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Abstract

A confirmatory method based on isotope dilution liquid chromatography—tandem mass spectrometry (LC-MS/MS) has been developed
for the low-level determination of residues of four nitrofuran veterinary drugs in meat, e.g., furazolidone, furaltadone, nitrofurantoin, and
nitrofurazone. The procedure entails an acid-catalysed release of protein-bound metabolites, followed by their in situ conversion into the
2-nitrobenzaldehyde (NBA) imine-type derivatives. Liquid—liquid extraction and clean-up on a polymeric solid phase extraction cartridge
are then performed before LC-MS/MS analysis by positive electrospray ionisation (ESI) applying multiple reaction monitoring of three
transition reactions for each compound. Reliable quantitation is obtained by using one deuterated analogue perdWitdefivative)
as internal standard (1S). Validation of the method in chicken meat was conducted following the European Union (EU) criteria for the analysis
of veterinary drug residues in foods. The decision limits f®@ere 0.11-0.21.g/kg, and the detection capabilities (8)3.19-0.36.a9/kg,
thus below the minimum required performance limit (MRPL) setagkg by the EU. The method is robust and suitable for routine quality
control operations, and more than 200 sample injections were performed without excessive pollution of the mass spectrometer or loss of LC
column performance.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction stable adducts that can be detected in tissues over periods up
to 30 days[3]. The stability of (tissue-bound) residues of
Nitrofurans are Shiff's base derivatives of nitrofuralde- nitrofuran drugs was extensively studied, and it was demon-
hyde, known to be effective against a variety of pathogenic strated that upon common food preparation techniques like
bacteria. The most common nitrofurans are furazolidone, ni- cooking, baking, grilling and microwaving, the residues were
trofurantoin, nitrofurazone and furaltadoniéid. 1), which stable or at least did not degrade to a significant exgnt
have beenwidely used as feed additives in food-producing an-Following concerns about their carcinogenicity and muta-
imals like cattle, swine, poultry, cultured fish and shrimps, for genicity, these nitrofurans were placed in Annex IV of Reg-
prophylactic and therapeutic treatment of diseases causallyulation 2377/90/EEC (1995), which prohibits the use of cer-
link to bacteria or protozoa. Nitrofuran-type drugs are rapidly tain chemicals in food-producing animals in the European
metabolised in vivo, leading to a significant decrease in Union (EU), and in products from third countries intended for
plasma levels of the parent compouyd¢R] and a concomi-  the EU market. The EU Commission Decision of 13 March
tantaccumulation of some metabolites in proteins, generating2003[5] has set up a MRPL atjdg/kg (for each nitrofuran
metabolite) for any method dealing with the analysis of nitro-
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Fig. 1. Chemical structures of nitrofuran parent drug compounds along with their metabolites and NBA derivatives.

of protein-bound metabolites, followed by their conversion NBA-derivatised nitrofuran metabolites, usihﬁ:e—toluene
into NBA imine-type derivativesiig. 1). Due to their higher a5 starting reagent.

sensitivity and selectivity, and considering the low MRPL set  The present work describes the full validation of a con-
by the EU, MS techniques and particularly tandem MS are at- firmatory and quantitative method for the determination of
tractive methods to confirm the presence of nitrofuran residue four nitrofuran metabolites in chicken meat employing iso-
in foods of animal origin. Currently, only few MS-based tope dilution LC-ESIMS/MS (sef9]). The four ISs used
published methods allow the simultaneous determination of were g-NBA derivatives of these residues (instead ¥E-

the four nitrofuran metabolites. Leitner et (] describesa  NBA derivatives due to the commercial availability of the
liquid chromatography—electrospray ionisation tandem massdeuterated NBA).

spectrometry (LC-ESIMS/MS) procedure able to detect ni-

trofuran metabolites in muscle tissue at limits of quantitation

(LOQ) ranging from 2.5 to 1f.g/kg. Semicarbazide as its 2. Experimental

4-nitrobenzaldehyde derivative was used as sole IS. Edder et

al.[7] proposed a similar procedure with LOQs ranging from 2.1, Chemicals and reagents

