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Abstract

The study presents a sensitive and reliable coafwny method for the extraction, identification,
guantification of five fluoroquinolones (FQ) namebnrofloxacin, ciprofloxacin, difloxacin,
sarafloxacin and flumequine, in plasma, liver, legnmuscle, skin + fat, lung and intestinal content
from turkeys.

For the extraction and matrix clean-up of FQ resglfrom all biological matrices, the Quick Easy
Cheap Effective Rugged Safe (QUEChERS) methodolesy adopted; only for plasma samples
acetonitrile was used.

The analyses were performed by liquid chromatograptth mass spectrometry detection (LC-
MS). LC separation was performed on a C18 Kinet#xran (100 x 2.1 mm, 2.6m, Phenomenex,
CA, USA) with gradient elution using ammonium atetsolution (10 mM, pH 2.5) and methanol
containing 0.1% formic acid. Mass spectrometrimidi&ation was done using a LTQ XL ion trap
(Thermo Fisher Scientific, CA, USA), with a heatdctrospray ionization probe, in positive ion
mode.

The method was validated according to the Europeaislation (decision 2002/657/EC) and EMA
guideline (EMA/CVMP/VICH/463202/2009); selectivityinearity response, trueness (in terms of
recovery), precision (within-day repeatability amdthin-laboratory reproducibility), limit of
detection, limit of quantification, decision limjtgletection capability, absolute recovery and
robustness were evaluated using turkey blank nestriéll data were within the required limits
established for confirmatory methodscept for flumequine which presented a recoveryeva
slightly higher than 110% in muscle and inteste@ttent. For all FQs, all the extraction rates were
greater than 70% and limits of quantification rat@®em 1.2ug kg® to 118.8ug kg*.

This fast and robust method was suitable for tleatification and quantification of FQ residues in
tissues, plasma and intestinal content as confirimediata obtained from incurred samples of

turkeys treated at farm for therapeutic purposes.
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Abbreviations. FQ, fluoroquinolone; ENRO, enrofloxacin; CIPRO,prfloxacin; DIFLO,
difloxacin; SARA, sarafloxacin; FLUME, flumequindJOR, norfloxacin; IS, internal standard,

MRL, maximum residual limit.

1. Introduction

In EU, fluoroquinolones (FQs) have been authoripedeveral veterinary species for the treatment
of gastrointestinal and respiratory infections ealdy gram positive and negative bacteria
(Webber, & Piddock, 2001; Barnes, Nolan, & Vailland, 2008, Riviere, & Papich, 2009).

In USA, in 2005, ENRO was banned in poultry due th® widespread of resistance in
Campylobacter spp, a commensal microorganism for poultry but a pgémofor human (FDA,
2005). In EU, the drug is still authorized and &ygused in poultry (EMA, 2006), despite
monitoring plans indicate the increase of resistaitroorganisms in poultry farm@Valsh, &
Fanning, 2008; EFSA, 2010; Russo et al., 2012;illodDotto, Salata, & Giacomelli, 2013).
Recently, in the North East of Italy, from the sihance of medication protocols in poultry farms,
resulted that pulsed water medication was moreuéretly used than the authorized continuous
water medication to treat the birds in the shedselVdifferent dosage, treatment interval or
administration route are adopted, the residue raong on animal carcasses becomes determinant
to guarantee food safety and high through-put aicalymethods are required to process large
numbers of samplesvioreover, to ensure a prudent use of antimicrodiaigs in veterinary
medicine, the restriction on drug usage in fooddpoing animals cannot be sufficient and the
optimal dosage regimen to minimize bacterial rasis¢ should always be assessed for an effective

treatment (Aliabadi, & Lees, 2000; McKellar, Sarmch8runi, & Jones, 2004; Martinez,
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McDermott, & Walzer, 2006). In this context, ituery important to have a selective, sensitive and
rapid method for the determination of FQ concemdratin food-producing animals.

An important and fundamental step for all analytipaocedures is the sample preparation,
especially when complex matrix as animal tissuemposed of lipids, carbohydrates, proteins,
vitamins, phenolic compounds and organic acidsiaeel.

Several extraction strategies were described inlitbeature for FQs detection in food of animal
origin: solid phase extraction (SPE) (Toussaintedih, Bordin, & Rodriguez, 2005; Verdon,
Couedor, Roudaut, & Sandérs, 2005; Garcés, Zerzakawcera, Barron, & Barbosa, 2006; Hermo,
Barron, & Barbosa, 2006), liquid to liquid extrawti (LLE) (Garcia, Sarabia, Ortiz, & Aldama,
2005), solid-phase micro-extraction (SPME) (Hudrig, Yu, & Feng, 2006) and supercritical fluid
extraction (SFE) (Shim, Lee, Kim, Lee, & Kim, 2003hostly laborious and time consuming
techniques with poor extraction efficiency and tie&ly low recoveries (Huan et al., 2012).
Recently, more innovative FQ extraction tecniquentr different matrices, were applied:
pressurized liquid extraction (PLE) from enfant doproduct (Rodriguez, Navarro-Villoslada,
Moreno-Bondi, & Marazuela, 2010), microwave assisggtraction (MAE) within situ LLE clean-

up from chicken breast muscle (Xu et al., 2011¢edarated solvent extraction (ASE) from muscle,
liver, kidney of swine, bovine, chicken and fishu@h et al.,, 2012), dispersive liquid-liquid
microextraction (DLLME) from chicken liver (Moemalindi, & Dube, 2012) or fish muscle (Tsai
et al., 2009) and molecularly imprinted polymerdRMfrom chicken muscle or eggs (Qiao, & Sun,
2010; Blasco, & Pic0, 2012) and QUEChERS technology

The QUEChERS (QUick, Easy, CHeap, Effective, Rugged Safe) extraction and clean-up
approach, attracted great interest in the lastyfears because it allowed to reduce and simghigy
time needed to complete the processes; initiglptiad to the analysis of pesticides (Anastassiades
Lehotay, Stajnbaher, & Schenck, 2003) was subsdiguertended to veterinary drug residues
extraction from different biological matrices (Shiigs, & Bigwood, 2009; Lopes, Reyes, Romero-

Gonzalez, Frenich, & Vidal, 2012).
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QUECHhERS technique was adopted for the extractidiQs from milk (Lombardo-Agii, Gamiz-
Gracia, Cruces-Blanco, & Garcia-Campafia, 2011; d@aou, Myridakis, Stephanou, &
Samanidou, 2013), eggs (Garrido Frenich, Aguilasg-LMdel, Martinez Vidal, & Romero-
Gonzalez, 2010; Capriotti, Cavaliere, Piovesanam®ai, & Lagana, 2012), honey (Lombardo-
Agui, Garcia-Campafia, Gamiz-Gracia, & Cruces-Bla@di2; Wang, & Leung, 2012), chicken
muscle (Lopes, Reyes, Romero-Gonzéalez, Frenich, idaly 2012), bovine muscle and swine
muscle (Nakajima et al. 2012).

