Vetoquinol
(Lure, France).

All reagents and water used are of analytical purity and
suitable for HPLC. Methanol Chromosol for HPLC (99.9%)
was from Riedel de Häen. Acetonitrile hypergrade for liquid
chromatography (LC–MS) (Lichrosolv, 99.9%), ammonium
hydroxide suprapur 25%, ammonium acetate 98% and acetic
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acid suprapur 96% were from Merck (Darmstadt, Germany).
Formic acid 98% was from Fluka.

Pig kidney samples were provided by the University of
Gent, Faculty of Veterinary Medicine (Ghent, Belgium).
These samples reacted negatively to a microbiological test
for quinolones based on the detection of an inhibition zone
in a culture media[29].

2.2. Standard solutions preparation

A 100�g ml−1 standard stock solution was prepared for
each FQ and for each internal standard. Ten mg of standard
were first dissolved in 2 ml of ammonia 2 M and placed in an
ultrasonic bath for 60 min. A particular attention was given to
the proper dissolution of ciprofloxacine, which needs more
time than the other FQs to dissolve. The content of the flask
was then adjusted to 100 ml with methanol. The stock solu-
tions were kept at +4◦C and were stable for 3 months.

Then 1�g ml−1 single FQ intermediate solutions were
prepared by diluting the respective stock solutions with di-
luted formic acid (pH 2.5; 0,14%, v/v). Single internal stan-
dard intermediate solutions were also prepared in the same
way. These solutions were stable for 2 weeks at +4◦C.

Six final solutions were prepared by diluting FQs interme-
diate solutions and internal standard intermediate solutions
with diluted formic acid (pH 2.5). The final solution con-
c
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directly spiked with 1.0 ml of final solution of FQs at con-
centrations corresponding to MRL/4, MRL/3, MRL/2, MRL
and MRL× 2 for the preparation of calibration curves. Ten
millilitres of acetonitrile were added to the tube containing
the sample. The tube was vortexed for 1 min and then agitated
horizontally for 15 min. After agitation, the tube was cen-
trifuged at 4000 rpm (2808×g) for 10 min. Ten millilitres of
the supernatant were evaporated to dryness at +37◦C under
a stream of nitrogen. The residue was redissolved in 2.0 ml
ammonium acetate buffer 5 mM pH 4.0. The dissolution was
achieved using vortex and ultrasonic bath for 15 min.

The SDB-RPS extraction cartridge was conditioned using
2× 1.0 ml of methanol, 2× 1.0 ml of water and 2× 1.0 ml
of ammonium acetate buffer 5 mM pH 4.0. The cartridge
was then loaded with the extract, drop by drop. Finally the
compounds were eluted from the cartridge using 4× 1.0 ml
of a mixture of acetonitrile and ammonium hydroxide 1 M
(75/25; v/v). The eluate was evaporated to dryness at +37◦C
under a stream of nitrogen and redissolved in 300�l of diluted
formic acid pH 2.5. This solution was filtered on a 0.45�m
filter prior to LC–MS/MS analysis.

2.4.2. LC and ESI-MS/MS conditions
The LC separation of the FQs was achieved using a gradi-

ent elution. The initial mobile phase consisted of 90% A and
10% B, where A was diluted formic acid (pH 2.5) and B was
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entrations were in the range MRL/4 to MRL× 2 (which
orresponds to 32.5–300 ng ml−1 for most of the FQs, se
able 1), with 300 ng ml−1 internal standard. Kept at +4◦C,
hey were stable for 2 weeks.

.3. Instrumentation

The solid-phase extraction (SPE) of the samples was
ormed using SDB-RPS disposable extraction disk cartri
10 mm, 6 ml) from 3M Empore (St Paul, MN, USA) conta
ng mixed C8 and cation exchange phases.

The LC system consisted of a Waters Alliance 2
uarternary solvent delivery system (Waters Corpora
ilford, MA, USA). The chromatographic separation

he FQs was performed using a Symmetry Shield R
150 mm× 3.9 mm; 5�m particle diameter) reversed pha
nalytical column from Waters. A guard column Symm
hield RP-8 was placed in front of the analytical column
The ESI-MS/MS detection of the FQs was achieved u

Quattro LC triple stage quadrupole instrument from Mi
ass (Manchester, UK). The positive ionisation mode
sed and the ions were monitored in the multiple reac
onitoring (MRM) mode.

