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Abstract

A sensitive and specific liquid chromatography—tandem mass spectrometry (LC-MS/MS) assay for the detection of several synthetic
glucocorticoids in kidney, muscle and hair samples of cattle after a single intramuscular injection is described. After a dichloromethane wash
ofthe hair samples, analytes were released from the hair matrix by enzymatic digestion. Muscle samples were also digested enzymatically using
proteinase, while kidney samples were deconjugated by Helix pomatia juice. These preliminary steps were followed by a methanol extraction
and a solid phase extraction (SPE) clean up step for all matrices. Chromatographic separation was achieved on a Hypersil Hypercarb column
and MS/MS data were obtained in the multiple reaction monitoring mode using negative electrospray ionization. The developed protocols were
evaluated by assessing residue concentrations in muscle, kidney and hair samples of thirteen calves, treated with a particular intramuscular
injection of glucocorticoid. The lowest residue levels were found in muscle samples (approximately 5% of the residue levels in kidney), while
high residue levels were obtained in hair samples. Hair is an interesting matrix since the sampling is non-invasive and the drugs may stay
incorporated for a longer period of time.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction but may not be used in animals that produce milk for human
consumption. In the European monitoring programmes
The application of synthetic glucocorticoids as growth urine is the most commonly used analytical matrix for the
promoting additives is banned within the European Union detection of glucocorticoids and thus methods based on
[1]. For therapeutic indications only, the use of dexametha- LC—MS are described frequentl$-5]. Previously, a liquid
sone, betamethasone, prednisolone and methylprednisolonehromatography—tandem mass spectrometry (LC—MS/MS)
is allowed and therefore maximum residue limits (MRLs) method for synthetic glucocorticoid detection in liver
have been established in milk and tissues intended for humansamples was describ§]. In this study other matrices such
consumption2]. Betamethasone and dexamethasone haveas kidney, muscle and hair were explored. The analysis of
identical MRLs i.e. 2ug/kg in liver, 0.75.g/kg in muscle hair samples for the detection of glucocorticoids has been
and kidney and 0.gg/kg in milk samples. A maximum  described, although mainly for human hair samples in doping
residue limit of 1Qug/kg prednisolone is allowed in liver  control [7-11] The advantage of hair analysis over other
and kidney, 4.g/kg in muscle and fat andgg/kg in milk. matrices is that the collection of the samples is non-invasive,
Methylprednisolone has MRLs of 10y/kg for all matrices, and that once the drug is incorporated into the hair matrix,
it may stay there for monthgl2]. The aim of this study

* Corresponding author. Tel.: +32 9 264 81 33; fax: +329 2648199,  Was to develop sample pretreatment protocols for kidney,
E-mail addressolivia.vandenhauwe@Ugent.be (O. Van den hauwe). Mmuscle and hair matrices prior to LC-MS/MS analysis of the
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glucocorticoid residues. After method validation, samples of lution of the stock standards in ethanol. All solutions were
all these matrices from calves treated with an intramuscular stored in the dark a+20°C. The chemical structures of all
injection of a particular compound were analyzed. The analyzed compounds are showrHig. 1

residue concentrations within the different matrices were

compared and evaluated to see whether a relationship coul®.3. Incurred samples

be found between them.

Twelve calves received a single intramuscular injection
of a single dose of a glucocorticoid (dexamethasone, methyl-
prednisolone, flumethasone, prednisolone, triamcinolone and
triamcinolone acetonide) at three different levels (2, 5 and
10mg per 50kg bodyweight). Another calf was treated
with dexamethasone and betamethasone simultaneously. The

Betamethasone, dexamethasone, flumethasone, predealves were fed on a mixture of hay and commercial calf feed
nisone, prednisolone, methylprednisolone, fludrocortisone, on an ad-lib basis. The calves were slaughtered 3, 6 or 10
triamcinolone, triamcinolone acetonide and beclomethasonedays after treatment. Details of the treatment are presented in
were purchased from Sigma (Bornem, Belgium). The inter- Table 1 Liver, kidney, muscle and skin were removed post
nal standard (isoflupredone) was obtained from Steraloidsmortem from each animal and were immediately frozen at
(Newport, USA). HPLC-grade water was prepared by using —20°C until analysis.

a Milli-Q purification system (Millipore, Brussels, Belgium).

