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Introduction

The list of prohibited substances by World Anti-Doping Agency (WADA) includes hundreds
of compounds with variable chemical properties [1]. Doping control laboratories have to be
able to screen and identify these substances from a limited volume of biological sample at a
limited time-frame. Therefore, the selection of an appropriate sample preparation method is
important and mainly specifies the quantity and amount of target compounds. Extensive
sample preparation procedures have been applied in fields of toxicology [2], environmental
and food [3], as well as horse [4,5] and human doping control analysis [6]. The aim of this
study was to develop a single sample preparation method for doping agents in a 1-mL aliquot
of urine sample regardless of their chemical properties. The compounds were extracted with
two mixed-mode solid phase extraction (SPE) columns with C8 and either strong cation or

anion exchange mechanisms.

Experimental

Isolute® HCX and HAX (130 mg) columns by Biotage (Uppsala, Sweden) were chosen and
optimization of the method was based on previous study (HCX) [7] and Technical note 127
(HAX) [8]. Combined SPE procedure is presented in Fig.1. An aliquot (1 mL) of spiked
human urine sample was first hydrolyzed with B-glucuronidase. At the first phase (SPE 1),

basic and neutral compounds were collected while acidic compounds were eluted in washes to
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the second phase (SPE I1). Elution fractions from both columns were combined as one sample
for analysis. The extraction recoveries were determined in urine as four replicates spiking
analytes before and after extraction. Samples were analyzed with liquid
chromatographic/time-of-flight mass spectrometric (LC/TOFMS) technique using
electrospray ionization (ESI) in positive and negative mode. The applicability of the
procedure was demonstrated with eleven different doping agents with different chemical
properties covering seven prohibited substance classes as listed in Table 1. Selected
compounds were spiked at minimum required performance limit (MRPL), with exception of
phenylephrine and clenbuterol which were spiked at ten times MRPL level.

Sample pre-treatment: 1 mL-aliquot of urine
+0.375 mL 0.8 M K/Na-phosphate buffer, pH 7 + 0.015 mL B-glucuronidase (E.coli)
Incubate at 50°C in water bath for 1 h
+2mL 0.1 M Ammonium acetate, pH 6 +10 pL ISTD (0.01 mg/mL)
ISOLUTE HCX 130 mg column (SPE 1) Collect for ISOLUTE HAX 130 mg
Column conditioning: [ column extraction (SPE 11 (4 mL)
1 mL MeOH y
Add 0.6 mL 1 M Ammonium acetate/0.05
1 mL 0.1 M Ammonium acetate, pH 6 M NaOH, pH 7
¥ ¥
Sample loading ‘ Column conditioning:
¥ 1 mL MeOH
1. Wash: 2 mL H,0 1mL 0.1 M Ammonium acetate/0.05 M
Dry with vacuum for 1 min NaOH, pH 7
¥ ¥
2. Wash: 2 mL 0.01 M HCI Sample loading
Dry with vacuum for 1 min ¥
¥ ; -
Analyte elution: 2 x 1 mL MeOH:NH, rl).vaash. 1 mL 0.1 M Ammonium acetate,
(98:2; viv) Dry with vacuum for 1 min
¥
2. Wash: 1 mL MeOH:H,0 (50:50; v:v)
Dry with vacuum for 1 min
17
Analyte elution: 2 x 1 mL
MeOH: Acetic acid (98:2; v:v)

|

Combine elution fraction from SPE | and SPE 11
Evaporate elution solvent at 45°C under nitrogen stream

Re-constitute with 150 uL of mobile phase, vortex and centrifuge for 10 min at 5700 xg (8000 rpm)

Figure 1. Combined solid phase extraction (SPE) diagram for screening of doping agents.

Results and Discussion

The results are summarized in Table 1. Combined extraction procedure was applicable to
different types of doping agents with relative (to ISTD, dibenzepin) extraction recoveries over
50% for the majority of the compounds.
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Table 1. Results of the combined extraction method for the studied compounds in urine.