.4. Method

.4.1. Preparation of the pig kidney samples
Fifty pig kidneys were minced and homogenised u
1094 Homogenizer (Scientifica Panzeri) followed b

ne Turrax disruption. One gram of minced pig kidney w
cetonitrile containing 0.14% (v/v) of formic acid. From
o 10 min, the percentage of B increased from 10 to 62%
0.5 min, B percentage was set at 100% and was stab
min. Finally at 13 min, B percentage was set at 10% and
table for 2 min for reconditioning of the analytical colum

The flow-rate of the mobile phase was 1.0 ml min−1. A T-
iece splitter (4:1) was used between the LC column an
S detector in order to introduce 200�l min−1 effluent into

he ion source of the mass spectrometer. The column
erature was 25◦C. Fifty-microlitre aliquots of the extrac
ere injected in the LC–MS/MS system.
The ESI-MS/MS conditions were the followings: +3.2

apillary voltage, source block and desolvation tempera
t 130 and 400◦C, respectively. Desolvation and nebuli
as (N2) flows were 650 and 80 l h−1, respectively. Argo
ressure in the collision cell was 2.5× 10−3 mbar. The con
oltage and collision energy for MRM acquisitions are p
ented inTable 1. The dwell time was 100 ms/transition. T
ransitions were followed for identification but only one w
sed for quantitation (in bold inTable 1).

. Results and discussion

The experiments were divided in two parts: optimisa
f the method for amphoteric and acidic FQs and valida

.1. Optimisation

The method previously developed for the quantifi
ion of the seven amphoteric FQs (norfloxacine, ofloxac
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enoxacine, enrofloxacine, ciprofloxacine, marbofloxacine
and danofloxacine) could not give satisfactory repeatability
results for the analysis of the acidic FQs (cinoxacine, flume-
quine, nalidixic acid and oxolinic acid)[27]. In order to de-
velop a method targeting both chemical groups different pa-
rameters were studied.

3.1.1. The preparation of the FQs standard solutions
Both amphoteric and acidic FQs showed a poor disso-

lution capacity in diluted formic acid pH 2.5. The addition
of 20–30% methanol could not improve their dissolution.
Stock solutions, which concentration was not higher than
100�g ml−1, were finally prepared by diluting the FQs in
2 ml of ammonium hydroxide 2 M followed by sonication
in an ultrasonic bath. Sixty minutes of sonication were nec-
essary in order to obtain the proper dissolution of the FQs,
especially for cinoxacin. Then the volume of the flasks was
adjusted to 100 ml with methanol. The homogeneity of these
solutions was successfully tested using repeated injections in
LC–MS/MS.

3.1.2. The LC separation
First of all, in order to achieve a good repeatability of

the results, the MS ionisation conditions have to be stable
during the analytical run. Therefore, the composition of the
mobile phase was set in order to keep the formic acid con-
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acid, cinoxacine, oxolinic acid) but a non linear gradient
was used in order to shorten the analytical run. As can
be seen onFig. 2, the 11 FQs could be separated within
15 min.

Besides, the repeatability of the results for the acidic FQs
could further be improved by selecting a second internal
standard, chemically similar to the acidic FQs. This stan-
dard should be used not only as an internal standard for the
sample preparation step but also as internal standard for the
MS ionisation process. 2-Phenyl-4-quinoline carboxylic acid
(cincophen) was selected as acidic internal standard for the
quantification of the acidic FQs.

Finally, coefficient of variations lower than 5% could be
obtained for the four acidic and the seven amphoteric FQs
in pure solution, what shows a very good repeatability of the
results in LC–MS/MS.

3.1.4. The sample preparation of the pig kidney samples
The different steps of the sample preparation of the pig

kidney samples were found to be critical for the repeatability
of the procedure. As higher recoveries often lead to better
repeatability results, several parameters were optimised in
order to achieve high recoveries. During this optimisation
stage, the recoveries were calculated in terms of “real recov-
eries” without taking into account any internal standard. By
this way, any loss of sample during the extraction could be
t
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entration constant during the whole elution gradient.
his purpose, the formic acid concentration in solvent A
uted formic acid pH 2.5) was determined (0.14%; v/v)
he same formic acid concentration was used in solve
acetonitrile).

Second, the chromatographic profile, especially for
cidic FQs, was optimised. An endcapped analytical
mn was selected reducing the interactions between th
ilanol groups and the nitrogen moiety of the FQs and
educing peak tailing. Moreover, a C-8 stationary phase
hosen in order to reduce the retention time of the a
Qs compared with a C-18 stationary phase and to fu

mprove the symmetry of the chromatographic peaks.
Third, some memory effects were observed after repe

njections of pure standard solutions of acidic FQs. T
ight be again related to the higher affinity of acidic FQs

he LC column at acidic pH (higher retention times) co
ared to amphoteric FQs and to their incomplete elu

rom the LC system. Indeed the use of 2 min elution w
00% solvent B (acetonitrile/0.14% formic acid) at the en

he elution gradient further improved the repeatability of
esults.

