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Lecture
MANFRED DONIKE WORKSHOP

Mazzarino M, de la Torre X, Khevenhüller F, Iannone M, Palermo A, Botrè F

Effects of antifungals on the circadian fluctuation of the markers of the
“steroid profile”. An in vivo study
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
In this study, we have evaluated the effects of ketoconazole and miconazole on the analytical strategies currently followed
to detect doping by testosterone-related steroids.
Urine samples collected from three male Caucasian volunteers before, during and after oral administration of therapeutic
doses of either ketoconazole (200 mg for three days) or miconazole (500 mg for three days), were analyzed using the
analytical procedure adopted by our laboratory to evaluate the “steroid profile”. In details, the urinary levels of testosterone,
epitestosterone, androsterone, etiocholanolone, 5α-androstan-3α,17β-diol, 5β-androstan-3α,17β-diol were determined by
gas chromatography coupled with mass spectrometry after sample-pretreatment consisting of an enzymatic hydrolysis,
liquid/liquid extraction with tert-butyl methyl ether and trimethylsilyl derivatization.
When administered at therapeutic doses, ketoconazole is capable of altering the normal fluctuation of testosterone,
testosterone/epitestosterone ratio, androsterone and androsterone/etiocholanolone ratio significantly, whereas miconazole
alters only levels of androsterone and consequently, the androsterone/etiocholanolone ratio. These alterations are
detectable for more than 24 hours after administration. Parent ketoconazole, as well as parent miconazole, however, can be
clearly detected during the same period of time.

Introduction
The evaluation of the urinary “steroid profile” was introduced in doping control to reveal athletes’ misuse of
testosterone-related steroids. According to the WADA Technical Document TD2014EAAS markers of “steroid profile” are:
testosterone (T), epitestosterone (E), androsterone (A), etiocholanolone (Etio), 5α-androstan-3α,17β-diol (5αA-diol),
5β-androstan-3α,17β-diol (5βA-diol) and T/E, A/Etio and 5αA-diol /5βA-diol ratios [1]. Additionally others factors/analytes
have to be considered/monitored due to their potential ability in altering the levels of the parameters that are part of the
“steroid profile”. An example is represented by ketoconazole, a pharmaceutically licensed antifungal agent that was
demonstrated to interact with both the 17α-hydroxylase and 17,20-lyase activity of cytochrome P450c17 [2], the enzyme
that converts pregnenolone to dehydroepiandrosterone and progesterone to androstenedione in the human testes, ovaries,
and adrenal glands [3,4]. Previous studies have already evaluated the effects of ketoconazole administration on the urinary
levels of T and T/E ratio [5]. However, the effects of ketoconazole and its analogs on the other parameters of the “steroid
profile” are unknown. This study aims at evaluating the impact of ketoconazole and of other azole-antifungals (e.g.
miconazole) on the current analytical strategies implemented to detect doping by testosterone-related steroids.

Experimental
Chemicals and reagents
T, E, A, Etio, 5αA-diol, 5βA-diol and their deuterated analogs were from National Measurement Institute (Pymble, Australia).
Reagents, 17α-methyltestosterone and the two antifungals were from Sigma-Aldrich (Milano, Italy). The enzyme
β-glucuronidase from E. coli was from Roche (Monza, Italy). The ultrapurified water was of Milli-Q-grade (Millipore, Milano,
Italy). Trifluoroacetamide was from Chemische Fabrik Karl Bucher GmbH (Waldstetten, Germany).
The excretion study samples were obtained from three Caucasian males (subject 1: 25 years, 70 kg; subject 2: 45 years,
68% kg; subject 3: 45 years, 75 kg). The urines were collected every two hours before (seven days), during (three days) and
after (five days) administration of oral therapeutic doses of either ketoconazole (200 mg) or miconazole (500 mg).
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GC-MS analytical procedure: steroid profile
To 2 mL of urine, 1 mL of phosphate buffer, 50 mL of β-glucuronidase from E. coli and 50 mL of internal standard mixture
(100 ng/mL of T-d3, 25 ng/mL of E-d3, 2000 ng/mL of Etio-d5, 50 ng/mL of 5αA-diol d3 and of 5βA-diol-d5) were added. After
incubation for 1 hour at 50°C, 1 mL of carbonate/bicarbonate buffer, was added and the analytes were extracted with 7 mL
of tert-butyl methyl ether. The organic layer was evaporated to dryness and reconstituted in 50 mL of N-methylN-trimethylsilyl-trifluoroacetamide/ammonium-iodide/dithioerythritol (1000:2:4:v/w/w). After incubation at 70°C for 20 min,
samples were injected into the GC-MS. GC-MS analyses were performed on an Agilent Technologies 6890/5973A (Milano,
Italy), in EI ionisation (70 eV), using a HP1 column (17 m, ID 0.20 mm, film thickness 0.11 µm). The carrier gas was helium
(1 mL/min, split ratio 1:10), and the temperature program was: 188°C (4.5 min), 3°C/min to 230°C, 20°C/min to 290°C, 30°C/
min to 320°C. The transfer line and injector temperature was 280°C. Selected ion monitoring was used as acquisition mode.
LC-MS/MS analytical procedure: antifungals profile
To 2 mL of urine, 100 ng/mL of 17α-methyltestosterone and 1.5 mL of phosphate buffer were added. Enzymatic hydrolysis
was carried out for 1 hour at 55 °C using β-glucuronidase from E. coli. The analytes were extracted with 7 mL of tert-butyl
methyl ether and the organic layer was evaporated to dryness and then reconstituted in 50 µL of mobile phase. 20 µL were
injected in the LC-ESI-MS/MS. An Agilent 1200 Rapid Resolution Series HPLC pump (Agilent Technologies, Italy), a C18
column (2.1x150 mm, 5 mm), ultrapurified water (A) and acetonitrile (B) both containing 0.1% formic acid were used for
chromatographic separation with flow rate of 250 µL/min. The gradient program started at 10% B and increased to 60% B in
7 min, after 6 min, to 100% B in 1 min. Detection was carried out using an API4000 system (Applera italia, Monza, Italy) in
positive ESI, at ion source temperature of 500 °C and an applied declustering and needle voltages of 80 V and 5500 V
respectively. Data were acquired using selected reaction monitoring.

Results and Discussion
The urine samples, collected every two hours, starting with the morning urine (usually around 7:00 a.m.) and finishing with
the last urine in the evening (usually around 11:00 p.m.) for seven days before, for 3 days during and for five days after
administration of either 200 mg of ketoconazole or 500 mg of miconazole, were analyzed using the GC-MS-based analytical
procedure described above. The values of the urinary concentration of each analyte under investigation were calculated by
the peak areas of the detected signals respective to their corresponding deuterated internal standards. A calibration mixture,
constituted by 2 mL of artificial urine (prepared following the protocol described by Leinonen et al [6]) added with suitable
concentrations of the analytes of interest (50 ng/mL of 5αA-diol and 5βA-diol , 40 ng/mL of T, 10 ng/mL of E, 2000 ng/mL of A
and Etio) was used. All concentration values were finally adjusted for the specific gravity (based on a normal value of 1.020,
complying with the WADA Technical Document-TD2014 EAAS [1]). The graphs were obtained plotting the urinary
concentration of each compound measured before, during and after oral administration of either ketoconazole or miconazole
versus the urine collection time. The steroid baseline profile (before administration, blank) was determined as the mean
value of the seven days prior to administration, whereas the steroid profile after drug administration was recorded for every
single value (mean of three replicates) at this particular time point.
Effect of ketoconazole on the markers of “steroid profile”
Figure 1 reports the excretion profile of T, E, A, Etio, 5αA-diol and 5βA-diol in the pre-administration period (baseline profile,
blank, solid lines) and after the first day (dotted lines) of administration of 200 mg of ketoconazole. The presented data are
from subject 3, but similar results were obtained also for the other two subjects studied. As it can be seen a significant
decrease in urinary T levels and consequently in T/E ratio was recorded after 5-6 hours from ketoconazole administration
(Figure 1). This alteration is detectable for more than 24 hours from drug administration, confirming the results reported in
previous studies. A similar behavior was registered also for A and A/Etio ratio (Figure 1), but in this case the alteration
appears to be less persistent. No significant deviation from the baseline profile was measured for the other markers of
steroid profile (Figure 1) after three days of ketoconazole administration.
Effect of miconazole on the markers of “steroid profile”
Figure 2 reports the excretion profile of T, E, A, Etio, 5αA-diol and 5βA-diol in the pre-administration period (baseline profile,
blank, solid lines) and after the first day of administration of 500 mg of miconazole (dotted lines). Data were from subject 2,
but similar results were obtained also for the other two subjects studied. As it can be seen in this case, only a significant
decrease in A urinary levels and consequently in A/Etio ratio was observed. No significant alteration of the baseline profile
was recorded for the other markers of steroid profile (Figure 2), not even after three days of miconazole administration.
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Figure 1: Urinary profile of T, E, T/E, A, Etio, A/Etio, 5αA-diol, 5βA-diol and 5αA-diol /5βA-diol before (baseline profile, blank, solid lines) and during the
first day (dotted lines) of treatment with 200 mg of ketoconazole.
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Figure 2: Urinary profile of T, E, T/E, A, Etio, A/Etio, 5αA-diol, 5βA-diol and 5αA-diol/5βA-diol before (baseline profile, blank, solid lines) and during the
first day (dotted lines) of treatment with 500 mg of miconazole.

RECENT ADVANCES IN DOPING ANALYSIS (23)

16

ISBN 978-3-86884-041-4

Lecture
MANFRED DONIKE WORKSHOP

Ketoconazole and miconazole urinary profile
Routine LC-MS/MS method [7] was used to investigate the possibility to detect ketoconazole and miconazole in the urine
samples collected after their administration. Ketoconazole was detectable in urine samples for at least 24 hours with a
maximum of excretion in the range of 5-7 hours from the oral administration (see Figure 3 for the subject 3) of 200 mg. Also
miconazole was detectable in urine samples for at least 24 hours, but the maximum of excretion is in the range of 6-8 hours
from the oral administration (see Figure 3 for the subject 2) of 500 mg.

Figure 3: Urinary profile of ketoconazole and miconazole after administration of a single therapeutic dose of drug.

Conclusions
Our experimental evidence shows that ketoconazole and miconazole administration causes an alteration of the measured
concentration of several parameters considered in the assessment of the “steroid profile”. In details, after ketoconazole
administration the levels of T are reduced, with a consequent decrease of T/E ratio, confirming an interaction of
ketoconazole with the activity of CYP17 [2,5]. Furthermore, the levels of A and, in turn, of A/Etio ratio, are reduced following
the administration of ketoconazole and miconazole. The exact mechanism(s) producing this effect is currently under
investigation.
In future, being ketoconazole oral formulations discontinued in Europe and both ketoconazole and miconazole usually
administered at higher doses and for longer period of time, multiple dosages and topical formulations will be studied.
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Improved detection of steroid sulfate conjugates using LC-MS/MS with
paired-ion electrospray (PIESI) ionization
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Abstract
It is known that steroid metabolites excreted as sulfate conjugates may provide longer detection time windows compared to
respective glucuronides. However, the analysis of sulfate conjugates is not common among the antidoping laboratories, as it
requires a dedicated sample preparation procedure. Direct detection of sulfates by LC-MS in negative electrospray mode is
of limited use due to generally non-informative mass spectra and compromised sensitivity.
We have investigated the detectability of mesterolone metabolite, 1α-methyl-5α-androstan-3β-ol-17-one sulfate, and
methenolone metabolite, 16ξ-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate, by liquid chromatography coupled to
high resolution and triple quadrupole mass spectrometry using (1) direct analysis by dilute-n-shoot, (2) analysis after
isolation of sulfate conjugates by liquid-liquid extraction, and (3) analysis with paired-ion electrospray ionization (PIESI) using
commercially available dicationic reagents, such as 1,3-propanediyl-bis(tripropylphosphonium) difluoride (C 3 tpp),
1,5-pentanediyl-bis(3-benzylimidazolium) difluoride (C5bzim), and 1,5-pentanediyl-bis(1-butylpyrrolidinium) difluoride (C5
bpyr). Dicationic reagents form an ion pair with negatively charged steroid sulfates, and the resultant ion associates are
detected in positive ionization mode with a higher sensitivity. On average, an increase in sensitivity was 10-fold. Importantly,
the collision-induced dissociation of ion associates leads to product ions which are specific to dicationic reagent only.

Introduction
Sulfate conjugation is a minor but important biotransformation pathway of xenobiotics the in human body [1]. In the context
of sports drug testing, sulfate conjugates of steroids are typically not detected [2]. However, recent studies suggest that
sulfate conjugates may provide better retrospectivity of abuse of synthetic steroids, such as boldenone, methyltestosterone,
methandienone, mesterolone, and clostebol [3-7]. At present, more and more research is conducted towards the detection
of intact phase II steroid metabolites by liquid chromatography – mass spectrometry (LC-MS) [8,9].
The use of dicationic reagents for detection of anions by LC-MS with positive electrospray (ESI) ionization was reported by
Armstrong et al. in 2007 [10]. The method is based on the post-column addition of an ion-pairing reagent, which form
complexes, via gas-phase ion association, with singly charged anions to produce singly charged positive ions. Starting from
inorganic anions, the applicability of this approach has been extended to bisphosphonate drugs, acidic pesticides, and other
organic compound classes [11-13]. The sensitivity of detection of anions as ion associates is greatly improved, but is
strongly dependent on the dicationic reagent utilized.
The aim of the present study was to evaluate the applicability of paired-ion electrospray ionization (PIESI) for the detection
of steroid sulfates. As a model compounds, a mesterolone metabolite, 1α-methyl-5α-androstan-3β-ol-17-one sulfate, and a
methenolone metabolite, 16ξ-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate, were selected.

Experimental
Administration study: 25 mg of mesterolone was given orally to 2 healthy male volunteers (age 26, body mass index 28;
age 37, body mass index 22). Three weeks after a single oral dose of methenolone acetate (25 mg) were given to the same
volunteers. Urine was collected once a day in the morning.
Sample preparation: (a) 5-fold dilution of urine with water/methanol 97/3, supplemented with 0.1% formic acid, or (b)
extraction of sulfate conjugates from 3 ml urine with ethyl acetate in the presence of (NH4)2SO4. The organic layer was
evaporated to dryness, and reconstituted in 100 µL of methanol/water mixture 50/50 for LC-MS/MS analysis.
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Whenever steroid metabolites have to be identified by gas chromatography coupled to mass spectrometry, instead of
reconstitution in methanol/water, the dry residue was subjected to acid hydrolysis with 4 ml ethyl acetate / methanol /
sulfuric acid 20/5/0.015 at 55°C for 2 h, neutralized with 6M KOH, evaporated to dryness, reconstituted in 1 mL carbonate
buffer followed by extraction with diethyl ether, evaporation and TMS-enol derivatization.
Ion pairing: 0.7 mM solution of each dication (received from Sigma-Aldrich) in methanol/water (50/50) was added
post-column via a T-piece using a syringe pump, to final concentration of 10 µM (column flow 350 µL/min, the reagent flow
5 µL/min).
Instrumental analysis: liquid chromatograph Waters Acquity (Waters, Milford, MA, USA) coupled to high resolution / high
accuracy mass spectrometer Exactive (Thermo Scientific, Bremen, Germany) or triple quadrupole mass spectrometer TSQ
Vantage (Thermo Scientific, San Jose, CA, USA) were used in this study. The heated positive and negative ion electrospray
ionization (HESI II) was used for the detection.
The analytes were separated on an Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C
and protected by a Vanguard column applying gradient elution at a flow rate of 0.35 mL/min. The elution program started
from 0.5-min isocratic step at 95% of 0.1% formic acid in water (A) and 5% of 0.1% formic acid in methanol (B) followed by
linear increase to 95% of B within 4.5 min, hold at 95% of B for 2.5 min and then re-equilibration until the end of analysis
(10 min).

Results and Discussion
Detection of sulfate conjugates
To identify phase II metabolites of mesterolone and methenolone, post-administration urine samples were first analyzed by
means of liquid chromatography – high resolution mass spectrometry (LC-HRMS). As is shown in Fig. 1, the sulfate
metabolites are present in urine in the amounts comparable to that of glucuronide conjugates. The identification of each of
the isomers (whenever applicable), was out of the scope of this study. As a model metabolites we have selected
1α-methyl-5α-androstan-3β-ol-17-one sulfate (Fig. 1A, RT 7.53 min), which was confirmed as the long-term metabolite of
mesterolone [6], and 16ξ-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate (Fig. 1B, RT 4.90/5.10 min), a methenolone
metabolite, which was earlier shown to be an important marker of methenolone administration [9,14].

Fig. 1: LC-HRMS profile of mesterolone (A) and methenolone (B) metabolites in negative ESI mode (A: m/z 383.1897, 1α-methyl-3β-hydroxy-5αandrostane-17-one sulfate and mesterolone sulfate; m/z 397.1690, 16ξ-hydroxy-1α-methyl-5α-androstane-3,17-dione sulfate; m/z 399.1847, one
oxidation and hydroxylation to mesterolone sulfate; m/z 479.2650, 1α-methyl-3α-hydroxy-5α-androstane-17-one glucuronide; B: m/z 381.1747,
1-methylene-3ξ-hydroxy-5α-androstane-17-one sulfate and methenolone sulfate; m/z 395.1534, 16α/16β-hydroxy-1-methyl-5α-androst-1-en-3,17dione sulfate; m/z 477.2494, 1-methylene-3α-hydroxy-5α-androstane-17-one glucuronide and methenolone glucuronide).
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When it comes to detection of the sulfate-conjugated metabolites in sports drug testing, the expected concentration could
be extremely low, and therefore their isolation from urinary matrix (preconcentration) would be desirable. Solid phase or
liquid-liquid extraction (LLE) with ethyl acetate is most frequently used for this purpose. After isolation, steroid sulfates could
be detected either by LC-MS/MS or GC-MS/MS. The advantage of LC-MS/MS is the ability to detect intact sulfates, but the
main limitation is that positive ESI is unlikely to work well for such analytes. At the same time, negative ESI, being
intrinsically less sensitive, provides practically no structural information for sulfates, as the most abundant ion species will
be HSO4– and/or SO3–. Ideally, GC-MS/MS method should be preferred. However, time-consuming chemical cleavage of
sulfates followed by derivatization will need to be performed. All this impedes the implementation of methods for detection
of sulfate metabolites into routine practice of antidoping laboratories.
For the purpose of this study, we have also evaluated the detection time window for 1α-methyl-5α-androstan-3β-ol-17-one
sulfate and 16ξ-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate in our excretion study. The sulfates isolated using LLE
were cleaved by acid hydrolysis and the free steroids were analyzed in the form of respective enol-TMS derivatives by
GC-MS/MS. Both steroid metabolites were detectable in urine for up to 21 days after administration.
Dicationic reagents
Dicationic reagents have been shown to significantly increase the sensitivity of mass spectrometric detection of inorganic
and organic anions due to formation of positively charged ion associates [10-13]. The main requirement is that a substance
must be ionized in solution to couple with the reagent. It means that, for instance, glucuronides, which have their pKa at
approximately 3.5, are neutral at pH of acidic mobile phase typically used in LC-MS, and will not form an ion pair. Our
suggestion was that the sulfate conjugates (pKa< 1), will be ionized and couple with the dicationic reagent.
We have studied the effect of 3 commercially available dicationic reagents – 1,3-propanediyl-bis(tripropylphosphonium)
difluoride (C3tpp), 1,5-pentanediyl-bis(3-benzylimidazolium) difluoride (C5bzim), and 1,5-pentanediyl-bis(1-butylpyrrolidinium)
difluoride (C5bpyr) – on the ionization efficiency of selected sulfate metabolites. The structure of each reagent is given in
Fig. 2. The reagents were added into the eluent flow by a post-column infusion via a T-piece. An exemplary structure of ion
associate is shown in Fig. 3. The molecular mass of ion associate is just a sum of molecular masses of respective dication
(without its difluoride counter ion) and the anion, which would be 707.5391Da for the 1α-methyl-5α-androstan-3β-ol-17-one
sulfate paired with C5bpyr (324.3494+383.1897).

Fig. 2: Structure of dicationic reagents (A - C3tpp, 362.3220 Da, B - C5bpyr, 324.3494 Da, C - C5bzim, 386.2460 Da).

Fig. 3: Ion associate formed of C5bpyr (324.3494 Da, doubly charged) and 1α-methyl-3β-hydroxy-5α-androstane-17-one sulfate (383.1897 Da,
negatively charged).
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We have found that under the collision-induced dissociation, the ion associates demonstrate fragmentation pattern which is
devoid of any fragments related to the anion, and all the product ions originate from the dication only. Fig. 4 summarizes
the tentative structure of each characteristic ion for C3tpp, C5bpyr, and C5bzim, as well as the collision energy which would
provide sufficient fragmentation.

Fig. 4: Tentative structure of the most abundant fragments formed after collision-induced dissociation of C3tpp (A), C5bpyr (B), and C5bzim (C).
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The signal intensity increase, measured as the ratio between peak heights for the ion associate and intact sulfate detected
in positive and negative ESI, respectively, was significantly dependent on the dicationic reagent used. As is seen from Fig. 5,
the ratio was ranging from 5 to 20. In fact, the sensitivity achieved was comparable that of our reference GC-MS/MS method.
It should be stressed that the background is also multiplied, so efficient sample cleanup and good chromatography is needed.

Fig. 5: LC-MS/MS mass chromatograms for 1α-methyl-3β-hydroxy-5α-androstane-17-one sulfate (1) and 16α-hydroxy-1-methyl-5α-androst-1-en-3,17dione sulfate (2), showing the detection of intact sulfate (A) or sulfate paired with C3tpp (B), C5bzim (C), and C5bpyr (D). Signal-to-noise ratio (S/N) is
given to better represent actual increase in sensitivity.

RECENT ADVANCES IN DOPING ANALYSIS (23)

23

ISBN 978-3-86884-041-4

24

Lecture
MANFRED DONIKE WORKSHOP

Finally, Fig. 6 demonstrates the product ion mass spectra of ion associates by the example of 16α-hydroxy-1-methyl-5αandrost-1-en-3,17-dione sulfate and summarizes the generic SRM transitions, which could be useful for detection of any
sulfate metabolite by LC-MS/MS. It should be noted that steroid sulfates, being ionized at pH of mobile phase, demonstrate
relatively poor repeatability of retention times, especially when sample is preconcentrated. Therefore, chromatographic
conditions must be rigorously optimized.
Another option for further studies would be switching to alkaline mobile phase to make glucuronides ionized in solution. This
could extend applicability of the method, but again the issue of retention time stability should not be neglected. At this point,
the use of dicationic reagents for enhanced ionization of steroid sulfates looks more a research tool rather than a
ready-to-use solution.

Fig. 6: Product ion mass spectra of 16α-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate associated with C3tpp (A, 45 eV), C5bzim (B, 45 eV), and
C5bpyr (C, 55 eV) and respective generic SRM transitions for detection of ion associates.
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Conclusions
Our data confirmed that 1α-methyl-3β-hydroxy-5α-androstane-17-one sulfate is as a long-term metabolite of mesterolone.
The sulfate-conjugated methenolone metabolite, 16ξ-hydroxy-1-methyl-5α-androst-1-en-3,17-dione sulfate, was found to be
at least as long-term as its respective glucuronide. Both metabolites could be detected in urine for up to 21 days after
administration of 25 mg of each steroid.
Dicationic reagents provide a considerable enhancement of electrospray ionization of steroid sulfate metabolites in
LC-MS/MS, which is 10-fold on average. However, collision-induced dissociation of paired-ion associates only reflects dication
structure; therefore, a good chromatographic separation is necessary.
Due to predictable fragmentation, the dicationic reagents could be used as a tool to identify sulfate metabolites: calculate
the m/z ratio of the expected ion associate and you may find it.

References
[1] Lundgren B, DePierre JW. (1990) The metabolism of xenobiotics and its relationship to toxicity/genotoxicity: studies with
human lymphocytes. Acta Physiol Scand Suppl. 592, 49-59.
[2] Schänzer W, Thevis M. (2015) Human sports drug testing by mass spectrometry. Mass Spectrom Rev. doi:
10.1002/mas.21479.
[3] Gómez C, Pozo OJ, Geyer H, Marcos J, Thevis M, Schänzer W, Segura J, Ventura R. (2012) New potential markers for the
detection of boldenone misuse. J Steroid Biochem Mol Biol. 132 (3-5), 239-246.
[4] Gómez C, Pozo OJ, Marcos J, Segura J, Ventura R. (2013) Alternative long-term markers for the detection of
methyltestosterone misuse. Steroids 78(1), 44-52.
[5] Gómez C, Pozo OJ, Garrostas L, Segura J, Ventura R. (2013) A new sulphate metabolite as a long-term marker of
metandienone misuse. Steroids 78(12-13), 1245-1253.
[6] Lu J, Fernández-Álvarez M, Yang S, He G, Xu Y, Aguilera R. (2015) New potential biomarkers for mesterolone misuse in
human urine by liquid chromatography quadrupole time-of-flight mass spectrometry.J Mass Spectrom. 50(1), 153-159.
[7] Lu J, Fernández-Álvarez M, Yang S, He G, Xu Y, Aguilera R. (2015) New clostebol metabolites in human urine by liquid
chromatography time-of-flight tandem mass spectrometry and their application for doping control.J Mass Spectrom. 50(1),
191-197.
[8] Balcells G, Pozo OJ, Esquivel A, Kotronoulas A, Joglar J, Segura J, Ventura R. (2015) Screening for anabolic steroids in
sports: analytical strategy based on the detection of phase I and phase II intact urinary metabolites by liquid
chromatography tandem mass spectrometry. J Chromatogr A. 1389, 65-75.
[9] Fragkaki AG, Angelis YS, Kiousi P, Georgakopoulos CG, Lyris E. (2015) Comparison of sulfo-conjugated and
gluco-conjugated urinary metabolites for detection of methenolone misuse in doping control by LC-HRMS, GC-MS and
GC-HRMS. J Mass Spectrom. 50(5), 740-748.
[10] Soukup-Hein RJ, Remsburg JW, Dasgupta PK, Armstrong DW. (2007) A general, positive ion mode ESI-MS approach for
the analysis of singly charged inorganic and organic anions using a dicationic reagent. Anal Chem. 79(19), 7346-7352.
[11] Xu C, Armstrong DW. (2013) High-performance liquid chromatography with paired ion electrospray ionization (PIESI)
tandem mass spectrometry for the highly sensitive determination of acidic pesticides in water. Anal Chim Acta. 792, 1-9.
[12] Xu C, Pinto EC, Armstrong DW. (2014) Separation and sensitive determination of sphingolipids at low femtomole level
by using HPLC-PIESI-MS/MS. Analyst 139(17), 4169-4175.
[13] Santos IC, Guo H, Mesquita RB, Rangel AO, Armstrong DW, Schug KA. (2015) Paired-ion electrospray ionization--triple
quadrupole tandem mass spectrometry for quantification of anionic surfactants in waters. Talanta 143, 320-327.
[14] Goudreault D, Massé R. (1990) Studies on anabolic steroids - 4. Identification of new urinary metabolites of
methenolone acetate (Primobolan) in human by gas chromatography/mass spectrometry. J Steroid Biochem Mol Biol. 37(1),
137-154.

RECENT ADVANCES IN DOPING ANALYSIS (23)

25

ISBN 978-3-86884-041-4

Lecture
MANFRED DONIKE WORKSHOP

Sobolevsky T, Rodchenkov G

Detection of epitrenbolone glucuronide and cysteinyl conjugate of
trenbolone may provide better retrospectivity of trenbolone abuse
Antidoping Centre, Moscow, Russia

Abstract
We have studied the phase II metabolism of trenbolone by direct analysis of diluted post-administration urine samples using
liquid chromatography coupled to a high resolution mass spectrometry (LC-HRMS). Our findings confirmed that
epitrenbolone glucuronide is the major metabolite of trenbolone. However, a peak with the exact mass corresponding to that
of protonated trenbolone molecule was identified, which was characterized by means of LC-HRMS method as a cysteinyl
conjugate of (epi)trenbolone.
Having analyzed our reference collection urine samples positive for trenbolone, including external quality assurance (EQAS)
samples from the World Anti-Doping Agency, we have found that epitrenbolone glucuronide and the cysteinyl conjugate
were detectable in every sample by dilute-n-shoot method. The lowest concentration of epitrenbolone in these samples
(equivalent to aglycone) was ca. 0.5 ng/mL. The peak area ratio for cysteinyl/glucuronide conjugates was typically 0.1-0.8,
with a maximum value of 25 (!) in one of the excretion urines.
The use of solid phase extraction on Waters Oasis HLB sorbent under optimized conditions allowed improving the sensitivity
of the method specifically for cysteinyl conjugate. The optimized protocol uses the two-stage wash (2/93/5 of
ammonia/water/methanol followed by 70/30 water/methanol) before elution with methanol.

Introduction
According to the statistics of the World Anti-Doping Agency (WADA) for 2014, only 57 adverse analytical findings (AAFs) for
trenbolone were reported by antidoping laboratories all over the world, compared to, e.g., 239 AAFs for stanozolol, 123 for
methandienone, or 84 for methenolone [1]. This could be due to a relatively short detection time window of the main
trenbolone metabolite (epitrenbolone), which most of the laboratories rely on [2,3].
Epitrenbolone is typically detected in total (conjugated) fraction using either liquid chromatography or gas chromatography
coupled to triple quadrupole mass spectrometry (LC-MS/MS and GC-MS/MS, respectively) [4,5]. Each of these methods has
its limitations: LC-MS/MS provides best sensitivity, but endogenous interferences impede the detection of this metabolite at
low concentrations [6]. GC-MS/MS is intrinsically less sensitive, but selectivity is generally acceptable to satisfy the minimum
required performance levels established by WADA [7]. Direct detection of epitrenbolone glucuronide in diluted urine by
means of LC-HRMS has been reported [8], with the limit of detection estimated at 4 ng/mL.
The aim of the present study was to investigate the phase II metabolism of trenbolone and evaluate the detectability of its
conjugated metabolites against the well-established methods such as LC-MS/MS and GC-MS/MS targeting at epitrenbolone.

Experimental
In vitro phase II metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol.
Urine samples: urine samples containing trenbolone metabolite(s) from laboratory reference collection were used, which
included anonymized authentic doping control samples (N=12) and external quality assurance samples (N=3).
Administration study: 25 mg trenbolone acetate was given orally to 2 heathy male volunteers (age 34, body mass index 20;
age 37, body mass index 22).
Sample preparation for dilute-n-shoot: 5-fold dilution of urine with water/methanol 97/3 (v/v), supplemented with 0.1%
formic acid, followed by centrifugation at 14,000 rpm for 10 min.
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Sample preparation including solid-phase extraction: testosterone-D3 glucuronide was used as an internal standard,
which was spiked into each urine sample at 50 ng/mL. One mL of urine was loaded onto a preconditioned Oasis HLB
cartridge (60 mg x 3 mL, Waters, Milford, MA, USA). The cartridge was sequentially washed with 3 mL of freshly prepared
ammonia/water/methanol mixture (2/93/5 v/v/v) and 3 mL of water/methanol mixture (70/30 v/v). The analytes were eluted
with 2 x 1.5 mL methanol. Upon evaporation of the eluate under nitrogen flow at 55°C, the residue was reconstituted in
50 µL of methanol, followed by addition of 50 µL of water.
Sample preparation for HPLC fractionation: 20 mL of urine was loaded onto the preconditioned SPE cartridge (BondElut
C18, 500 mg, Varian, USA). The cartridge was washed out with 5 mL of water followed by the elution of conjugated steroids
with 3 x 2 mL of methanol. Upon evaporation of the eluate under nitrogen flow at 55°C, the residue was reconstituted in
60 µL of methanol, followed by addition of 40 µL of water. HPLC fractionation was done using an Agilent 1100 HPLC system
under the conditions described in [9].
Instrumental analysis: liquid chromatograph Waters Acquity (Waters, Milford, MA, USA) coupled to high resolution / high
accuracy mass spectrometer Exactive (Thermo Scientific, Bremen, Germany) or triple quadrupole mass spectrometer TSQ
Vantage (Thermo Scientific, San Jose, CA, USA) were used in this study. The heated positive and negative ion electrospray
ionization (HESI II) was used for the detection. The analytes were separated on an Acquity BEH C18 column (100 mm ×
2.1 mm, particle size 1.7µm) maintained at 60°C and protected by a Vanguard column applying gradient elution at a flow
rate of 0.35mL/min. The elution program started from 0.5-min isocratic step at 95% of 0.1% formic acid in water (A) and 5%
of 0.1% formic acid in methanol (B) followed by linear increase to 95% of B within 4.5 min, hold at 95% of B for 2.5 min and
then re-equilibration until the end of analysis (10 min). A modified gradient elution was as follows: 0.5-min isocratic step at
95% A, increase to 30% B at 1 min, increase to 58% B at 7 min, switch to 95% B at 7.01 min followed by a hold for 2.5 min at
95% B, and re-equilibration until the end of analysis (10 min).

Results and Discussion
Identification of trenbolone conjugate with cysteine
The analysis of a diluted trenbolone-positive urine by LC-HRMS has revealed that besides epitrenbolone glucuronide
(theoretical mass 447.2013 Da for [MH]+) there is a noticeable signal at m/z 271.1689, which formally corresponds to the
intact trenbolone (Fig. 1) with a mass accuracy better than 2 ppm (theoretical mass 271.1693 Da).

Fig. 1: Mass chromatogram demonstrating the detection of trenbolone metabolites by LC-HRMS.

RECENT ADVANCES IN DOPING ANALYSIS (23)

27

ISBN 978-3-86884-041-4

Lecture
MANFRED DONIKE WORKSHOP

However, the retention time of this peak (4.79 min) was consistent with neither trenbolone nor epitrenbolone. The mass
spectrometric data suggested that the latter ion is an in-source dissociation fragment originating from protonated molecular
ion at m/z 392.1886. In negative ionization mode, the respective deprotonated molecular ion was detected at m/z 390.1748,
with a major fragment at m/z 303.1430 (Fig. 2).

Fig. 2: In-source dissociation mass spectra of cysteinyl trenbolone in positive (A) and negative (B) mode.

It was concluded that the metabolite identified is a conjugate of trenbolone or epitrenbolone with cysteine (theoretical mass
392.1890 Da for [MH]+, or 390.1745 Da for [M–H]–). In fact, several isomeric cysteinyl conjugates were present in urine,
which could originate from different sites of cysteine conjugation (C11 or C12) and α/β position of hydroxyl at C17.
It is known that formation of cysteine conjugates in the body is mediated by glutathione (GSH) transferases [10]. Some
xenobiotics, which form reactive metabolites (e.g. epoxides), are detoxified via GSH pathway. Typically, the GSH adducts
cleave glutamic acid and glycine to finally become cysteinyl conjugates. To the best of our knowledge, there is only one
report [11], which describes the conjugation of trenbolone with glutathione (GSH). Nevertheless, formation of trenbolone
conjugate with cysteine is likely to occur.
Recently, Pozo et al. reported previously unknown testosterone metabolites released after alkaline hydrolysis, which were
later identified as the conjugates with cysteine [12]. Further research demonstrated the existence of cysteinyl conjugates of
boldione, progesterone, and cortisol [13,14]. Therefore, conjugation of steroids with cysteine is a minor but important
biotransformation pathway, which should not be neglected.
Structure elucidation of conjugated metabolites of trenbolone
To confirm the identity of the base peak on the chromatogram (m/z 447.2013), trenbolone and epitrenbolone reference
standards were incubated with human liver microsomes in the presence of uridinediphosphoglucuronic acid as a cofactor.
This clearly demonstrated that the peak at RT 5.51 min corresponds to epitrenbolone glucuronide.
However, the reaction of trenbolone and epitrenbolone with cysteine performed according to [13] did not lead to the
formation of any noticeable amount of cysteinyl adduct. Having failed with the synthesis, we performed alkaline hydrolysis
[12] on a purified fraction containing the major isomer of cysteinyl conjugate. Isolation of the cysteinyl conjugate by
preparative HPLC was necessary to exclude the presence of glucuronides of trenbolone or epitrenbolone, which might
hydrolyze under alkaline conditions, thereby complicating the interpretation of the results.
Surprisingly, the conjugate resisted alkaline hydrolysis to a large extent and the question whether cysteine is attached to
trenbolone or epitrenbolone is still open. Probably, the protocols described in [12,13] are only suitable for steroids with
cysteine at C7, but not at C11 or C12.
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Analytical issues related to the detection of conjugates in urine
While the mass chromatogram plotted against the exact mass of protonated epitrenbolone glucuronide (447.2013 Da) was
almost free of any interference, the data recorded on a low-resolution mass spectrometer were significantly affected with
coeluting endogenous compounds. To overcome this, we have modified our routine gradient (see Experimental), which
allowed separating the target peak from the interferences (Fig. 3). However, due to the lack of selective SRM transitions of
comparable abundance, detection of epitrenbolone glucuronide by LC-MS/MS would be limited to the screening analysis (by
the only transition 447 > 255, 17 eV).

Fig. 3: Detection of epitrenbolone glucuronide using a modified gradient program in urine with a high (A) and low (B) concentration of the metabolite.

In case of cysteinyl conjugate, the selectivity of SRM transitions (271 > 227, 19eV; 271 > 209, 24 eV; 271 > 194, 30 eV; 271
> 179, 45 eV) is sufficient to perform unequivocal screening in diluted urine. At the same time, when a urinary concentrate
after solid phase extraction (SPE) was analyzed, the resulting chromatograms were not clear enough for reliable
identification of cysteinyl conjugate, if a generic protocol for SPE was used. As is shown in Fig. 4, a modified SPE procedure
which includes two washing steps before elution (see Experimental) provides much better results.
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Fig. 4: Comparison of generic (A,B) and modified (C,D) SPE procedure for detection of cysteinyl trenbolone. A,C-blank urine, B,D-cysteinyl trenbolone.

Fig. 5 illustrates the detectability of conjugated trenbolone metabolites using a dilute-n-shoot method (A, B), and optimized
confirmation method (C, D). It should be noted that this urine was declared negative by GC-MS/MS, as the concentration of
epitrenbolone glucuronide is approximately 0.05 ng/mL.

Fig. 5: Mass chromatograms demonstrating the detection of trenbolone metabolites by screening (A,B) and confirmation (C,D) methods. A, C
corresonds to cysteinyl trenbolone, B, D - to epitrenbolone glucuronide.
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Excretion study
To evaluate the detectability of trenbolone metabolites in urine using different analytical methods, we have performed an
excretion study with trenbolone acetate. The urine was collected once a day in the morning. The summary data presented in
Fig. 6 clearly demonstrate that direct detection of phase II metabolites of trenbolone provides much better retrospectivity of
trenbolone abuse. The use of SPE increases the detection time window even further.

Fig. 6: Detectability of trenbolone metabolites by different methods.

Conclusions
Epitrenbolone glucuronide was confirmed as a major metabolite of trenbolone. The sensitivity of the dilute-n-shoot method is
sufficient to detect epitrenbolone glucuronide down to 0.05 ng/mL (equivalent to aglycone), however only one SRM transition
is available due to selectivity issues, which may complicate the data evaluation.
Besides glucuronides, several cysteinyl conjugates were identified, of which one isomer was the most abundant. Its structure
has not been established yet. An excretion study performed has demonstrated that cysteinyl conjugate is a long-term
metabolite, which could be detected at least as long as epitrenbolone glucuronide. Both metabolites were detectable 32
days after administration of 25 mg trenbolone acetate, if a dedicated SPE procedure is used for sample cleanup.

References
[1] World Anti-Doping Agency. 2014 Anti-Doping Testing Figures Report, Montreal (2015) https://wada-main-prod.s3.
amazonaws.com/wada_2014_anti-doping-testing-figures_full-report_en.pdf (access date 09.10.2015).
[2] de Boer D, Gainza Bernal ME, van Ooyen RD, Maes RA. (1991) The analysis of trenbolone and the human urinary
metabolites of trenbolone acetate by gas chromatography/mass spectrometry and gas chromatography/tandem mass
spectrometry. Biol Mass Spectrom. 20(8), 459-466.
[3] Schänzer W. (1996) Metabolism of anabolic androgenic steroids. Clin Chem. 42(7), 1001-1020.
[4] Thevis M, Guddat S, Schänzer W. (2009) Doping control analysis of trenbolone and related compounds using liquid
chromatography-tandem mass spectrometry. Steroids. 74(3), 315-321.
[5] De Brabanter N, Van Gansbeke W, Geldof L, Van Eenoo P. (2012) An improved gas chromatography screening method for
doping substances using triple quadrupole mass spectrometry, with an emphasis on quality assurance. Biomed Chromatogr.
26(11), 1416-1435.
[6] Pozo OJ, Deventer K, Van Eenoo P, Delbeke FT. (2007) Presence of endogenous interferences in the urinary detection of
selected anabolic steroids by liquid chromatography/electrospray tandem mass spectrometry. Rapid Commun Mass

RECENT ADVANCES IN DOPING ANALYSIS (23)

31

ISBN 978-3-86884-041-4

Lecture
MANFRED DONIKE WORKSHOP

Spectrom. 21(17), 2785-2796.
[7] World Anti-Doping Agency. Minimum Required Performance Levels, Montreal (2015)
https://wada-main-prod.s3.amazonaws.com/resources/files/wada_td2015mrpl_minimum_required_perf_levels_en.pdf (access
date 09.10.2015).
[8] Tudela E, Deventer K, Geldof L, Van Eenoo P. (2015) Urinary detection of conjugated and unconjugated anabolic steroids
by dilute-and-shoot liquid chromatography-high resolution mass spectrometry. Drug Test Anal. 7(2), 95-108.
[9] Sobolevsky T, Rodchenkov G. (2012) Detection and mass spectrometric characterization of novel long-term
dehydrochloromethyltestosterone metabolites in human urine. J Steroid Biochem Mol Biol. 128(3-5), 121-127.
[10] Oakley A. (2011) Glutathione transferases: a structural perspective. Drug Metab Rev. 43(2), 138-151.
[11] Evrard P, Maghuin-Rogister G. (1988) In vitro metabolism of trenbolone: study of the formation of covalently bound
residues. Food Addit Contam. 5(1), 59-65.
[12] Pozo OJ, Marcos J, Ventura R, Fabregat A, Segura J. (2010) Testosterone metabolism revisited: discovery of new
metabolites. Anal Bioanal Chem. 398(4), 1759-1770.
[13] Pozo OJ, Gómez C, Marcos J, Segura J, Ventura R. (2012) Detection and characterization of urinary metabolites of
boldione by LC-MS/MS. Part II: Conjugates with cysteine and N-acetylcysteine. Drug Test Anal. 4(10), 786-797.
[14] Fabregat A, Kotronoulas A, Marcos J, Joglar J, Alfonso I, Segura J, Ventura R, Pozo OJ. (2013) Detection, synthesis and
characterization of metabolites of steroid hormones conjugated with cysteine. Steroids. 78(3), 327-336.

RECENT ADVANCES IN DOPING ANALYSIS (23)

32

ISBN 978-3-86884-041-4

Lecture
MANFRED DONIKE WORKSHOP

Beotra A, Dubey S, Kaur T, Singh A, Yadav S, Jain S

Best practices for running a PT program as per ISO/IEC 17043:2010
standard: Accreditation of NDTL-PT Scheme.
Ministry of Youth Affairs & Sports, National Dope Testing Laboratory, New Delhi, India

Abstract
Proficiency testing (PT) is defined as evaluation of participant performance against pre-established criteria by means of
inter-laboratory comparisons. The NDTL-PT program was established as the only national level proficiency testing program in
the field of drug analysis in India. The NDTL-PT program was designed as qualitative PT scheme involving identification of
analytes in PT samples. Certified reference materials were used for the preparation of PT samples at the nominal
concentration of 200 μg/mL and validation was performed as per the standard requirements prior to distribution. Out of six
rounds of PT scheme conducted, no unsatisfactory or adverse results were observed. The participant’s results were
evaluated based on grading of individual results and percentile based assessment of combined performance of participants.
The accreditation was granted in 2014 after rigorous assessment by the accreditation body i.e. National Accreditation Board
for Calibration & Testing Laboratories (NABL). The accredited PT program has facilitated participants to improve on to
detection methods; techniques and documentation aspects. Furthermore, diversification of scope of PT program is in
progress to facilitate participation of more number of laboratories from India and neighbouring countries.

Introduction
In an analytical laboratory running under quality management system, Proficiency testing programs (PTP) have an objective
role for comparing results and verifying technical competence of the analytical laboratories. As per ISO/IEC 17025:2005
clause 5.9, PTP is an essential tool to demonstrate quality assurance and ability to generate reliable analytical result. It also
enforces that an applicant laboratory shall successfully participate in one PT program prior to gaining accreditation in each
discipline applied and that PT is necessary for significant enhancement of scope (addition of discipline and/or group)[1].
In a PTP, the provider sends PT items to participants, who analyze the PT items and submit results to the provider. The
results are analyzed by the provider using fit for the purpose statistical methods and evaluation reports are provided to the
participants who can evaluate their performance comparing with co-participants. The ISO/IEC 17043:2010 standard provides
harmonized guidelines for running a PT program. It defines PT as “the evaluation of participant performance against
pre-established criteria by means of inter-laboratory comparisons" [2].
The National Accreditation Board for Calibration & Testing Laboratories (NABL) invited NDTL to initiate a PT program in the
field of drug analysis for forensic & analytical drug testing labs. NDTL has proven its analytical competency by continual
participation in various PT schemes for several years (Table 1), which was probably the reason for national accreditation
body to ask NDTL for initiating this PTP. Hence, the objective was to set up a National level PTP (NDTL-PT) for forensic and
drug testing laboratories; and to acquire accreditation of NDTL-PT as per ISO/IEC 17043:2010.

Table 1: Various PT/EQA programs participated in by NDTL, India
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Experimental
A PT scheme is primarily aimed at providing the participants with an information and support to demonstrate and improve
the quality of their analytical measurement which in turn would assist them in maintaining ISO/IEC 17025:2005 accreditation.
Initiation of NDTL-PT
The NDTL-PT scheme was initiated in the year 2012 for seven participating forensic laboratories in the field of narcotics &
stimulants and later on the scope was extended to other classes of drugs i.e. glucocorticosteroids, diuretics and beta
blockers for analytical labs. The scope of the PT scheme was based on three criteria: the scope of analysis of participants,
ISO/IEC 17025:2005 scope of NDTL and availability of reference material of drugs.
Design and operation of NDTL-PT
The PT program was designed as qualitative (simultaneous scheme) PT scheme which involved identification of analytes in
PT samples. Reference materials were used for preparation of PT samples at the nominal concentration of 200 μg/mL in
suitable solvents. The PT samples were provided twice a year (April and October) in two rounds with two samples included in
each PT round. The proficiency testing samples were dispatched under controlled temperature (2-8°C) and the time for
transit was tracked for each participant. As an important criterion for PT samples validity, homogeneity and stability studies
were performed for each PT round prior to distribution amongst participants. The homogeneity was assessed by analyzing
ten randomly selected PT samples in two different days whereas, stability study was conducted on three PT samples on the
day of dispatch in accordance to the guidelines provided in ISO 13528:2005 [3]. The results obtained were interpreted by
means of standard deviation of proficiency assessment (SDPA) and relative standard deviation (RSD).
Participant’s Evaluation
The results obtained from participants for each round were analysed using pre-established criteria for evaluation of
participant’s results. The individual performance of participant was evaluated on categorical scale. There were two
approaches followed, i.e. identification of an analyte (correctly/incorrectly identified) reported by a participant; or
presence/absence of a group of drug (e.g. stimulant).
Apart from individual evaluation, combined performance analysis was done by comparing results of all participants with
expected results and percentile scores were prepared.
Preparation for ISO/IEC 17043:2010 accreditation
The accreditation of PT providers was started in the year 2012 by NABL who is the accreditation body responsible for
granting accreditation of testing and calibration laboratories in India. NABL is signatory member of Asia Pacific Laboratory
Accreditation Cooperation (APLAC) and International Laboratory Accreditation Cooperation (ILAC) under their Mutual
Recognition Arrangements (MRAs).
The specific criteria for PT Provider (NABL 181) was followed for preparation of relevant documentation for ISO/IEC
17043:2010 [4]. After conducting two successful rounds of PT in 2012, preparation for the accreditation of NDTL-PT scheme
started in 2013 and accordingly application was submitted to NABL in October 2013.

Results and Discussion
The prime objective of a PTP in analytical chemistry is to provide participants with information on to analytical methods,
reference standards and current developments in the specific area. Since the beginning of the PT scheme, a total of six
rounds of proficiency testing have been completed wherein participant’s performance was evaluated against pre-established
criteria. The first two rounds of NDTL PT program were operated with seven participants from forensic chemistry in the year
2012. The scope of the PT scheme was extended with a total of thirty two drugs from various classes prior to final
assessment. The no. of participants was increased to twelve in the year 2014 from forensic chemistry and drug testing
laboratories.
The results of homogeneity and stability tests were evaluated in accordance to ISO 13528:2005 guidelines. The PT program
being a qualitative scheme, the SDPA was derived from in-house validation and uncertainty measurement studies. It was not
realistic to obtain SDPA from participant’s results as the PT scheme involved only identification of measurand and no
quantitative measurement was involved. The samples were found sufficiently homogeneous in all PT rounds conducted so
far. The PT samples were direct solutions of reference materials in appropriate solvents hence no significant in-homogeneity
was expected. A representative example of homogeneity testing is depicted in Table 2.
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Table 2: Homogeneity and stability test results of a round of NDTL-PT scheme

The stability of an analyte in a solution is one of the most important aspects to be taken in to account while conducting a PT
scheme. Stability is affected by several factors which should be considered during the study. In this PTP, the stability was
determined on the day of sample packaging and transport using SDPA. Long term stability was verified by re-testing of
retained PT samples once in a year at refrigeration and ambient temperature conditions (25±2°C). The stability was found to
be consistent with the requirements of ISO 13528:2005.
The evaluation of participant’s results was based on grading of individual results and percentile based assessment of
combined performance of participants. No false positive or negative results were reported by any of the labs in these six
rounds of participation. A comprehensive summary was prepared for each round containing details of PT samples, combined
percentile score and comparison of analytical methods used by participants. The summary reports enable participants to
improve on to detection methods, techniques and documentation aspects.
The eligibility criteria of accreditation body (NABL) for applying for accreditation of PT provider is completion of one
successful round of PT prior to submission of application. However, NDTL applied for accreditation of scheme in November
2013 after successful completion of two rounds of PT. The adequacy audit report was received in February 2014 which
required corrective action on design of PT scheme given in quality manual which was duly completed by April 2014. Later,
two days pre-assessment audit was conducted on June 10-11, 2014 by two member audit team. During pre-assessment the
issue regarding conflict of interest between the staff engaged in both PT scheme and dope testing area was raised. However,
it was clarified that NDTL is not participating in the PT scheme being run by NDTL. However, further recommendation for the
conduct of final assessment of the PT provider was given. The final assessment was held on Nov. 14-15, 2014 by three
member audit team and accreditation was granted in December 2014.
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Conclusions
The need of accredited PT program in India in the field of drug testing was fulfilled with the accreditation of NDTL-PT scheme.
The requirements of acquiring and maintaining the ISO/IEC 17043:2010 accreditation are more stringent than the ISO/IEC
17025:2005 accreditation. The accredited NDTL-PT program has facilitated participants to improve on detection methods,
techniques and documentation aspects. Further work is in progress to diversify scope (inclusion of more analytes, matrix) of
PT program to facilitate participation of more number of laboratories from India and neighboring countries in the field of drug
testing, forensic and medical laboratories.
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Two-dimensional purification of low concentration analytes in urine for
carbon isotope ratio analysis
Laboratoire de contrôle du dopage, Institut National de la Recherche Scientifique, Montreal, Canada

Abstract
The removal of interfering matrix components is the most critical step in achieving accurate and precise δ13C values during
CIR analysis. In the literature, successful carbon isotope ratio (CIR) measurements of low concentration analytes, such as
19-norandrosterone (19-NA), boldenone and its metabolite were reportedly preceded by consecutive orthogonal liquid
chromatography purification steps [1,2]. We provide a description of an automated two dimensional HPLC purification
(2D-HPLC) method for urine extracts that has made possible the high-throughput CIR measurements of low concentration
analytes such as 19-NA in athletes’ samples down to 2 ng/mL and possibly even lower. Eight other urinary steroids including
testosterone, DHEA and their metabolites were also eluted/collected during HPLC purification. Comparative GC
chromatograms are used to contrast the efficiency of 1D and 2D purification methods. Accurate and reproducible δ13C values
for all analyzed compounds in certified steroids standards and negative/positive controls were used to confirm optimal
system performance and consistency of each sample lot. Precision of δ13C for all analyzed compounds was 0.3‰ or better,
even at concentrations of 2 ng/mL of urine, which is comparable to the precision of pure compounds at similar
concentrations.

Introduction
One of the major challenges with CIR measurements is the isolation of each target compound from a complex biological
matrix since the complete conversion of target molecules to carbon dioxide required for CIR analysis causes the loss of
structure-specific fragments/transitions that are otherwise used for detection/quantitation. 2D-HPLC is gaining attention as a
powerful new tool for the analysis of such matrices. The idea behind 2D-HPLC is to use stationary and mobile phases that
maximize selectivity differences between both chromatographic dimensions, altering the solid-solution partitioning and
pulling co-eluting matrix compounds away from target compounds.
Whether done online or offline, 2D-HPLC is essential for very low concentration analytes in urine such as 19-NA, boldenone
or its metabolite, since overlapping matrix components even in trace amounts can significantly contaminate and alter δ13C
signatures. The method presented here was adapted for the isolation of 19-NA and 19-noretiocholanolone (19-NE) but has
also been found suitable for the isolation of testosterone, DHEA and their metabolites. To the authors’ knowledge, this is the
first description of a 2D-HPLC purification method adapted to routine CIR analysis. Thus far, 74 different athletes’ urine
samples ranging in 19-NA concentration from 2 to 10 ng/mL have been successfully analyzed using this method.

Experimental
Extraction
Routine athletes’ samples screened by GC-MS/MS and found to contain 19-NA in levels between 2 and 10 ng/mL were
subsequently sent for GC-C-IRMS analysis*. Each sample batch contained a positive (urine blank spiked with 100 ng/mL of
both 19-NA and 19-NE (Steraloids, δ13C = -27.9‰ and -30.4‰ **respectively) and a negative urinary standard (19-NA δ13C =
-18.9‰, 19-NE δ13C = -19.5‰; urine pool from nine volunteers in the hours following the consumption of kidneys from
non-castrated boars). 20 mL of each urine sample was extracted on preconditioned C-18 cartridges, eluted with methanol
and dried under nitrogen. The glucuroconjugated steroids were hydrolysed (E. coli type IXA, Sigma) and extracted with
hexane. Once evaporated, the organic fraction was transferred to HPLC vials for purification (more details are provided in
[3]).
* Some samples were sent for GC-C-IRMS analysis by other laboratories ; ** Value measured by GEOTOP, UQAM, Canada
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2D-HPLC purification
The 2D-HPLC system (1100 HPLC-UV, Agilent Technologies) comprises 2 chromatographic dimensions, each equipped with a
separate set of stationary phases, mobile phases and pump. A fraction collector (Gilson FC 203B) was used to collect peaks
eluting from either the first or the second dimension. Two software-controlled 2-position/6-port valves (G1316A, Agilent)
were timed to direct solvent flow through the 2D system (Figure 1) during periods of A. collection from the first dimension,
B. peak loading from the first to the second dimension and C. collection from the second dimension. Urine extracts were
initially loaded onto a Zorbax Eclipse XDB-Phenyl column (0.46 x 250 mm, Agilent). High concentration analytes
(etiocholanolone (Etio), androsterone (A), 5β-pregnanediol (pgdiol) and 3α-hydroxy-5α-androst-16-ene (16-enol), needing no
additional purification, were collected directly downstream from this first dimension whereas low concentration analytes
(19-NA, 19-NE, testosterone (T), 5α-androstanediol (5α-Adiol), 5β-androstanediol (5β-Adiol), dehydroepiandrosterone (DHEA)
and epitestosterone (E)) were transferred in two batches (Loading 1: T and loading 2: 19-NA, 19-NE, 5α-Adiol, 5β-Adiol, DHEA
and E) to the second HPLC dimension consisting of 2 back to back SunFire C-18 columns (0.46 x 250 mm, Waters). Mobile
phase compositions and elution rates for both chromatographic dimensions are given in Table 1.

