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Abstract

The abuse of esters of natural androgenic steroids in cattle fattening and sports is hard to control via routine urine testing. The esters are rapidly
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ydrolysed in vivo into substances which are also endogenously present in urine. In veterinary control strange findings of 17�-testosterone an
7�-testosterone in urine are often ignored because of the lack of statistically sound reference data of naturally occurring levels. An
lternative for inconclusive urine analyses in veterinary control can be provided by the analysis of the administered steroids themsel
nalysis of intact steroid esters in hair. Unfortunately, the analysis of intact steroid esters is complicated not only by the vulnerability oters
hich precludes alkaline hydrolysis of the hair, but also by the wide polarity range of short and long-chain esters yielding very poor

or either the one or the other. In this study, a multi-steroid esters LC/MS/MS screening method is presented for trace analysis of th
ntact esters of 17�-testosterone and the undecylenate ester of 17�-boldenone in bovine hair. The method, requiring only 200 mg of pulve
air, features a mild digestion procedure using tris(2-carboxyethyl)phosphine hydrochloride (TCEP) and the use of four deuterium-labeid
sters as internal standards covering the wide polarity range of the analytes. In spiked hair samples for most of the analytes the limit
nd the accuracy using isotope dilution were 2–5 ng/g and 97–105%, respectively. The applicability was demonstrated using hair sa
controlled experiment in which six bovines were injected intramuscularly with two different doses of two commercial mixtures of tes
sters, and with two different doses of boldenone undecylenate. Depending on the dose all administered testosterone- and boldenon

ound to be incorporated in bovine hair following a single intramuscular injection, except testosterone propionate which dose might hav
ow.
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. Introduction

Anabolic steroids are banned substances in the European
nion but might still be illegally applied as growth promoters

n cattle fattening[1,2]. In the search for suitable sample matri-
es bovine hair has shown to be an attractive sample matrix for
rolonged detectability of residues of anabolic steroids and beta-
gonists. Such substances can be incorporated into hair from
lood via the hair follicle, incorporated from sweat via the hair
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shaft, absorbed from sweat on the outside of the hair shaft, a
absorbed from exogenic sources, such as (environmental
tamination or intentional illegal pour-on treatment[3–5]. Beta-
agonists, such as clenbuterol disappear in urine within a few
following administration but might be detected in hair for m
than 2 months[6]. Basic anabolic steroids, such as stanozolo
incorporated in hair as well[7,8]. Gleixner and Meyer[9] deter-
mined the natural steroid hormones estradiol and testost
in hair of cattle by high-performance liquid chromatogra
(HPLC) and specific enzyme immuno assays (EIA). In hair f
calves estradiol and testosterone levels were, depending o
in the range of 5–9 ng/g and 3–7 ng/g, respectively. In the h
bulls, an influence of pigmentation was seen for testostero
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black hair, concentrations were approximately four times higher.
Since then, the potential of hair analysis for the determination
of neutral steroids, such as androgens, estrogens and corticos-
teroids has been demonstrated in several papers[10–16].

Natural steroids are usually administered as synthetic steroid
esters but these are rapidly hydrolysed in vivo into natural
steroids: following oral intake of testosterone undecanoate the
unchanged ester could be found in plasma from athletes for 6 h
only [17]. In urine it is hard to differentiate between the (metabo-
lites of) endogenous natural steroids always present and the
identical (metabolites of) natural steroids from the hydrolysed
esters. In doping control this problem is usually addressed by
establishing the 17�-testosterone/17�-testosterone urinary ratio
(so-calledT/E ratio) [18] and/or the application of13C/12C iso-
tope ratio mass spectrometry[19]. In veterinary control strange
findings of 17�-testosterone and 17�-testosterone in urine are
often ignored because of the lack of statistically valid reference
data of naturally occurring background levels. An interesting
alternative for inconclusive urine analyses in veterinary control
can be provided by the analysis of the administered synthetic
steroids themselves, i.e. the analysis of intact esters of natural
steroids in hair. The first problem to be solved is the digestion and
extraction of the hair: usually hair samples are digested under
alkaline or acidic conditions, which is adequate for beta-agonists
and steroids but less suitable for the vulnerable steroid esters.
Several authors applied direct solvent extraction with methanol
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from immunoassays to multi-residue GC/MS and LC/MS/MS
instrumental screening methods. The MS-based multi-residue
screening methods typically measure only one ion or MRM
transition per analyte. When a sample is screened suspect, confir-
mation of identity by mass spectrometry is required: the analyte
in the suspect sample should comply with criteria for a minimum
number of identification points (data acquisition should include
at least four ions or two MRM transitions), ion ratios and relative
retention time should be within defined limits[24]. Detection
limit, recovery, accuracy and within-laboratory reproducibility
of this multi-residue screening method were determined using
spiked bovine hair samples and finally the feasibility of appli-
cation to real-life samples was investigated using incurred hair
samples from a controlled animal treatment experiment.