0.5 to 5pg/kg in poultry and shrimps. No IS was used during

this study, but matrix effects and recoveries of derivatisation  3-Amino-2-oxazolidinone (A02), semicarbazide
and extraction steps were taken into account through quanti-(SC) hydrochloride, 1-aminohydantoin (AH) hydrochlo-
tation by matrix-matched calibrations. However, considering ride and NBA were obtained from Sigma-Aldrich
(a) the commonly observed signal suppression effect in ESI, (Buchs, Switzerland). 3-Amino-5-morpholinomethyl-2-
(b) the large difference in MS response of the four derivatised oxazolidinone (AMOZ) and NBA derivatives of nitrofuran
nitrofuran metabolite$6], and (c) the time-consuming ap- metabolites (NBAH, NBAMOZ, NBAOZ, and NBSC) were
proach of matrix-matched calibration curve when analysing supplied by Witega (Berlin, Germany). 3,4,5,6BA

a wide range of foodstuffs, the best approach for a reliable (chemical purity > 99%, isotopic purity > 99%) was
quantitation remains the use of one isotope-labelled IS for from Toronto Research Chemical (North York, Canada).
each analyte under survey. In a previous pdpgrwe de- Individual dy-NBA derivatives of nitrofuran metabolites
scribed the synthesis of the four stabf€-isotope-labelled  were obtained by condensation of 3,4,56NBA with an
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excess of AH, AMOZ, AOZ or SC, and were further purified 2.4.2. Clean-up

by preparative LC[8]. All other solvents and reagents A Lichrolut EN SPE cartridge was conditioned succes-
as well as Lichrolut EN solid phase extraction (SPE) sively with ethyl acetate (9 ml), methanol (3 ml), and distilled
cartridges (200 mg) were obtained from Merck (Darmstadt, water (9 ml). The previous aqueous extract was loaded onto

Germany). the cartridge and after penetration, the column was washed
successively with distilled water (3ml) and hexane (3 ml),
2.2 Standard solutions and dried by sucking through air (Visiprep vacuum mani-

fold, Supelco, Switzerland) after each solvent addition. The

Individual stock standard solutions of NBAH, NBAMOz  derivatised nitrofuran metabolites were finally eluted with
and NBAOZ (2mg/ml) were prepared by dissolution in ©thyl acetate (9ml) and collected in a 15-ml Falcon tube.
methanol, and that of NBSC (0.2mg/ml) in acetoni- |ne eluate was evaporated to dryness under a stream of ni-
trile/distilled water (50:50, v/v). #NBX stock solutions trogen at 40C and reconstituted with acetonitrile/distilled
were prepared in a similar way. All solutions were stored at water (30:70, viv, ZSQI).. The resulting solution was filtered
—20°C. Precise concentrations of these solutions were ver-througha0.2zmnylonfilter (Nalgene, Rochester, NY, USA)
ified by UV spectrophotometry using the molar extinction directly into an HPLC vial.
coefficientg[8] after proper dilution with water. Calibration
solutions containing both labelled and unlabelled derivatives 2.5. LC-ESIMS/MS

of nitrofuran metabolites were prepared by successive dilu- ]
tions of the stock standard solutions in water. Aliquots of ~ Analyses were performed on a£SymmetryShield LC

calibration solutions were stored-a20°C until use. column (15cmx 2.1mm i.d., 3.um particle size) fitted
with a SymmetryShield Rig precolumn (1 cnx 2.1 mmi.d.,

3.5um particle size) (Waters, Milford, MA, USA) using a

Perkin Elmer LC 200 Micro Pump series system (Norwalk,
CT, USA). The mobile phase was as follows: solvent A: wa-
ter containing acetic acid 0.025% (v/v); solvent B: acetoni-
trile. The linear gradient program was: 0—0.5min 10% B;
0.5-3 min from 10 to 35% B; 3-8 min 35% B; 8—9 min from

35t0100% B; 9—12 min 100% B; 12—13 min from 100 to 10%
B; and 13-22 min 10% B at a flow rate of 0.3 ml/min. The
injection volume was 5l and between injections, the nee-

dle was rinsed with a solution of water/acetonitrile 1:1 (v/v).

