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Abstract

Thyreostats are banned compounds in Europe since 1981 (directive 81/602/EC) because of their carcinogenic and teratogenic properties.
The control of their illegal use in breeding animals is amongst the most difficult because of their low molecular weight, high polarity and the
existence of tautomeric forms. The analytical procedure described in this paper involves, after a derivatisation step with 3-iodobenzylbromide,
the detection and identification at low leveld/L) by LC-ESI(—)-MS/MS of eight thyreostats in various biological matrices (urine, muscle,
liver, thyroid, animal feed, faeces and hair). The urine method has been validated according to the EU criteria (2002/657/EC degisiwh): CC
CGC; were found in the range (0.1-5.8/L) and (2.6-23.2.0/L), respectively. The performances fulfil the requirements of the EU regarding
the provisional minimum required performance limit (MRPL) fixed at jw@fL in urine.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction concerns the extraction from biological matrices in which
they occur through different tautomeric forms. The second
Thyreostatic compounds are orally active drugs which difficulty, when separated onto reversed-phase liquid chro-
may be used to increase the weight of cattle prior to slaughter.matography, is due to their high polarity which prevents a
This weight gain is mainly due to increased water absorption good retention and separation of these compounds on the
and retention within edible tissue as well as filling of the stationary phase. Finally, the analysis by mass spectrometry
gastro-intestinal tradtL,2]. The consequence of such abuse of these small molecular weight analytes (100-200 u) is not
is not only the production of inferior meat quality, but overall satisfactory in term of sensitivity (signal to noise ratio) since
the potential risk to human health of drug residues. For thesethe signals are usually disturbed by the chemical noise, as
particular reasons, thyreostats are banned within the EU sincdllustrated by Blanchflower et aj4]. Thyreostats were first
1981 (directive 81/602/E(B] for animal production. studied with colorimetric methods based on the reactivity of
Thyreostats are polar and amphoteretic thionamides, thiol or thione groups, with for example 2,6-dichloroquinone-
which are small molecules derived from thiouracil or chloroimide or 7-chloro-4-nitrobenzo-2-oxal-1,3-diazole
mercapto-imidazoleqig. 1). Extraction and analysis of these (NBD-CI) [5,6]. Various techniques have been described in
molecules is a real analytical challenge. The first difficulty the literature for the detection of administration of thyre-
ostats to animals. These range from weight measurement
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Fig. 1. Elemental composition and chemical structures of thiouracil (TU), methyl-thiouracil (MTU), ethyl-thiouracil (ETU), dimethyl-thi(IDK4EL),
propyl-thiouracil (PTU), phenyl-thiouracil (PhTU), benzyl-thiouracil (BTU), mercaptobenzimidazole (MBI) and benzylpropylthiouracil (BEfiémical
structure of TU derivatized with 3-iodobenzylbromide.

nitrogen-phosphorus detection, flame photometric detection,ostatic drugs Kig. 1): 2-thiouracil (TU), 6-methyl-2-

or mass spectrometry detectidi,12]and high performance  thiouracil (MTU), 6-ethyl-2-thiouracil (ETU), 5,6-dimethyl-
liquid chromatography using either U¥3] or electrochem-  2-thiouracil (DMTU), 6-propyl-2-thiouracil (PTU), 6-
ical detection14]. More recently, methods based on liquid benzyl-2-thiouracil (BTU), 6-phenyl-2-thiouracil (PhTU), 2-
chromatography coupled to mass spectrometry have beemmercaptobenzimidazol (MBI) were prepared in methanol
published: Blanchflower et 4] reported an LC-MS method  at a concentration of 100 ngl. Working solutions were
using an atmospheric pressure chemical ionization (APCI) obtained by 108 and 100& dilutions in methanol (1 and
interface and selected ion monitoring (SIM). A method 0.1ngf.L, respectively).

based on LC-ESI-MS/MS-full scan measurements on ion  The internal standard was synthesised in the laboratory,
trap detector was recently developgd]. Detection per- 2-benzyl-6-propyl-2-thiouracil (BPTUK(g. 1).

formances of the different published methods werg.§Q Chemicals for extraction and purification steps were of
in urine using GC-MJ11,12], 20pn.g/kg, for six different analytical grade. Solvents for the preparation of the mobile
thyreostats, in thyroid samples using LC-MS/NI5] and phase were of HPLC-grade. They were all obtained from SDS
25ung/kg in muscle with a GC-MS/MS detecti¢h6]. (Peypin, France).