2. Experimental

2.1. Chemicals

Water was purified using a Milli-Q system (Millipore,
Bedford, MA, USA). Tris(2-carboxyethyl)phosphine hydrochl-
oride, testosterone–acetate, –propionate, –benzoate, –enanthate,
–cypionate and boldenone undecylenate were from Sigma
(St. Louis, MO, USA). Testosterone-isocaproate, -phenyl-
propionate, -decanoate and -undecanoate were obtained from
Organon (Oss, The Netherlands). Stock solutions were prepared
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ry for incorporated steroid esters might be questioned[3,20,21].
leixner and Meyer digested hair samples using dithiothr

o brake up the longitudinal chains of the keratin protein o
air by reducing the disulfide bonds and applied that me

o the determination of the natural steroids estradiol and te
erone[9]. Recently, Hooijerink et al. developed an LC/MS/M
ethod for the determination of intact estradiol benzoa
air [22]. Following a mild digestion using the reducing ag

ris(2-carboxyethyl)phosphine hydrochloride (TCEP) and
equent solid phase extraction (SPE) samples were analy

iquid chromatography (LC) with positive ion electrospray i
sation (ESI) tandem mass spectrometry (MS/MS) in the M

ode using 16,16,17-d3-estradiol-3-benzoate as internal st
ard. The development of a similar method for intact este

estosterone is even more demanding due to the wide
f fatty acid esters available and their very different po

ies. In this work we coped with the polarity-range problem
eveloping dedicated SPE and LC procedures and the syn
nd application of a range of deuterium-labelled testoste
sters as internal standards. Moreover, we included the

hetic 17�-boldenone undecylenate ester which detection
articular interest because of the scientific debate about th
in of its main urinary metabolite 17�-boldenone[23]. The
U legislation for veterinary control has set different requ
ents concerning the performance of analysis methods an

nterpretation of results[24]. Methods are classified for scree
ng or confirmation, and can be qualitative or quantitative.
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y dissolving 10 mg of each compound in 10 ml of metha
he reagents dimethylaminopyridin (DMAP), propion
henylpropionyl-, cyclopentylpropionyl- and decanoyl ch
ide were obtained from Sigma–Aldrich (Zwijndrecht, T
etherlands). Toluene and hexane were obtained from Bio

Valkenswaard, The Netherlands). 16,16,17-d3-Testosteron
as obtained from CDN Isotopes (Quebec, Canada). Bond
RC-C18 (100 mg) solid phase extraction columns were f
arian (Harbor City, CA, USA). All other chemicals used w
f analytical-reagent grade.

.2. Synthesis of internal standards

The deuterated internal standards 16,16,17-d3-testosteron
roprionate, 16,16,17-d3-testosterone phenylpropriona
6,16,17-d3-testosterone cyclopentylpropionate and 16,16
3-testosterone decanoate were prepared using the follo
rocedure, adapted from Francisco et al.[25]: 16,16,17-d3-

estosterone (11.66 mg, 40�mol) was dissolved in toluen
2 ml) and a solution of DMAP (10 mg/ml, 1 ml) in toluene w
dded. While stirring at room temperature the appropriate
hloride was added: propionyl chloride (11.0�l, 120�mol),
henylproprionyl chloride (11.9�l, 80�mol), cyclopentyl-
ropionyl chloride (12.2�l, 80�mol) or decanoyl chlorid
16.6�l, 80�mol). Upon addition of the acyl chloride a wh
recipitate started to form. The reaction mixtures were war