Compound Structure ESI Concentration | S/N | Extraction
Polarity pg/mL recovery%
Chlorthiazide C':@:N\ 0.25 142 10
HaN_ _NH -
O//SQ\O o//s\\o
Benzthiazide N o 0.25 664 104
:@E _NH, )
o] S o//S§O
THC-COOH 0.015 422 37
CHj3
Amphetamine CHs 0.50 27 95
p-OH- CHs o 0.50 134 90
mesocarb- ©\/‘\N/SiN>7NH@70\S4O +
sulphate . S o7
Ritalinic acid 0.50 194 86
e OH
+
HN
Phenylephrine HO\Q\A _CHj 5.0 34 52
NH +
OH
Bunolol °| 0.50 466 75
+
Clenbuterol 0.020 196 69
+
Dexamethasone 0.030 92 77
+
Oxandrolone 0.010 192 100
+
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All of the studied compounds could be detected specifically and no interfering compounds
were detected in blank urine samples at the corresponding retention times of the analytes

(Figure 2). Signal to noise ratios (S/N) were >27 for all studied compounds.

The presented sample pretreatment method combining two separate SPE steps of HCX and
HAX enables extensive doping screening covering most of the compound classes listed in
WADA's code. All the materials required for the procedure were general laboratory regents
and the total sample consumption was minimized to 1 mL. Simultaneous extraction of
compounds with different chemical properties allowed the preparation of one single sample
for LC-TOFMS analysis.

— a
Figure 2. Examples of the extracted ion chromatograms (EIC) of the studied compounds and blank urine (bold
line). Chromatographic separation was based on a gradient elution on a C18 rapid resolution column. 1=
Benzthiazide [M-H]" m/z 429.97622, RT= 4.60 min, 2= Amphetamine [M+H]" m/z 136.11208, RT=1.34 min, 3=
Bunolol [M+H]" m/z 292.19072, RT= 3.34 min, 4= Dexamethasone [M+NH,]" m/z 409.22590 RT= 4.51 min.

Acknowledgement
This work was supported by Research Foundation of Clinical Chemistry (Kliinisen Kemian
Tutkimussaatio).

References

[1] World Anti-Doping Agency. The 2009 Prohibited List, International Standard, Montreal (2009)
http://www.wada-ama.org/Documents/\World_Anti-Doping_Program/WADP-Prohibited-

list/ WADA_Prohibited List 2009 EN.pdf (access date 24.9.2009)

[2] Pelander A., Ojanperé 1., Laks S., Rasanen 1., Vuori E. (2003) Toxicological screening with formula-based
metabolite identification by liquid chromatography/time-of-flight mass spectrometry Anal. Chem. 75, 5710-5718
[3] Ferrer 1., Thurman E.M. (2007) Multi-residue method for the analysis of 101 pesticides and their degradates
in food and water samples by liquid chromatography/time-of-flight mass spectrometry J. Chromatogr. A 1175,
24-37

[4] Yu N.H., Ho E.N.M,, Tang F.P.W., Wan T.S.M., Wong A.S.Y. (2008) Comprehensive screening of acidic
and neutral drugs in equine plasma by liquid chromatography-tandem mass spectrometry J. Chromatogr. A 1189,
426-434

[5] Takeda A., Tanaka H., Shinohara T., Ohtake I. (2001) Systematic analysis of acidic, neutral and basic drugs
in horse plasma by combination of solid-phase extraction, non-aqueous partitioning and gas chromatography-
mass spectrometry J. Chromatogr. B 758, 235-248

[6] Badoud F., Grata E., Perrenoud L., Avois L., Saugy M., Rudaz S., Veuthey J.-L. (2009) Fast analysis of
doping agents in urine by ultra-high-pressure liquid chromatography-quadrupole time-of-flight mass
spectrometry I. Screening analysis J. Chromatogr. A 1216, 4423-4433

[7] Kolmonen M, Leinonen A, Pelander A, Ojanpera I. (2007) A general screening method for doping agents in
human urine by solid phase extraction and liquid chromatography/time-of-flight mass spectrometry. Anal. Chim.
Acta 585, 94-102.

[8] Technical Note 127 (Sample preparation by mixed-mode SPE using Isolute® HAX), Biotage, Uppsala,
Sweden.

196





