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Abstract

Tranquillisers are often used in animal production, especially in pigs to calm them before transport to the slaughterhouse. The use of certain
substances (derived from phenothiazine) is totally prohibited, whilst other compounds (butyrophenp+t#auhers) are regulated through
the establishment of MRLs. A physico-chemical detection method based on liquid chromatography-tandem mass spectrometry is described.
Validation was carried out according to the criteria laid down in Directive 2002/657/EC. The method was also used to detect and quantify
these substances in treated animals.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction imals. The MRL for this substance is 25 gigfor kidney
and 5gkg?! for muscle.

Intensive livestock production has made it possible to in-  Xylazine has been used for many years in cattle, horses,
crease meat production and reduce its cost in industrialiseddogs, and cats. It causes a hypnotic state with sedation (vary-
countries. Pork represents nearly 50% of the meat consumedng according to the dosage), accompanied by muscle relax-
in some European countries. Pigs are particularly sensitive ation and a variable degree of analgesia.
to stress during handling and transport to the abattoir. This  Apart from these well-known molecules, other com-
phenomenon leads to high mortality and to poor-quality meat pounds have recently made their appearance in illegal cock-
qualified as “Pale Soft Exudative” (PSH). tails. Examples include chlorprotixene and cyamemazine, not

This is why the use of tranquillisers has become gener- initially intended for food-producing animals.
alised since the 1970s. Phenothiazine derivatives (acepro- Many techniques are currently available for detecting the
mazine, chlorpromazine and propionlypromazine) were the possible presence of these residues. Immunological meth-
firstto appear on the market. Currently their use is totally pro- ods [2] allow efficient screening, but positive results have
hibited in animal production. Stresfiil the active principle  to be confirmed by a physico-chemical method. Among
of which is azaperone, is partially metabolised to azaperol. the techniques that have been reported are thin-layer chro-
It is authorised provided its concentration does not exceed matography[3] and liquid chromatography extraction cou-

the imposed minimum residue limit (MRL) of 100 gkgin pled with electrochemical detectidd] or ultraviolet and
kidney and muscle. _ fluorescence detectid®,6]. These methods require exten-
Carazolol is an inhibitor of-adrenergic receptors (& sive clean-up and do not allow sufficiently sensitive detec-

blocker). It avoids the problem of tachycardia in stressed an-tion. Liquid chromatography-tandem mass spectrometry, on
the other hand, has the advantage of being sensitive and of
* Corresponding author. Tel.: +32 84 310 019; fax: +32 84 316 108. provu_jmg |nf9rmat|on on molecular structure. _'t 1S, ther_e-
E-mail addressdelahaut@cer-dha.be (P. Delahaut). fore, increasingly becoming the method of choice. The first

0021-9673/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2004.08.094



374 P. Delahaut et al. / J. Chromatogr. A 1054 (2004) 373-378

LCMS methodg7-9] could detect only a limited number of Packard 1100 series (Waldbronn, Germany). The mass spec-
molecules. In this paper, we present a validated method thattrometer was a Quattro Ultima Pt (triple quadrupole, Mi-
detects all molecules in this group with a very low limit of cromass, Altrincham, Cheshire, UK). The MS system was
detection. controlled by version 4.0 of the Masslynx Software.

2.2. Methods
2. Experimental
2.2.1. Extraction

2.1. Materials Kidney, liver and muscle samples collected from untreated
animals were used as blank samples. All test samples were
2.1.1. Reagents spiked with the same amount of the same cocktail of internal

The reagents used were HPLC-grade acetonitrile (Acros standards just before extraction, and results were expressed
Organics, Geel, Belgium), HPLC-grade® (Acros Organ- with respect to the internal standard response so as to cor-
ics, Geel, Belgium), analytical-grade ethanol (Baker Ana- rect for extraction yield fluctuations. The internal standards
lyzed Reagent, Deventer, Holland), sodium chloride (Vel, were: chlorpromazineg(for promazine derivatives and for
Leuven, Belgium), and ammonium acetate (Vel, Leuven, Bel- xylazine, haloperidol (for azaperone and azaperol), isobutcar

gium). 61 (for carazolol). To 5g homogenised muscle, kidney, or
liver was added 20 ml acetonitrile. The mixture was stirred
2.1.2. Reference compounds for 15 min and centrifuged at“4C for 10 min at 4700 g.