Figure 1: Simplified diagram of 2D-HPLC system showing solvent displaced from Pump 1 (P1) and Pump 2 (P2) through both chromatographic
dimension and two 2-position/6-port valves to a UV detector and the fraction collector (FC). Three configurations are shown with dashed lines
representing solvent flow during A. collection directly from the first dimension, B. Peak loading from the first to the second dimension and
C. collection from the second dimension.
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Table 1: Mobile phase composition and flow rate for the first (upper panel) and second (lower panel) HPLC dimension during 2D purification of urine
extracts.
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A typical HPLC UV chromatogram collected after elution from the first dimension is shown in Figure 2A; periods of peak
loadings are delimited by grey boxes, whereas peak collection windows are shown in solid brackets. A standard steroid mix
containing all compounds of interest was used as a probe for collection times. Figure 2B shows a UV chromatogram of peaks
eluting from the second chromatographic dimension. The fraction collector was programmed to distribute the eluent
between 9 collection tubes and the waste. The collection windows were defined to bracket the entire HPLC peak with an
additional 0.2 min preceding peak onset and 0.2 min following the return to baseline. 19-NE, 5α-Adiol and 5β-Adiol followed
each other too closely to recover each compound satisfactorily and the middle peak, 5α-Adiol was sacrificed. After sample
purification, all GC-C-IRMS analyses were run on different instruments (Isoprime, elementar Americas) as described
previously [3].

Figure 2: HPLC UV chromatogram of a reference mixture of 11 steroids separated in the first (panel A) and second (panel B) HPLC dimension. Square
brackets show the collection window of each fraction, whereas grey boxes show the loading period of all compounds transferred to the second HPLC
dimension.
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Results and Discussion
The efficiency of 2D-HPLC surpasses that of the highest performing 1D system, multiplying peak capacity and greatly
improving the probability of clean target compounds even in the most complex matrices. Figure 3 compares GC-C-IRMS
chromatograms of the HPLC fractions containing 5α-Adiol and 5β-Adiol for a problematic sample purified by 2D or 1D-HPLC.
A contaminant in the 5α-Adiol peak depletes the δ13C signature by 2.1 ‰ compared to the pure peak obtained with 2D-HPLC.
Unlike most other analytical methods, the specificity of δ13C analysis hinges, not only on the detection/identification in a
multitude of complex and variable urinary matrices, but also on achieving baseline separation of the target GC peak from
other carbon-containing molecules. It would for example, take as little as 0.18 ng/mL of a coeluting endogenous compound
(δ13C = -18‰) to change the isotopic signature of 2 ng/mL of synthetic a synthetic compounds (δ13C = -30‰) by 1‰
(provided similar recovery rates).

Figure 3: Comparison of GC-C-IRMS chromatogram of the 5α-Adiol and 5β-Adiol HPLC fraction obtained after 2D purification (panel A) and
1D purification (panel B, See Ouellet et al. 2012 for detailed HPLC method). The removal of the contaminant in the 5α-Adiol peak results in a 2.1‰
change in the δ13C signature.
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Obtaining clean GC peaks is most challenging for low concentration analytes. Compounds like 19-NA , boldenone and its
metabolite must be measurable down to at least 2 and 5 ng/mL of extracted urine respectively [4,5]. The GC-C-IRMS
chromatograms in Figure 4 graphically demonstrates the efficiency of 2D-HPLC purification of the 19-NA and 19-NE HPLC
collection windows (collected separately) in samples devoid of 19-NA and 19-NE. Chromatograms of these same samples,
fortified with 1 and 2 ng of 19-NA and 19-NE per mL of extracted urine are overlain. The chromatographic zone of the 19-NA
peak was clean for all 3 samples, allowing the acquisition of fairly accurate (within 0.5 ‰ of true) and precise δ13C values
(≤ 0.3 ‰), even at 1 ng/mL, for samples spiked with the same certified 19-NA reference material. 19-NE generally found in
lower amounts, was found to be more prone to contamination and therefore, the δ 13C values were less reproducible
(≥ 0.6 ‰). Sample B, for example, contains an unresolved peak at the 19-NE peak onset (Figure 4).

Figure 4: GC-C chromatograms of the 19-NA and 19-NE HPLC collection windows for 3 samples (A, B and C) naturally devoid of 19-NA and 19-NE.
Chromatograms of these same sample extracts spiked with 19-NA are overlain over top in order of increasing concentration.
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During HPLC purification, selecting a narrow collection window minimizes the probability of matrix interferences, however
capturing the totality of the HPLC peak of the compound of interest is absolutely crucial for CIR analysis due to heterogeneity
in the 13C content of each peak [6]. Cutting the HPLC peak during its collection can result in completely erroneous δ 13C
signatures with observed departures from true as high as 20 ‰ (data not shown). It is therefore necessary to collect a wide
enough chromatographic window to allow for slight changes in retention times and chromatographic conditions.
In order to detect and prevent method artifacts caused by sectioned HPLC peaks, we rely on a certified standard steroid
mixture (δ13C values of each steroid are used as benchmarks for accuracy; see reference 3 for details), in addition to the
positive and a negative urinary control sample which should flank unknown athletes’ samples in the HPLC purification
sequence. The continual measurement of these controls ensures the reliability of δ13C signatures measured for purified
target compounds and allows for day-to-day monitoring of system performance. Table 2 reports the δ 13C values and
longitudinal reproducibility of the standard steroid mix, the negative and the positive control samples for 42 different
19-NA-containing sample lots analyzed over the course of a 3 year period. Certified values are given when available. Note
that reproducibility is within 0.3 ‰ of the true δ13C for most target compounds. Lower concentration analytes tend to have
slightly lower precision, however measured values are always within 0.5‰ of the certified ones.

Table 2: Measured δ13C and standard deviation of 9 steroids from a reference mix, as well as the positive and negative controls for 42 different
sample lots. Certified δ13C values and concentrations are given, when available.

To explicitly confirm the identity of a target compound within the GC-C chromatogram and to gauge peak purity, GC-MS
analysis (equipped and programmed identically to the GC-C-IRMS) is necessary. Each peak was compared to the mass
spectra of a pure reference material, injected separately. The consistency of the fragmentation pattern was monitored form
the peak onset to the peak tail to screen for discernible co-eluting compounds. Measured δ13C values were rejected when the
peak shape or the fragmentation pattern was affected significantly by contaminating compounds. To date, with 77 19-NA
samples analyzed, none has been rejected on the basis of poor peak purity and no additional purification steps have been
undertaken. Peak purity was also optimal for all other target compounds, excepting 5α-Adiol.
In about one third of all samples, the signature of 19-NE was not obtainable because its concentration was too low to
generate a sufficient IRMS signal (lower limit of the linear dynamic range = 0.3 nA) and/or because its peak was significantly
contaminated. Following the administration of nandrolone or other related norsteroids, the concentrations of 19-NE are
typically much lower than 19-NA [7].
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Conclusions
2D-HPLC is still at its infancy and new applications are still surfacing. While most use 2D techniques to fingerprint complex
mixtures, we propose a more rudimentary use: the preliminary purification of urine extracts for CIR analysis. This application
of 2D HPLC does not require hi-tech instrumentation or a sophisticated software and can be built on an existing 1D system
by connecting an additional pump and two 6-port valves. We found that 2D-HPLC was absolutely crucial for low
concentration analytes, such as 19-NA, boldenone and its metabolite and could also be employed for the CIR analysis of
testosterone and metabolites.
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Relevance of cyclodextrins on the doping control field: potential masking
effects and their detection in biological fluids
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
In this study the ability of natural and synthetic cyclodextrins to complex prohibited drugs in urine was evaluated.
Six different beta-cyclodextrins (β-cyclodextrin, 2-hydroxypropyl-β-cyclodextrin, heptakis-2,6-di-O-methyl-β-cyclodextrin,
methyl-β-cyclodextrin, carboxymethyl-β-cyclodextrin and hydroxyethyl-β- cyclodextrin) were considered; their ability to
incorporate prohibited drugs were examined first in water, using as pilot compounds trenbolone and testosterone, and then
in urine, considering specifically the alteration of the concentration and/or concentration ratios of the parameters considered
in the definition of the urinary steroid profile. The experiments in water were performed using a spectrophotometer UV/Vis in
samples obtained by adding 0.5 mg of testosterone or trenbolone to 1 mL of water, both in the presence and in the absence
of each one of the six cyclodextrins considered. The experiments in urine were carried out by gas-chromatography-mass
spectrometry in samples obtained by spiking 2 mL of urine with 4 mg of each one of the six cyclodextrins. For both
experiments the results obtained in the absence of cyclodextrins were compared to those obtained in their presence.
The synthetic cyclodextrins were the most effective in the formation of inclusion complexes with the selected prohibited
substances, proved by a reduction of their levels as free drugs measured both in water and in urine. Finally, a parallel study
for the development of an analytical method, allowing the screening of all cyclodextrins in urine, was also activated, based
on the instrumental platform(s) already available in all WADA-accredited anti-doping laboratories.

Introduction
Cyclodextrins (CDs) are cyclic (α-1,4)-linked oligosaccharides of α-D-glucopyranose, shaped like truncated cones with
secondary hydroxyl groups extending from the wider edge and the primary groups from the narrow edge. They are widely
employed in cosmetic, feed and pharmaceutical fields to increase the solubility in aqueous media of highly lipophilic
compounds, to improve the stabilization, and to enhance the absorption of biologically active compounds [1-3]. In 2005
Guddat et al. described the natural CDs as urine adulterants, but only few data are reported on their capability to
incorporate prohibited substances in urine [4]. Here we present a preliminary investigation on the ability of CDs to complex
drugs in urine. The possibility to analyze CDs in biological fluids was also evaluated.

Experimental
Chemicals and reagents
The analytes, CDs and chemicals were from National Measurement Institute (Pymble, Australia) and from Sigma-Aldrich
(Milano, Italy). The enzyme β-glucuronidase from E. coli was from Roche (Monza, Italy). The ultrapurified water was of
Milli-Q-grade (Millipore, Milano, Italy).
UV/vis procedure
0.5 mg of drug with or without 2 mg of CDs in 1 mL of water. Spectrophotometer UV/Vis Cary 100 Scan, acquisition range at
200-500 nm for the measurements.
GC-MS Analytical procedures
Steroid profile: to 2 mL of urine (with or without 4 mg of CDs) 1 mL of phosphate buffer, 50 μL of β-glucuronidase from E. coli
and 50 µL of internal standards (ISTDs) were added. After incubation for 1 hour at 50°C, 1 mL of carbonate/bicarbonate
buffer, was added and the analytes were extracted with 7 mL of tert-butylmethyl ether.
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CDs: to 50 µL of urine 0.6 mL of chloridric acid (3N), and 50 µL of ISTD were added. The samples were incubated for 1 hour
at 100°C.
For both procedures, the samples were evaporated to dryness and reconstituted in 50 μL of N-methyl-N-trimethylsilyltrifluoroacetamide/ammonium-iodide/dithioerythritol (1000:2:4:v/w/w). After incubation at 70°C for 20 min samples were
injected into the GC-MS.
GC-MS analyses were performed on an Agilent Technologies 5890/5973A (Milano, Italy), in EI ionization (70 eV), using a HP1
column (17 m, ID 0.20 mm, film thickness 0.11 µm). The carrier gas was helium (1 mL/min, split ratio 1:10), and the
temperature programs were: 188°C (4.5 min), 3°C/min to 230°C, 20°C/min to 290°C, 30°C/min to 320°C for steroid profile
and 80°C, 20°C/min to 180°C (1.0 min), 20°C/min to 320°C (2.0 min) for CDs. The transfer line and injector temperature was
280°C. Selected ion monitoring was used as acquisition mode (Figures 2-3).

Results and Discussion
Measurements in water
To preliminarily evaluate the ability of CDs to form inclusion complexes with compounds included in the WADA Prohibited
List [5] in aqueous media, experiments were performed using a spectrophotometer UV/Vis and testosterone and trenbolone
as pilot drugs. Measurements were performed on samples obtained by adding 0.5 mg of testosterone or trenbolone to 1 mL
of water, both in the presence and in the absence of each one of the six CDs studied. The results are outlined in Figure 1,
where it can be seen that the solubility in water media of testosterone and trenbolone drastically increase in the presence of
CDs, reaching the same levels as in organic solvent.
Measurements in urine samples
To preliminarily evaluate the ability of CDs in forming inclusion complexes in real samples, assays were performed by
analyzing aliquots of blank urines and aliquots of the same blank urines spiked with 4 mg/mL of each one of the six CDs. Our
results (see Figure 2) indicate that the levels of most of the endogenous steroids significantly decreased in the presence of
CDs, supporting once again the evidence that CDs in aqueous solution are able to form inclusion complexes with lipophilic
substances.
Determination of cyclodextrins
A screening procedure to detect CDs in urine samples by using the same instrumental platform(s) already available in all
WADA-accredited anti-doping laboratories was developed. To this respect, the method, for the screening of plasma volume
expanders (hydroxyethyl-starch, dextran and glycerol) was adapted to screen also for CDs. A prototype of the layout of the
screening windows for the six different CDs is reported in Figure 3.
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Figure 1: Increase in water solubility (represented by a higher UV absorbance) of testosterone and trenbolone in the presence of each of the six CDs
specifically considered in this preliminary set of experiments, compared to the solubility of the same compounds in methanol and water.

RECENT ADVANCES IN DOPING ANALYSIS (23)

47

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Figure 2: Preliminary GC-MS data referring to the alteration of several markers usually considered in the definition of the urinary steroid profile. Data
were obtained, analyzing, using the analytical procedure reported in the experimental part, urine samples either in the absence or in the presence of
each one of the six CDs specifically considered in this preliminary set of experiments.
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Figure 3: Extracted chromatograms obtained using the GC-MS analytical screening procedure currently adopted by the WADA-accredited anti-doping
laboratory of Rome to detect plasma volume expander, a blank urine in the absence and in the presence of each of the six CDs.
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Conclusions

1. The solubility in water media of the analytes drastically increase in the presence of CDs. This increment is a clear
evidence of the formation of inclusion complexes between CDs and the prohibited substances selected. The efficiency of
complexation depends on the specific CD used.
2. The levels of most of the endogenous AASs significantly decreased in the presence of CDs, supporting the evidence that
CDs in aqueous solution are able to form inclusion complexes with lipophilic substances.
3. An analytical method capable to detect CDs in urine samples and easily implemented by the WADA-accredited
anti-doping laboratories was developed.
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Determination of mannitol in human urine by LC-MS/MS for sports drug
testing
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
Mannitol has the potential to act as a plasma volume expander and mask blood doping practices. Therefore, it has been
prohibited in sports as a masking agent by the World Anti-Doping Agency (WADA) since January 2009. The objective of this
study was to develop and validate a quantitative method to determine the urinary mannitol levels using a liquid
chromatography/tandem mass spectrometry technique. The chromatographic conditions were optimized to allow the
efficient separation of compounds with the same molecular weight. All possible hexitols (allitol, altritol, galactitol, iditol and
sorbitol) that can occur in human urine were separated with mannitol and identified on a Poroshell 120 PFP column within
20 min. This method uses the derivatization of mannitol by benzoyl chloride in aqueous solution at 40°C followed by
LC-ESI-MS/MS analysis with a simplified sample preparation. The limit of detection (LOD) and limit of quantification (LOQ)
were 3 and 10 μg/mL, respectively. The assay was linear from 10 to 1000 μg/mL for mannitol in human urine. The
coefficients of variation of all inter- and intra-assay determinations at three concentration levels (30, 500, 900 μg/mL) were
less than 15%. The method also afforded satisfactory results in terms of accuracy, derivatization yield, extraction recovery,
matrix effect and specificity. In order to estimate the possible threshold for mannitol in Chinese athletes, the determination
of mannitol levels applying this method is still underway.

Introduction
A significant body of knowledge exists regarding the separation and quantification of many polyhydroxyl compounds which
can be formed by the reduction of sugars. They are naturally occurring compounds which are epimers of mannitol. Several
methods for identification and quantification of mannitol were reported previously using UV [1,2], GC-MS [3] or LC-MS [4].
In this study, a novel analytical method is described and validated for the determination of urinary mannitol levels using
LC-ESI-MS/MS with a simple sample preparation [5]. This method also makes the separation of different stereoisomers (allitol,
altritol, galactitol, iditol, sorbitol) possible and thus enables the quantification of mannitol accurately. Urine samples were
first derivatized in aqueous solution under mild conditions, separated by HPLC and then analyzed by mass spectrometry in
MS/MS mode.

Experimental
Chromatographic and mass spectrometric conditions
Chromatography was performed on an Agilent Technologies 1290 series HPLC system. Separation was achieved on a
Poroshell 120 PFP column (2.1×150 mm, 2.7μm, Agilent Technologies). The mobile phase was composed of 10 mM aqueous
ammonium formate buffer (which was adjusted to pH 3.5 with formic acid) (eluent A) together with methanol (eluent B). A
gradient was employed starting at 70% B and increasing to 80% B within 20 min, and re-equilibrated at 70% B for 3 min. The
flow rate was set at 0.4 mL/min, the column oven temperature at 45 °C and the injection volume of 10 μL.
Mass spectrometric detection was carried out on an Agilent Technologies triple-quadruple 6460C mass spectrometer
equipped with an ESI source. MRM mode was used to detect the analytes in positive ionization mode. The spray voltage was
set at 4000 V and the ion source was operated at 330 °C. Nitrogen was used as the nebulizing gas and the pressure was set
at 20 psi. Sheath gas temperature was set at 400 °C and gas flow was 12 L/min.
Sample derivatization
900 μL of 4N aqueous NaOH, 50 μL of a urine sample and 50 μL of IS-1 solution (500 μg/mL) were added to a screw top glass

RECENT ADVANCES IN DOPING ANALYSIS (23)

51

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

test tube. A volume of 0.5 mL n-hexane and 100 μL benzoyl chloride were applied to the above mixture. The solution was
incubated in a metabolic incubator (Julabo, SW22, Germany) at 40 °C for 4 h. After incubation, 1 mL of deionized water was
added to the reaction mixture and the benzoyl ester was extracted with 5 mL of n-hexane. After centrifugation, 10 μL of the
supernatant was transferred to a 2 mL autosampler vial containing 990 μL of n-hexane. A 10 μL portion of this solution was
injected into the LC-MS/MS system for analysis.

Results and Discussion
Chromatographic separation and MS detection
The separation of meso-allitol, D-altritol, meso-galactitol, D-iditol, D-mannitol and D-sorbitol (Figure 1) was accomplished
upon prebenzoylation of the analytes. The baseline separation is mandatory for the confirmation of D-mannitol, because the
other five hexitols are not on the WADA prohibited list. Four different types of columns were evaluated and the best
separation was performed on Poroshell 120 PFP column (Figure 2). The aqueous mobile phase applied in the
chromatographic separation step supplies a large amounts of NH 4 + , therefore, the mass spectra for hexitols and IS
(D-mannitol-13C1) hexabenzoate produced ammonium adduct [M+NH4]+ at 824 and 825 m/z, respectively. The major
fragment ions observed in each product spectrum were m/z 685 and 105 (hexitol hexabenzoate) and m/z 686 and 105
(D-mannitol-13C1 hexabenzoate). The ions used for the quantitation of D-mannitol and the IS were m/z 685 and 686,
respectively. The screening procedure of D-mannitol can be integrated with our previously published approach for the
detection of glycerol in human urine [5].

Figure 1. Stereoisomers of meso-allitol (1), D-altritol (2), meso-galactitol (3), D-iditol (4), D-mannitol (5) and D-sorbitol (6).

Figure 2. Extracted ion chromatogram of a standard mixture of meso-allitol, D-altritol, meso-galactitol, D-iditol, D-mannitol and D-sorbitol in human
urine after derivatization.
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Method validation
The method validation results were summarized in Table 1. The LOD and LOQ of D-mannitol were 3 and 10 μg/mL,
respectively. The assay was linear from 10 to 1000 μg/mL and the linear regression was higher than 0.995. The precisions
and accuracy of D-mannitol at three concentration levels were summarized in Table 1. The table displayed the precisions of
D-mannitol were less than 15% at all concentrations and the accuracy was within the range of 95-118%.
The derivatization yields were estimated in duplicate in ten different lots of blank urines spiked with three concentrations of
D-mannitol. The mean derivatization yields of D-mannitol were all above 55%. The extraction recovery of three QC samples
spiked in ten different lots of blank urines were all more than 66%.
The matrix effect at a low concentration did not exceed the range of 18%. The matrix effects at higher concentration levels
were negligible. It can be concluded that the matrix effect for the analyte was not significant in the present LC-MS/MS
method.

Table 1. Summary of method validation results.

Conclusions
The LC-MS/MS assay described is a suitable procedure for separation, detection and quantification of D-mannitol in human
urine samples. It has been proven to be selective, linear, accurate and precise for this prohibited drug. In comparison to
previously published papers, this approach displayed significant improvements in throughput and ease of use. The
presented LC-MS/MS method has been found to be applicable for doping-control analysis.
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Liposomes: Factors affecting interaction of liposomes with doping agents
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Abstract
The use of liposomes as drug delivery vehicle for treatment of various diseases is well known in medical field but its possible
role as a masking agent in sports came into light when Liposom Forte ® was found stored together with banned and
non-banned drugs during investigations carried out by Italian legal authorities and recent availability of IGF-1 Liposomal
Spray on internet. Role of liposomes as masking agent for anabolic steroids in the field of doping has been investigated by
Botre et al. The aim of the present work was to study the effect of different parameters like temperature, pH, charge, time,
concentration etc. on the interaction of liposomes and doping agents and to identify a possible marker for detection of their
abuse in sports.
The results showed that out of variety of doping agents, the direct addition of liposomes to urine samples containing
anabolic steroids shows strong tendency to interact with the liposomes which results in the reduced concentration of
compound in the sample. However, there was no significant effect of temperature and incubation time on interaction of
liposome and doping agents while other parameters such as charge and concentration of liposome affect the interaction
capacity. The cholesterol is present in routine dope testing samples and its reference concentration was monitored in routine
samples and found to be increased 4 to 5 folds when urine samples were spiked with liposome, thus detection of cholesterol
can act as marker for abuse of liposome as masking agent.

Introduction
Liposomes are self-assembled lipoidal vesicles used for encapsulation of drugs in drug delivery system. The hydrophobic
drugs intercalate in between lipid bilayer while hydrophilic drugs encapsulated in aqueous core of the liposome. This
property of liposomes could be misused by athletes to alter the concentration of drugs in urine sample when liposomes were
added externally in urine at the time of sample collection. The concept of interaction between liposome and anabolic
steroids has been studied and reported by Botre et al [1,2]. The present work aimed to ascertain the effect of various
parameters on in vitro interaction of liposomes with various threshold and non-threshold substances prohibited in sports;
and secondly to identify a possible marker for the detection of liposome abuse.

Experimental
MATERIALS AND METHOD:
Reagents and Chemicals
Reference standards were obtained from Sigma-Aldrich, USA, and National Measurement Institute (NMI), Australia. Empty
liposomes [Coatsomes EL Series: EL-01-A (Anionic (DPPC:Cholesterol:DPPG = 30:40:30 μmol/vial)), EL-01-C (Cationic
(DPPC:Cholesterol:Stearylamine = 52:40:8 μmol/vial)) and EL-01-N (Neutral (DPPC: Cholesterol: DPPG = 54:40:6 μmol/vial))]
from Nippon Oil & Fats Co., Ltd (NOF) (Tokyo, Japan), β-Glucuronidase from E. coli (Roche Diagnostics, USA) and other
reagents, solvents of HPLCor analytical grade were procured.
Experimental Design
Each vial of freeze dried liposomes was reconstituted as per manufacturer’s specification. Interaction of liposomes was
studied with approximately 120 WADA Prohibited Drugs. Out of 120 drugs, 5 threshold compounds (19-Norandrosterone,
19-Noretiocholanolone, Morphine, Salbutamol, Carboxy-Tetrahydrocannabinol) and 6 endogenous steroids (Androsterone,
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Etiocholanolone, Testosterone, Epitestosterone, 5α-androstane-3α,17β-diol (5α-diol), 5β-androstane-3α,17β-diol (5β-diol))
were selected to ascertain effect of various parameters i.e. concentration, pH, time, temperature on the interaction
efficiency of liposomes. To study the effect of concentration of liposomes on binding efficiency with various compounds, five
different volumes (10-100 μL) of reconstituted liposomes of different types (anionic, cationic and neutral liposomes) were
added to urine samples spiked with drugs at threshold level. To determine the effect of pH (pH 5, 7, and 9), time of
interaction (24 & 48 hrs) and operating temperature (4°C, 37°C and room temperature (RT 25±2°C)), compounds were
spiked in urine at their threshold level, 40 μL of reconstituted liposome of different ionic strength was added in each sample.
Entire experiments were repeated for five consecutive days. Post reaction samples were screened using in house extraction
procedure for anabolic steroids and analysed on gas chromatography-mass spectrometry (GC-MSD)[3].
Monitoring of Cholesterol
Cholesterol was incorporated in routine method duly validated for quantification. Concentration of cholesterol was measured
in 1000 routine samples and samples of liposome interaction experiments.
Data Analysis
With each experiment one spiked sample was prepared and analyzed without addition of liposomes. Recovery of target
compounds was calculated by peak area ratios of each analyte to internal standard.Statistical analysis was done by applying
one-way analysis of variance with post-hoc Bonferroni analysis using SPSS 16.0 software.

Results and Discussion
Interaction of Liposomes with drugs
Out of variety of doping agents, the direct addition of liposomes to urine samples containing anabolic steroids showed a
strong tendency to interact which results in the reduced concentration of compound in the sample.
Effect of Concentration of liposomes on binding efficiency
The recovery of various drugs in urine decreased with increasing concentration of liposomes in the urine. Out of three
different formulations of liposomes, anionic showed maximum binding capacity with doping agents. However, anabolic
steroids showed maximum tendency to interact with liposomes as most of the steroids are derivatives of cholesterol. The
interaction of other drugs like morphine, salbutamol and carboxy-tetrahydrocannabinol (THC) with liposomes was minimal
(Fig. 1).
Effect of pH on binding efficiency
Results of urine samples having different pH (5, 7 and 9) spiked with reconstituted liposome (40 μL) and drugs revealed that
basic pH facilitated the interaction as recovery of steroids was 5 to 10 % less in basic pH as compared to neutral or acidic pH
which was significant at P<0.05 (Fig. 2).
Effect of incubation temperature and time on binding efficiency
No significant effect of temperature and time on the binding efficiency of liposomes with doping agents was observed
(Fig.2).
Cholesterol: Possible marker for liposome abuse
It has been reported that cholesterol is main ingredient of liposome. It was assumed that during interaction of liposomes
with various drugs, cholesterol should be released. Cholesterol is an endogenous compound and excreted in urine. Its
concentration might be increased in various physiological concentration. The concentration of cholesterol was monitored in
routine dope samples (n=1000) and was found to be in the range of 45 ng/mL to 376 ng/mL (Fig-3). The liposomes were
spiked in urine at a concentration of 15 µg/mL of cholesterol. Concentration of cholesterol was quantified in blank urine (n=5)
and urine spiked with different formulations of liposomes. Results revealed that the concentration of cholesterol increased 4
to 5 fold when same urine samples were spiked with liposome (Fig. 3). The results of this preliminary study postulate that
detection of cholesterol in routine doping sample can act as marker for abuse of liposome as masking agent.
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Conclusions
This study reveals that liposomes have the ability to mask different classes of drugs in the urine matrix. However,
androgenic anabolic steroids showed strong affinity towards liposomes when added in urine. The masking of drugs with
liposomes is proportional to the concentration of liposome added in the sample. Elevated pH (pH 9) facilitated interaction of
liposomes with all classes of drugs studied in the present work. Cholesterol seems to be a potential marker of liposome
abuse with elevated level recovers in urine spiked with liposomes. However, cholesterol is endogenously produced and may
be a by-product of various physiological conditions therefore an extensive profiling of cholesterol threshold value should be
established to be used as direct marker of liposome use.

Fig. 1: Effect of increasing concentration of reconstituted liposomes (10-100 µL)(A-Anionic), B-Cationic, C-Neutral) on the recovery of various drugs.
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Fig. 2: Effect of pH (1A-C), temperature (2A-C) and incubation (3A-C) on the interation of liposomes (A-Anionic), B-Cationic, C-Neutral) with various
doping agents.
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Fig. 3a: Concentration of cholesterol in routine dope testing samples (n=1000); 3b: Effect of liposomes on the urinary concentration of cholesterol
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Abstract
Glucocorticoids (GCs) are potent anti-inflammatory agents and the use of GCs through systemic routes is forbidden in sports
competitions. The profiling of endogenous GCs is well established in clinical studies; however, very few studies are available
in context to sports doping. Profiling of endogenous GCs in sports similar to anabolic steroids could be an important tool for
monitoring of manipulations by misuse of exogenous GCs and physiological alteration. The present study describes a specific
& selective quantitative UPLC-MS/MS method for profiling of six endogenous corticosteroids in urine samples from athletic
and non-athletic population, and effect of oral administration of two synthetic GCs on pattern of endogenous profiles.
All six endogenous GCs could be efficiently resolved in single run without significant interference from their synthetic
analogues. The profiling of athletic and non-athletic samples revealed that cortisone and cortisol were mainly excreted as
free form. However, tetrahydrocortisone & 6β-hydroxy cortisol were excreted as glucuronide conjugates in non-athlete
samples; whereas higher levels of tetrahydrocortisone were observed in sulphate fraction in athlete population. The profiles
of endogenous GCs except cortisol & cortisone were significantly higher in athlete’s samples which could be attributed to
physical exertion and stress. No significant differences were observed in profiles of male and female samples in both the
populations. The oral administration of dexamethasone & methylprednisolone significantly suppressed endogenous
corticosteroids profiles. More extensive studies to establish reference ranges of endogenous glucocorticosteroids in Indian
athletic and non-athletic population are in progress.

Introduction
The systemic use of glucocorticoids (GCs) is prohibited in sports competitions [1]. The use of synthetic GCs suppresses
endogenous corticoids levels in urine [2,3]. Thus, profiling of endogenous GCs could be a potential tool for anti-doping
analysis, apart from its relevance in biochemical state in several disease conditions [3]. Profiling of anabolic steroids is well
established in doping analysis [4,5]. Though extensive clinical studies have been performed on profiling of endogenous GCs
[6,7], limited studies are available on profiling of endogenous GCs and effect of synthetic analogues in doping analysis [2,3].
In this study, a quantitative method for profiling of six endogenous GCs in athletic and non athletic human urine samples
was developed and validated; and effect of oral administration of Dexamethasone & Methylprednisolone on endogenous GCs
patterns was studied.

Experimental
Reagents & standards:
Analytical and mass spectrometric grade chemicals were used in the study. The deionised water was obtained from Mili-Q
system (Millipore, Milford, USA). Six endogenous corticosteroids viz. Cortisol (F), Cortisone (E), Tetrahydrocortisone (THE),
11-Deoxy cortisol (S), Allo-3α-Tetrahydrocortisol (Allo-THF), 6 β-OH-Cortisol (6-OHF) and d4-cortisol (internal standard) were
obtained from Toronto Research Chemicals, Canada.
Sample collection:
A total of 110 urine samples from athletic (40 for each gender) and non-athletic (20 male and 10 females) Indian population
were collected. The athletic samples were routine samples received in the lab for dope analysis; whereas non-athletic
samples were collected from healthy volunteers aged 18-35.
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The samples of athletic population were collected in morning during 7:30 AM to 11 AM (50 samples) and evening during
4 PM to 8 PM (30 samples) considering circadian effects. Whereas, the non-athletic samples were taken in morning
(22 samples) during 7:30 AM to 9:30 AM and evening (8 samples) during 4 PM to 8 PM.
Samples from two Indian male healthy volunteers were collected before and after administration of single oral dose of
Dexamethasone (0.5 mg, Dexasone, Cadila-India) and Methylprednisolone (8 mg, Zempred, Sun-India) for two and eight
days, respectively.
Sample pre-treatment:
The sample extraction procedure included enzymatic hydrolysis of glucuronide fractions (using beta glucuronidase from E.
Coli) [8] and sulfate fraction (using beta-glucuronidase from Helix Pomatia) followed by liquid-liquid extraction with tert.
butylmethylether. All other extraction steps were as per a previously reported work [8].The hydrolysis efficacies were
monitored by incorporating cortisol glucuronide & cortisol sulphate controls in every batch of samples
Instrumental analysis:
Analysis was performed on AB Sciex API 5500 Q Trap Mass spectrometer (MS) coupled with Waters Acquity Ultra
Performance Liquid chromatography (UPLC), the UPLC & MS conditions were optimized to achieve optimum resolution and
sensitivity. The LC separation was achieved on Aquity BEH C18 column (1.7 µm, 2.1x100 mm) by using 1% formic acid (A) &
acetonitrile (B). The gradient programme was 50% B to 60% B in 2 min and 80% B in 4min and finally equilibrated at 50% B
till 5 min. The MS was operated in multiple reactions monitoring (MRM) mode for quantification of analytes. The method was
validated for specificity, selectivity, matrix effect and precision. Five point calibration curve for each analyte was prepared in
range of 50 ng/mL to 1000 ng/mL using direct standards.

Results and Discussion
Method development:
A specific and sensitive method was developed and validated for quantification of six endogenous GC in urine using
UPLC-MS/MS. Sufficient deconjugation yields were obtained for both glucuronides and sulfates. Therefore, optimised
deconjugation of the conjugated moiety by hydrolysis is a crucial step during sample preparation to achieve reliable
estimations [9]. The validation results hydrolysis recoveries for all three fractions are summarised in Table-1.

Table-1: Method validation results
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Profiling of endogenous GC:
Four endogenous glucocorticosteroids viz. F, E, THE, 6-OHF & Allo-THF could be quantified in the samples, whereas S was
found below limit of quantification. The analysis of different fractions revealed that E and F were mainly excreted in free
form both in athlete and non-athlete samples. However, THE & 6-OHF were eliminated after glucuronide conjugation in
phase-II metabolism in non-athlete samples. On the contrary, higher levels of THE were observed in sulfate fraction in
athlete population (Figure-1a & 1b) which cannot be attributed to any particular factor in view of significant variation in inter
individual activity of UDP enzymes responsible for in-vivo glucuronide conjugation as reported for AAS [10]. Nevertheless,
same enzymes are responsible for glucuronidation of GCs, hence inter individual and demographical evaluation of
endogenous GCs profiles after considering genetic polymorphism & UDP enzymes activity would be right approach [10].
The profiles of endogenous GCs were significantly higher in athlete’s samples which can be due to physical exertion and
stress factors [11] (Figure-2a &2b). Higher levels of excretion could be seen in morning hours in both athletic and
non-athletic samples which may be attributed to the circadian rhythm. The observed results are in conformity with previous
reference studies [2,3]. No role of gender could be seen in the excretion profiles. The ratio of all GCs to F was evaluated to
have better understanding of profiles. The ratio of E/F, were comparable in both the population whereas Allo-THF/F, THE/F
were on higher side in athletic population.

Figure-1: Endogenous corticosteroids fraction excreted in (a) athletic population (b) non-athletic population.

Figure-2: Profile of five endogenous corticosteroids in (a) athletic population and (b) non-athletic population.
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The profiling of endogenous GCs in dexamethasone & methylprednisolone excretion study:
The excretion of endogenous GCs was significantly suppressed after administration of dexamethasone & methylprednisolone
(Figure-3a & 3b). Significant alterations in ratio were observed after intake of synthetic GCs.

Figure-3: Profile of four endogenous GCS after intake of single oral dose of Dexamethasone (a) and Methylprednisolone (b).

Conclusions
The profiles of athletic and non-athletic samples are in-conclusive due to high variability & complexity in metabolism of
endogenous GCs which can be attributed to multiple factors like ethnicity and demographical distribution. The use of ratios
instead of individual values could be a reliable approach for profiling of endogenous GCs. The use of exogenous GCs inhibits
biosynthesis and in turn excretion of endogenous GCs. More extensive studies to establish reference ranges of endogenous
glucocorticosteroids in Indian athletic and non-athletic population are in progress.
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Metabolism study of GSK4112, SR9009, and SR9011, new “exercise-ina-pill” drug candidates
Antidoping Centre, Moscow, Russia

Abstract
Recent studies revealed that orphan nuclear receptors Rev-Erb-α and Rev-Erb-β are responsible for circadian rhythms and
play an important role in maintaining energy homeostasis. It is considered that the agonists of Rev-Erb receptors may
improve exercise capacity by activating metabolic processes in mitochondria. Therefore, due to potential performanceenhancing properties of these drugs, their misuse in sports cannot be ruled out.
Using liquid chromatography coupled to high resolution mass spectrometry, the phase I metabolites of several exemplary
Rev-Erb agonists, such as SR9009, SR9011, and GSK4112, were identified after incubation with human liver microsomes.
Depending on a compound, multiple metabolites were produced, which included cleavage at nitrogen atom of the amino
moiety or at tertiary nitrogen, transformation of N-pentyl side chain (hydroxylation, oxidation), and combination thereof.
GSK4112 was predominantly metabolized by esterases. An excretion study confirmed that the metabolism of these drugs is
complex. Most importantly, parent compounds were not excreted into urine.

Introduction
Activation of orphan nuclear receptors Rev-Erb-α and Rev-Erb-β in mice was shown to increase exercise capacity and
mitochondrial function [1-3]. It is currently believed that agonists of Rev-Erb receptors (particularly Rev-Erb-α) are promising
drug candidates for the treatment of skeletal muscle diseases with compromised exercise capacity [4]. Several Rev-Erb
agonists have been developed so far, of which SR9009, SR9011, and GSK4112 are commercially available (Fig. 1).

Fig. 1: Structural formulae of SR9009 (A), SR9011 (B), and GSK4112 (C).
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Interestingly, both SR9009 and SR9011 are already offered in bulk amounts at Alibaba website [5].
The present study was aimed at identifying phase I metabolites of SR9009, SR9011, and GSK4112 generated in vitro
followed by an excretion study to evaluate the detectability of each metabolite in vivo.

Experimental
In vitro metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol.
Administration studies: 5 mg of each compound was administered to 3 healthy male volunteers (1st: age 34, body mass
index 20, 2nd: age 37, body mass index 22, 3rd: age 26, body mass index 28).
Urine sample preparation: enzymatic hydrolysis with β-glucuronidase followed by liquid-liquid extraction with diethyl
ether and reconstitution in methanol/water 50/50 [6].
Instrumentation: triple quadrupole mass spectrometer TSQ Vantage (Thermo Scientific, San Jose, CA, USA) and a
high-resolution mass spectrometer Exactive (Thermo Scientific, Bremen, Germany) coupled to a liquid chromatograph
Acquity (Waters, Milford, MA, USA).
Separation: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C and protected by a
Vanguard column (20 mm × 2.1 mm). The mobile phase flow rate was 0.35 ml/min. The elution program started from
0.5-min isocratic step at 95% of 0.1% formic acid in water (A) and 5% of 0.1% formic acid in methanol (B) followed by linear
increase to 95% of B within 4.5 min, hold at 95% of B for 2.5 min and then re-equilibration until the end of analysis (10 min).
Detection: heated electrospray ion source (HESI II); positive ions. The collision gas pressure 1.5 mTorr (argon 99.9995%).
The vaporizer and capillary temperature 370 and 300°C, respectively, spray voltage 4000 V.

Results and Discussion
Having performed the incubation of SR9009, SR9011, and GSK4112 with human liver microsomes, the LC-HRMS was applied
to tentatively identify phase I metabolites for each compound. Fig. 2 shows the mass chromatograms plotted against the
exact mass of each postulated metabolite.
In case of SR9009, the metabolic conversion resulted in the loss of (5-nitrothiophen-2-yl)methyl (M1), (4-chlorophenyl)methyl (M2), ethoxycarbonyl (M5), or [(1-ethoxycarbonyl)]pyrrolidin-3-yl]methyl group (M6), followed by oxidation (M4, M7)
or hydroxylation (M3, M8).
For SR9011, the loss of (5-nitrothiophen-2-yl)methyl (M1), pentyl side chain (M3), (4-chlorophenyl)methyl (M5; its
hydroxylation counterparts M7-M9), or both (4-chlorophenyl)methyl and pentyl groups (M13) was observed. Hydroxylation
to parent compound lead to M14, while a combination of hydroxylation and oxidation lead to M12, which likely corresponds
to the formation of a carboxylic acid at the pentyl side chain.
GSK4112 was predominantly metabolized by esterases to give M1 (loss of t-butyl), or by losing (5-nitrothiophen-2-yl)methyl
(M4), 2-t-butoxy-2-oxoethyl (M6), or (4-chlorophenyl)methyl and t-butyl groups (M5). The metabolite M2 was produced
from M4 upon cleavage of t-butyl group, while M3 is a combination of hydroxylation and oxidation (or carboxylation) to M4.
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Fig. 2: LC-HRMS profile of the metabolites formed after incubation of SR9009 (A), SR9011 (B), and GSK4112 (C) with human liver microsomes.
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An excretion study has shown that parent compounds are not detectable in urine, while the metabolites could be detected
48-120 h after administration. The tentative structures of the metabolites which were abundant in vivo are shown in Fig. 3.
Their low-resolution product ion mass spectra and respective SRM transitions are summarized in Fig. 4. It should be noted
that the presence of 4-chlorobenzyl group favors the formation of the ions at m/z 125 (and m/z 127 for 37Cl) for each
metabolite retaining this moiety.
At present, SR9009 is available as a ready-to-use preparation from a company called Southern Sarms (Myakka City, FL,
USA), where it is advertised as a compound having “great promise in increased exercise capacity and endurance” [7].

Fig. 3: Tentative structure of the most valuable metabolites of SR9009 (1a: M6; 1b: M2), SR9011 (2a: M4; 2b: M6; 2c: M1; 2d: M2), and GSK4112
(3a: M1; 3b: M4).
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Fig. 4: Product ion mass spectra and selected SRM transitions for detection of SR9009 (A: M2, 20 eV, B: M6, 35 eV), SR9011 (C: M1, 25 eV, D: M2,
20 eV, E: M4, 20 eV, F: M6, 20 eV), and GSK4112 (G: M1, 15 eV, H: M4, 30 eV) metabolites abundant in vivo.
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Conclusions
The metabolism of SR9009, SR9011, and GSK4112, which represent a novel class of Rev-Erb agonists, has been studied. Due
to their ability to alter energy homeostasis by increasing efficiency of energy utilization, these drugs are likely to be abused
in sports. Our study has shown that SR9009, SR9011, and GSK4112 are subject to extensive biotransformation resulting in
production of multiple metabolites, mainly due to cleavage at tertiary nitrogen atom. An in vivo experiment demonstrated
that parent drugs cannot be detected in urine, while the metabolites are detectable for up to 5 days after administration of 5
mg dose.
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Mazzone R, Botrè F, Capodaglio M, de la Torre X, Fiacco I, Mazzarino M

An in vitro investigation on the phase I and phase II metabolism of
aminoalkylindoles. Selection of the most appropriate marker(s) of misuse

Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
This study presents the characterization of the phase I and phase II metabolic profile of aminoalkylindoles, providing
preliminary information on the potential impact of metabolic drug-drug interaction on the effectiveness of doping control
strategies currently followed to detect the intake of banned agents. In vitro assays based on human liver microsomes and
recombinant CYP isoforms were designed to simulate phase I and II biotransformation pathways of JWH007, selected as
prototype drug of the class of aminoalkylindoles, both in the absence and in the presence of medicaments (fluconazole,
ketoconazole, miconazole, nefazodone, paroxetine, fluoxetine) not included in the WADA Prohibited List and administered to
athletes and reported in literature as inhibitors of the isoenzymes involved in the phase I metabolism of the selected
prohibited substances.
The in vitro protocols were adequate to simulate the in vivo metabolism of aminoalkylindoles. The phase I metabolic
reactions include hydroxylation in different positions, N-dealkylation, carboxylation, dehydrogenation, and dihydrodiol
formation. These reactions are catalyzed mainly by CYP3A4 and CYP3A5 and to a lesser degree by CYP1A2, CYP2D6 and
CYP2C19. The above mentioned phase I metabolites undergo conjugation reactions catalyzed by uridine diphosphoglucuronosyl-transferases to form the corresponding glucuro-conjugated metabolites. Finally, our data also show that a
significant reduction in the formation of the metabolites is registered in the presence of ketoconazole, miconazole and
nefazodone. This reduction also involved those metabolites (i.e. hydroxylated and carboxylated metabolites) that are usually
selected as markers to detect the intake of synthetic cannabinoids.

Introduction
Synthetic cannabinoids were designed since the early 90's with the aim to understand the structure-activity relationships of
the endogenous cannabinoid system and to design alternative compounds without the side effects of natural cannabinoids
[1]. At present, synthetic cannabinoids have found great popularity into the world of “recreational” drug use [2]. Since 2009,
they are included in the WADA Prohibited List [3]. As they are extensively cleared by hepatic metabolism via oxidative and
conjugating enzymes, a thorough knowledge of their metabolism and enzymatic isoforms involved is of the utmost
importance to identify the most appropriate marker(s) of misuse. Here the metabolic profile of a representative synthetic
cannabinoid is characterized in vitro, also considering the effect of drug-drug interactions.

Experimental
Materials
JWH007 and ISTD were from Cayman Chemical (Ann Arbor, MI, USA). All chemicals and inhibitors were from Sigma-Aldrich
(Milano, Italy). The ultrapurified water of Milli-Q-grade (Milano, Italy). The reagents for the in vitro assays were from BD
Biosciences (Milano, Italy).
Protocols
Incubation conditions were optimized (proteins and substrate concentrations, incubation time). The incubation medium
contained 100 mM phosphate buffer and 3.3 mM magnesium chloride, 1.3 mM NADP+, 3.3 mM glucose-6-phosphate,
0.4 U/mL glucose-6-phosphate dehydrogenase (or 8 mM magnesium chloride, 25 µg/mL of alamethicin and 2 mM of uridine
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5’-di-phospho-α-D-glucuronic acid for phase II metabolism) in a total volume of 250 μL. The reaction was initiated by adding
the HLM and stopped with acetonitrile. For inhibition studies, different concentrations of each inhibitor were also added.
To the samples 1.5 mL of phosphate buffer and 50 μL of ISTD (20 ng/mL deuterated JWH-015) were added; extraction was
performed with 7 mL tert-butylmethyl-ether (enzymatic hydrolysis before extraction was performed for phase II reactions),
the organic layer was evaporated to dryness, reconstituted in 50 μL of mobile phase and injected into the LC-MS/(MS).
An Agilent 1200 RR Series HPLC pump (Agilent Technologies, Italy), a C18 column (2.1x150 mm, 2.7 µm), ultrapurified water
(A) and acetonitrile (B) both containing 0.1% formic acid were used for chromatographic separation. Flow rate: 250 µL/min.
The gradient program started at 20% B and increased to 50% B in 7 min, after 6 min to 60% B and after 1 min to 100% B.
An API4000 system (Applied Biosystems-Monza, Italy) with positive ESI, an ion source temperature of 500°C and a
declustering and needle voltages of 80 V and 5000 V respectively. SRM acquisition was used.

Results and Discussion
Experiments were performed using the SRM method developed considering the fragmentation pathways of JWH007 (see
Figure 1).

Fig. 1: JWH007: product ion spectra, fragmentation pathways and SRM acquisition method developed based on the fragmentation pathways of the
parent compound.
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In vitro phase I and II metabolism
The in vitro phase I and II metabolism protocols were optimized to reproduce the in vivo metabolism of aminoalkylindoles
[4-6]. The best results were obtained using a substrate concentration of 10 µM, 0.5 mg/mL of HLM and an incubation time of
4 h. In Figure 2 extracted chromatogram obtained analyzing samples after in vitro phase I incubation is reported: 29
metabolites were identified for JWH007. The phase I metabolic reactions include hydroxylation in different positions,
carboxylation, dihydrodiol formation, N-dealkylation, dehydrogenation and combination of them; mainly catalyzed by
CYP3A4 and CYP3A5 isoforms and to a lesser degree by CYP1A2, CYP2D6 and CYP2C19 isoenzymes. The phase I metabolites
once formed undergo conjugation reactions catalyzed by uridine diphosphoglucuronosyl-transferases to form the
corresponding glucuro-conjugated metabolites.

Fig. 2: Extracted chromatogram of the in vitro metabolic profile of JWH007 using human liver microsomes.

Inhibition studies
To investigate the capacity of medicaments commonly used by athletes and reported to be inhibitors of the CYP450 system
involved in the biotransformation pathways of aminoalkylindoles in altering the in vitro metabolic profile of the agents
considered, inhibition studies were performed. JWH007 was incubated with HLM in the absence and in the presence of the
selected inhibitors (fluconazole, ketoconazole, miconazole; fluoxetine, paroxetine, nefazodone) added to reaction mixture at
different concentrations (0.1, 1, 5, 10 and 20 µM), using the protocols described before.
Significant alterations of the phase I metabolic profile were registered for ketoconazole, miconazole and nefazodone; the
formation of metabolites is reduced by more than 50% in the presence of inhibitors at a concentration 1/2 of the substrate
(see Figure 3). Moderate variations (< 20%) were, instead, registered for the other inhibitors considered.
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Fig. 3: In vitro metabolic profile of JWH007 (10 µM) in the absence and in the presence of different concentration (0.1, 1, 5, and 10 µM) of nefazodone,
ketoconazole and miconazole using human liver microsomes.
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Conclusions

●
●

●

●

The in vitro protocols developed in this study are able to simulate the in vivo metabolism of aminoalkylindoles.
The activity of the CYP3A isoforms, the most involved in aminoalkylindoles metabolism, is significantly reduced in the
presence of miconazole, ketoconazole and nefazodone.
Drug-drug interactions, when occur, might cause alterations of the kinetics of biotransformation and excretion of the
metabolites selected as markers of aminoalkylindoles intake.
Being the CYP3A isoforms responsible of the formation of the marker(s) (mono-hydroxylated and carboxylated metabolites)
selected to reveal aminoalkylindoles misuse, we propose to screen also for the di-hydroxylated metabolites that are
formed mainly by the CYP1A2 isoform; this isoenzyme is in fact not influenced by drug-drug interaction phenomena.
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Metabolism study of the selective androgen receptor modulator LGD-4033
Antidoping Centre, Moscow, Russia

Abstract
Selective androgen receptor modulators (SARMs) gained significant attention from pharmaceutical companies due to their
ability to prevent muscle wasting and osteoporosis, without noticeable adverse effects typically associated with the
androgen therapy. We have studied the in vitro and in vivo metabolism of a novel SARM, LGD-4033, which recently became
available on the market of performance-enhancing drugs sold over the Internet in many countries.
Incubation with human liver microsomes showed that LGD-4033 is relatively stable towards phase I metabolism. The main
biotransformation pathways were mono- and dihydroxylation. A product which formally corresponds to the pyrrolidine-ring
cleavage was also detected. An excretion study demonstrated that while parent drug is detectable 5 days after
administration, the dihydroxylated metabolite should be preferred due to better peak symmetry and detection time window
(up to 10 days). Interestingly, formation of monohydroxylated metabolite was unfavorable in vivo.

Introduction
A new investigational drug, LGD-4033, developed by Ligand Pharmaceuticals [1], was recently added to the menu of
performance-enhancing drugs offered over the Internet and is now available to almost anyone interested in boosting their
physical performance [2]. Up to now, there is only one report available which describes in detail an in vitro metabolism of
LGD-4033 [3], outlining that mono- and dihydroxylation products are formed upon incubation with human liver microsomes,
with a special attention paid to the mass spectrometric characterization of the metabolites.
The aim of present study was to perform both in vitro and in vivo experiments with LGD-4033, in order to evaluate its
metabolic fate and select the metabolite(s) being most efficient for sports drug testing.

Experimental
In vitro metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol.
In vivo experiment: oral administration of a single dose equivalent to 6 mg by a healthy male volunteer (age 26, body
mass index 28).
Urine sample preparation: according to standard methods for total fraction by GC-MS/MS, total fraction by LC-MS/MS, and
dilute-n-shoot by LC-MS/MS [4].
Instrumentation: triple quadrupole mass spectrometer TSQ Vantage (Thermo Scientific, San Jose, CA, USA) and a
high-resolution mass spectrometer Exactive (Thermo Scientific, Bremen, Germany) coupled to a liquid chromatograph
Acquity (Waters, Milford, MA, USA); triple quadrupole mass spectrometer TSQ Quantum XLS Ultra (Thermo Scientific, San
Jose, CA, USA) coupled to a gas chromatograph Trace 1310 (Thermo Scientific, Rodano, Milan, Italy).
Separation: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C and protected by a
Vanguard column (20 mm × 2.1 mm). The mobile phase flow rate was 0.35 mL/min. The elution program started from
0.5-min isocratic step at 95% of 0.1% formic acid in water (A) and 5% of 0.1% formic acid in methanol (B) followed by linear
increase to 95% of B within 4.5 min, hold at 95% of B for 2.5 min and then re-equilibration until the end of analysis (10 min).
Detection: heated electrospray ion source (HESI II); positive ions. The collision gas pressure 1.5 mTorr (argon 99.9995%).
The vaporizer and capillary temperature 370°C and 300°C, respectively, spray voltage 4000 V.
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Results and Discussion
We have bought an “LGDRx” supplement manufactured by Pharm-Bio Inc. (USA), declared to contain 3 mg of LGD-4033 per
tablet. The active component was extracted and analyzed using GC-MS and LC-MS/MS methods. The electron ionization (EI)
and product ion ESI+ spectrum of this compound was consistent with the structure of LGD-4033 (Fig. 1).

Fig. 1: Electron ionization (A) and ESI product ion (B) mass spectrum of LGD-4033.
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Incubation with human liver microsomes showed that LGD-4033 is relatively stable towards phase I metabolism. The main
biotransformation pathways were mono- and dihydroxylation, as well as the pyrrolidine ring cleavage (Fig. 2). In general,
our results are in a good agreement with the data reported by Thevis et al. [3].
An excretion study demonstrated that while parent drug and the metabolite formed upon pyrrolidine ring cleavage are
detectable for up to 5 days after administration, the dihydroxylated metabolite should be preferred due to a better
chromatographic peak symmetry and a longer detection time window (up to 10 days). Interestingly, the formation of the
monohydroxylated metabolite was unfavorable in vivo.

Fig. 2: LC-HRMS profile of LGD-4033 metabolites detected using an in vitro approach.