The objective of the study was to optimize anddatk a fast, simple, sensitive, and specific LC—
MS/MS/MS method suitable for the detection of aevidnge of concentrations of FQs as those
occurring in pharmacokinetic and residue deplestudies from several matrices. In the present
study, five FQs (enrofloxacin, ENRO; ciprofloxaci@|PRO; difloxacin, DIFLO; sarafloxacin,
SARA; flumequine, FLUME) were extracted from plasrmang, intestinal content, muscle, liver,
kidney, skin + fat from turkeys, applying one smglLE to plasma samples and QUEChERS clean-
up procedure to the other matrices.

For the validation purposes, all the five FQs abmmorted were used and the biological matrices
were obtained from healthy never treated turkejisthe incurred samples were obtained from
turkeys experimentally administered with ENRO andJWME via pulsed medicated water as

reported in previous studies by Ferraresi et &l182 and Cagnardi et al. (2014).

2. Experimental

2.1 Animals and treatments

The study was conducted according to Italian law.(16/1992) and was ethically approved by
the Italian Health Ministry (Animal Welfare UnitDR9R4KM4F_002).

Thirty-two female turkeys (breed B.U.T.6) 63-79 dapld, weighing about 4-6 kg and determined
to be healthy by a thorough physical examinatioerenused. Turkeys were randomly assigned to 4

groups of 8 animalt be subjected to treatments with the FQs: grdupsid 3 were repeatedly
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treated for 5 days via drinking water in a 10-hspdl scheme administration with ENRO (Bauytril
oral solution 10%, BAYER, Milano, Italy) at the doef 20 mg kg b.w. while groups 2 and 4 were
treated for 5 days via drinking water in a 10-hsgdl scheme administration with FLUME
(Flumechina 40% DOXAL) at the dose of 30 mg‘Kyw. (Ferraresi et al., 2013; Cagnardi et al.,
2014). The doses selected were double the reconedetmses of ENRO (10 mg'ﬂ(g).w.) and
FLUME (15 mg kg b.w.) in poultry. Plasma and tissue samples usetlank matrices were
collected from healthy, never treated animals feomorganic farm.

For groups 1 (ENRO) and 2 (FLUME), blood samplesensllected on days 1 and 5, immediately
before the treatment, at 1, 3, 6, 9 h during théh Ifeatment, and at 1, 2, 4, 8, 14 h after the
withdrawal of medicated water. Plasma was sepatataxntrifugation at 2000 rpm for 10 minutes
and stored at -20°C pending analysis. Three analyS dfter the last treatment, turkeys of group 1
and 2 respectively, were sacrificed and liver, kgrmuscle (breast), skin + fat, were collected and
stored at -80°C before analysis.

Animals of groups 3 and 4 were sacrificed 24 hraffite last treatment and lung and intestinal

content were collected and stored at -80°C befoatyais.

2.2 Chemical and reagents

Enrofloxacin (ENRO, purity: 99.0 %), ciprofloxac{@IPRO, purity: 99.9 %), difloxacin (DIFLO,
purity: 99.8 %), sarafloxacin (SARA, purity: 97.2) %umequine (FLUME, purity: 99.7%) and
norfloxacin (internal standard, NOR, purity: 99.7) %vere obtained from Sigma-Aldrich
(Steinheim, Germay).

Acetonitrile (ACN) and methanol (MeOH) were fromrdeErba Reagents. Formic acid (FA, 98%),
ammonium acetate (98%), potassium phosphate moicoB&sPO, were from Sigma-Aldrich
(Steinheim, Germay). All reagents were of analytggade. Ultrapure water generated by the Milli-

Q system (Millipore) was used.
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SampliQ Quick Easy Cheap Effective Rugged Safe @QHERS) EN buffered extraction kits and
SampliQ QUEChERS dispersive-SPE 2ml tube for dasidue in meat (containing 25 mg of C18
and 150 mg of anhydrous Mg@QOwere used for the analysis of FQs in turkey ma#si(liver,
kidney, muscle, skin + fat, lung, intestinal cojeand were purchased by Agilent (Santa Clara,
CA, USA). Phenex-RC (Regenerated Cellulose) syrifiltgrs 0.22um (Phenomenex, Torrance,

CA, USA) were used to filter the extracts before itljection in the LC-MS system.

2.3 Standards and stock solutions

Individual stock solutions of ENRO, CIPRO, DIFLOARA, FLUME, NOR (IS) were prepared at
a concentration of 100Qg mI* by dissolving the proper quantity of each compouexhctly
weighted, in methanol with 10 % (v/v) of NaOH intolumetric flasks. These solutions were stored
at 4°C in amber glass and prepared fresh everyréhmo

Working solutions (containing all FQs except of i8¢ used to spike blank samples of turkey, were
prepared by appropriate dilutions of the conceeatragtock standard solutions with mobile phase
(20 mM ammonium acetate pH 2.5 : 0.1% formic acidhethanol, 80:20).

From IS stock solution, different dilutions wereepared to spike matrices: IS agg mi* for
plasma, IS at 16Qg ml* for kidney and liver, 1S at 10Qg mi* for muscle, lung, skin + fat and

intestinal content.