All reagents and solvents were of analytical grade. Ace- 2.4. Isolation of the compounds

tonitrile, hexane and methanol were purchased from BDH

(Poole, Dorset, UK), dichloromethane, diethyl ether and ace- 2.4.1. Decontamination procedure of hair samples

tone from Acros (Geel, Belgium), formic acid, ethanol, tris- The hair was first scraped from the skin by means of
hydroxymethylaminomethane and sodium carbonate from a scalpel. The hair samples were cut finely with scissors
Merck (Darmstadt, GermanyHelix pomatiajuice, used and approximately 200 mg was placed into a test tube. For
for enzymatic hydrolysis, was purchased from Boehringer the decontamination of the hair samples a wash step with
Mannheim (Mannheim, Germany, cat. no. 127698) and pro- dichloromethane was chosen which has been described in
teinase from Fluka (Buchs, Switzerland, art. no. 82528). Dis- several studieg8,13,14] The hair was rinsed twice with 5 ml
posable @g extraction cartridges with 1 g solid phase were of dichloromethane while the samples were sonicated. After
purchased from Varian (Sint-Katelijne-Waver, Belgium). each rinse, the solvent was removed and samples were al-
lowed to dry under a stream of nitrogen in a warm water bath
set at 40C.

2. Experimental

2.1. Reagents and materials

2.2. Standard solutions

A stock standard solution of each compound was prepared2.4.2. Analyte extraction
by dissolving 10 mg of the pure compound in 10 ml ethanol. 2.4.2.1. Hair. A 100mg aliquot of the dried hair was
Working solutions were prepared monthly by appropriate di- weighed into a test tube and fortified with 10D of a

Table 1
Treatment of animals, day of slaughter after treatment and residue concentration found in the corresponding tissue samples using LC-MS/MS analysis

Calf no. Drug administered Dosage (mg5kg1) Day of slaughter Residue concentratioh S.D. (ug/kg),n=2
after treatment - - -
Liver? Kidney Muscle Hair
1 Dexamethasone 2 3 1490.1 2.4+0.8 0.1+01 b
2 Dexamethasone 10 6 0130.0 0.4+0.3 b b
3 Dexamethasone 5 10 b 0.1+0.0 b b
4 Methylprednisolone 5 3 050.1 b b 16.4+1.6
5 Methylprednisolone 10 6 b b b b
6 Methylprednisolone 2 10 b b b 113.2+2.3
7 Triamcinolone 10 3 7.40.1 18.2+1.0 1.1+0.4 9.5+0.1
8 Triamcinolone 2 6 b b b b
9 Triamcinolone 5 10 b b b b
10 Betamethasone 10 3 14:0.1 7.8+0.1 0.9+0.1 29.4+0.1
Dexamethasone 10 3 3120.2 4.4+ 0.1 0.2+0.1 b
11 Prednisolone 10 3 040.0 0.2+0.1 0.1+0.1 200.0£21.2
12 Flumethasone 10 3 19H60.1 13.4+:0.3 1.5+ 0.0 5.9+04
13 Triamcinolone acetonide 10 3 45.2 1.8+£0.4 0.4+0.2 347.9+29

@ Results of liver samples analysed in a previous s{6ily

b Below limit of detection.
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Fig. 1. Chemical structures of the analyzed glucocorticoids.
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0.1 ngful solution of the internal standard isoflupredone. En- ward, a methanol extraction identical to one of the muscle
zymatic digestion was performed by adding 2 mg of pro- samples was performed.

teinase and 2ml of Tris—HCI (0.1 M, pH 9.6) and vortex Preparation of all samples prior to solid phase extraction
mixing for 30 s. The hair samples were incubated for 2h at (SPB. To the dry extracts of all matrices 1 ml ethanol was
60°C. After incubation 3 ml methanol was added for the ex- added and samples were sonicated for approximately 10 min.
traction of the analytes. After vortex mixing and centrifuging Just before application onto the extraction cartridges 6 ml
for 10 min at 3600 rpm the supernatant was transferred into water was added to each sample.