As confirmed by dilute-and-shoot analysis of the post-administration urine, the parent compound is excreted completely
conjugated with glucuronic acid, while dihydroxylated metabolite M2 is non-conjugated. We suggest that both hydroxyl
groups are located at the pyrrolidine part of the molecule (Fig. 3A). To further elucidate the structure of M2, we applied
GC-MS for analysis of the post-administration urine sample using our routine procedure for anabolic steroids [3]. It was found
that M2 features a symmetrical peak shape and informative EI mass spectrum as the bis-TMS derivative (Fig. 3B). The
mono-TMS derivative was produced only in trace amounts, while the tris-TMS derivative was not detected at all. It should be
noted that the GC-MS/MS method provided better sensitivity compared to LC-MS/MS, when positive ESI mode was applied.
The representative mass chromatograms demonstrating the detection of LGD-4033 and M2 at 22 and 190 h after
administration are shown in Fig. 4.
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Fig. 3: ESI+ product ion mass spectrum (A) and EI mass spectrum (B, as 2TMS derivative) of LGD-4033 dihydroxy metabolite.

Fig. 4: Mass chromatograms demonstrating the detection of LGD-4033 and its dihydroxylated metabolite M2 at 22 (A, B) and 190 h (C, D, E) after
administration. Chromatograms A-D represent the LC-MS/MS data, E - the GC-MS/MS data.
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Conclusions
The metabolism of a novel commercially available SARM, LGD-4033, was studied applying an in vitro approach and
confirmed by an in vivo experiment. Our data suggest that administration of this compound is best revealed by the detection
of its dihydroxylated metabolite. Both LC-MS/MS with positive ESI and GC-MS/MS methods could be used, the latter providing
a relatively higher sensitivity and better retrospectivity of analysis (the use of LC-MS/MS with negative ESI was not evaluated
in this study). After a single dose administration of LGD-4033 (6 mg), the dihydroxylated metabolite could be detected in
urine for up to 10 days.
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Newcomers to the synthetic cannabinoid family: detection of major
metabolites in urine
Antidoping Centre, Moscow, Russia

Abstract
The variety of synthetic cannabinoids on the clandestine market is constantly growing. When drug enforcement bodies
prohibit a compound, another one with minor structural modifications becomes available almost immediately. Analytical
methods to detect the abuse of synthetic cannabinoids strongly rely on the knowledge of their metabolism, as parent
compounds do not excrete into urine.
Using both in vitro and in vivo approaches, we have studied the metabolism of novel synthetic cannabinoids, such as
5F-PB22, AB-CHMINACA, MDMB-CHMINACA, MMB2201, 5F-AB-PINACA, AB-PINACA, MDMB-FUBINACA, FUB-PB22, NM2201,
5F-AMB, ADB-FUBINACA, and AB-FUBINACA using liquid chromatography – high resolution and triple quadrupole mass
spectrometry. The major metabolites of these cannabinoids were mostly formed via deamidation and deesterification.
Several cannabinoids produced identical metabolites, such as ADB-FUBINACA and MDMB-FUBINACA, 5F-PB22 and NM2201,
as well as 5F-AB-PINACA and 5F-AMB.

Introduction
The number of synthetic cannabinoids continues to grow year on year, and a total of 134 compounds have been identified as
of December 2014 [1]. While the identification of these drugs in bulk or in the herbal mixtures is a well-established
procedure, the detection of synthetic cannabinoids in biological fluids is dependent on the knowledge of their metabolism.
Due to ethical reasons, most metabolism studies are conducted using an in vitro approach with human liver microsomes
[2,3].
The aim of the present study was to investigate the metabolism of novel synthetic cannabinoids, such as 5F-PB22,
AB-CHMINACA, MDMB-CHMINACA, MMB2201, 5F-AB-PINACA, AB-PINACA, MDMB-FUBINACA, FUB-PB22, NM2201, 5F-AMB,
ADB-FUBINACA, and AB-FUBINACA using liquid chromatography – high resolution and triple quadrupole mass spectrometry.

Experimental
In vitro metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol. The amount of each compound in incubation experiments was 5 µg.
Urine samples: forensic urine samples provided by a local governmental laboratory for drugs of abuse analysis. For these
samples some preliminary information on the compounds identified was available.
Sample preparation: enzymatic hydrolysis of 3 mL urine with β-glucuronidase followed by liquid-liquid extraction with
diethyl ether and reconstitution in 100 µL methanol/water 50/50 [4].
Analysis and detection: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C and
protected by a Vanguard column. Gradient elution with 0.1% formic acid in water and 0.1% formic acid in methanol at a flow
rate of 0.35 mL/min was applied with a run time of 10 min. The heated positive ion electrospray ionization (HESI II) was used
for the detection of target analytes.
Instrumentation: liquid chromatograph Waters Acquity (Waters, Milford, MA, USA) coupled to high resolution / high
accuracy mass spectrometer (LC-HRMS) Exactive (Thermo Scientific, Bremen, Germany) or triple quadrupole mass
spectrometer (LC-MS/MS) TSQ Vantage (Thermo Scientific, San Jose, CA, USA).
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Results and Discussion
World Anti-Doping Agency (WADA) prohibits the use of any cannabimimetic [5], therefore antidoping laboratories are
expected to detect as many representatives of this class as possible. However, taking into account the diversity of
cannabimimetics available on the clandestine market, this is an extremely complex analytical task, as most of synthetic
cannabinoids undergo first-pass metabolism [6]. Therefore, metabolism studies are a basic requirement whenever screening
methods have to be updated.
Cannabinoids commercially available from Cayman Chemical, such as AB-PINACA, AB-FUBINACA, ADB-FUBINACA, FUB-PB22,
NM2201, and 5F-AMB, were incubated with human liver microsomes. Alternatively, urine samples from drug users which
were earlier tested by a local governmental forensic laboratory and found positive for “traditional” cannabimimetics such as
JWH-018 have been analyzed. Based on the criminological data provided along with the urine samples, we focused on the
identification of a closed set of synthetic cannabinoids and were able to identify the metabolites which could be structurally
linked to the following compounds: AB-PINACA, MDMB-FUBINACA, FUB-PB22, 5F-PB22, 5F-AB-PINACA, AB-CHMINACA,
MDMB-CHMINACA, and MMB2201.
It should be noted that the metabolism of some of these compounds was studied already in detail after incubation with
human hepatocyte or liver microsomes [2,3]. An in vivo data were not available though.
As it was not possible to evaluate the long-term detectability of each metabolite, the compounds with cleaved amide or
ester moiety were preferred over hydroxylation products [7]. Fig. 1 summarizes the main metabolites identified for
synthetic cannabinoids covered in this study.
After the metabolism of these drugs was studied using LC-HRMS by checking the presence of a meaningful signal on the
mass chromatograms plotted against relevant exact masses for each postulated structure with the mass accuracy of 5 ppm
or better, the product ion mass spectra were recorded on a triple quadrupole MS to establish the SRM transitions. The SRM
transitions selected for the detection of these metabolites are presented in Table 1.

Table 1: SRM transitions for the detection of the main metabolites of synthetic cannabinoids.
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Fig. 1: Structural formulae of synthetic cannabinoids and their major metabolites (1a: FUB-PB22, 1b: metabolite; 2a: AB-PINACA, 2b: metabolite; 3a:
MMB2201, 3b: metabolite; 4a: 5F-PB22, 4b: NM2201, 4c: metabolite; 5a: MDMB-CHMINACA, 5b: metabolite; 6a: 5F-AB-PINACA, 6b: 5F-AMB, 6c:
metabolite; 7a: AB-FUBINACA, 7c: metabolite; 8a: AB-CHMINACA, 8b: metabolite; 9a: MDMB-FUBINACA, 9b: ADB-FUBINACA, 9c: metabolite).
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Conclusions
The main metabolites of novel synthetic cannabinoids (FUB-PB22, 5F-PB22, NM2201, AB-CHMINACA, MDMB-CHMINACA,
AB-PINACA, 5F-AB-PINACA, 5F-AMB, AB-FUBINACA, ADB-FUBINACA, MDMB-FUBINACA, and MMB2201) were reported. Due to
peculiarities of their chemical structure, the metabolism is well predictable and always includes formation of carboxylic acid
from the respective amide or ester derivative.
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Comparison of five immunoassays for the detection of human chorionic
gonadotropin
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
Purpose: Comparison of five different immunoassays for the detection of urinary hCG to evaluate their characteristics and
success to fulfill the criteria of the WADA guideline.
Methods: Five immunoassays were utilized in this study. Five different molecular forms of hCG standard reference from
NIBSC were spiked into blank urine. Four different concentrations of intact hCG were prepared for the sensitivity test, and
three different dilution factors were used for preparing other hCG standards to evaluate the specificity and the reactivity. All
®
samples were analyzed by using five different ELISA methods, and values were measured by SIEMENS Immulite 1000
system or PE VICTOR3 1420 Multilabel Counter at 450nm.
Results: The specificity of five ELISA methods was evaluated. Significant immunoreaction was observed in each
immunoassay with intact hCG and nicked hCG. With β-hCG and nicked β-hCG were observed in ALPCO, DRG, and Abcam hCG
assays, while the reaction in SIEMENS assay is more intensive. The LOD (mean value of Standard Zero+3*SD) values of
these assays are all lower than 3 IU/L. The recoveries at 50, 10, 5, and 2.5 IU/L for all the kits are between 69%-157%, while
the mean recoveries of the ALPCO, DRG EIA-1469 and the Abcam kits are about 90%-110%.

Introduction
According to the Guidelines for hCG and LH published by the World Anti-Doping Agency (WADA), the finding of the a/β
heterodimer of hCG including the intact a/β heterodimer and the nicked a/β heterodimer in the urine of male athletes at
concentrations (corrected to specific gravity of 1.020) greater than the established Decision Limit (DL) of 5 IU/L may be an
indicator of hCG use for doping purpose. The applied assays should be specific for the a/β heterodimer of hCG, whereas
assays that measure other molecular forms (e.g. free subunits or degradation fragments) in addition to the a/β heterodimer
of hCG should not be used. [1] The updated version of the guidelines required major methodological changes. To fulfill the
requirements of the new Guidelines, this research was carried out by comparison of five different immunoassay methods
with the detection of hCG in urine.

Experimental
Five immunoassays, namely ALPCO hCG kit (25-HCGHU-E01, USA), DRG hCG kit (EIA-1783 and EIA-1469, Germany), Abcam
®
hCG kit (UK), and Siemens Immulite hCG kit (Germany) were included in the study (Tab. 1). Five different molecular forms
of hCG (α-hCG, β-hCG, nicked β-hCG, intact hCG, and nicked hCG) were bought as reference standards from NIBSC, and
spiked into blank urine. Four different concentrations of intact hCG were prepared for the sensitivity test, and three different
dilution factors were used for preparation of other hCG standard references in order to evaluate the specificity and the
®
cross-reactivity. All samples were analyzed by using five different ELISA methods, and measured by SIEMENS Immulite
1000 system or PE VICTOR3 1420 Multilabel Counter at 450nm.
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Tab. 1: Information of five different hCG ELISA assays

Results and Discussion
The specificities of five ELISA methods was evaluated. None of the assays was observed to react to a-hCG. The measured
values of α-hCG at the concentration of 10 nmol/L, 5 nmol/L, and 1 nmol/L are all lower than 4 IU/L for all related assays. It
indicated that these immunoassays may be hardly reactive to other hormones which have the same alpha chains as hCG
(Fig. 1 & Tab. 2).

Fig. 1: Standard curves of different hCG assays
*The curve of DRG EIA-1469 b was constructed by using partially the data of DRG EIA-1469 a.
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A significant immunoreaction with intact hCG and nicked hCG can be observed using all the tested immunoassays. Nicked
hCG are biologically inactive or of very low activity, but because of the similar molecular structure, it is difficult to distinguish
between intact hCG and nicked hCG by hCG antibodies (Tab. 2).

Tab. 2: Reaction of assays with different hCG forms

Weak immunoreactions with β-hCG and nicked β-hCG are observed in ALPCO, DRG, and Abcam hCG assays in varying
degrees, while the reaction in SIEMENS assay is apparently much more intensive.
The LOD (mean value of Standard Zero+3*SD) values of these assays are all lower than 3 IU/L. The recoveries at 50, 10, 5,
and 2.5 IU/L for all the kits are between 69%-157%, while the mean recoveries of the ALPCO, DRG EIA-1469 and the Abcam
kits are about 90%-110% (Tab. 3). In comparison with the ALPCO assay, the LOD of the Abcam assay is much lower, and also
the operation of this assay is more complex.
The LOQ was not evaluated with the way defined by WADA in the latest Guidelines, because the new Guidelines had not
been published when this study was carried out.
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Tab. 3: Recoveries of different assays

Conclusions
Comparison between these five immunoassays revealed that the SIEMENS assay could not be used neither as the initial nor
the conformation assay but a pre-initial assay, while the ALPCO, DRG and Abcam assay could be applied to both initial and
confirmation procedures. However, the LOQ need to be evaluated in further study to fulfill the latest Guidelines.
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Abstract
Objective: This study aims at the detection of steroids, which are mostly abused in competitive sports, focus on finding
specific circulant miRNAs of steroids using, which would be the potential new biomarkers for doping detection of steroids.
Method: 3 Male and 2 female healthy volunteers were recruited to take part in testosterone undecaoate excretion lasted 14
days. Blood samples and urine samples had been taken during and after the excretion. MiRNAs were isolated from the serum
collected at day 1 (before administration) and day 15 (after administration). MiRNA mircroarrys were performed utilizing
Affymetrix Genechip miRNA 4.0 Arrays. The data was analyzed using Affymetrix Algorythim. The miRNAs were selected
using statistical significance between the samples from day 1 and day 15 with fold change > 2.0, while P-value < 0.05.
Results: 37 MiRNAs had been selected which had changed significantly after drug using. 28 MiRNAs were significant different
in all subjects, 11 miRNAs were found in male subjects, as well as 10 in female.Through the target mRNAs screen using
Targetscan and pathway orientation using KEGG pathway, all these miRNAs are anticipated to participate anabolic signal
pathway. Besides that, there was only one miRNA, the fold change of which after drug use from every subject was above 2.0,
hsa-miR-16. Others 16 miRNAs, the fold change of which from 4 subjects was above 2.0.
Though there were 28 miRNAs selected, as the higher missed results using microarray than PCR. This is only a preliminary
result, all these miRNAs still need to be confirmed by real time RT-PCR.

Introduction
Nowadays, steroid is the drug that still mostly abused in competitive sports [1]. As the shortage of current analyzing
technology, the technology of steroid detection needs to be improved necessarily [2]. MiRNAs are a class of small
non-coding RNAs that regulate gene expression and have a critical role in many biological and pathological processes [3].
Recently, it has been reported that circulant miRNAs were under research on biomarkers for doping detection, such as ESAs
[4], Autologous Blood Transfusion [5] and rhGH [6]. This study aims at the detection of steroids, focus on finding specific
circulant miRNAs concerned with steroid-induced signal pathway [7] which changed after steroids using. The screening
miRNAs would be the potential new biomarkers for doping detection of steroid.

Experimental
The design of study was approved by China Ethics Committee of Registering Clinical Trials (Amendment to approval No.
ChiECRCT-20140036). The informed consent had been signed by all subjects before the excretion study.
Three Male and two female healthy volunteers were recruited to take part in the testosterone undecaoate excretion study.
All volunteers were between 18 and 35 years of age and with no steroids using history. Testosterone undecaoate was taken
orally during breakfast and supper each day, lasted 14 days, 160 mg per day were taken by male, 80 mg per day were taken
by female. As the limitation of volunteers, control group was not established in the excretion. Blood samples and urine
samples had been collected during and after the excretion. The samples at day 1 were defined as the negative control which
were collected before the first administration. The details of the time points of collection were described in Figure 1.
The samples of serum collected at day 1 and day 15 were selected for miRNAs screening. MirVana PARIS kit from Ambion
was used for the isolation of miRNAs. MiRNA mircroarrys were performed utilizing Affymetrix Genechip miRNA 4.0 Arrays
after the ligation with PolyA tail using the FlashTag Biotin HSR RNA Labeling Kit. The data was analyzed using Affymetrix
Algorythim.
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The miRNAs were selected using statistical significance between the samples from day 1 and day 15 with fold change > 2.0,
while P-value < 0.05. Targetscan and KEGG pathway were used through website for the analysis of target gene and pathway
of screened miRNAs.

Figure 1: Design of testosterone undecaoate excretion

Results and Discussion
Comparing with the expression of miRNAs from serum in samples collected in day 15 and day 1, there were 28 miRNAs
which had changed significantly (fold change >2.0 & P-value<0.05) after drug use. Through the target mRNAs screen using
Targetscan and pathway orientation using KEGG pathway, all these miRNAs are anticipated to participate anabolic signal
pathway (Tab. 1).
Besides that, we have also compared with the change of miRNAs after drug use in male and female subjects separately. 11
MiRNAs changed significantly (fold change >2.0 & P-value<0.05) which analyzed in male subjects, 10 miRNAs changed
significantly (fold change >2.0 & P-value<0.05) which analyzed in female subjects. There was only one miRNA which
changed significantly in all three groups, miR-486-5p. The miRNAs selected from males and females were diffirent for the
reason of different level and pathway of steroids. In addition, the limitation of numbers of subjects was another major reason
of different miRNAs selected in three groups.
Detection rate of individual had also been analyzed. The miRNAs whose fold change of single subject was above 2.0 were
defenited as detectable miRNAs. There was only one miRNA, the detection rate of individual was 100%, miR-16. MiR-16 is
abundant and stable in serum from healthy people, now it is a specific biomarker for diagnosis of tumor, also it often been
used as an internal reference in miRNAs research [8]. But this marker had not been identified as significant different in male
subjects or female, maybe for the reason of different expression level respectively. Besides that, there were other 16
miRNAs, the detection rate of which was 80% (Tab. 2). All aboved 17 miRNAs will be the focus in next work.
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Table 1: List of selected miRNAs in each group (all ●, male ▲, female ◆)

Table 2: List of selected miRNAs and detection rate of individual
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Conclusions
There were 37 miRNAs which had been screened as the potential specific miRNAs of testosterone using. Though these
miRNAs had been selected, as the higher missed results using microarray than PCR, this is only a preliminary result, all these
miRNAs still need to be confirmed by real time RT-PCR which is currently undertaken. Besides that, the urine samples will be
analyzed by official methods from WADA. Comparing the stability, sensitivity, positive rate and time window of detection,
different methods will be contrasted.
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Circulating microRNAs as biomarkers of human growth hormone
administration: microassay analysis
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Abstract
Background: microRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the transcriptional or
posttranscriptional level. The changed expression of microRNA is associated with several diseases. In this study, we
hypothesized that circulating miRNA could be used as biomarker of human growth hormone administration in athletes.
Methods: Serum samples were collected from volunteers who were taken by administration of rhGH in another study. All
the serum samples were stored at -70℃. Sixteen samples from 6 volunteers were analyzed in this pilot study. MicroRNAs
were isolated from the serum samples using the miRNA extraction kits (Qiagen). MiRNAs were analyzed by Affymetrix
Genechip miRNA 4.1 Arrays. Statistics were carried out with a Fold Change and a Volcano Plot filtering and LIMMA between
the two compared groups.
Results: Based on microarray results, differential expression of miRNAs were oberved in serum samples after rhGH
administration. The results will be confirmed by RT-qPCR. Further research need to be continued.

Introduction
MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the transcriptional or posttranscriptional
level. It is indicated in a lot of research that the changed expression of microRNA is associated with diseases. Because of the
drug related sensitivity and specificity and highly stabile property in blood plasma and serum, the circulating miRNAs seem
to be an ideal biomarkers utilizing in the anti-doping area. It is reported that several specific plasma miRNAs are possible to
detect CERA and blood transfusion abuse.In this study, we hypothesized that circulating miRNAs could be changed after
rhGH administration, and could be used as biomarkers of human growth hormone administration in athletes [1,2].

Experimental
Serum samples were collected from volunteers who were taken by administration of rhGH in another study [3]. All of the
serum samples were stored at -70℃ before analysis. Twelve samples from 6 volunteers collected on day 0 and day 6 were
analyzed in this study. MiRNAs were isolated from these serum samples using the miRNA extraction kits (Qiagen, Germany)
and were analyzed by Affymetrix miRNA 4.1 Arrays (Affymetrix, USA).Carrier RNA (Roche, US) was used in order to maximize
the yield. Two different statistics were carried out to identify differentially expressed miRNAs before and after administration.
A fold change and a volcano plot filtering were performed. The miRNAs were selected using statistical significance between
the samples from day 0 and day 6 with fold change >=2.0 or <=-2.0 while p-value<=0.05. Also, statistics were carried out
with LIMMA. P<0.05 were set for use.

Results and Discussion
As the request of user manual for the genechip, a minimum of 130 ng RNAs input is recommended. Since the total RNAs in
long-term stored serum samples would be much lower than in fresh samples, to meet the requirement for the microarray
analysis, the miRNA extraction procedure and the microarray analysis procedure were optimized, so that the miRNAs in
thees serum samples could be analyzed by microarray chips.
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The differential
expression of miRNAs in serum between day 0 and day 6 were observed. Thirty one selected miRNAs were
obtained via setting a fold change and a volcano plot filtering (Tab. 1 & Fig. 1). Meanwhile, ninety eight selected miRNAs
were got by using LIMMA. All the selected miRNAs got with the former statistical method were also appeared in the list got
with the latter statistical method.
The selected miRNAs obtained in this study were quite different from the ones observed by Kelly et al [4]. It was probably
caused by several reasons as following. Firstly, the ethnicity, age, and health condition of the subjects were different. The
subjects in the former study were Chinese healthy male college students, while in the latter one were patients. Secondly, the
versions of the microarray chips were different. The former one used Affymetrix 4.1, while the latter one utilized Affymetrix
2.0. Thirdly, the sample matrix was different. The former was serum, the latter was plasma. Besides, the sample size was
small in both studies.

Table 1. List of miRNAs with different expression after rhGH administration. Mean signal are based on microarray hybridization intensity
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Figure 1. Volcano plot by fold change versus log p-value for 6600 non-control miRNAs. Fold change are log2 differenceds between expression at
Day 6 after rhGH administration and Day 0 before administration.

Conclusions
The differential expression miRNAs for rhGH administration were obtained in this study. Real time RT-PCR will be used for
confirmation of the selected miRNAs. Further research need to be continued.
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Detection of intact insulins in biological fluids by LC-ESI-MS/MS following
protein precipitation, ultra filtration and immunoaffinity chromatography
purification.
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Abstract
Here we present a simplified procedure to detect intact rapid-acting insulins (Apidra®, Humalog® and NovoRapid®) in human
serum/plasma and urine samples. Sample pre-treatment includes protein precipitation, immunoaffinity chromatography
purification and one (for plasma samples) or two (for urine samples) ultrafiltration steps. Detection of the analytes is
achieved by a triple quadrupole mass spectrometer under positive ion electrospray ionization and selected reaction
monitoring acquisition mode after high performance liquid chromatography separation with an octadecyl reverse-phase
microbore column. The analytical procedure, once optimized, has been validated as per ISO 17025 and WADA requirements.
The newly developed method is efficient (recovery higher than 70% for all the compounds under investigation) sensitive
(LLOD in the range of 0.2-1 ng/mL), repeatable (CV% of the relative retention times <1 and of relative abundances of the ion
transitions selected <15) and specific (no interferences were detected at the retention times of the analytes considered).
The suitability of the method has been evaluated by analyzing both spiked samples and urines collected after administration
of the analytes under investigation.

Introduction
Since 1999, the use of insulins (including recombinant human insulin and related synthetic analogs) has been banned for
non-medical purposes first by the IOC and later on by the WADA [1]. Different analytical procedures are present in literature
to detect insulins in plasma and urine samples [2-4]. Based on the above methods, we are here proposing a simplified
analytical procedure to detect the intact rapid-acting insulins (Humulin ® , Apidra ® , Humalog ® and NovoRapid ® ) in
serum/plasma and urine samples. The procedure is based on LC-MS/MS following protein precipitation, ultrafiltration and
immunoaffinity chromatography purification. The newly developed method was validated in terms of specificity, matrix
effect, sensitivity, robustness and intra- and inter-assay precision according to ISO 17025 [5] and WADA requirements [6].

Experimental
Materials
Apidra® was from Aventis (Kansas City, MO), Humalog® and Humulin R® from Eli Lilly (Indianapolis, IN), NovoRapid® from
Novo Nordisk (Princeton, NJ), ISTD and reagents from Sigma-Aldrich (Milano, Italy). The anti-insulin gel from CER (Marloie,
Belgium). Ultrapurified water was of Milli-Q-grade (Milano, Italy).
Analytical procedure
To either 10 mL of urine or 1 mL of serum/plasma, 5 µL of ISTD (bovine insulin, 1 ng/mL) was added. The urine sample was
concentrated by using Amicon Ultra-15 tube (MW cut-off 3,000 Da) and centrifugation at 4000 g for 20 min. The retentate
was transferred onto a column containing 1 mL of PBS and 1 mL of anti-insulin gel, passed through the gel twice and then
discarded. For serum/plasma samples the procedure started by protein precipitation using 1 mL of acetonitrile with 0.1%
formic acid. The gel was rinsed using 2x2 mL of PBS, and insulins eluted onto Amicon Ultra-4 tube (MW cut-off 3,000 Da)
using 3x1 mL of acetic acid (2%), centrifuged at 7200 g for 20 min and 50 µL injected.
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Chromatographic separation was performed by an Agilent 1200 RR Series chromatographer, a C18 column (1×50 mm,
3.5 μm), and ultrapurified water (A) and acetonitrile (B), both containing 0.1% formic acid. Gradient program: 20% B, after
2 min to 60% B in 8 min, after 5 min to 80% B. The column was flushed for 1 min at 80% B and re-equilibrated at 20% B for
20 min. The flow rate set at 80 µL/min.
Detection was performed using an API4000 (SCIEX, Italy) instrument with positive electrospray ionization. The ion source
was operated at 300°C, the applied capillary and declustering voltages were set at 5000 V and 150 V, respectively. SRM
acquisition was used (Table 1) and the precursor ions in the first quadrupole were isolated at low resolution to enhance the
sensitivity.

Results and Discussion
Instrumental parameters were optimized by infusion of standard solution of each analyte at a concentration of 10 µg/mL.
The full-scan MS analysis was performed to identify and to select the most abundant precursor ion(s); MS/MS experiments
were carried out to select the diagnostic ion transitions for the SRM acquisition method. For each insulin at least two
diagnostic fragments were selected, resulting in sufficient number of transitions for initial testing (“screening”) procedure
(Table 1).

Table 1: Mass spectrometric parameters and validation results
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Concerning sample pre-treatment, different immunoaffinity extraction (incubation time and number of passages through the
gel), ultracentrifugation (time and rate) and protein precipitation (solvent type and volume) conditions were evaluated. The
best results in terms of analysis time, recovery and specificity were obtained by using acetonitrile containing 1% of formic
acid for protein precipitation, two passages through the anti-insulin gel (two after an incubation of 10 minutes) and two
ultrafiltration steps: the first with an Amicon Ultra-15 tube (MW cut-off 3,000 Da) at 4000 g for 20 min and the second using
an Amicon Ultra-4 tube (MW cut-off 3,000 Da) at 7200 g for 20 min (Figure 1 and 2).

Figure 1: Extracted ion chromatograms of serum sample spiked at 5 ng/mL of NovoRapid, Apidra, and Humalog using the analytical procedure
developed in this study with (A) and without (B) protein precipitation.
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Figure 2: Extracted ion chromatograms of urine sample spiked at 5 ng/mL of NovoRapid, Apidra and Humalog using the analytical procedure
developed in this study with (A) and without (B) protein precipitation.

The method was validated in terms of sensitivity, specificity, carry over, stability, ion suppression/enhancement,
intermediate and inter-day repeatability of relative retention time. These parameters were evaluated using at least 10
different blank and spiked urine and serum/plasma samples. As shown by the results summarized in Table 1, the method
was proven sensitive, specific and reproducible. The performance and the applicability of the method on real samples were
evaluated by analyzing excretion study urines collected after oral administration of therapeutic doses of NovoRapid®
(Figure 3).
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Figure 3: Extracted ion chromatograms of a blank urine, urine samples obtained after NovoRapid administration and spiked reference urine.
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Conclusions
The introduction of ultracentrifugation steps and protein precipitation allowed:
(i) to decrease the need of human resources and sample preparation time. The process was compressed from 160 min to 90
min for urine samples and from 150 min to 70 min for plasma samples with significant advance in productivity especially on
the occasion of time constraints of major International events.
(ii) to obtain cleaner extracts with consequent improvement of the analytical data and of the integrity of the systems used
both for the purification step of the sample (immunoaffinity column) and instrumental (chromatographic column) analysis.
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Peptides in doping control: screening, confirmation, validation protocols
and stability results
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Abstract
The growing use of several classes of small peptides in elite sports to improve performance or masking agents became of
great importance for doping control. We report a validation protocol applied for peptides extraction from urine by mixed
mode solid phase extraction cartridges and an analytical screening and confirmation validation protocol of Desmopressin,
Arg8-vasopressin, GHRP-1,-2,-4,-5,-6, Ipamorelin, Alexamorelin, LH-RH and TB-500 by LC-HRMS (full MS) and LC–MS/MS
(Target). The full MS experiment gives the complete sample composition and allows future data reprocessing to search new
compounds. Target analysis does not have the possibility of data reprocessing. On the other hand, this experiment is more
specific and more sensitive, presenting good attributes for a confirmatory analysis. The selectivity, limit of detection,
repeatability, matrix effect and robustness of both analytical methods were evaluated, as well as the stability of the
analyzed peptides under stress conditions. Our results showed no interfering peaks, and showed no significant matrix effect.
Regarding to identification capability, a comparison between HRMS and MS/MS was evaluated. The targeted peptides were
stable under light, temperature, pH and oxidation, except vasopressin hormons, which were not stable under basic pH
maybe because of the cleavage of cysteine disulfide bonds. The HRMS experiment was more indicated for screening and
made possible the non-simultaneous detection. It was also observed that the selectivity and sensitivity provided by MRM in
LC–MS/MS turn out this method to be a tool for confirmatory analysis.

Introduction
The growing use of several classes of small peptides in sports to improve performance or masking agents became of great
importance for anti-doping. Full MS-HRMS experiment gives the complete sample composition and allows future data
reprocessing to search new compounds. Target-MS/MS analysis do not have the possibility of data reprocessing. On the
other hand, this experiment is more specific and more sensitive, presenting good attributes for a confirmatory analysis.
Herein, we report a validation method applied for peptides extraction from urine as well as an analytical screening and
confirmation of peptides and metabolites by Full MS (Q-Exactive Orbitrap) and MRM (Triple Quadrupole) mass spectrometers.
Also we demonstrated the stability or absence of the stability of peptides to important analytical parameters.

Experimental
Sample preparation:
Two milliliter of urine were fortified with 5.0 ng of Lys-8-vasopressin, D-TRP6-LHRH, D4-GHRP-4 and D3-GHRP-2 metabolite
are applied as ISTD. Positive urine were spiked with Arg8-vasopressin, desmopressin, GHRP-1,-2,-4,-5,-6, ipamorelin,
alexamorelin, hexarelin, TB-500 and LH-RH. Solid phase cartridges were washed with water and methanol. The elution was
performed with methanol:formic acid 95:5 (v/v). The solvent was evaporated and ressuspended with acetic acid solution 2%.
LC-HRMS:
The sample were loaded in UHPLC (ThermoScientific) in a reversed phase column (Agilent C18 1.8 μm, 50 mm x 2.1 mm) at
40°C. The gradient (5-100% mobile phase methanol) was flow rate of 600 µL/min and run time 14 min. The mass
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spectrometer operated in switching positive and negative polarity. The capillary temperature was 380°C, and spray voltage
was 2.8 kV in both ionization modes. Also quadrupole-Orbitrap mass analyzer (Q-Exactive, ThermoScientific) acquired Full
scan and AIF at resolution of 70.000 and 17.500, respectively and mass range of 100-800 m/z.
ddMS2:
At the same chromatographic andsource parameters described below, we performed a Full-MS/Target-SIM-ddMS2 experiment.
Precursor ion fragmentations were established using 15, 20 and 30 eV collision energy. The mass range and resolution are
the same described below.
MRM:
LC was performed by UHPLC (ThermoScientific) in reversed phase column (Agilent C18 1.8 μm, 50 mm x 2.1 mm) at 40°C.
The gradient (10-60% mobile phase methanol) was used over 14 min at flow rate of 600 µL/min. MRM was performed by a
Triple Quadruple mass spectrometer (TQS Quantiva, Thermo Scientific). The capillary temperature was 350°C, and spray
voltage was 2.8 kV in positive polarity.
Method Validation:
All method were validated for: selectivity/specificity, carry-over, matrix effect, identification capability and limit of detection.
Stability Evaluation of Peptides:
Each peptide was evaluated to stability on light, temperature (40°C), HCl 0.1M, NaOH 0.1M and H 2O2 3% stress and
monitored in different time intervals.

Results and Discussion
Mass Spectrometry:
These protonated ions were used for their fullMS-HRMS detection and MRM-QqQ for product ion analyses.With the exception
of GHRPs, in Target-SIM ddMS2 (Orbitrap) all the peptides exhibited mass fragmentation with low specificity for CE higher
than 20 (arbitrary units). For the TB-500, the product ion obtained under the CE 30 stayed between from non-fragmentation
of the molecule (CE 20 and CE 15) and a total fragmentation (CE 30) due to the poor stabilization of the charge on the
posterior cations formed (Figure 1).
Chromatography:
Anti-doping screening methods are generally compromised due to the considerable number of involved substances. The
retention times obtained after these analyses were showed in their chromatogram (Figure 2). In both chromatographic
conditions the peaks were symmetrical and with no less than 12 MS acquisition points reading. All the peptides eluted
around 6 minutes in C18 column. By C8 column the distribution of the peptides on the chromatographic is better than C18,
improving the resolution and decreasing the interferences possibilities.
Validation:
In both mass spectrometry analyzers, all the peptides were detected lower than 2 ng/mL. The sample preparation step is
crucial to minimize the matrix effect. All the peptides showed %RSD lower than 10% if spiked and performed in water and
more than 20% when the extraction is performed in urine. In special for alkaline urines, the RSD is higher than expected
(<20%) and only can be solved with urine pH adjustment before the solid phase extraction (Table 1 and 2).
Stability assays:
All analytes, except vasopressin hormones and LH-RH, showed stability under 24 hour of stress conditions: high temperature,
oxidant agents, acid or basic pH, and exposure to light. The vasopressin hormones have a disulfide bond inter cysteine
amino acid and this bond were not stable under basic pH, in other hand LH-RH don’t have this disulfide bond but show low
stability under alkalis condition.
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Figure 1. Product ions spectra of Desmopressin, LH-RH, TB-500 and GHRP-5 obtained by screening method LC-MS/MS (Target-SIM-ddMS2), using
different steps of collision energy (15-30).
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Figure 2. Performance of screening and confirmation methods showing extracted ion chromatograms of peptides and metabolites analyzed by (a)
LC-HRMS by Quadrupole-Orbitrap mass spectrometer and (b) LC-MS/MS by Triple Quadruple, after solid phase extraction of human urine samples.

Table 1. Main validation parameters for peptide and metabolites identified by LC-HRMS, Full Scan/AIF in Quadruple-Orbitrap mass spectrometer.
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Table 2. Main validation parameters for peptide and metabolites identified by LC-MS/MS, Multiple Monitoring Reaction in Triple Quadrupole mass
spectrometer.

Conclusions
LC-HRMS and LC-MS/MS showed to be efficient in detection of peptides extracted (SPE) from human urine. The selectivity,
low limit of detection, repeatability, matrix effect and robustness of all analytical methods were evaluated, and showed
acceptable results without interfering peaks or matrix effect. We evidenced that all evaluated methods may be widely
applicable for peptide analyses. The peptides showed good stability under defined stress conditions as light, temperature,
pH and oxidation, except vasopressin hormones and LH-RH. The LC-HRMS experiment was the best indicated for screening
because possibility of non-contemporaneous analyses based in reprocessing of the previously obtained data. It was also
observed that the selectivity and sensitivity provided by MRM in LC–MS/MS turns it in a powerful tool for confirmatory
analysis.
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A multi-analyte procedure to detect small peptides in urine by LC-MS/MS
following solid phase extraction.
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
In this study we have developed a screening procedure to detect 25 peptides hormones (GHRP-1, GHRP-2, GHRP-4, GHRP-5,
GHRP-6, alexamorelin, hexarelin, ipamorelin, vasopressin, desmopressin, felypressin, terlipressin, lypressin,
luteinizing-hormone-releasing-hormone, buserelin, deslorelin, goserelin, histrelin, nafarelin, leuprolide, triptorelin, [D-Trp6]
-LHRH, ARA290, AOD9604 and TB500 17-23 fragment) and their main metabolites in human urine. Through solid-phase
extraction (SPE), the sample preparation is based on two washing steps, and elution with a solution of ammonia at 25% in
methanol (10/90) with 300 mM of ammonium formiate. The detection of analytes was obtained using a triple-quadrupole
mass spectrometric detector coupled with an electrospray ionization interface after chromatographic separation with an
octadecyl column and acetonitrile and water as mobile phases, both containing 0.1% formic acid. The analytical procedure
was validated in terms of sensitivity (LOD in the range 0.2-2 ng/mL) specificity, recovery (> 60% with a CV% < 15, with the
exception of TB500 17-23 fragment, AOD9604 and ARA290 for which the recovery was < 50%), ion suppression/
enhancement (< 35%), robustness, carryover, stability of the target analytes (stable at 25°C for two days, at 4°C for two
weeks, at -20°C for two months) and repeatability of retention times (CV% < 0.2) and of relative abundances of the ion
transitions selected (CV% < 15). The suitability of the method was evaluated by analysis of excretion study samples
collected after intravenous administration of 0.1 mg of GHRP-2. Both GHRP-2 and his main metabolite were efficacy detected
using the developed analytical procedure.

Introduction
In the last decade a wide variety of hormone peptides have been included in in different sections of the WADA prohibited list
(S2 “Peptide hormones, growth factors, related substances and mimetics”; S4 “Hormones and metabolic modulators”;
S5 “Diuretic and masking agents”; M1 “Manipulation of blood and blood components”; and finally S0 “Non-Approved
Substances”) [1]. This has imposed the development of comprehensive screening procedures based on mass spectrometric
techniques to meet the continuously increasing demands of rapid and specific doping control tests [2].
We are here presenting a liquid chromatography-mass spectrometry based method to detect small peptide hormones
prohibited in sport in human urine following solid phase extraction.

Experimental
Materials and Reagents
Peptides, internal standard and chemicals were from Sigma-Aldrich (Milano, Italy) and D.B.A., (Milano, Italy). Ultrapurified
water was of MilliQ quality (Millipore Corporation). Solid phase extraction sorbents (OASIS® WCX (30 mg, 30 µm particles,
1 mL) were purchased from Waters (Milano, Italy).
Analytical procedure
To 2 mL of urine (pH 7.4), 50 µL of the ISTD ([deamino-Cys1-Val4-D-Arg8]-Vasopressin 5 ng/mL) were added. Sample was
loaded onto WCX cartridge, conditioned with 1 mL of methanol and ultrapurified water. Analytes were eluted using 1 mL of
the elution reagent, (ammonium formate 300 mM in a solution at 25% ammonia/methanol (10/90) or a solution at 25%
ammonia/10% formic acid/methanol (8/12/80)), into a propylene tube. The solvent was evaporated in a vacuum centrifuge at
moderate temperature (45°C), reconstituted in 50 μL of mobile phase and injected into the LC-MS/MS.
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Chromatographic separation was performed by an Agilent 1200 Rapid Resolution Series HPLC pump, equipped with an
Ascentis® C18 column (2.1 mm×50 mm, 2.7 μm particles), using ultrapurified water (eluent A) and acetonitrile (eluent B),
both containing 0.1% formic acid, as mobile phases. The gradient program starts at 5% B and increases after 10 minutes to
85% B and after 1 min to 100% B. The column was then flushed for 2 min at 100% B. The flow rate was set at 300 mL/min.
Detection was achieved using an Applied Biosystems API4000 system with positive electrospray. Selected reaction
monitoring was used as acquisition mode. The MS parameters were optimized by infusion of the peptides standard solutions
at a concentration of 10 mg/mL (Table 1).
Method validation
The procedure was validated following the ISO 17025 and WADA guidelines [3,4]. The developed analytical method was
tested for specificity, sensitivity, intra- and inter-assay precision, recovery, robustness, matrix effect, carryover and stability.

Results and Discussion
Instrumental parameters were optimized by infusion of a standard solution of each analyte at a concentration of 10 µg/mL.
The full-scan MS analysis was performed to identify and to select the most abundant precursor ion(s); MS/MS experiments
were carried out to select the diagnostic ion transitions to develop the SRM acquisition method. For each peptide at least
two diagnostic fragments were selected, resulting in a sufficient number of ionic transitions for an initial testing
(“screening”) procedure (Table 1).
For the chromatographic separation a fused-core C18 column and ultrapurified water (A) and acetonitrile (B), both containing
0.1% formic acid, as mobile phases were selected. A typical chromatogram of a mixture of the 25 peptides and their main
metabolites is shown in Figure 2. Intense and well-resolved signals are identifiable for every analyte.
Concerning sample pre-treatment, different washing and elution solvents were evaluated. The goal was to obtain a sufficient
recovery for the analytes studied, thus allowing an overall good sensitivity and specificity for the entire analytical procedure.
The best compromise in terms of recovery and specificity was obtained by using a solution of ammonia at 25% in methanol
(10/90) with 300 mM of ammonium formiate and ultrapurified water as elution and washing solvents respectively.
The method was validated in terms of sensitivity, specificity, carry over, stability, ion suppression/enhancement,
intermediate and inter-day repeatability of relative retention time were evaluated using at least 10 different blank and
spiked urines. The results are reported in Table 1, the method is sensitive, specific and reproducible. The performance and
the applicability of the method in real samples were evaluated by analyzing excretion study urines collected after
intravenous injection of 0.1 mg of GHRP-2 (Figure 3) or after nasal administration of GHRP-6 or ipamorelin (data not shown).
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Table 1: Mass spectrometric parameters and method validation results
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Figure 1: Extracted chromatogram of standard mixture of the compounds under investigation. Peak identification: 1. TB500 17-23 fragment;
2. Lypressin; 3. Vasopressin; 4. Terlypressin; 6. Felypressin: 7. LH-RH; 8. GHRP-6; 9. Hexarelin; 10. Histrelin; 11. Alexamorelin; 12. AOD9604;
13. ARA290; 14. Desmopressin; 15. GHRP-1 metabolite; 16. Alexamorelin metabolite 2; 17. GHRP-1; 18. GHRP-2 metabolite; 19. Leuprolide;
20. Goserelin; 21. Triptorelin; 22. Buserelin; 23. [D-Trp6]-LHRH; 24. Deslorelin; 25. GHRP-2; 26. Nafarelin; 27. GHRP-4; 28. GHRP-5; 29. Alexamorelin
metabolite 1.
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Figure 2: Extracted Chromatograms of a urine sample spiked with the compounds under investigation at a concentration of 2 ng/mL. The urine
sample was extracted and analyzed using the protocol reported in the experimetal part.
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Figure 3: Extracted Chromatogram obtained analyzing a blank urine (A), an excretion study urine (pooled post administation fractions between 4.5 h
and 20.5 h) collected after intravenous injection of 0.1 mg of GHRP-2 (pralmorelin dihydrochloride) (B) and a blank urine spiked with 0.5 ng/mL of
GHRP-2 and 1 ng/mL of its metabolite (C). The urine sample was extracted and analyzed using the conditions reported in the experimental part.

Conclusions
A screening assay capable to detect simultaneously a wide variety of small peptides included in the WADA list of prohibited
substances and methods has been designed, developed and validated. The sensitivity (in the range 0.05-2 ng/mL) of the
newly developed procedures is sufficient to detect the majority of the compounds under investigation in real samples.
Moreover, the overall performance of the method suggests that it could be successfully applied not only for routine use in
anti-doping laboratories, but also for various applications in the field of analytical, clinical and forensic toxicology and to
effectively extract small peptides either from blood samples after protein precipitation, or from nutritional supplements.
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Effects of local injections of platelet rich plasma (PRP) on serum levels of
markers used for the detection of growth hormone doping
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Roma, Italia

Abstract
We have evaluated wheter the local administration of autologous platelet rich plasma (PRP) can trigger effects on serum
levels of direct or indirect markers of abuse of growth hormone in doping control. Twenty subjects (17 males and 3 females)
with diverse tendon pathologies underwent therapeutic treatment with 5 mL of PRP twice, the second administration being
carried out one week after the first one. Serum samples were collected at T=0 (just before the first administration), T=1
(24 hours after first administration), T=2 (seven days after the first administration and just before the second
administration), T=3 (24 hours after the second administration), and T=4 (seven days after the second administration).
Serum samples were analyzed for GH isoforms test using CMZ kit 2 and for GH biomarkers test using radioimmunoassay pair
2 (Immunotech IGF-1 and Orion P-III-NP). GHrec/GHpit ratio and GHscore were calculated to assess if values obtained might
be greater than the WADA threshold used for declaring an adverse analytical finding. Results achieved indicate that a local
treatment with PRP seems not to have a strong impact on systemic levels of GH markers and hence not to be an indirect
doping practice.

Introduction
Platelet Rich Plasma (PRP) is an autologous blood fraction enriched in platelet content and growth factors usually
administered locally at the site of muscle or tendon injury with the aim to speed up the healing process [1,2]. World
Antidoping Agency (WADA) firstly banned the use of PRP in sport doping by including PRP in the S2 section of the WADA
proibhited list [3]. However, the ban was removed from 2011 for the lack of evidence supporting a performance-enhancing
effect of PRP. The aim of this work is to evaluate indirect systemic effects on serum concentrations of markers of misuse of
GH doping (namely GH, IGF-1 and P-III-NP) after local administration of PRP.

Experimental
Twenty subjects (17 males, 3 females) with diverse tendon pathologies (Figure 1) underwent therapeutic treatment with
5 mL of PRP twice, the second administration being carried out one week after the first. Serum samples were collected at S.
Andrea Hospital in Rome (Italy) at t=0 (immediately before the first administration), t=1 (24 hours after the first
administration), t=2 (seven days after first administration and just before the second administration), t=3 (24 hours after
the second administration), t=4 (seven days after the second administration). Serum samples were analyzed for GH isoforms
using CMZ kit 2 and a Berthold luminometer detection system, and for GH biomarkers using radioimmunoassays IGF-1
Immunotech and P-III-NP Orion using a Perkin Elmer Wizard2 gamma counter. GHrec/GHpit ratio and GHscore were
calculated to assess whether values obtained might be greater than the WADA threshold used for claiming an adverse
analytical finding (AAF).
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Figure 1: Age and tendon pathologies of the twenty subjects used for this study

GHscore were calculated as follows:
males: -6.586 + 2.905 * log[P-III-NP] + 2.100*log[IGF1] - 101.737 / age
females: -8.459 + 2.454*log[P-III-NP] + 2.195*log[IGF1] - 73.666 /age
(where log is the natural logarithm)
WADA decision limits for AAF are:
GHscore males = 9.26
GHscore females = 8.82
GH REC/PIT males = 1.91
GH REC/PIT females = 1.59

Results and Discussion
GHrec/GHpit ratios and GHscore values were first compared to those obtained as a database of serum athletes (control
group) tested for routine analysis in our laboratory to assess basic differences (data not shown). Sample comparisons
between groups were made on the untreated samples at t=0. Results indicate that the subjects in our study have basal GH
isoforms ratios and GHscore slightly gretaer than those in the control group except for the GH isoform ratios in females
where basal values are comparable. Samples of both groups are well below the WADA threshold limits for reporting an AAF.
As for the GH isoform ratio longitudinal study, only two samples resulted in GH ratios greater than the WADA threshold
(Figure 2; sample Q at t=4 and sample H at t=1).
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Figure 2: Longitudinal data of GHpit/GHrec ratio after administration of PRP

However, both those samples had GHrec concentrations far below 0.15 ng/mL which is the minimun concentration value
requirement for claiming an AAF, which means that they are negative anyway. Moreover, both those samples are the only
ones which presented a significant basic level of GHratio at t=0. Sample Q also gives a GHratio greater than the female
threshold at t=2 but indeed it is a male sample whose GHrec assay resulted below 0.15 ng/mL.
As for the GHscore longitudinal study, all samples present GHscores below WADA decision limits at all sampling times
(Figure 3). Male sample E presents values sistematically greater than all other samples but always below threshold limits.
The longitudinal pattern of all GHscores in the study is linear for all samples. Only two samples presented a marked
increasing of their GHscores: sample P and I from t=2 to t=3. Nevertheless this variation can be considered physiological
and not related to the treatment.
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Figure 3: Longitudinal data of Ghscores after administration of PRP

Conclusions
Only physiological variations of the serum levels of GHrec and GHpit assays were detected. Also, for P-III-NP and IGF1 assays
the variation of serum levels do not seem to be related to the administration but, more likely, to interindividual physiological
variations.This study allowed us to confirm that the local administration of PRP to patients with tendon injuries does not give
variation at the systemic level so that the serum concentrations of analytes used for the detection of GH doping do not
exceed analytical WADA decision limits. On the other hand, the results obtained imply that a possible positivity for GH
misuse cannot be explained by athletes as a consequence of local administration of PRP.
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Characteristics of IEF Patterns, SDS-PAGE and SAR-PAGE: Result of
Cuban rEPO Biosimilar
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Antidoping, Instituto de Medicina Deportiva, Havana, Cuba2

Abstract
The aim of the present study was to investigate whether biosimilar alpha r-HuEPO – ior®-EPOCIM, produced in Cuba and also
available in other countries, could be differentiated from endogenous urinary EPO, by isoelectric focusing (IEF) plus double
blotting, SDS-PAGE and SAR-PAGE for antidoping analysis.
The band pattern of three lots of Cuban rEPO was studied (two Reference Materials and one Injectable Preparation).
All three lots were detected in the basic region of the IEF-gel and showed discriminative profiles from endogenous EPO.
Additionally, slightly different band patterns compared to the rEPO reference (BRP-EPO) were observed. SDS-PAGE and
SAR-PAGE of ior®-EPOCIM resulted in different molecular masses, which were higher than the mass of endogenous EPO. In
conclusion, IEF with double blotting and SDS-PAGE/SAR-PAGE with immunoaffinity purification can be used to discriminate
the tested Cuban rEPO biosimilar from endogenous EPO.

Introduction
EPO is a glycoprotein produced in the kidney, which stimulates the division and differentiation of stem cells in the bone
marrow into red blood cells. Erythropoietin is available as a therapeutic agent produced by recombinant DNA technology in
mammalian cell culture into which the human EPO gene has been transfected [1,2]. Biosimilar Epoetins are mostly
erythropoietins of the Epoetin alfa, and beta type, which are being produced at much lower cost due to expired patents.
Recombinant human erythropoietin (rh-EPO) contains the identical amino acid sequence of natural EPO (165 amino acids)
and has a molecular weight of ca. 30,400 Da. Since glycosylation is not only dependent on the cell-line used for the
expression of Epoetins but also on the entire biotechnological process the glycosylation patterns of biosimilars do not
necessarily reflect the patterns of the originator compounds [2-4]. Today biosimilar Epoetins are manufactured and
distributed worldwide and under many different names [2]. The use of recombinant EPOs for doping is prohibited because of
its performance enhancing effect [5,6].
The current study investigates the electrophoretic behaviour of different batches of a Cuban rEPO biosimilar on IEF,
SDS-PAGE, and SAR-PAGE.

Experimental
Materials
The rhEPO (EPO BRP) was purchased by Council of Europe European Pharmacopoeia, and NIBSC (endogenous urinary hEPO)
was provided by National Institute for Biological Standards and Control. For Methoxypolyethyline glycol epoetin beta (CERA),
Epoetin Delta (Dynepo) and Darbepoetin alpha (NESP), injectable preparations were used as reference material. The sources
of all chemicals, reagents and other drugs are as per the the method of Reichel et al.[8,9]
The 3 batches of Cuban rEPO (ior®-EPOCIM-nominal concentration 2000 IU/mL (2 “Reference Materials”), and 10.000 IU/
1,1 mL (1 “Injectable Preparation”)) (Table 1) was obtained from the Immunology Molecular Centre, Centre of Molecular
Immunology, CIMAB, Atabey, Playa, Cuba, and supplied by the Laboratorio Antidoping, Instituto de Medicina Deportiva,
Havana, Cuba.
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Stock Solution preparation
All the preparations of rEPO were diluted (in solution of 0,05% bovine serum albumin (BSA)/50 mM Tris-HCl pH 7.4) to the
final concentration of, 0.03 IU/mL or 0.2 ng/mL (approximately).
IEF-PAGE, SDS-PAGE and SAR-PAGE
All the 3 batches of Cuban rEPO (ior®-EPOCIM) were analyzed along with EPO reference standards (BRP, NESP; NIBSC; CERA
and Dynepo), by IEF, SDS-PAGE and SAR-PAGE. All the three methods were performed as described by Reichel et al., with
minor modifications. Briefly, the methods for testing of EPO consisted of three major steps i.e. electrophoretic separation
combined with double blotting and chemiluminescence detection.

Table 1. Details of Cuban rEPO (ior®-EPOCIM)

Results and Discussion
The three batches of Cuban rEPO (ior®-EPOCIM) showed discriminative IEF-profiles from endogenous urinary EPO and slightly
different band patterns compared to BRP rEPO. Two batches (“Reference Material”) had bands 4 and 5 as most intense
bands, while for the other one (“Injectable Preparation”) bands 2 and 3 were the most intense (same as for BRP-EPO) (Fig.1).
This results could be because the two rEPOs were already expired at the time of analysis (02/2011 and 09/2012) and it is
known that a loss of sialic acids due to degradation leads to a shift in the IEF-profile towards the basic region.
Since the EPOCIM is a epoetin-α, the profile is as expected, similar to BRP (although BRP is a equimolar mix of epoetin-α and
epoetin-ß), and not to the other reference rEPO (Dynepo) and analogues (NESP, CERA) used in this study.

Fig.1. IEF Patterns of 3 batches of Cuban EPO (ior®-EPOCIM). Lane 1,6 & 11: BRP + NESP Standard; Lane 3: EPOCIM Ref. Mat. batch 030923; Lane 4:
EPOCIM Ref. Mat. batch 031065; Lane 5: EPOCIM Inject. Preparation batch 701410; Lane 2,7 & 12: NIBSC; Lane 8: CERA; Lane 9: Dynepo.
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On SDS-PAGE and SAR-PAGE, ior®-EPOCIM resulted in a higher molecular mass and different band shape than endogenous
urinary EPO (NIBSC). All 3 batches showed a migration behaviour (band) and shape (“broad band”) characteristic of
epoetin-α, according the WADA Technical Document – TD2014EPO [10] (Fig. 2 and 3).

Fig.2. SDS-PAGE of 3 batches of Cuban EPO (ior®-EPOCIM).: Lane 1: Dynepo + NESP Standards; Lane 2 & 7: NIBSC Standard; Lane 3: BRP Standard;
Lane 4:EPOCIM Ref. Mat. batch 030923; Lane 5: EPOCIM Ref. Mat. batch 031065; Lane 6: EPOCIM Inject. Preparation batch 701410; Lane 8: Dynepo +
NESP + CERA Standards.

Since Sarcosyl-PAGE only improves the electrophoretic performance of PEGylated EPO [4], performance characteristics of
the three batches of Cuban EPO tested, was unaltered (Fig.3).