2.4 Instrumentation

All analyses were performed by liquid chromatogsaplith mass spectrometry detection (LC-MS).
The chromatographic separation was achieved usind@ela 600 HPLC pump with CTC
automatic injector (Thermo Fischer Scientific, Sase, CA, USA) equipped with a C-18 Kinetex
(100 x 2.1 mm, 2.@m) analytical column by Phenomenex (Torrance, CBAY

The mass detection was achieved with a LTQ XL m@ap t{Thermo Fischer Scientific, San Jose,

CA, USA), equipped with a heated electrospray iatin (HESI-II) probe.
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The system was controlled by the X-calibur softwasmrsion 2.1), that was also used for the data

acquisition and analysis.

2.4.1 Chromatographic and mass spectrometric conditions

Gradient elution was applied using a 10 mM ammorawetate adjusted at pH 2.5 with formic acid
as solvent A and methanol with 0.1% formic acid/\&@s solvent B. The mobile phase composition
(A:B, v/v) was: 80:20 at 0 min, 50:50 at 10 min;9®at 13 min and kept unchanged until 14 min,
0:100 from 14.50 min to 16 min and 80:20 from 1hna 20 min to re-equilibrate the system. The
sample trays was maintained at 4°C and the floa/wets set on 200 min™.

Standard solutions atjig mI™* of each FQ were infused directly via syringe punin 20 pl min™
flow rate to the mass spectrometer in order to fragmentation patterns, tuning parameters, and
MS® parameters for each analyte. Precursor ions, ptodas, collision energies and retention
times are shown in Table 1.

Due to the presence of the amino group in mosttR&sis easily protonated in acidic medium, the
ESI source was used in positive mode. The masgseralas set on the full scan monitoring mode.
The following optimum tuning parameters were comrfmmall FQs: sheath gas flow 40 arbitrary
units, auxiliary gas flow 5 arbitrary units; ionrap voltage 3.5 kV; capillary temperature 300 °C;
capillary voltage 26 V; tube lens 80 V.

Retention time windows for each analyte were cheataily with a mixture of the five FQs in
mobile phase. Confirmation was achieved by exanunatf the relative ion intensities of two

major MS product ions.

2.5 Sample preparation
The plasma samples purification was performed psrted by Ferraresi et al. (2013) whereas

QUECHhERS technology, which consists of two stepsleng-out extraction and a dispersive SPE
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clean-up, was adopted and used for the extracfidgrQs from all turkey tissues (Nufez, Gallart-
Ayala, Martins, & Lucci, 2012Stubbings, & Bigwood, 2009).

Before proceeding with the extraction, IS solutf@f pl) was added to plasma samples to obtain IS
at 150ug I final concentration.

Turkey matrices (liver, muscle, kidney, skin + flamng, intestinal content) were first chopped into
small pieces and homogenized; 2 g of samples @ gnfestinal content) were placed into 50 ml
centrifuge tubes and added with |50of the different IS solutions reported above (Seetion 2.3),

to obtain IS final concentration afdy g* in liver and kidney and at 2jfg g* in muscle, lung, skin

+ fat, and intestinal content, respectively.

A 8 ml volume of 30 mM of KHPQ, buffer pH 7.0 were added and the tubes were adititr 1
min. To each tube, a 10 ml volume of 5% formic &@nihCN was added and the tubes were shaken
for other 1 min. Then, an Agilent SampliQ QUEChBR$ extraction salt packet was added to each
tube and the sample tubes were capped tightly laakks vigorously for 3 min. After centrifugation
at 4000 rpm for 5 min, a 1 ml aliquot of the uppgeEZN layer was transferred into an Agilent
SampliQ QUEChERS dispersive-SPE 2ml tube and theplss were vortexed for 1 min and
centrifuged at 13000 rpm for 5 min with a micro-téage.

The supernatant (7Qd) was transferred to a 15 ml tube and evaporaiattyness under a stream
of air at 50°C with a TurboVap evaporator (Zymardiopkinton, MA, USA). The residue obtained
was dissolved in 700l of mobile phase (10 mM ammonium acetate pH 2D8.% formic acid in
methanol, 80:20), vortex mixed, sonicated for 10n nand filtered through a Phenex-RC
(Regenerated Cellulose) syringe filter 0.g2&h (Phenomenex, Torrance, CA, USA) before LC-
MS/MS/MS analysis.

Fluoroquinolone concentrations of all incurred asplked sample were quantified with a daily

calibration curve prepared in matrix.

2.6 Method validation
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Prior to application to incurred samples, the mdtheas validated according to the European
Commission Decision 2002/657/EC for the residudeatem study in liver, kidney, skin + fat and
muscle, and to the EMA guidelines (EMA/CVMP/VICHBE2/2009) for the pharmacokinetic and
distribution study in plasma, lung and intestinahtent. Blank biological matrices from different
untreated turkeys were used.

Aliquots of blank samples (204 for plasma, 2 g for liver, kidney, lung, muscéjn + fatand 1 g
for intestinal content) were transferred into aypobpylene tubes and spiked with gDof IS and
with proper amounts of working solutions of FQs abtain fortified samples at different
concentrations (for intestinal content, working uimins containing only ENRO, CIPRO and
FLUME were used). The mixtures were shaken and thersamples were allowed to stand in the
dark for 30 min at room temperature to permit thiraction between FQs and tissues before
proceeding with the extraction described in Sec#dn

The following analytical performance parameters evassessed: specificity, linearity response,
trueness, precision (within-day repeatability andthin-laboratory reproducibility), limit of
detection and quantification, decision limits, d¢iten capability, matrix effect, absolute recovery
and robustness.

Confirmation of the identities of the FQs was aadrout by comparison of the chromatographic
peak area of two prominent product ions in 3M@ith the calibration standard at comparable
concentrations. Identification was considered béiaf the ratio was within the criteria laid down

in the European Commission Decision.

2.6.1 Specificity
To verify specificity, a representative number tarik biological matrix samples of different origin
(n = 10-20) were analyzed to check the absenceotdntial matrix interference peaks at the

retention time of the target FQs.

10
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2.6.2 Linearity

Method linearity was evaluated by preparing sixadtd@nt calibration curves on six different days by
spiking each of the seven biological matrices fuomreated turkeys (blank samples) with different
FQ mixed standard solutions, before proceeding withextraction. Final concentrations of FQs
were different in plasma, lung and intestinal cant@.5, 5, 10, 25, 50, 100, 2¢@ I, 6.2, 12.5,
25, 50, 125, 250, 500, 1000g kg'1 and 12.5, 25, 50, 100, 250, 500, 1000, 2Q@O kg'l,
respectively.