.1.3. The MS detection
The MS analysis of individual FQ standard solut

howed some MRM interferences between FQs in ca
oelution. These interferences could not be avoided b
ng different fragmentation pathways. Therefore, the s
f the elution gradient was modified in order to allow
eparate elution of interfering FQs (i.e. flumequine/oxo
racked.
First, higher recoveries could be obtained for the

y increasing the time of contact between the FQs
he organic solvent during the liquid extraction with a
onitrile. This was achieved by using a 15 min agita
tep in acetonitrile and 10 min centrifugation of the s
les. The addition of pure acetonitrile to the spiked s
les for liquid extraction was preferred to the addit
f acidic or basic mixtures of acetonitrile and aque
uffer. Indeed, using acetonitrile:acetic acid (4:1; v:v)
cetonitrile:ammonia (6:1; v:v), “real recoveries” in
ange 20–51% and 26–62% were achieved, respect

hereas, using pure acetonitrile addition, “real recove
ere higher than 50% for each of the 11 FQs, including
cidic FQs.

Second, before loading on the SPE cartridge, the
onitrile extract was evaporated to dryness and the re
as redissolved in an aqueous buffer in order to reduc
lution power of the sample solution. No washing of
PE cartridge with aqueous buffer was used after loa
s it dramatically reduced the recoveries of the FQs. H
ver, no interference from the matrix was observed in
hromatogram. The retention of the FQs on the SPE
ridge was evaluated by collecting fractions during the s
le loading and analysing the fractions in LC–MS/MS. A
onium acetate 5 mM pH 4.0 buffer was selected as

ng the best recoveries for the FQs. On the other hand
oading of the sample drop by drop was demonstrated

critical parameter in order to maximise the retentio
he FQs on the SPE cartridge. Finally, a mixture of ace
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Fig. 2. Reconstituted ion chromatogram obtained after the SPE-LC–MS/MS analysis of a pig kidney sample spiked with 11 FQs and two internal standards at
700�g kg−1.

trile and ammonium hydroxide (75/25; v/v) showed a higher
elution power than the same mixture of methanol and am-
monium hydroxide in order to elute the FQs from the SPE
cartridge.

After optimisation of the method, the “real recoveries” of
the FQs, calculated without any internal standard, at three
concentration levels (37.5, 150 and 300�g kg−1), were in
the range 55.9–99.9%.
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3.2. Validation

3.2.1. Selectivity
The selectivity of the method was investigated using

“blank” pig kidney samples. These samples were called
“blank” as they reacted negatively to microbiological test
for quinolones at the University of Ghent. These samples
were also analysed using the LC–MS/MS method for
the detection of the 11 targeted FQs. Thanks to the high
sensitivity of this technique (limit of quantification (LOQ)
of 1�g kg−1 = 165 pg injected on column), the test showed
the presence of some FQ residues at very low concentrations
in the pig kidneys, residues which could not be detected
by the previous microbiological testing. Flumequine,
lomefloxacine and cincophen residues were observed at
concentrations lower than the limit of quantification of
1�g kg−1 and much lower than the MRL (flumequine:
1500�g kg−1). Therefore they were not taken into account
for the quantification of the FQs in the spiked samples. In
particular, the presence of lomefloxacine and cincophen
residues in the pig kidneys can be surprising. It could be due
to a very slight cross-contamination of the analytical system
with spiked samples, detectable in MS/MS.

3.2.2. Specificity
FQs being part of group B in substances of Annex 1, Coun-
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Table 2
Calibration range, coefficient of determination, limits of detection (LOD)
and quantification (LOQ) of the targeted (fluoro)quinolones

FQ Injected calibration
range (�g kg−1)

R2 LOD
(�g kg−1)

LOQ
(�g kg−1)

Amphoteric FQs
Norfloxacine 37.50–300.00 0.9987 1.5 5
Ofloxacine 37.50–300.00 0.9908 1.2 4
Enoxacine 37.50–300.00 0.9990 0.9 3
Marbofloxacine 37.50–300.00 0.9980 2.1 7
Enrofloxacine 37.50–300.00 0.9994 0.9 3
Ciprofloxacine 37.50–300.00 0.9992 1.8 6
Danofloxacine 50.00–400.00 0.9998 0.9 3