Fig.3. SAR-PAGE of 3 batches of Cuban EPO (ior®-EPOCIM): Lane 1: Dynepo + NESP Standards; Lane 2 & 7: NIBSC Standard; Lane 3: BRP Standard;
Lane 4:EPOCIM Ref. Mat. batch 030923; Lane 5: EPOCIM Ref. Mat. batch 031065; Lane 6: EPOCIM Preparation batch 701410; Lane 8: Dynepo + NESP
+ CERA Standards.
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Conclusions
The results of the present study indicate distinguishable profiles of Cuban rEPO (ior®-EPOCIM) from that of endogenous
erythropoietin. Between the two reference materials, no batch-to-batch variation was observed. The IEF-PAGE and
SDS-PAGE/ SAR-PAGE in combination with immunological methods (western blotting), allow fast and sensitivity comparisons
of pharmaceutical products on the molecular level and can be used to discriminate biosimilar rEPOs from endogenous EPO.
Further work will be in progress, to establish the pattern of bands arising from urinary EPO (excretion study) with the Cuban
EPO.
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Comparative study of the EPO-immunoaffinity approaches used for
anti-doping control purposes.
Doping Control Laboratory, INRS-Institut Armand-Frappier, Laval, Canada

Abstract
The first efficient method permitting the detection of the administration of recombinant human erythropoietin (EPO) in the
urine of athletes was published in the early 2000s. Since then, the scientific community had to face the upcome of new
molecules designed to enhance erythropoiesis (ESAs, erythropoiesis stimulating agents) and, equally important, also face
changes in doping practices such as micro-dosing. Research work was consequently carried out to improve both selectivity
and sensitivity. Nowadays, a mandatory immunopurification step forms part of blood and urine EPOs and other ESAs
confirmation analyses, carried out by isoelectric focusing (IEF), SDS- or sarcosyl polyacrylamide gel electrophoresis (SAR) PAGE. Here we report a purification approach consisting of the specific isolation of ESAs and endogenous EPO from urine or
blood samples through its binding to an anti-EPO-biotin antibody and streptavidin-conjugated magnetic beads complex
(IP-beads). Comparison was made with the immunopurification approaches most frequently employed in anti-doping
laboratories, such as anti-EPO monolith columns (MAIIA), Affi-Gel Hz hydrazide gel and EPO-Elisa plates. Our results show all
methods to be non-selective and able to generate proper EPO profiles. While greater recoveries for endogenous human EPO,
rhEPO, BRP and Darbepoetin-alpha (NESP) were obtained with MAIIA columns and IP-beads, the latter was found to perform
better with CERA (PEGylated epoetin beta, Mircera) in either urine or serum samples. In conclusion, this IP-beads method
offers a robust, versatile and low cost alternative for any analysis requiring the immunopurification of EPO.

Introduction
Lasne et al. [1] reported the first method permitting the detection of the administration of recombinant erythropoietin
(rhEPO) in athletes’ urines. In order to detect the new ESAs, discriminate altered endogenous profiles from rhEPO, SDS- and
SAR – PAGE analyses were added to the separation by IEF ([2] and references cited therein). According to technical
document TD2014EPO, an enrichment step is required prior to these analyses [3]. Several approaches were proposed in
order to do so, some non-specific such as the precipitation with perchloric acid or acetonitrile other specific involving
immunopurification steps; of these, anti-EPO monolith columns (MAIIA, [4]), Affi-Gel Hz hydrazide gel [5] and EPO-Elisa plates
[6] were selected for this study aimed at comparing their specificity and recovery.

Experimental
Serum samples (1.5 mL) were centrifuged at 13000g for 5 minutes, filtrated (Costar® 0.45 µm spin filters) and either left
untreated or spiked with BRP (20 IU/L), NESP (0.1 µg/L) or CERA (0.2 µg/L), then divided in equivalent aliquots for
comparative analysis. Concentration of endogenous EPO in urine samples (quantified on EPO ELISA, StemCell technologies)
was adjusted with Tris-HCl 50 mM pH 7.4 to obtain 5 mIU per 10 mL for untreated samples or 2.5 mIU per 10 mL for samples
spiked with BRP (0.5 IU/L), NESP (5.0 ng/L) or CERA (5.0 ng/L). Urine samples (40 mL) were concentrated by ultrafiltration
(UF, [1], except for the MAIIA condition) and divided in equivalent aliquots for the comparative analysis.
Affi-Gel Hz hydrazide gel (Affi)
Samples (urine retentates or serum) were adjusted to 1 mL with PBS and immunopurified [5]. For SDS/SAR-PAGE analyses,
serums were further purified on EPO ELISA plates.
EPO-ELISA plates (Stem)
Urine retentates were purified as described previously [6]. Due to the low recovery of serum EPO (< 10%), these EPO-Elisa

RECENT ADVANCES IN DOPING ANALYSIS (23)

122

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

plates were used only as a secondary purification step for these.
MAIIA column (MAIIA)
Urine (10 mL) and serum (500 µL) samples were loaded on MAIIA anti-EPO column and purified according to manufacturer’s
instructions [7].
Dynabeads Streptavidin C1 (IP-beads)
Serum samples (500 µL) and urine retentates, adjusted to 500 µL with PBS,were transferred in Eppendorf® Protein LoBind
Tubes. Samples were incubated overnight at 4°C under rotation with 100 µL of anti-EPO-biotin from MIRCERA ELISA kit
(Microcoat biotechnologie). The samples were then incubated for 1h at 4°C under rotation with 25 µL of Dynabeads®
Streptavidin C1. The beads were washed three times with 1 mL of PBS before elution.
For SDS/SAR-PAGE analyses, elution was performed with 30 µL of sample buffer supplemented with 100 mM of DTT and
heated at 95°C for 5 min. For IEF analysis, samples were eluted with 30 µL of CHAPS 4.4% and heated at 80°C for 5 min.
Beads were vortexed briefly, centrifuged and separated on a magnetic bead separator before loading.
Electrophoresis
The IEF and SDS/SAR-PAGE analyses were performed as previously described [1,2,6].

Results and Discussion
We extracted, from two performance reports, the most frequently employed immunopurification strategies used for the
confirmation of ESAs in blood and urine samples (World Association of Anti-Doping Scientists (WAADS) QA program 2011,
World Anti-Doping Agency (WADA) Educational EQAS program 2013; unpublished results). These pre-analytical strategies
and their frequency are presented in Figure 1.

Figure 1: Immunopurification strategies for confirmation analyses employed by laboratories participating in quality assurance programs (World
Anti-Doping Agency, 2013 and World Association of Anti-Doping Scientists, 2011; unpublished reports)
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Most of the procedures utilized were published in the peer-review literature and all were described as being non-selective for
any of the EPO isoforms (see references provided).
Representative profiles that were obtained following the analysis of untreated samples (panel A), rhEPO BRP-spiked samples
(panel B), darbepoetin-α-spiked samples (panel C) and Mircera-spiked samples (panel D) utilizing the different
immunopurification procedures are presented in Figure 2. As expected, most of these methods resulted in similar IEF profiles
(top panels) showing non-selectivity towards the EPO isoforms. The profiles of these spiked samples met the positivity
criteria described in technical document TD2014EPO. However, as shown in B), the purification with EPO-Elisa plates (Stem)
of a urine sample spiked with rhEPO gave higher ratios of basic bands to endogenous bands on IEF which are directly
attributed to the lower recovery of endogenous urinary EPO.
With these spiked samples, we observed that the main difference between the compared purification strategies was due to
their varying efficacy in recovering EPO from samples as calculated by densitometry (results not shown). In fact, as shown in
Figure 2, purification with MAIIA and IP-beads provided the best recoveries for endogenous EPO, rhEPO BRP and NESP. For
Mircera however, in both matrices, the IP-beads method appeared to have greater efficiency, generating the most intense
signals, at least in the context of this qualitative comparative study.

Figure 2 : Comparison of immunopurified profiles of untreated and spiked urine or serum samples obtained by IEF (top panels), SDS-PAGE (bottom
panels A, B and C) or SAR-PAGE (bottom panel D) analyses Figure 2 : Comparison of immunopurified profiles of untreated and spiked urine or serum
samples obtained by IEF (top panels), SDS-PAGE (bottom panels A, B and C) or SAR-PAGE (bottom panel D) analyses.
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Conclusions
The immunopurification methods compared in this study showed similar selectivity towards ESAs. However, we observed
differences that appear significant in terms of EPO recovery from samples. In this study, we observed that the IP-beads
method was able to recover EPO from urine and blood samples with an equivalent to superior performance over the other
techniques compared. The method is relatively simple, scalable and robust. Using the protocol described, 150 samples could
be immunopurified from one MIRCERA ELISA kit, therefore offering a reasonable alternative for analysis requiring EPO
immunopurification. In addition, if performed with concentrated anti-EPO solution (10 µL), hGH and PIIINP concentrations
remain the same in the supernatants following the IP-beads purification,indicating that other tests could be performed on
the same serum aliquot, which can prove useful in case of limited sample volume.
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Improvement of the stability of Synacthen® in Dried Blood Spots by means
of heat stabilization
Center for Preventive Doping Research, Institute of Biochemistry, German Sport University Cologne, Cologne, Deutschland1;
Denator AB, Uppsala, Sweden2

Abstract
Human adrenocorticotropic hormone (ACTH, 39 amino acid residues) is an important factor in the hypothalamicpituitary-adrenal axis and stimulates the cortisol release in the adrenal gland. The synthetic analogue (Syn-ACTH-en)
consists of the first 24 amino acid residues and represents the fully bioactive form. Post-administration increased plasma
levels of cortisol manipulate the performance of athletes in terms of i.a. anti-inflammatory effects, improved alertness and
reduced pain. Thus, the application of corticotrophins in sports is forbidden according to the Prohibited List of the World
Anti-Doping Agency (WADA).
Due to the instability of the peptide hormone in conventionally applied sample matrices (urine or plasma/ serum) the
analysis is challenging for doping control laboratories [1,2]. Whole blood dried on filter paper (dried blood spots, DBS)
represents an advantageous technique in several disciplines as therapeutic drug monitoring, preclinical drug discovery and
sports drug testing attributed to the small sample volume (20 µL/ DBS), the minimal-invasiveness, stability and facilitated
storage and shipment conditions [3].
Aim of the investigation was the improvement of the analyte stability in DBS by means of heat stabilization representing a
pre-analytical sample treatment providing stable samples within one minute. The short influence of heat aims to reduce
metabolic action in DBS due to the denaturation of enzymes and proteins without accelerating the drying time of the
samples [4]. The procedure provided a benefit regarding stability of Synacthen® in DBS as indicated by 20% higher signal
intensities compared to untreated samples.

Introduction
The synthetic analogue of human adrenocorticotropin (Synacthen®, tetracosactide hexaacetate) comprises 24 amino acid
residues and represents the bioactive form of endogenous ACTH. Due to its instability in human body fluids (urine,
plasma/serum) during sample storage an assay for the determination of the peptide hormone in dried blood spots (DBS) was
developed using liquid chromatography coupled to high resolution high accuracy tandem mass spectrometry. In addition to
minimal-invasive and easy sampling the enhanced analyte stability in DBS is well documented and can be further improved
by means of heat stabilization representing an easy-to-perform pre-analytical sample treatment. DBS specimens were
exposed to a short influence of heat applying a specified temperature immediately after spotting.

Experimental
DBS samples were prepared by spotting an aliquot of 20 µL of fortified whole blood (50 ng/mL) on the sample collection
cards (FTA® DMPK-C cards, WhatmanTM GE Healthcare (Uppsala, Sweden)) and were subjected to the Stabilizor T1 (Denator®
AB, Uppsala, Sweden) immediately after sample-taking. The general workflow of DBS sample analysis implementing
pre-analytical heat stabilization is shown in Figure 1 [5]. Heat stabilization was conducted at 95 °C for 45 sec (experimental
conditions were determined earlier [4]). After a drying time of at least 90 min at room temperature DBS samples were stored
in plastic bags with desiccant (silica gel) for different time periods (0, 0.25, 1, 1.33, 2, 3, 5, 10, 17, 21, 28 days) until analysis.
Another set of samples was treated analogously but without heat stabilization. Subsequently, DBS specimens were prepared
in triplicate for each storage time according to a protocol published earlier [6]. In brief, the sample processing included the
extraction of the whole spots with aqueous acetic acid and acetonitrile, subsequent purification of the extract by means of
two ultrafiltration steps using two different cut-off filter devices (10kDa and 3kDa) and immunoaffinity purification.
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Analysis was performed using a Q Exactive Plus mass spectrometer interfaced to an Ultimate 3000 liquid chromatograph
(Thermo Scientific, Bremen, Germany).
In Figure 2 extracted ion chromatograms of Synacthen® and 2H8-tetracosactide (IS) as well as the respective ESI ion spectra
of the fivefold positively charged precursor ions are shown. Results were evaluated by means of area ratios (quotient of the
peak area of Synacthen® and that the IS) and two degradation curves were established for the estimation of stability.

Figure 1: Workflow of DBS sample analysis implementing pre-analytical heat stabilization

Figure 2: Extracted ion chromatograms of Synacthen® and the applied IS (left) and the respective ESI spectra of the fivefold positively charged
precursor ions (right).
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Results and Discussion
Since the stability aspect of Synacthen® in doping control samples is of major concern, an alternative strategy for the
stabilization of DBS samples was investigated. Heat stabilization provides stable samples within one minute after sampling.
The effect on stability of Synacthen® in DBS was investigated by different storage periods within 30 days (0, 0.25, 1, 1.33, 2,
3, 5, 10, 17, 21, 28 days) of heat stabilized samples compared to samples without further treatment. Only a moderate
decrease of the target analyte in DBS over the time was observed for both sets of samples, in particular a decrease of the
peak area ratios of 30% for the treated specimens and 44% for the samples without heat stabilization (Figure 3). The peak
area ratios of Synacthen® extracted from stabilized samples were approximately 20% higher in contrast to those not
stabilized, suggesting that the pre-analytical heat stabilization provided a benefit with regards to stability of the analyte in
DBS samples particularly during the drying process. This, however, requires immediate heat stabilization directly after
spotting.

Figure 3: Degradation curves of heat stabilized DBS and respective control samples were established.

Conclusions
The implementation of pre-analytical heat stabilization in the sampling process provides a benefit regarding stability aspects
of the labile peptide hormone Synacthen ® in DBS samples. The short influence of heat reduces analyte degradation
particularly occurring during the drying process of DBS samples which is attributed to enzymatic activity, however, without
manipulating the drying time. Signal intensities of the stabilized samples were 20% higher as compared to specimens
without further treatment. The procedure requires minimal time exposure, since stable samples are provided within one
minute, and the handling of the portable Stabilizor T1 is simple. However, immediate heat stabilization directly after
sample-taking on site is mandatory [4].
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Comparison of low volume quantifiable blood sampling kits
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia1; School of Chemistry,
University of Sydney, Sydney, Australia2

Abstract
Dried blood spots (DBS) are a desirable matrix for anti-doping due to their small sampling volume, minimally invasive
sampling, tamper resistance, and ease of transportation and storage. Traditional DBS filter paper media results in
inconsistent sampling volumes, dependent on blood sample viscosity. Four commercially available alternative blood
collection platforms were compared in this study, using 232 analytes across 8 prohibited substance classes, to assess their
suitability for superseding traditional DBS media in doping control. These products were the Shimadzu Noviplex™ cards,
Phenomenex Mitra™ microsamplers and Tomtec DBS slides (cotton and polyester sampling surfaces). Performance was
assessed by the intensity of background interferences resulting from the manufacturing of each platform, and by sensitivity
of the products for detecting analytes. The Noviplex™ cards, sampling the smallest volume, have intense inherent
interferences. The Mitra™ and Tomtec products showed generally equivalent performance, with the Tomtec DBS platform
showing slightly greater sensitivity for low concentration analytes, attributed to their higher sampling volume. All sampling
products also demonstrated dilution factors as a result of differences between the initial sampling volume and reconstitution
for instrumental analysis. Relatively larger platform sampling volumes and low background favoured sensitivity for the
Mitra™ and Tomtec platforms. However, general insensitivity due to inherently low dried blood spot sample volumes
highlighted the need for more sensitive instrumentation to compensate for this.

Introduction
Dried blood spots (DBS) have been promising as an alternative blood sampling technique for drug screening, offering
advantages such as minimal invasiveness, simple sample collection, preparation, tamper resistance, improved sample
stability and transportability [1-4]. One of the limitations of blood spot sampling is that the viscosity of the blood can affect
the migration of the sample on traditional filter paper sampling media [5-6]. Recently, several commercial products (Figure 1)
have become available which attempt to address the problem of quantifiably collecting capillary blood.
The aim of this study is to compare these different blood sampling products to determine their potential for use in
anti-doping screening assays, via simple extraction and analysis by ultra high-performance liquid chromatography
high-resolution mass spectrometry (UHPLC-HRMS).

Figure 1. (a) Novilytic NoviplexTM card; (b) Phenomenex MitraTM microsampler; (c) Tomtec DBS slides.
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Experimental
Each collection device was extracted (i) untreated, (ii) a water blank, (iii) whole blood blank and (iv) whole blood fortified at
the minimum required performance levels (MRPL) for each substance class. A large range of analytes across 8 prohibited
substance classes including anabolic agents (40), beta-2 agonists (5), hormone and metabolic modulators (12), diuretics and
masking agents (33), stimulants (71), narcotics (18), cannabimimetics (23), and beta-blockers (30) were examined. The
Noviplex™ cards sampled 2.5 μL of plasma, the Mitra™ microsamplers sampled 10 μL of whole blood, and 25 μL of whole
blood was pipetted onto the Tomtec DBS Slides. Samples for each platform were dried for two or more hours. After drying,
each sample was extracted in 10 ng/mL mefruside in methanol (500 μL), shaking for 30 minutes. Extracts were centrifuged
at 2950 g for 10 minutes, dried under nitrogen at 40°C, and reconstituted with UHPLC starting conditions (50 μL) for
instrumental analysis.
Analysis was performed on a Thermo Scientific Dionex UltiMate 3000 UHPLC system connected to a Thermo Scientific
Exactive Plus mass spectrometer, with a HESI II electrospray source. The analytical column was an Agilent ZORBAX SB-C8
RRHD 1.8 μm (50 x 2.1 mm). The mobile phases were (A) 10 mM ammonium formate, 0.01% formic acid in Milli-Q water, and
(B) 0.01% formic acid in acetonitrile. The flow rate was 0.25 mL/min, with an injection volume of 10 μL. The gradient
consisted of a linear increase of Solvent B from 0% to 80% over 7.5 minutes, further ramping from 80% to 100% Solvent B
for 0.5 minutes, followed by a 3 minute 100% organic mobile phase isocratic step, before re-equilibration at 0% Solvent B.
Samples were analysed on the mass spectrometer in positive and negative ion mode. The mass range was 70 to 1000 m/z,
and the resolution was set to 35,000.
Ethics approval for blood collection was obtained from the Sydney Local Health District Ethics Review Committee (Royal
Prince Alfred Hospital zone, Protocol No. X14-0325).

Results and Discussion
Each collection platform was extracted with blank water and blank blood to determine the inherent extractable interferences
present in each platform as a result of the manufacturing process. The total ion current chromatograms for the different
blood sampling products are shown in Figure 2.

Figure 2. Total ion current chromatograms of whole blood blanks in positive ion mode, for (a) NoviplexTM cards, (b) MitraTM microsamplers, (c)
Tomtec cotton DBS slides, and (d) Tomtec polyester DBS slides. The relative magnitude of the largest interference peak is denoted by NL.
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No attempt was made to either identify these background peaks, or to explain the relative differences in intensity of
background levels between the different collection platforms. This was outside the scope of this study as the aim was to
simply compare the suitability of these collection platforms for future work. Any background peaks that correlated between
the water and whole blood blanks (Figure 2) were attributed to artefacts of the manufacturing process for that particular
platform.
The Noviplex™ plasma sampling cards had highly intense interferences. This is possibly a result of proprietary reagents used
to manufacture the platform. Cannabimimetics such as AM1220 and JWH 200 were totally supressed as they co-eluted with
these large interference peaks (Figure 3). The Noviplex™ cards also only sample 2.5 μL of plasma, and are reconstituted to
50 μL for instrumental analysis, so they suffer a twenty-fold dilution factor in the sample preparation process.

Figure 3. (a) AM1220 standard, (b) JWH 200 standard, and (c) Major interference peaks of NoviplexTM card extracts.

Many of the compounds spiked at low MRPLs were detectable on the Mitra™ microsamplers, but their absolute intensities
often fell around the limit of detection of the instrument [7]. The microsamplers experienced a five-fold dilution factor during
sample preparation. In addition to this, the sample is significantly diluted in the UHPLC due to the high flow rate. However,
the Mitra™ samplers had the lowest extract background.
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To compare the performance between the Mitra™ and Tomtec products, the peak areas for substances spiked onto the
Tomtec DBS slides were divided by 2.5 to correct for the difference in sample volume between the products. Representative
results are shown for some substances in Table 1.

Table 1. Examples of compared peak areas for MitraTM microsamplers and Tomtec DBS slides, after sample volume correction.

In comparison to the Mitra™ samplers, the Tomtec DBS slides showed roughly equivalent sensitivity across most compounds,
after correcting for the greater sampling volume. Etacrynic acid demonstrated low sensitivity despite being spiked at a
higher concentration. It is unclear if this was due to instrumental settings or standard solution degradation. The Tomtec
cotton slides showed greater sensitivity for low MRPL substances such as the cannabimimetics due to their larger sample
capacity and lower extractable background. Despite this, many compounds extracted from the Mitra™ samplers gave a
greater response compared to the Tomtec products, most likely because the Mitra™ sampler had the lowest relative
background.

Conclusions

●

●

●

●

The Noviplex™ plasma sampling cards were discounted due to properties of their design that lead to significant
insensitivity, and suppression of analytes.
At equivalent volumes, the Mitra™ microsamplers and Tomtec DBS slides have mostly equivalent sensitivity. More
cannabimimetics and low MRPL compounds were detectable on the DBS slides, most likely due to their higher sampling
volume and therefore sensitivity.
Upcoming work will focus on validation of the simple extraction method and UHPLC-HRMS method utilised in this study, on
the most favourable sampling platform.
The method will also be transferred to a Waters XEVO G2-XS QTOF instrument with nanoflow capability to investigate
instrument-based sensitivity enhancement, particularly for the Mitra™ samplers which did not show adequate sensitivity.
Positive and negative ion mode for each analyte will be assessed on this instrument.
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Is the strategy of Biological Passport changing the behaviour of elite
athletes in Portugal?
LAD - Laboratório de Análises de Dopagem, ADoP - Autoridade Antidopagem de Portugal, Lisbon, Portugal1; Autoridade
Brasileira de Controlo de Dopagem, ABCD, Brasilia, Brazil2

Abstract
Athlete Biological Passport (ABP) is considered an excellent tool to target athlete with conventional anti-doping tests to
define Anti-Doping Rule Violations (ADRV) [2]. For that reason it is important to understand tendencies on the behaviour of
athletes and also to understand if the aim of anti-doping related with ABP strategy is being achieved. More and more
athletes are using their ABP profiles to demonstrate to Teams and Contractors that are Clean Athletes, which represents a
crucial, but less divulgated objective. Five years after Lisbon Anti-doping Laboratory’s accreditation for ABP (haematological
module) it is interesting to look at those past 5 years and compare RET% results from Athletics and Cycling athletes and also
to perform a monthly analysis to verify if there are periods of the year more favourable to doping practices by athletes. A
possible trend, although not statistically significant, on the reduction of percentage of abnormal Reticulocytes results has
been seen on both sports, especially for Athletics, nearly two years after ABP methodology was implemented in our
laboratory. The results demonstrate also the importance to test during the holidays period (October and November) and
during preparation phases (January and March). For Athletics, June, July and August probably represent strategic periods for
perform controls. The months of July and August represent very important months, where usually the most important Track
and Field Events happen. For Cross Country and Walking athletes January seems to be also a crucial month to test.

Introduction
Lisbon Anti-Doping Laboratory is accredited for Biological Passport (ABP), haematological module, since 2010. ADoP
(Autoridade Antidopagem de Portugal) was one of the NADO´s with the highest number of samples collected on Athletics
and Cycling [1] and a picture of what is happening in Portugal reveals interesting information. Once Reticulocytes (RET%) is
one of the most reliable marker of blood doping, a review of national athletes, according to Zorzoli´s Reticulocyte
classification [2], is presented here.
The aim of this study was to compare RET% results from Athletics and Cycling athletes between 2010-2014 to understand if
there is a decrease of abnormal results over five years.
A monthly analysis was also made to verify if there are periods of the year more favorable to doping practices.

Experimental
1281 OOC blood samples analysis, performed on Sysmex XT-2000i, collected by ADoP for ABP methodology, of which:
• 2010 - 35 samples from Athletics and 112 from Cycling
• 2011 - 123 samples from Athletics and 134 from Cycling
• 2012 - 138 samples from Athletics and 161 from Cycling
• 2013 - 128 samples from Athletics and 285 from Cycling
• 2014 - 54 samples from Athletics and 111 from Cycling
RET% values were separated in three different categories, according to Zorzoli’s classification [2]:
• RET% ≤ 0.40% - OFF phase
• 0.40% < RET% < 2.00% - normal range
• RET% ≥ 2.00% - ON phase
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Data analysis was performed by Fisher’s exact probability test (statistical differences were accepted for p-values<0.05)

Results and Discussion
In total, 47 results (4%) in the extreme ranges were identified, wherein 28 results (60%) refer to Cycling and 19 (40%) to
Athletics.
For Cycling, a fluctuation on abnormal RET% results can be seen. With the exception of the year 2013, a decrease tendency
is shown for RET% values, especially for values above 2.00% (Figure 1).
For Athletics, since 2012, RET% values under 0.40% disappeared and for those above 2.00% there has been a downward
trend (Figure 2). The highest value of abnormal results in 2012 can eventually be explained by the pressure to increase
athletes performance caused by the London Olympic Games.
On both sports (Figure 3) an almost constant percentage (around 4%) from 2010 to 2013 had abnormal RET% results and a
decrease to 1.8% can be seen in the year of 2014.

Figure 1. Changes in abnormal RET% values from 2010 to 2014 for Cycling (y=percentage of samples analyzed with abnormal RET% results).

Figure 2. Changes in abnormal RET% values from 2010 to 2014 for Athletics (y=percentage of samples analyzed with abnormal RET% results).
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Figure 3. Changes in abnormal RET% values from 2010 to 2014 for both sports (y=percentage of samples analyzed with abnormal RET% results).

Figure 4. Compilation of abnormal RET% results for the 12 months of the 5 year study on Cycling and Athletics (y=total number of samples and
percentage of samples analyzed per month over the 5 years with abnormal RET% results).
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Within the abnormal results obtained, our laboratory reported more for ON phase (83.3%-Athletics and 79.3%-Cycling), than
for OFF phase (16.7%-Athletics and 20.7%-Cycling). To realize if there were significant differences between months that
expressed abnormal RET% results, an analysis was made for both sports (Figure 4). July seems to be a strategic month to
perform controls especially on Cycling and, since August is traditionally the month of the Portuguese Tour, July is the month
where RET% results above 2.00% are more frequent. The importance to test during holiday’s period (October and November)
and preparation phases (January and March) has been seen. June, July and August, for Athletics, represent 9% to 10% of
abnormal RET% results for boosting period - ON phase, showing that those are probably strategic periods for perform
controls. July and August represent important months, where the most important Track and Field Events happen. January
seems to be a crucial month to test for Cross Country and Walking athletes, before important Events.

Conclusions
In this study there is a possible trend, although not statistically significant, on the reduction of percentage of abnormal
Reticulocytes results. This happens in both sports two years after ABP methodology was implemented in our laboratory and,
especially for Athletics, where we observed that tendency after year 2012.
This study can be of interest for people involved in sport (Laboratories, NADO’s) demonstrating the usefulness paper this
ABP methodology can have as a Deterrence tool and in the protection of Athletes’ Health. It would be interesting to keep this
monitoring ongoing in order to check if the downward trend observed can be confirmed.
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Okano M, Ikekita A, Kageyama S

Steroid profiles and alcohol marker ethyl glucuronide in Japanese athletes
Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan

Abstract
The presence of high ethyl glucuronide (EtG) is consistent with alcohol consumption. It is recognized that gender specific
urinary EtG concentrations of 48 ug/ml (males) and 15.5 ug/ml (females) are useful thresholds for a potential marker of
alteration of testosterone/epitestosterone (T/E) via ethanol consumption. In 2014, a total of 5,631 urine samples were
collected from 4,307 Japanese athletes (male: 2,731, female: 1,576) to our knowledge. There are 34 of 5631 urine
specimens with high amounts of EtG (> 48 μg/mL in males or 15.5 μg/mL in females). As expected, the T/E value in a female
athlete (badminton) who were not using oral contraceptives showed to change from a basal value of 0.77 (no alcohol
consumption) to 2.86 (EtG of 120 μg/mL). However, there are some cases which did not show the increasing of T/E. In some
athletes with low amounts of EtG (0.1 – 48 μg/mL in male or 0.1 – 15.5 μg/mL in female), there are some cases which
showed the increasing of T/E. Thus, the T/E-increasing effect by alcohol consumption might be affected by the racial or
individual differences.

Introduction
The confirmatory analysis based on the WADA criteria of testosterone/epitestosterone (T/E) >4 in Japan, where the
prevalence of the UGT2B17 deletion variants is high, is not said to be enough to detect doping [1]. In the WADA Tokyo
laboratory, 19175 doping control samples were analysed between 2009 and 2011, and only 31 specimens (0.2%) displayed
a T/E ratio >4. By contrast, in the WADA Cologne laboratory, the frequency of finding samples with T/E >4 was much higher
(2.3%) [2]. This difference is considered to be related to the population of UGT2B17 deletion subjects among Asians and
Caucasians. It is well known that the presence of high ethyl glucuronide (EtG) is consistent with alcohol consumption, and
alcohol consumption not only increases the T/E ratio [3] but also decreases the androsterone/testosterone (A/T) ratio [4]. It is
recognized that gender specific urinary EtG concentrations of 48 μg/mL (males) and 15.5 μg/mL (females) are useful
thresholds for a potential marker of an alteration of T/E via ethanol consumption [5]. In this presentation, the influence of
alcohol consumption on longitudinal steroid profiling in Japanese athletes was investigated.

Experimental
Steroid profiles and urinary EtG
Steroid profiles were determined using our screening procedure for anabolic steroids [1]. Determination of urinary EtG was
conducted based on the method reported by Grosse et al.[3].
Doping control samples
In 2014, a total of 5,631 urine samples were collected from 4,307 Japanese athletes (male: 2,731, female: 1,576) to our
knowledge.

Results and Discussion
Samples with T/E >4
Only 21 specimens (0.4%) from 16 athletes (male: 15, female: 1) displayed a T/E ratio >4, 10 of which tested negative by
IRMS and 11 of which were considered negative by the testing histories. The T/E ratio ranged from 4.0 to 8.2. The maximum
concentration of EtG was 2.5 μg/mL in urine collected from a male swimmer with a T/E of 7.8. The past T/E ratio in this
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swimmer was 8.2, and the IRMS result showed "negative". In all other athletes, urinary EtG concentrations were below
0.5 μg/mL. Thus, it would appear that these elevated T/E cases were scarcely affected by alcohol consumption.
Urinary EtG levels in Japanese athletes
There are 35 of 5631 (0.6%) urine specimens with high amounts of EtG (>48 μg/mL in males or >15.5 μg/mL in females).
The distribution rates of the high EtG athletes were 0.1% (3 males) in ICT and 1.4% (26 males and 6 females) in OOCT. The
maximum concentrations of EtG in ICT was 136 μg/mL. Those in males and females were 348 μg/mL (OOCT) and 119 μg/mL
(OOCT), respectively. The T/E ratios in high EtG athletes ranged from 0.06 – 3.30 (M) and 0.04 – 3.10 (F).

Case-1: Typical T/E and A/T behaviors caused by alcohol consumption
The elevated T/E and the decreased A/T ratios were observed as expected. Because IRMS tests provided negative results,
both elevated T/E cases are consistent with the effect by alcohol consumption.

Figure 1: Case-1 Typical T/E and A/T behaviors caused by alcohol consumption.

Case-2 : Elevated T/E in an athlete with low EtG
In some athletes with a low amount of EtG (<48 μg/mL in males or <15.5 μg/mL in females), there were some cases which
showed the increasing of T/E. As exemplified, the T/E in male athlete (athletics) changed from basal value to 1.2 (EtG of
34 μg/mL). A/T also decreased and the further IRMS test provided negative results. Despite the concentration of EtG was less
than the threshold of 48 μg/mL, the elevated T/E cases might be consistent with the effect by alcohol consumption. The
findings are in agreement with the previous report by Mareck et al.[6].

Figure 2: Case-2 : Elevated T/E in athlete with low EtG.
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Case-3: T/E ratios unaffected by alcohol consumption
In some athletes with high amount of EtG (>48 μg/mL in males or >15.5 μg/mL in females), there were some cases which
did not show the increasing of T/E. Despite the concentrations of EtG showed to be 97 μg/mL (weightlifting, male) and
265 μg/mL (Judo, male), no significant differences in the T/E ratio were observed among their individual data.

Figure 3: Case-3: T/E ratios unaffected by alcohol consumption.
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Table 1: Individual steroid profiles and EtG concentrations.
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Conclusions
Although the laboratories should look upon steroid profiles as being related to EtG concentration, the T/E increasing effect by
alcohol consumption might be affected by the racial or individual differences.
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Evaluation of the influence of grapefruit juice on the endogenous urinary
steroid profile
Doping Control Laboratory, Seibersdorf Laboratories, Seibersdorf, Austria1; Department of Pharmacy, University of
Tromsoe - The Arctic University of Norway, Tromsoe, Norway2

Abstract
In doping control, the steroid module of the athlete biological passport took effect in January 2014. It consists of urinary
ratios of a number of endogenous steroids and allows the evaluation of an athlete’s individual steroid profile over time.
Abnormal alterations in the profile will trigger further investigation of the athlete. In this respect, it is of high importance to
have extensive knowledge of all factors with a potential influence on the urinary steroid profile. Furanocoumarins are
compounds that are found in various common plants and foodstuff, including grapefruit. They have proven to inhibit several
human CYP subtypes. Hence, in this study, one liter of grapefruit juice was administered to eleven healthy volunteers, in
order to clarify possible interactions with endogenous steroids. The results revealed no significant influence on the
investigated steroid ratios. On the other hand, regarding urinary steroid concentrations, a significant reduction was observed
for some steroid metabolites. Most importantly though, the steroid ratios incorporated in the athlete biological passport
proved to be robust to enzyme inhibition by furanocoumarins in grapefruit.

Introduction
With the implementation of the athlete steroidal passport [1], it is of major importance to consider all relevant factors that
might exert an influence on the individual steroid profile [2]. Compounds that affect the metabolism of androgens, by for
instance enzyme inhibition or induction, can potentially interfere and cause changes in endogenous steroid concentrations
and ratios. Furanocoumarins are compounds which have been reported to inhibit a number of CYP subtypes, with the major
dietary source of furanocoumarins being grapefruit [3]. Hence, in the current project, the influence of the intake of grapefruit
juice on individual steroid profiles was investigated. Eleven healthy volunteers were included in the clinical study.

Experimental
Identification and quantification of furanocoumarins in grapefruit
In the first part of the study, both commercially available grapefruit juice and freshly prepared grapefruit juice from various
sources of grapefruits (different geographical origin) were analyzed for furanocoumarins. The samples were analyzed by a
Surveyor HPLC system equipped with a Surveyor PDA detector (Thermo, Austin, USA). The appropriate mixture of juice for
the clinical study was determined from these results. Each volunteer administered 1L juice, and all prepared juices were
analysed for furanocoumarins prior to intake.
Clinical study
Two female and nine male volunteers were enrolled in the study. The participants were healthy, not taking any medications.
They were instructed not to eat any food items rich on furanocoumarins during the study, and furthermore to avoid alcohol.
Urine samples, providing baseline steroid values, were collected every day for four days prior to the ingestion of 1L
grapefruit juice. Thereafter, total urine was collected for one day, and one urine sample was collected every day for further
three days. The study design is summarized in Table 1.
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Table 1: Summary of the study design. Collection of urine samples prior to and after the intake of 1 L of grapefruit juice.

Sample analysis
All urine samples (5 mL aliquots) were prepared and analysed according to our routine procedure for the analysis of
endogenous steroids. Subsequent to hydrolysis with β-glucuronidase (e-coli) at pH 7, liquid-liquid extraction with 5 mL tert
-butyl methyl ether at pH 9.8, and silylation with MSTFA/NH4/ethantiol (1000/2/3), GC/MS/MS analyses were performed with a
Trace GC Ultra gas chromatograph coupled to a TSQ Qantum GC triple quadrupol mass spectrometer (Thermo, Austin, USA)
in SRM-mode. Separation was performed on a Rtx-1MS fused silica capillary column, 15 m x 0.25 mm ID, 0.11 µL film
thickness (Restek, CP-Analytica, Mistelbach, Austria). The temperature program for the GC run was: 170°C initial column
temperature, 3°C to 210°C, held for 1 min, 25°C/min to 305°C, held for 3 min.

Results and Discussion
Furanocoumarins in grapefruit juice
Considerable variations in the concentration of furanocoumarins in grapefruits of different geographical origins were
observed. This is in accordance with previous reports [4]. Thus, for each participant in the clinical study, 700 mL of fresh
juice were prepared from furanocoumarin-rich grapefruits originating from the same source (Cyprus) and mixed with 300 mL
of commercially available pink grapefruit juice. In the prepared juices, dihydroxybergamottin was identified as the major
furanocoumarin, along with minor amounts of bergamottin.
Steroid profiles
Paired t-tests were used to compare urine concentrations and ratios before and after the intake of grapefruit juice. All steroid
concentrations were adjusted to a urine specific gravity of 1.020. Post-administration values were recorded from the
samples collected on day four subsequent to juice administration. Differences were considered significant when P < 0.05. To
assess data normality, Shapiro-Wilk’s test was performed, in addition to the evaluation of histograms.
After the intake of grapefruit juice, a significant reduction in urinary concentrations of androsterone and etiocholanolone, as
well as for 5α- and 5β-androstandiol was observed. Of utmost importance, though, no significant changes were observed for
any of the steroid ratios implemented in the athlete steroid passport: testosterone/epitestosterone, androsterone/etiocholanolone, androsterone/testosterone, and 5α-androstandiol/5β-androstandiol. Of interest though, a slight trend towards
decreasing values of androsterone/testosterone was observed in post administration samples, compared to baseline values.
This was, however, not statistically significant. In Figure 1 and 2, examples from the steroid profile are illustrated for one of
the participants in the study. In Figure 1, a reduction in the urinary androsterone concentration is illustrated, whereas stable
testosterone/epitestosterone ratios is shown in Figure 2.
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Figure 1: Urinary concentrations of androsterone for one of the participants in the study.

Figure 2: Testosterone/epitestosterone urinary ratios for one of the participants in the study.
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Conclusions ,2
Steroid profiling and the athlete steroid passport are valuable tools for the detection of steroid abuse in sports drug testing.
Hence, a profound knowledge of factors that can change the steroid profile pattern is essential. Although variations in
urinary steroid concentrations were observed in the current study, the monitored steroid ratios proved to be robust to
enzyme inhibition by furanocoumarins.
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Sobolevsky T, Dikunets M, Dudko G, Rodchenkov G

3-Oxo-4-azasteroids with purported anabolic activity: detection in urine
and influence on steroid profile
Antidoping Centre, Moscow, Russia

Abstract
Novel steroidal selective androgen receptor modulators (SARMs), such as MK-0773, MK-4541, Cl-4AS-1, and TMF-4AS-1, are
currently being developed. All these compounds are 3-oxo-4-azasteroids, similar to finasteride and dutasteride, which are
potent 5α-reductase inhibitors.
Here we report an in vitro and in vivo metabolism study of Cl-4AS-1 and TMF-4AS-1. Incubation of Cl-4AS-1 and TMF-4AS-1
with human liver microsomes resulted in formation of multiple metabolites via hydroxylation, deamidation, demethylation,
and combination thereof. However, in vivo data demonstrated a low urinary excretion suggesting that these drugs might
predominantly excrete in bile. Detection of monohydroxylated metabolites of Cl-4AS-1 and TFM-4AS-1 was possible for up to
10 days after administration of 5 mg of each steroid.
Steroid profile of both volunteers was significantly affected by administration of these 4-azasteroids. The activity of
5α-reductase was clearly suppressed, and this effect stayed longer than the metabolites could be detected in urine
(3 weeks).

Introduction
3-Oxo-4-azasteroids are androgen receptor ligands developed at Merck Research Laboratories [1,2]. The biological activity
data are limited to MK-0773, MK-4541, Cl-4AS-1, and TMF-4AS-1. However, no information is available about their detection
in biological fluids and metabolism.
It is known that 4-azasteroids are potent 5α-reductase inhibitors [3]. The studies performed at Merck have shown that due to
the presence of an N4-methyl group in the A-ring of Cl-4AS-1 and TMF-4AS-1 (Fig. 1), these compounds strongly bind to
androgen receptor while their ability to inhibit 5α-reductase is attenuated.
The aim of the present study was to investigate the in vitro and in vivo metabolism of two novel steroidal SARMs, Cl-4AS-1
and TFM-4AS-1, and evaluate their effect on the steroid profile.

Fig. 1: Structure of Cl-4AS-1 (A) and TFM-4AS-1 (B).
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Experimental
In vitro metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol.
Administration studies: 5 mg of each compound was administered to 2 healthy male volunteers (age 26, body mass index
28, and age 37, body mass index 22).
Sample preparation: enzymatic hydrolysis of 3 ml urine with β-glucuronidase followed by liquid-liquid extraction with
diethyl ether and reconstitution in 100 µL methanol/water 50/50 [4].
Analysis and detection: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C and
protected by a Vanguard column. Gradient elution with 0.1% formic acid in water and 0.1% formic acid in methanol at a flow
rate of 0.35 mL/min was applied with a run time of 10 min. The heated positive ion electrospray ionization (HESI II) was used
for the detection of target analytes.
Instrumentation: liquid chromatograph Waters Acquity (Waters, Milford, MA, USA) coupled to high resolution / high
accuracy mass spectrometer (LC-HRMS) Exactive (Thermo Scientific, Bremen, Germany) or triple quadrupole mass
spectrometer (LC-MS/MS) TSQ Vantage (Thermo Scientific, San Jose, CA, USA).

Results and Discussion
Our experiments have shown that incubation of Cl-4AS-1 and TMF-4AS-1 with human liver microsomes resulted in formation
of multiple metabolites via hydroxylation, deamidation, demethylation, and combination thereof. The metabolites with their
exact mass formally corresponding to the A-ring opening products were also noted. The LC-HRMS profiles for the metabolites
identified for Cl-4AS-1 and TFM-4AS-1 are given in Fig. 2, while tentative structures of each steroid are shown in Fig. 3. The
facile formation of N4-demethylated metabolites from both drugs (which greatly increases 5α-reductase inhibitory activity)
suggests that these compounds are in fact not so good candidates as agonists for the androgen receptor.

Fig. 2: LC-HRMS profile of the metabolites identified in vitro for Cl-4AS-1 (left) and TFM-4AS-1 (right).
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Fig. 3: Tentative structure of the metabolites identified in vitro for Cl-4AS-1 (left) and TFM-4AS-1 (right).

To our surprise, an in vivo data demonstrated a considerably lower, than one may expect for a given dose of 5 mg, urinary
excretion of metabolites. It is therefore suggested that biliary excretion plays an important role. This was especially the case
for TFM-4AS-1. Detection of monohydroxylated metabolites of Cl-4AS-1 (X2) and TFM-4AS-1 (Y2) and one common
metabolite N-desmethyl carboxylic acid (X18/Y16) was possible for up to 10 days after administration.

Fig. 4: Mass chromatograms demonstrating the detection of monohydroxylated metabolites of Cl-4AS-1 (X2) and TFM-4AS-1 (Y2) and a common
metabolite (X18/Y16) 5 days after administration.

RECENT ADVANCES IN DOPING ANALYSIS (23)

150

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Not surprisingly, the steroid profile of both volunteers was significantly affected after administration of these 4-azasteroids.
In approximately 48 h, the activity of 5α-reductase was clearly suppressed as evidenced by the ratio of 5α-/5β-steroid pairs,
and this effect stayed even longer than the selected metabolites could be detected in urine. In fact, it took up to 3 weeks for
a complete restoration of the steroid profile ratios. Therefore, an abnormal finding of a suppressed steroid profile in the
absence of finasteride or dutasteride metabolites (which are the only two 5α-reductase inhibitors currently approved
worldwide) may indicate an administration of other 4-azasteroids with purported anabolic activity.

Conclusions
An in vitro and in vivo metabolism of Cl-4AS-1 and TFM-4AS-1, novel steroidal SARMs, has been studied. While incubation
with human liver microsomes resulted in formation of multiple metabolites, an in vivo data suggest that renal excretion of
these compounds, especially TFM-4AS-1, is quite low. Monohydroxylated metabolites and a common metabolite (N
-desmethyl carboxylic acid) may be used to detect administration of these drugs for up to 10 days after administration.
At the same time, the steroid profile parameters, such as androsterone/etiocholanolone, 5α-/5β-androstane-3α,17β-diol,
11β-hydroxyandrosterone/11β-hydroxyetiocholanolone, and tetrahydrocortisol/allo-tetrahydrocortisol ratios were
significantly affected due to inhibition of 5α-reductase by the demethylated metabolites.
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Development and validation of a method for steroid profile using gas
chromatography coupled to triple quadrupole mass spectrometry
Romanian Doping Control Laboratory, Bucharest, Romania

Abstract
Since the beginning of 2014, doping control laboratories have to report the steroid profile parameters via ADAMS. This
involves quantitation of androsterone (A), etiocholanolone (Etio), 5α-androstane-3α,17β-diol (5a-Adiol), 5β-androstane3α,17β-diol (5b-Adiol), testosterone (T), epitestosterone (E) and T/E ratio. This paper presents the validation for the steroid
profile parameters including in the steroid screening method. Quality control parameters like selectivity and sensitivity,
instrument and intermediate precision, carry-over, linearity, detection and quantitation limits and measurement uncertainty
were investigated. The results prove that the method is fit-for-purpose for the steroid profile measurement according to the
WADA criteria stipulated in the TD2014EAAS.

Introduction
The steroid profile has proven to be a valuable tool for detecting the abuse of testosterone, its precursors or metabolites
[1-3]. The accurate quantitation of the six endogenous anabolic steroids (androsterone, etiocholanolone, testosterone,
epitestosterone, 5α-androstane-3α,17β-diol, 5β-androstane-3α,17β-diol) and of the T/E ratio for the purpose of the steroid
module of the Athlete Biological Passport, is of utmost importance [4]. Pregnanediol, 5α-androst-16-en-3β-ol and
11-keto-etiocholanolone are used as endogenous reference compounds for isotope ratio mass spectrometry analysis.
Dehydroepiandrosterone and formestane are also included in the calibration solution and calibration curves.
In this paper the validation results for a quantitative evaluation of the steroid profile variables in the initial testing procedure
using GC/MS/MS are presented.

Experimental
Reagents
β-Glucuronidase from E.coli was acquired from Roche Diagnostics. Synthetic urine was acquired from Cerilliant.
5α-Androst-16-en-3β-ol, 11-keto-etiocholanolone and pregnanediol were acquired from Sigma Aldrich. Formestane was
acquired from Steraloids. The rest of steroids and the internal standards were acquired from NMI. All other reagents were
acquired from Merck.
Sample preparation
Samples were constituted by spiking synthetic urine with endogenous steroids. Common procedures for the detection of
anabolic and endogenous steroids in doping control were applied [5].
Instrumentation
A Thermo Scientific GC Trace 1310 gas chromatograph system coupled with TSQ Quantum XLS Ultra and a TriPlus RSH
autosampler (Thermo Scientific,).
GC column: HP-Ultra 1 (17 m, 200µm id, 0.11µm film; J&W Scientific).
Oven temperature program: start 160°C (2min), increased at 255°C with 5°C/min, increased at 285°C, with 30°C/min (5min),
increased to 300°C, with 60°C/min (3.75min). Transfer line temperature: 310°C. Carrier gas: Helium 6.0 at 0.82mL/min flow
rate. Injection volume: 2µL in split mode (1:10). Acquisition: SRM mode with Ar collision gas at 1mTorr. The transitions used
for endogenous steroids and deuterates and their optimized collision energies (CE) are presented in Table 1.
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Table 1: Transitions and optimized collision energy for steroid profile parameters

Analysis
The investigated factors for quantitation of steroid profile parameters [6,7] were:
●
●
●
●
●

●

●

specificity - 1 mix of exogenous anabolic steroids standards did not give interfering peaks for steroid profile markers;
linearity, LOD and LOQ - 6 samples spiked at different calibration levels;
instrument repeatability - 10 injections/1vial with endogenous steroids at LOQ and 5xLOQ;
intermediate precision - 3 batches of 10 samples at LOQ and 5xLOQ;
carryover - 1 injection having 10x the average concentrations of endogenous steroids measured in 2014 followed by a
blank;
robustness - 8 injections with minor method variations: derivatisation time; hydrolysis, inlet and transfer line
temperatures;
T/E validation – 2x6 samples spiked at different calibration levels.

Results and Discussion
Method validation for concentrations measurement
The method has proven to be robust and specific. No sign of carryover was detected in the blank injected after the
concentrated mix.
Linearity: The least square method was used to construct the calibration curves over 6 levels for every quantitative
component. The calibration levels were chosen to cover the range of concentrations found in over 90% of urine samples
analyzed in 2014. The upper concentration limits were also chosen to avoid over estimation of the internal standards due to
the presence of the heavier isotopes of carbon and silicon in the target analytes [8-10]. Linearity of the calibration curves
proved to be acceptable for all compounds. (Table 2).
Limits of detection and quantitation were considered as 3 and, respectively, 6 multiple of the standard deviation of the
calibration curves (Table 2).
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Table 2: Calibration: concentration levels, linearity, LOD and LOQ

The values estimated for measurement uncertainty at LOQ and 5xLOQ for A, Etio, 5α-Adiol, 5β-Adiol and at LOQ and
5ng/mL for T and E are presented in Table 3. All values were below the limits specified by TD2014EAAS.

Table 3: Instrument repeatability, intermediate precision, linearity contribution and measurement uncertainty

Method validation for T/E ratio
For T/E ratio, specificity, carryover and robustness are due to T and E and therefore evaluated above.
The measurement uncertainty for T/E was estimated, for T and E > 5ng/mL and for T or E < 5ng/mL domains. The estimated
combined measurement uncertainties comply with the TD2014EAAS requirements regarding T/E ratio measured in initial
testing procedure.
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Results comparison
As final verification of the fit-for purpose of the calibration curves, 7 urine samples from EQAS tests with large spread
domains of concentrations of endogenous steroids were analyzed (Table 4). The relative biases were computed with the
formula: bias(%) = (measured value-consensus value)/consensus value.

Table 4: Consensus (1) and measured (2) values for steroid profile parameters in EQAS samples

Conclusions

●

●
●

●

A quantitative method for measuring the steroid profile parameters by GC-MS/MS was developed, validated and proven to
be fit-for-purpose.
The LOQ established for T and E are in accordance to the technical document TD2014EAAS.
The relative standard combined measurement uncertainties estimated, both at LOQ and 5xLOQ (LOQ and 5 ng/mL for T
and E; T or E< 5 ng/mL and T and E> 5 ng/mL for the T/E ratio), for the determination of A, Etio, 5αAdiol, 5βAdiol, T, E and
T/E ratio are in accordance to the TD2014EAAS.
Analyzing 7 EQAS samples with this method resulted in steroid profile parameter values close to their consensus values. In
an interlaboratory comparison, the highest absolute Z value would be Z=1.09.
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From cleanup and analysis to data compilation: carbon isotope ratio
determination of 19-norandrosterone origin in athlete’s urine samples
Laboratoire de contrôle du dopage, Institut National de la Recherche Scientifique, Montreal, Canada

Abstract
19-Norandrosterone (19-NA) is the main metabolite of nandrolone but it can also originate from a number of other sources
including endogenous production increased during pregnancy and microbial demethylation of androsterone. WADA requires
IRMS analysis between 2 and 10 ng/mL to differentiate natural from synthetically-produced 19-NA [1]. Thus far, only two
publications have demonstrated CIR measurements of 19-NA within appropriate concentration limits [2,3], both papers
expressing measurement reproducibility issues nearing the low concentration limit for urine samples with more important
backgrounds. To address these issues, we have developed a thorough purification method for 19-NA allowing us to measure
the isotopic signature of 19-NA in the entire concentration range and even slightly lower. Since the implementation of this
method, we have been capable of analysing all seventy-seven routine samples* without exception within this concentration
range. Of all samples analyzed, two thirds were positive with a higher probability of a negative assignment below 3 ng/mL.
The isotopic signature of positive samples is quite close and have been stable at approximately -30 ‰ for the past 15 years.
Prior to 2000 however, urinary 19-norandrosterone had an isotopic signature that was nearly 2.5 ‰ more enriched,
suggesting a change in the precursor compound and/or supplier.
*Some of these samples were sent by other laboratories for GC-C-IRMS analysis.

Introduction
Nandrolone and other related 19-norsteroids are prohibited in sport; their main metabolite, 19-NA, is the marker of their
administration. However, 19-NA was detected at low levels in the urines of males and females, more importantly during
pregnancy and as a result of in situ microbial 19-demethylation of androsterone [4]. Consequently, ascribing a threshold of
2 ng/mL for declaring positive cases is precarious without the IRMS analyses to unambiguously determine its origin. Their
difficulty - especially at low concentrations - has precluded all but a few labs from performing GC-C-IRMS of 19-NA on a
routine basis. Until now, this has hampered the anti-doping community from describing a reference population within the
WADA-specified IRMS concentration range (2 to 10 ng/mL, [1]).

Experimental
Sample preparation
Routine athletes’ samples found to contain 19-NA in levels between 2 and 10 ng/mL were subsequently sent for GC-C-IRMS
analysis. Typically, 20 mL of urine were extracted on preconditioned C-18 cartridges, eluted with methanol and dried under
nitrogen. The glucuroconjugated steroids were hydrolysed (E. coli type IXA, Sigma) and extracted with hexane. After
evaporation of the organic phase, the steroids were transferred to HPLC vials for purification.
2D-HPLC purification
The system comprises 2 chromatographic dimensions, each equipped with a separate set of stationary and mobile phases
and pumps. A fraction collector (Gilson FC 203B) was used to collect peaks. Urine extracts were initially loaded onto a
Zorbax Eclipse XDB-Phenyl column (0.46 x 250 mm, Agilent). High concentration analytes (etiocholanolone (Etio),
androsterone (A), 5β-pregnanediol (pgdiol) and 3α-hydroxy-5α-androst-16-ene (16-enol) collected directly downstream from
first dimension whereas low concentration analytes such as 19-NA and 19-NE were transferred in two batches (Loading 1: T
and loading 2: 19-NA, 19-NE, 5α-Adiol, 5β-Adiol, DHEA and E) to the second HPLC dimension consisting of 2 back to back
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SunFire C-18 columns (0.46 x 250 mm, Waters). A schematic representation of 2D-HPLC as well as solvent composition/flow
rate during purification is provided in the current issue of this journal [5].
Following purification, all GC-C-IRMS analyses were run as described previously [6]. Positive and negative controls as well as
a certified standard steroid mixture**were used to verify the accuracy in each sample lot. Peak purity was evaluated by
GC-MS from the peak onset to the peak tail to ensure the absence of co-eluting substances which could alter measured δ13C.
**The δ13C of all steroid standards were measured by GEOTOP, UQAM, Canada as described elsewhere [6]

Results and Discussion
Isotopic population study of 19-NA samples containing 2 to 10 ng/mL:
Few labs routinely perform CIR analysis of 19-NA, in part because of analytical difficulties relating to the measurement. The
low concentration range for which IRMS analysis is required as well as the complexity and variability of urinary matrices can
often result in GC interferences and inaccurate δ13C values. The development of 2D-HPLC purification has allowed us to
measure the isotopic distribution of 19-NA in a larger population than previously available (77 samples) at levels ranging
between 1.5 and 10 ng/mL.
More than two thirds of all samples were positive, i.e. δ13C 19-NA ≤ -27 ‰ and > 3 ‰ more depleted than the reference
endogenous compound (ERC) [1]. However below 3 ng/mL, there was a higher probability of a negative assignment (Figure
1), highlighting the importance of rigorously accurate CIR determination at these low concentrations. Above 4 ng/mL, only
10 % of the samples showed an endogenous isotopic signature.
Endogenously produced 19-NA followed closely the isotopic signature of A (Δδ13C: 0.6 ± 1.15), indicating no significant
isotopic fractionation upon 19-demethylation of microbial origin or from pregnancy. In contrast, 19-NA in samples reported
positive from 2013 to present hovered around the isotopic signature of commercially available pharmaceutical preparations
of norsteroids (-29.1 to -30.9 ‰; (3, 7)) (Figure 2). Interestingly, we observed an isotopic depletion of approximately 2.5 ‰
of in the δ13C values of 19-NA positive samples received between 1992 and 2000 (Figure 3), highlighting a change in
manufacturing process and/or starting material.