The present work aimed at increasing the performances Derivatisation reagents 3-iodobenzylbromide (3IBBr),
of detection of thyreostats in various biological matrices, 4-iodobenzylbromide (4IBBr), penta-fluorobenzylbromide
extending the monitoring to a wide range of compounds. For (PFBBr), 3-bromobenzylbromide (3BrBBr), 3-bromo-
this purpose, different derivatives have been studied and com-benzylchloride (3BrBClI), 2-iodobenzylchloride (2IBCI)
pared for thyreostats in terms of extraction, specificity, quality were obtained from Sigma—Aldrich (St Louis, MO, USA)
of the chromatographic separation, ionization efficiency and and prepared extemporaneously (2 mg/mL in methanol).
specificity of the fragmentation. Phosphate buffer, pH 8, was made up of 94.5mL 0.2M

NapHPOy and 5.5mL 0.2 M KHPOy.

2. Experimental
2.2. Materials
2.1. Chemicals
Silica gel SPE disposable columns (1g) and reversed-
Standards were obtained from Sigma-Aldrich (St. phase C18 SPE cartridges (2g) were obtained from UCT
Quentin Fallavier, France). Stock solutions of the thyre- (Bristol, PA, USA).
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Separation of thyreostats compounds was performed on ahexane was added and the mixture was vortexed. For the

Nucleosil C18 AB column (pum, 2.5 mmx 50 mm) (Inter-
chim, Montlumn, France) with a MeOH (A) and 4@ con-
taining 0.5% acetic acid (B) gradient, run at 300'min on

an Alliance 2690 HPLC chromatograph (Waters, USA). The
gradient was linear as follows: A/B 30/70 to 100/0 in 20 min.
A triple quadrupole mass analyser (Quattro-LC, Micromass,

UK) was used fitted with an ESI source operated in the neg-

clean-up procedure of the sample extracts, the silica car-
tridges were conditioned with 15mL of cyclohexane. The
extract was applied onto the column. The columnwas washed
with 6 mL of cyclohexane. Thyreostats were eluted with 6 mL
of a mixture of hexane/ethyl acetate 40/60 (v/v) which was
evaporated to dryness under a gentle stream of nitrogen. The
residue was dissolved in 1pQ of mobile phase consisting

ative mode. Mass spectrometric analysis were done in theof 30/70 MeOH/HO containing 0.5% acetic acid. Of this

following working conditions: capillary was set at 3kV, cone
voltage at 40V, acquisistion from/z 2—1000 (time scan
4s, inter-scan delay 0.03 s, dwell time 0.1 s, cddtrnode),
source temperature at 120 and desolvatation temperature
at 300°C. Nitrogen was used as nebulizing and auxiliary gas
at flow rates of 90 and 600 L/h, respectively. Argon was the

collision gas and collision energy was set at 40 eV. The ana-

extract, 75.L were injected on the column.

For faeces and hair matrices, the clean-up was exactly the
same as for the urine samples. Concerning tissue and animal
feed, itwas necessary, prior to the silica cartridge clean-up, to
run a reversed-phase SPE. After liquid/liquid extraction, the
residue was dissolved in 1@ methanol and 900.L H>0,
and the mixture was vortexed. Thegartridges were con-

lytes were detected using selected reaction monitoring (SRM) ditioned with 10 mL MeOH then 10 mL water. The extract
acquisition mode. The data were collected and analysed withwas applied onto the column. The column was washed with

the MassLynx software.
2.3. Extraction and derivatisation

2.3.1. Urine
Urine samples (bovine and porcine) were centrifuged for
10 min at 3000« g. Five millilitres of phosphate buffer, pH 8,

were added to 1 mL of urine. To the sample, 100 ng of internal
standard (BPTU) was added. A methanolic derivative solu-

tion (100pnL) was added, tubes were placed in an ultrasonic

bath for 10 min and the derivatisation was allowed to proceed

in the dark at 40C over 1 h. Thereafter, the reaction mixture
was adjusted to pH between 2 and 3 by addingdl06f HCI

35%. The derivatized extract was then purified successively

with 3, 2 and 2mL of diethyl ether. The combined extracts

were dried over sodium sulphate and evaporated to drynesst

under a gentle stream of nitrogen.