another test tube. The extraction was repeated with another

3 mlmethanol. The combined extracts were evaporated unde

: . 2.4.3. Solid phase extraction
a nitrogen stream in a water bath at°4Q

The extraction cartridges were conditioned witk 8 ml
methanol and Z 5ml water. Then samples were applied
2.4.2.2. MuscleMuscle samples were homogenized and a slowly and washed with 5 ml of acetone/water (20/80, v/v),
5 g aliquot was fortified with internal standard isoflupredone 5 ml water and 5 ml hexane. Finally the columns were dried
(100! of a 0.1 ngful solution). Enzymatic digestion was and eluted with 6 ml diethylether. An extra washing step (not
carried out as for the hair samples, using however 6 ml of necessary for hair samples) was carried out by adding 1 ml
Tris—HCI instead of 2 ml. Proteinase was added in the sameof 10% (w/v) sodium carbonate solution, vortex mixing and
amount since it was added to hair samples in abundance. Af-centrifugating for 1 min at 2000 rpm. The upper diethylether
terwards an extraction similar to the one for hair samples waslayer was collected and evaporated under a nitrogen stream
carried out with the only difference that two 6 ml methanol at40°C. The dry residue was dissolved inlof the HPLC
volumes were used instead of 3ml. mobile phase (see below) and @Dwas injected into the
HPLC system.

2.4.2.3. Kidney.A 5 g aliquot of homogenized kidney tissue

was fortified with 10Qul of a 0.1 ng{ul solution of the inter- 2.5. Liquid chromatography

nal standard (isoflupredone). Ten millilitre of sodium acetate

buffer (3M, pH 5.2) were added and samples were vortex  Liquid chromatographic analyses were carried on an
mixed. Enzymatic hydrolysis was executed by addingidl00  Alliance 2695 HPLC system (Waters, Milford, MA, USA).

Helix pomatia juice and incubating for 4 h at 40. After- Chromatographic separation was achieved on a Hypersil
Table 2
Precursor and product ions, cone voltages and collision energies for each transition monitored in MRM (ESI-) analysis
Compound Precursor iom(2) Product ion (V2) Cone (V) Collision (eV)
Dexamethasone [M +formate] 437 361 40 14
[M —H-CH,O]~ 361 307 65 20
Betamethasone [M + formate] 437 361 40 14
[M —H-CHO]~ 361 307 65 20
Flumethasone [M +formate] 455 379 20 25
[M — H-CH,O]~ 379 305 40 30
Prednisone [M +formate] 403 327 30 12
[M — H-CH,O]~ 327 149 70 25
Prednisolone [M +formate] 405 329 35 15
[M —H-CH,O]~ 329 295 45 25
Methylprednisolone [M +formate] 419 343 15 25
[M —H-CHO]~ 343 309 45 25
Fludrocortisone [M +formate] 425 349 40 15
[M —H-CHO]~ 349 295 80 20
Triamcinolone [M—H]~ 393 363 60 12
M —H]~ 393 345 60 15
Triamcinolone acetonide [M +formate] 479 413 35 30
[M+formate]~ 479 337 35 25
Beclomethasone [M +formate] 453 377 35 14
[M+formate]” 453 341 35 20
1.S. Isoflupredone [M +formate] 423 347 45 15

[M +formate]” 423 293 45 30
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Hypercarb column (100 mm 2.1 mm, 5um patrticle size) formed with 2 ml NaOH (1 M) and samples were incubated
preceded by a guard column (Hypercarb, 20 sm&mm, 30min at 90 C while for acidic digestion 2ml HCI (1 M)
5um). The mobile phase consisted of acetonitrile/water was added, followed by an incubation of 16 h a®80 The
(90/10, viv) + 0.3% (v/v) formic acid. Elution was isocratic enzymatic digestion of the hair was carried out by adding
at a flow rate of 0.22 ml/min. A chromatographic run took Tris—HCI and proteinase to the samples. The methods were

