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Abstract

Zilpaterol is a new powerful beta-agonist, which is officially registered for fattening purposes in cattle in Mexico and South Africa. Its
chemical structure is different from the well-known beta-agonists. Therefore, the routinely used screening methods are not likely to be suited
for the analysis of zilpaterol. Also gas chromatography—mass spectrometry and liquid chromatography—mass spectrometry (LC—MS) methods
need to be adapted to enable detection of zilpaterol.

In this study, a LC-M3&confirmatory method was developed for the simultaneous detection of zilpaterol and di-aromatic beta-agonists in
urine samples. A LC-MSmethod was optimised for the detection of zilpaterol in faeces. To study the excretion profile in urine and faeces,

a male veal calf was orally treated with daily doses of Zilfharing 2 weeks. Zilpaterol was mainly excreted via urine.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The growth-promoting effect of beta-agonists in slaugh-
ter animals (increase of live weight gain, improvement of
Beta-agonists belong to the group of catecholamines. Theyfeed conversion and increase of the ratio of muscle to fat tis-
can be catalogued in three chemical classes according to theisue) is of economical importance. The treated animal shows
structure: anilines, resorcinols and phenols. these (side) effects when the applied dose is five to ten times
Beta-agonists can bind to beta-2-receptors. Stimulation higher than necessary for therapeutic treatigniThe dan-
of these receptors results in relaxation of smooth muscles.ger of residues in edible animal matrices due to the abuse
Beta-agonists are therefore frequently used as bronchodila-of beta-agonists is underscored by several human poisoning
tor for the treatment of pulmonary diseases in humans andincidencegq3]. The most notable incident occurred in Spain
animals. In addition, they also improve carcass composition in 1990. There was an outbreak of food poisoning caused
as they decrease fat in favour of a higher percentage of mus-by consumption of bovine liver from animals treated with
cle (repartitioners]1]. In the European Union, the use of clenbuterol4].
beta-agonists as growth promoters is banned by the council Zilpaterol (Fig. 1) is a new powerful beta-adrenergic
directive 96/23/EQ2]. agonist developed as growth promoter for cattle. Its chem-
ical structure is different from the well-knownl-alkyl-
* Corresponding author. Tel.: +32 9 264 74 60; fax: +32 92647492, Peta-agonists (clenbuterol and salbuterol) as well as the
E-mail addressHubert.debrabander@ugent.be (H.D. Brabander).  di-aromatic beta-agonists (ractopamine and isoxsuprine).
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Fig. 1. Chemical structure of zilpaterol.
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this period, urine and faeces samples were taken. Without a
withdrawal period, the animal was sacrificed and different
samples (urine, liver, kidney, muscle, etc.) were collected for
later research.

2.3. Extraction and clean-up
To the urine samples (0.5-5 mlxBsoxsuprine and B

ractopamine were added as internal standards (5ngml
The urine was hydrolysed with Helix Pomatia at°&7 for

The efficacy as growth promoter has been sparsely published16 h. After adjustment of the pH to 9.6, the analytes were ex-

Some results from feeding studies demonstrated an addi-t

tional benefit in combination with an estradiol + trenbolone
treatmen{5]. Zilpaterol is capable of redirecting the cellular
metabolism in favour of protein synthesis. Zilpaterol is used
as a ‘repartitioning agent’ in cattle feed to enhance weight
gain, feed efficiency and carcass yield. Zilfakas been
licensed as feed additive in Mexico and South Africa. The
dossier has been submitted to the FDA for approval.

Dueto its chemical structure, zilpaterol was, until recently,
not detected with commonly applied screening and confirma-
tory methodg6-9].

In this study, a LC—-M3& confirmatory method was devel-
oped for urine that is able to identify simultaneously zilpa-
terol, ractopamine, isoxsuprine and other di-aromatic beta-
agonists. For faeces, an LC-KiBiethod was optimised for
detection of zilpaterol and cimaterol (used as internal stan-
dard). To study the excretion profile, a male veal calf was
orally treated with therapeutic (for growth-promoting pur-
poses) daily doses of Zilm&xduring 2 weekd5]. During

this period urine and faeces samples were collected. WithouttO 9.8 using sodium hydroxide (32%,

a withdrawal period, the animal was sacrificed and different
matrices were collected for later research.