Figure 1: Distribution of 19-NA positive and negative cases with respect to concentration ranges
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Figure 2: Carbon isotopic signature (δ13C) of 19-NA (full circles) and 19-NE (empty circles) relative to the ERC. The two WADA criteria for positive
assigning are indicated as lines on the graph. 19-NA signatures must be more 13C-depleted than both lines to render a positive assignment. Pgdiol
was used as the ERC, except in cases where co-administration of exogenous testosterone caused the 13C-depletion of the steroid profile. In the case
where there was a significant difference between pgdiol and A (≥ 2‰), A was the chosen ERC.

Three samples had atypical δ13C values, 3 ‰ units more depleted than the ERC but more enriched than -27 ‰ (Figure 3).
These samples had fairly high 19-NA concentrations (over 4 ng/mL) which could indicate a mixed origin (i.e. both
endogenous/microbial and synthetic).

Figure 3: Depletion in carbon isotopic signature (δ13C) of 19-NA in positive samples from the early 1990s.
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Conclusions
The presence of 19-NA in urine is not by any means a definitive indicator of norsteroid ingestion, especially when found in
the low concentration range. While the vast majority of the samples received for analysis in our laboratory showed clear
synthetic isotopic signatures (-30.6 ± 0.84 ‰), some had endogenously-produced 19-NA concentrations reaching 8 ng/mL
on one occasion, as a result of in situ microbial demethylation or pregnancy. Only 3 out of 77 results were inconclusive with
isotopic signatures that were intermediate between a positive and negative assignment.
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An improved LC-MS/MS method to quantify ephedrines in human urine
and elimination of the matrix effects
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
The objective of this study was to improve the quantification procedure and eliminate the matrix effects during the
simultaneous quantification of ephedrines (norephedrine, norpseudoephedrine, ephedrine, pseudoephedrine,
methylephedrine) using LC-MS/MS technique. In general, matrix effects are directly related to an insufficient sample
clean-up of the biofluid under investigation. Proper sample pretreatment is therefore of primordial importance. Improved
chromatography is also a straightforward way to separate interfering compounds from analytes. In this study, the urine
sample was precipitated with an equivalent volume of 5% PbAc2 aqueous solution to remove proteins and the supernatant
was diluted 5-fold (or 50-fold for pseudoephedrine) and injected into the LC-MS/MS systems directly. The sample analysis
was carried out on our routine analysis column and the chromatographic peak tailing was eliminated by optimizing aqueous
and organic mobile phases. This approach could achieve complete baseline separation for ephedrines within a run time of
8 min. The analysis bias for ephedrines quantification was minimized to 5% or less and the matrix effects were below 15% at
three concentration levels. The LOQs of the method for above substances were 0.09, 0.09, 0.08, 0.30 and 0.08 μg/mL
separately. The intra- and inter-day precisions for all ephedrines were between 0.55-3.08% at low, medium and high
concentration levels. This study clarified that the matrix effects were depended mainly on the proteins in human urine and
promised a more accurate and rapid approach to quantify ephedrines with minimum sample preparation.

Introduction
Norephedrine (NEP), norpseudoephedrine (NPEP, cathine), ephedrine (EP), pseudoephedrine (PEP) and methylephedrine
(MEP) (Fig. 1) are stimulants usually abused by athletes. NEP, a stereisomer of cathine, is not covered in WADA prohibited
list and should be baseline separated with cathine. Due to possible over- or underestimation of the analyte concentration,
matrix effect is a parameter of concern during method development and validation. Based on previous studies [1-3], the
matrix effect depended mainly on the proteins appearing in human urines. This study gives scientists an effective way to
eliminate or reduce the matrix effect based on sample preparation techniques and chromatographic optimization method.
The applicability of the developed method was tested by analyzing routine doping-control samples in our laboratory as well
as EQAS samples provided by WADA.

Figure 1. Chemical structures for ephedrines.
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Experimental
Chromatographic and mass spectrometric conditions
Chromatography was performed on an Agilent 1200 series HPLC system. Separation was achieved on an Eclipse XDB-C18
column (2.1×100 mm, 3.5 μm, Agilent Technologies). The HPLC mobile phases consisted of (eluent A) 10 mM ammonium
acetate in deionized water and (eluent B) 10 mM ammonium acetate in methanol. Isocratic elution (95% eluent A for 8 min)
at a flow rate of 0.4 mL/min was performed. The system was equilibrated for 3 min before the next injection.
Mass spectrometric detection was carried out using an Agilent Technologies triple-quadruple 6460C mass spectrometer
equipped with an ESI source. MRM mode was used to detect the analytes in positive ionization mode. The spray voltage was
set at 4000 V and the ion source was operated at 330°C. Nitrogen was used as the nebulizing gas and the pressure was set
at 20 psi. Sheath gas temperature (nitrogen) was set at 400°C and gas flow was 12 L/min.
Sample preparation
An equivalent volume of 5% PbAc2 aqueous solution was applied to precipitate the proteins in both of the blank urine (for the
preparation of calibration curve and QCs) and the urine samples awaiting for analysis. After centrifugation at 5000 rpm for
5 min, the supernatant was diluted 5-fold with deionized water for NEP, NPEP, EP, MEP and 50-fold for PEP. After addition of
the internal standard (d3-EP), 5μL of sample was injected into the LC-MS/MS system for analysis.
Method validation
A five-point calibration curve was generated by spiking blank urine with the ephedrines in triplicate. The intra- and inter-day
precisions, bias and matrix effects of the method were performed on the analysis of 10 spiked samples at three
concentration levels (2.5, 5, 10 μg/mL for NPEP and NEP; 5, 10, 20 μg/mL for EP and MEP; 7.5, 15, 30 for PEP).

Results and Discussion
Chromatographic separation, MS detection and sample preparation
For the optimization of MS conditions, each of analytes and IS was directly introduced into MS detector using ESI ionization
and parameters was displayed in Table 1. Satisfactory chromatographic separation was achieved on Eclipse XDB-C18
column, using 95/5 of 10 mM ammonium acetate aqueous solution/methanol as the mobile phases (Fig. 2).
A few different protein sediment reagents such as acetonitrile, methanol, ammonium sulfate and 5% of PbAc 2 aqueous
solution were evaluated for the precipitation efficiency. The result indicated that 5% of PbAc2 was the appropriate reagent to
subside proteins in human urine without any interference to the detection.

Table 1. Mass spectrometric parameters used for LC-MS/MS analysis of ephedrines.
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Figure 2. Extracted ion chromatogram of a standard mixture of cathine (250 ng/mL), norephedrine (250 ng/mL), ephedrine (500 ng/mL), ephedrine-d3
(IS, 500 ng/mL), pseudoephedrine (750 ng/mL) and methylephedrine (500 ng/mL).

Method development
The method validation results showed the approach afforded expanded linear range (with r2 > 0.995) for all ephedrines in
this study (Table 2). The method also displayed satisfactory results in terms of precisions, accuracy, specificity, matrix
effects and measurement uncertainty (MU).
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Table 2: Method validation results for the quantification of ephedrines.

Matrix effects elimination
According to previous studies [1], the urine sample was diluted 10-fold and injected directly into the LC-MS/MS systems
without any preliminary purification. Based on our method validation results, the analysis bias exceeded 20% in maximum if
the sample was prepared following the procedure described above. After careful investigation we found the bias was arising
from the matrix effect and depended mainly on the proteins in human urine. In order to minimize the matrix effects, an
equivalent volume of 5% PbAc2 aqueous solution was applied to precipitate the proteins in both of the blank urine (for
calibration curve and QC preparation) and the urine samples prior to analysis. The supernatant was diluted 5-fold (for NEP,
NPEP, EP and MEP) or 50-fold (for PEP) and analyzed by LC-MS/MS directly. As expected, the analysis bias for ephedrines
dropped to 5% or less in the present study.

Conclusions
This study clarified that the matrix effects were caused mainly by the proteins in human urine and promised a more accurate
and rapid approach for the quantitative determination of ephedrines with minimal sample preparation. The concentrations
generated by the methods were consistent with the nominal concentrations in WADA EQAS samples. The current method
has shown good precisions, accuracy and short run time. It has been applied in the routine analysis in our laboratory.
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Confirmation of furosemide, hydrochlorothiazide and ACB in human
urines by LC-MS/MS with full or product ion scan mode
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
This study presents an effective method for the confirmation of furosemide, hydrochlorothiazide (HCT) and
4-amino-6-chloro-1,3-benzenedisulphonamide (ACB, one of the degradation product of HCT) in human urines for sports drug
testing. This method is based on “dilute and inject” and LC-MS with full or product ion scan mode. Because furosemide, HCT
and ACB were all analyzed in negative ion mode, the aqueous mobile phase ammonium formate (10 mM, pH 3.5) for routine
analysis was replaced by ammonium acetate (10 mM, pH 6.5). The organic mobile phase was changed from normally utilized
acetonitrile to methanol. The best chromatographic separation was achieved on a Pursuit 3 PFP (2.0×100mm, 3μm) column.
The results displayed that the detection sensitivity was increased significantly and the diagnostic ions ratios met the WADA
requirements in TD2010IDCR perfectly for furosemide, HCT and ACB. The limits of detection for furosemide, HCT and ACB
were 3, 2 and 3 ng/mL respectively. The limits of quantification of above three substances were 10, 6 and 10 ng/mL
separately. The assays were linear over the range of 10-2000, 6-250 and 10-1000 ng/mL for above three diuretics in human
urine. The method also afforded satisfactory results in terms of intra- and inter-day precisions (<10%), accuracy (88-110%)
and matrix effects (75-120%). This approach has been successfully used in the confirmation procedure of furosemide, HCT
and ACB in our laboratory.

Introduction
The analysis of diuretics has become of great concern because of their extensive use in illicit treatments such as masking
agents and drug abuse in sport doping. The variety of chemical structures of this class of drugs encourages the development
of new methods and analytical techniques [1-4]. Furosemide and HCT are frequently abused diuretics by athletes according
to our laboratory and WADA annual testing statistics. Confirmation of the presence of furosemide, HCT and ACB in human
urines is rather difficult due to the complicated matrix effects while full or product ion scan mode is applied using LC-MS
technique. In order to eliminate the endogenous interferences, a practical approach is developed in this investigation.

Experimental
Sample preparation
A 1 mL aliquot of 5% PbAc2 aqueous solution with internal standard mefruside (100 ng/mL) was added to 1 mL of urine. The
final concentration of IS in urine was 50 ng/mL. The mixture was centrifuged at 4000 rpm for 10 min to precipitate the
protein in urine. A small portion of supernatant (10 μL) was injected into the LC-MS/MS system directly without further
sample pre-concentration or cleanup [5].
Chromatographic and mass spectrometric conditions
Two different chromatographic columns, Agilent Eclipse XDB-C18 (2.1×100mm, 3.5μm) and Pursuit 3 PFP (2.0×100mm, 3μm)
columns, were utilized for the optimization of LC conditions. Different mobile phases, 10 mM aqueous ammonium formate or
10 mM aqueous ammonium acetate, were selected as eluent A; acetonitrile or methanol as eluent B. Gradient elution for
furosemide confirmation was as following: linear increase of organic mobile phase from 10% to 90% within 10 min and post
time was 4 min; gradient elution for HCT and ACB confirmation was as following: 4.5 min isocratic eluting at 10% of eluent B,
then linear increase to 90% of eluent B within 5.5 min and post time was 4 min. A constant flow rate was set at 0.4 mL/min.
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Mass spectrometric detection was carried out using an Agilent triple-quadruple 6410B mass spectrometer equipped with an
ESI source. Full or product ion scan mode was applied to detect the analytes in negative ionization mode, monitoring three
diagnostic ions (Table 1, 2 and 3). The spray voltage was set at 4000 V and the ion source was operated at 330°C. Nitrogen
was used as the nebulizing gas and the pressure was set at 40 psi.

Results and Discussion
The complicated matrix effects in human urine usually led to an issue that the diagnostic ions ratios was unable to satisfy
the requirements in WADA TD while full or product ion scan mode was utilized. In order to figure out this problem, an initial
effort to optimize the chromatographic separation conditions was achieved using the column (Eclipse XDB-C18, 2.1×100mm,
3.5μm) and mobile phase (aqueous ammonium formate and acetonitrile) for diuretics routine analysis. Ten different blank
urines were spiked with furosemide, HCT and ACB at the concentration of 120 ng/mL. A QC sample was prepared at the
same concentration level with a similar procedure. The analytical result showed that the relative abundance of m/z 329, one
of the diagnostic ions for furosemide, exceeded the limits set in WADA TD2010IDCR for all 10 spiked urine samples (No.1 in
Table 1).
As can be seen in Table 2 and 3 (No.1), similar results were obtained when a confirmation analysis was carried out for the
detection of HCT and ACB in spiked urine samples. The relative abundances of 8 out of 20 diagnostic ions for HCT and 16 out
of 20 diagnostic ions for ACB exceeded the limits.
Then the eluent B acetonitrile was replaced by methanol. The results improved notably, but relative abundances of some
diagnostic ions still fell out of the limits for the substances under investigation (No.2 in Table 1, 2 and 3). Similar conclusions
can be drawn when Pursuit 3 PFP column, aqueous ammonium formate and methanol were used as mobile phases (No.3 in
Table 1, 2 and 3).
Because furosemide, HCT and ACB were all analyzed in negative ionization mode, ammonium formate was replaced by
ammonium acetate in aqueous mobile phase. The results displayed that not only the detection sensitivity was increased
significantly, but also all the relative abundance ratios of diagnostic ions met the WADA requirements perfectly (No.4 in
Table 1, 2 and 3). The method can eliminate the endogenous interferences effectively and make the confirmation procedure
more effective and accurate.

Table 1: The differences of relative ion abundances of furosemide
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Table 2: The differences of relative ion abundances of hydrochlorothiazide

Table 3: The differences of relative ion abundances of ACB

Conclusions
A method for the confirmation of furosemide, hydrochlorothiazide and ACB at concentrations greater than 100 ng/mL by
means of LC-MS with full or product ion scan mode is proposed. The method has demonstrated reliability when analysing
routine and EQAS samples. The short analysis time resulting from a simple sample preparation and a rapid instrumental
analysis allow a fast turn-around time and make it of great interest for anti-doping control purposes. This investigation
provides valuable means for the confirmation of other prohibited substances which can be detected in negative ionization
mode.
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A simple quantification and confirmation of 11-nor-Δ9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH) in urine by liquid chromatography
coupled to high resolution Orbitrap mass spectrometry analysis.
Athlethes' Antidoping Laboratory, Almaty, Kazakhstan

Abstract
A method for simple quantification and confirmation of 11-nor-Δ9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH) in
urine samples by direct injection to a high resolution orbitrap MS system was developed and validated.
11-Nor-Δ9-tetrahydrocannabinol-carboxylic acid-D9 was used as internal standard. Detection was performed in negative-ion
mode by monitoring the transitions from the [THC-COO]-ion m/z 343.19180→299.20223, m/z 343.19180→325.18181, m/z
343.19180→245.15501, m/z 343.19180→191.10727. The method was submitted to thorough validation including evaluation
of the calibration range (50-300 ng/mL), accuracy and precision, matrix effects, carryover and cross-talk, and reduction of
sample volume to 0.1 mL.

Introduction
∆9-Tetrahydrocannabinol (THC) is the principal psychoactive constituent of the cannabis products marijuana and hashish
which is included in WADA's prohibited substances list [1]. The main active metabolite of THC is 11-hydroxy-THC, which is
transformed in the body by oxidation to 11-nor-9-carboxy-Δ9 -THC (THC-COOH) and then metabolized by conjugation to
glucuronide [4,5] and easily excreted from the body by the kidneys [2,3]. Conjugation between glucuronic acid and
THC-COOH can be easily broken down by enzymatic [4] or basic hydrolysis [5]. Several gas chromatography/mass
spectrometry (GC/MS) procedures have been developed for the identification and quantification of THC-COOH [4]. However,
these methods are time-consuming and have significant influence of deviations coming from sample preparation beside
instrumental, loss in sample preparation, large reagent consumption. To exclude the last direct determinations of THC-COOH
are developing. In this study, direct quantification analyses were conducted including hydrolysis in two different steps,
decreasing the required volume of urine to 0.1 mL. Chromatographic separation of THC-COOH was performed in C18 column,
which increased the selectivity, eluting interfering substances from the column before THC-COOH.

Experimental
Chemicals and reagents
β-glucuronidase from E.Coli K12 was purchased from Roche (Mannheim, Germany), acetonitrile HPLC grade was bought from
Sigma-Aldrich (Steinheim, Germany), formic acid puriss for HPLC was purchased from Sigma-Aldrich (Switzerland),
ammonium formate puriss for HPLC was purchased from Sigma-Aldrich (Germany), acetonitrile HPLC grade was bought from
Sigma-Aldrich (Steinheim, Germany), formic acid puriss for HPLC was purchased from Sigma-Aldrich (Switzerland),
potassium hydroxide chemically pure (>99%) was bought from corporation Reaktiv (Kazakhstan), 11-nor-∆9tetrahydrocannabinol-carboxylic acid-D9 and 11-nor-∆9-tetrahydrocannabinol-carboxylic acid were purchased from Lipomed
(Germany). Calibration stock solutions were prepared in water from MilliQ.
Sample pretreatment
30 µL of 1ng/mL 11-nor-∆9-tetrahydrocannabinol-carboxylic acid-D9 solution was taken to vials as internal standard and was
dried prior to adding 200 µL of urine samples with known concentrations (175 ng/mL and 165 ng/mL). Then samples were
mixed and divided into 2 parts (each 115 µL) and were hydrolyzed in two different ways: a) with 50 µL 0.8 M phosphate
buffer pH 7 and 30 µL β-glucuronidase from E.Coli K12 at 50°C for one hour. b) with 20 µL 2M KOH at 50°C for one hour. And
were injected (10 µL) to LC-MS.

RECENT ADVANCES IN DOPING ANALYSIS (23)

169

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Table 1. Analysis conditions and instrument parameters

Results and Discussion
Method validation
Calibration curve: For quantification of THC-COOH, 6 calibration levels (50-100-150-200-250-300 ng/mL) were constructed
using internal standard D9-THC-COOH (Cconst = 150 ng/mL) by area (analyte)/area (ISTD), and R2 = 0.9975 (see Figure 1).
Accuracy and precision: stock solutions and every QC and spiked samples were injected 3 times and %RSD was below 4%
and bias 2.4%. Accuracies weres determined at all concentration levels and ranged from 97.05% to 107.13%, as an example
accuracy for 100 ng/mL QC sample was 101.6% (see Table 2b). Intra- and inter-day precisions were 2.11% and 5.87% for QC
sample with concentration 150 ng/mL.
Matrix effect: Analysis of 10 blank urines and positive urines with other prohibited substances were analyzed and
investigated that there aren't any interferences from urine matrixes.
Carry over and cross-talk: Negative samples were analyzed after every urine sample with THC-COOH and showed that carry
over didn’t take place neither from autosampler and chromatography column.

Figure 1. Calibration curve for THC-COOH covering a range from 50ng/mL to 300ng/mL. Area ratio=Areaanalyte/AreaIstd vs concentration of
THC-COOH in ng/mL.
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Method Quantification
Urine samples with known concentration were analyzed for THC-COOH. Transition ions for the identification of the internal
standard were 352.2483->182.1258 m/z, 352.2483->194.1258 m/z, 352.2483->254.2113 m/z, 352.2483->308.2585 m/z,
352.2483->334.2378 m/z and quantified by 343.1918->299.2022 m/z THC-COOH and D9-THC-COOH 352.2483->308.2585
m/z ions (see Figure 2 and Table 2A).

Figure 2. Chromatogram and mass-spectrum of sample 1 a. THC-COOH and b. THC-COOH-D9 (ISTD)
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Table 2. A: Quantitative results for urine samples with known THC-COOH concentrations; B: Accuracy determination in various injection volumes by
injecting 100 ng/mL QC sample

Conclusions
A selective method for the quantification of THC-COOH with enzyme hydrolysis was developed and validated. The method
showed an excellent calibration curve R2 = 0.9975. The limit of detection and quantification were 5.1 ng/mL and 15.6 ng/mL
with uncertainty 3.2%. Specificity and selectivity were satisfactory, no significant matrix effect was observed and ion
supression was treated by labelled internal standard. Special attention was paid for the reduction of urine sample to 100 µL
and it was reached.
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Detection of synthetic cannabinoids in urine by LC/MS/MS
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Abstract
Synthetic cannabinoids have been banned in sport since 2010 and are included in the group S8 of WADA Prohibited List. The
poster presents an LC/MS/MS method for the detection of their metabolites in routine anti-doping urine samples. The limits
of detection for these substances are below 500 pg/mL and, therefore, the method meets the requirements of WADA. Its
application has led to the first doping case regarding the abuse of UR 144.

Introduction
Synthetic cannabinoids, which have been banned in sport since 2010 [1], were originally designed as research tools to aid
the investigation of endocannabinoid system due to their ability to bind to the cannabinoid type 1 and type 2 receptors.
Nevertheless, they are gaining in popularity among recreational drug users as an inexpensive and ’legal’ alternative to
marijuana. Synthetic cannabinoids do have some effects common to primary psychoactive compound of marijuana,
Δ-9-tetrahydrocannabinol (THC), although with a higher degree of intoxication associated with their consumption. Reported
adverse effects include severe circulatory [2,3] and neurological system failures [4,5] as well as death [6].
Until now, several studies have proved that synthetic cannabinoids are rapidly processed by the body [7]. Consequently, the
analyses focused on metabolites appear to be more reasonable than those concerning parent compounds. As for the UR-144
and its open-ring isomer, their metabolism was thoroughly studied allowing for determination of their metabolites prevalent
in urine samples [8,9].
The described method allows for rapid and simple detection of abuse of 12 cannabimimetics in urine samples. Respective
limits of detection for all listed substances are below 500 pg/mL and, therefore, the method meets the requirements of
TD2015MRPL [10].

Experimental
Sample pre-treatment
3 mL of urine were spiked with a mixture of internal standards. Next, 1 mL of 1 M phosphate buffer (pH 6.5) and 50 μL of
β-glucuronidase E. coli were added. Samples were incubated for 1h at 50°C and then cooled down. Subsequently, 1 mL of K2
CO3/KHCO3 and 6 mL of MTBE were added. After the extraction, the organic phase was collected and evaporated to dryness.
Finally, samples were reconstituted in 100 µL of ACN/H 2 O mixture (v/v, 1/1). All standards of metabolites used for
preparation of control samples were purchased from Cayman Chemical.
Liquid chromatography
Chromatographic separation was carried out in 11 min on a Waters Acquity UPLC system with Acquity UPLC column (BEH
C18 100mm × 2.1mm, 1.7 µm). The mobile phase consisted of 0.1% formic acid in acetonitrile (A) and 0.1% formic acid in
water (B), and LC gradient was employed at a constant flow rate of 300 µL/min at 45°C. The concentration of acetonitrile
was gradually increased in a linear manner. It changed from 5% to 35% within first 2 minutes and then from 35% to 50% in
6 minutes. Next, the concentration of acetonitrile was increased from 50% to 100% in 1 min and then kept constant for an
additional minute. Finally, the column was re-equilibrated for 1 min with the mobile phase of initial composition. Samples
were stored at 5°C in an autosampler prior to analysis and the injection volume was fixed at 15 µL.
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In order to separate´the´ monohydroxylated UR 144 metabolites, the chromatographic gradient´ was modified as follows:
the initial concentration of acetonitrile in the mobile phase was kept at 45 % for the first 11.5 minutes. Then, it was
increased to 100% within 1.5 minutes and held for additional 2 minutes. Afterwards, the column was re-equalibrated for
2 minutes with the mobile phase of initial composition.
Mass Spectrometry
MRMs of studied substances were traced with a Quattro Premier XE mass spectrometer equipped with an ESI source. All
analytes were investigated in the ESI+ mode. The desolvation gas flow was set at 800 L/h at the temperature of 300°C and
the source temperature was 120°C. The capillary voltage applied was 3.0 kV. The cone and collision gas flows were set at
50 L/h and 0.30 mL/min, respectively. Traced MRMs and their corresponding MS settings are listed in Table 1.
In confirmatory analysis, UR 144 N-pentanoic acid was traced at the cone voltage (CV) set at 25 V with the following selected
precursor ion-product ion transitions at their respective collision energies (CE): m/z 342.20 > 96.99, CE 35 eV; 342.20
> 125.00, CE 20 eV; 342.20 > 144.04, CE 35 eV, and 342.20 > 244.09, CE 25 eV. To confirm the presence of
monohydroxylated UR 144 metabolites, the following transitions were used at the cone voltage set at 30 V: 328.20 > 96.98,
CE 30 eV, 328.20 > 125.00, CE 20 eV, 328.20 > 144.03, CE 35 eV, and 328.20 > 230.12, CE 25 eV.

Table 1. Traced MRMs and their corresponding MS settings.
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Results and Discussion
´ ´

´

The requirement for testing for cannabimimetics in antidoping samples was set in 2010. Thus, the methods for their
detection needed to be developed. The presented procedure is an extension to a screening method for the detection of a
wide array of doping substances, including anabolic agents, β2-agonists, hormone and metabolic modulators. The resulting
procedure allows for the detection of metabolites of 12 cannabinomimetics in urine. The exemplary chromatograms are
presented in Figure 1.

Figure 1. Chromatograms of a control sample. Substances are presented at 500 pg/ml.
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The method was validated
´ ´ in compliance with appropriate guidelines and WADA requirements.
´ Limits of detection for all
mentioned substances were determined to be below 500 pg/mL and, therefore, the method meets the requirements of
TD2015MRPL [8]. Subsequently, the method was applied to routine analysis of antidoping samples. During last two years,
more than a few thousands of samples have been tested with the altered method, resulting in the first doping case
regarding the abuse of UR 144. The results of the analysis of this sample are presented in Figure 2. The confirmatory
analysis supported the results of the screening analysis; the chromatogram of detected monohydroxylated metabolites of
UR 144 are shown in Figure 3. As several peaks were recorded for the latter, the chromatographic gradient was further
modified to facilitate their identification.

Figure 2. Detection of UR 144 abuse. Chromatograms of real case and blank samples obtained by using the presented method.

Figure 3. Separation of the monohydroxylated UR 144 metabolites. TIC chromatogram of monohydroxylated UR 144 metabolites recorded for the
real case sample in confirmatory analysis.
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´ ´
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Conclusions
A sensitive LC/MS/MS screening method for the detection of metabolites of 12 cannabimimetics in urine was developed.
Respective limits of detection for all listed substances are below 500 pg/mL and, therefore, the method meets the
requirements of TD2015MRPL. Application of the method to the routine antidoping samples resulted in the first doping case
regarding the abuse of UR 144.
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Abstract
Methyltestosterone (MET) is one of the most frequently detected anabolic androgenic steroids (AAS) in sports drug testing.
MET misuse is commonly detected by monitoring glucuronide metabolites, analyzed as the corresponding phase I
metabolites after enzimatic hydrolysis by gas chromatography/mass spectrometry (GC-MS or GC‑MS/MS). The current
screening methods are not able to detect some of the recently reported long-term phase II metabolites, such as sulfates.
The objective of this study was to evaluate the detection capabilities of MET misuse using direct and simultaneous detection
by liquid chromatography-tandem mass spectrometry (LC-MS/MS) of unconjugated, glucuronide and sulfate metabolites.
Three glucuronides, one unconjugated metabolite and, three recently described sulfate metabolites of MET were
simultaneously detected. The sample preparation was based on a solid phase extraction with C18 cartridge. A selected
reaction monitoring (SRM) method was used to monitor one (for sulfates) or two specific transitions for each metabolite.
Their detection times were evaluated using three excretion studies and compared with those obtained using conventional
methods. The detection capabilities have been improved using the proposed procedure from 6 to 23 days after
administration through the monitoring of a new long-term metabolite. Short analysis time, simple sample preparation and
the simultaneous detection of different markers of MET abuse, make this method very useful for doping control purposes.

Introduction
MET, a synthetic AAS, is one of the most frequently detected substance in doping analyses. In the screening methods
currently used in doping control laboratories, MET misuse is detected by the monitoring METm1-G and METm2-G metabolites,
analyzed as the corresponding phase I metabolites by GC-MS and GC-MS/MS after β-glucuronidase hydrolysis and
derivatization steps [1]. Unconjugated metabolite METm5 [2,3] and, the recently reported long-term metabolites METm2-S,
METm3-S and METm4-S [2] cannot be detected using the current methods.
The objective of this study was to evaluate the detection capabilities of MET misuse using direct and simultaneous detection
by LC-MS/MS of unconjugated, glucuronide and sulfate metabolites present in urine (Figure 1).
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Figure 1. Location of the reported metabolites METm1-G, METm2-G, METm5, METm2-S, METm3-S and METm4-S in the metabolic pathways for MET.

Experimental
The sample preparation consisted of a solid-phase extraction of 2 mL of urine using a C18 cartridge (500 mg). After the
addition of 20 μL of the Internal Standards (IS) solution (nandrolone‑d3-17‑sulfate, d3-NAN-S; testosterone-d3-17-glucuronide,
d3-T-G; androsterone-d4-3-glucuronide, d4-And-G; and, methyltestosterone, MET), urine samples were vortex-mixed and
passed through a cartridge previously conditioned with 2 mL of methanol and 2 mL of water. The column was then washed
with 2 mL of water, and the analytes were eluted with 2 mL of methanol. The samples were evaporated to dryness under
nitrogen stream in a bath at 40°C. The extract was re-dissolved into 200 μL of a solution of acetonitrile:water (10:90, v/v).
A volume of 10 μL was injected into the LC-MS/MS.
LC-MS/MS was used. Chromatographic separation was carried out using an Acquity UPLC® BEH C18 column (2.1 mm x
100 mm i.d., 1.7 µm particle size). Mobile phases contained water and acetonitrile with ammonium formate (1 mM) and
formic acid (0.01 %). Elution was done in gradient mode. Detection was carried out using a triple quadrupole (XEVOTQMS)
mass spectrometer equipped with an orthogonal Z-spray-electrospray ionization source (ESI). A SRM method was used to
monitor one (for sulfates) or two specific transitions for each metabolite (Table 1) in positive and negative mode. Because
the studied metabolites are not available as standards, ionization and collision induced dissociation were studied in-depth
through excretion urine samples and, for some of them, by the corresponding synthesis. The synthesis of the glucuronides
and sulfates was based on previously described methods [4,5].

Results and Discussion
A total of six metabolites (1 unconjugated, 3 glucuronides and 3 sulfates) were directly and simultaneously detected in urine
using LC-MS/MS.
Glucuronides METm1-G and METm2-G, and sulfates METm2-S, METm3-S and METm4-S were synthesized as described
previously [4,5]. The analysis of the synthesized glucuronides revealed the occurrence of one peak for METm1-G and two
peaks for METm2-G corresponding to the 3- and 17-glucuronide. The identification of the isomers was based on the
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comparison of these results with data obtained from androstanediol glucuronides, which have similar structure and are
commercially available as reference standards.
LC and MS conditions were studied in-depth to determine the most sensitive and selective conditions for each analyte,
summarized in Table 1. This optimization was made with synthesized products and, in the case of METm5, with excretion
study urines.

Table 1. MET metabolites: retention time (RT), ionization mode (POS, positive; NEG, negative), precursor ion, cone voltages (CV), collision energies
(CE) and product ions.

Samples from three excretion studies were analyzed using the SRM method to determine the detection times of the six
described metabolites.
The developed methodology allowed for the detection of sulfate METm3-S up to 23 days (Figure 2 and 3), whereas the
current screening methods detect METm1 and METm2 metabolites up to 4 and 6 days respectively [2], therefore the
detection capabilities of MET misuse have been improved.
Unaltered glucuronide METm1-G and METm2-3-G metabolites were detected in urine up to 1 and 5 days, respectively.
Detection of the unconjugated metabolite METm5 was around one week. Other recently reported sulfate metabolites
(METm2-S and METm4-S) were detected up to 8 and 13 days, respectively (Figure 2 and 3). The detection of all six
metabolites normally requires three different approaches and for this reason, METm2-S, METm3-S, METm4-S and METm5 are
not included in the current screening method used in most laboratories.
Results obtained for MET support the new strategy to screen for AAS proposed by our group, consisting on the direct
analysis of all type of metabolites (unconjugated metabolites, glucuronides or sulfates) using LC-MS/MS [6].
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In our method, MET is proposed as IS and in case of a suspicious screening result of MET metabolites, the confirmation
analysis will be performed using another IS. In addition, because only one ion transition is available for sulfates, additional
studies need to be performed to develop suitable analytical methods to be used for confirmatory purposes, including either
derivatization of the sulfate conjugates and LC-MS/MS analysis, or solvolysis of the sulfate metabolites, derivatization and
analysis by GC-MS/MS.

Figure 2. Results of excretion study 3: chromatograms of the characteristic ion transitions of the metabolites METm2-3-G, METm1-G, METm5,
METm2-S, METm3-S and METm4-S, obtained after analysis of a pre‑administration sample and samples collected at 1, 5, 7, 11 and 22 days after MET
administration.

Figure 3. Detection times of MET metabolites of three different excretion study samples.
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Conclusions

●

●

●

●

A procedure allowing the detection of different types of MET metabolites (unconjugated and, glucuronide and sulfate
conjugates) is described [6]. The detection of these metabolites using the conventional approaches requires three different
methods.
The proposed screening procedure improves the detection capabilities throught the monitoring of a new long-term
metabolite, METm3-S, which was detected up to 23 days after administration.
Short analysis time, simple sample preparation and the possibility to detect simultaneously different markers of MET abuse,
make this method very useful for doping control purposes.
These results demonstrate that the detection of AAS misuse can be performed using direct analysis of the metabolites as
they are present in urine using LC-MS systems.
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Abstract
Anabolic androgenic steroids (AAS) are prohibited in sports due to their induced anabolic effects. Many chemically modified
steroids that either have been synthesized in the past or have been specifically developed to circumvent doping control are
not detected when performing relevant doping control analyses. These substances are known as designer steroids and much
effort is undertaken by the WADA-accredited anti-doping laboratories to develop improved analytical methods for successful
detection of emerging doping agents. Recently, the combination of analytical techniques, such as nuclear magnetic
resonance (NMR) and mass spectrometry (MS) with pattern recognition methods have been studied in order to extract as
much information as possible about the metabolome of the organism under study.
The framework of the present study is the evaluation of the application of NMR-based metabolomics as a complementary
tool to the existing mass spectrometric methods used by the anti-doping laboratories, yielding a non-targeted metabolic
profile to capture the biochemical alterations after the abuse of exogenous steroids.
The results showed that the NMR-based metabolomics approach has the potential to be used as an ultra fast and cost
effective predictive tool in anti-doping control highlighting those samples suspected to originate from doped athletes on the
basis of their metabolic fingerprint analysis which should be considered for further doping control and especially those
concerning designer steroids abuse.

Introduction
The World Anti-Doping Agency (WADA) accredited laboratories detect mainly small drugs contained in the Prohibited List [1]
using explicitly mass spectrometry (MS), either coupled to gas chromatography (GC) or liquid chromatography (LC)[2].
Metabolomics/metabonomics is the analysis of metabolome in a given condition and is based on the combination of
analytical techniques, such as nuclear magnetic resonance (NMR), MS, etc., with pattern recognition methods to extract as
much information as possibleabout the metabolome of the organism under study [3-5]. The NMR-based method is
interpreted and classified by the application of statistical methods, such as the Principal Components Analysis (PCA) and
Partial Least-Squares Discriminant Analysis (PLS-DA) [6-8].
The potential application of the NMR-based metabolomics in order to yield a non-targeted metabolic profiling to capture the
biochemical alterations after the exogenous steroids abuse was the objective of this study.

Experimental
Samples
The samples were provided by the WADA-accredited Doping Control Laboratory of Athens (DCLA) and included 263 urine
samples. The samples originated from male competitive athletes were 181 (41 positive) and 82 urine samples originated
from female competitive athletes (18 positive). The samples were collected during a five-year period (2004 – 2009).
Sample preparation for NMR measurements
An aliquot (~1 mL) of each sample was used for NMR measurements. A portion of 585 mL of each aliquot was mixed with
65 mL of deuterated phosphate buffer, (pH 7.4) (Sigma Aldrich, GmbH, Germany) which also included 0.1% 3-trimethylsilyl(2,2,3,3-2H4)-1-propionate-d4 (TSP; Sigma Aldrich, GmbH, Germany) and 2mM NaN3(Sigma Aldrich, GmbH, Germany),
resulting in a mixture of urine-buffer with ratio 9:1. The mixture was centrifuged (20 °C, at 3000 rpm for 5 min) and 550 μL
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of the supernatant were transferred into a 5 mm NMR tube (Bruker Biospin, GmbH, Germany). All samples preparation
occurred within 24 hours prior to NMR measurements.
Statistical analysis
Spectral region at δ 8.6-0.7 was segmented using the AMIX software (Bruker BioSpin GmbH, Germany) into consecutive
non-overlapped regions of δ 0.02 width of each 1D NOESY spectrum resulting in 290 buckets. Specific spectral regions were
removed from the data set due to either non valuable information (i.e. the water signal at 4.7 ppm) or due to factors such as
the chemical shift of pH dependent signals (histidine and citrate protons at d 8.2, 7.1 and δ 2.7, 2.5, respectively), or even
extreme variations in intensity of signals, e.g. lactate (d 1.33 and 4.15) and urea protons (δ 6.10-5.43) which are irrelevant
to the present study.
Three normalization methods were tested in this study; the sum of the absolute value of all variables for the given sample
(1-Norm), the sum of the squared value of all variables for the given sample (2-Norm) and the area of the creatinine signal (δ
4.05). The resulted preprocessed spectroscopic datasets were subjected to multivariate analysis using PCA, PLS-DA and
OPLS-DA methods.

Results and Discussion
In the present study, 263 urine samples were analyzed by NMR spectroscopy and data were statistically treated using
multivariate statistics. The utilization of high-field NMR and advance chemometrics maintain the partial classification of
samples (Fig. 1). The analysis was also performed for datasets containing either the urine samples from male athletes (Fig. 2)
or the urine samples from female athletes (Fig. 3). Specific metabolites such as creatinine, creatine (for men), hippurate and
acetate (for women) were found as important factors for samples distribution. The creatinine variation was quite surprising,
as this metabolite has been considered for a long time as a stable factor in several studies of urinary NMR profile.
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Figure 1: (a) PLS-DA scores plot revealing trends between the two groups of urine samples (red triangles (♦): positive samples, black squares (■):
negative samples). In this particular case the sample pool contains samples from both male and female athletes. (b) OPLS-DA scores plot revealing
trends between the two groups of urine samples (red triangles (♦): positive samples, black squares (■): negative samples). In this particular case the
sample pool contains samples from both male and female athletes.
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Figure 2: (a) PLS-DA scores plot revealing trends between the two groups of male sample. (b) OPLS-DA scores plot revealing trends between the two
groups of male samples (red triangles (♦): positive samples, black squares (■): negative samples).
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Figure 3: (a) PCA Scores plot revealing trends between the two groups of female urine samples. In the res eclipse a part of grouped positive samples
is highlighted. (b) PLS-DA scores plot revealing trends between the two groupes of femalr urine samples. (c) OPLS-DA scores plot revealing the
discrimination between the two groups of female urine samples. (Marked as red triangles (♦) are positive samples, while marked as black squares (■)
are negative samples).
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One potential problem derived from the studied sample pool was the poorly controlled sample collection and the lack of rich
metadata that could assist the statistical models development. Important factors such as place of training, kind of sport,
time of sample collection etc., could be considered as sub-groups for the multivariate analysis. The negative samples were
usually clustered, therefore show a tendency to share common NMR spectroscopic characteristics. The positive samples
were always dispersed in the statistical space; they could not be correlated with each other and form a unique cluster. This
is expected as these athletes may have used different kinds of medication which possibly has a severe influence in their
urinary profile. An exception that certifies this finding occurred with the statistical behavior of 5 positive samples that share
a common NMR profile. All of them derived from athletes who used the same anabolic steroids, Oxandrolone and Oral
Turinabol, and form a unique metabolic fingerprint in an OPLS-DA model. Several other factors could also be hidden within
this sample pool and, thus, a greater number of samples and well controlled metadata availability is needed.

Conclusions
The multivariate analysis separation of the athlete groups was based on biomarkers, such as creatinine and creatine. Both
biomarkers are involved in nitrogen and energy metabolism pathways and were found to exhibit significant variation among
the doped and non-doped male athletes. Hippurate and acetate were aslo found to exhibit an important influence in
statistical differentiation of doped and non-doped female profiles. However, samples originated from non-doped athletes
displayed relatively similar spectroscopic characteristics whereas those from doped ahletes exhibited an increased variance
and poor clustering in statistical analysis.
The results of this study are promising in developing models suitable to identify the fingerprint of anabolic agents by means
of clustering urine samples among a larger cohort on the basis of their metabolic profile.
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Abstract
LC-MS/MS has been recently a technique essential for analysis of doping substances and currently implemented in all WADA
accredited laboratories. The protocols employed for sample preparation and equipment set up vary among different
laboratories. In this study, a method has been developed and implemented for analysis of 145 substances in the WADA
prohibited list by using the liquid chromatography/triple quadrupole mass spectrometry and multiple reaction monitoring/
electrospray ionization in positive and negative ion modes. The prohibited substances in urine sample were initially prepared
by two consecutive liquid-liquid extractions (LLE) with methyl tert- butyl ether (MTBE)(pH 9 and 3) following enzyme
hydrolysis. The extracted samples were separately analyzed on two different reverse-phase columns, C-18 column for
diuretics, narcotics, beta-blockers, beta2-agonists, corticosteroids, anabolic steroids, aromatase inhibitors, SERM and C-8
column for stimulants. The method validation demonstrated the limit of detection (LOD 0.1-100 ng/mL), and retention time
reproducibility (CV% <1) were appropriate for routine screening the presence of WADA prohibited substances.

Introduction
Doping analysis has been previously based on gas chromatography–mass spectrometry (1) and lately replaced by
liquid–mass spectrometric techniques due to many advantages of the latter (2-6). To establish a screening method for the
detection of doping agents in human urine and to respond the modifications of WADA prohibited list, a simple protocol was
developed and validated using liquid- liquid extraction in combination with UFLC-MS/MS analysis on two separate columns
for screening of 145 substances.

Experimental
Sample preparation:
Standard substances at the MRPL final concentration and 4-fold serial dilutions were spiked into 2.5 mL blank urine from 7
healthy volunteers. Ten μL of the ISTD (17α-methyltestosterone, 40 ng/mL), 1 mL of 0.2 M phosphate buffer (pH 7.0) and
30 μL of E.coli β-glucuronidase were added followed by hydrolysis for 1 h at 55°C. The samples were extracted consecutively
by LLE with 5 mL methyl tert- butyl ether (MTBE) in 250 μL of 5% K2CO3 (pH 9) followed by 150 μL of hydrochloric acid (pH
3). The organic layers were combined and evaporated to dryness. The residue was reconstituted in 100 μL of acetonitrile:
water (40:60). Five μL aliquots were separately analyzed on C-18 (Method 1 for other substances) and C-8 (Method 2 for
stimulants) columns.
Instrumentation:
UFLC-MS/MS experiments were performed using UFLC (LC20 Prominence) and LC-MS 8030 triple quadrupole mass
spectrometer (Shimadzu, Japan). The elution solvents were mobile A (water - 0.1% (v/v) formic acid - 5 mM ammonium
acetate) and mobile B (acetonitrile) at a flow rate of 0.3 mL/min, oven temperature was 40°C.
Method 1: Liquid chromatography was performed on a reverse phase Luna C-18 column (100 mm×2 mm i.d., 3 μm,
Phenomenex). The gradient program was started at 30% B (5 min), increased linearly to 60% B (2 min), and held for 5 min,
increased to 70% B (3 min), decreased to 30% B (1 min) and held for 4 min.
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Method 2: Liquid chromatography was performed on a reverse phase BDS hypersil C-8 column (150 mm×2.1 mm i.d., 3 μm,
Thermo Scientific). The gradient program was started at 20% B (3 min), increased linearly to 65% B (1 min) and held for
5 min, decreased to 20% B (1 min) and held for 6 min.

Results and Discussion
All the 145 substances were simultaneously obtained by a double liquid extraction procedure using MTBE. Eighty five
varieties of drugs were identified on the C-18 column (Table 1), whereas 60 stimulant substances were accurately identified
on the separate C-8 column (Table 2) whereas the LODs for most of the substances investigated with signal-to-noise ratio ≥3
were 12.5-50.0, 25.0-100.0, 0.3-12.5, 12.5, 2.5-10.0, 3.3-15.0, 0.1-2.5, 2.5-5.0 and 2.5 ng/mL for stimulants, diuretics,
narcotics, beta-blockers, beta2-agonists, corticosteroids, anabolic steroids, aromatase inhibitors, and SERM, respectively.
None of the LODs was higher than 50% of the WADA minimum required performance limits (MRPL)(7). No significant
interference was found at the expected time for most of the substances and the analysis showed good reproducibility of
retention time (CV% <1). Application of MTBE in both steps of basic and acidic extractions showed good recovery many
thiazide compounds in diuretics. The recoveries for all of the substances were also tested at the WADA’s MRPLs and found
satisfactory. Although the recoveries of some substances were relatively low, these compounds were still detectable
according to WADA technical document (7). In addition, modification of these methods by adding sodium sulfate in the liquid
extraction, as recently been reported (6), markedly improved the recoveries of many substances including amiloride,
atenolol, and a some stimulants.

Table 1: MS parameters, RT, MRM transitions, and LODs (Method 1)
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Table 1 (continued): MS parameters, RT, MRM transitions, and LODs (Method 1)

Table 2: MS parameters, RT, MRM transitions, and LODs (Method 2)
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Conclusions
A simple and inexpensive screening method for determination of 145 substances in urine sample by UFLC-MS/MS were
developed and validated. The multianalytes were extracted from urine samples by consecutive basic-acidic liquid-liquid
extraction with methyl tert-butyl ether following enzymatic hydrolysis. UFLC-MS/MS polarity switching analytical systems was
resolved on a reversed-phase C-18 column and C-8 column were capable to identify 145 varieties of doping substances in
the WADA prohibited list. The experimental data demonstrate that this method is applicable for rapid screening of human
urine samples in doping control analysis.
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Abstract
Novel substances of expected doping activity are constantly introduced to the market. Methylmethcathinone is a designer
drug from the substituted cathinone family with stimulant activity. It is included in the group S6 of the WADA Prohibited List
and its use is banned in sport competition. There are 3 different isomers that differ in the position of methyl group at the
phenyl ring, namely 2-, 3-, and 4-methylmethcathinone (mephedrone). The poster describes an LC/MS/MS method for
discrimination between these methylmethcathinone isomers present in urine samples.

Introduction
Since the mid-2000s, there has been a dramatic increase in the sale of ’legal highs’. For long time, one of the most popular
substances found in their commercial preparations was mephedrone (4-MMC, Figure 1), which after several fatalities
associated with its use, became illegal in many countries in 2010 [2-4,6]. Nevertheless, its isomers – 2-methylmethcathinone
(2-MMC) and 3-methylmethcathinone (3-MMC) – remained uncontrolled and replaced mephedrone in these products. This
legal situation requires forensic scientist to prove that the submitted sample contains mephedrone, and not the 2- or
3-isomer, before any legal action can be taken. In sport, the use of mephedrone and its isomers is prohibited in competition
as they are all included in the S.6 class – Stimulants of the WADA Prohibited List [9]. There are only a few methods reported
that allow for discrimination between them, most of which require the use of GC/MS/MS, IR, or NMR [1,5-7]. The aim of the
presented research was to develop a simple and rapid LC/MS/MS method for discrimination between phenyl ring positional
isomers of methylmethcathinone.

Experimental
Samples pre-treatment
Samples were prepared following a dilute-and-shoot approach. 500 μL of urine was mixed with 500 μL of water in an
Eppendorf tube, and then 25 ng of each deuterated methylmethcathinone isomer was added as internal standard. Next, the
sample was vortexed and centrifuged (3000 rpm, 5 min). Finally, 300 μL of the solution was transferred to a plastic vial.
Liquid Chromatography
Chromatographic separation of methylmethcathinone isomers was achieved on Waters Acquity UPLC system equipped with
HSS T3 column (100 mm × 2.1 mm, 1.7 μm; Waters, USA). The mobile phase consisted of 0.1% formic acid in acetonitrile (A)
and 0.1 % formic acid in water (B), and an LC gradient was employed at the constant flow rate of 300 μL/min at 45°C. The
initial A concentration of 10 % was constant over 7 min to resolve the isomers. Next, it increased to 100 % in 1 min and then
was held for additional 0.5 min. The column was re-equilibrated with the mobile phase of the initial composition for 2.5 min.
Samples were stored at 5°C in an autosampler prior to analysis and the injection volume was fixed at 5 μL.
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Mass Spectrometry
MRMs of studied substances were traced with Quattro Premier XE (Waters, USA) mass spectrometer equipped in an ESI
source. All analytes were investigated in the positive ESI mode. The desolvation gas flow was set at 800 L/h at 300°C and
the source temperature was 120°C. The capillary voltage applied was 1.0 kV. The cone and collision gas flows were set at 50
L/h and 0.30 mL/min, respectively. Dwell time was set at 0.01 s. Traced MRMs and their corresponding MS settings are listed
in Table 1.

Table 1: MS method settings. The same transitions were used for tracing all isomers of a given compound.

Results and Discussion
In routine antidoping testing, a urine sample was found suspected for the presence of mephedrone at high concentration.
However, this substance had been known to be replaced in “bath salts” by other MMC isomers that differed in the position of
methyl group at the phenyl ring (Figure 1). Thus, to determine which of them was in fact abused by the athlete, a simple
dilute-and-shoot LC/MS/MS method was developed to discriminate between the MMC isomers based on their
chromatographic behavior (Figure 1). Its application to the suspected urine sample resulted in the identification of 3-MMC at
the estimated concentration of 4 μg/mL (Figure 2A). To further support the result, the sample was additionally tested for the
presence of putative 3-MMC metabolites, which as expected, seem to be analogues to those described previously for
mephedrone (Figure 2B)[8].

Conclusions
The presented LC/MS/MS method allows for simple and fast discrimination between phenyl ring positional isomers of
methylmethcathinone in urine samples.
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Figure 1: Structures of methylmethcathinone isomers studied and overlay of TIC chromatograms of methylmethcathinone recorded for blank urines
spiked with a given isomer at 50 ng/mL.
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Figure 2: Detection of 3-methylmethcathinone and its putative metabolites in antidoping sample. A. Overlay of TIC chromatograms recorded for
methylmethcathinone and internal standards. B. Overlay of TIC chromatograms recorded for 3-MMC and its putative metabolites.
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Androst-3,5-diene-7,17-dione in supplements and its urinary metabolite
ASDTL, NMI, Sydney, Australia

Abstract
Supplements containing androst-3,5-diene-7,17-dione have been obtained via the internet. The main component
androst-3,5-diene-7,17-dione was confirmed and the main urinary excretion metabolite was identified as the 7β-hydroxy
compound. This was synthesised to allow identification and as a standard for identification purposes.

Introduction
As part of an ongoing investigation of the steroidal components of selected supplements Finaflex 550-XD was analysed and
found to contain 3β-hydroxy-19-norandrost-4-ene-17-one together with a small amount of androst-3,5-diene-7,17-dione
(Arimistane). The later was isolated in small amount only. On review of the market it was found that Revolution PCT was
being sold with a reported 50 mg of Arimistane per capsule. The supplement was purchased and the compound easily
purified.
An excretion study using a single capsule of Revolution PCT was performed and analysis of the urines collected indicated a
major component which was tentatively identified as a hydroxy metabolite. In order to determine which of the the two keto
groups had been reduced a synthesis was undertaken.

Experimental
The steroidal components were isolated from the capsules by taking the powder from 10 capsules of Finaflex 550-XD and
also separately of Revolution PCT into an empty SPE cartridge which was tamped down and then extracted sucessively with
two 10 mL volumes of hexane, t-butylmethyl ether (TBME) and then dichloromethane (DCM). An aliquot of the extracts was
diluted with TBME and analysed by GC/MS. Similar extracts were combined and then chromatographed on an appropriately
sized empty SPE column into which was placed TLC grade silica gel (no binder) and thoroughly tamped down. The extract
was dissolved in the minimum amount of DCM/hexane and placed onto the column which was then eluted in 10 mL aliquots
of solvent mixtures ranging from hexane to DCM and then DCM to TBME. Analysis of fractions by GC/MS or TLC allowed
combining of like fractions which were then recrystallised from solvents such as TBME or DCM/TBME to give purified
components. Further analysis using 1H-NMR and 13C-NMR allowed confirmation of the structures. Androst-3,5-diene7,17-dione was isolated as a pale yellow crystalline (needles) material.
The mass spectrum is shown in Figure 1A, the 1H-NMR in Figure 1B and the 13C-NMR in Figure 1C.
The excretion study was performed by ingestion of one capsule of Revolution PCT by a male volunteer and collection of spot
urines over the next 24 hrs. Urine samples containing easily measurable amounts of the metabolite were combined to give a
pooled urine as a reference material.
The synthesis [1] (see Figure 3) was used to prepare 7β-hydroxyandrost-3,5-diene-17-one starting from androst-3,5-diene7,17-dione. The 17-oxime was selectively prepared followed by reduction of the 7-keto group using sodium borohydride/
cerium chloride which gave the 7β-hydroxy compound. Removal of the oxime protecting moiety was achieved by treating
with sodium dithionite in methanol to give the metabolite.
The 1H-NMR spectrum is shown in Figure 4A and the 13C-NMR spectrum in Figure 4B.
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FIGURE 1: The mass spectrum of androst-3,5-diene-7,17-dione is shown in A, the 1H-NMR in B and the 13C-NMR in C.

Results and Discussion
The urine from the excretion study was extracted using the routine SPE extraction method for anabolic steroid screening
[2,3]. The sample was analysed as TMS derivatives by GC/MS in full scan mode. The TIC clearly indicated a single main
metabolite with a retention time of 9.15 mins and eluting just before the androsterone peak when compared to the TIC of
the pre-administration urine as shown in Figures 2A and 2B. The GC/MS spectrum is shown in Figure 2C and has a parent ion
at m/z 430 which indicates a reduction of one of the two ketone groups. This metabolite was easily detectable for 48 hrs.
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Reduction of androst-3,5-diene-7,17-dione with sodium borohydride in methanol gave a single compound which was not the
metabolite. The 1H-NMR spectrum of this substance showed that it retained the 3,5-diene-7-one pattern and that a ketone at
17 position had been reduced. This indicated that metabolic reduction for formation of the metabolite in urine was at the
7-position. The synthesised 7β-hydroxyandrost-3,5-diene-17-one had a mass spectrum and retention time was identical to
the urinary metabolite.