30 min. evaluated by comparing the signal-to-noise (S/N) ratios for
each compound. After alkaline digestion no analyte could
2.6. Mass spectrometry be detected. Methanol and HCI extraction yielded compara-

ble results, but average S/N ratios were only 40% and 27%,

Mass spectrometry was carried out in the negative electro- respectively of the S/N ratios obtained after enzymatic diges-

spraionization mode (ESI). ESI multiple reaction monitoring tjon. Chromatograms after enzymatic digestion showed very

(MRM) mass spectra were acquired on a Quattro Micro massjttje interferences and therefore this extraction method was
spectrometer (Waters, Milford, MA, USA). Cone voltages gglected.

and collision energies were optimized during tuning. They  This digestion using proteinase was also applied to the

were adjusted for each transition specifically and varied be- y5cle samples, since previous experiments in our labora-

tween 15 and 70V (cone voltage) and 12 and 35eV (colli- tory proved the necessity of muscle digestion prior to further
sion energy). The capillary voltage was set at 3.0kV. Source gxtraction[17].

and desolvation temperatures were set at 120 andG5@- The necessity of a preliminary deconjugation step in
spectively. The flow rates of nitrogen used as nebulizing and grown kidney samples was evaluated. Hydrolysis conditions
desolvation gas, were 130 and 500 I/h respectively. In the a5 previously optimized in liver samples using experimental
collision cell, argon was used as collision gas at a pressureqesigr{6], were used. Kidney tissues of the calf treated simul-
of 2.4 10-* mbar.m/z values of the precursor and product taneously with beta- and dexamethasone were analyzed with
ions for each analyte, cone voltages and collision energiesgng without a preliminary hydrolysis step. The betametha-
are shown infable 2 sone residue concentration found wasggdkg after hydrol-
ysis, while it was only 5.2.g/kg (66%) without. In the same
samples 5.p.g/kg dexamethasone was found when hydrol-
ysed and wg/kg (91%) when not. Given that glucocorticoids
have either very low MRLs (0.7/g/kg for beta- and dexa-

o . . methasone in kidney) or are completely forbidden, the use of
cates that for a quantitative confirmatory method detection . . S -
a deconjugation step can be crucial in the decision whether a

capabilities (C@) and decision limits (C&) needed to be . ; : . L
: . C . sample is compliant or non compliant. Taking this into con-
determined, together with the trueness, precision and speci-

ficity. Detection and decision limits were established by the 22;%223\;2?“[2?%{enzymaﬂc hydrolysis step for kidney
calibration curve procedure according to ISO 11843. To P P ’
obtain these calibration curves, blank kidney, muscle and ha|r3.1.2_ Solid-phase extraction

sample material was fortified at five different levels. As an .
L o The extra sodium carbonate wash step was added to re-
approximation of the trueness, blank samples were fortified . ; ) . S
move interfering compounds, like hydrophilic or ionic com-

at three nominal levels and the estimated amounts were cor- .

: . . ounds or salts, out of the organic phase and pass them on
related with the nominal concentrations and expressed as % .

. - . : o the ageous layer. Hair extracts were, after the methanol
bias. Precision was determined at three different levels, on the . . . :
L " extraction, relatively clean and did not need the extra sodium

same day (within-day repeatability) and over separate dayscarbonate washing step after SPE
(between-day repeatability). In order to test the specificity g step '
of the method, at least 10 blank samples were analyzed an
checked for interfering compounds in the regions of interest
where the target analyte is expected to elute.

2.7. Method validation

For the validation, the rules of the European Commis-
sion Decision 2002/657/E{15] were followed. This impli-

d3.2. LC-MS/MS analysis

According to the Commission Decision 2002/657/EC, in
LC-MS/MS analysis two transitions need to be followed for

3. Results and discussion each analyte (one precursor ion with two product ions or
two precursor ions each with one product ion), yielding the

3.1. Isolation of the compounds required four identification points. With formic acid in the
mobile phase, the conjugated base of this acid ionized the