Acidic FQs
Cinoxacine 37.50–300.00 0.9982 0.6 2
Flumequine 375.00–3000.00 0.9996 0.3 1
Nalidixic acid 37.50–300.00 0.9989 0.3 1
Oxolinic acid 37.50–300.00 0.9987 0.6 2

were expressed as ratios between the FQ area and the inter-
nal standard area. Lomefloxacine and cincophen were used
as internal standards for the amphoteric and the acidic FQs,
respectively. Responses obtained for the three series were
plotted as a function of the concentration. A weighted regres-
sion model using a weighting factor (Wj ) of 1/Xwas applied
instead of an ordinary least squares regression model in order
to obtain a constant relation between variances and concen-
trations. The calibration curve obtained using this model was
not forced through zero as this can introduce a bias in the
method. Determination coefficients (r2) between 0.9908 and
0.9998 could be obtained for the 11 FQs in the calibration
range MRL/4–MRL× 2 (Table 2).

3.2.5. Limits of detection/quantification and calibration
range

The limit of quantification of each FQ was considered as
the concentration giving a signal to noise ratio of 10. The
limit of detection (LOD) was defined as 0.3× LOQ. LODs
and LOQs are presented inTable 2. LOQs much lower than
MRL/4 could be obtained. The accuracy of the method was
also verified at LOQ and in the whole calibration range by cal-
culating the lowest and the highest quantifiable values (LQV
and HQV [27]) between which the analyte recoveries and
their confidence intervals are included in 80–120%. Lower
a overy
a
t

3
for

e over-
i rnal
s ution
a tions
w . The
a ere
e t each
il Directive 96/23/CE, three points of identification are
uired. Using LC–MS/MS, each precursor ion represen
oint of identification, whereas each fragment ion repres
.5 points. Therefore, in this method, two different transit
ere followed for each FQ in the MRM mode. Concern

he quantification, only one fragmentation path was m
ored (indicated in bold inTable 1).

.2.3. Performance criteria
According to the performance criteria requested by

U Decision No. 2002/657/CE for LC–MS methods, the
tive retention time of the FQs was determined by ca

ating the ratio of the analyte retention time to the inte
tandard retention time. The relative retention time of e
Q in pig kidney samples corresponded to the ratio obta

n standard solutions, with a maximum variation of 2.5%
ecommended (Decision No. 2002/657/CE). In addition
etention time of each FQ was verified to be at least tw
he retention time corresponding to the dead-volume o
nalytical column. Concerning the MS detection, one i
atio was determined for each FQ. Relative ionic intens
relative to the base peak) between 10% and 95% wer
ermined. Maximum variations were 20% as recommen
Decision No. 2002/657/CE).

.2.4. Response function
Three calibration curves (series) were success

nalysed in pig kidney at six concentration lev
0–300�g kg−1). Each concentration level was prepared
uplicate and each sample was analysed twice. The resp
 s

nd upper confidence limits of the mean percentage rec
t concentrations from MRL/4 to MRL× 2 were included in

he acceptance interval of 80–120%.

.2.6. Absolute recovery
During the validation, recoveries were determined

ach FQ and were expressed in terms of “absolute rec
es”. For this purpose, calibration curves including inte
tandard were performed for each FQ in aqueous sol
nd in spiked pig kidney samples. The FQs aqueous solu
ere not submitted to the sample preparation procedure
bsolute recoveries of the analytes from pig kidney w
valuated by the ratio of the mean response obtained a
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Table 3
Mean absolute recoveries (%), accuracy (%) and precision results obtained for each (fluoro)quinolones (mean of results at MRL/4, MRL and 2MRL)

FQ Absolute recovery (k= 3) Accuracy (n= 6,k= 1) Precision (k= 3)

Mean (%) RSD (%) Mean (%) Confidence interval (%) Meanr (n= 6) MeanR (n= 18)

Amphoteric FQs
Norfloxacine 101.1 4.9 99.4 6.5 8.3 13.7
Ofloxacine 99.4 6.7 104.6 9.8 11.4 13.5
Enoxacine 99.8 5.9 103.4 12.4 9.1 12.2
Marbofloxacine 100.1 6.4 105.2 12.5 11.0 15.4
Enrofloxacine 98.9 3.7 102.4 5.9 5.5 8.3
Ciprofloxacine 100.2 3.5 104.3 11.0 9.3 13.6
Danofloxacine 98.7 4.9 104.2 8.7 9.3 12.2