2.3.2. Tissues, animal feed, faeces, hair

Tissues (muscle, liver, thyroid) and faeces were freeze

dried. All the different matrices were grounded. To 1g of

animal feed, 100 mg of hair or 250 mg of tissue (correspond-
ingto 1 g fresh tissue) 5 mL of methanol were added. To2.5¢g
of dried faeces (corresponding to 20 g fresh faeces), 25 mL
of methanol were added. Samples were vortexed, placed in

an ultrasonic bath for 10 min and agitated for 1 h at room
temperature to allow the analytes to extract from the matrix.

Samples were centrifuged (15 min, 3000 rpm) and the super-

natants were filtered over a 0.45n membrane (Whatman,
Springfield Mill, UK). To the filtrate, 100 ng of internal stan-

dard (BPTU) was added. Samples were evaporated to drynes
under a gentle stream of nitrogen. The residue was dissolved

in 5 mL of phosphate buffer, pH 8, and the derivatisation was
performed as described for urine samples.

2.4. Clean-up

The residue was dissolved in 100 CH>Cl, and vor-
texed. Prior to the application on the column 300cyclo-

5mL MeOH/H,O 50/50. Analytes were eluted with 6 mL
MeOH/H,O 90/10 which was evaporated under a stream of
nitrogen to give an aqueous residue. HCI (100 35% was
added to obtain a pH between 2 and 3. A liquid/liquid extrac-
tion with diethyl ether was performed as described previously
and the clean-up on silica cartridge was realised as described
for urine samples.

3. Results and discussion
3.1. Derivatisation study

The aims of the derivatisation step were to stabilize the
thyreostat drugs under a single tautomeric form, to give
hem an apolar behaviour and to increase their masses.
For this purpose, halogenated derivatisation reagents con-
taining two halogens groups were tested: firstly because it
allows a nucleophilic substitution to occur on the thyre-
ostats and secondly because it gives rise to a signifi-
cant increase in madd2,15] To fulfil this latter point,
derivatising reagents containing a benzene ring were of
real interest. Six different compounds were studied: 3-
iodobenzylbromide (3IBBr), 4-iodobenzylbromide (41BBr),
penta-fluorobenzylbromide (PFBBr), 3-bromobenzylbro-
mide (3BrBBr), 3-bromobenzylchloride (3BrBCI) and 2-
iodobenzylchloride (2IBCI). Derivatisation occurred before
the extraction step because it allows to deal with a single form
of the thyreostat drug which is much more convenient for the
ubsequent extraction. Indeed, thyreostats belonging to the
U group exhibit six different tautomeric forms owing to the
delocalisation of ther electrons in the ring structuf&2]. The
place of the derivatisation in the protocol is the same than in
those already publishgd2,15] Derivatisation occurred in
aqueous solution at pH eight for two main reasons: the sub-
stances are soluble in aqueous media in alkaline conditions
and the tautomeric forms favourable to nucleophilic substi-
tution are predominant in the pH conditions.
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Comparison of the different derivatising reagents was was favourable in the position 3 rather than in the position 4
realised using the thiouracil as model compound. All the on the aromatic ring. It appeared that for steric reasons, the
potential derivatisation reagents allowed the derivatisation presence of five fluor atoms on the benzene ring could prevent
to occur; MS/MS fragmentations and diagnostic ions were the derivatisation to occur in the best conditions when com-
studied for the six TU-derivatives. A significant increase in pared to derivatisation reagents containing only one halogen
mass could be highlighted since it passed from 128 u to valuesatom.
in the range 295-343 u. lodo-derivatives gave rise to higher  Finally the nature of the halogen group allowing nucle-
masses than bromo- or fluoro-ones. In each case, four to seveophilic substitution to occur seemed to be of less importance
diagnostic ions could be monitored. In the case of bromo- in the signal intensity obtained for the corresponding deriva-
derivatives, two series of diagnostic ions could be followed tives, substitution with brome atoms being somewhat more
because of the isotopic ratio of the considered halog®r ( interesting than with chlore.
and®1Br). This leads to very specific diagnostic ions, how- According to these observations, the derivatisation reagent
ever, the signal is therefore divided by two. The choice of the of choice was the 3-iodobenzylbromide (3IBBr). The eight
negative ion mode for the detection of the molecules permit- thyreostats of interest were tested for this reagent regarding
ted to decrease the chemical noise and then to increase théhe reaction efficiency, signal sensitivity and specificity. The
signal to noise ratio. derivatisation with 3IBBr as described in the present work