For each FQ, a different range of concentratiorivan, kidney, muscle and skin + fat, was adopted
and final concentrations were reported in Tabl¢s®® Supplementary data).

Calibration lines were constructed by plotting thgo of the standard area to internal standard are
versus the added concentrations and carrying oegti regression analysis. The linearity was
considered acceptable when the coefficient of taticen was above 0.990 and the evaluation of

residual was lower than 20%.

2.6.3 Limit of detection (LOD) and limit of quantification (LOQ)

For plasma, lung and intestinal content, limit efettion (LOD) and limit of quantification (LOQ)
were determined as follows: LOD = 3.3 x SD/S; LOQG& x SD/S, where SD is the standard
deviation of y-intercepts and S is the averageesloiptained from the different calibration curves
prepared for each matrix (Ribani, Collins, & Boit@007). For kidney, muscle, liver and skin + fat
LOD values were determined as described above,eakdrOQ for each FQ was defined as the
smallest measured content of the identified analjsg can be quantified with an acceptable
precision and trueness (EMA/CVMP/VICH/463202/2008)agreement with the limits reported by

European Commission Decision.

2.6.4 Decision limit (CCa) and detection capability (CCS)

11
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The Commission of the European Communities, to ren$ood safety, has established MRLs
legally permitted and accepted in liver, kidney,sala, skin + fat for ENRO, CIPRO, DIFLO,
FLUME (Council Regulation 2377/90/EEC). For theggsk-the decision limit (C&€) and detection
capability (CQ) were calculatedAs no MRL has been set for SARA in muscle and kyd@&Ca

and C@ for this FQ were calculated only for liver andrskiat.

These values were determined by analyzing blankpkenfortified around the permitted limit in
equidistant steps (the calibration curve procedu@Jo was calculated as the mean measured
concentration at the MRL of each compound plus 1ifsés the standard deviation of the within-
laboratory reproducibility at this concentrationC was calculated as @Cplus 1.64 times the
standard deviation of the within-laboratory reproiblity at CCa (Verdon, Hurtaud-Pessel, &

Sanders, 2006).

2.6.5 Precision and trueness

Precision and trueness of the method were detedrigeperforming tests on three sets of blank
samples fortified with FQs at three different camcations (six replicates each): for plasma, lung
and intestinal content, the levels considered w@eBe 10, 50ug I, 12.5, 50, 50Qug kg* and 25,
100, 1000pg kg’ respectively. The matrices liver, kidney, musatel akin + fat, for which an
MRL has been set (see Table 3), were fortified A concentrations at 0.5, 1, 1.5 times each
respective MRLs. Blank samples of muscle and kidweye fortified with SARA at 5, 10, 1fg

kg* and 50, 100, 150g kg* respectively.

For each matrix, samples were analyzed on thrderelift days in the same laboratory, with the
same instrument but by three different operat@sesponding to a total number of 54 samples.
The precision of the method has been calculatdeerein terms of within-day repeatability, the
variability of independent test results obtainediue same day, with the same method on identical
test items in the same laboratory by the same tpeusing the same equipment, or in terms of

within-laboratory reproducibility, the variabilitgf independent test results obtained by different

12
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operators in different times as unique differermoenf above (Karageorgou, Myridakis, Stephanou,
& Samanidou, 2013; Muscarella, Lo Magro, PalermdCé&ntonze, 2007). For the matrix intestinal
content, due to the limited availability of blankatarial, only within-day repeatability was
evaluated.

Precision was expressed in terms of imprecisioncahculated as the variation coefficient (CV %)
of measured concentrations at each level: CV % tan¢srd deviation/mean measured
concentration) x 100. The CV % values for repeditstare acceptable if they are below two third
of the value calculated from the Horwitz equatishereas for reproducibility, they are acceptable
if they are below the values calculated from thewiiz equation (23% if concentration is between
100 and 100Qug kg ' and 16% if the concentrations are higher than 3Gp&g™). The Horwitz
equation is not applicable to concentrations bel@@pg kg™, and the values of repeatability and
within-laboratory reproducibility are consideredceptable if they are below 14.7% and 22%
respectively, as suggested by Thompson (Thompsgr2000).

The trueness, as no certified reference mater@ald-Qs in the turkey tissues are available, was
evaluated by the recovery of the known amount of F@ded to the blank matrices. It was
calculated by dividing the mean measured valuehleyfortification level and multiply by 100 to
express the result as a percentage. According @@/@87/EC, the trueness should be between 70

and 100% for fortification levels between 1.0 ar@0lug kg*, and between 80 and 110% for

fortification levels> 10.0ug kg*.

2.6.6 Absolute recovery and matrix effect

The absolute recovery of all analytes from all dgatal matrices was determined by comparing the
analytical results of extracted FQs from fortifisdmples (FQs and IS were added before the
extraction procedure) with unextracted standardeddt the same concentrations in blank extracts

representing 100% recovery.

13
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Matrix effects were evaluated by calculating thakparea of the analytes in the presence of matrix
(analytes added to blank matrix after extractidn),the peak area in absence of matrix (pure
solution of the analyte at the same concentration).

Absolute recovery and matrix effect for each arelyere evaluated at three different levels (the
same concentrations considered for the evaluatioprexision and trueness), depending on the
target biological matrix and FQ (n = 6). Three satsamples were used for determination, one
consisting of neat standards (set 1), one preparea blank matrix extract and spiked after
extraction (set 2) and one spiked before extradisen 3). Absolute recovery (REC %) and matrix
effect (ME) were calculated using the formulas:

REC (%)= set 3cd/Set 23reaX 100; ME = (Set Zred IS ared/(S€t Lared IS ared

2.6.7 Robustness

The robustness of the method was assessed acctwdimg Youden and Steiner approach (Youden
& Steiner, 1975). For this purpose, seven reasenafriables were chosen in the sample
preparation procedure (volume and pH of dilutiorifény shaking, centrifugation and sonication
time; formic acid percentage in acetonitrile anapration temperature of the final extract) and
slightly modified with respect to the standard maare. For each factor two different conditions
were adopted. Eight experiments were carried authi® evaluation of the seven selected factors by
using eight spiked turkey liver samples at the MRbe effect of each factor was calculated by
subtracting the mean result obtained with the égiat high level and the mean result achieved
with the factor at low level. The standard deviatiof the differences has been calculated and

compared with the values obtained under within4tatwyy reproducibility conditions.