3.1.1. Analyte extraction compounds, yielding adductions. This [M + formatepn

First of all glucocorticoids need to be released from the was the most abundant ion in the MS spectra of all analytes
hair matrix. In general methods to achieve this can be di- except in that of triamcinolone, where it was fMH] ~ (see
vided into solvent extraction, acidic, basic and enzymatic Table 2. Thus, this ion was selected as a precursor ion in the
digestion. For the solvent extraction methanol was used andfirst and most important transition (used for quantification).
samples were sonicated for 6 h. Alkaline hydrolysis was per- The major fragmentation step is the loss of formaldehyde
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Fig. 2. ESI-MS/MS product ion spectra of betamethasonie §92) with the [M +formate] ion (m/z437) selected as the precursor ion (a) for a cone voltage
set at 40V and a collision energy at 14 eV, and thef{M—CH,O]~ ion (m/z 361) selected as precursor ion (b) at a cone voltage set at 65V and a collision
energy at 20 eV.

[M — H-CH,O]~ from the hydroxymethyl group (C21). By sone are presented Figs. 3 and 4 and show a baseline
raising the cone voltage for the second transition {sdxée 29, separation between these analytes.

the [M— H-CH;O]~ ion can be generated in the source by

an in-source collision induced dissociation. This ion can thus 3.3. Method validation

be selected in the first mass spectrometer as a precursor ion

and further fragmented in the collision cell. Further dissoci- To determine C@ and C@, at least six calibration curves
ations include consecutive losses gi® CHy, HF and HCI  with five data points ranging from 0 to 1@/kg in muscle and
depending on the analytig. 2a presents the ESI-MS/MS  kidney tissue and from 0 to 2QQy/kg in hair were obtained.
spectrum of betamethasone; were the [M + formaieh at The peak area ratios (compound/IS) were plotted against the

m/z437 is selected as the precursor ion in the first mass spec-corresponding concentrations and the calculated correlation
trometer at a cone voltage of 40V and collision energy at coefficients were at least 0.99 for all analytes in the different
14 eV, while the second mass spectrometer is used in thematrices. InTable 3 decision limits and detection capabili-
scanning modefrig. 2o shows the MS/MS spectrum of be- ties of all three matrices are presented. For substances with an
tamethasone where the [MH-CH;O]" is formed in the ~ MRL, CCa was obtained by fortifying blank material at this
source due the higher cone voltage (65V) and selected asviRL, whereas for banned substances, blank material was for-
precursor ion in the first mass spectrometer. The second massified at 0.25.9/kg. More details on these calculations can be
spectrometer is used in the scanning mode yielding the prod-found in the Commission Decision 2002/657/AG]. MRLs

uct ion atmvz 307 as most abundant ion. By operating in the as defined by EC legislation are also include@iable 3 CCu

MRM mode, co-eluting analytes did not interfere with each and C@ were higher in hair than in the other two matrices
other unless they had the same precursor and product ionssince the amount of hair sample to begin with was 100 mg
This was the case for beta- and dexamethasone, epimers witlversus 5 g for the other tissues.

identical mass spectra. For this purpose the Hypercarb col-  The trueness expressed as % bias was determined at three
umn was used, which has the ability to distinguish between |evels (1, 2 and 4g/kg for kidney and muscle and 50, 100
closely relatedisomers. Thus, beta- and dexamethasone couldnd 20Qug/kg for hair samples). % Bias lay betwee3%

be separated adequately. ESI-MRM chromatograms of theand +5% for kidney, between9% and +8% for muscle and
first transition followed for betamethasone and dexametha- between—8% and +6% for hair samples.
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Fig. 3. LC-MS/MS (MRM) chromatograms following the transition of betamethasone (BTM) and dexamethasone (DXM) (a), flumethasone (FLM) (b) and
triamcinolone (TRIAM) (c) of the kidney and muscle sample extracts of calves no. 10, 12, 7.