The relatively more apolar behaviour of the derivatives allowed to reach, for each of the eight thyreostat compounds
was checked on reversed-phase HPLC: retention time wasthe different goals: conversion of the different tautomeric
significantly increased in all cases since before derivatisation,forms into a single one before the extraction step, signif-
TU eluted almost in the void volume whereas after derivati- icant increase in mass (+215 u) with positive consequence
sation the retention time was around 10 min. Influence of the onto signal specificity, enhancement of the sensitivity, and
halogen nature on the retention behaviour could also be eval-improvement of the derivative stability (over a week instead
uated: brominated derivates showed lower retention time thanof a day for NBDCI derivative$15]), colorless derivatized
fluorated one and over all than iodinated ones. An influence extract which does not contaminate the ion source of the mass
of the halogen position on the ring could also be noticed since spectrometer (as observed with NBDClI derivatives), decreas-
retention was increased with the position on the ring (4 better ing of compound polarity leading to improved separation on
than 3, better than 2). RPLC.

Finally, the efficiency of the derivatisation, extraction and
ionization steps of the derivatized molecules on the signal 3.2. Application to biological samples
intensity was evaluated and is reportedFig. 2 The relative
intensities have been calculated according to the internal stan-  Urine samples have been supplemented hgk of each
dard, indeed, since the BPTU does not support any derivati-of the thyreostat compounds and 10§/L of the internal
sation, its signal intensity is therefore independent from the standard BPTU. After derivatisation with the 3I1BBr, the com-
derivatising reagents used. It appeared that the signal intensipounds of interest were extracted and purified before injection
ties are strongly correlated to the reagent, iodobenzylbromideon LC-ESI-MS/MS. A typical ion chromatogram of urine
ones giving rise to the more intense signals. Results clearlysample spiked at pg/L with each thyreostat is shown in
showed the influence of the halogen group and its position on Fig. 3a. All the molecules of interest are easily detected at this
the intensity of the corresponding signal: intensities were the concentration level and their identification is non ambiguous.
worst for fluoro-derivatives and the best for brominated ones. Previous published methods for urine allowed the detection of
When the same halogen group was considered, its positionthyreostat drugs at levels around o@/L [11]. The present
method is a real improvement since more thyreostat com-
pounds are monitored and over all because the identification
level is 10 times lower.

The method has been validated according to the EU crite-
ria (2002/657/EC decisiorfL7]. The decision limit C¢ is
defined as the limit at and above which it can be concluded
with an error probability o& that a sample is non-compliant.
Decision limits were based on the analysis of 20 blank sam-
ples. The signal associated to £€rresponds to a maximal
noise amplitude. The detection capability £& defined
as the lowest concentration at which a method is able to
— detect contaminated samples with a statistical certainty of
21BCI 1-B (error probability = 5%). Detection capability was based
Fig. 2. Relative intensities of the signals observed for the different TU- on the analysis of 20 blank urine samples fortified at the

derivatives. Results are expressed as ratio of peak height in between derival€vel of 15ug/L (presumed identification performance of the
tized TU and internal standard. method according to a pre-validation). Calculated,G@d

Relative intensities
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Fig. 3. Mass chromatograms of urine (a), muscle (b) and animal feed (c) samples fortified with thyreostats at 5, 15.gfid) 1&Spectively. LC-ESK)-
MS/MS analysis and SRM acquisition mode.
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Tablel _ o the stability of the compounds, the reduction of their polarity

Decision limits (CG) and detection capabilities (@E calculated for the to improve their separation, the increase of their molecular

eight thyreostats in urine according to the 2002/657/EC decision . . e .
weight to allow lower detection capabilities and limits of

Analytes CG (nglL) CCs (nalL) decision. The 3-iodobenzylbromide has been selected as the
TU 0.7 48 most efficient derivatisation reagent.