Azaperol (batch V 8972-24) and azaperone (batch V  One millilitre of extract was then evaporated todrynessina
810-88) were provided by Janssen (Beerse, Belgium). baththermostated at 8C and under nitrogen flow. The dried
Haloperidol (Internal Standard, 1S) (batch 18H0408) was extractwas dissolvedin 0.8 mlacetonitrile/water (20:80, v/v).
from Sigma (St. Louis, USA). Carazolol (batch 43839300) A 100pl aliquot of this solution was injected into the LC-
was purchased from Boehringer Mannheim (Mannheim, MS-MS system.
Germany). Isobutcar 61 (4-(3-isobutylamino-2-hydroxy-
propoxy)carbazol—IS purity >95%) (product synthesised 2.2.2. HPLC conditions
by Professor Moore, Geel, Belgium). Chlorpromazine The mobile phase consisted of two eluents. Eluent A was
(batch 48H1403), propionylpromazine (batch 34H0942), filtered HPLC-acetonitrile and Eluent B was a 0.1 M ammo-
acepromazine (batch 47F0403), and chlorprothixene (batchnium acetate solution. The gradient is describe@ahle 1
40H0346) were purchased from Sigma (Bornem, Belgium).  The column was a Purospher model RP18328 mm,
Chlorpromazine-d3 (batch 24543-45D) was purchased from 5 um (Merck, Darmstadt, Germany) equipped with a guard
Radian (Austin, USA). Xylazine was from Bayer (West Ger- column Purospher RP18 (Merck, Darmstadt, Germany) pre-
many). Cyamemazine (purity >95%) was a gift from Larime ceded by a Biomatrix column cat. 29230 (Chrompack, Mid-
(Lagord, France). Stock solutions (1 mgTh)were prepared  dleburg, Holland) equipped with a pre-column cat. 28128
in ethanol and stored at20°C in the dark. (Chrompack, Middleburg, Holland). The columns were ther-

mostated at 50C.

2.1.3. Biological specimens

Biological specimens were taken from animals treated 2.2.3. Mass spectrometry conditions

with one of the following: Largat® (chlorpromazine, Rbne The analytes were detected and identified by tandem MS
Poulenc Roerer), Combistrésgacepromazine, Phoenix), after electrospray ionisation (ESI) in the positive ion mode.
Combelen@ (propionylpromazine, Bayer), Stresffil(aza- Nitrogen gas flows of 230 and 800thwere used, respec-
perone, Janssen Pharmaceutica), or Su&cr@arazolol, tively, for nebulising the LC element and for drying the sol-

Upjohn). The doses administered were: chlorpromazine,
11mg 10kg?; acepromazine, 2 mg 10Kkg; propionylpro- Table 1

mazine, 5mg10 kgl; azaperone 0.25mg 10k§; cara- RP-HPLC conditions for detecting and quantifying tranquillisers and a
zolol, 0.1 mg 10 kg™. The animals were slaughtered 2, 6, or P-Plocker
24 h after product injection. This timing was chosen to mimic  Time (min) Acetonitrile (%) A Amonium acetate 0.1M B
field conditions as closely as possible (2 h for a farm located 0.0 0 100
near the abattoir, 6 h for transport over a medium distance, 30 0 100
and 24 h for slaughter postponed to the next day). 6:8 jg ;g
7.0 60 40

2.1.4. Instrumentation 9.0 70 30

The centrifuge used (an RC-3B Refrigerated Centrifuge) 10.0 100 0
was from Sorvall Instruments (Wilmington, USA). The 11.0 100 0
stirring system (HS250 basic) was from lka Labortech- 111 8 188

nick (Staufen, Germany). The HPLC system was a Hewlett
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vents. The probe temperature was 3Gnd the source tem-  through the analytical column and mass spectrometer. The
perature was 120C. The pressure in the collision cell was sample was thus purified before reaching the analytical col-
2 x 10 ®bar. The photomultiplier was adjusted to 600V. umn. This additional purification made it possible to inject
The molecular precursor ion was fragmented in the collision about 50 samples before having to clean the source of the
cell with argon gas. Analytes were detected by multiple re- mass spectrometer. It also extended the lifetime of the ana-
action monitoring, after transition of the precursor ion into lytical column. Lastly, a switching valve was placed between
two product ions. The mass spectrometer was tuned by opti-the analytical column and the mass spectrometer, allowing
mising the specific cone voltage and the collision energy so the flow to pass through the mass spectrometer only during
as to maximise the ion current of the three induced ions by analyte elution. These combined measures made it possible

infusion of a standard solution (dg mI~1). to analyse about a 100 samples before having to clean the
instrumentFig. 1shows chromatograms of the analytes and
2.2.4. Calibration and quantification internal standards.