o 60◦C using a water bath and the course of the reac
ere monitored by analyzing aliquots by HPLC–UV (240 n
t regular intervals. After 3–4 h ester formation was alm
omplete (>98%) and the reactions were stopped. To
eaction mixture hexane (20 ml) was added and the org
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layer was washed twice with water (20 ml) and three times with
1% ammonia (20 ml). The organic layer was dried on sodium
sulphate and the solvent was removed under reduced pressure.
The d3-testosterone esters were obtained as a white crystal
mass in a yield of 93–96%. HPLC–UV indicated a minimum
chemical purity for each of the esters of 95%. LC/MS and NMR
analysis confirmed the formation of the testosterone esters and
indicated 98% deuterium incorporation at positions 16, 16 and
17 of the steroid skeleton.

2.3. Samples

Hair samples were obtained from a national veterinary con-
trol program and from a controlled animal treatment experiment:
three female and three male bovines of approximately 200–
300 kg were injected intramuscularly with the following com-
mercially available products: boldenone undecylenate (1 mg/kg
and 2 mg/kg BW) and two mixtures containing testosterone pro-
pionate (0.1–0.2 mg/kg and 0.2–0.4 mg/kg BW), testosterone
phenylpropionate (0.2–0.5 mg/kg and 0.5–0.8 mg/kg BW),
testosterone isocaproate (0.2–0.5 mg/kg and 0.5–0.8 mg/kg
BW), and testosterone decanoate (0.4–0.8 mg/kg and 0.8–1.3
mg/kg BW). In addition, samples were analysed from nortestos-
terone dodecanoate (1 mg/kg and 2 mg/kg BW, respectively)
treatment of another female and male bovine. All doses refer to
the steroid ester. The treatment was repeated twice, after 2 and
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2.5. Liquid chromatography/mass spectrometry

The liquid chromatography/mass spectrometry (LC/MS/MS)
system consisted of a Waters (Milford, MA, USA) model
Alliance 2690 LC system equipped with a Micromass (Manch-
ester, UK) model Quattro Ultima tandem mass spectrometer
(MS/MS). The analytical column was a 150 mm× 2.1 mm i.d.
5 mm C8 Waters Symmetry column, kept in a column oven
at 40◦C. The two mobile phases used consisted of (A) ace-
tonitrile/water/formic acid (80:20:2) and (B) acetonitrile/formic
acid (100:2) and the flow was 0.3 ml/min. Following a 1-min
isocratic period at 0% B, a linear gradient was started towards
80% B at 15 min, kept at that composition until 16 min, fol-
lowed by a 9 min isocratic period at 100% B. The LC was
interfaced with the MS/MS system without a flow split. The
mass spectrometer was operated in the positive electrospray ion-
isation mode at a capillary voltage of 2.7 kV, a desolvation gas
temperature of 500◦C, source temperature 100◦C and a cone
voltage of 30 V. Desolvation gas was nitrogen and the CID gas
was argon. For screening purposes[24], only the most abun-
dant MRM ion transition for each analyte was acquired using
the conditions given inTable 1. The optional second MRM
ion transitions are included inTable 1for confirmatory anal-
ysis of screened suspects[24]. In all cases standards, blank hair
(negative control) and hair spiked with 2 ng/g, 5 ng/g, 10 ng/g
and 20 ng/g of the analytes (positive controls) were analysed in
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reatment, 8 and 14 days after the first-, 8 and 17 days aft
econd- and 6 days after the third treatment. The hair sam
ere obtained by shaving each time the same location
pproximately 65 cm from the point of injection; i.e. only h
rown since the previous sampling was collected.