Table 3
Maximum residue limits (MRLs) as defined by EC legislation, decision limitsf)C&hd detection capabilities (BT in kidney, muscle and hair samples of
all glucocorticoids analyzed

Analyte MRL (uo/kg) Kidney (.g/kg) Muscle (.g/kg) Hair (ug/kg)
Kidney Muscle C@ ccp CCua CcC CCa cc
Flumethasone - - .0 0.3 0.3 0.3 7.8 156
Betamethasone .05 Q075 10 13 09 11 123 237
Dexamethasone .05 Q75 10 14 0.9 10 6.1 17.6
Prednisolone 10 4 16 108 4.2 45 6.6 106
Prednisone - - .a 10 0.4 0.8 106 197
Methylprednisolone 10 10 16 113 103 105 138 237
Fludrocortisone - - a 0.6 0.3 0.6 148 301
Triamcinolone - — ® 11 05 09 114 175
Triamcinolone acetonide - - D 0.6 0.4 0.6 148 221
Beclomethasone - - 4D 05 0.4 0.8 260 423
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Fig. 4. LC-MS/MS (MRM) chromatograms following the transitions of betamethasone (BTM) and dexamethasone (DXM) (a), prednisolone (PDL) (b),
flumethasone (FLM) (c) and triamcinolone acetonide (TRIAM AC) (d) of blank hair sample extracts, extracts of hair samples fortifiecytgla6d hair
samples of calves no. 10, 11, 12, 13, respectively.

The within day 6=4) and between day§ 3) repeatabil- that nothing was detected. In general, the residue concen-
ities were determined at the same levels as the trueness. Thérations detected in muscle samples are only 5% of those
coefficients of variation ranged from 0.9% to 10.5% for kid- found in liver or kidneyFig. 3shows MRM chromatograms
ney samples, from 2.0% to a maximum of 13.3% for muscle of kidney and muscle sample extracts of some of the treated
samples and from 0.5% to 15.8% for hair samples. calves. As for the hair samples, after a single dose adminis-

With regard to specificity no interfering compounds were tration, glucocorticoid residues could be detected at highly
observed in the region of interest where the target analyte isvarying concentrations ranging from below the detection
expected to elute. limit to 348 wg/kg. MRM chromatograms of blank, fortified
and grown hair sample extracts are representelign 4.
When comparing residue concentrations in the different
matrices, no correlation could be found between residue

The usefulness of the developed methods was demon-concentrations found in hair samples and the concentrations
strated by analyzing the hair, muscle and kidney samplesfound in the other matrices. In this point of view, the location
of 13 calves treated with synthetic glucocorticoids. Each of the hair sample on the body might be critical. Further
sample was analyzed twice and the data are shown instudies would be needed to determine whether a hair/tissue
Table 1 Residue concentrations found in liver, analyzed in ratio could be found and whether hair could serve as a
a previous studyf6] and kidney tissues were comparable predictor for the residue concentrations in edible tissues.
and relatively high compared to the residue concentrations
found in muscle samples. Those did not exceeduiy/kg
and were not higher than 19% of the corresponding liver or 4. Conclusions
kidney residue concentrations (with one exception calf no.

11). Dexamethasone treatment did not yield any detectable Inthe development of extraction and sample clean up pro-
residues in the hair samples. When animals were slaughterededures for kidney, muscle and hair samples, the objective
more than 3 days after dexamethasone treatment no residuewas to obtain a method that had the same frame for all three
could be detected in muscle tissue, while in liver residues matrices with minor adaptations according to the matrix. This
of dexamethasone could be detected till day 6 and in kidney frame consists of a liquid methanol extraction followed by a
even till day 10. No methylprednisolone residues were found SPE clean up. Extra steps added are a deconjugation step in
in kidney and muscle tissues. Triamcinolone residues werethe case of kidney samples and an enzymatic digestion step
detected in all matrices when animals were slaughtered threefor hair and muscle samples. An alkaline wash step after SPE
days after treatment, when the slaughter happened later thanvas necessary for muscle and kidney samples, but not for hair.

3.4. Analysis of incurred samples
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All these extracts were then analyzed using LC-MS/MS in [3] S. Rizea Savu, L. Silvestro, A. Haag, For8el, J. Mass Spectrom.
the MRM mode. All protocols were successfully validated 31 (1996) 1351. _
according to European criteria and real grown sample mate- 4] 'féz\éo'me“ J. Hui, Rapid Commun. Mass Spectrom. 11 (1997)
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