FIGURE 2: A GC/MS TIC scan for a blank t=0 urine; B GC/MS TIC scan for excretion urine at t=7hrs; C Mass spectrum of the metabolite.

FIGURE 3: Synthesis of the metabolite 7β-hydroxyandrost-3,5-diene-17-one: a Sodium borohydride/methanol; b Hydroxylamine hydrochloride/
pyridine/methanol; c sodium borohydride/cerium chloride heptahydate/tetrahydrofuran/methanol; d sodium dithionite/ethanol 60°C
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FIGURE 4: A shows 1H-NMR data and B shows the 13C-NMR for 7β-hydroxyandrost-3,5-diene-17-one in CDCl3.

Conclusions
The steroid components of the two supplements included androst-3,5-diene-7,17-dione which was the only component found
in Revolution PCT which on oral administration produced mainly one metabolite which has been shown to be 7β-hydroxyandrost-3,5-diene-17-one. The synthesis of this metabolite confirmed the structure since both the GC/MS data and the RT
matched the urine data. The literature indicated this synthesis produced the 7β-hydroxy compound as would be expected for
reduction from the less hindered a face of the molecule. The 7β-hydroxy metabolite is also the major matabolite from 7-keto
DHEA [4]. This metabolite was easily detected for 2 days after administration of a single capsule.

References
[1] Patent Application: Methods for preparing 17-alkynyl-7-hydroxy steroids and related compounds, S.K. White, Yu Ge, Yujin
Huang, Patent application number 20090326251; http://www.faqs.org/patents/app/20090326251 (sighted 2/7/2014)
[2] Musenga A, Cowan DA., Use of ultra-high pressure liquid chromatography coupled to high resolution mass spectrometry
for fast screening in high throughput doping control, J Chromatogr A. 2013 May 3;1288:82-95. doi:
10.1016/j.chroma.2013.03.006.
[3] Kazlauskas R, Miscellaneous Projects 2004, in Recent Advances in Doping Analysis (13), Proceedings of the Manfred
Donike Workshop 23rd Cologne Workshop on Dope Analysis , 27th February to 4th March 2005, Sportverlag Strauss, Cologne
2005, page 137-146.
[4] Delbeke FT, Van Eenoo P, Van Thuyne W, Desmet N, Prohormones and sport, Journal of Steroid Biochemistry & Molecular
Biology 2003, 83, 245–251.

RECENT ADVANCES IN DOPING ANALYSIS (23)

200

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Krug O1, Thomas A2, Walpurgis K2, Piper T2, Sigmund G2, Schänzer W2, Thevis M2

Mass spectrometric analysis of black market products with suspiciously
doping relevant ingredients by HPLC-(HR)MS, GC-(HR)MS, ICP-MS, and
1D-gel electrophoresis-UPLC-MSn
Institute of Biochemistry, Center for Preventive Doping Research / EUMoCEDA, German Sport University, Cologne,
Germany1; Institute of Biochemistry, Center for Preventive Doping Research, German Sport University, Cologne, Germany2

Abstract
In order to monitor the black market for drugs, counterfeit products, and other substances, from underground laboratories
the European Monitoring Center for Emerging Doping Agents (EuMoCEDA) analyzed a total of 133 products qualitatively and
quantitatively in 2014. In 129 cases, 40 different doping-relevant analytes, from which 37% of the ingredients were not
labelled, were found. Among these, the detection of the follistatin and drug affinity complex (DAC) – linked CJC-1295 were
remarkable findings. The amount of hormones, growth factors, and metabolic modulators increased from about 15% to 48%
in comparison to the years 2010 to 2013. An outstanding finding was the detection of the heavy metals lead (Pb), arsenic
(As), and mercury (Hg).

Introduction
The common goals of top athletes faster, higher, stronger can unfortunately lead to deceitful activities of athletes. For that
reason the WADA publishes the annually updated Prohibited List [1]. But the doping problem concerns not only top athletes,
but also recreational athletes [2]. Here the goals are predominantly “more muscle and less fat”.
One aim of the European Monitoring Center for Emerging Doping Agents (EuMoCEDA) is the monitoring of developments
concerning doping agents´ trafficking and hence the anticipation of upcoming challenges requiring preventive actions.
A total of 133 products was analyzed qualitatively and quantitatively for their content in 2014. The formulations included oily
solutions, tablets, powders, suspensions, lyophilisates, and gels.

Experimental
Analysis was performed by high performance liquid chromatography / high resolution mass spectrometry (HPLC-HRMS) –
experiments in full-scan mode. Qualification and quantification of analytes were obtained by conducting product-ion scans
with substance specific fragmentation / dissociation pathways. Included drugs were anabolic agents, stimulants, growth
factors, natural and synthetic insulins, IGF-1 and synthetic analogs as well as growth hormone releasing factors. The samples
were screened by HPLC-ESI-MS consisting of an Agilent 1100 series HPLC interfaced via electrospray to a Thermo Scientific
TSQ Vantage system. For HRMS experiments a Thermo Q-Exactive, an AB Sciex TripleTOF 5600, and an Agilent 6550 Q-TOF
mass spectrometer were used. For gas chromatography / (high resolution) mass spectrometry (GC-(HR)MS) – experiments
the analytes were derivatized and measured in full-scan mode. Qualitative and quantitative analysis were accomplished by
using reference substances and/or reference databases. Included substances were anabolic agents, stimulants,
beta-2-agonists and narcotics. The experiments performed by GC–MS consisted of a HP 6890 series GC-system and a 5973
mass selective detector (MSD). GC-HRMS experiments were conducted with an Agilent 7890A GC-system interfaced via EI to
a 7200 Accurate-Mass Q-TOF mass spectrometer. ICP-MS experiments were conducted for metal analysis, including but not
limited to lead (Pb), arsenic (As), and mercury (Hg). For the analysis of peptides and proteins aliquots were separated by
polyacrylamide gel electrophoresis and stained. By bottom-up analysis, the identities of analytes were confirmed with nano
liquid chromatography / tandem mass spectrometry. Included analytes were human growth hormone (hGh), growth factors
(e.g.: FGF, MGF, etc.), various erythropoietins (EPO), and growth hormone releasing factors. The identification of the samples
were conducted by means of LC-HRMS on a Waters nanoAcquity LC-system in combination with a Thermo LTQ Orbitrap mass
spectrometer.
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Results and Discussion
In 2014 a total of 133 suspicious black market products were analyzed at the Cologne Anti-Doping laboratory. 49% of the
identified compounds accounted for anabolic agents (predominantly testosterone-esters). 46% accounted for peptide
hormones, growth factors, and metabolic modulators. 5% of all analyzed products contained stimulants and diuretics. 37% of
all products with doping-relevant ingredients were falsely labeled (Tab. 1 and Fig. 1). The analytes, which are currently not
doping relevant are mostly dermatologic or virilizing agents.
Remarkable findings are follistatin (Fig. 2) and DAC-linked CJC-1295 (Fig. 3). Follistatin, an endogenous protein, originally
found as a regulator of the secretion of follicle stimulating hormone (FSH) by the pituitary cells, is also known as inhibitor of
activins, which regulate myostatin activity [4]. The other outstanding finding was the discovery of DAC-linked CJC-1295, a
peptide that acts as releasing factor for growth hormone [5]. The protein is modified with the result that an identification is
complicated. Nevertheless the structure of this protein could be clarified by means of HPLC-HRMS experiments.
Metal analysis of lyophilized products yielded arsenic (As) values in a range from 0.02 to 0.1 μg/vial, lead (Pb) values at 0.03
and 0.04 μg/vial, mercury (Hg) values were found at 5.1 and 6.7 μg/vial. Inorganic As, Pb, and Hg have no known useful
biological function in humans and their permitted daily exposure (PDE) values are set at 15 μg/day for As, 5 μg/day for Pb,
and 40 / 4 μg of Hg/day if orally or parenterally received, respectively [6].

Fig. 1: Apportionment of identified doping relevant drugs in analyzed black market products
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Tab. 1: Identified drugs in black market products
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Fig. 2: Data for identification of follistatin by means of gel electrophoresis and LC-HRMS

Conclusions
The results of continuously conducted monitoring of the black market show the endangering of health by fake drug products
with wrongly labelled ingredients has not changed. The relative amount of anabolic agents and peptide hormones analyzed
by the Cologne Anti-Doping laboratory under the umbrella of EuMoCEDA has changed in 2014. It has to be mentioned that
the collaboration with custom’s authority laboratories extends the knowledge and ability to analyze anabolic agents.
Furthermore, the development of new strategies for combating the black market led to the analysis of heavy metals and
here are presented the first findings concerning arsenic, lead and mercury. The emergence of commercially available, drugs
in development or modified peptide drugs requires further investigation of the black market and its products.

RECENT ADVANCES IN DOPING ANALYSIS (23)

204

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Fig. 3: Data for identification of DAC-linked CJC-1295 by means of LC-HRMS
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Incidence of Mitragynine from urine samples at NDCC, Bangkok.
National Doping Control Centre (NDCC), Mahidol University, Bangkok, Thailand

Abstract
Mitragynine is one of the main alkaloids found in leaves of Mitragyna speciosa Korth (Thai name "Kratom"), a tropical
medicinal plant in Southeast Asia. Kratom is illegal as a drug of abuse because of its stimulating and narcotic effect, but
increasingly found misused as a recreational drug, especially in the southern region of Thailand and the northern states of
Malaysia. These drugs are widespread used and easily purchased. In contrast to many EU countries such as Denmark or
Sweden, mitragynine and its derivative 7-hydroxymitragynine are psychoactive substances with legality. In the U.S., kratom
is on "drug of concern" list. Since 2014, WADA has included mitragynine in its list of in-competition monitoring substances,
due to potential misuse in sports. At NDCC Bangkok, in previous analysis, we found mitragynine in athletes urine.
Mitragynine desmethyl ester has been observed as the main metabolite of mitragynine and identified by comparison with
pure compound by GC/MS. Currently we are cooperating with WADA as volunteer laboratory. From our routine screening,
mitragynine and mitragynine desmethyl ester were detected in 11 samples from 1,400 urine samples in various sport
disciplines using LC-MS/MS.

Introduction
Mitragynine is the main alkaloids found in leaves of Mitragyna speciosa Korth (Kratom), family Rubiaceae (same as the
coffee tree). It grows wild mainly in Thailand, Malaysia, Indonesia and is cultivated mostly for its leaves. The leaves are
either prepared as a drink, chewed when freshly picked or smoked when dried [1]. It has been traditionally used by laborers
for its stimulanting and narcotic effects and endurance to hard work particularly outdoor in the sun. NDCC has responded to
WADA for mitragynine monitoring of in-competition samples. This study is the result of monitoring mitragynine and
metabolites in urine samples using LC-MS/MS between July 2014 - January 2015.

Experimental
Chemicals and reagents
Pure samples of mitragynine and mitragynine desmethyl ester were provided by Professor Hiromitsu Takayama, Graduate
School of Pharmaceutical Sciences, Chiba University, Japan. ß-Glucuronidase from E.coli was purchased from Roche.
Etafedrine (internal standard) and other chemicals were obtained from Sigma-Aldrich.
Sample preparation
5 mL urine samples were analyzed with the initial testing procedure of stimulants. 20 µL of etafedrine (25 µg/mL, internal
standard), 1 mL of 0.2 M phosphate buffer, pH 7.0 and 50 µL of ß-glucuronidase (E.coli) were added, incubated at 55 °C for
1 hour, followed by 2-step extraction. Initially, 5% K2CO3 solution added to extract at basic pH with 5 mL of tertiary-butyl
methyl ether, followed by addition of 3 M HCl to extract at acidic pH with 5 mL of tertiary-butyl methyl ether. The combined
extracts were evaporated to dryness under N2 stream at 40°C, reconstituted in 120 µL water and 80 µL acetonitrile and
injected into the LC-ESI-MS/MS.
Instrument conditions
LC-MS/MS Shimadzu LCMS-8030 TQ was used for analysis.
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Figure 1: (a) LC-MS/MS conditions and parameters; (b) Mass spectrometric parameters of Mitragynine and metabolite.

Results and Discussion
During a period of 7 months, we analyzed 1,400 urine samples collected during the Thailand National Game, University
Game and 4thAsian Beach Game Phuket 2014, Mitragynine (Figure 2) and mitragynine desmethyl ester (Figure 3) were
monitored using our normal screening method.

Figure 2: MRM chromatogram and mass spectra with chemical structure of Mitragynine.
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Figure 3: MRM chromatogram and mass spectra with chemical structure of Mitragynine desmethyl ester.

The final results showed 11 urine samples with mitragynine and/or its metabolite from various sport disciplines (Table 1). All
of these samples were from male athletes, with 4 out 11 samples in power sports such as boxing, weightlifting and rugby.

Table 1: Number of urine samples with mitragynine and/or its metabolite in sport discipline.

Conclusions
The detection of mitragynine and/or its metabolite in in-competition samples indicate that kratom is being abused by
athletes due to its availability in Southeast Asia. Since 2014, WADA has included mitragynine in its list of in-competition
monitoring substances to monitor its misuse in sports.
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Sobolevsky T, Dikunets M, Rodchenkov G

Use of meldonium (Mildronate) and emoxypine (Mexidol) by Russian
athletes: a prevalence study
Antidoping Centre, Moscow, Russia

Abstract
Meldonium and emoxypine are pharmaceutical preparations approved in Russia and some of the Eastern Europe and CIS
countries. Meldonium is an anti-ischemic drug, which acts through inhibition of fatty acid oxidation and may affect energy
metabolism. This compound has been included into the World Anti-Doping Agency (WADA) monitoring program in 2015. The
second drug, emoxypine, demonstrates antioxidant and membrane-protective properties, and reportedly prevents hypoxia.
Both compounds are available over-the-counter in Russia and, according to the medications declared in the doping control
forms, gained significant popularity among Russian athletes.
Having performed excretion studies with meldonium and emoxypine, we started monitoring these drugs in the mid of
October 2014. It has been found that 724 samples of 4316 (17%) were found to contain meldonium and 139 of 4316 (3%)
emoxypine. Meldonium was almost equally detected in the in-competition and out-of-competition samples (42 and 58%,
respectively), while emoxypine was predominantly identified in the out-of-competition samples (70%).

Introduction
Being extremely hydrophilic, meldonium and emoxypine (Fig. 1) are best detected using dilute-and-shoot approaches, as
their recovery from aqueous matrices would be negligible. An alternative option, which has not been evaluated yet in
literature, could be the use of a normal-phase solid phase extraction on polar sorbents such as silica, alumina, etc. Several
publications are known describing the detection of meldonium in urine or plasma [1-4], with only limited information
available on the detection of emoxypine [5]. Compared to reversed-phase liquid chromatography, hydrophilic interaction
liquid chromatography was demonstrated to be superior for the detection of meldonium [2,4].
In the context of anti-doping analysis, a recent report from Cologne laboratory highlighted the use of meldonium by elite
athletes, with approximately 2% positive findings identified in a wide range of sports [4].
The aim of present study was to evaluate the pattern of meldonium and emoxypine use among Russian athletes.

Fig. 1: Structure of meldonium (A) and emoxypine (B).
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Experimental
Administration study: meldonium 250 mg orally (first healthy male volunteer, age 34, body mass index 20), emoxypine
500 mg orally (second healthy male volunteer, age 37, body mass index 22). In both cases, a single dose of the respective
over-the-counter pharmaceutical preparation (Mildronate and Mexidol) was administered. As both drugs are
over-the-counter pharmaceutical preparations, only written informed consent was received from the volunteers, and no
ethical approval was deemed necessary.
Sample preparation: 5-fold dilution of urine with water/methanol 97/3, supplemented with 0.1% formic acid [6].
Separation: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 µm) maintained at 60°C and protected by a
Vanguard column. Gradient elution with 0.1% formic acid in water and 0.1% formic acid in methanol at a flow rate of 0.35
mL/min was applied with a run time of 10 min.
Detection: triple quadrupole mass spectrometer TSQ Vantage (Thermo Scientific, San Jose, CA, USA) operating in positive
ion electrospray ionization mode (HESI II) coupled to a liquid chromatograph Acquity (Waters, Milford, MA, USA) was used.
The collision gas pressure was set at 1.5 mTorr (argon 99.9995%). The vaporizer and capillary temperatures were 370 and
300°C, respectively, spray voltage 4000 V.

Results and Discussion
Having performed excretion studies with Mildronate (meldonium) and Mexidol (emoxypine), we found that both drugs are
excreted relatively fast from the body (less than 72 h). For meldonium most of the dose is excreted within 24 h, with a peak
concentration of approximately 100 µg/mL. The limit of detection for meldonium by currently applied dilute-n-shoot method
is 100 ng/mL. The mass chromatograms showing the detection of meldonium 7 h after administration is given in Fig. 2.

Fig. 2: Mass chromatograms for negative urine (A), urine spiked with meldonium at 10 µg/mL (B), and urine collected 7 h after administration of
250 mg Mildronate (C). The SRM transitions used are 147 > 58 (17 eV) and 147 > 42 (60 eV).
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Based on mass spectrometry data, it was suggested that emoxypine undergoes glucuronide conjugation to a high extent.
Therefore, its concentration in urine samples was not estimated due to the lack of reference material for emoxypine
glucuronide. The respective mass chromatogram and product ion mass spectrum for its tentative glucuronide metabolite is
presented in Fig. 3.

Fig. 3: Mass chromatogram for the urine collected 4.5 h after administration of 500 mg Mexidol (A) and ESI+ mass spectrum of emoxypine
glucuronide (B).

We have updated our screening procedure in the mid of October 2014 and started monitoring meldonium and emoxypine. It
has been found that of 4316 urine samples tested, 724 (17 %) contained meldonium and 139 (3%) emoxypine. Our data
suggest that there is no significant difference between the frequency of meldonium use in-competition (IC) and
out-of-competition (OOC). On the contrary, emoxypine was predominantly used OOC. The median concentration of
meldonium IC and OOC was however significantly different: 85 and 20 µg/mL, respectively.
Table 1 lists all meldonium and emoxypine findings grouped under different sports. The variation in total number of
samples per sport for meldonium and emoxypine is due to the fact that some of the disciplines under the same sport are not
included in the table.

Conclusions
Taking into account a short elimination time of meldonium and emoxypine (48-72 h) and their relatively high concentration
in routine doping control urine samples, one may conclude that meldonium and emoxypine are used as a part of
pharmacological support of Russian athletes.
The use of deuterated analog for quantitation of meldonium would significantly improve the reliability of quantitative data.
However, deuterated meldonium was not commercially available at the moment when this study was performed.
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Table 1: Distribution of meldonium and emoxypine findings vs. sport.
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Sobolevsky T, Dikunets M, Rodchenkov G

Identification of an unknown compound with claimed HIF activity in a
black market product
Antidoping Centre, Moscow, Russia

Abstract
The contents of an unlabeled confiscated material packed into a 30-mL amber glass vial with a dropper inside was analyzed
using 2D NMR and liquid chromatography coupled to a high resolution and triple quadrupole mass spectrometer. The
combination of the mass spectrometric and NMR data resulted in identification of the compound as N-methyl-2-nitro-N
-(1-{[2-(3,4,5-trimethoxyphenyl)pyridin-4-yl]methyl}pyrrolidin-3-yl)benzenesulfonamide. Taking into account that this drug
was allegedly intended for distribution as a hypoxia inducible factor (HIF)-1 inhibitor, we suggest it could be a GATA-2
inhibitor K-11706, whose structure has not been disclosed so far.
An in vitro study with human liver microsomes was undertaken to find potential phase I metabolites, followed by an in vivo
experiment. A series of metabolites originating from demethylation and cleavage at nitrogen atom of the pyrrolidine ring
was formed. Importantly, upon administration to a volunteer, the parent drug was extensively metabolized becoming
undetectable in urine in less than 48 h. The two major metabolites, 2-(3,4,5-trimethoxyphenyl)pyridine-4-carboxylic acid and
N-methyl-2-nitro-N-(pyrrolidin-3-yl)benzenesulfonamide, are recommended as potential targets to detect the administration
of this compound for up to 7 days.

Introduction
We have received an unlabeled confiscated material packed into a 30-mL amber glass bottle with a dropper inside. The
material was intended for distribution as a “HIF compound”, without any additional details even about the recommended
dosage.
Our present study aimed at demystifying the structure of the main component by means of liquid chromatography coupled
to a high resolution and triple quadrupole mass spectrometer, as well as 2D NMR experiment, and investigation of its
biotransformation pathways.

Experimental
In vitro metabolism: pooled mixed gender human liver microsomes (HLM) from BD Gentest (Woburn, MA, USA);
incubations according to manufacturer's protocol.
In vivo experiment: oral administration of a single dose equivalent to 30 mg by a female volunteer (37 years, body mass
index 22). The administration study was approved by an ad-hoc ethical committee and the informed consent was received
from the volunteer.
Instrumentation: triple quadrupole mass spectrometer TSQ Vantage (Thermo Scientific, San Jose, CA, USA) and a
high-resolution mass spectrometer Exactive (Thermo Scientific, Bremen, Germany) coupled to a liquid chromatograph
Acquity (Waters, Milford, MA, USA).
Separation: Acquity BEH C18 column (100 mm × 2.1 mm, particle size 1.7 μm) maintained at 60°C and protected by a
Vanguard column (20 mm × 2.1 mm). The mobile phase flow rate was 0.35 mL/min. The elution program started from
0.5-min isocratic step at 95% of 0.1% formic acid in water (A) and 5% of 0.1% formic acid in methanol (B) followed by linear
increase to 95% of B within 4.5 min, hold at 95% of B for 2.5 min and then re-equilibration until the end of analysis (10 min).
Detection: heated electrospray ion source (HESI II); positive ions. The collision gas pressure 1.5 mTorr (argon 99.9995%).
The vaporizer and capillary temperature 370 and 300°C, respectively, spray voltage 4000 V.
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Results and Discussion
For identification purposes, the liquid from the bottle having a strong alcohol-like odor was diluted 1:10000 with
water/methanol and injected into a liquid chromatography / high-resolution mass spectrometry system using positive
electrospray ionization mode. The total ion chromatogram demonstrated a single peak with the m/z value of 543.1912 Da,
which corresponds to empirical formula C26H31N4O7S with a mass error of 0.7 ppm. Low-resolution tandem mass spectrometry
was applied to obtain a product ion mass spectrum. For the 2D NMR experiment, the main component was isolated from the
solution by evaporation. The concentration of the main component was gravimetrically determined to be approx. 40mg/mL.
The combination of MS and NMR data resulted in the identification of the compound as N-methyl-2-nitro-N-(1{[2-(3,4,5-trimethoxyphenyl)pyridin-4-yl]methyl}pyrrolidin-3-yl)benzenesulfonamide (Fig. 1). To the best of our knowledge,
this structure does not correspond to any small-molecule erythropoiesis-stimulating agent reported so far. Partly, it
resembles an exemplary structure of a GATA-2 inhibitor K-11706 reported by Beuck et al. [1]. However, the original structure
of K-11706 has not been disclosed in literature [2,3].

Fig. 1: LC-HRMS product ion mass spectrum for unknown HIF compound and its proposed structure.

We performed an in vitro study with human liver microsomes to identify potential phase I metabolites. The compound
produced multiple metabolites originating from demethylation and cleavage at the nitrogen atom in the pyrrolidine ring (Fig.
2 and 3). The product ion mass spectra of M1 and M2 and proposed fragmentation pathways are given in Fig. 3A and 3B.
An in vivo experiment was then undertaken to evaluate the detectability of each metabolite. Excretion samples were
prepared according to our protocol for conjugated compounds [4] by LC-MS/MS. It has been found that the parent compound
is almost completely metabolized in vivo becoming undetectable in less than 48 h. The two major metabolites, N-methyl2-nitro-N-(pyrrolidin-3-yl)benzenesulfonamide (M1) and 2-(3,4,5-trimethoxyphenyl)pyridine-4-carboxylic acid (M2) are
recommended as potential targets to detect the administration of this compound.
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Fig. 2: LC-HRMS profile of the HIF compound metabolites identified using an in vitro approach (PC - parent compound).
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Fig. 3: Tentative structures of the metabolites of the HIF compound identified in vitro.
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Fig. 4: ESI product ion mass spectra for metabolites of the HIF compound, which are most significant in vivo: M1 (A) and M2 (B).
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Conclusions
Although there is no sufficient evidence that this compound would come to the market, its package is typical for, e.g., SARMs
or GW1516 formulations sold over the Internet in several countries. Therefore, it cannot be totally excluded that this
preparation was produced as a potential performance-enhancing drug. We suggest that this compound, N-methyl-2-nitro-N(1-{[2-(3,4,5-trimethoxyphenyl)pyridin-4-yl]methyl}pyrrolidin-3-yl)benzenesulfonamide, could be an investigational GATA-2
inhibitor K-11706.
When administered, this drug is subject to extensive metabolism. 2-(3,4,5-trimethoxyphenyl)pyridine-4-carboxylic acid and
N-methyl-2-nitro-N-(pyrrolidin-3-yl)benzenesulfonamide are the major metabolites detectable up to 7 days after
administration of a 30 mg dose.
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Cuervo D, Martín-Navas P, Saavedra MJ, García L, Aguilera R

An overview of doping-related arrests in Spain during 2014: statistics and
analysis conducted by the Doping Control Laboratory in Madrid
Anti-Doping Laboratory, AEPSAD, Madrid, Spain

Abstract
In the continuous fight against illicit doping drugs trade in professional, amateur and gym environments, the Spanish
Security Bodies and Forces carry out different operations yearly, which usually imply seizures of a considerable quantity of
doping-related products. Many of these samples must be analyzed in order to verify the active substance(s) or to determine
them if products are mis- or unlabeled, since this information is of great importance in the context of the judicial
proceedings derived from the police operations. This work is carried out in the Doping Control Laboratory in Madrid, which
holds a different and completely independent workflow to effectively accomplish the demanded analysis and provide the
judicial authorities with the required information. The workflow established in the Doping Control Laboratory of Madrid from
the reception of the samples to the reporting of results is presented here. The analytical approach covers most of the
current doping substances that can be found in oily, aqueous or solid matrices, which usually include a range of excipient
components. In MS analyses, full mass acquisition is mandatory since not identified or fake products are commonly present
on the seizures. Different preparation procedures are applied prior to analyses by GC-MS, LC-MS or immunoassay, and
consequently results for 98% of the samples received during the last year could be delivered in a short
timeframe. Statistically, 184 samples were analyzed in the laboratory during 2014, being anabolic agents, hormones,
anti-estrogenic substances, stimulants and peptides the most frequent active ingredients found. Data about the products
received and results from the analyses are presented, providing evidence of current consumption trends of doping drugs in
the different sports environments. Although most of the analyses confirmed the labelling, in not a few cases were identified
different or additional active substances or even no trace of them, which can give an idea of the misinformation and lack of
control surrounding the doping drugs commerce.

Introduction
In the continuous fight against illicit doping drugs trade in professional, amateur and gym environments, different police
operations are carried out yearly by the Spanish Security Bodies and Forces, which usually imply seizures of a considerable
quantity of doping-related products. All these samples must be analysed in order to verify the active substance(s) present
within the formulation or to determine them if products are mis- or unlabelled, since this information is highly important in
the context of the judicial proceedings derived from the police investigations. This work is carried out in the Madrid
Anti-doping Laboratory through a completely independent procedure, in order to accomplish effectively the demanded
analysis and provide the judicial authorities with the required information.

Experimental
All solvents and reagents used were of analytical grade. D3-testosterone was obtained from NMI (Pymble, Australia).
Diphenylamine was acquired from Sigma-Aldrich (St. Louis, MO, USA). Lypressin was obtained from USP (Rockville, MD, USA).
All samples were received from the Spanish Security Bodies and Forces and stored at room temperature until
analysis. Samples containing low molecular mass substances were extracted following the scheme shown in Figure 1 and
analysed by GC/MS or LC/MS-QTOF, both systems from Agilent Technologies, (Palo Alto, CA, USA). The single quadrupole
GC-MS system was a 6890N chromatograph with a 7683 Series injector/autosampler, coupled to a 5973 mass analyser
operating in electron ionization (EI) mode used at low resolution with ionization energy of 70 eV. Data analysis was carried
out with the Chemstation (D.03.00.611) software from Agilent Technologies. All analyses were performed in scan and/or
selected ion monitoring (SIM) mode. In SIM mode, a minimum of two ions were selected for each compound in order to
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monitor its presence. The LC-MS instrument consisted of a 1290 Infinity HPLC coupled to a 6550 iFunnel Q-TOF mass
analyser equipped with a dual AJS (Agilent Jet Stream) ESI source. Ionization was performed in positive mode. Targeted
MS/MS data was obtained by using a collision energy of 35 eV. The instrument was operated with the MassHunter
Workstation LC/MS Data Acquisition software version 05.01. The chromatograms were processed with the MassHunter
Workstation Qualitative Analysis software version B.06.00 (both from Agilent Technologies).
Samples containing high molecular mass hormones were analysed by immunoassay following the scheme depicted in Figure
2. While samples containing rEPO were analysed by IEF/SDS methods and integrated by the GASepo software (Seibersdorf
Laboratories, Austrian Research Centers GmbH-ARC), samples containing hCG, LH or rGH were analysed by the IMMULITE
2000 immunoassay system (SIEMENS Healthcare GmbH, Germany).

Results and Discussion
The standard workflow established in the Madrid Anti-Doping Laboratory for the analysis of doping-related seized samples is
described in Figures 1 and 2. The analytical approach covers most of the current doping substances that are usually found in
oily, aqueous or solid matrices, which commonly include a large excipient component range.
In brief, low molecular mass substances were analysed by GC-MS or HPLC/MS-QTOF following a four-step sample preparation
(sampling, dissolution, extraction and regeneration/derivatization), with an additional cleaning step for oily samples [1-3].

Figure 1: Low molecular mass substances. Analysis by chromatography-mass spectrometry
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The identification of the substance(s) analysed by using full scan GC-MS acquisition was carried out by retention time and by
collating the chromatographic peaks with MS spectra libraries. If determination of doping-related substances (i.e. steroids) at
trace levels was required, the identification was carried out by retention time and by monitoring of 2-3 characteristic ions in
SIM analysis.
For samples suspicious of containing substances of peptide structure [4,5], the analyses were carried out in a HPLC-QTOF
system working in scan (MS) and target (MS/MS) modes. The identification was then carried out by exact mass, retention
time (if standard was available) and comparison with MS/MS spectra library or spectrum interpretation.
High molecular mass hormones were analysed by immunoassay techniques. rEPO samples were determined by
electrophoretic methods (isoelectric point and molecular weight), in order to discriminate between acid rEPOs (Aranesp) and
basic rEPOs (Retacrit, NeoRecormon, Eprex). hCG, LH and rGH samples were analysed using different antibodies which
recognize specific parts of the molecules (antigens) by non-competitive solid-phase, two-site chemiluminiscent
immunometric assays.

Figure 2. High molecular mass substances (hormones). Analysis by immunoassay

Statistics concerning the products received in the laboratory during 2014 and the results obtained from the analyses are
shown in Figure 3. Noteworthy is the relatively high percentage of samples which mismatched the labelling of the product, a
common occurrence among the doping-related products confiscated by the authorities.
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Figure 3. Statistics of the products received in the laboratory during 2014 and results obtained from the analyses

Conclusions
The workflow established in the Doping Control Laboratory in Madrid entails simple preparation procedures prior to the
instrumental analysis by GC-MS, LC-MS or immunoassay, which allowed the qualitative determination of the active
ingredient(s) for 98% of the samples received during 2014. By way of a summary, a total of 184 samples were analysed in
the laboratory during the last year, anabolic agents and hormones being the most frequent active ingredients found. 17% of
the samples received were mislabelled, which gives an idea of the misinformation and lack of control surrounding the doping
drugs and supplements trade. Seven of the samples received contained recombinant small peptidic drugs, providing
evidence of the misuse of these new peptide-based therapeutics in different sports environments.
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Measuring xenon in blood and urine for doping control purposes
Center for Preventive Doping Research Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1;
Department of Anaesthesiology, University Hospital Düsseldorf, Düsseldorf, Germany2

Abstract
On September 1st 2014, a modified Prohibited List as established by the World Anti-Doping Agency (WADA) has become
effective featuring xenon as a banned substance categorized as hypoxia-inducible factor (HIF) activator. Consequently, the
analysis of xenon from commonly provided doping control specimens such as blood and urine is desirable.
Plasma or urine as doping control matrix were enriched to saturation with xenon, sequentially diluted, and the target analyte
was detected as supported by the internal standard d6-cyclo-hexanone by means of gas chromatography/triple quadrupole
mass spectrometry using headspace injection. Three major xenon isotopes at m/z 128.9, 130.9 and 131.9 were targeted in
(pseudo) selected reaction monitoring mode enabling the unambiguous identification of the prohibited substance. Assay
characteristics including limit of detection (LOD), intraday/interday precision, and specificity as well as analyte recovery
under different storage conditions were determined. Proof-of-concept data were generated by applying the established
method to urine and blood samples collected from 5 patients before, during and after (up to 48h) xenon-based general
anesthesia.
Xenon was traceable in enriched human urine and plasma samples down to the detection limit of approximately 0.5 nmol/mL.
In human urine the method’s intraday and interday imprecision values were found below 25%, and specificity was
demonstrated by analyzing 20 different blank urine samples that corroborated the fitness-for-purpose of the analytical
approach to unequivocally detect xenon at non-physiological concentrations. The patients’ urine and blood specimens
returned ‘xenon-positive’ test results up to 40h post-anesthesia, indicating the limits of the expected doping control
detection window.
Since xenon has been considered a prohibited substance according to WADA regulations in September 2014, its analysis
from common specimens of routine sports drug testing is desirable. Both matrices proofed to be equally suitable for xenon
detection in doping control samples.

The complete work has been published in:
1) Thevis M, Piper T, Geyer G, Thomas A, Schaefer MS, Kienbaum P, Schänzer W. (2014) Measuring xenon in human plasma
and blood by gas chromatography/mass spectrometry.Rapid Commun. Mass Spectrom. 28, 1501–1506.
2) Thevis M, Piper T, Geyer G, Schaefer MS, Scheemann J, Kienbaum P, Schänzer W. (2015) Urine analysis concerning xenon
for doping control purposes.Rapid Commun. Mass Spectrom. 29, 61-66.
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Agon VV, Simpson J, Hall S, Goebel C

An unusual case of a plasma volume expander - Dextran (?)
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia

Abstract
Dextrans are complex and branched high-molecular weight polysaccharides (1000 - 70000Da) with repeating units of
α-linked D-glucopyranosyl (mainly 1-->3 and 1-->6) residues. They are mainly used as plasma volume expanders (PVEs) and
work by restoring blood plasma lost through severe bleeding from surgery, trauma, injury or other bleeding-related causes.
Dextran, which can be misused in sports, is on the WADA prohibited list together with other PVEs such as mannitol and
hydroxyethyl starch (HES). It is mainly abused by athletes to control their haematocrit/haemoglobin values following
erythropoietin administration.
In late 2013, ASDTL had an unusual case of a urine sample that was suspicious for dextran. The results of the screening and
confirmation methods for this sample will be presented, and a brief overview of the relevant medical history of the athlete
will also be discussed.
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Dib J1, Schlörer N2, Schänzer W1, Thevis M1,3

Studies on the Collision-Induced Dissociation of adipoR Agonists After
Electrospray Ionization and Their Implementation in Sports Drug Testing
Center for Preventive Doping Research - Institute of Biochemistry, Cologne, Germany1; Department of Chemistry, Institute
of Organic Chemistry, University of Cologne, Colone , Germany2; European Monitoring Center for Emerging Doping Agents,
Cologne/Bonn, Germany3

Abstract
AdipoR agonists are small, orally active molecules capable of mimicking the protein adiponectin, which represents an
adipokine with antidiabetic and antiatherogenic effects. Two adiponectin receptors were reported in the literature referred to
as adipoR1 and adipoR2. Activation of these receptors stimulates mitochondrial biogenesis and results in an improved
oxidative metabolism (via adipoR1) and increased insulin sensitivity (via adipoR2). Hence, adipoR agonists are potentially
performance enhancing substances and targets of proactive and preventive anti-doping measures. In this study, two adipoR
agonists termed AdipoRon and 112254 as well as two isotopically labeled internal standards (ISTDs) were synthesized in
three-step reactions. The products were fully characterized by nuclear magnetic resonance spectroscopy (NMR), mass
spectrometry (MS), and density functional theory (DFT) computation. Collision-induced dissociation pathways following
electrospray ionization were suggested based on the determined elemental compositions of product ions, comparison to
product ions derived from labeled analogs (ISTDs), H/D-exchange experiments, and the results of DFT calculations. The most
abundant product ions were found at m/z 174, tentatively assigned to protonated 1-benzyl-1,2,3,4-tetrahydropyridine for
AdipoRon, and m/z 207, suggested as protonated 1-(4-methoxybenzyl)piperazine, for 112254. Notably, the loss of the
heterocyclic ring (i.e. piperazine and piperidine, respectively) in a supposedly intramolecular elimination reaction was
observed in both cases. A qualitative determination of both AdipoR agonists in human plasma was established and fully
validated for doping control purposes. Validation items such as recovery (86-89%), specificity, linearity, lower limit of
detection (1ng/mL), intraday (3-18%) and interday (5-16%) precision as well as ion suppression or enhancement were
determined. Based on these findings adipoR agonists can be implemented in in sports drug testing procedures.

Published as:
Dib J, Schlörer N, Schänzer W, Thevis M. Studies on the collision-induced dissociation of adipoR agonists after electrospray
ionizationand their implementation in sports drug testing. J. Mass. Spectrom. 2015, 50, 407.
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Tsivou M1, Giannadaki E1,2, Georgakopoulos D3, Van Eenoo P4, Hooghe F4, Van Gansbeke W4,
Botre F5, de la Torre X5, Mazzarino M5, Donati F5, Lyris E1, Georgakopoulos C6

Optimization of the synthesis of the chemical stabilization mixture of
urine samples with simultaneous minimization of analytical matrix
interferences

Doping Control Laboratory of Athens, OAKA, Maroussi, Greece1; Department of Pharmaceutical Chemistry, Faculty of
Pharmacy, University of Athens, Athens, Greece2; Department of Crop Science, Agricultural University of Athens,
Laboratory of General and Agricultural Microbiology, Athens, Greece3; University of Ghent, Doping Control Laboratory,
Ghent, Belgium4; FMSI, Laboratorio Antidoping , Rome, Italy5; Anti Doping Lab Qatar, Doha, Qatar6

Abstract
An in-house chemical stabilization mixture was developed as a practical approach to tackle urine degradation problems
encountered occasionally in human sport samples after delayed transportation under warm temperature conditions or
attempts of proteolytic manipulation. The stabilization mixture, consisting of antimycotic, antibiotic substances and protease
inhibitors, has already been tested, as part of WADA funded research, in lab-scale in terms of efficiency against microbial
and proteolytic deleterious action. The present work is an overview of a follow-up WADA research study on the improvement
of specific parameters such as chemical stabilization mixture composition, mode of application, and limitation of
interferences. As an outcome, pilot urine collection containers, spray-coated in their internal walls with the chemical
stabilization mixture, were prepared. After that, urine in stabilized collection containers have been gone through various
incubation cycles to test for stabilization efficiency and analytical matrix interferences by three WADA Accredited
Laboratories (Athens, Ghent and Rome). More specifically, the spray-coated chemical stabilization mixture was tested
against microorganism elimination and steroid glucuronide degradation, as well as enzymatic breakdown of peptide
hormones such as intact hCG, rEPO and small peptides (GHRPs, ipamorelin), induced by proteolytic enzymes. Also, the three
Laboratories recorded potential analytical interferences observed in the presence of spray-coated chemical stabilization
mixture using routine screening procedures.
The results of the current study support the wide application of the chemical stabilization mixture. More specifically, it was
shown that the addition of the chemical stabilization mixture in spray-coated form inhibited microbial growth and steroid
degradation in urine, prevented rEPO digestion by four proteases, slowed down the dissociation of intact hCG by five
proteases, reduced the degradation process of small peptides induced by three proteases, did not affect the process of
extraction and amplification of DNA, produced no interferences as detected by GC/MS/MS, LC/HRMS but resulted in reduced
signals for very volatile substances and epitrenbolone (by GC/MS, LCQTOF) and one interfering peak in GHRP2 screening.
The current urine stabilization approach is totally novel and advantageous over the existing urine containers that do not
provide a protective environment for urine against degradation by microorganisms and proteolytic enzymes. As a
consequence, the stabilized container for urine collection may have an important impact in the antidoping system, if applied
widely. The further continuation of the project depends upon WADA feedback in relation to the applicability of the current
approach.
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Görgens C, Guddat S, Orlovius AK, Sigmund G, Thomas A, Thevis M, Schänzer W

“Dilute-and-Inject” multi-target screening assay for highly polar doping
agents using hydrophilic interaction liquid chromatography high
resolution/high accuracy mass spectrometry (HILIC-HRMS) for sports
drug testing.
Institut of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
In the field of LC-MS, reversed phase liquid chromatography is the predominant method of choice for the separation of
prohibited substances from various classes in sports drug testing. However, highly polar and permanently charged
compounds still represent a challenging task in liquid chromatography due to their difficult chromatographic behavior using
reversed phase materials. A very promising approach for the separation of hydrophilic compounds is hydrophilic interaction
liquid chromatography (HILIC). Despite its great potential and versatile advantages for separation of highly polar compounds,
HILIC is up to now not very common in doping analysis, although most manufacturers offer a variety of HILIC columns in
their portfolio.
In this study, a new multi-target approach based on HILIC high resolution / high accuracy mass spectrometry is presented to
screen for various polar stimulants, stimulant sulfo-conjugates, glycerol, AICAR, ethyl glucuronide, morphine-3-glucuronide
and myo-inositol trispyrophosphate after direct injection of diluted urine specimens. The usage of an effective online sample
clean-up and a zwitterionic HILIC analytical column in combination with a new generation Hybrid Quadrupol-Orbitrap® mass
spectrometer enabled the detection of highly polar analytes without any time-consuming hydrolysis or further purification
steps, far below the required detection limits.
The methodology was fully validated for qualitative and quantitative (AICAR, glycerol) purposes considering the parameters
specificity, robustness (rRT <2.0%), linearity (R >0.99), intra- and inter-day precision at low, medium and high concentration
levels (CV <20%), limit of detection (stimulants and stimulant sulfo-conjugates <10ng/mL; norfenefrine, octopamine
<30ng/mL; AICAR <10ng/mL; glycerol 100 µg/mL; ETG <100 ng/mL), accuracy (AICAR: 103.8-105.5%; glycerol: 85.1-98.3%
at 3 concentration levels) and ion suppression / enhancement effects.

Published as:
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Guddat S, Görgens C, Dib J, Geyer H, Schänzer W, Thevis S

Mildronate (Meldonium) in professional sports – monitoring doping
control urine samples using hydrophilic interaction liquid
chromatography - high resolution / high accuracy mass spectrometry
Institute of Biochemistry/Center of Preventive Doping Research, German Sport University Cologne, Cologne, Germany

Abstract
To date, substances such as Mildronate (Meldonium) are not on the radar of anti-doping laboratories as the compound is not
explicitly classified as prohibited. However, the anti-ischemic drug Mildronate demonstrates an increase in endurance
performance of athletes, improved rehabilitation after exercise, protection against stress, and enhanced activations of
central nervous system (CNS) functions.
In the present study, the existing evidence of Mildronate’s usage in sport,which is arguably not (exclusively) based on
medicinal reasons, is corroborated by unequivocal analytical data allowing the estimation of the prevalence and extent of
misuse in professional sports. Such data are vital to support decision-making processes, particularly regarding the ban on
drugs in sport. Due to the growing body of evidence (black market products and athlete statements) concerning its misuse
in sport, adequate test methods for the reliable identification of Mildronate are required, especially since the substance has
been added to the 2015 World Anti-Doping Agency (WADA) monitoring program.
In the present study, two approaches were established using an in-house synthesized labelled internal standard
(Mildronate-D3). One aimed at the implementation of the analyte into routine doping control screening methods to enable its
monitoring at the lowest possible additional workload for the laboratory, and another that is appropriate for the peculiar
specifics of the analyte, allowing the unequivocal confirmation of findings using hydrophilic interaction liquid
chromatography-high resolution/high accuracy mass spectrometry (HILIC-HRMS). Here, according to applicable regulations in
sports drug testing, a full qualitative validation was conducted. The assay demonstrated good specificity, robustness
(rRT=0.3%), precision (intra-day: 7.0-8.4%; inter-day: 9.9-12.9%), excellent linearity (R>0.99) and an adequate lower limit of
detection (<10 ng/mL).
Published as:
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Goebel C, Grainger J, Clarke E

My Robot II: the next step in automation.
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia

Abstract
One of the pressures being placed on WADA accredited laboratories is to increase sample numbers,reduce costs and offer
more testing capabilities, all the while maintaining a high standard of analytical testing.
In the last year ASDTL has purchased a JANUS from Perkin Elmer for sample preparation (aliquoting, purification and
concentration) of urine samples. The system has been validated to prepare samples for both small molecule testing as well
as for small peptides such as GHRP's and GnRH's.All samples can now be prepared from initial aliquot to final vial for
instrumental analysis in a single process.
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Ventura R, Metabosch X, Monfort N, Pozo OJ, Monfort J, Llorente-Onaindia J, Segura J

Urinary profiles of corticosteroids after intra-articular and related
administrations
Bioanalysis Research Group, IMIM (Institut Hospital del Mar d´Investigacions Mèdiques), Barcelona, Spain

Abstract
Glucocorticosteroids are prohibited in sports when administered by oral, intravenous, intramuscular or rectal routes. They
are allowed by other routes considered of local action for therapeutic use. Since glucocorticosteroids are marketed in
different administration forms, the distinction between different routes of administration through the analysis of urine
samples is needed. The aim of the present work was to study the urinary metabolic profile of betamethasone and
triamcinolone acetonide after intraarticular (IA) and related administrations wich are allowed.
Urine samples of 17 patients that required IA or related administrations were collected up to 10 days after administration.
Concentrations of the parent compounds and their metabolites were measured using liquid chromatography coupled to
tandem mass spectrometry. Urine samples were subjected to enzymatic hydrolysis with β-glucuronidase and extracted with
ethyl acetate at alkaline pH. Chromatographic analysis was performed using a C18 column (1.7μm particles) with a mobile
phase containing water and acetonitrile with formic acid and gradient elution. Multiple reaction monitoring methods were
used to monitor betamethasone or triamcinolone acetonide and the corresponding metabolites. Results were compared with
those obtained using other allowed and forbidden administration routes (topical, oral, intramuscular). Urinary concentrations
of the parent drugs and the metabolites were similar to those obtained after intramuscular or oral administrations. The
status of IA and related administrations in the prohibited list will be discussed.
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Tretzel L1, Thomas A1, Geyer H1, Delahaut P2, Schänzer W1, Thevis M1

Determination of Synacthen® in Dried Blood Spots for doping control
analysis using liquid chromatography tandem mass spectrometry
Center for Preventive Doping Research, Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1;
Laboratory of Hormonology, Centre d'Economie Rurale, Marloie, Belgium2

Abstract
Dried Blood Spot (DBS) sampling, a technique for taking whole blood samples dried on filter paper, was initially reported in
1963 by Robert Guthrie. While the diagnostic analysis of metabolic disorders in newborns was the focus of investigations at
that time, the number of established applications for preclinical drug development, toxicological studies and therapeutic
drug monitoring increased enormously in the last decades. As a consequence of speed, simplicity and minimal-invasiveness
DBS recommends itself as the preferential technique in sports drug testing.
The present approach highlights for the first time the development of a screening assay for the analysis of the synthetic
human adrenocorticotropic hormone tetracosactide hexaacetate (Synacthen®) in DBS using liquid chromatography tandem
mass spectrometry. Highly purified sample extracts were obtained by an advanced sample preparation procedure including
the addition of an internal standard (d8-tetracosactide) and immunoaffinity purification. The method’s overall recovery was
27.6% and the assay’s imprecision was calculated between 8.1% and 17.9% for intraday and 12.9% to 20.5% for interday
measurements. Stability of the synthetic peptide in DBS was shown for at least 10 days at room temperature and presents a
major benefit, since a rapid degradation in conventionally applied matrices such as urine or plasma is well known. With a
limit of detection of 50 pg/mL, a detection window of several hours is expected considering reported steady state plasma
levels of 300 pg/mL after intramuscular application of Synacthen® Depot (1 mg). The analysis of authentic DBS samples
within the scope of an administration study with Synacthen® 250 µg (stimulation test) demonstrated the great potential of
the developed assay to simplify the analysis of Synacthen® for doping control purposes.
Published as:
Tretzel L, Thomas A, Geyer H, Delahaut P, Schänzer W, Thevis M. Determination of Synacthen® in dried blood spots for
doping control analysis using liquid chromatography tandem mass spectrometry. Anal Bioanal Chem. 2015 Jun; 407(16):
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Athanasiadou I1, Valsami G2, Voss S1, Kraiem S1, Vonaparti A1, El Saftawy W1, Al Saadi K1,
Alwahaibi A1, Aljaber A1, Dokoumetzidis A2, Muhammad-Ali V1, Adel A3, Alsayrafi M1,
Georgakopoulos C1

Influence of athletes´ hyperhydration on sample collection procedure in
terms of urine pharmacokinetics of representative prohibited substances
Doping Analysis Lab, Antidoping Lab Qatar, Doha, Qatar1; Faculty of Pharmacy, University of Athens, Athens, Greece2;
Queen Medical, Doha, Qatar3

Abstract
The consumption of high volumes of water or sports drinks is being used by a number of athletes as a masking procedure
during anti-doping sample collection in order to dilute the collected urine samples and mask the detection of prohibited
substances.
Recently, three samples from the same athlete and anti-doping test with the following urine specific gravities (SG): 1.003 (1st
sample), 1.004 (2nd sample) and 1.016 (3rd sample) were collected. Analysis of those samples resulted in the detection of
11-nor-delta 9-tetrahydrocannabinol-9-carboxylic acid (THCCOOH) at concentrations below 10 ng/mL for the 1st, 20 ng/mL for
the 2nd and higher than 100 ng/mL for the 3rd. Based on those results, the athlete was reported with an adverse analytical
finding (AAF) for the 2nd and 3rd sample. However, from pharmacokinetic (PK) point of view, this series of samples is strange,
since the classical PK profile, without any new dose of the drug, would expect a reduction in concentrations of subsequent
samples and not an increase.
The aim of the present WADA-funded research 10D21CG program, is to assess the influence of the hyperhydration on the
sample collection procedure during the anti-doping control of athletes and to evaluate if the consumption of high volumes of
water or sports drinks can be used as a masking procedure on the detection of doping substances due to the fact that
dilution is not prohibited as a practice.
A pilot study was conducted to assess the influence of athletes’ hyperhydration in the excretion and subsequent detection of
doping agents. One healthy male subject of recreational athletic level was enrolled in a three phase design study. Epoetin
beta (recombinant human erythropoietin) and budesonide (BDS) have been used as model doping agents. The
hyperhydration effect on the plasma and urine profiles of the two drugs after single dose administration was examined by
consumption of two different hyper-hydrating agents: water and a commercial sports drink. Urine and blood samples were
collected during all the phases of the study. Blood and urine sample collection lasted for a period of about 3 x t1/2, followed
by a wash-out period of not less than 5 x t1/2 of the administered drug. Hematological and steroid profiles were assessed
according to the Athlete Biological Passport (ABP) markers. Preliminary laboratory measurements, including pH, SG,
osmolality, urine flow rate, were performed for all the samples. Adjustment of the measured concentrations based on SG and
urine flow rate were evaluated in order to minimize the hyperhydration effect.
Hyperhydration may lead to false negative BDS and 6β-ΟΗ-BDS urine levels at early time points after hydration, irrespective
of the method used to adjust measured concentration. For BDS and both metabolites, a lag time is shown on their urine
detection in the case of sports drink hyperhydration. This is probably due to retardation of gastric emptying and following
BDS intestinal absorption, irrespective of the method used to adjust measured concentration.
Steroid profile was examined under hyperhydration and alcohol conditions. Although the effect of alcohol on steroid profile is
known resulting in alterations on the concentrations or ratios of specific pairs of steroid metabolites, hyperhydration seems
to have no impact on endogenous steroid profile.
Regarding the hyperhydration effect on isoelectric focusing (IEF) urine identification of erythropoietin, it seems to be
negligible. Haemoglobin (HGB), haematocrit (HCT), mean corpuscular volume (MCV) and plasma volume (PV) are not
affected by hyperhydration.
The implementation of the conventional SG-adjustment method [1] to the case of THCCOOH sample would have resulted to
an AAF even for the 1st sample without the need of collecting three consecutive urine samples until the SG WADA sample
collection criteria were fulfilled. Therefore, based on these results, it is maybe worth examining the possibility of applying a
urine concentration adjustment method not only for the endogenous threshold substances but as a routine practice.
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Based on the results of the present pilot study, definite conclusions on the effect of hyperhydration on the detection of
prohibited substances in urine cannot be drawn. However, urine concentration adjustments based per threshold or ABP
substance or per athlete or per population may be useful making the multiple sample collection protocol due to SG
requirements (SG < 1.006) probably not necessary. The implementation of the clinical study to more subjects and the
pharmacokinetic/pharmacodynamic modeling [2,3] will result in an overall conclusion regarding the use of hyperhydration as
a manipulation practice.
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Polet M, Van Gansbeke W, Hooghe F, Van Eenoo P

Increasing the sensitivity of gas chromatography – triple quadrupole mass
spectrometry by using chemical ionization.
department of Clinical Chemistry, Microbiology and Immunology, DoCoLab University Ghent, Zwijnaarde, Belgium

Abstract
In 2013, the World Anti-Doping Agency (WADA) drastically lowered the minimum required performance levels (MRPLs) of
most doping substances, demanding a substantial increase in sensitivity of the existing methods that were employed in
doping control laboratories around the world. For a number of compounds, conventional electron impact ionization gas
chromatography tandem mass spectrometry (GC-EI-MS/MS) is often no longer sufficient to reach these MRPLs and new
strategies are required. Both quantitative and qualitative compounds need to be included in the screening method and both
require a different focus and approach.
In this study, the capabilities of positive chemical ionization (PCI) GC-MS/MS are investigated for a wide range of drug related
compounds of various classes and chemical families. An increased sensitivity is obtained for 113 out of 120 compounds by
using PCI with ammonia as reagent gas compared to GC-EI-MS/MS. Due to the occurrence of more selective transitions, the
sensitivity increases on average with a factor of 50 with a maximum sensitivity increase of a factor 1000.
A new GC-PCI-MS/MS method has been developed and validated for the detection of a wide variety of exogenous doping
substances and the quantification of 16 endogenous steroids in urine in compliance with the required MRPLs established by
WADA in 2013. The increased sensitivity allows the set up of a balanced screening method that meets the requirements for
both quantitative and qualitative compounds: sufficient capacity and resolution and a high sensitivity with a short analysis
time.