2. Experimental
2.1. Reagents and chemicals

Chemicals and solvents were obtained from Merck (Darm-
stadt, Germany) and Biosolve (Molkenswaard, The Nether-
lands). The enzymatic deconjugation was performed with
Helix Pomatia juice §-glucuronidase > 100,000 FU mi
and sulphatase > 1000,000 FUTH) from Bioserpa (Marl-
borough, MA). Standards and internal standards were ob-
tained from Sigma (St Louis, MO) or RIVM (Bilthoven, The
Netherlands). Zilmax and zilpaterol were gifts from Intervet
(Schwabenheim, Germany).

2.2. Animal experiment

For the animal experiment, a male veal calf (3—4 months,
+ 162 kg) was orally treated with recommended (for growth-
promoting purposes) daily doses of Zilnfasuring 2 weeks.
The dose given was 0.15 mg zilpaterol per kg bodyweight per
day, whichis equal to 3.13 mg Zilm&yper kg per day. During

racted with 10 ml isobutanol. After centrifugation (10 min,
2000 rpm, 4#C) and evaporation under nitrogen, the residue
was dissolved in 2 ml of phosphate buffer (pH 6). The clean
up was carried out using a 130 mg BondElut Certify (mixed
Cg and SCX) SPE column (Varian Inc.). The column was
conditioned with methanol, water and 0.1 mot lof phos-
phate buffer (pH 6). The columns were washed subsequently
with 1molI~1 of acetic acid and methanol. Elution was
carried out using 3 ml of ethylacetate containing ammonia
(0.57mol I'Y). Following evaporation of the solvents, the
residue was dissolved in 1p0of methanol:water (5:95, v/v)
with 10 mmol 1 ammonium acetate and f0were injected

on the column.

For faeces 1 g cimaterol was added as internal standard at
alevel of 100 ng gl. After addition of 40 ml of hydrochloric
acid 2 mol I'1, the sample was shaken for 15 min. After cen-
trifugation (15 min, 3600 rpm, C), 20 ml of the extract was
decanted in a new centrifuge tube. One millilitre of carbon-
ate buffer (10%, pH 9.8) was added and the pH was adjusted
5N). The extract was
shaken for 1 min and after centrifugation (15 min, 3600 rpm,
5°C) 9ml of the upper layer was applied on a Chem Elut
column (Varian Inc.). Elution was carried out using 40 ml of
diethyl ether. A volume of 500 of pentafluorpropionic acid
(PFPA) (0.3 molt1) was added to the tube. The sample was
placed in an ultrasonic bath for 10 min. After centrifugation
for 15 min, the lower layer of PFPA containing the analyte
was formed. Approximately 400 of the drop was taken up
with a syringe and brought into a pyrex tube. The pyrex tube
was placed into a water bath for 5 min and later on taken over
in a vial for injection into the LC—MS system.

2.4. Instrumentation and chromatographic conditions

For urine samples, chromatographic separation was
achieved using an Inertsil ODS gcolumn (3um, 3.0 mmx
100 mm, Varian Inc.). To separate the different compounds,
a linear gradient was used using a mixture of water and
methanol with ammonium acetat@aple 1. The flow rate
was 0.6 mImirl. The mass spectrometer was operated in
MS3-mode operating in five segments. Each analyte was eval-
uated based on the productions present in the mass spectra
(Table 2.

For faeces samples chromatographic separation was
achieved using an Alltima {g column (5um, 250 mm x
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Table 1
Mobile phase and gradient used to separate theNratkyl beta-agonists

Time (min) Methanol:water (5:95, v/v) + Methanol:water (80:20, v/v)
10 mM ammonium acetate + 30 MM ammonium acetate

0 100 0
1 100 0
15 0 100
20 0 100
22 100 0
25 100 0

3.2mm, Alltech Associates). The mobile phase consisted of
a mixture of pentafluorpropionic acid 10 mM (87%) and ace-

tonitrile (13%). This mobile phase was pumped at a rate of
0.5 ml mir1 for 4 min. The mass spectrometer was operated
in MS2-mode.
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precursor ions earn 1 IP and LC—KBroduct ions earn 1.5
IP. MS?-full scan of the pseudo-molecular ion only showed
one ion withm/z 244 (Fig. 3). So 2.5 IP (one precursor ion
and one product ion) were earned when using N8l scan
of zilpaterol. Moreover, the fragmentation of beta-agonists in
MS2-full scan is not specific (loss of water). To create more
specificity and to get enough identification points, M8l|
scan of the product ion was checked. The mass spectrum of
MS3-full scan of the product ion witln/z 244 showed the
ions with m/z 185 andm/z 202 (ig. 4). This led to 5.5 IP
(one precursor ion, one product ion and 2 second transition
product ions).

