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Abstract
A general screening method based on enzymatic hydrolysis of conjugated substances followed by two stages of (pH 9.6 and
12) liquid-liquid extraction (LLE) and LC-MS/MS identification was developed. In this method 64 different doping agents,
including anabolic agents, beta-2-agonists, hormone and metabolic modulators, diuretics, stimulants, narcotics,
cannabinoids, glucocorticosteroids and beta-blockers were investigated. Chromatography was based on gradient elution on
a rapid resolution C18 column and ionization of the analytes was achieved with electrospray ionization in positive ion mode.
The performance of the method was evaluated with regard to specificity, analytical recovery, MRPL-criteria and repeatability.
The method was proven specific and sensitive. The minimum required performance limit (MRPL), established by WADA, was
attained to all qualitative doping agents. The extraction recoveries were higher than 80% for most of the analytes and above
25% for certain more polar compounds. The repeatability of ion ratios and retention times ranged between 0-17%. The
developed method was proven applicable to the analysis of wide selection of prohibited substances, and allows flexible
method extensions which may arise from the modifications of WADA prohibited list.

Introduction
The use of performance enhancing substances is prohibited in sports by the World Anti-Doping Agency (WADA). Doping
analytics requires fast and reliable monitoring of several hundred substances, and their metabolic products from small
sample volume. The purpose of this work was to develop a simple and rapid liquid chromatographic/tandem mass
spectrometric (LC-MS/MS) screening method for selected doping agents in human urine and to respond the modifications of
WADA prohibited list.

Experimental
Sample pretreatment
To 1 mL urine aliquot, 10 µL internal standard (dibenzepine), 760 µL 0.8 M K/Na-phosphate buffer, pH 7, and 25 µL
β-glucuronidase were added. The mixture was incubated at 50 °C for one hour. Then 250 µL 20% (w/v) K2CO3/KHCO3 (1:1)
and 1 mL saturated NaCl-solution were added and the sample was extracted with 2 mL of ethyl acetate. The organic layer
was separated and 600 µL 5 M KOH was added to the aqueous layer and then extracted with 2 mL of ethyl acetate. Organic
layers were combined, evaporated to dryness and reconstituted in 100 μL of LC mobile phase (A:B, 90:10).
The performance of the method was evaluated with regard to specificity, analytical recovery, sensitivity at 50% MRPL and
repeatability. Samples were analyzed with LC-ESI-MS/MS in Dynamic MRM mode and each analyte was monitored by two
MRM-transitions (Table 1 and 2). Glucocorticosteroids were an exception and monitored by only one precursor-product ionpair.
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Results and Discussion
Method development
Chromatographic conditions were tested concerning mobile phase and column length. Both methanol and acetonitrile were
tested with and without buffer. The 50 mm and the 100 mm columns with the same phase material were tested. Best results
(peak width, separation and ionization) for most of the compounds were attained with buffer in acetonitrile and 50 mm
column. Oxymorphone was the first eluting compound and JWH-122 the last for the total run time being only 12 minutes.
In sample pretreatment diethyl ether and ethyl acetate were compared, and these results were in favor of ethyl acetate.
Two-stage liquid-liquid extraction in very alkaline pH extends the method to stimulants.
The initial strategy included polarity-switching of the ionization, and for glucocorticosteroids also negative MRM-transitions
were optimized. However, the delay between scans compromized the sensitivity and this feature could not be included in the
final method.
Validation results
The method was proven specific and sensitive. The minimum required performance limit (MRPL) criteria, established by
WADA, were fulfilled to all investigated doping agents (Table 2). Even clenbuterol, which has the most strict MRPL, was
identified reliably in 0.1 ng/mL-level (Figure 1). The repeatability of ion ratios ranged from 0.1 to 12% (intra day) and from
0.1 to 17% (inter day). The repeatability of retention times was between 0 and 5% (intra and inter days). Extraction
recoveries are summarized in Table 2.

Table 1. The analysis conditions and parameters for LC-ESI-MS/MS

Figure 1: Extracted ion chromatograms of (a) a blank urine specimen and (b) a spiked urine sample at 0.1 ng/ml of clenbuterol.
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Table 2: Summarized results (MRPLs, transitions, MS-conditions, retention times and extraction recoveries).
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Conclusions
The developed method was proven applicable to the analysis of wide selection of prohibited substances, and allows flexible
method extensions which may arise from the modifications of WADA prohibited list. The method is simple, rapid and suitable
for initial testing procedure.
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