Published as:
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Nair V, Cox H, Campbell T, Eichner D

Tracing adverse analytical findings to mislabeled underground products
SMRTL, Salt Lake City, United States

Abstract
Collaboration between Results Management Agencies and our laboratory has resulted in tracing adverse findings to a
particular mislabeled underground product. Two case studies will be presented: one resulting in an adverse IRMS finding and
another in a finding for Growth Hormone Releasing Peptide 2.
In addition, a summary of laboratory findings from underground products seized by both law enforcement agencies and
professional sporting bodies will be presented. Not surprisingly, a large percentage of products featured labels that
misrepresented the concentration, purity or in some cases the identity of the active ingredient. A wide range of analytes
from anabolic agents to peptide hormones was detected. A number of these products have the potential to not only cause a
doping violation but also pose serious health risks for the athlete.
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Geldof L, Lootens L, Tudela E, Morthier W, Deventer K, Van Eenoo P

In vitro metabolism studies of black market products
Department of Clinical Chemistry, Microbiology and Immunology, DoCoLab - Ghent University, Ghent, Belgium

Abstract
A wide-range of potential performance enhancing substances is currently available on the internet. While in the 1990s and
early 2000s these products were often steroids, these days a new generation of compounds has been introduced, including
peptides and selective androgen receptor modulators (SARMs).
To assure a fast response to new evolutions, alternative models are needed to elucidate the metabolism of nonpharmaceutical grade performance enhancing substances to optimize their detection.
For these reasons, reference material and available black market products of selected compounds were bought by DoCoLab
e.g. non-steroidal SARMs: andarine, ostarine and LGD-4033.
After purity verification by LC- and GC-MS analysis, in vitro metabolism studies were performed with the purchased products
using human liver microsomes and S9 fractions. Since, the metabolism of andarine and ostarine has been described before
in literature, these results are not presented.
For the most recent SARM, LGD-4033, five metabolites were detected by LC-HRMS and/or GC-MS analysis. The in vitro
observed metabolic modifications of LGD-4033 were hydroxylation combined with keto-formation (M1) or cleavage of the
pyrrolidine ring (M2), methoxylation (M3/M4) and dihydroxylation (M5). Negative ionization mode on LC-MS instruments is
preferred for the screening of metabolites M1-M4.
LC-HRMS product ion scans allowed the identification of typical LGD-4033 fragment ions and therefore further
characterization of the LGD-4033 metabolite structures. These MS/MS experiments indicated that all modifications were
located in the pyrrolidine ring.
The results of these in vitro LGD-4033 metabolism studies will be published elsewhere.
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Lootens L1, Geldof L1, Meuleman P2, Leroux-Roels G2, Botrè F3, Deventer K1, Van Eenoo P1

Metabolic study of methyldienolone, methyltrienolone and MENT using
human liver microsomes and humanized mice.
DoCoLab, Ghent University, Zwijnaarde, Belgium1; CEVAC, Ghent University and Hospital, Ghent, Belgium2; FMSI, Rome,
Italy3

Abstract
Steroids are still popular to be abused by athletes to enhance their performances. MENT (7-alpha-methyl-19-nortestosterone), methyldienolone and methyltrienolone were subject of this investigation in the framework of doping analysis.
All three compounds of interest are structurally related to 19-nor-steroids, with methyldienolone and methyltrienolone
explicitly mentioned on the WADA prohibited list.
The metabolic profile of these steroid compounds was tested by use of in vitro Human Liver Microsomes (HLM) and an in
vivo chimeric uPA+/+-SCID mouse model (transplanted with hepatocytes from human origin). For the chimeric mouse model
pre- and post-administration urine samples were collected over a 24 hour time period. And also HLM incubation experiments
with the steroid compounds were performed. Both analysis of the extracts of the chimeric mouse urine and the in vitro
incubations were performed on GC-MS and LC-MS instruments. Several metabolites were detected for the methyldienolone
and methyltrienolone compounds. In general the most abundant metabolites could be defined as a hydroxylated form of the
parent compound. Different results were obtained by GC or LC analysis, indicating that both techniques are complementary.
As expected, more metabolites were detected after HLM incubation, however this does not reflect the real in vivo human
situation like the chimeric mouse model. For mentabolan (precursor of MENT) no results could be obtained in the chimeric
mouse model after GC analysis, even not when a higher dose was administered while on LC the presence of hydroxylated
metabolites was shown. The detailed results of these metabolism studies will be published elsewhere.
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de la Torre X1, Rosati L1, Curcio D1, Colamonici C1, Molaioni F1, Jardines D1, Botrè F1,2

Mass spectrometric analysis of androstenedione in doping analysis.
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy1; Dipartamento Medicinale Sperimentale,
Rome, Italy2

Abstract
The primary method for the detection of androstenedione (AED) is based on the observed changes of the endogenous
steroid profile. In the case of an atypical profile, a confirmation by gas chromatography coupled to isotope ratio mass
spectrometry (GC-C-IRMS) is necessary.
By the implementation of the endocrinological module of the Athletes’ Biological Passport (ABP), the detection of additional
cases and an extension of the detection window should be possible. However, the efficacy of the ABP will be only visible
when a sufficient number of samples will be collected, and this for some sports disciplines can take at least two years. This
means that the research of more efficient markers for the detection of pseudoendogenous steroids like androstenedione is
needed.
In a previous research, 4-hydroxy-epiandrosterone (4OH-EA) demonstrated to be a selective marker of formestane
(4-hydroxy-androstenedione), extending the formestane detection window and reducing or facilitating the subsequent IRMS
confirmation. In principle formestane is produced endogenously by 4-hydroxylation of androstenedione.
In the present work, we present the results obtained in three healthy male volunteers administered with androstenedione
with the aims of: 1) to assess if 4OH-EA could be a relevant marker of AED use; 2) to review the detection capacity of AED
administrations based on mass spectrometric techniques. (i.e. GC-MS/MS and GC-C-IRMS).
The results demonstrated that there is a relevant gap between the capacity of finding an atypical steroid profile at the initial
testing level and the subsequent IRMS confirmation. This gap can be reduced significantly by the monitoring of specific
hydroxylated metabolites.
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Gmeiner G1, Forsdahl G1,2, Tretzel L3, Thevis M3, Geisendorfer T1, Erceg D4,5

Detection of testosterone esters in blood samples
Doping Control Laboratory, Seibersdorf Laboratories, Seibersdorf, Austria1; Department of Pharmacy, University of Tromso
- The Arctic University of Norway, Natural Products and Medicinal Chemistry Research Group, Tromso, Norway2; German
Sport University Cologne, Institute of Biochemistry, Center for Preventive Doping Research, Cologne, Germany3; Clinical
Trials Unit, Childrens Hospital Srebrnjak, Zagreb, Croatia4; Medical School, Josip Juraj Strostamyer University of Osijek,
Osijek, Croatia5

Abstract
Injections of synthetic esters of testosterone are among the most common forms of testosterone application. In doping
control, the detection of an intact ester of testosterone in blood gives an unequivocal proof of the administration of
exogenous testosterone. The aim of the current project was to investigate the detection window for a number of
testosterone esters in blood. Furthermore, the suitability of different types of blood collection devices was evaluated. A
clinical study with six participants was carried out, comprising a single injection of different testosterone ester preparations.
The applied analytical method included liquid-liquid extraction and preparation of oxime derivatives, prior to TLX-sample
clean-up and LC-MS/MS detection.
Published as:
Forsdahl, G., Erceg, D., Geisendorfer, T., Turkalj, M., Plavec, D., Thevis, M., Tretzel, L., and Gmeiner, G. (2015) Detection of
testosterone esters in blood. Drug Test. Analysis, doi:10.1002/dta.1914.
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Jan N1, Michelot H1, Marclay F1, Esseiva P2, Saugy M1

Profiling of customs seized drugs containing testosterone
Swiss Laboratory for Doping Analyses, Lausanne, Switzerland1; School of Criminal Justice, Lausanne, Switzerland2

Abstract
To tackle doping, understanding the phenomenon at large is necessary, and in particular starting at the very beginning by
focusing on how athletes obtain doping products.
A relevant way would be to focus on customs seizures as an indicator of the market. In these views and with the Schengen
Agreement, Switzerland holds a key value. Indeed, the Swiss Customs are still checking the parcels entering Switzerland
from any foreign country.
The analysis of potential doping agents to identify whether the product contains performance enhancing substances or to
identify new doping products is a common practice. However, other information extracted from the seizures like the physical
characteristics and chemical composition of both principal and minor compounds may provide crucial indications. This
methodology, popular in drug profiling and police investigation, could allow establishing chemical fingerprint of seizure in
order to draw links between different batches of similar composition.
With the excipients and physical characteristics, it may also be possible to draw links between different drugs coming from
the same laboratory. It could therefore provide a new powerful tool for detecting, identifying and understanding trafficking of
doping substances and thus to fight against it.
As a first step of the project, the general flow of seized products at Swiss Customs was determined between 2008 and 2012
based on the origin location and destination in Switzerland. Then the methodology was applied to the main product seized
over the same period (Sustanon® 250 from Organon). This allowed identifying two different groups of packaging regarding
positions of characteristics (part of text, logo), shapes, sizes both on parcels and ampoules. This combined with the chemical
analyses of the products allowed both drawing links between different seizures and highlighting different groups of products
which were supposed to come from the same manufacturer.
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Rzeppa S1, Heinrich G2, Humpf H2, Hemmersbach P1,3

Analysis of anabolic androgenic steroids as sulfate metabolites using
liquid chromatography coupled to tandem mass spectrometry
Norwegian Doping Control Laboratory, Oslo University Hospital, Oslo, Norway1; Institute of Food Chemistry, University of
Münster, Münster, Germany2; School of Pharmacy, University of Oslo, Oslo, Norway3

Abstract
Anabolic androgenic steroids (AAS) are still the most popular doping agents. In routine doping analysis, AAS and their
metabolites are monitored mainly as glucuronides after hydrolysis and as the drug itself if excreted unconjugated. Detection
of AAS is traditionally carried out by gas chromatography coupled to mass spectrometry (GC-MS) and to a smaller extent by
means of liquid chromatography coupled to mass spectrometry (LC-MS). Sulfate conjugate metabolites are not included in
routine procedure due to difficulties concerning the hydrolysis of the AAS sulfates to the corresponding metabolites
respectively the drug itself (Gomez et al. 2013a). However, the use of LC-MS allows a direct detection of sulfate conjugate
metabolites of the AAS without a previous hydrolysis step.
As part of this project sulfate conjugates of several selected AAS (e.g. trenbolone, methenolone, and mesterolone) and their
metabolites were synthesized by reaction with a sulfur trioxide pyridine complex. To ensure low detection limits a sample
preparation based on solid phase extraction using a weak-anion exchanger was developed. Detection is performed by
LC-MS/MS. The suitability of this method was shown by validation using the synthesized reference standards. Furthermore
the suitability of the method was evaluated by analysis of excretion urines. These urines were also used for identification of
further sulfate conjugate metabolites.
In former studies sulfate conjugate metabolites of methyltestosterone and metandienone could be detected over a longer
period compared to the analytes from the glucuronid and free fraction used in general routine doping analysis (Gomez et al.
2013b, Gomez et al. 2013c). Hence, the direct detection of sulfate conjugate metabolites can be of interest in doping
analysis because of faster sample preparation and possible extended detection times.
References:
Gómez et al. 2013a, TrAC, 53, 106-116
Gómez et al. 2013b, Steroids, 78, 44-52
Gómez et al. 2013c, Steroids, 78, 1245-1253

This work has been published as:
Rzeppa, S.,Heinrich, G., and Hemmersbach, P. (2015) Analysis of anabolic androgenic steroids as sulfate conjugates using
high performance liquid chromatography coupled to tandem mass spectrometry. Drug Test. Analysis, 7:1030–1039.
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Balcells G1, Pozo OJ1, Esquivel A1, Gómez C1, Segura J1,2, Rosa V1,2

Towards a more comprehensive and simple method to screen for
exogenous anabolic steroids in sport
Bioanalysis Research Group, IMIM, Hospital del Mar Medical Research Institute, Barcelona, Spain1; Department of
Experimental and Health Sciences, Universitat Pompeu Fabra, Barcelona, Spain2

Abstract
Anabolic androgenic steroids (AAS) are the most frequently reported doping substances in sports. AAS are extensively
metabolized and mainly excreted in urine as phase II metabolites. Some of the recently reported long-term phase II
metabolites are not detectable using the current screening conditions. Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) allows for the direct detection of AAS conjugates. In order to improve the detection capabilities of AAS, a
LC-MS/MS screening method for the simultaneous detection of phase I and phase II intact urinary metabolites (glucuronides
and sulfates) was developed.
A total of 36 metabolites (7 unconjugated; 19 glucuronides and 10 sulfates) corresponding to 15 of the most reported
exogenous AAS were included. Analytes were extracted from urine using C18 cartridges. LC and MS conditions were studied
in-depth to determine the most sensitive and selective conditions for each analyte. A selected reaction monitoring method
was set up. The optimization of the experimental parameters for 13 metabolites not available as standards was performed
using excretion study urines.
Extraction recoveries were above 77% for all analytes. Intra-day precision was lower than 21%, and LODs were in the range
0.25‑4 ng/mL for most of the analytes. Matrix effect was evaluated using post column infusion and ranged from 92 to 147%.
The suitability of the strategy was demonstrated by analysis of samples collected after administration of different exogenous
AAS.
The method is compliant with the World Antidoping Agency requirements for most of the studied compounds. It represents a
time-saving approach that improves the detection capabilities of AAS by increasing the sensitivity for some metabolites and
by including recently described phase II long-term metabolites not detectable using the current screening strategy.
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Van Renterghem P, Esposito S, Deventer K, Van Eenoo P

Stability of the alternative steroid profile (ASP)
Part III: influence of ACTH and corticosteroids on alternative steroid
profiles
DoCoLab, Ghent University, Zwijnaarde, Belgium

Abstract
Steroid profiling is a well-established technique in doping control. Nevertheless, last few years new developments in lateral
and longitudinal direction have been introduced with new minor metabolites, the adaptive model and the combination of
both in a steroidomic model. The improvement in detection sensitivity and specificity requires better knowledge of various
confounding factors.
Corticosteroids are commonly applied by athletes to treat asthma, arthritis, pain and allergies but also for its energy
releasing action and effect on breathing/oxygen intake: 8% of all IC adverse findings found by WADA-labs in 2014; TUE’s and
OOC samples are not accounted. Given the close metabolic relationship, the intake of ACTH and synthetic corticoids can give
rise to changes in the steroid profile, steroid passport of steroidomic model.
Results:
ACTH caused adrenal androgens to raise up to 72h in females, with a maximal 10-fold increase for E causing a significant
drop in T/E followed by prolonged increase due to stimulated adrenal androgen production. Female Andro/Etio shows an
opposing trends with a nadir in day 3 whereas 5α/β-Adiol is stable. In male, a cortisol induced inhibition of testicular
production caused a drop in androgens up to 24h. The steroidomic model mostly detection the abnormal variation in females.
Administration of corticoids did not result in significant changes of T/E and 5α/β-Adiol ratios. Andro was 60% suppressed
resulting in altered Andro/Etio and T/Andro. Similar trends were observed for DHEA (metabolites). The steroidomic model
was indifferent to corticoid use.
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Brooker L1, Edey C1, Medojevic N2, Tjoa J1, Goebel C1

Recent trends in “workplace” AAS testing at the Australian Sports Drug
Testing Laboratory (ASDTL).
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia1; School of Science and
Health, University of Western Sydney, Sydney, Australia2

Abstract
ASDTL is part of the Department of Industry and Science of the Federal Government of Australia. Apart from anti-doping, we
are tasked with the analysis of ‘non-athlete’ samples originating from government bodies such as defence, law enforcement,
health-care, forensic and judicial authorities. Here we present an overview of our results from the last few years, providing
some insight into the use of AAS in Australian society at large.
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Höppner S, Thomas A, Sander M, Opfermann G, Dib J, Schänzer W, Thevis M

Complementing the characterization of in vivo generated N-glucuronic
acid conjugates of stanozolol by collision cross section computation and
analysis

Center for Preventive Doping Research, German Sport University Cologne, Cologne, Germany

Abstract
Detailed structural information on metabolites serving as target analytes in clinical, forensic, and sports drug testing
programmes is of paramount importance to ensure unequivocal test results. In the present study, the utility of collision cross
section (CCS) analysis by travelling wave ion mobility measurements to support drug metabolite characterization efforts was
tested concerning recently identified glucuronic acid conjugates of the anabolic-androgenic steroid stanozolol. Employing
travelling-wave ion mobility spectrometry/quadrupole-time-of-flight mass spectrometry, drift times of five synthetically
derived and fully characterized steroid glucuronides were measured and subsequently correlated to respective CCSs as
obtained in silico to form an analyte-tailored calibration curve. The CCSs were calculated by equilibrium structure
minimization (density functional theory) using the programmes ORCA with the data set B3LYP/6-31G and MOBCAL utilizing
the trajectory method (TM) with nitrogen as drift gas. Under identical experimental conditions, synthesized and/or urinary
stanozolol-N and O-glucuronides were analyzed to provide complementary information on the location of glucuronidation.
Finally, the obtained data were compared to CCS results generated by the system's internal algorithm based on a calibration
employing a polyalanine analyte mixture. The CCSs ΩN2 calculated for the five steroid glucuronide calibrants were found
between 180 and 208 Å2, thus largely covering the observed and computed CCSs for stanozolol-N1'-, stanozolol-N2'-, and
stanozolol-O-glucuronide found at values between 195.1 and 212.4 Å2. The obtained data corroborated the earlier suggested
N- and O-glucuronidation of stanozolol, and demonstrate the exploit of ion mobility and CCS computation in structure
characterization of phase-II metabolic products; however, despite reproducibly measurable differences in ion mobility of
stanozolol-N1'-, N2'-, and O-glucuronides, the discriminatory power of the chosen CCS computation algorithm was found to
be not appropriate to allow for accurate assignments of the two N-conjugated structures. Using polyalanine-based
calibrations, significantly different absolute values were obtained for all CCSs, but due to a constant offset of approximately
45 Å2 an excellent correlation (R2 = 0.9997) between both approaches was observed. This suggests a substantially
accelerated protocol when patterns of computed and polyalanine-based experimental data can be used for structure
elucidations instead of creating individual analyte-specific calibration curves.
Published as:
Thevis, M., Dib, J., Thomas, A., Höppner, S., Lagojda, A., Kuehne, D., Sander, M., Opfermann, G., and Schänzer, W. (2015)
Complementing the characterization of in vivo generated N-glucuronic acid conjugates of stanozolol by collision cross
section computation and analysis. Drug Test. Analysis, doi: 10.1002/dta.1907.
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Piper T, Schänzer W, Thevis M

Investigation and reconsideration of the 19-nortestosterone metabolism
Center for Preventive Doping Research Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
19-Nortestosterone (4-estren-17β-ol-3-one, NT) is prohibited by the World Anti-Doping Agency due to its anabolic effects.
Doping control analysis focuses on the main urinary metabolite 19-norandrosterone (5α-estran-3α-ol-17-one, NA) excreted
glucuronidated (G) into urine. In recent years, several studies demonstrated that besides NA other metabolites like
19-noretiocholanolone (5β-estran-3α-ol-17-one, NE) or 19-norepiandrosterone (5α-estran-3β-ol-17-one, NEpiA) excreted both
Gand sulphated (S) are promising candidates to detect NT misuse, too. EspeciallySconjugates might enable longer detection
times for NT misuse.
As NA can also be found in urine at low concentrations due toin-situ-demethylation of other abundant steroids or
endogenous production of 19-nor-steroids, the exogenous source of NA has to be verified in each case. Several attempts to
address this problem by calculating diagnostic ratios of the above mentioned metabolites taking into account their
phase-II-conjugation failed. Laborious determination of carbon isotope ratios of NA is the only way to identify its source
besides recently depleted values for NA excreted during pregnancy have also been reported.
Aim of this study was to re-investigate the metabolism of NT in order to improve the detection of its misuse and uncover
complementary diagnostic metabolites, which may allow for unambiguous attribution to an endo- or exogenous source of
the found NT metabolites.
After administration of threefold deuterated NT (16,16,17-2H3-4-estren-17β-ol-3-one) to one healthy male volunteer, urine
samples were collected for 20 days. During sample preparation unconjugated (U),GandSsteroids were separated and further
purified by means of high-performance liquid chromatography before trimethylsilylation. To unambiguously identify all
deuterated metabolites each sample was injected onto a gas chromatograph/thermal conversion/isotope ratio mass
spectrometer coupled to a single quadrupole mass spectrometer. Additional structural information was obtained by gas
chromatography/time-of-flight mass spectrometry employing chemical ionization and liquid chromatography/high resolution
mass spectrometry if necessary.
During the first 3days after administration, NT itself and numerous hydroxylated metabolites were excretedU,GandS. In
accordance with earlier studies NA (G+S), NE (G+S) and NEpiA (S)were detectable for more than 200 h, pointing once more
to the usefulness ofS-steroids for doping control analysis. One new metabolite was detected in the S-fraction excreted as
long as the other long-term metabolites. The structural elucidation is still ongoing as this metabolite might allow
differentiating between different sources of urinary NA.
Unexpected losses of deuterium during sulphatation and acidic hydrolysis at position 17 were detected and hydrolysis of
3-O-sulphates resulted in yet unreported acetylation of NA, NE and NEpiA.

This article is in press as:
Piper T, Schänzer W, and Thevis M. (2016 ) Revisiting the metabolism of 19-nortestosterone using isotope ratio and high
resolution/high accuracy mass spectrometry. J Steroid Biochem Mol Biol, doi:10.1016/j.jsbmb.2015.12.013
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Flenker U1, Riemann P1, Hülsemann F1,2, Gougoulidis V1, Haenelt N1, Braun H1,2, Köhler K1,2,
Mester J2, Schänzer W1

Still more physiological Effects on stable Isotope Ratios of endogenous
Steroids
Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1; German Research Centre of Elite Sport,
MOMENTUM, Cologne, Germany2

Abstract
Several physiological factors are known to control the 13C/12C ratios of endogenous steroids. In the human steroid production
largely seems to occur de novo. Therefore the importance of the proportions of C-4 and C-4 plants in the diet is straightforward. But very few is known about the immediate substrates that serve steroid production. Theoretically, steroids may be
made from acetate derived from proteins, fat, and carbohydrates to varying degrees.
Because these substrates exhibit different 13C/12C ratios, the corresponding dietary proportions should take effect on steroid
isotope signatures. We chose energy availability (EA) as an integrated independent variable. Briefly, EA indicates the
proportion of energy that is available for the maintenance of physiological functions. In general higher EA results in lower
steroid 13C/12C ratios. But the effect is different for different steroids. Moreover, it is much more pronounced in females than
in males. There are also detectable effects of the proportions of fat and carbohydrates in the diet. However, these effects
cancel when EA is considered.
Even less is known about the effects of enzymatic limitations during biosynthesis. There is evidence for isotopic fractionation
caused by various reduction of HMG-CoA, the key reaction in sterol and steroid biosynthesis. Consequently higher steroid
concentrations should result in higher steroid13C/12C ratios. This can generally be observed.
Due to down-regulation of HMG-CoA reduction, oral contraception should result in 13C/12C depletion. This has been observed
before. But more importantly, the patterns of the 13C/12C ratios are influenced. In particular 5α-androstanediol becomes
significantly depleted in 13C.
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Riemann P, Hülsemann F, Gougoulidis V, Fußhöller G, Haenelt N, Schult C, Macha A,
Schänzer W, Flenker U

Effects of reduced energy-uptake on concentrations and 13C/12C ratios of
urinary steroids – a case study
Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
In sports drug testing 13C/12C ratio analysis is the method of choice to discriminate between the sources of androgenic
anabolic steroids. But several physiological factors are also known that take effect on 13C/12C ratios of urinary steroids. E. g.,
oral contraception, pregnancy, and diet have been demonstrated to take effect. In spite of its potential relevance, hitherto
nothing has been known concerning the possible influence of energy restriction on 13C/12C ratios of endogenous steroids or
urinary steroid concentration. It has been shown before that food deprivation results in a suppression of cholesterol
biosynthesis. Cholesterol is an obligate precursor of steroid hormones. At the same time the key reaction of cholesterol
biosynthesis seems to cause fractionation of the carbon isotopes. Therefore both, effects of fasting on steroid concentrations
and on steroid 13C/12C ratios can be postulated.
In order to investigate the possible influence of reduced energy-uptake on these parameters, urine specimens have been
sampled during a seven-day fasting period from a female volunteer. Relevant parameters of the steroid profile and 13C/12C
ratios of selected steroids have been investigated.
Expectedly, reduced urinary steroid concentrations were observed during the fasting period. Moreover, increases of the A/E
and AD/BD ratios were detected. 13C/12C analysis showed a general depletion in 13C. But also changes in some Δδ13C values
were observed. In addition, correlations between steroid 13C/12C ratios and 13C/12C ratios of total urinary carbon were
observed.
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de la Torre X1, Procida G1, Curcio D1, Colamonici C1, Jardines D1, Molaioni F1, Botrè F1,2

Stability of endogenous steroids IRMS data. An additional tool for
longitudinal investigations.
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy1; Dipartamento di Medicina Sperimentale,
Rome, Italy2

Abstract
The confirmation of the abuse of synthetic pseudoendogenous steroids is based on the analysis by GC-C-IRMS. The current
WADA criteria to report an AAF are based on the population distribution of the selected target compounds (TC) compared to
the values of the endogenous reference compounds (ERC) (ΔδERC-TC < 3‰).
The overall methodology is based on the different content of 13C of the synthetic steroids (-33 to -27 ‰) compared to the
endogenously produced (-26 to -19 ‰). However there is an intermediate zone (-26 to -23) were the application of the
current limits lack of efficacy due to i) the distance between the endogenous steroids and the synthetic is below 3 ‰; ii) non
pharmaceutical preparations of synthetic steroids fall in this intermediate range.
In a previous work, we have observed that the inclusion of the IRMS data in the evaluation of the steroid profile and its
inclusion on the ABP may be of help in order to enlarge the detection window. In the present work, we studied the stability of
the IRMS parameters of healthy individuals in terms of short, intermediate and long terms variability over 1 year.
Our results show that the variability obtained for the IRMS data is lower than the one observed for the parameters of the
urinary steroid profile included in the ABP. In addition, for a given individual, the maximum acceptable variation of the IRMS
data is much lower than the population reference limits. This should permit to reduce the gap between the suspicion of an
atypical profile and the confirmation capacity by IRMS, and eventually detect the abuse of formulations of synthetic steroids
showing delta values close to the endogenous region.
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Leuenberger N1, Barras L1, Nicoli R1, Lion N2, Barelli S2, Tissot JD2, Saugy M1

Detection of autologous DEHP-free blood transfusion
DUMSC, CHUV, Swiss Laboratory for Doping Analyses, Lausanne, Switzerland1; Transfusion InterregionaleCRS, Epalinges,
Switzerland2

Abstract
In this study, different approaches to detect autologous blood transfusion (ABT) with DEHP-free blood bags were investigated.
Clinical study with volunteers underwent an ABT using either di(2-ethyl) hexylphtalate (DEHP)- containing or DEHP-free blood
bag containing n-butyryl-tri-(n-hexyl)-citrate (BTHC) was performed. Plasticizer metabolites, blood parameters and
biomarkers in iron metabolism have been tested. Our data suggest that iron metabolism biomarkers measurements are the
most efficient methods to detect autologous blood transfusion with DEHP-free blood bags.
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Kuuranne T1, Alfthan H2, Leinonen A1, Stenman UH2

Development of standardized methods for determination of hCG in urine
Doping Control Laboratory, United Medix Laboratories, Helsinki, Finland1; Department of Clinical Chemistry, University of
Helsinki, Helsinki, Finland2

Abstract
Human chorionic gonadotropin (hCG) immunoreactivity occurs in several forms of which intact hCG and hCGß core fragment
(cf) are the main products excreted into urine. The main clinical use for exogenous hCG administration is typically linked into
infertility treatments. The desired effect of hCG misuse in sports is based on its ability to stimulate testicular testosterone
production. For male athletes hCG is listed as a prohibited substance by the World Anti-Doping Agency (WADA) in the
category S2 of “Peptide hormones, growth factors, related substances and mimetics”. According to the current guideline,
total hCG assays are used for the initial testing procedure (ITP), whereas confirmation should target intact hCG. A urine
concentration >5 IU/L (corrected for specific gravity, SG) indicates hCG doping.
In order to evaluate immunological assays to be used in doping control, the concentrations of intact hCG and its subunits,
hCGa and hCGß were determined in approximately 1000 urinary doping control samples from male athletes, who agreed to
the use of their samples for research purposes. The samples for assay comparison were stored at +4°C without freezing and
thawing. Six commercial assays and three in-house methods were used to determine the different hCG-forms and
combinations of these, namely the hCG (3 assays), hCG + hCGß (1 assay), hCG + hCGß + hCGßcf (2 assays), hCGß (1
assay), hCGßcf, (1 assay), and hCGa (one assay). The specificity of the assays was determined with the International
Research Preparations for hCG issued by WHO and the reproducibility of the assays was determined by using two quality
control samples in each analytical batch during the testing period.
In general terms, the correlation between the assays was fairly poor, especially for samples with very low SG. However, the
study showed that hCG concentrations exceeding 2-3 IU/L are very rare in urine from male athletes, and none of the samples
showed concentrations above 2 IU/L in two different assays. One sample the study showed significantly elevated hCG and
hCGß concentrations, and following a prompt clinical investigation the person was diagnosed with testicular cancer.
Consequently, these results were excluded from the reference population. As a conclusion, our data support well the current
cut-off level of 5 IU/L and the approach to use two different assays for ITP and confirmation to ensure reliability of the
reporting based on immunological results.
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Dehnes Y1, Schulze J2, Myrvold L1, Holden G3, Drange M3

4 years of longitudinal profiles of GH-biomarkers of Norwegian elite
athletes
Norwegian Doping Control Laboratory, Oslo University Hospital, Oslo, Norway1; Nordic Athlete Passport Management Unit,
Oslo, Norway2; Anti-Doping Norway, Oslo, Norway3

Abstract
Following the promising results with regard to low individual variability in longitudinal profiles of the GH-biomarkers from
(presumed clean) national athletes compared to the profiles of bodybuilders with a private use of rhGH (results presented at
the MDW 2012), Anti-Doping Norway set up a monitoring programme in order to create individual biomarker profiles of a
limited number of athletes from their national registered testing pool. The rationale for this decision was to use the
individual profile data to identify athletes for targeted testing with the hGH isoform method, and to gain experience
regarding the prevalence of GH-doping amongst Norwegian athletes. Since then the pool of athletes included in this
monitoring program has steadily grown, as has the length of the profiles of those athletes followed for 3-4 years.
The samples have been analysed for PIIINP using the Orion UniQ RIA kit and the Immulite IGF-1 from Siemens, and over time
since collection of samples started early 2011. Though the Immulite IGF-1 can no longer be used for the GH-biomarker test
in doping control, the IGF-1 data still have a value when looking at between- and within-subject variation, the dissection of
within-subject variation into analytical and biological variation, gender differences in the marker mean and variability and so
on. Preliminary results from the analysis of these data for both markers will be presented.
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Walpurgis K1, Thomas A1, Schänzer W1, Thevis M1,2

Myostatin inhibitors in sports drug testing: Detection of
myostatin-neutralizing antibodies in plasma/serum by affinity purification
and Western blotting
Center for Preventive Doping Research/Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1;
European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany2

Abstract
Purpose:
Myostatin is a key regulator of skeletal muscle growth and inhibition of its signaling pathway results in an increased muscle
mass and function. The aim of this study was to develop a qualitative detection assay for myostatin-neutralizing antibodies
for doping control purposes by using immunological approaches.
Experimental design:
To detect different types of myostatin-neutralizing antibodies irrespective of their amino acid sequence, an immunological
assay specific for antibodies directed against myostatin and having a human Fc domain was established. Affinity purification
and western blotting strategies were combined to allow extracting and identifying relevant analytes from 200 µL of
plasma/serum in a non-targeted approach. The assay was characterized regarding specificity, linearity, precision, robustness,
and recovery.
Results:
The assay was found to be highly specific, robust, and linear from 0.1 to 1 µg/mL. The precision was successfully specified at
three different concentrations and the recovery of the affinity purification was 58%.
Conclusions and clinical relevance:
Within this study, an immunological detection assay for myostatin-neutralizing antibodies present in plasma/serum
specimens was developed and successfully characterized. The presented approach can easily be modified to include other
therapeutic antibodies and serves as proof-of-concept for the detection of antibody-based myostatin inhibitors in doping
control samples.

Published as:
Walpuris K, Thomas A, Schänzer W, Thevis M. Myostatin inhibitors in sports drug testing: Detection of myostatin-neutralizing
antibodies in plasma/serum by affinity purification and western blotting. Prot Clin Appl. 2015, DOI:10.1002/prca.201500043
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Thomas A1, Walpurgis K1, Brinkkötter P2, Delahaut P3, Schänzer W4, Thevis M1,4

Expanded test method for peptides >2 kDa employing immunoaffinity
purification and LC-HRMS/MS
Center for Preventive Doping Research, German Sport University, Cologne, Germany1; Klinik II für Innere Medizin,
University of Cologne, Zentrum für Molekulare Medizin Köln, Cologne, Germany2; Département Santé, CER Groupe ,
Marloie, Belgium3; Institute of Biochemistry, German Sport University, Cologne, Germany4

Abstract
Bioactive peptides with an approximate molecular mass of 2 - 12 kDa are of considerable relevancy in sports drug testing.
Such peptides have been used to manipulate several potentially performance enhancing processes in the athletes’ body and
include e.g. growth hormone releasing hormones (sermorelin, CJC-1293, CJC-1295, tesamorelin), synthetic/animal insulins
(lispro, aspart, glulisine, glargine, detemir, degludec, bovine and porcine insulin), synthetic ACTH (synacthen), synthetic IGF-I
(longR3-IGF-I) and mechano growth factors (human MGF, modified human MGF, “full-length”-MGF). A combined initial test
method using one analytical procedure is a desirable tool in doping controls and related disciplines as requests for higher
sample throughput with utmost comprehensiveness preferably at reduced costs are constantly issued. An approach modified
from an earlier assay proved fit-for-purpose employing pre-concentration of all target analytes by means of ultrafiltration,
immunoaffinity purification with coated paramagnetic beads, nano-UHPLC separation, and subsequent detection by means
of high resolution tandem mass spectrometry. The method was shown to be applicable to blood and urine samples, which
represent the most common doping control specimens. The method was validated considering the parameters specificity,
recovery (11-69%), linearity, imprecision (< 25%), limit of detection (5-100 pg in urine, 0.1 – 2 ng in plasma), and ion
suppression. The analysis of administration study samples for insulin degludec, detemir, aspart, and synacthen provided the
essential data for the proof-of-principle of the method.

Published as:
Thomas, A., Walpurgis, K., Tretzel, L., Brinkkötter, P., Fichant, E., Delahaut, P., Schänzer, W., and Thevis, M. (2015) Expanded
test method for peptides >2 kDa employing immunoaffinity purification and LC-HRMS/MS. Drug Test. Analysis, 7:990–998.
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Ferro P1, Krotov G2, Zvereva I2, Rodchenkov G2, Segura J1

Insight into the GHSR1a activity in urine after nasal administration of
500 µg of GHRP-1, GHRP-2, GHRP-6, Hexarelin and Ipamorelin
Fundació Institut Mar d´Investigacions Mèdiques IMIM, Barcelona, Spain1; Antidoping Center, Moscow, Russia2

Abstract
Background
Growth hormone releasing peptides (GHRPs) are a relevant part of the Growth Hormone Secretagogues (GHS) family
prohibited in sport. Although only one of those substances (GHRP-2, also known as pralmorelin) is authorized by health
authorities and for diagnostic purposes, others are widely available in the black market or through internet supply. All GHS
share the ability to interact with the membrane receptor GHSR1a, and to displace the endogenous ligand ghrelin (a
27 aminoacids Ser-3-octanoylated peptide) to different extent. If recombinant cells expressing the GHSR1a are incubated
with 125I-labelled ghrelin and subsequently with each GHS, the molecular activity of each GHS may be estimated by the
displacement of the radioactive labeled ligand from the receptor. This approach has been applied to a set of 20 synthesized
peptides, including GHRP-1, GHRP-2, GHRP-4, GHRP-5, GHRP-6, Hexarelin, Alexamorelin, Ipamorelin and truncated or
modified parts of these peptides. Overall results obtained allow to infer structure-activity information for those GHRPs and to
detect their presence (intact GHRPs and/or active metabolites) in excreted urines.
Objective: Based on the variety of compounds that exist in this family it is necessary to know its interaction with the
receptor and their ability to interact with the GHSR1a and potentially to release GH and exert an ergogenic effect in athletes.
Therefore, the aim of this study was to study how modifications of fundamental groups or amino acids to interact with the
receptor from GHRPs.
Methods
GHRP-1, GHRP-2, GHRP-4, GHRP-5, GHRP-6, Hexarelin, Alexamorelin, Ipamorelin and truncated analogs; and urine samples,
collected after single nasal administration of 200 µL of different secretagogues (2.5 µg/µL) were obtained as described in
Semenistaya et al [1]. These were analyzed by radiocompetition binding assay against [125I-His9]ghrelin (Perkin Elmer) at
15 pM. Samples were processed following the methodologies published previously by Pinyot et al. and Ferro et al. [2-4]
Results and Discussion
In this study we applied the competitive receptor binding assay methodology already developed and validated [2-4], to
study the affinity for the GHSR1a receptor of different GHRPs and some truncated forms (some of them potential metabolites)
in order to ascertain those amino acids and chemical groups essential for the interaction with the receptor and consequently
important to produce GH release. Subsequently, samples from excretion studies after a single nasal dose with five different
GHS were also tested to evaluate the detectability of these compounds (and/or their metabolites) using this
radio-competitive method.
Based on a common basic structure for most available GHRPs (scheme displayed in figure 1the study focused on to
determine the amino acids and chemical groups essential for the interaction based in the comparison of competition curves
from pairs of nearly identical GHS which had only one change in an amino acid or chemical group. Some studied compounds
lacked aminoacids at positions 1, 2, 4, 5 or 7. The latter (C-terminal) could also be either in the form of amide (-NH2) or free
acid (-OH).

Figure 1. Structure of studied GHRPs
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Aminoacids at position 1, 2, 3, 7 and substitution of the amide group with a free acid at the C-terminal end position were
evaluated. Competition binding curve were performed for all GHRPs and truncated analogs, and comparisons between
compounds was performed by observing their Ki values which showed their receptor affinity for each of the aforementioned
positions and groups. Results showed that the compound with the better affinity for the receptor was formed by 6 amino
acids (without any aminoacid at position 1) including a lysine at the N-terminal. Some other changes drived to reduce
interaction while other changes may fully eliminate it. In particular the lost of the amidation at the N-terminal lysine reduced
substantially the interaction with the receptor.
Eventually, urine samples from male subjects after nasal administration of a dose of 500 µg of five different GHRPs (GHRP-1,
GHRP-2, GHRP-6, Hexarelin and Ipamorelin) were tested by competition binding assay. Competitive binding activity was
detected in urine samples for all compounds. The shape of the activity profile resembled the pharmacokinetic profiles
obtained by HPLC-MS by Semenistaya et al [1] with the same samples, with activities different from pre-administration even
up to 18 hours thereafter for some compounds (GHRP-2 and GHRP-1). Strictly speaking, all compounds presented samples
with positive activity although Ipamorelin showed only a sample at time 3 hours (74.70% ± 8.53 RSB) which was at the limit
of the threshold established by Pinyot et al [3,4] to clearly indicate a positive sample with this method (76.3% RSB).
Conclusion
In summary, a study which determines the essential amino acids of GHRPs in the interaction with the GHSR1a receptor and
an understanding of the structure of GHRPs for such activity was performed. Furthermore the study on urine samples from
an excretion study after nasal administration confirms a new route of administration which facilitates greater viability of the
compounds in the body and relatively longer detection windows. These results could help to design future GHRPs with
therapeutic purposes and also to suspect those GHRPs which could be found more frequently in suspicious samples because
these GHRPs may be more active and therefore most abused by cheating athletes.
References
1. E. Semenistaya, I. Zvereva, A. Thomas, M. Thevis, G. Krotov, G. Rodchenkov. Determination of growth hormone releasing
peptides metabolites in human urine after nasal administration of GHRP-1, GHRP-2, GHRP-6, Hexarelin, and Ipamorelin. Drug
Test Anal. 2015. doi: 10.1002/dta.1787.
2. A. Pinyot, Z. Nikolovski, J. Bosch, J. Segura, R. Gutiérrez-Gallego. On the use of cells or membranes for receptor binding:
growth hormone secretagogues. Anal Biochem. 2010, 399(2), 174-81.
3. A. Pinyot, Z. Nikolovski, J. Bosch, G. Such-Sanmartín, S. Kageyama, J. Segura, R.Gutiérrez-Gallego. Growth hormone
secretagogues: out of competition. Anal Bioanal Chem. 2012, 402(3), 1101-8.
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Purification and analysis of Growth Hormone Secretagogues and its
biologically active metabolites by cell membrane-based receptor binding
followed by LC-MS/MS
Peptide Doping and Blood Analysis, Antidoping Centre Moscow, Moscow, Russia1; Fundació Institut Mar d´Investigacions
Mèdiques IMIM, Barcelona, Spain2; Institute of Immunology, Moscow, Russia3; Antidoping Centre Moscow, Moscow, Russia4

Abstract
Growth Hormone Secretagogues (GHS) include analogs of met-enkephaline (penta-, hexa-, hepta-peptides) and synthetic
non-peptide compounds such as SM-130686, Ibutamoren (MK-677), etc. This common ability of all GHS to bind with the
GHS-R1a results from greater intermolecular interaction between the ligand and receptor might be targeted. Considering
that the GHS have a great commercial interest they has been continuously growing both in number and chemical
heterogeneity, and the sample preparation techniques for GHS determination via both liquid-liquid extraction and solid
phase extraction methods is employed. Analysis of GHS by radio receptor binding assay for screening purpose in urine was
successfully developed [1]. Here we present a purification method of GHS and its biologically active metabolites using cell
membrane-coupled GHS-R1a receptor binding, adapted from [2], followed by mass spectrometry analysis.
We have investigated the capability of GHRPs (GHRP-1, GHRP-2, GHRP-4, GHRP-5, GHRP-6, Alexamorelin, Hexamorelin,
Ipamorelin), non-peptidic Ibutamoren (MK-677) and their biologically active metabolites to bind with GHS-R1a stably
expressed in HEK293cells. We applied: 1) water solutions of GHRPs, their metabolites and MK-677; 2) mixture of GHRPs,
MK-677 after incubation with HKM and LS 9 F sub-cellular fractions; 3) urine samples after GHRP-1, GHRP-2, GHRP-6,
Alexamorelin and Ipamorelin nasal administration to volunteers. After samples incubation with GHS-R1a receptor, captured
bioactive GHS was eluted and analyzed by LC‑MS/MSmethod.
The analysis of various samples showed that the range of biologically active synthetic compounds might be purified by
means of GHS-R1areceptor. All GHRPs, MK-677 and most of the GHRPs metabolites from the water solutions demonstrates
ability to bind with ghrelin receptorGHS-R1a. Incubation of GHRPs and MK-677 with HKM and LS9F sub-cellular fractions
produced mixtures of parent compounds and their metabolites. Most abundant mixture compounds also were detected after
GHSR-1areceptor purification. The results of analysis of two positive GHRP-6 and Hexarelin samples after SPE purification
and after GHSR-1a receptor purification were in accordance: both showed presence parent compounds GHRP-6, Hexarelin
and their metabolites GHRP-6(2-6)NH2, GHRP-6(2-5)OH and Hexarelin(1-3)OH, respectively. To conclude, it was shown that
receptor-mediated GHS purification could be implemented in anti-doping analysis.
[1] Pinyot A, Nikolovski Z, Bosch J, Segura J, Gutiérrez-Gallego R. On the use of cells or membranes for receptor binding:
growth hormone secretagogues. AnalBiochem. 2010 Apr 15;399(2):174-81.
[2] Pinyot A, Nikolovski Z, Bosch J, Such-Sanmartín G, Kageyama S, Segura J, Gutiérrez-Gallego R.Growth hormone
secretagogues: out of competition. Anal Bioanal Chem. 2012 Jan;402(3):1101-8.
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Strategies of EPO-Fc fusion protein detection by means of IEF-PAGE and
LC-MS/MS
Peptide Doping and Blood Analysis, Antidoping Centre Moscow, Moscow, Russia1; Lomonosov Moscow State University of
Fine Chemical Technology, Moscow, Russia2; Antidoping Centre Moscow, Moscow, Russia3

Abstract
The EPO-Fc fusion protein may be approved as a potential drug for anemia treatment and misused by athletes in endurance
sport. Nowadays, a number of biotechnological companies are selling EPO-Fc preparations for «Research purposes only».
Determination of EPO-Fc is possible by means of SAR/SDS-PAGE followed by Western blotting. However, contaminating
agents have the similar to EPO-Fc Relative front (Rf) values and may complicate the data interpretation and decrease the
selectivity of this method. Attempts to detect EPO-Fc using IEF-PAGE method was not successful since EPO-Fc protein has an
isoelectric point in the pH-range from 6 to 8 and low maximum voltage gradients reached during the run and low total
volt-hours used for focusing of EPO-Fc. It is known that the N- and O-glycan charge state and structure make a major
contribution to the net negative charge of EPO molecule and are essential since they have been employed to discriminate
between endogenous and exogenous EPO. Apparently, if Fc-fragment fused to EPO molecule, one additional site of
glycosylation is added at Asn 297 (according to IgG structure) and isoelectric behavior is extremely changed.In order to
extend the methodological framework for determination of EPO-Fc, the simple and selective method to remove the
additional site of glycosylation as a part of Fc-fragment followed by IEF-PAGE was developed. IdeS (immunoglobulindegrading enzyme ofStreptococcus pyogenes) as a highly efficient protease and specifically cleaves IgG molecules to yield
EPO-Hinge chimera and Fc-fragment.It was found that EPO-Hinge fragment after IEF-PAGE in combination with Western
double-blotting and chemiluminescence detection have a unique isoelectric profile, which is not comparable with the other
EPOs and consists of 8-10 bands located in basic area between α,β rEPO and CERA. The distance between the bands is less
than bands of CERA. After SAR/SDS-PAGE analysis of EPO-Hinge monomer fragment was observed with Rf-value higher than
NESP and slightly lower than α,β-rEPO BRP standard.Moreover, samples of EPO-Fc fusion protein spiked in serum with
different concentrations were purified followed by IdeS treatment and analyzed by IEF/SAR/SDS-PAGE in combination with
Western double-blotting and chemiluminescence detection. The detection limit (LOD) and recovery were specified.In
conclusion, we demonstrated a simple approach combining IdeS digestion with electrophoretic methods for reliable EPO-Fc
determination in blood. As shown in this study, the IdeS treated EPO-Fc becomes amenable for the analysis using pH 2–6
carrier ampholyte gels and selectively differentiate from contaminating proteins when using SAR/SDS-PAGE for analysis.
Since 2012 the EPO-Fc proteins are prohibited by WADA and SDS/SAR-PAGE followed by single or double immunoblotting
methods are using for routine anti-doping analysis at present time. Reviewing the our routine data received by SAR-PAGE
followed by single blotting the interferences of contaminating proteins having Rf-value similar to that of EPO-Fc were
occasionally noted. For the reliable identification of EPO-Fc mass-spectrometry method is preferable. It should be taken into
account that the prototyping peptides derived from EPO and IgG along are not selective enough because of both free
proteins are presented in human serumper se. Therefore in this study we have focused on the characterization of structure
EPO-Fc with the aim to find peptides covering unknown fusion breakpoints.
The commercially available recombinant human EPO-Fc protein was purchased via Internet and investigated by LC-HRMS
using “bottom-up”, “middle-up” and intact analysis approaches.
The tryptic digest derived from EPO-Fc sample includes characteristic peptides relevant to EPO and human IgG2, but not to
the linkage area of fusion protein. The proteases Glu-C (in bicarbonate buffer) and Lys-C were used separately to perform
hydrolysis in the other manner, which probably can release spacer peptides from fusion region of EPO-Fc. Following
spectrum-to-sequence assignment, the two of surrogate Glu-C and Lys-C peptide sequences were determined for EPO-Fc.
The amino acid sequences of unknown peptides were proposed as ACRTGDRGSE and LYTGEACRTGDRGSERK. Thus, we have
suggested, that protein of interest is defined to be chimera of C-terminus of EPO joined to hinge N-terminus of IgG2 through
dipeptide glycyl-seryl linker.
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The IdeS “middle-up” and intact LC-MS analysis of deglycosilation mix-treated EPO-Fc was employed to corroborate the
postulated structure. The observed mass of 88,175.1 Da from Full ESI-MS deconvoluted spectra (ProMass for Xcalibur) was
the intact protein chain of EPO-Fc. It was in a good correlation with the theoretically calculated mass of 88,175.9 Da (the
inter and intra chain disulfide bonds were fully oxidized, 8N residues were deamidated and C-terminal Lys was truncated).
Deconvoluted Full ESI-MS spectra of IdeS treatment EPO-Fc contained the peaks 40,631.6 Da and 23,789.2 Da, which are
matched to calculated masses of reduced EPO-Fc fragment and Fc part of IgG2 without hinge (23,789.7 Da and 40,632.5
Da).
In conclusion, we demonstrated here an approach to characterizing fusion proteins with unknown structure. Peptides
covering unknown fusion breakpoints were obtained, and can be used for the following development of LC-MS method for
determination of EPO-Fc misuse in sport.

Published as:
Postnikov, P., Krotov, G., Mesonzhnik, N.,Efimova, Y., and Rodchenkov, G. (2015) Fc-fragment removal allows the EPO-Fc
fusion protein to be detected in blood samples by IEF-PAGE.Drug Test. Analysis, 7:999–1008. doi:10.1002/dta.1916.