Therefore, zilpaterol and the other di-aromatic beta-
agonists were identified in urine samples using LC2MS
analysis.

In both experiments, an 1100 series quaternary pump and

an autosampler from Hewlett-Packard (Palo Alto, CA, USA)
were used. The MS detector was a ThermoFinnigan LCQ ion
trap MS (San Jds CA, USA) equipped with an atmospheric
pressure chemical ionisation (APCI) interface in positive ion
mode.

3. Results and discussion
3.1. Chemical structure of zilpaterol

In evaluating the chemical structure of zilpaterol, the
LC-MS" mass spectrain APCI positive mode were recorded.
In MS-full scan, the pseudo-molecular ion witliz 262 ap-
peared but also a fragment with'z 244 (Fig. 2). This frag-
ment was due to the loss of watéig. 5). MS?-full scan of
the pseudo-molecular ion only showed the product ion with
m/z 244 (Fig. J). Fragmentation of this product ion gave rise
to two fragments, one withn/z 202 and the other witim/z
185 (Fig. 4). The fragment withm/z 202 was due to the loss
of CH3CCHjs, a subsequent loss of NHed to the fragment
with m/z 185 (Fig. 5).

3.2. The use of LC-MS

The use of beta-agonists as growth promoter is forbidden

3.3. Method for different beta-agonists

The standards zilpaterol, ritodrine, ractopamine, for-
moterol, isoxsuprine and the two internal standards D
ractopamine and Hisoxsuprine were spiked to blank calf
urine in a concentration of lgl~1. Fig. 6 shows the ion
chromatograms of the different beta-agonists. All the beta-
agonists could be detected at a level gfgll—1 with excep-
tion of formoterol which was only detectable gi§1~1. The
two chromatographic peaks ogBsoxsuprine were two pos-
sible isomers of the molecule. Levels of zilpaterol, ritodrine
and ractopamine were calculated using-factopamine as
internal standard. Levels of formoterol and isoxsuprine were
calculated using Brisoxsuprine.

For faeces a LC-MSmethod was optimised for the
detection of zilpaterol. The goal was to study the excretion
profile of zilpaterol in faeces samples and not to develop a
confirmatory method for beta-agonists in faeces. Therefore,
MS? fragmentation of zilpaterol was enough since the
identity of the compound in the faeces samples was well
known in this experiment. In addition, no deuterated internal
standard was used. For faeces a level pgkg ! zilpaterol
could be detected.

Both methods were developed in two different labora-
tories, therefore different chromatographic conditions and

in the European Union. Beta-agonists are therefore groupdifferent internal standards were used to analyse zilpaterol.

A substances. The minimum number of identification points
(IP) for such forbidden compounds is set to ff#jr LC-MS’

For urine, zilpaterol was incorporated in the qualitative
multi-residue method for the detection of di-aromatic beta-

Table 2
Instrument method for the detection of beta-agonists in urine samples and the productions used for the evaluation of the beta-agonists
Analyte Productions
Segment 1 Scan event 1 262:0244.0; 65.0-265.0 Zipaterol 202, 185
Segment 2 Scan event 1 288:0270.0; 70.0-290.0 Ritodrine 150, 121
Segment 3 Scan event 1 302:0284.0; 75.0-305.0 Ractopamine 164,121
Scan event 2 307.6> 289.0; 75.0-310.0 Practopamine 167, 121
Segment 4 Scan event 1 345:9327.0; 90.0-350.0 Formoterol 149, 121
Segment 5 Scan event 1 302:0284.0; 75.0-305.0 Isoxsuprine 190, 150
Scan event 2 307.8> 289.0; 75.0-310.0 Pisoxsuprine 190, 150
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Fig. 2. MS-full scan of zilpaterol.
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Fig. 3. ME-full scan of zilpaterol.
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Zlpaterol#428-440 RT: 2.38-2.48 AV: 13 NL: 2.04E8
T: + ¢ Full ms3 262.00@22.00 244.00@32.00 [ 70.00-300.00]
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Fig. 4. MS-full scan of zilpaterol.