3. Resultsand discussion

3.1 Method validation
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The specificity was assessed by comparing the cii@grams of blank samples with those of the
corresponding spiked samples to test for endogemutesference; no significant endogenous
interferent peaks were evident at the retentioe tirih the five FQs.

The linearity of the calibrations curves in matwas checked at 6 different days after calculating
slopes and intercepts of each individual curve. dcdmearity was observed within the
concentrations range for all FQs in all matricexsithe calculated determination coefficienfs R
was always > 0.99 (Table 3) and residual in thegeath0-20%. The slopes of the different
calibration curves did not vary considerably anel ititercepts were near to theoretical zero value,
demonstrating good constancy of the measuring rsyste

The LOQs for all FQs in plasma, lung and intestinahtent were set according to method
sensitivity and by far lower than the FQs concdmns in matrices from treated turkeys,
confirming the method suitability for distributictudy.

The LOQ set in liver, muscle, kidney, skin + fat fall FQs, is significantly lower than the
respective half MRL: the values were from 5 to Ifes below these limits (Table S2,
Supplementary data). Considering the aim of thiskvemd the MRL in these matrices, the LOQs
were considered acceptable although, based onettiermance of the analytical method used and
on the basis of signal-to-noise ratio, it was pussio define even lower LOQ values.

In Table S2 of Supplementary data, theoG@lues with an error of 5 % (probability of falsera
compliance< 5 %) and the CR values with an error of 5% (probability of falsetpmpliant
samples< 5 %) are reported. The decision limit (€Cand detection capability (3} take into
account the variability of the method and the statal risk of making a wrong decision, and allow
the assessment of the critical concentrations aldveh the method reliably distinguishes and
guantifies a substance (European Decision no. 692/EC). These parameters were established
for ENRO, CIPRO, DIFLO, FLUME, in liver, kidney, msale and skin + fat; for SARA, GCand
CCp values were calculated only for liver and skin t feecause there is no fixed MRL in kidney

and muscle.
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For each matrix, the precision of the method waduated at three different levels of fortification
by calculating the CV % of the FQ concentrationslamwithin-day repeatability conditions
(calculated from six replicated samples analyzed ome day), and under within-laboratory
reproducibility conditions (calculated from batchesl8 samples analyzed on three different days
by different operators). The results, listed in [Egb5, 6 and 7, reveal that all CV % values, for
within-day repeatability and within-laboratory regucibility, were acceptable, ranging from 1.1 to
14.2% and from 1.3 to 13.1% respectively, for alhcentrations.

The trueness of the developed method, expresseslative recovery, ranged from 86.1 - 106.9 %
for all FQs (Tables 5, 6, 7) in agreement with thmits reported by Commission Decision
2002/657/EC. The only exception was FLUME in museith a recovery of 111.7 % and 113.1%
at 1 and 1.5 MRL respectively, and of 111.3% at@5kg" in intestinal content; thus, an
overestimation of this FQ in muscle and intestowitent could be expected.

The QUEChERS-based extraction procedure adoptde(srrecovery, from different matrices, did
not require further clean-up step. For all analytee absolute recovery ranged from 69.1 % to
112.8 %, with CV % lower than 14.4%, all of thimméioms the good reproducibility of the method.
The matrix effects ranged from 0.70 to 1.50, intiigathat the analytes are only slightly influenced
by the matrix of the tissues and by plasma exi@aa consequence of optimized samples clean-up
procedures, optimized chromatography conditionsdilution of extracts that allowed to minimize
the matrix effect due to the different biologicadtmces considered in this study.

Results of robustness test indicated that the mdettes not affected by slight variations of some

critical factors in the sample preparation procedurd can be considered acceptably robust.

3.2 Analysis of samples from treated turkeys

The validated method allowed to detect ENRO, CIRRO FLUME concentrations in plasma and
in the biological matrices obtained from turkeyallyrtreated via 10-h pulsed medicated water for

5 consecutive days with ENRO and FLUME.
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ENRO and CIPRO were determined separately buptHarmacokinetic analysis, tissue distribution
and depletion study, the sum of ENRO + CIPRO wasys considered.

The plasma concentration-time profiles of ENRO &htUME at day 5 of pulsed administration
are reported in Fig. 1. The FQ distribution in &rgssues reported in Fig. 2 confirmed the ability
of FQs to diffuse freely in lungs reaching concatmn higher than in plasma together with the
importance of biliary elimination route for ENRO darFLUME as indicated by the great
concentrations of the two FQs in intestinal contdrihe last day of treatment.

ENRO concentrations in muscle, kidney and skimattat 3 days after treatment, were always lower
than the corresponding MRL and, in several turkiyser than the LOQ values (Fig. 3).

With the exception of skin + fat, no large vari#tibf ENRO concentrations was observed in the
different tissues from treated birds. As reportgdSan Martin, Cornejo, Iraglen, Hidalgo, &
Anadon (2007), quinolones accumulate in follicled &eathers can become a long lasting reservoir;
thus, the variability observed in skin + fat canrélated to the accidental occurrence of a few lsmal
feathers.

No figures are reported for flumequine as afte@gsdof withdrawal time, its concentrations were
always lower than LOQ (average concentration: 1Qg8 kg') despite the double dosage

administered with medicated water.

4. Conclusions

A LC-MS/MS/MS method was developed and validatedrépid and simultaneous determination
of the five FQs ENRO, CIPRO, DIFLO, SARA and FLUME incurred plasma, liver, kidney,
muscle, skin + fat, lung and intestinal contenhfriveated turkeys.

For the first time, the QUEChERS technology wascessfully applied for the extraction of FQs

from matrices such as the lung, skin + fat, kidaegl intestinal content.
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The method proved to be simple, fast, efficierstbl, precise, accurate and robust, providing good
validation parameters, such as linearity, limitgjoantification, precision, trueness and recovery i
all the matrices considered.