2.3. Food samples

Meats (chicken, pork) were mainly of Asian origin. Sam-
ples, typically 200 g, were first minced using a kitchen ho-
mogeniser (Moulinex, France), then sub-sampled (20 g) and
stored at—20°C in airtight containers until analysis. For
method validation, chicken meat from animals grown under
strictly controlled conditions (“bio” label) was used.

2.4. Sample preparation The entire LC flow was directed into the MS detector between
_ 0.5 and 9 min using a VICI diverter (Valco Instrument Co.,
2.4.1. Extraction Houston, TX, USA). MS detection was done in the positive

A well homogenised sample (5 g) was weighed into a 50- ES| mode on a Sciex API 3000 triple stage quadrupole mass
ml Falcon polypropylene tube (Becton Dickinson, Le Pont- spectrometer (Applied Biosystems, Foster City, CA, USA)
de-Claix, France). Hydrochloric acid (0.125N, 25ml) was equipped with a TurbolonSpray ionisation source. Nitrogen
added, and the mixture thoroughly homogenized by meanswas used for the gas nebuliser, TurbolonSpray gas, and cur-
of an Ultra-Turrax. NBA (50 mM solution in DMSO, 254) tain gas at a pressure of 15 psi, and a flow rate of 7.5 I/min
was added and the slurry incubated in a water bath &€37  and 10 ml/min, respectively. The source block temperature
overnight. After Cooling, the mixture was neutralized at pPH was set at 350C and the e|ectrospray Capi”ary Vo|tage to
7.1£0.2 with both sodium hydroxide (1M, 2.5ml) and 5 5kV. Nitrogen was used as collision gas at a pressure set of
dipotassium hydrogenphosphate (1 M, 1 ml), and the final pH 5 mTorr. Data acquisition was performed using the Sciex An-
adjusted with NaOH (1 M). The slurry was further fortified  alyst software alternating three transition reactions for each
with an aqueous solution containing the fourldbelled ni-  njtrofuran derivatised metabolite and two transition reactions
trofuran derivatised metabolites (50 ng/ml each, B)&nd  for its corresponding slabeled analogue used as IS. The
allowed to stand for 15 min after mixing. Ethyl acetate (15 ml) dwell time for each transition reaction was set at 25 ms. The

was added to the slurry before being thoroughly hand-shakedyarious transition reactions and their collision energies are
for 2min and centrifuged at 3600g for 10 min at room shown inTable 1

temperature (centrifuge Mistral 2000, MSE Scientific Instru-

ment, England). The organic phase was collected intoa 15-ml2 6. Quantitation

Falcon tube, evaporated to dryness under a stream of nitro-

gen at40C and the dry residue reconstituted with distilled Derivatised nitrofuran metabolites were quantified by
water (3 ml). A further washing step of the aqueous extract means of an external calibration curve (response ratio ver-
with hexane (1 ml) was performed to remove the lipidic com- sys amount ratio) constructed in water at six calibration lev-
ponents. els ranging from 0 to 4 ng injected on-column (covering the
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Table 1
Transition reactions monitored by LC-ESIMS/MS (collision energies in eV are within brackets), and peak area ratios along with their limit otaccepta
according td9]