Azaperone, azaperol and carazolol were quantified by
an internal standard procedure based on matrix callbrat|0n3_1_3_ Mass spectrometry

curves. The calibration curves were constructed from six = . oo h substance to be detected. the full-scan spectrum
. . . 1 ]
points spanning the concentration range fropgkg™= to showed an intense protonated molecule. In each case this

t'\\/lmce lthe '\gRi‘ The resu_lts v:e(r)eltzzalculr?ted aultomat_lcalli/] by was the ion chosen as precursor ion for obtaining the product
asslynx Software version 4.0. For other analytes, .e. those;, , spectrum of the molecule concernédg. 2 shows the

unauthorised, no quantification was necessary. product-ion spectra of carazolol and haloperidol. The spectra
obtained for azaperol and azaperone were as described by

3. Results and discussion

3.1. Analytical method 1221 Chigtptommasiiiseds 9255
Hprp———— ‘ T ES:

3.1.1. Extraction and purification 1004 Acepromazine ags 827 5 Bt

In order to estimate the extraction and purification yields, ai 0O DN R U ST S SR PSR
we added an internal standard representative of each family 9.50 dHoasae]
of compounds at the start of the analysis (see Section 5.2.1) %; Chlorpromazine ek
The extraction level (recovery) was determined in muscles % T ES:
andkidney spiked with the various tranquillisers at MRL level 1001 chiorprotixene 9,93 316 s
for carazolol, azaperone, azaperol and at 5 ppb for the other {3 S N ;f\‘ S —
molecules. The values ranged from 868% for muscle to - . 9.08 524 > 700
90+ 10% for kidney. These high recovery values are mainly ,{Cyamemazine N\ i
due to the fact that there was only one extraction step before %™ ' RIS =
LC-MS/MS. The detection sensitivity of the Platinum spec- 100 Propionylpromazine gl‘?z 341 2 doss
trometer made it possible to reduce considerably the number'”{‘;; S —  SN————
of extraction steps required. For example, purification on an 8.80 3765 1655
SPE column proved unnecessary. 122; Haloperidol 1

i A T T ESt

3.1.2. Liquid chromatography 1003 Azanieroi ags 580> &

The chromatography conditions were adjusted with two {,1 . B R, T ————
aims in mind: to develop a quick method and to improve 8.90 -
sample purification in order to minimise the frequency of 1221Azaper0na ; 10628
mass spectrometer cleaning. & ] R ES+

We placed a Biomatrik column upstream fromthe analyt- 1007 < putcar 61 853 913513
ical column (Gg) in order to eliminate most macromolecules 63 e —— /,\‘ PP
remaining in the sample. ChromSpher BioMatrix columns 100 8.25 209 5118
are packed with silica-based material designed specifically %icarazo'd SR
for direct injection of biological matrices onto the column. ¥ ' T ' A~
The stationary phase consists of a combined phase; a hy100yxylazine 4 22 2
drophobic part encapsulated by a hydrophilic outer layer. The ’6} e e ——— T
latter rejects proteins by exclusion while drugs, because of 6.00 700 800 900 10.00 11.00 12.00

their small SIZ_& can penet_rate this layer and interact with Fig. 1. Chromatograms of analytes and internal standards (chlorpromazine-
the hydrophobic part. A ‘switch column’ allowed the flow to 3 10, kg 2: haloperidol: 65:gkg~*; isobutcar 61: 10p.gkgL; MRL

pass solely through the Biomatfixcolumn for 1 min, then for carazolol and azaperone + azaperqlgkg1).
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quires two transitions (one precursor ion and two product
ions). Acquisition of two MRM transitions made it possible

to obtain a total of four identification points for the analysed
compounds. It should be reported that this is particularly use-
ful in the case of unauthorised substances, i.e. those belong-
ing to Group A as listed in the text of the Decision, as is the
case of compounds derived from phenothiazine. For the other

substances, only three IPs are required.