The applicability of the method and its good perfances were confirmed in all the different
approach of the study, plasma kinetics, targeudisdistribution and residue depletion in liver,
kidney, muscle, skin + fat, thus making an effezt@nd reliable determination of the target FQs in

real samples.
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TABLE CAPTIONS:
Table 1. Instrument acquisition data for the analysis osHBQ LC-MS/MS/MS? product ion used
for quantification; Rt: retention time.

Table 2: Linearity evaluation and sensitivity data for #@s detected in this study in the different
biological matrices (plasma, liver, kidney, musdkin + fat, lung and intestinal content): linear
determination coefficient @ limit of detection (LOD) and limit of quantifitin (LOQ).

Table 3: Validation results obtained from plasma and lu@g: (Nominal Concentration; CV =
Coefficient of Variation; REC: absolute recoveryEMmatrix effect).

Table 4: Validation results obtained from liver, kidney amiscle (G: Nominal Concentration;
CV = Coefficient of Variation; REC: absolute recoyeME: matrix effect).

Table 5: Validation results obtained from skin + fat andesiinal content (¢ Nominal
Concentration; CV = Coefficient of Variation; RE&bsolute recovery; ME: matrix effect).

SUPPLEMENTARY DATA-TABLE CAPTIONS:
Table S1: Concentrations of FQs considered for the evaloadiolinearity in the different tissues
and MRL values established for each analyte (tlsem@ MRL for SARA in kidney and muscle).

Table S2: MRL of FQs established in liver, kidney, muscle askin + fat and C@ and
COB calculated expressed jig kg* (there is no MRL for SARA in kidney and muscle).



Table 1

Precursorion  Fragmentation Collision Rt
Analyte (m/z) pattern energy (%) (min)
Enrofloxacin 360 360 > 316 46
316 > 288245% 23 5.6
Ciprofloxacin 332 332> 28! 22
288 >268° 245 30 5.3
Difloxacin 40C 400 > 35! 3C
356 > 336299% 20 6.2
Sarafloxacin 386 386 > 342 30
342 >322% 299 30 6.6
Flumequine 262 262 > 244 40
244 >202° 176 25 12.5
Norfloxacin (IS) 32C 320> 271 36

276 >256° 233 30 4.9




Table 2

Plasma Liver
analyte R? LOD (ug )  LOQ (g™ | analyte R? LOD (ug kg')  LOQ (ug kg?)
ENRO 0.9999 0.8 2.5 ENRO 0.9999 2.6 12.5
CIPRO 0.9998 0.5 1.4 CIPRO 0.9998 5.7 12.5
DIFLO 0.9995 1.5 4.6 DIFLO 0.9993 43.8 118.8
SARA 0.9998 0.6 1.8 SARA 0.9997 3.3 6.3
FLUME 0.999¢ 0.€ 2.5 FLUME 0.999 29.5 50.C
Kidney Muscle
analyte R®  LOD (ugkgy) LOQ (ugkg?) | analyte R? LOD (ug kg')  LOQ (ug kg?)
ENRO 0.9999 9.8 18.8 ENRO 0.9995 5.2 12.5
CIPRO  0.9999 4.1 18.8 CIPRO 0.9995 2.0 12.5
DIFLO  0.9999 9.7 375 DIFLO 0.9990 13.0 375
SARA 0.9998 1.7 6.3 SARA 0.9992 0.5 1.3
FLUME 0.999¢ 25.1 62.5 FLUME 0.998¢ 8.8 50.C
Skin + fat Lung
analyte R°  LOD (ugkg?) LOQ (ug kg?) | analyte R? LOD (ug kgt)  LOQ (ug kg?)
ENRO 0.9942 4.8 125 ENRO 0.9998 2.7 8.2
CIPRO  0.9998 8.8 12.5 CIPRO 0.9996 2.9 8.9
DIFLO  0.9969 16.7 50.0 DIFLO 0.9997 2.2 6.8
SARA 0.9972 0.9 1.2 SARA 0.9998 0.9 2.7
FLUME 0.9978 22.7 31.2 FLUME 0.9997 1.8 5.4
I ntestinal content
analyte R? LOD (ug kg') LOQ (ug kg})
ENRO _ 0.999; 31 9
CIPRO 0.9997 1.1 3.4
FLUME 0.9994 4.5 13.8




Table 3

PLASMA
Within-day | Within-Laboratory
analyte C"‘_l TRUOE/NESS Repeatability] Reproducibility | REC% + SD ME
Mg (%) (CV %) (CV %)
ENRO 25 96.( 3.4 10.€ 101.6 +5.! 15+4.0x1%
10 99.0 3.9 55 108.5+6.1 0.9 +2.0 x40
50 103.8 55 7.1 97.3+2.6 0.9 + 5.0 x40
CIPRO 25 92.0 8.8 12.6 99.5+7.9 1.0 + 1.0 X240
10 98.0 6.6 7.2 103.7 + 14.3 1.0 + 3.0 x40
50 100.6 6.7 5.7 110.1 + 11.7 0.9 + 3.0 X410
DIFLO 25 96.0 2.2 10.3 105.6 + 10.9 1.2 +5.0 x°10
10 101.0 105 9.8 101.7 +11.4 0.9 + 3.0 %10
50 103.4 2.9 10.1 102.9 + 10.9 0.9 + 2.0 ¥10
SARA 25 100.0 8.7 8.0 101.0+9.2 1.0 + 1.0 X210
10 99.0 7.1 7.2 102.0+ 5.6 0.9 + 6.0 x40
50 96.6 3.6 5.3 99.0 +10.0 0.9 +5.0 X240
FLUME 25 104.0 4.7 12.2 112.8+1.9 1.2 +5.0 x°10
10 104.0 2.7 59 105.6 + 14.4 0.9 +2.0 X410
50 96.8 3.0 6.2 112.2+109 0.9 +3.0 x40
LUNG
Within-day | Within-Laboratory
analyte Cn 1 TRUOE/NESS Repeatability] Reproducibility | REC% + SD ME
Ko kg (%) (CV %) (CV %)
ENRO 125 96.8 7.9 12.9 95.2+10.5 1.3 +9.0 X410
50 100.2 4.4 7.1 87.9+5.; 1.0+1.2 x 1t
500 96.2 7.9 5.6 87.4+6.6 1.3 +5.0 x40
CIPRO 12,5 94.2 2.7 10.2 70.6 +5.. 1.3+2.1x1¢?
50 97.¢ 5.€ 5.5 69.1+3. 1.1+15x1ct
500 98.2 2.6 3.4 77.9+11.8 1.4 +7.0 X410
DIFLO 125 103.: 4.7 13.1 102.4+9.! 1.3 +5.0 x 1(?
50 104.2 5.1 55 88.8+6.6 1.0 £1.0 X410
500 95.8 3.6 5.2 95.7 +10.5 1.1 +6.0 X410
SARA 12,5 93.¢ 5.¢ 6.€ 92.3+5.¢ 1.2 #3.0 x 1¢?
50 99.4 3.9 7.3 86.6+6.2 1.1+1.3x40
500 99.5 45 49 91.4+9.4 1.1 +5.0 x40
FLUME 12,5 104.¢ 6.2 9.7 89.4 +9.( 1.1 +6.0 x 1¢?
50 101.6 8.5 11.2 78.9+6.2 1.0 +£1.3 X410
500 96.5 5.1 6.0 89.8+8.9 1.0 +3.0 x40