Analyte Transition Reactionsn(z) used for: Peak area ratiolimit (%)
Quantitation Analyte confirmation
NBAMOZ 335— 291 (18) 335— 128 (30) 0.506 20
335— 262 (24) 0.28+ 25
ds-NBAMOZ 339 — 295 (18) 339 266 (24) 0.29+ 25
NBSC 209— 166 (15) 209— 134 (17) 0.32+25
209— 192 (17) 0.84: 20
d4-NBSC 213— 170 (15) 213 196 (17) 0.9H-20
NBAH 249— 134 (19) 249— 104 (29) 0.52:20
249— 178 (20) 0.24+ 25
d4-NBAH 253 — 138 (19) 253 108 (29) 0.6QGt 20
NBAOZ 236— 134 (18) 236— 101 (18) 0.12: 30
236— 149 (20) 0.18+ 30
d4-NBAOZ 240— 138 (18) 240— 153 (20) 0.12: 30

0-4u.g/kg range). The concentration of isotopically labelled erators on one occasion in a one-month period. Repeata-
ISs was fixed at 5 ng injected. The stability of the calibration bility at the 95% confidence level was deduced from the
solutions was verified by checking the slope of the calibration within-day precision using an expansion factor of 2.77. Sim-
curves, which should be 1:00.2. Calibration standards were ilarly, the intermediate reproducibility was calculated from
injected before and after each analytical series, and both datahe within-laboratory precision using the same expansion
sets were used to establish the calibration curves. The linearfactor.

ity was checked by calculating the standard deviation of the

average of response factors (peal_< area.ratlos divided by thez_g_ Measurement of uncertainties

corresponding analyte concentration ratios of all standards),
which should be <15% to assume a linear resp¢h8k Fi-

nal results were expressed as the free nitrofuran metabolites
by multiplying values obtained from the calibration curves
by a factor of 0.602, 0.361, 0.464 and 0.434 for AMOZ, SC,
AH and AOZ, respectively.

The estimation of measurement uncertainty was based on
the results of in-house testing of spiked samples. Its signifi-
cantrelevance corresponds to the range over which analytical
results will fall provided that the analytical system is “un-
der control”. The analytical parameters taken into account
were precision (repeatability, intermediate reproducibility),
trueness and calibration data (standard preparation, linear re-
gression). Each step involved in the sample preparation (i.e.,

Nitrofuran metabolites were considered as positively iden- weight of test portion, preparation and dilution of ISs, vol-
tified in meat samples when: (a) the ratio of the retention time umes, iniection, etc_) was assigned to a defined uncertainty
of the analyte to that of the corresponding IS correspondedand summed as a final value (cause and effect diagrams).
to that of the calibration solution within£2.5% tOlerance, The final uncertainty was calculated using an expansion co-
and (b) the peak area ratios of the various transition reac-efficient of 2, which represents a confidence interval of 95%
tions were within the tolerances set by the EU critfjeand [11-13]
shown inTable 1

2.7. Confirmation criteria

2.8. Method validation 3. Results and discussion

Recoveries and precisions (within- and between-day) 3.1. Method development
were calculated from the analysis of six blank chicken
meats fortified with each derivatised nitrofuran metabolite ~ Our extraction method is essentially that of Leitner et al.
at three fortification levels (1.0, 1.5 and 2.6/kg) and per- [6] with some modifications. The significant difference con-
formed by the same operator on three separate occasiongerns the quantitation approach, as each derivatised nitro-
in a two-week period. Fortification was done after the hy- furan metabolite was quantitated against its own deuterated
drolysis step. The individual fortification levels converted to analogue. Preliminary trials were conducted to assess the sta-
the free nitrofuran metabolites are givenTiable 2 Within- bility of the underivatised nitrofuran metabolites in chicken
laboratory precision was obtained by following the same meat samples during the hydrolysis step. Thus, unbound
protocol but analyses were performed by two different op- metabolites (e.g., AH, AMOZ, AOZ, and SC) were spiked at
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Table 2
Performance data of LC-ESIMS/MS analysis of nitrofuran residues in chicken meat