4 Garazolol For promazine derivatives and xylazine, validation means
oy i, 720 221 reaching a detection limit as low as possible. In the case of
off |43 156179 ] | 209 | 228 256 298 substances for which an MRL has been set, the criteria for

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300

quantifying these products at MRL level are applicable. The
decision limit (CGx) means the limitatand above whichitcan
be concluded with an error of probability afthat a sample
is not compliant. Thex-error is the probability to obtain a
non-compliant result for a sample which is truly compliant.
Chui et al.[10]. The chosen detection mode was multiple For banned substances the €€quals the former limit of
reaction monitoring (MRM). detection, for substances with a permitted limit, the limit of
Table 2presents the MRM program used. Molecule de- detection as well as the limit of quantification are of minor
tection programs based on one product ion are often used tdnterest provided that those limits are much lower than the
quantify substances in a sample. Yet to increase selectivity, itpermitted limit. The decision limit (C&) was determined
is useful to detect several characteristic ions. We, therefore,by analysing 20 samples spiked at a concentration for which
developed an MS-MS program for each individual molecule, g signal-to-noise ratio of 3 was obtained for the compounds
based on detection of two product ions issued from the samewithout MRL (promazines), and at MRL level for azaperone,
precursor ion. For the molecules used as internal standardsszaperol, and carazolol.
we monitored only one transition, as these are always added The detection capability (O means the lowest content
to samples at the outset and are thus necessarily present. Thef a substance that may be detected, identified and/or quan-
platinum instrument enabled us to detect all these transitionstified in a sample with an error of probability @¢f CCB is
in a single MRM program. This technique shows good sen- a quality parameter of method and not a limit. It depends on
sitivity and, thanks to our precursor-product ion detection the standard deviation: the higher the standard deviation is,
strategy, high selectivity. the higher the concentration will be.
The detection capability (G&) was determined by quan-
tification of 20 samples at GClevel. CQ3 equals C@ plus
1.64 times the standard deviation.

Fig. 2. Production spectra for haloperidol (precursor ion®37Z and cara-
zolol (precursor ion 299/2).

3.2. Validation

The method was validated according to Directive
2002/657/EG11]. A correspondence between the chromato- 3.2.1. Spiked samples from untreated animals
graphic retention time of the analyte in the samples and in  First, biological samples from untreated animals were
the standard solution was checked according to performancespiked with one or more target compounds and the cocktail
criteria for confirmation of contaminants. The Directive in- of internal standards, then analysed according to our method.
troduces the ‘identification point’ notion for confirming the The results presentediiable 3shows that the method meets
potential presence of substances. MS/MS-type detection re-EU requirement§l 1] for validation criteria.

Table 2
Detection and confirmation programs for different tranquillisers, xylazine, @tlacker

Molecule Precursor iomf/2) Product ion 11§v2) Product ion 21v2) Cone voltage (V) Collision energy (eV)
Chlorpromazine-gl 322 89 - 50 17
Acepromazine 327 86 58 50 18
Chlorpromazine 319 86 58 50 18
Chlorprotixene 316 271 231 50 17
Cyamemazine 324 100 58 50 15
Propionylpromazine 341 86 58 50 18
Haloperidol 376 165 - 50 20
Azaperol 330 121 149 50 20
Azaperone 328 165 121 50 18
Isobutcar 61 313 130 - 50 18
Carazolol 299 116 222 50 18

Xylazine 221 90 147 50 18
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Table 3
Validation results obtained for the different molecules in muscle and kidney
Matrix Molecule CGx (ngkg™) CCB (ngkg™) Accuracy (%) Precision (%)
Muscle Chlorpromazine B 0.9
Acepromazine o] 0.6
Chlorprothixene ® 10
Propionylpromazine i¢] 05
Cyamemazine 8 10
Xylazine 11 18
Carazolol 56 6.1 1040 5.0
Azaperol 561 630 990 7.6
Azaperone 563 64.0 1024 6.2
Kidney Chlorpromazine 6 0.9
Acepromazine D 16
Chlorprothixene ® 0.9
Propionylpromazine 16
Cyamemazine D 17
Xylazine 15 26
Carazolol 283 305 9438 6.2
Azaperol 576 659 974 109
Azaperone 55 616 97.6 80