Table 4

LIVER
Within-day | Within-Laboratory
analyte CkN 1 TRUOE/NESS Repeatabilityl Reproducibility REC% + SD ME
Mg kg (%) (CV %) (CV %)
ENRO 100 94.3 3.6 4.6 82.9+4.8 0.9 + 3.0 x4(
200 97.3 7.9 6.5 87.1+4.6 0.9 + 3.0 x4d
300 100.3 3.2 3.8 100.0 +4.8 1.1 +1.6 x40
CIPRO 100 94.2 6.9 6.9 70.0+6.5 1.0 + 2.0 x4
200 98.9 5.7 7.8 75.1+2.0 1.1 £5.0 X4
300 98.4 5.2 6.0 84.2+3.7 1.2 +1.5 x40
DIFLO 950 97.7 2.2 2.9 86.8+3.8 0.8 + 8.0 x4(
1900 106.9 2.7 4.7 84.8+3.3 1.0 + 5.0 x4(
2850 98.6 3.0 3.9 93.1+4.3 1.2 +1.3 x40
SARA 50 96.2 10.3 8.1 84.4+75 0.7 + 1.0 x4(
100 104.1 6.2 6.5 88.5+1.7 0.9 + 4.0 xX4(
150 100.9 4.6 3.4 105.7+2.8] 1.1+8.0x40
FLUME 400 91.9 4.7 7.3 95.0+2.2 0.7 £ 4.0 x4(
800 98.9 2.6 5.5 97.1+3.3 0.8 + 2.0 x4d
1200 102.1 2.4 2.6 1025+4.4] 0.9+5.0 x40
KIDNEY
Within-day | Within-Laboratory
analyte CkN 1 TRUOE/NESS Repeatabilityl Reproducibility REC% + SD ME
Mg kg (%) (CV %) (CV %)
ENRO 150 98.7 1.8 2.9 94.7 + 3. 1.0 +3.0 x 1¢*
300 96.2 1.2 2.4 100.8+11.4 0.9+3.0 x40
450 98.3 1.2 1.3 106.1+9.8| 0.9 +2.0 x4(
CIPRO 150 99.¢ 1.6 4.5 81.3+7.. 0.8 £4.0 x 1¢?
300 100.3 1.7 5.0 85.9+8.7 0.8 + 2.0 XA(
450 100.4 1.1 2.3 88.8+8.1 0.7 + 4.0 X4(
DIFLO 300 99.€ 2.1 2.7 99.9+5’ 0.9+5.0 x 1(*
600 99.7 1.9 1.9 102.5+6.7| 0.9 +4.0 x4(
900 101.3 1.8 1.8 108.8+7.2| 0.8 +3.0 x40
SARA 50 99.¢ 5.2 6.3 108.1+6. | 1.0+8.0x1(?
100 101.4 2.0 3.1 103.2+9.1 1.0 £8.0 x4
150 100.1 1.8 2.4 101.2+59| 0.9+6.0 x4
FLUME 500 97.¢ 2.C 3.4 102.6 +2. | 0.9+4.0x1(?
1000 97.8 2.2 2.8 102.5+7.8] 1.1 +8.0x4(
1500 98.0 1.1 3.2 106.2 +7.3 0.9 + 7.0 x4(
MUSCLE
Within-day | Within-Laboratory
analyte CkN o | TRUSNESS| Repeatability| ~Reproducibility | REC% £ SD ME
Mg kg (%) (CV %) (CV %)
ENRO 50 90.0 10.0 6.9 929+2.7 0.9 + 2.0 x4(
100 103.¢ 3.7 7.C 99.6 2. 1.1 5.0 x 1¢?
150 104.° 4.7 4.8 98.8 +3.( 1.1 £5.0 x 1¢?
CIPRO 50 92.4 4.7 5.2 83.0+5.0 0.9 + 1.0 x4(
100 100.7 4C 5.6 80.4 +3.; 1.2 +4.0 x 1¢?
150 100.9 43 5.6 81.3+3.9 1.2 + 4.0 X4(
DIFLO 150 86.1 5.8 7.0 97.9+1.2 0.9 + 2.0 x4d
300 102.¢ 5.1 7.7 105.0+1. | 1.1+3.0x1(?
450 105.0 3.7 9.3 102.3+4.2]  1.1+6.0 x40
SARA 5 92.0 12.8 10.3 98.1+11.3] 0.9%6.0 X1
10 99.0 9.8 9.9 99.9+7.1 1.1+9.0x4
15 100.7 7.3 9.9 104.5 + 6.8 1.0 +5.0 XL
FLUME 200 95.7 6.9 7.5 1049+23] 0.9+6.0 x4
400 111.7 6.9 6.5 109.0+1.9 1.2 £6.0 X4
600 113.1 45 4.8 105.8+2.7| 1.1+2.0 x4