.4. Sample preparation

The hair samples were cut into 0.5 cm pieces using a p
cissors. Then 500 mg was pulverized in a Sartorius (Goetti
ermany) model Mikro-dismembrator S ball mill as follow

he teflon vessel containing a grounding ball and the cut hai
ooled for 2 min in a Dewar vessel with liquid nitrogen follow
y shaking in the mill at 3000 rpm for 2 min. Two hund
illigrams of the pulverized hair thus obtained was weig

nto a plastic tube and 20�l of a 100 ng/ml deuterium-labelle
nternal standard solution in methanol was added yieldi
oncentration of 10 ng/g in the hair sample under investiga
igestion was performed following the addition of 2 ml o
5 mM TCEP solution in a head-over-head apparatus fo
our millilitres of methanol was added and the tube was

rifuged for 5 min at 1700 g. Then 4 ml of water was added
he mixture was applied to a C18 SPE column preactivated
cetonitrile, methanol and water. The column was washed
ml of water and eluted with 2 ml acetonitrile and 2 ml e
cetate. The combined eluate was evaporate to dryness
gentle stream of nitrogen gas at 40◦C, redissolved in 200�l

f acetonitrile/water/formic acid (80:20:2) using an ultraso
ath and, finally, 40�l was injected into the LC/MS/M
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he same analysis series. Recoveries were calculated by
aring the peak areas in the reconstructed chromatogra

he 5 ng/g spiked hair samples and the corresponding res
rom direct injection of a 1 ppb standard solution, unless
rwise indicated. Accuracies were calculated using a 0–20
alibration curve from matrix-matched standards and the
ive response versus the deuterium-labelled internal stand
he accuracy of testosterone–acetate and –propionate we
ulated using the internal standard d3-testosterone propiona
he benzoate, phenylpropionate and isocaproate esters
3-testosterone phenylpropionate; the enanthate and cyp
sters using d3-testosterone cypionate; and the decanoate
ndecanoate esters and the boldenone undecylenate were

ated using d3-testosterone decanoate. Unknown incurred s
les were analysed with and without a 5 ng/g spike of the st
sters.

. Results and discussion

.1. General considerations

Solid phase extraction and LC/MS/MS of testosterone e
s not straightforward due to the wide polarity range of
ifferent testosterone esters involved. Long alkyl chain es
uch as testosterone undecanoate do not elute from mos
eversed phase LC columns, even at 100% modifier in the m
hase. Shackleton et al.[26] concluded for example that LC

hese esters was only possible following conversion to m
olar Girard hydrazones. We described an LC/MS/MS i

ification method for the analysis of high levels of anab
teroids in illegal cocktails in which we successfully applie
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Table 1
Positive ion electrospray MS/MS conditions for the MRM acquisition of intact testosterone esters, their deuterated internal standards and boldenone undecylenate

Component Ion transition for screening Second ion transition for confirmation Collision energy (eV)

Testosterone acetate (T-C2) 331 > 109 331 > 97 20
Testosterone propionate (T-C3) 345 > 109 345 > 97 20
d3-Testosterone propionate 348 > 109 – 20
Testosterone benzoate (T-Bz) 393 > 97 393 > 109 20
Testosterone phenylpropionate (T-�C3) 421 > 97 421 > 109 20
d3-Testosterone phenylpropionate 424 > 97 – 20
Testosterone isocaproate (T-iCpr) 387 > 97 387 > 109 20
Testosterone enanthate (T-C7) 401 > 97 401 > 109 20
Testosterone cypionate (T-Cyp) 413 > 97 413 > 109 20
d3-Testosterone cypionate 416 > 97 – 20
Boldenone undecylenate (17�Bolundec) 453 > 135 453 > 121 20
Testosterone decanoate (T-C10) 443 > 97 443 > 109 20
d3-Testosterone decanoate 446 > 97 – 20
Testosterone undecanoate (T-C11) 457 > 97 457 > 109 20