Acidic FQs
Cinoxacine 102.6 5.9 107.1 6.8 5.1 12.5
Flumequine 100.8 1.3 105.4 3.4 4.0 9.8
Nalidixic acid 98.9 5.8 103.9 4.6 3.5 9.8
Oxolinic acid 104.2 6.7 104.1 5.4 5.1 9.1

r: repeatability coefficient,R: reproductibility coefficient,n: number of repetitions,k: number of days of analysis.

concentration level in pig kidney to the mean corresponding
response in aqueous solution. Mean absolute recoveries
between 98.7% and 104.2% could be obtained for all
(fluoro)quinolones (Table 3). Absolute recoveries very close
to 100% indicate that the behaviour of the internal standard
during the sample preparation step is very similar to that of
the analytes as expected. In addition, mean coefficients of
variation (CV%) between 1.3% and 6.7% were determined,
indicating a very good reproducibility of the extraction
procedure throughout the whole calibration range (Table 3).
It is interesting to note that the CVs obtained for the acidic
FQs are lower than 6.7% and not higher than the CVs
obtained with the amphoteric FQs, on the contrary of what
could be achieved in previous experiments[27].

3.2.7. Accuracy
Accuracy was determined in pig kidney using six determi-

nations (n= 6) at three concentration levels (MRL/4, MRL,
2MRL), on the 3 days of validation (k= 3) Table 3shows the
results obtained on day 2. Satisfactory accuracy results were
achieved with recoveries included in the interval 80–120%
and confidence intervals CI (%) lower than 15% at MRL
and 2MRL (lower than 20% at the lowest concentration level
MRL/4). Again, the accuracy results obtained for the acidic
FQs were comparable to the results of the amphoteric FQs.

3
L/4,

M ity
c ty
c er
t ean
r 4%
a and
r 5%
r ox-
o ults
( .2%

and 37.3%[27]), this constitutes a major achievement of the
method.

3.2.9. Stability study
The stability of the spiked pig kidney samples was tested

at −20◦C (2, 4 and 7 weeks), +4◦C (1, 2 and 5 days) and
+20◦C (1 day). As the samples are usually defrost just before
analysis, their stability at +20◦C was not tested on several
days. A reference sample was kept at−80◦C. Samples were
prepared by spiking a blank pig kidney with the 11 FQs at
MRL. The stability study design was an isochronous study
that means that the samples were spiked on different days
and analysed simultaneously at the end of the stability test
period. On the day of analysis, the samples were defrost and
spiked with 1 ml standard solution containing both internal
standards at 2MRL. The results summarised inFig. 3 show
that both acidic and amphoteric FQs are stable in pig kidney

F
+

.2.8. Precision
The precision of the method was evaluated at MR

RL and 2MRL by repeatability and reproducibil
oefficients (%) (Table 3). Repeatability and reproducibili
oefficients lower than 15% at MRL and 2MRL and low
han 20% at MRL/4 could be obtained for each FQ. M
epeatability and reproducibility coefficients were 7.
nd 11.8%, respectively. In particular, repeatability
eproducibility coefficients lower than 5.1% and 12.
espectively were obtained for cinoxacine, flumequine,
linic acid and nalidixic acid. Compared to previous res
mean repeatability and reproducibility coefficients of 33
ig. 3. Stability study of the spiked pig kidney samples at –20◦C, +4◦C and
20◦C (REF: reference sample stored at−80◦C).
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samples stored for 7 weeks at−20◦C (recovery between 80%
and 120%). At +4◦C, most FQs were stable for 5 days but
three FQs (enrofloxacin, cinoxacin and flumequine) showed
recoveries between 80% and 130%.

3.2.10. Homogeneity study
The homogeneity of the spiked pig kidney samples was

evaluated at three concentration levels using aliquots of 1 g of
minced pig kidney, spiked with the 11 FQs at MRL/4, MRL
and 2MRL and with the two internal standards at 2MRL.
As the samples were spiked after taking the aliquots, the
homogeneity study was in this case testing the homogeneity
of the blank matrix, the repeatability of the spiking process
and the repeatability of the sample preparation procedure.
Three independent sample preparations were performed at
each concentration level (n= 3). Each sample was injected in
duplicates. These analysis were repeated over 3 days (k= 3).
Mean coefficients of variation between 3.2% and 10.0%
could be obtained.

4. Conclusion

The multiresidue identification and quantification of 11
FQs in pig kidney could be successfully achieved using
LC–MS/MS. The method presented in this paper was espe-
c lysis
o be
d com-
m edure
f tion
o tion
o tion
c then
a /MS
d h FQ
i No.
2 h re-
s mits
o due
l ned.
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