AH AMOZ AOZ SC
0.46 0.7¢* 0.9% 0.6¢¢ 0.9¢¢ 1.2¢ 0.4% 0.65 0.87 0.3¢ 0.54 0.72

Under repeatability conditiofis

Overall recovery (%)r{=18) 110 119 115 104 108 104 122 123 117 90 91 85

Within-day precision (%) 6 8 6 4 5 2 4 7 3 13 6 2

Between-day precision (%) 7 8 14 8 8 9 6 6 10 20 12 21

r (na/kg) 0.09 0.18 0.18 0.07 0.15 0.06 0.06 0.15 0.08 0.12 0.08 0.04
Under intermediate reproducibility conditidhs

Overall recovery (%)r{=12) 110 121 98 94 101 91 114 118 103 89 93 85

Within-laboratory precision (%) 12 15 12 6 11 5 6 12 5 24 21 35

iR (wg/kg) 0.17 0.36 0.31 0.09 0.27 0.15 0.09 0.27 0.12 0.22 0.28 0.56

+U (ng/kg) 0.10 0.18 0.20 0.07 0.19 0.16 0.10 0.21 0.08 0.13 0.14 0.26

2 Fortification levels g/kg).

b For details, see Sectich8,

¢ Repeatability at 95% confidence level.

d Intermediate reproducibility at 95% confidence level.
€ Expanded uncertainty at 95% confidence level.

the 5ug/kg level in blank chicken meat, and the derivatisation metabolites) was retained. Moreover, these 1Ss were added
agentwas added eitherimmediately or at different times after after the hydrolysis and neutralisation steps to provide an ac-
spiking. Analysis was then conducted as described in Sectioncurate quantitation of the released metabolites in the extract
2. Results showed that AH and SC were relatively stable in and also to avoid a possible clip-off of IS molecules, which
this matrix whereas alarge proportion of AOZ and AMOZ (up would have generated false positive results (considering that
to 40%) was trapped or destroyed even immediately after thethe deuterium species are located on the NBA part of the
spiking of nitrofuran metabolite§(g. 2). Leitner et al[6] re- molecule). The extraction procedure described here provides
ported losses of about 30% for all four nitrofuran metabolites absolute yields of ca. 23% for NBAH, 40% for NBAMOZ,
spiked in similar conditions. These data have a major impli- 43% for NBAOZ and 45% for NBSC. These yields were cal-
cation on the nature of the ISs to be used. Indeed, for a correctculated from the ratio of the peak area of the IS in the sample
guantitation, both the chemical and the chromatographic be-to the mean peak area of the IS of the corresponding stan-
haviours of the IS are expected to be as similar as possibledard calibration and thus included the loss of analyte during
than those of the endogenous compound. Considering thethe extraction/purification steps as well as ion suppression
loss of AMOZ and AOZ in chicken meat, the supplementa- effects.

tion of deuterated metabolites as ISs is not appropriate. In-
deed, the deuterated AOZ and AMOZ will not have the same
loss during sample work-up as the protein-bound metabolites
and this would falsify the analyte/IS concentration ratio (i.e.,
the quantitation would be over evaluated). Consequently,
the choice of deuterated derivatised metabolitesNBA-

3.2. LC-ESIMS/MS

The best MS sensitivity for the four analytes was obtained
using the positive ESI mode. Thus, protonated molecules
(M + H)* were obtained for NBAH, NBAMOZ, NBAOZ and
NBSC atm/z 249, 335, 236 and 209, respectively. The colli-
[5<-AOZ—®AMOZ—+— AH-5 SC—Spiked level sion induced dissociation (CID) fragmentation pathways of
6- the derivatised nitrofuran metabolites have been described
;(’ﬂ\ previously by Delatour et a[8] and will not be elaborated