5�m C8 column with an acetonitrile gradient for the separation
of, amongst others, testosterone phenylpropionate, testosterone
cypionate and testosterone decanoate[27]. In the present study
we used again a C8 column but from a different brand, cf. Sec-
tion 2.5. In the clean up via solid phase extraction a 100 mg
C18 cartridge was used in order to have sufficient retention,
even for the most polar ester, testosterone acetate. Different

combinations of methanol/water mixtures for sample applica-
tion and elution solvents (acetonitrile, methanol, ethyl acetate,
and mixtures thereof) were investigated for optimum recovery
for the highest number of testosterone esters. Finally, sample
application from methanol/water (40:60) and elution with 2 ml
acetonitrile and 2 ml ethyl acetate yielded the best compromise
and was chosen in all further experiments. Increasing the elution
Fig. 1. Common fragmentation behaviour of intact testosterone- and bold
enone esters in positive ion electrospray ionisation tandem mass spectrometry.
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Fig. 2. Overlay of reconstructed LC/MS/MS chromatograms of all analytes at 0.5 ng/ml. MRM acquisition and abbreviations according toTable 1. Other conditions,
see Section2.

volume towards 5 ml acetonitrile and 5 ml ethyl acetate might
improve the recoveries of the least polar esters even more, but
at the cost of a longer evaporation time.

The screening of testosterone esters with positive ion electro-
spray ionisation MS/MS is facilitated by a common fragmenta-
tion behaviour (Fig. 1). Apart from characteristic ions related to
ester cleavage testosterone-specific low mass ions are obtained
at m/z 97 and 109 and a minor ion atm/z 123 which originate
from ring A and B cleavages[26–28]. m/z 123 originates from
B-ring fission,m/z 97 includes all A-ring carbons except C5
but including C19, andm/z 109 probably includes carbon atoms
C1–7. Recently, it was demonstrated that low abundant D-ring
fragments are also formed in 3-keto-4-ene steroids having a sub-
stitution at C17[27,29]. The common fragmentation behaviour
of different testosterone esters was applied in this work for multi
residue analysis in hair. An MRM acquisition method was set up
based on the transition of the respective [M + H]+ ions towards
either m/z 97 or 109, depending on the optimum sensitivity
obtained in infusion experiments (Table 1). A precursor ion scan-
ning approach would be preferred of course but, unfortunately,
that option is not sensitive nor selective enough for trace anal-
ysis in a complex matrix as digested hair. Boldenone and esters
thereof fragment towards the B-ring fission product ionsm/z
121 and 135[23]; m/z 135 provided the best sensitivity in the
present screening method. A typical reconstructed LC/MS/MS
chromatogram of all steroid esters is given inFig. 2, indicating
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labelled testosterone esters were synthesized using the procedure
outlined in Section2.2. The products were analysed by LC/UV,
LC/MS and proton NMR which confirmed the formation of the
respective esters and the incorporation of deuterium at positions
16, 16 and 17. This range of d3-testosterone ester internal stan-
dards is expected to correct adequately for recovery losses of all
steroid esters and in addition for ionisation suppression of the
corresponding d0-testosterone esters.

3.2. Method performance

According to EU legislation 2002/657/EC the following per-
formance characteristics have to be determined for a qualitative
screening method[24]: detection capability (CC�), selectiv-
ity/specificity and applicability; a quantitative screening method
requires in addition precision data. Preliminary performance
data were obtained by the analysis on three different days of
five different series of bovine hair samples spiked with 5 ng/g
of the testosterone esters and boldenone undecylenate. To each
sample 10.0 ng/g of the deuterium-labelled internal standard
mixture was added. An example of a reconstructed LC/MS/MS
chromatogram of a hair sample spiked with 5 ng/g boldenone
undecylenate is given inFig. 3, together with the blank sig-
nal. The detection limit of boldenone undecylenate in this hair
sample can be estimated to be in the order of 2 ng/g. For most
of the analytes the detection limit in real samples is typically
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tudies steroid esters are hydrolysed during the digestion
he application of a labelled intact steroid ester is still rare[22].
n the present study one labelled steroid ester was consi
nappropriate given the wide polarity range of the analytes
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he complexity of specific hair samples, except for testoste
nanthate which suffers occasionally from signal interfere
ote that the final performance data in terms of detection c
ility (CC�) and decision limit (CC�) might be even bette
ince we intend to install a more sophisticated MS/MS sy
n 2006. From LC/MS/MS data of hair samples spiked at a
f 5 ng/g the recovery, accuracy and within-lab reproducib
ere determined, the results are summarised inTable 2. The
ean recoveries (n = 5) are in the range of 20–64% which

onsidered quite acceptable, given the wide polarity range
he level of spiking. Sources for incomplete recovery migh
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Fig. 3. Reconstructed LC/MS/MS chromatogram of a bovine hair sample spiked with 5 ng/g of 17�-boldenone undecylenate. MRM acquisition and abbreviations
according toTable 1. Other conditions, see Section2.