'I\E"TTS g-‘; ‘;g The protocol has been successfully applied to biologi-
DMTU 08 29 cal matrices (urine, tissues, animal feed, faeces and hair)
PTU 0.5 46 spiked with eight different thyreostats (TU, MTU, ETU,
PhTU 5.1 187 DMTU, PTU, PhTU, BTU, MBI). Performances of identifi-
BTU 23 205 cationin allthese matrices have beenimproved in comparison
MBI 01 232 with already published results. Furthermore, the number of

monitored compounds has also been extended since eight
molecules can be followed with this multi-residue method.

Further work is being carried out on matrices (urine, fae-
ces, hair) collected on treated animal. Kinetics of elimination
are under investigation and will be published soon.

CG; for the different thyreostats are reportedable 1 Deci-
sion limits (CG,) obtained in screening (1 transition) were in
the range 0.1-51g/L, and the detection capabilities (gC
obtained in confirmation (two transitions, expected ratio) are
in the range 2.5-23;29/L. These results are satisfactory
since the performances are below the suggested minimum
required performance limit (MRPL) fixed at 1p@/L in
urine sample. . . [1] L. Kotter, G. Terplan, J. Schulz, Arch. Lebensmittelhyg. 10 (1959)
The method has successfully been applied to other biolog- ~ ~ 145,

ical matrices (Muscle, Liver, Thyroid, Faeces, Hair, Animal [2] H. Derblom, H. Johansson, G. Nylander, Acta Chir. Scand. 10 (1963)
feed). For tissues and animal feed, in order to obtain clean . éc Council directive 81/602. Off. 3. Eur. L061) L222/32

H .C. Council airective , . J.eur. Commun. .
extracts, it was necessary tO adda Cl.ean_Up step on reversedl[ﬁ W.J. Blanchflower, P.J. Hughes, A. Cannavan, M.EA. MgCoy, D.J.
phase @S gel .b.efore the silica cartrlcjge SP!E. Thyreostats Kennedy, Analyst 122 (1997) 967.
could be identified at levels of 3Eg/kg in the different con- [5] H.F. De Brabander, Thesis Ghent University, Ghent Belgium, 1986.
sidered tissues, jog/kg in dried feaces and 5@/kg in hair [6] R.A. McAllister, K.W. Howells, J. Pharm. Pharmacol. 4 (1952) 259.
(F|g 3)) In animal feed' the detection of drugs of interest [7] H.F. De Brabander, R. Verbeke, J. Chromatogr. 108 (1975) 141.
was 15Qug/kg which is in accordance with the levels that [8] H.F. De Brabander, R. Verbeke, Analysis of anti-hormones, Trends

. . . . Anal. Chem. 3 (1984) 162.

would be used for illegal abus€ig. 3c). Previous studies g1 g zakrzewski, W. Ciesielski, J. Chromatogr. B. 784 (2003) 283.
on thyroid[15] and muscle samplg46] reached the levels [10] K. De Wasch, H.F. De Brabander, L.A. Van Ginkel, A. Spaan, S.S.
of 20 and 25.g/kg, respectively. The present method allows Sterk, H.D. Meiring, J. Chromatogr. A. 819 (1998) 99.
to decrease identification limits of thyreostat compounds in [11] P. Batjoens, H.F. De Brabander, K. De Wasch, J. Chromatogr. A.

complex biological matrices. 750 (1996) 127.
[12] B. Le Bizec, F. Monteau, D. Maume, M.-P. Montrade, C. Gade, F.

Andre, Anal. Chim. Acta 340 (1997) 201.
[13] R.K. Buick, C. Barry, I.M. Traynor, W.J. McCaughey, C.T. Elliott,
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