Insofar as there is no reference material available for these 1200
substances, the accuracy has been determined with spikei@ & 1000/ -
samples at MRL level. As regards the precision, it has been £ u
calculated on the basis of the coefficient of variation within- & %7 |
laboratory on these samples. The values range from 5 to £ 00 1
10.9%. 4004

In the case of authorised substances, thee@6d C@
values were determined on the basis of the values obtainec® *®| _|
for accuracy and precision (mean value: + 1.64 S.D.). This 0
allows us to explain that the values obtained are relatively
high for the substances at MRL. Fig. 3. Evolution of the chlorpromazine concentration in muscle (grey rect-

As far as unauthorised substances are concerned, the CC angles), liver (white rectangles), and kidney (black rectangles) in pigs slaugh-
and C@ values appear to be low because the aim was to havetered 2, 6, and 24 h after administration of 11 mg/10kg chlorpromazine (M
a measurement as sensitive as possible. =male F = female).

Compounds with an MRL were readily quantified when azaperone + azaperol were below their respective MRLS in
present at MRL concentration. Other compounds were easy P b . P
muscle, but levels of the latter remained near or above the

to detect thanks to the selectivity and sensitivity of mass spec- L : S :
y y P MRL in kidney and liver at this time. Conversion of azaperone

trometry. ) : ;
4 to azaperol was rapid, as evidenced by higher levels of aza-
perol than azaperone in the various tissues (not shown). Two

Concentration (p|

M-2h F-2h M-6h F-8h M-24h F-24h

3.2.2. Samples from treated animals

To further validate the method, we treated 30 pigs (of
about slaughter weight) with veterinary specialities intended z 700
for calming animals before transport (a male and a female n- 600
for each combination of compound administered and time of § 500
slaughter). The values obtained for muscle, liver, and k|dney
tissue are shown iRigs. 3—7

The figures show that for most of the products tested, the g
highest levels appeared in the kidneys. The only exception is 8 200
chlorpromazineKig. 3), the liver appearing as a major target 100
organ for this compound. 0 e ; ‘

AcepromazineKig. 4) and carazololFig. 6) appeared to M-2h F-2h M-8h F-8h M-24h  F-24h
be rapidly eliminated. Twenty-four hours post-injection, the _ _ _ o
levels found were well below the limit of quantification. Fig. 4. .Evolunqn ofthe acepromazine concentration in muscl_e (grey rectan-

gles), liver (white rectangles), and kidney (black rectangles) in pigs slaugh-

Azap_eronelfig. 7) was e”_minated more slowly than cara-  tered 2, 6, and 24 h after administration of 2 mg/10 kg acepromazine (M =
zolol. Six hours post-injection, levels of both carazolol and male F = female).

800

400

300

oncentration
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160 hours post-injection, for instance, the azaperol/azaperone ra-

_ tio was 2.3 in muscle and kidney and 15.4 in liver tissue.
§ - When gocktall§ of Mo or more substances were injected,
& the behaviour of individual compounds was unaffected (not
& e shown). Elimination of each compound remained similar to
§ 80 that observed in animals treated with a single product.
§ 60
& 409
e ‘ 4. Conclusion

20

0

The method described was based on the use of the LC-
MS/MS technique for confirmation and, in the case of au-
Fig. 5. Evolution of the propionylpromazine concentration in muscle (grey thorised substances, for quantitation of tranquillisers in pork
rectangles), liver (white rectangles), and kidney (black rectangles) in pigs meat. The method was validated according to the criteria of
slaughtered 2, 6, and 24 h after administration of 5mg/10kg propionylpro- Djrective 2002/657/EC. The validation data obtained with
mazine (M = maleF = female). samples from treated animals show that elimination of tran-
quillisers is very rapid in treated animals. Six hours post-
injection, levels of most molecules have fallen below the
MRL, at least in muscle tissue.

M-2h F-2h M-6h F-6h M-24h F-24h

9
8
=
& 7
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