Table 5

SKIN + FAT
.. Within-
Within-day
analyte ug“l‘_l TRU(OEAS'ESS Repeatabilty Ré;%‘éfg%ﬁ’ity REC% + SD ME
(CV %) (CV %)
ENRO 50 102.2 25 10.9 109.6 + 10.1 0.9 £5.0 ¥1d
100 102.8 5.2 8.2 97.1+4.9 0.9 +3.0 x40
150 101.7 5.9 6.3 99.9 + 3.6 0.9 £ 2.0 x40
CIPRO 50 99.6 3.8 8.4 102.1+2.4 0.8 £1.0 x40
100 100.7 8.1 5.7 84.2+8.38 0.9 +4.0 x40
150 102.8 9.6 8.9 82.1+55 0.9 +3.0 X410
DIFLO 200 100.4 3.6 5.2 111.7+6.3 0.8 7.0 x40
400 97.3 25 2.9 101.7+7.9 0.9 £ 6.0 x40
600 95.8 2.6 2.6 952 +7.7 1.0 +6.0 x40
SARA 5 91.0 14.2 11.0 110.6 + 4.2 0.9 £ 6.0 10
10 102.3 9.3 6.8 107.7+ 4.9 0.8 £ 6.0 X410
15 102.8 9.5 7.4 98.1+5.6 0.9 +7.0 X410
FLUME 200 101.7 2.4 4.4 1105+ 4.4 0.9+6.0x90
400 99.1 5.1 4.8 103.1 +13.3 0.9 +4.0 X410
600 105.5 1.7 5.0 99.1 +3.2 1.0 +6.0 X410
INTESTINAL CONTENT
Within-day
analyte | O, | TRUENESS| oo beatability] REC% + SD ME
Mg (%) (CV %)
ENRO 25 104.2 2.4 96.7 £11.3 1.1+3.0 x40
100 102.6 3.6 85.2+2.2 1.2+6.0 x40
1000 97.5 3.3 87.4+52 1.1+24x10
CIPRO 25 99.6 7.0 79.3+6.5 1.0+1.0x70
100 102.6 1.9 100.2 +2.2 0.9 +1.0x140
1000 97.4 2.1 99.3+49 0.8 +1.3x10
FLUME 25 111.3 6.8 80.6+2,4 1.0+1.0x10
100 106.5 2.8 92.7+1.7 0.9+1.6x10
1000 97.7 3.0 945+54 0.9+1.6x10




SUPPLEMENTARY DATA

Table S1

LIVER
analyte Concentrationsy(g kg?) MRL (ug kg™)
ENRO 12.5, 25, 50, 125, 250, 500, 1000, 2000 200
CIPRC 12.5, 25, 50, 12250, 500, 1000, 20! 200
DIFLO 118.8, 237.5, 475, 1187.5, 2375, 4750, 998000 1900
SARA 6.2, 12.5, 25, 62.5, 125, 250, 500, 1000 100
FLUME 50, 100, 200, 500, 1000, 2000, 4000, 8000 800
KIDNEY
analyte Concentrationspg kg?) MRL (pg kg™
ENRO 18.8, 37.5, 75, 187.5, 375, 750, 1500, 3000 300
CIPRO 18.8, 37.5, 75, 187.5, 375, 750, 1500, 3000 300
DIFLO 37.5, 75, 150, 375, 750, 1500, 3000, € 600
SARA 6.2,12.5, 25, 62.5, 125, 250, 500, 1000 --
FLUME 62.5, 125, 250, 625, 1250, 2500, 5000, 1000( 1000
MUSCLE
analyte Concentrationsy(g kg?) MRL (ug kg™)
ENRO 12.5, 25, 50, 125, 250, 500, 1000 100
CIPRO 12.5, 25, 50, 125, 250, 500, 1000 100
DIFLO 37.5, 75, 150, 375, 750, 1500, 3000 300
SARA 1.2,25,5, 10, 25, 50, 100 -
FLUME 50, 100, 200, 500, 1000, 2000, 4000 400
SKIN + FAT

analyte Concentrationsi(g kg?) MRL (pg kg™
ENRO 12.5, 25, 50, 125, 250, 500, 1000 100
CIPRO 12.5, 25, 50, 125, 250, 500, 1000 100
DIFLO 50, 100, 200, 500, 1000, 2000, 4000 400
SARA 1.2,25,5,125, 25, 50, 100 10
FLUME 31.2,62.5, 125, 312.5, 625, 1250, 2500 250




Table S2

LIVER KIDNEY
analyte MRL (pg kg™ CCa CCB analyte MRL (pg kg™) CCa CcCB
ENRO 200 226.4 252.7 ENRO 300 3132 326.3
CIPRO 200 2325 265.5 CIPRO 300 320.0 339.6
DIFLO 1900 2067.¢ 2234 DIFLO 600 624.: 648.2
SARA 100 109.4 118.¢ SARA - . A
FLUME 800 908.2 1016.4 FLUME 1000 1040.2 1080.4
MUSCLE SKIN + FAT
analyte MRL (pg kg™ CCa CCPB analyte MRL (pg kg™ CCa ccp
ENRO 100 114.¢ 129.f ENRO 100 124.: 125.1
CIPRO 100 108.0 115.7 CIPRO 100 109.0 118.0
DIFLO 300 343.9 387.8 DIFLO 400 439.1 478.1
SARA - - - SARA 10 12.2 14.2
FLUME 400 465.9 531.8 FLUME 250 305.8 361.6




FIGURE CAPTIONS:

Figure 1: ENRO (+ CIPRO) and FLUME plasma concentration—tpmafiles at the 8 day of 10-h
oral pulsed administration. Mean values (+ SD) tir&eys.

Figure 2. ENRO, CIPRO and FLUME concentrations in plasmagland intestinal content after
oral pulsed administration for 5 days. Mean val(#eSD) of 8 turkeys sacrificed at 24 h after the
last treatment.

Figure 3: ENRO concentrations in muscle, kidney, liver akia s fat from 8 turkeys (T1-T8) after
oral pulsed administration for 5 days. Animals weeerificed after three days from the end of
treatment. CIPRO concentrations higher than LOD |(§. kg") were detected only in liver.
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HIGHLIGHTS

A LC-MS method was devel oped for five fluorogquinolones quantification.

» The method was validated in seven matrices (tissues and fluids) from turkeys.

» The fluoroguinolones were detectable in a wide range of concentrations.

* The method was successfully applied to plasma samples for pharmacokinetic study.
* Residue distribution and depletion were evaluated for two fluoroquinolones.