the centrifugation of the hair digest, the solid phase extraction
and the redissolution step. The most polar steroid ester, testos-
terone acetate, and the most nonpolar steroid ester, testosterone
undecanoate, showed relatively low recoveries indicating that
the method developed did not selectively discriminate against
either polar- or nonpolar steroid esters, thereby offering a good
compromise for a multi-analyte screening method. The mix-
ture of deuterium-labelled intact steroid esters used as internal
standards was very well capable to correct for the incomplete
recoveries and the ionisation suppression of co-eluting ana-
logues: the accuracies were 97–103% for most of the esters
at the 5 ng/g level, except for testosterone phenylpropionate, -
isocaproate and cypionate (87%, 82% and 110%, respectively)
which were relatively close to the LOD in this hair matrix. At
higher signal-to-noise levels (10 ng/g spiked hair) the accuracy
data of the latters improved to 100%, 97% and 105%. The within-
lab reproducibility was in the range of 10–16% R.S.D. (n = 5) at

the 5 ng/g level, except for testosterone cypionate (35%). Again,
this value improved (to 15% R.S.D.) at the 10 ng/g level.

The selectivity/specificity of the method was checked by
the analysis of hair samples from bovines not being suspect
for steroid abuse. The selectivity of the LC/MS/MS analysis
operated in the MRM mode was fit for purpose: no or minor
interferences appeared at the retention times of interest, except
for testosteron enanthate. Note that the ruggedness and stability
of the method can be monitored in each individual sample anal-
ysis by the signal intensity of the deuterated internal standards.

3.3. Applicability

Spiked samples do not represent the physiological situation
in which steroid esters might not be only absorbed but also
incorporated into the growing hair. Definitely the use of cer-
tified reference hair samples containing known incorporated

Table 2
Preliminary method performance data for the LC/MS/MS screening of spiked steroid esters in bovine hair

Component LOD (ng/g) Recovery at 5 ng/g mean (%) Accuracya at 5 ng/g mean (%) Within-lab reproducibility at 5 ng/g,n = 5 (%R.S.D.)

T-acetate 2–5 20 99 16
T-propionate 2–5 36 103 13
T-benzoate 2–5 34 97 13
T-phenylpropionate 2–5 47c 87 12

d d

T 2

T .
T

d

B 02
T 9
T 02

n

100
-isocaproate 2–5 21 8

97d

-enanthate 5–50b n.d. n.d
-cypionate 2–5 46c 110

105
ol-undecylenate 2–5 64 1
-decanoate 2–5 34 9
-undecanoate 2–5 23 1

.d., not determined.
a Using isotopically labelled internal standards.
b Due to occasional signal interference in real samples, see text.
c Recovery data at 20 ng/g spiked hair.
d Additional accuracy data from 10 ng/g spiked hair.
7
11