\‘Wﬁ’: further. Chromatograms of an incurred meat are shown in
4- Fig. 3. A good separation of the four compounds was ob-
tained and no significant drift of their retention time was
observed over timen(>200). No interfering peak was ob-
served at the transition reactions used to depict the pres-
ence of unlabeled analytes in a blank matrix containing only
the 1Ss. Matrix effects were assessed by building matrix-
0 . . : . matched calibration curves and comparing their slope with
0 Time della beforezNBA addiiion ) 4 that of solvent-based curves. Differences were observed,
Y with relative slope ratio of 26, 11, 17 and 18% for NBAH,
Fig. 2. Stability of nitrofuran metabolites spiked at the.gfkg level in NBAMOZ, NBAOZ and NBSC, respectively, meaning that
chicken meat prior to NBA addition. a complete compensation of the matrix effect by the ISs

Nitrofuran Metabolite (ng/kg)
~ w
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Fig. 3. MRM chromatograms obtained by LC-ESIMS/MS in the positive mode of an incurred chicken extract containirgykg2if AMOZ, 0.09u.g/kg of
SC (<CGx) and 0.74u.g/kg of AOZ. From left to right are peaks of NBAMOZ, NBSC, NBAH, and NBAOZ. IS peaks are darkened.

was not achieved. However, final results obtained by both tic indicator of the “true” uncertainty than that obtained by

types of calibration curves were not significantly different

(data not shown). Consequently, only water-based calibra-

calculation.
CCa and C@ limits were calculated following the cali-

tion curves were considered for convenience during this bration curve procedure as explained inthe EU guide[i@les

validation.

3.3. Method performance characteristics

The selectivity of this method is warranted by the use

This procedure was preferred over the signal-to-noise (S/N)
ratio method (i.e., analysis of 20 blank materials and measure-
ment of the S/N ratio at the retention time where the analyte
is expected), as this method only gives a time-related image
ofthe CGxand C@ limits. On the other hand, the calibration

of three transitions reactions for each analyte, which count curve procedure makes use of values obtained by different op-

for 5.5 identification points (IPs), as defined by the EU cri-
teria [9]. For nitrofurans, which belong to the Annex IV

(banned compounds with no MRL) of Council Regulation
2377/90, the minimum number of IPs to consider for their
quantification is four. Consequently, our method fulfils this
requirementTable 2summarizes the performance data of
this procedure (after conversion of values into nitrofuran

erators over a one-month period, and thus is a better approach
to take into account instrument instability and/or instrument
cleanliness. C&and C@ limits by the calibration curve pro-
cedure were thus 0.21 and 0.36;0.12and 0.21; 0.11 and 0.19;
0.20 and 0.34.g/kg for AH, AMOZ, AOZ and SC, respec-
tively. To check these calculated limits (which still are extrap-
olated data), further spiking experiments were performed at

metabolites concentrations). Within- and between-day preci- the CGx values and the results obtained confirmed the rel-
sions were found satisfactory for the four compounds under evance of these limits. Consequently, the proposed method
survey 21%). Recoveries ranged between 85 and 122%. enables a selective and confirmatory detection at levels below
As well, within-laboratory precisions were acceptable for the MRPL setat Jug/kg. Validation of the method in chicken
AH, AMOZ and AOZ (<15%) but less satisfactory for SC meat was further performed through participation in a ring-
(<35%). Intermediate reproducibility (iR) values were sys- test organised by the Swiss Federal Office of Public Health,
tematically higher than the uncertainty data supporting the showing our data witfz-score values ranging within1.05

fact that the iR, in this validation scheme, is a more realis- t0 —0.36.
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3.4. Analysis of incurred meats of this method was also demonstrated during the analysis of

other food matrices such as fish and egg. Furthermore, a com-
The usage of this LC-ESIMS/MS method in quality con- plete validation of the determination of nitrofuran residues in

trol operations was demonstrated in our laboratory in which honey is currently under finalization.

>100 meat-based samples were injected without loss of LC

column performance or excessive pollution of the MS de-

tector. AH was not detected in these samples, confirming References
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