agonists. For faeces no attempts were made to incorporate3.4. Excretion profile

Zilpaterol in the existing method for the detection of beta-

agonists and optimise this method, since the goal wasto study A male calf was orally treated with 0.15 mg zilpaterol per
the excretion profile of zilpaterol in faeces and not to develop kg bodyweight per day (3.13 mg Zilm&y. Each day urine

a qualitative multi-residue method for beta-agonists in faeces.and fecal sample was collected and the calf was sacrificed
Cimaterol was chosen as internal standard because of its goodfter 14 days.

response and good reproducibility. Since both methods were

Fig. 7 shows the excretion profile of zilpaterol in urine

developed independent of each other, no attempts were madend faeces. The levels of zilpaterol in the urine samples were
to extract and analyse di-aromatic beta-agonists from faecegelatively high. Already after 2 days the concentration of
and cimaterol from urine.
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Fig. 5. Fragmentation of the beta-agonist zilpaterol.

H
2 My
N >N
-

HO 74

N N
0 o

N
H N

zilpaterol exceeded 10QQy|~1. A steady-state concentra-
tion of about 120Gwg I=1 was quickly reached. Also in fae-
ces, a steady-state concentration of.8%g* was quickly
reached (first measurement was already.dkg! on day

2) (Fig. 7). A minimum value of 4Qu.gkg ! was detected
on day 8, after 5 days a maximum value of 1@pkg~* was
reached. It could be concluded that zilpaterol was mainly
excreted via urine.

As the animal was sacrificed after the last treatment, no
data were available for the final elimination of zilpaterol.
Based on the results, the assumption could be made that de-
tection of zilpaterol in urine and faeces, after application as
a feed additive, could be easily achieved.

3.5. Phase | metabolites of zilpaterol

To study the presence of any co-extracted metabolites of
zilpaterol in urine, also MS-full scan analysis of a number of
urine samples (days 2, 4, 8 and 12) was performed. The multi-
residue method of di-aromatic beta-agonists in urine was used
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Fig. 6. lon chromatograms offaractopamine, B-isoxsuprine, zilpaterol, zilpaterol, ritodrine, ractopamine, formoterol and isoxsuprine of a spiked calf urine

sample (Jug ).

to analyse possible co-extracted metabolites of zilpaterol. In
each sample, a de-isopropyl metabolite was fou¥id. 8
shows the chromatograms of zilpaterol and its de-isopropyl
metabolite andrig. 9shows MS-full scan of de-isopropyl zil-
paterol. The pseudo-molecular ion of de-isopropyl zilpaterol
wasm/z 220.

The amount of de-isopropyl zilpaterol was calculated
compared to the concentration of zilpaterol in each sample.
The ratio de-isopropyl zilpaterol/zilpaterol ranged between
2.45% and 5.66%.

3.6. Phase Il metabolites of zilpaterol

To study the phase Il metabolites of zilpaterol, MS-full
scan analysis of two urine samples and M8l scan anal-

Excretion profile of zilpaterol
3000

2500
2000

1500

1000+

5007

conc. (ug I, pg kg™)

day

|lconc Zilp (ug kg“) in faeces Oconc zilp (pg 1) in urine |

Fig. 7. Excretion profile of zilpaterol in urine and faeces.

ysis of 10 urine samples with and without initial hydrolysis
were performed. The extraction of zilpaterol and its possible
second phase metabolites was based on cationic exchange
between the SCX sorbent present in the BondElut certify
SPE columns and the positively charged ammonium groups
present in zilpaterolRig. 1). No standards of conjugates of
zZilpaterol were available to test if the described method is
suitable for the extraction of possible second phase metabo-
lites. Zilpaterol had a pseudo-molecular ionrofz 262 in
positive mode, so a glucuronide-conjugate would show an
ion m/z 438 and a sulphate-conjugate would show an ion
m/z 359 in MS-full scan[10]. Fig. 10 shows the different
chromatograms and mass spectra of zilpaterol and its pos-
sible conjugates. The LC—MS method of di-aromatic beta-
agonists in urine was used to analyse these possible phase
Il metabolites. Some minor adaptions in the gradient were
performed; therefore zilpaterol elutes more rapidely com-
pared toFig. 6. Zilpaterol was mainly excreted unconju-
gated in urine. No glucuronide-conjugates were detected.
The chromatographic peak at 26 min revealed thenén