9d

n.d.
35
15d

10
10
14
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Fig. 4. Reconstructed LC/MS/MS chromatograms of bovine hair samples from a controlled animal treatment experiment. Samples were taken following administration
of (a) boldenone undecylenate, sampled on day 8 after the first administration, two different mixtures of testosterone-propionate, -phenylpropionate, -isocaproate and
-decanoate, sampled on (b) day 6 after the third administration and (c) day 14 after the first administration, and (d) nortestosterone dodecanoate (NorT-C12), sampled
on day 8 after the second administration, respectively. MRM acquisition and abbreviations according toTable 1. Arrows indicate the position of the negative results
for testosterone propionate. Other conditions, see Section2.
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concentrations of steroid esters would have been preferred in the
method performance study. Unfortunately such reference mate-
rial does not exist and spiked samples are the only alternative.
Therefore, a verification experiment with incurred samples was
included in order to demonstrate the feasibility of applicability
to real samples. A controlled animal treatment experiment was
carried out as described in Section2.3. Representative recon-
structed LC/MS/MS chromatograms are given inFig. 4a–c.
Boldenone undecylenate (Fig. 4a) was detected for 14 days fol-
lowing a single dose of 2 mg/kg BW. Testosterone propionate
was not detected in any hair sample upon administration of the
testosterone ester mixtures (Fig. 4b–c). However, both the 5 ng/g
testosterone propionate standard addition spike as well as the
d3-testosterone propionate internal standard could be observed
without any difficulty. Therefore, it can be concluded that the
analysis procedure does not discriminate against testosterone
propionate. Obviously, testosterone propionate is not incorpo-
rated in hair as the intact ester, and/or its dose (0.1–0.4 mg/kg
BW) was simply too low. The absence of testosterone propionate
esters is in agreement with a previous study in which a mixture of
testosterone enanthate and testosterone propionate was admin-
istered to human volunteers: only testosterone enanthate could
be detected in plasma and the propionate ester was obviously
absent[26]. The testosterone decanoate ester, having the high-
est dose in the mixtures (0.8 and 1.3 mg/kg BW), was detected
for 14 days following a single dose (Fig. 4c). The other, lower
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4. Conclusions

A multi-steroid esters LC/MS/MS screening method has been
developed for a wide range of intact androgenic steroid esters.
The applicability has been successfully demonstrated by the
analysis of incurred hair samples from a controlled bovine treat-
ment experiment. Following a single injection of 1–2 mg/kg BW
the long-chain steroid esters might be detected up to 14 days.
Testosterone propionate was not detected and either does not
seem to be incorporated in bovine hair, and/or was administered
in a too low dose. The scope of the method can be easily extended
when other steroid esters show up in illicit preparations, as
demonstrated by the analysis of nortestosterone dodecanoate.
Sample extracts which are screened suspect might be re-injected
into the LC/MS/MS system for confirmatory analysis by adding
an appropriate second MRM transition to the data acquisition
settings. More recent triple quadrupole mass spectrometers do
allow more MRM transitions to be acquired simultaneously and
the sensitivity loss, due to the inherently shorter dwell times,
is compensated by increased overall sensitivity of the instru-
ments. As a result the multi-ester LC/MS/MS screening method
presented here might be simply converted into a confirmatory
method, covering at least two MS/MS transitions per analyte and
without requiring a second injection of the sample extract. The
analysis of the synthetic intact steroid esters in bovine hair offers
a new tool to enforce the EU ban on the use of natural steroid
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The method development did not include nortestoste
odecanoate; however, evidently MS/MS transitions ca
dded in order to allow the detection of new steroid este
emonstrated inFig. 4d. The intact nortestosterone dodecan
ster could be detected at least 8 days following a second a

stration of 2 mg/kg BW (first administration 22 days ago).
teroid ester results after a single dose administration obt
n this work compare favourably with the data from Seg
t al. [30] in which no testosterone esters, nor nandro
nortestosterone) decanoate could be detected by GC/MS
robably either the digestion procedure and/or the overall
itivity of that method was not appropriate for steroid este
air.

Although being developed as a multi-residue LC/MS/
creening method, confirmation of identity can be achie
y re-analysing the sample extract and acquiring at leas
S/MS ion transitions[24]. From a sensitivity point of view

he second product ion atm/z 121 would be the best option f
oldenone undecylenate. For testosterone esters the best

s compound dependent: eitherm/z 109 or 97 might be selecte
s second product ion (Table 1). As an example the hair samp
btained on day 8 and incurred with boldenone undecyle
as subjected to confirmatory LC/MS/MS analysis w
cquisition of the two MRM transitionsm/z 453 > 135 andm/z
53 > 121. The ratio of the signals in the two reconstru
S/MS ion transition chromatograms as well as the rela

etention time were both within the limits set by spiked refere
air samples and fulfilled the confirmation of identity crite

24].
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ormones in cattle fattening. Also the scientific debate a
he origin of boldenone residues in bovines can be ended
esidues of the synthetic 17�-boldenone undecylenate ester
etected in hair.
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