359 and its Na-adduetvz 381, indicating the presence of a
sulphate-conjugate of zilpaterol. Although, the formation of
a glucuronide or sulphate-conjugate would create a more hy-
drophilic behaviour of the compound, a later retention time
of the possible sulphate-conjugate of zilpaterol was observed
compared to the retention time of the parent compound zilpa-
terol. Mabuchi et al. (2004) described the retention behaviour
of morphine and its glucuronide-conjugate omg &halytical
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Fig. 8. Chromatograms of zilpaterol and its de-isopropyl metabolite.
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Fig. 9. MS-full scan of the de-isopropyl metabolite of zilpaterol.
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Fig. 10. Chromatograms and mass spectra of zilpaterol and its conjugates.

column. Morphine-3-glucuronide eluted at a later retention [12]. So it is important to add glucuronidase/sulphatase
time than the parent compound morphih#]. So not only the to urine samples to convert the conjugates of all beta-
hydrophilic character of a compound, but also other charac- agonists.

teristics, such as molecular weight will influence the retention

time of an analyte. Since there are no standards of the conju-3.7. Quantification

gates of zilpaterol, these observations could not be confirmed.

On the other hand 10 urine samples taken on the same day Although the LC—M$ method for the detection of beta-
were analysed with and without initial hydrolysis. The aver- agonists in urine is primarily a qualitative method, some
age of the area’s ratio (area of the chromatographic peak ofquantitative data were examined. Three series, each con-
zilpaterol divided by the area of the internal standard) of the taining two blank urine samples spiked at a concentration
five replicates with and without hydrolysis were compared. of 1ugl~1 were analysed at three different dayigble 3
There was a minor increase in area’s ratio of the samples withshows the calculated concentrations of zilpaterol, ritodrine,
hydrolysis, indicating the presence of conjugated zilpaterol in ractopamine, formoterol and isoxsuprine.

urine. Since the area’s ratio of the samples without hydroly-  The detection limit (C@) is the smallest content of a
sis was already significant, it can be concluded that zilpaterol compound that may be detected and identified with an error
was mainly excreted unconjugated in urine. These experi- probability of B. Fig. 6 shows that the CE of zilpaterol,
ments only give an indication about the phase Il metabolites ritodrine, ractopamine and isoxsuprine was lower or equal to
of zilpaterol, since no conjugated standards are available tol ugkg. For formoterol, the C@ was lower or equal to
confirm these observations. Further research concerning thes ug kg .

phase 1l metabolites of zilpaterol will be necessary. Previ-  For samples spiked at a concentration pfgll 1, the ac-
ous studies revealed that other beta-agonists (clenbuterol and¢uracy should range from 50% to 12(02. The accuracies of
salbutamol) were mainly excreted as glucuronide-conjugatesall beta-agonists lay within this acceptable range, except for
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Table 3 The method described for urine samples is used in routine
Qua_ntitative datafo!'zilpaterol, ritodrine, ractopamine,f_orm_oterc_)l andisox- ontrol since 2001 within the framework of self-control of
suprine analysed with the LC-M$nethod for beta-agonists in urine veal calves in The Netherlands in order to extend the scope
of beta-agonist screened. So far no positive samples were
Zilpaterol Ritodrine Ractopamine Formoterol Isoxsuprine found in this exclusive approach.

Concentrationgg =)

Dayl Q92 092 112 072 097

1.04 095 109 048 082
Day2 Q90 082 102 102 107 Acknowledgements

1.07 119 101 102 103 _
Day3 100 99 104 109 94 The aythors acknowledge the support of the Foundation

106 105 106 082 104 for Quality Guarantee of the Veal Calf Sector (SKV) and
Average 100 099 105 086 098 the Du_tch Ministry of Agﬂculture, Nature Ma_nagement an_d
SD. Q07 013 004 023 009 _F|sher|es. The authors wish to thank the Belgian Federal Min-
cV (%) 7.1 131 38 27 a5 istry of Health and the Federal agency for the safety of the

food chain for the grant financing of this research (S6044/S3).
The authors are indebted to Intervet for the generous gift of

one analysis of formoterdfig. 6shows that formoterol is not Zilmax® and zilpaterol.

well detectable at g 1=1, so quantification for formoterol
should be done atjsg I~ 1, like already mentioned above. The
precision of this method was evaluated by the coefficients of
variation (CV), which should not exceed the level calculated References
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