* Manfred-Donike-Award for Grigory Krotov
This year's Manfred-Donike-Award for the best oral presentation went to Dr Grigory Krotov, group leader at the Antidoping
Centre Moscow, Russia. Dr Krotov presented an integrated workflow to facilitate and improve the detection capability of
routine test methods for erythropoietins to efficiently include the fusion protein EPO-Fc, specifically by degrading the target
analyte by an immunoglobulin-degrading enzyme prior to its analysis. Besides the use commonly employed isoelectric
focusing and polyacrylamide gel electrophoretic approaches, potential target peptides for mass spectrometry-based test
methods were also suggested as identified from bottom-up sequencing analyses of commerical EPO-Fc products.
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Zhang L, He C, Xu Y

Detection of lanthandies tagged monoclone antibody of erythropoietin by
Inductive Coupled Plasma Mass Spectrum(ICP-MS)
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
Labeling of biomolecules with lanthanides then detect with an Inductive Coupled Plasma Mass Spectrum(ICP-MS) is a newly
developed technique for detection and quantification of them for recent years, yet it has not been used in doping control
area. The detection limit of ICP-MS for certain lanthanides has reached a very low level of 1ug/L, its advantage of high
sensitivity makes new strategy based on metal tagging technique became possible.
Our study attempt to utilize Laser ablation (LA)-ICP-MS analyzing the lanthanides tagged proteins on PVDF membranes as an
alternative for the traditional biotin-streptavidin antibodies with chemiluminescent detection.
Among different chelating compounds, we choose 1,4,7,10-Tetraazavyvlododecane-1,4,7,-tris(aceticacid)-10-maleimidoethylacetamide (MMA-DOTA) with TCEP as reducing agent. Three of the most popular lanthanide reported by other
researchers (Sm, Eu, Tb) were introduced onto the Erythropoietin (EPO) monoclone antibody (clone AE7A5 from R&D) which
was recommended by WADA Technical Document. The EPO standards were purified with Stemcell ELISA wells, separated by
SDS-PAGE, and then transferred onto a PVDF membrane same as the traditional EPO doping analysis procedure. After
incubation with tagged antibody and a slightly changed washing step, the membranes are analyzed by a commercial
available LA-ICP-MS platform.
All three of the lanthanides were successfully introduced onto the antibody as expect, which was confirmed by dilute, and
shoot the extensively washed antibody into the ICP-MS. And the EPO bands can be detected by the LA-MS around 1mg/L.
Although the sensitivity of this new method is yet not comparable with the current well-established doping analysis
procedures, our result implies the possibility of implementing new way of detecting prohibited substances with big molecular
with western-blot-based method.
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Gmeiner G, Benetka W, Passet C, Reichel C

News from GASepo
Doping Control Laboratory, Seibersdorf Laboratories, Seibersdorf, Austria

Abstract
SInce GASepo was introduced in 2007 as a software tool for the quantitative processing and evaluation of gel images
deriving from IEF- or SDS-PAGE analysis, it is used by almost every WADA accredited anti-doping laboratory worldwide. Due
the constant progress in the technical basis of EPO detection - best expressed by new versions of the respective WADA
technical document TD EPO - software updates with new features are required to cope with these developments. The lecture
introduces the most recent software version, including tools like side plot differentiation and band volume splitting, and
provides information for software update access.
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Vogel M, Thomas A, Schänzer W, Thevis M

Detection of Erythropoietin Mimetic Peptide-Based Drugs from Human
Urine by means of EPOR-purification and LC/MS/MS determination
Center for Preventive Doping Research/Institute of Biochemistry, German Sport University Cologne , Cologne, Germany

Abstract
Investigations into new forms of erythropoietin mimetic peptide (EMP)-based drugs have resulted in alternative treatment
options of EPO deficiency in an innovative way besides the common use of recombinant forms of erythropoietin [1]. These
drugs unify the affinity for the EPO receptor and simultaneously provide a prolonged serum half-life as a reason of structure
modifications (i.e. pegylation). In 2012 the first EMP based drug, peginesatide, was launched and introduced a new era of
anti-anemic drugs with a non-conforming structure to EPO [2,3]. Abusing the intended purpose of the drug, dishonest
athletes can take advantage of the hematocrit-increasing properties and gain benefits in endurance performance. To date,
two methods for the temporarily approved drug peginesatide were implemented successfully in the field of anti-doping
depending on LC-MS and immunoaffinity analytics [4,5]. Nevertheless, the possibilities of EMP sequences to be integrated in
modern drugs is still growing and two capable pipeline molecules in form of CNTO 528/530 and AGEM400(HES) have been
published [6,7]. Thereby, the treasury of the EMP molecular modeling has not yet reached its limits and new structures bear
the potential of being misused in future as prohibited substance.
To find a generic method for the detection of suspicious EPO-mimetic oligopeptides, structural similarities of EMP sequences
were pinpointed for possible bottom-up analytical targets instead of manufacturing high-cost antibodies for each molecule.
In this study we present a generic EPO-receptor (EPOR) dependent assay for the detection of EMP structures by means of a
cysteine specific cleavage and subsequent liquid chromatography / high resolution-high accuracy tandem mass
spectrometry. Peginesatide was used as model substance and representative drug for this methodology with the additional
identification of the AGEM400(HES) monomer, BB68, and the CNTO530 Mimetibody ® integrated peptide EMP1. The
respective LOD for peginesatide in urine was 0.25 ng/mL. Further parameters consisted of specificity, linearity, precision,
recovery, stability and ion suppression.
1. Macdougall, I. C.: Novel erythropoiesis-stimulating agents: a new era in anemia management. Clin J Am Soc Nephrol 3,
200-7 (2008)
2. Locatelli, F., Del Vecchio, L.: HematideTM for the treatment of chronic kidney disease-related anemia. Expert Review of
Hematology 2, 377-383 (2009)
3. Stead, R. B., Lambert, J., Wessels, D., Iwashita, J. S., Leuther, K. K., Woodburn, K. W., Schatz, P. J., Okamoto, D. M., Naso,
R., Duliege, A. M.: Evaluation of the safety and pharmacodynamics of Hematide, a novel erythropoietic agent, in a phase 1,
double-blind, placebo-controlled, dose-escalation study in healthy volunteers. Blood 108, 1830-4 (2006)
4. Moller, I., Thomas, A., Geyer, H., Schanzer, W., Thevis, M.: Synthesis, characterisation, and mass spectrometric detection
of a pegylated EPO-mimetic peptide for sports drug testing purposes. Rapid Commun Mass Spectrom 25, 2115-23 (2011)
5. Leuenberger, N., Saugy, J., Mortensen, R. B., Schatz, P. J., Giraud, S., Saugy, M.: Methods for detection and confirmation of
Hematide™/peginesatide in anti-doping samples. Forensic Science International 213, 15-19
6. Bugelski, P. J., Capocasale, R. J., Makropoulos, D., Marshall, D., Fisher, P. W., Lu, J., Achuthanandam, R., Spinka-Doms, T.,
Kwok, D., Graden, D., Volk, A., Nesspor, T., James, I. E., Huang, C.: CNTO 530: molecular pharmacology in human UT-7EPO
cells and pharmacokinetics and pharmacodynamics in mice. Journal of biotechnology 134, 171-80 (2008)
7. Greindl, A. K., C.; Breuer, B.; Haberl, U.; Rybka, A.; Emgenbroich, M.; Pötgens, A.J.G. and Frank H.-G.: AGEM400(HES), a
Novel Erythropoietin Mimetic Peptide Conjugated to Hydroxyethyl Starch with Excellent In Vitro Efficacy. The Open
Hematology Journal 4, 1-14 (2010)
This article is publishes as:
Vogel M, Thomas A, Schänzer W, Thevis M. EPOR-Based Purification and Analysis of Erythropoietin Mimetic Peptides from
Human Urine by Cys-Specific Cleavage and LC/MS/MS.J Am Soc Mass Spectrom. 2015 Sep;26(9):1617-25. doi: 10.1007/
s13361-015-1189-8
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Kojima A1, Okano M1, Dohi M2, Kageyama S1

Analysis of polysaccharides dextran and hydroxyethylstarch in dried blood
spot and urine
Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan1; Medical Center, Japan Institute of Sports Sciences,
Tokyo, Japan2

Abstract
The misuse of dextran and hydroxyethylstarch (HES)is prohibited as masking agents by the World Anti-Doping Agency.
When the use of these substances with masking effect is determined in urine, athletes are asked to account for the violation
of the rules. However, blood sample collection for Athlete Biological Passport (ABP) program may be coordinated without
urine collection at the same time. The aim of this study was to investigate the validity of blood analysis using dried blood
spot (DBS) card for detecting these substances by comparing it to conventional urine analysis. Intravenous administrations
of HES and dextran into seven male volunteers were studied. Significant decreases of the haemoglobin values were
observed after the infusion of each substance (1–6 h) and that of the haematocrit were also observed (HES: 1–9 h, dextran:
1–3 h). Despite the maximum concentration of HES in DBS was nearly one-fortieth value of that in urine, blood HES could be
detected up to 48 h after administration in all seven volunteers. Urinary concentrations of dextran were higher than the
threshold (0.5 mg/mL) at 1–24 h after administration. For DBS, the detection window was up to 48 h. This means that when
the threshold for dextran in blood is applied, the use of dextran would be effectively detected. HES and dextran could be
successfully detected in DBS during the periods of masking of blood parameters.
In the ABP program coordinated without urine collection, blood analysis can catch the masking of blood parameters. The
detail results will be published elsewhere.
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Sardela VF, Scalco FB, Cavalcante KM, Simoni RE, Pereira HM, Maria Lucia Cd, Aquino
Neto FR

Fast doping analysis for glycerol
LBCD - LADETEC/IQ, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

Abstract
Athletes may use glycerol to mask the presence of forbidden substances or to enhance performance, inclusively through
hyperhydration achieved by glycerol ingestion with added fluid. Therefore, glycerol was introduced in the WADA prohibited
list. In the present work, a protocol for the fast detection of glycerol in urine is proposed. It consists of a previous visual
colorimetric screening, followed by a quantitative/qualitative confirmation analysis by mass-spectrometry. The screening
procedure involves a reaction in which polyhydric alcohols are oxidized by periodate to formic acid and formaldehyde, which
is detected by addition of fuchsin solution. For the subsequent qualitative/quantitative confirmation analysis, a gas
chromatography/mass spectrometry based approach with a non-deuterated internal standard and a drying step of only ten
minutes was proposed. The linear correlation was demonstrated in the WADA´s threshold range. The calculated RSD were
2.1% for within day and 2.8% for the between day precision. The uncertainty estimation was calculated, and a value of 2.7%
was obtained. The procedure may also be used for the analysis of other polyols in urine, as for example the PVE mannitol.
Acknowledgements: FUJB, FAPERJ, CNPq and Ministry of Sport.
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Deventer K1, Cooman H2, Van Eenoo P1

Screening and confirmation of a glycerol-positive urine sample.
Doping Control Laboratory (DoCoLab)- Ghent University (UGent), Gent, Belgium1; National Anti-doping Federation of
Flanders, Brussel, Belgium2

Abstract
Glycerol, also known as propane-1,2,3-triol, is widely used in the food-industry as an additive (E422) to sweeten and
preserve food. As pharmaceutical agent it is used as lubricant and laxativum. In sports it can be used intravenously to avoid
dehydration or to alter (moderately) blood parameters. Glycerol can also be found endogenous in urine. Taking into account
the endogenous occurrence urine, the threshold is set to 4.3 mg/mL. Despite the described (moderate) benefits of glycerol
misuse, it was not expected to have an AAF for this substance. However, recently a routine doping sample was found to
contain glycerol in concentrations higher than the decision limit of 5.3 mg/mL. The glycerol was screened for by LC-HRMS
and confirmed using a GC-EI-MSD method. The sample was reported as AAF to the National-Anti-Doping-Authority of
Flanders (NADOF).
Published as:
Deventer, K., and Van Eenoo, P. (2015) Screening and confirmation of a glycerol-positive case.
Drug Test. Analysis, 7: 1009–1013. doi: 10.1002/dta.1913.
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Okano M, Nishitani Y, Kageyama S

Influences of intravenous infusion of glycerol on urinary glycerol
concentrations and blood parameters
Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan

Abstract
Glycerol is listed on the World Anti-Doping Agency (WADA) prohibited list under paragraph S5. Diuretics and Masking agents.
The influence of glycerol on doping-relevant blood parameters was investigated by comparing the intravenous infusion of
glycerol (20 g/200 mL) with that of an electrolyte (8 g glucose/200 mL) as a comparator (i.v. infusion, 200 mL in 1 h). This
study was also designed to evaluate whether the urinary glycerol concentrations reached the WADA threshold after the
infusion. Significant decreases of the haemoglobin, haematocrit and OFF-hr Score values were observed after the infusion.
Glycerol infusion significantly increased the plasma volume by 12.1% (1 h), 6.3% (2 h) and 5.7% (3 h) compared with the
individual basal values. There were no significant differences in the change of the plasma volume between the intravenous
infusions of glycerol and the glucose-based electrolyte. This finding might indicate that glycerol itself only exhibited limited
effects on the expansion of plasma. The urinary glycerol concentrations increased to 6858 ± 2858 μg/mL at 1 h and 6454 ±
3085 μg/mL at 2 h. The intravenous infusion of glycerol can most likely be detected using the current urine analysis;
however, the dependence of the concentration of urinary glycerol on the urine volume should be considered. The detail
results will be published elsewhere.
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Chundela Z, Große J

Olodaterol and vilanterol detection in sport drug testing
Institute of Doping Analysis and Sports Biochemistry Dresden, Kreischa, Germany

Abstract
The possibility of olodaterol and vilanterol detection in human urine for the purpose of sport drug testing was investigated.
The novel long-acting β2-adrenoceptor agonists for inhalation use were approved for human usage in EU countries. As for β2agonists in general, they are included in the WADA Prohibited List. If an athlete intends to apply these substances for
medical treatment a Therapeutic Use Exemption (TUE) would be required.
Compounds of interest were isolated from urine following methods commonly used in the WADA accredited laboratories
(enzymatic hydrolysis and liquid-liquid extraction) and LC-MS/MS (ESI+) analyses were employed in MRM mode. For both
substances, after a single therapeutic inhaled dose the respective parent compound was detected. In the case of olodaterol
one metabolite was found in addition. The concentration of olodaterol as well as vilanterol in urine is low. Nevertheless the
parent compounds are currently the best targets for the detection of these compounds.

Published as:
Chundela, Z., and Große, J. (2015) Olodaterol and vilanterol detection in sport drug testing.
Drug Test. Analysis, doi: 10.1002/dta.1918
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Tretzel L1, Sigmund G1, Dörries L1, Piper T1, Schänzer W1, Thevis M1,2

Urinary phenylethylamine in sports drug testing
Center for Preventive Doping Research, Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1;
European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany2

Abstract
As of January 2015, phenylethylamine (PEA) is a prohibited substance according to the regulations of the World Anti-Doping
Agency (WADA). Consequently, doping control laboratories are testing for this compound in routine sports drug testing
samples, which has been shown to present an analytical problem due to the natural occurrence of PEA in both dietary
products as well as the human metabolome.
In order to probe for the prevalence of this substance and its abundance in routine doping control samples, a retrospective
analysis of electronic data (GC-MS/NPD) concerning specimens analyzed in Cologne in 2014 was conducted with a total of
12490 samples. In a first set of 2300 samples, all occurrences of PEA of more than 25ng/mL were noted. Due to 297 findings
(12.9%), only concentrations higher than approximately 1000 ng or PEA per mL of urine were recorded for the following
10190 samples, resulting in another 31 findings (0.3%). In the absence of a specific threshold for PEA, these samples would
represent adverse analytical findings in 2015; however, the origin of the detected PEA is yet to be clarified.
In a pilot study, a dietary supplement consisting of capsules containing 125 mg of PEA was consumed by two healthy male
volunteers (ingesting 2 capsules each), and urine was collected prior to and up to 48 h post application. PEA was quantified
using a validated dilute-and-inject isotope-dilution LC-MS/MS approach, demonstrating that orally ingested PEA is not
eliminated intact into urine.
The interpretation of these results suggests that measuring PEA from urine cannot be used to determine the misuse of PEA;
quite the contrary, the detection of urinary PEA seems acausal and unrelated to the oral administration of the drug and the
generation / elimination into urine is based on other phenomena. Consequently, both athletes and doping control
laboratories should be informed about the situation and potential adverse analytical findings should not be issued without
consulting WADA and/or before the origin of urinary PEA and the metabolic fate of orally ingested PEA are identified.

Published as:
Sigmund, G.,Dib, J.,Tretzel, L.,Piper, T.,Bosse, C.,Schänzer, W., andThevis, M.(2015) Monitoring 2-phenylethanamine and
2-(3-hydroxyphenyl)acetamide sulfate in doping controls. Drug Test. Analysis, doi:10.1002/dta.1909.
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Knoop A1, Krug O1, Vincenti M2, Schänzer W1, Thevis M1

In vitro metabolism studies and LC-MS characterization of SARM
LG121071 for routine doping control
Center for Preventive Doping Research, Institute of Biochemistry, German Sport University Cologne, Cologne, Germany1;
Dipartimento di Chimica, Università degli Studi di Torino, Turin, Italy2

Abstract
LG121071 is a member of the tetrahydroquinolinone-based class of selective androgen receptor modulator (SARM) drug
candidates. These nonsteroidal compounds are supposed to act as full anabolic agents with reduced androgenic properties.
As SARMs provide an alternative to anabolic androgenic steroids, they represent an emerging class of potential doping
substances abused by athletes for illicit performance enhancement. According to the World Anti-Doping Agency's regulations,
SARMs are banned substances and part of the Prohibited List since 2008. In consideration of the increasing number of
adverse analytical findings in doping controls caused by SARMs abuse, potential drug candidates such as LG121071 have
been proactively investigated to enable a timely integration into routine testing procedures even though clinical trials are
not yet complete. In the present approach, the collision-induced dissociation (CID) of LG121071 was characterized by means
of electrospray ionization-high resolution/high accuracy mass spectrometry, MS(n), and isotope labeling experiments.
Interestingly, the even-electron precursor ion [M + H](+) at m/z 297 was found to produce a radical cation at m/z 268 under
CID conditions, violating the even-electron rule that commonly applies. For doping control purposes, metabolites were
generated in vitro and a detection method for urine samples based on liquid chromatography-tandem mass spectrometry
was established. The overall metabolic conversion of LG121071 was modest, yielding primarily mono-, bis- and
trishydroxylated species. Notable, however, was the identification of a glucuronic acid conjugate of the intact drug,
attributed to an N-glucuronide structure. The sample preparation procedure included the enzymatic hydrolysis of
glucuronides prior to liquid-liquid extraction, allowing intact LG121071 to be measured, as well as the corresponding phase-I
metabolites. The method was characterized concerning inter alia lower limit of detection (0.5 ng mL(-1) in urine), recovery
(40%), and intra-/interday precision (2.3% to 11.7%) to assess its fitness for purpose. Prospectively, the assay can serve as
detection method for LG121071 in drug testing and/or doping controls.
Published as:
Knoop A, Krug O, Vincenti M, Schänzer W, Thevis M. In vitro metabolism studies on the selective androgen receptor
modulator (SARM) LG121071 and its implementation into human doping controls using liquid chromatography-mass
spectrometry. Eur J Mass Spectrom 2015;21(1):27-36. doi: 10.1255/ejms.1328.

RECENT ADVANCES IN DOPING ANALYSIS (23)

271

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Nikitina M1, Zhuravleva M2, Krotov G2, Rodchenkov G2

Serum microRNA profiling by HiSeq1500 after rEPO administration

Peptide Doping and Blood Analysis, Moscow Antidoping Centre, Moscow, Russia1; Moscow Antidoping Centre, Moscow,
Russia2

Abstract
Circulating microRNA are promising biomarkers of administration of doping agents. The real-time PCR (qPCR) and microarray
approaches were used. The microRNA profiling by means of mentioned methods are limited by set of targeted genes. Next
Generation Sequencing in contrast to microarrays and qPCR in microRNA research is able to profile unknown genes.
Here we present our study aimed at the finding of a new markers of rEPO abuse using determination changes in circulating
microRNA expression. Healthy volunteer man 25 years old with BMI 27.5 kg/m2 received a single subcutaneous injection of
epoetin α at a dose of 30 MU/kg. Plasma samples were collected before injection and ten days after. The circulating
microRNA’s fraction was extracted from 5 ml blood plasma by QIAamp Circulating Nucleic Acid Kit. Assessing the quantity
and quality of our experimental starting material were performed on Agilent Bioanalyzer. NEBNext® Small RNA Library Prep
Set for Illumina® (Multiplex Compatible) was used to prepare the library for further sequencing. Sequence was done by NGS
technology on the HiSeq1500 Illumina. We obtained more than 10 million reads per sample and the reads were mapped to
the human genome (hg19) using Bowtie2 software. Differential expression analysis of miRNA was performed using EdgeR
software. A P-value less than 0.0001 was considered as significant. We revealed differential expression of 49 microRNA that
had more than ten reads in both samples and 6 statistically significant microRNA: hsa-mir-146b, hsa-mir-16-2, hsa-mir-484,
hsa-mir-101-1, hsa-let-7a-1, hsa-mir-20a.
In conclusion, to discover promising antidoping microRNA markers by NGS a larger group of volunteers and confirmation of
the results by an independent method e.g. qPCR are needed. To improve percentage of mappable reads it is necessary to
realize additional purification step of the extracted microRNAs.
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Kishikawa Y, Otsuki T, Kawahara T, Ueki M

Novel methods for identification of recombinant glycoprotein hormones
Anti-doping Research Laboratory, Japan Chemical Analysis Center, Tokyo, Japan

Abstract
Gonadotropin hormones (GtH) such as Human chorionic gonadotropin (hCG) and Luteinizing Hormone (LH) are prohibited by
the World Anti-Doping Agency (WADA) and are currently tested only in males by immunoassay. However, the immunoassay
is difficult for ascertainment to GtH from the various sources, e.g. familial hCG, gonadotropin-secreting tumors, recombinant
gonadotropin (i.e., doping substance).
It is well known that the Chinese hamster ovary (CHO) cell, which is popular host for production of recombinant GtH (rGtH)
without any alpha 2, 6-Sialyltransferase, unlike human cell. Accordingly, GtH from human (hGtH) possess N-acetylneuraminic
acid (NeuAc) linked to galactose (Gal) by alpha 2-6 linkages (NeuAc (alpha 2-6) Gal), but the rGtH from CHO cell are lack of
NeuAc (alpha 2-6) Gal sequence. Furthermore, it is reported that the Lectin from Sambucus sieboldiana (SSA) specifically
bind to NeuAc (alpha 2-6) Gal / GalNAc sequence. SSA showed a propensity for binding with GtH, except in rGtH.
In our previous studies with Follicle stimulating hormone (FSH) for modeled gonadotropin doping, SSA-column method has
been demonstrated as a useful for separate rGtH from hGtH. The purpose of our study is to develop analytical methods
applicable to detect the rGtH doping using immobilized SSA.
Initial studies of this project were financially supported by WADA. Grant code: 11B15MU, 13B10MU
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Mesonzhnik N1, Krotov G1, Rodchenkov G2

Identification of a new insulin mimetic compound S597 in the preparation
available via Internet
Peptide Doping and Blood Analysis, Antidoping Centre Moscow, Moscow, Russia1; Antidoping Centre Moscow, Moscow,
Russia2

Abstract
Recently a several group of synthetic peptides were found to bind different sites on insulin receptor. The heterodimer
peptide (site 2-site 1 mimetic) named S597 has induced metabolic signaling pathways in the similar manner as insulin, but
has shown poor mitogenic response. Despite of the fact that insulin mimetic compound S597 is not approved for therapeutic
use, it is easily accessible via Internet and can be used by athletes to improve performance.In the present study content of
vial obtained from Internet («5 star» manufacturer) was investigated by LC-HRMS/MS using Ultimate 3000 nano-LC system
coupled with hybrid quadrupole-Orbitrap “Q Exactive” (Thermo Scientific) in order to determine whether it contained labeled
peptide substance.The reported amino acid sequence of S597 consists of 31 amino acid residues in the following order:
SLEEEWAQIECEVYGRGCPSESFYDWFERQL. In addition, C-terminal amide and N-acetyl modifications can be incorporated into
the structure of polypeptide molecule.The experimentally measured MW was found to be 2 Da lower than calculated MW of
end-terminals modified polypeptide sequence, which contains two cysteine residues. This mass difference was leveling after
the reductant treatment (DTT) and suggests that internal disulfide bond was present in the S597 structure. The product ion
spectrum of triple charged precursor ion (m/z 1275.5582) contained the most intense peaks belonged to N-terminal
fragments, relevant to the brief singly charged b-ion and doubly charged y-ion series. The observed ions were consistent
with the N-terminal serine acetyl and C-terminal leucine amide modifications. The disulfide bond was identified from the
accurate mass measurement of the N-terminal y-ions (matched to the predicted mass minus two hydrogen atoms).In order
to allow unambiguous structure assignments, tryptic digests of reduced and alkylated S597 compound were examined by
LC-MS/MS. Fragmentation of the doubly-protonated alkylated tryptic peptides yielded complex fragmentation patterns
consisting clearly visible characteristic b- and y-ions allowing to verify the amino acid sequence of polypeptide.Using two
approaches, the mass-spectrometric structure characterization of polypeptide s597 was performed on either the intact
molecule or on small tryptic fragments. The experimentally obtained LC-HRMS data of investigated substance were
consistent with the authentic amino acid sequence of S597 insulin mimetic peptide consisted of 31 amino acid residues with
disulfide bond, C-terminal amide and N-terminal acetyl modifications.Theobtained data were included into the screening
program to monitoring s597 abuse and to be validated for the doping-control purposes.

RECENT ADVANCES IN DOPING ANALYSIS (23)

274

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Reihlen P, Blobel M, Völker-Schänzer E, Schänzer W

Quick stripping procedure for the reduction of artefacts during EPO
analysis
Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
Erythropoietin (EPO) abuse in sports is detected by electrophoretic separation methods (e.g.: sodium dodecylsulfate
polyacrylamide gel electrophoresis (SDS-PAGE), Sarcosyl-PAGE (SAR-PAGE) and isoelectric focusing-PAGE (IEF-PAGE))
combined with downstream immunoblotting. While the electrophoretic separation is easy to reproduce, the actual challenge
lies in generating low-background immunoblots absent of artefacts (spots, smears, cross-reactions). An analysis which does
not fulfill the acceptance criteria defined by the current Technical Document (TD2014EPO) of the World Anti-Doping Agency
(WADA) due to interfering artefacts is invalid and needs to be repeated. The stripping of a blot with 7% acetic acid is a quick
and reliable way of repeating an analysis without the need to use extra sample volume for an additional sample preparation.
It was shown that high background, spots and cross-reactions can be avoided when repeating incubation, washing and
detection steps after the stripping procedure. In case of conformation and B-analyses with low sample volumes, it can be
essential to repeat the procedure without the need of an additional sample preparation.
Published as:
Reihlen, P., Blobel, M., Kempkes, R., Reichel, C., Völker Schänzer, E., Majer, B., and Schänzer, W.(2015) Optimizing SAR-PAGE.
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Zvereva I1, Semenistaya E1, Krotov G1, Rodchenkov G2

Effectiveness of various in vitro model systems for the prediction of the
small biologically active peptide metabolites
Peptide Doping and Blood Analysis, Antidoping Centre Moscow, Moscow, Russia1; Antidoping Centre Moscow, Moscow,
Russia2

Abstract
Different synthetic peptides are apparently doping agents and readily available via the Internet. Over the last decade the
demand for such compounds is rising [1], and reliable methods are needed for detection of these peptides. Excretion time of
metabolites might exceed excretion time of the parent compounds as were shown in our previous work. Currently it is not
possible to study metabolism of peptides of interest by invivo approach in human because most of synthetic peptides have
not been approved for human consumption, or have even failed clinical trials. Invitro methods are an alternative which does
not require ethic committee approval.We have investigated biotransformation of GHRPs (GHRP-1, GHRP-2, GHRP-4, GHRP-5,
GHRP-6, Alexamorelin, Hexamorelin, Ipamorelin), Desmopressin and fragment TB-500 using various model systems of
enzymatic polypeptide compounds degradation, which may exist in human body. We have applied proteases: endopeptidase
LysC, human recombinant aminopeptidaseN and carboxypeptidaseM, human recombinant carboxypeptidaseB, porcine renal
microsomal leucine aminopeptidase, carboxypeptidaseB from bovine pancreas and human serum, human kidney
microsomes, human liver microsomes and liver S9fraction to obtain metabolites of peptides. Samples after incubation were
analyzed by LC-MS/MSmethod.It was shown that the use of enzymes for the simulation of peptides metabolism is
inappropriate, because the peptidases demonstrates unpredictable proteolytic activity in the most of experiments. We
suggest that it was caused by a range of factors which may influence the direction of metabolism. These factors include:
source of enzymes, methods of enzymes purification, purity, delivery and storage condition. Moreover proteolytic
degradation of GHRPs in human kidney microsomes and liver S9fraction occurs for all peptide bonds regardless protective
modifications in peptide primary structure, such as C-terminal peptide amidation and presence unnatural amino acids.
Human kidney microsomes and liver S9fraction also demonstrate enzymatic deamidation activity, which removed C-terminal
amide-group among all Lys-including GHRPs. In contrast, in human serum the proteolytic degradation is restricted and the
deamidation does not observed. We suggest that human kidney microsomes and liver S9fraction as the most appropriate in
vitro model system for simulating metabolism of bioactive peptides.
[1] I. Zvereva, E. Semenistaya, G. Krotov, G. Rodchenkov. Identification of Peptide Doping Substances Distributed through
the Internet. Analytica. 3/2014: 58-70.

RECENT ADVANCES IN DOPING ANALYSIS (23)

276

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Semenistaya E1, Zvereva I1, Krotov G1, Rodchenkov G2

High throughput sample preparation for analysis of small biologically
active peptides from human urine
Peptide Doping and Blood Analysis, Antidoping Centre Moscow, Moscow, Russia1; Antidoping Centre Moscow, Moscow,
Russia2

Abstract
Peptide analysis, 24 hours turn-around-time, was successfully implemented at Sochi Olympic Anti Doping Laboratory in 2014
[1]. Since 2015 WADA requires analysis of 5-30% of urine samples in different sports for the presence of GHRPs [2],
implementation of high throughput approach is needed to process large numbers of samples.
LC-MS/MS analysis of GHRPs and their metabolites, LHRH, acetylated TB-500 and Desmopressin was implemented in our
laboratory. Sample preparation includes urine samples (1 ml) pH adjustment to pH 6-6.5, solid phase extraction (SPE) on
weak cation-exchange cartridges (Oasis WCX, Waters), evaporation of eluates and reconstitution. Two modifications were
proposed to decrease labor costs and reagent consumption: dilution of urine samples with phosphate buffer (pH 6.5) for pH
adjustment and SPE on weak cation exchange microplates (Oasis WCX µElution plate, Waters). Both modifications have been
optimized and validation parameters (limit of detection (LOD), matrix effect, recovery, intra- and inter-day precision) were
compared with initial procedure. TSQ Quantiva mass spectrometer in selected reaction monitoring (SRM) mode with HESI ion
source in positive ion mode and Dionex 3000 RS liquid chromatograph (Thermo Scientific, Germany) were used for analysis.
Dilution with 250 mM phosphate buffer (0.5 mL urine / 0.5 mL buffer) was chosen to provide good buffering capacity without
affecting the peptides sorption on WCX cartridges. SPE with Oasis WCX µElution plate was performed on Waters Positive
Pressure-96 Processor, which allows SPE with subsequent evaporation of eluates in nitrogen flow. Urine samples (0.25 mL)
were also diluted 1:1 with phosphate buffer prior to SPE.
Recovery and matrix effect in both versions were slightly compromised, which leads to twice higher LODs in 10 of 18
compounds (LODs ranges were 0.1-1 ng/mL). Intra- and inter-day precisions were <20%, but slightly higher than the original
procedure.
The effectiveness of procedures was confirmed by analysis of real urine samples after GHRPs administration (doping control
samples and samples after nasal administration GHRPs). All three procedures were capable of unambiguous detection of
GHRPs and their metabolites. SPE after urine sample dilution with buffer can be used for faster sample preparation, µElution
decrease significantly consumption of solvents and allow proceedings of up to 96 samples simultaneously, whereas SPE on
cartridges with manual рН adjustment is the best for confirmation.
[1] Sobolevsky T, Krotov G, Dikunets M, Nikitina M, Mochalova E, Rodchenkov G. Anti-doping analyses at the Sochi Olympic
and Paralympic Games 2014. Drug Test Anal. 2014 Nov;6 (11-12):1087-101.
[2] https://wada-main-prod.s3.amazonaws.com/resources/files/wada-tdssa-v2.2-en.pdf
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Kempkes R, Romberg S, Reihlen P, Schänzer W

High-throughput screening for the detection of homologous blood
transfusion
Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
The practice of blood boosting that aims to induce an elevated red blood cell (RBC) count and thus enhance exercise
performance has been known for years. While autologous RBCs can still not be clearly detected after reinfusion, a test for
the detection of homologous blood transfusion (HBT) that has been withdrawn from another human donor was implemented
in 2004. The flow cytometry based method provides the determination of antigenic differences in minor blood groups
between the recipient’s and the donor’s RBCs. Accordingly, homologous transfusions can be traced when mixed populations
for one or more blood group antigens that are situated on the RBCs surface occur. A variety of up to twelve different antisera
are commonly used in screening procedures to detect mixed RBC populations and to decrease the risk of false negative
samples. Due to signal overlay, the expression of each antigen needs to be analyzed separately. Therefore a large number
of single tubes have to be handled during sample preparation, incubation, washing procedure and detection for one HBT
sample, severely limiting the amount of samples which can be prepared simultaneously. In this work a high-throughput
compatible semi-automated preparation procedure is presented to improve work time efficiency and harmonize RBC
preparation steps. Particularly during major sport events that produce larger amounts of time critical samples this method
could speed up HBT analysis.
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Georgakopoulos C1, Alsaadi K1, Voss S1, El Saftawy W1, Dbes N1, Goebel RT2, Alsowaidi S3,
Seyam AM3, Bashraheel AS3, Mohamed-Ali V3, Alsayrafi M3

The effect of fasting during Ramadan on parameters of the hematological
module of the Athletes Biological Passport – A pilot study
Doping Analysis Lab, Antidoping Lab Qatar, DOHA, Qatar1; Qatar University, DOHA, Qatar2; Antidoping Lab Qatar, DOHA,
Qatar3

Abstract
Introduction:
WADAs ABP is used to detect the abuse of doping substances by monitoring the fluctuation in biological variables, such as
the concentration of hemoglobin (Hb). Approximately 3000 Muslims participated in the Olympic Games 2012 in London
which fell during the period of Ramadan. One of the key requirements during Ramadan is the complete abstinence from
eating and drinking from dawn until sunset (a period of 12-16 hours in London 2012) during each day of this month. In
addition there are significant changes in the pattern and timings of eating (nocturnal), drinking and sleep, as well as food
composition during Ramadan. These changes could lead to an increase of the concentration based variables, like Hb.
Aims:
To investigate the effect of changes in food and fluid intake during Ramadan on ABP parameters in non-Caucasian active
males.
Methodology:
9 healthy, non-Caucasian, Muslim, male, adult, active individuals were recruited. Blood samples were collected according to
the WADA ABP Operating guidelines and analyzed with a Sysmex XT2000i hematology analyzer. Subjects were tested on 5
occasions (Baseline - 2x before; 3x during Ramadan) in the morning and in the afternoon.
Results:
In this active male cohort (mean age [24.5+/-5.8] years) there was a significant (p=0.005) decrease (0.38 g/dL) in mean
morning hemoglobin concentration at Ramadan compared to mean concentration at Baseline. No significant changes for
Reticulocytes were observed. All subjects remained within the individual thresholds calculated by the ABP software.
Conclusion:
Although there were significant changes in the Hemoglobin concentration during Ramadan none of the subjects in the study
exceeded the individually calculated thresholds of the ABP software.

Published as:
Alsaadi, K., Voss, S. C., Kraiem, S., Alwahaibi, A., Alyazedi, S., Dbes, N., Goebel, R., Mohamed-Ali, V., Alsowaidi, S., Seyam, A.
M., Bashraheel, A. S., Alsayrafi, M., and Georgakopoulos, C. (2015) The effect of fasting during Ramadan on parameters of
the haematological and steroidal modules of the athletes biological passport – a pilot study. Drug Test. Analysis, 7:
1017–1024. doi: 10.1002/dta.1917.
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The effect of fasting during Ramadan on Steroid Profile ABP Parameters A pilot study
Doping Analysis Lab, Antidoping Lab Qatar, DOHA, Qatar1; Qatar University, DOHA, Qatar2; Antidoping Lab Qatar, DOHA,
Qatar3

Abstract
Introduction:
WADAs ABP is used to detect the abuse of doping substances by monitoring the variation of biological variables like the
Testosterone/Epitestosterone Ratio (T/E). Approximately 3000 Muslims participated in the Olympic Games 2012 in London
although the Games fell in the period of Ramadan. One of the biggest requirements during Ramadan is the complete
abstinence from eating and drinking before dawn until sunset during each day of this month. In addition the typical sleep
pattern changes as normal activity switches from day- to nighttime. Some researchers report in their publications decreased
serum Testosterone concentrations. Therefore we investigated the effect of Ramadan on the urinary T/E Ratio.
Methodology:
9 healthy, non-Caucasian, Muslim, male, adult, active Individuals were recruited for the study. Urine was collected on 5
different days (2x before and 3x during Ramadan) in the morning and in the afternoon. Specific Gravity of the urine samples
was determined by an Atago 3464 Refractometer. The Steroid Analysis was performed according to standard procedures on
an Agilent 7890/7000 QQQ GC-MS system.
Results:
No significant differences of the T/E Ratio before and during Ramadan could be observed. SG during Ramadan was increased
in the afternoon samples.
Conclusion:
Ramadan did not affect the T/E Ratio. None of the subjects in the study exceeded the individually calculated thresholds of
the ABP software.

Published as:
Alsaadi, K., Voss, S. C., Kraiem, S., Alwahaibi, A., Alyazedi, S., Dbes, N., Goebel, R., Mohamed-Ali, V., Alsowaidi, S., Seyam, A.
M., Bashraheel, A. S., Alsayrafi, M., and Georgakopoulos, C. (2015) The effect of fasting during Ramadan on parameters of
the haematological and steroidal modules of the athletes biological passport – a pilot study. Drug Test. Analysis, 7:
1017–1024. doi: 10.1002/dta.1917.
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Kishikawa Y, Otsuki T, Kawahara T

Quality management of blood analysis for the Athlete Biological Passport
inmobile testing unit
-System construction examplesAnti-doping Research Laboratory, Japan Chemical Analysis Center, Tokyo, Japan

Abstract
The mobile blood analysis system which is authorized ISO/IEC17025 and is globally unique for approved by WADA for the
haematological module of the Athlete Biological Passport (ABP) are applied in Japan Chemical Analysis Center (JCAC) at
present. Our quality management method for maintaining trueness and precision in the mobile blood analysis will be
presented.
The trueness was checked by calibration against standard instrument. The precision and trueness in mobile unit were
checked by monitoring both variations of mean value and coefficient of variation (CV) from the QC sample measurement (n
= 10) for every movement.
The evaluation parameters of before and after movement were red blood cell count (RBC), absolute number of reticulocytes
(RET#), reticulocytes percentage (RET%), immature reticulocyte fraction (IRF), haemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), red cell distribution width - standard deviation (RDW-SD), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin content (MCHC), white blood cell count (WBC) and platelet (Thrombocyte) count (PLT). As a
referenced from instrument supplier’s quality control value, the allowable variations of mean value before and after
movement were set to 20% for RET%, and 7% for PLT, and 5% for WBC, and 2% for RBC, HGB and HCT. The allowable CV
ranges were set to 30% for IRF, and 15% for RET# and RET%, and 4% for PLT, and 3% for WBC, and 1.5% for RBC, HCT, MCH
and MCHC, and 1% for MCV.
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Nicoli R, Ponzetto F, Baume N, Saugy M

Quantification of endogenous steroids in human serum by UHPLC-MS/MS
Swiss Laboratory for Doping Analyses, Epalinges, Switzerland

Abstract
The development of a UHPLC-MS/MS method for the quantification of eleven Endogenous Androgenic Anabolic Steroids
(EAAS) (testosterone, epitestosterone, androstenedione, DHT, DHEA, progesterone, 17α-OH-progesterone, cortisol,
11-deoxycortisol, corticosterone and deoxycorticosterone) in human serum is presented. Aliquots of 200µL of serum samples
were extracted by Supported Liquid Extraction (SLE) cartridges using dichloromethane as organic solvent. After evaporation
and reconstitution, 10µL of extracts were injected into UHPLC-MS/MS working in SRM mode. The method has been validated
in compliance with ISL and ISO 17025: identification capability, selectivity, accuracy, repeatability, intermediate precision,
linearity range, limit of quantification, robustness, carry-over, matrix interferences and stability were therefore evaluated.
The validated method was finally used for the analyses of approximately 1000 serum samples. Population curves of the
target endogenous steroids were constructed in order to obtain reference values for each analyte.
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Brooker L, Edey C, Huynh T, Goebel C

Steroid profiling for the Asian Football Cup 2015
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia

Abstract
The Asian Football Confederation Asian Cup 2015 was recently held in Australia, with the Australian Sports Drug Testing
Laboratory (ASDTL) responsible for anti-doping testing. In this poster we will outline the new sample preparation and
instrumental methods developed for steroid profiling for the games and summarise the results obtained.
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Ristimaa J, Rautava K, Leinonen A

Evaluation of the athlete urinary steroid profiling data – first year
experience
Doping Control Laboratory, United Medix Laboratories Ltd, Helsinki, Finland

Abstract
Since 2014 laboratories have reported athlete urinary steroid profiles to ADAMS including concentrations of testosterone (T),
epitestosterone (E), androsterone (A), etiocholanolone (Etio), 5α-androstane-3α,17β-diol (5αAdiol), 5β-androstane3α,17β-diol (5βAdiol) and T/E ratio. T/E ratio is one of the most important parameter as the adaptive model in ADAMS uses
individual T/E ratios to trigger Atypical Passport Findings (ATPF).
The aim of this study is to analyze statistically our athlete urinary steroid profiling data in 2014, and based on the result
evaluate the strategy of our initial testing procedure (ITP) concerning e.g. adjustment of sample volume. Screening of steroid
profiles is performed according to technical document TD2014EAAS with diethylether extraction and GC-MS/MS analysis. As
default, independent from gender, an aliquot of 2 mL is used for the ITP, whereas for samples with SG < 1.005 and for those
requiring repetition due to low T and E, the sample volume is 4 mL. Limits of quantification for steroid profile are T 0.5 ng/mL,
E 0.8 ng/mL, 5αAdiol 3.4 ng/mL, 5βAdiol 4.1 ng/mL, A 74 ng/ml and Etio 20 ng/mL.
In total 3220 samples were screened with 72 % (N=2304) of the samples being from males and 28 % (N=916) from females.
T/E ratio could not be measured in 12 % (N=395) of all samples due to low amount of T or E. From those samples 71 %
(N=282) were from females and furthermore in 56 % (N=221) of those samples SG was below 1.010. Initially, 5 % (N=176)
of all samples were concentrated due to low SG (<1.005) for which 39 % (N=68) T/E ratio could still not be measured.
Steroid profile population data from 2014 will be presented in the poster.
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Mullen J, Ericsson M, Schulze J, Ekström L

The effect of emergency contraceptives and menstrual cycle on the steroid
Department of Laboratory Medicine, Division of Clinical Pharmacology, Karolinska Institutet, Stockholm, Sweden

Abstract
The recent introduction of the steroid module to the Athlete Biological Passport (ABP) has improved the sensitivity of doping
tests for steroids.
However, this sensitivity is not limited to doping but also external factors such as medications and disease that can affect
the same biomarkers of the steroid module. In this study the aims were to investigate the effect of emergency
contraceptives on the steroid profile as well as how biomarkers used in the steroid profile varies during the menstrual cycle.
The effect of emergency contraceptives was studied in 5 healthy volunteers (females, 29-49 years) with regular menstrual
cycles and not using any hormonal drugs. The ratios used in the steroid profile (T/E, A/T, A/Etio, 5α-diol/5α-diol and A/E) were
longitudinally monitored during the first menstrual cycle.
The result showed that no significant inter-individual variations were observed, however, there were large intra-individual
variations in the ratios. For example the coefficient of variation (CV) of the T/E ratio, based on the four measurements, were
between 28-56 % for the five individuals. The intra-individual stability of 5a-diol/5a-diol varied the most where one individual
had a CV of 3 % whereas another one had a CV of 99 %. The only metabolite that showed significant variation during the
menstrual cycle was epitestosterone, where a significant increase was seen on day 14.
The results showed that there were no significant changes in any of the ratios used in the steroid module after the
administration of the emergency contraceptive pill. For the individual metabolites, epitestosterone and significantly
increased 12 h post dose whereas etiochanolone significantly decreased 24 h after the use of the emergency contraceptive
(p=0.024).
Hence, our preliminary data indicate that emergency contraceptives do not have any profound impact on the steroid profile.
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Rzeppa S1, Viet LN2, Humpf H2, Hemmersbach P1,3

Excretion of oxandrolone metabolites in the sulfate fraction
Norwegian Doping Control Laboratory, Oslo University Hospital, Oslo, Norway1; Institute of Food Chemistry, University of
Münster, Münster, Germany2; School of Pharmacy, University of Oslo, Oslo, Norway3

Abstract
According to WADA testing statistics oxandrolone still belongs to one of the most used anabolic androgenic steroid, 43
adverse analytic findings were reported in 2013. Until 2013 oxandrolone and two metabolites (epioxandrolone and
18-nor-oxandrolone) were used for detection in routine doping control analysis. Oxandrolone, epioxandrolone and
18-nor-oxandrolone are however only detectable a few days after administration in urine, and hence the detection time was
limited to about six days. In 2013 two new long term metabolites were described in the literature, 17β-hydroxymethyl17α-methyl-18-nor-2-oxa-5α-androsta-13-en-3-one, and its 17α-epimer. These new metabolites are possible to detect up to
18 days after administration in urine. Hence, an analysis including these novel metabolites can clearly improves the
detection of oxandrolone (Guddat et al. 2013).This work presents the investigation concerning detection of the above
mentioned oxandrolone metabolites in the sulfate fraction. The sulfates of oxandrolone and its epimer could not be identified
in excretion urines. This observation is in accordance with literature data, describing a fast hydrolysis of oxandrolone sulfate
to its epimer in water (Bi et al. 1992). Neither the sulfate metabolite of 18-nor-oxandrolone could be detected in an excretion
urine. However the long-term metabolites could be identified as sulfate metabolites in excretion urines of oxandrolone. For
this purpose urine samples are prepared by solid phase extraction using a weak-anion exchanger and analyzed by liquid
chromatography- tandem mass spectrometry (LC-MS/MS).In general identification of sulfate metabolites is done by its
isolation using LC after the above described sample preparation. A solvolysis of the fractions containing presumably the
sulfate metabolite(s) was performed and the identification of the released metabolite(s) was done by means of MS.Especially
in connection to former studies concerning the sulfate metabolites of metandienone results of this study can be of interest.
In excretion urines a comparable metabolite of metandienone (17β-hydroxymethyl-17α-methyl-18-norandrost1,4,13-trien-3-one) could be identified in the sulfate fraction. This sulfate metabolite was over a significant longer time
detectable as its corresponding glucuronide in excretion urines (Gómez et al. 2013).
Guddat et al. 2013, Anal Bioanal Chem, 405, 8285–8294
Bi et al. 1992, J. Steroid Biochem Molec. Biol, 42, 533-546
Gómez et al. 2013, Steroids, 78, 1245-1253

RECENT ADVANCES IN DOPING ANALYSIS (23)

286

ISBN 978-3-86884-041-4

Poster
MANFRED DONIKE WORKSHOP

Wang J1, Yang R2, Zhang J3, Liu X1, Xing Y1, Xu Y1

Excretion study on boldenone for doping control
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China1; Beijing Sports University, Beijing, China2;
Beijing University of Chinese Medicine, Beijing, China3

Abstract
Boldenone (Bo), androsta-1,4-dien-17β-ol-3-one, is an endogenous anabolic steroid which is used to increase body mass of
indoor cattle or improve sports performance of race horses. Bo formulation for human beings cannot be legally obtained at
present, but it is a potential dope in sport and has been listed on the Prohibited Listed by World Anti-doping Agency. By
determining the ratio of 13C/12C (δ value), isotope ratio mass spectrometry (IRMS) is used to confirm Bo misuse. Some reports
developed the IRMS method for the detection of Bo and its main metabolite 5β-androst-1-en-17β-ol-3-one (BM). However,
limited report described the execration study of Bo and specified changes of urinary concentration and δ values after Bo
administration. In this paper, excretion study of Bo was executed to illustrate the changes of urinary concentration and δ
values for the purpose of doping control.
Following the establishment of IRMS method for Bo and BM, two participants were recruited. Each subject was orally
administered 40 mg of Bo. Urine samples were collected and subject to profile analysis and IRMS test. It demonstrated that
urine concentrations and δ13C-values of Bo and BM were affected obviously. Other parameters commonly used for the
monitoring of endogenous steroids did not show obvious changes. The evidence from both concentration and δ value tests
suggested that BM bore longer detection window for doping control.
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Lee J, Cha EJ, Kim SH, Kim HW, Kim HJ, Kwon OS

Sensitivity of anabolic steroids based on GC-EI/MS, GC-EI/MS/MS,
LC-ESI/MS/MS, LC-Ag+CIS/MS/MS and GC-ESI/MS/MS in doping control
analysis
Doping Control Center, Korea Institute of Science and Technology, Seoul, Republic of Korea

Abstract
Anabolic steroids are important classes of doping agents and frequently used. Various researches were performed toimprove
the sensitivity and selectivity in steroids analysis using gas chromatography (GC) with electron impact ionization (EI) source
or liquid chromatography (LC) with electrospray ionization (ESI) mass spectrometry (MS). In our previous reports (29th-32nd
Manfred Donike Workshop, 2011-2014), we reported the new analytical techniques for simultaneous determination of
steroids. In detail, steroids analysis using GC with soft ionization such as electrospray (ESI) and atmospheric-pressure
chemical ionization (APCI) as novel ionization tool were investigated. Also silver ion coordination ionspray (Ag+CIS) method
was developed as highly sensitive method for steroid analysis. In this study, we compared the sensitivity of the anabolic
steroids using various instruments and methods (GC-EI/MS, GC-EI/MS/MS, LC-ESI/MS/MS, GC-ESI/MS/MS and LC-Ag+
CIS/MS/MS). Sample preparation, chromatographic and MS parameters such as gradient condition, qualifier ion, SRM
transition, collision energy and so on were optimized, respectively. The sensitivity of analytical method was evaluated by
limit of detection (LOD) in standard spiked urine samples.
*This work was supported by Korea Institute of Science and Technology

Published as:
Cha, E., Kim, S., Kim, H. J., Lee, K. M., Kim, K. H., Kwon, O.-S., and Lee, J. (2015) Sensitivity of GC-EI/MS, GC-EI/MS/MS,
LC-ESI/MS/MS, LC-Ag+CIS/MS/MS, and GC-ESI/MS/MS for analysis of anabolic steroids in doping control. Drug Test. Analysis, 7:
1040–1049. doi: 10.1002/dta.1906.

* Manfred-Donike-Award for Dr Jaeick Lee
This year’s Manfred-Donike-Award for the best poster presentation went to Dr Jaeick Lee and co-workers for their comparison
of different ionization and mass spectrometric detection strategies concerning anabolic steroids. In continuation of previous
studies, the utility of silver ion coordination ion spray was shown to represent a useful complement to commonly employed
GC-EI-MS/MS-based analytical methods enabling competitive detection limits for the majority of target analytes.
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Strahm E, Mullen J, Schulze J, Ericsson M, Ekström L

Dose dependent testosterone sensitivity of the steroid passport and IRMS
analysis in relation to the UGT2B17 deletion polymorphism
Department of Laboratory Medicine, Division of Clinical Pharmacology, Karolinska Institutet, Stockholm, Sweden

Abstract
The Steroid Module of the Athlete Biological Passport (ABP) has in combination with targeted IRMS analysis greatly improved
doping tests for steroids.
In this study, we have investigated the sensitivity of the ABP and IRMS analysis, in subjects administered with three doses of
testosterone enanthate (125, 250 and 500 mg), in relation to the UGT2B17 polymorphism.
All subjects carrying the UGT2B17 enzyme reached the traditionally used cut-off limit of a T/E ratio above 4 after all three
administered doses, whereas none of the subjects devoid of this enzyme reached a T/E above 4.
On the other hand, using ABP or IRMS analysis, all three doses could be detected with a high degree of sensitivity. The
concentrations of all steroids included in the ABP were dose dependently increased, except for epitestosterone which
decreased regardless of dose.
In conclusion, these results demonstrate that the use of 125-500 mg testosterone enanthate could be detected using the
ABP, at least when 3 baseline values are available, and that IRMS is an important confirmation method; particularly for
individuals devoid of the UGT2B17 enzyme before baselines values have been identified.
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Curcio D1, Colamonici C1, Molaioni F1, de la Torre X1, Botrè F1,2

Use of the ESA-analysis ultrafiltrate for GC-C-IRMS: a new frontier?
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy1; Dipartamento di Midicina Sperimentale,
Rome, Italy2

Abstract
The purpose of this work is to investigate the possibility of using the filtrates of the urine samples from the sample
pretreatment performed for the erythropoiesis stimulating agents (ESAs) analyses, for the confirmation of
pseudoendogenous steroids by gas-chromatography coupled to isotope ratio mass spectrometer (GC-C-IRMS).
Considering the minimum volume of urine collected for doping analysis in the “A” (60 mL) or “B” (30 mL) containers, it may
happen from time to time that a laboratory has to face the need to carry out additional repetitions and / or confirmatory
analyses on the same sample. This may reveal challenging in terms of the volume available, in the case the analysis of ESAs
must also be performed.
The recovery and measured delta values of the target compounds (TC) and endogenous reference compounds (ERC) of ESAs
samples filtrates have been compared with the values obtained from the original, non-treated sample.
Preliminary results obtained show the possibility to use also the ESAs filtrate for GC-C-IRMS analysis permitting to disclose
negative and positive cases far from the decision limit, while further investigations are required for the suspect samples and
for the analysis of 19-norandrosterone or boldenone, that present more critical circumstances due to the low concentrations
of the target analytes.
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Cilia M1, Curcio D1, Colamonici C1, Molaioni F1, Jardines D1, de la Torre X1, Botrè F1,2

Detection of urinary glucocorticoids metabolites by gas
chromatography–isotope ratio mass spectrometry in doping control.
Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy1; Dipartamento di Medicina Sperimentale,
\\, Rome, Italy2

Abstract
Glucocorticoids are included in S9 section of the World Anti-doping Agency (WADA) prohibited list of substances and
methods. Among them, some are pseudo endogenous steroids like cortisol and cortisone with the same chemical structure
of the endogenously produced ones. We present here an analytical method based on GC-C-IRMS of the urinary metabolites
of the pseudoendogenous glucocorticoids, able to discriminate between endogenous and exogenous glucocorticoids. The
method is integrated in the already used method in the antidoping laboratory of Rome, for pseudo-endogenous steroids with
androgenic/anabolic activity. It is possible to obtain by high-performance liquid chromatography (HPLC) the target
metabolites (TC) (i.e Cortisol, tetrahydrocortisone (THE) 5a-tetrahydrocortisone (Allo-THE), tetrahydrocortisol (THF) and
5a-tetrahydrocortisol (Allo-THF)) with adequate purity for the subsequent analysis by IRMS. A population of 46 samples has
been analyzed for the TC and for the endogenous reference compounds (ERC: i.e. 11-desoxytetrahydrocortisol (THS),
11bOH-Androsterone, 11-ketoetiocholanolone, pregnanediol or pregnanetriol). For each sample, the Δδ values were
calculated, being below 3 ‰, except for cortisol. The fit to purpose of the method has been confirmed by the analysis of
excretion studies performed in two healthy volunteers administered with 25 mg of cortisone acetate (p.o). The samples
showed Δδ values higher than 3 for at least the 9 hours following the administrations.
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Brailsford A1, Walker C1, Wojek N2, Foxton S2, Cowan D1

Targeting Samples for GC-C-IRMS Analysis: evaluation of USP data.
Department of Pharmacy & Forensic Science, King's College London, London, UK1; UK Anti-Doping, UKAD, London, UK2

Abstract
The approach used to evaluate endogenous steroid profiles by the Drug Control Centre (London, UK) and our experiences in
2014 are reported. In addition to the requirements outlined within the appropriate WADA technical documents active over
this period (primarily TD2014EAAS and TD2014IRMS), our laboratory used in-house decision criteria and worked closely with
United Kingdom Anti-Doping (UKAD), to assess suspicious urinary steroid profiles (USP). Our approach was aimed at
intelligently targeting samples for gas chromatography combustion isotope ratio mass spectrometry (GC-C-IRMS) analysis.
The decision criteria used to initiate USP review are outlined, and their effectiveness in targeting samples for further action
(i.e. luteinizing hormone (LH) by Immulite and GC‑C‑IRMS analysis) discussed. We provide an overall summary of the data
and consider its effectiveness in identifying cases of pseudo-endogenous steroid administration.
Around 5 % of the 7500 urine samples analysed in 2014 by us were reviewed with regard to their USPs. Of the samples
reviewed, 75% were submitted for LH analysis and around 100 (~30 %) were analysed by GC-C-IRMS.
Of the samples reviewed, the highest observed concentrations for the EAAS were as follows:
androsterone (16,000 ng/mL and 20,000ng/mL(adjusted)), etiocholanolone (16,000 ng/mL and 17,000ng/mL(adjusted)), 5αAdiol (1100
ng/mL and 800 ng/mL(adjusted)), 5βAdiol (1400 ng/mL and 1200ng/mL (adjusted)), DHEA (600 ng/mL and 750 ng/mL (adjusted)),
testosterone (300 ng/mL and 230ng/mL(adjusted)), epitestosterone (300 ng/mL and 210ng/mL(adjusted)). The highest T/E was 32,
the minimum LH 0.1 U/L (LOD) and the maximum T/LH = 1800 nmol/U.
Five instances of pseudo-endogenous steroid administration were confirmed by GC-C-IRMS. This represented 0.07 % of the
total urine samples, 1.3 % of steroid profiles reviewed and ~4% of samples submitted to GC-C-IRMS. Interestingly, three of
the GC-C-IRMS AAFs were from an athlete using testosterone therapeutically and is highlighted in this poster. All five positive
samples had a raised T/E (6 – 32) and 4 displayed low LH values (<1 U/L) with concurrently high T/LH values of > 200 nmol/U.
No sample reviewed due to either high absolute or specific gravity adjusted concentrations was found to contain exogenous
steroids by IRMS. The highest T/LH confirmed negative by GC-C-IRMS was 149 and the highest T/E ratio confirmed negative
was 12 (epitestosterone ~ 1 ng/mL).
Our approach represents a cost-effective way of using C-IRMS for doping control.
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Monfort N1, Fabregat A1, Pozo O1, Segura J1,2, Ventura R1,2

Fast screening for ß-blockers in urine based on the detection of the
parent drugs, and phase I and phase II metabolites by UHPLC-MS/MS
Bioanalysis Research Group, IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain1; Universitat Pompeu
Fabra, Barcelona, Spain2

Abstract
The work presented shows a fast qualitative method for the simultaneous and reliable detection of b-blockers and their
phase I and phase II metabolites. The method allows the detection of 21 b-blockers and their metabolites in urine
(metabolites conjugated with glucuronic acid or with sulphate). It is based on a simple dilution (1:5) of the urine sample with
a mixture of deionized water, acetonitrile and formic acid containing the internal standard. Separation is carried out by ultra
high performance liquid chromatography using a C18 column (100 mm × 2.1 mm i.d., 1.7 μm particle size) and a mobile
phase containing deionized water and acetonitrile with formic acid, and gradient elution. The detection is achieved by a
triple quadrupole mass spectrometer in MRM mode working in positive electrospray ionization. The total run time is 6
minutes. Different ion transitions are monitored for the unchanged drug and each metabolite under study. Post
administration urines were analyzed by the use of collision induced dissociation experiments to set the specific transitions
for the sulphate and glucuronoconjugated metabolites not available as standards.
The methodology was validated for qualitative purposes for the unaltered drugs; different parameters were evaluated (limit
of detection, selectivity, intra-assay precision, carry over). The validation results indicated that the limit of detection was
lower than 50 ng/mL for all the analytes, which is in agreement with the minimum performance limits established by WADA.
The suitability of the method was verified by analysis of administration urine samples of different b-blockers. The procedure
presented enhances the usefulness of the dilute and shoot techniques for the antidoping control laboratories.
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De La Cruz MN1, Gonçalves P1, Sardela VF2, Pereira HM1, Aquino Neto FR1

Optimization in ephedrines dilute-and-shoot quantification methods
LBCD - LADETEC/IQ, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil1; LBCD - LADETEC/IQ, Universiadde
Federal do Rio de Janeiro, Rio de Janeiro, Brazil2

Abstract
Ephedrines are stimulant in the WADA’s list of prohibited substances with a specific threshold. Quantification by LC-MS and
dilute-and-shoot (DS) approach is fast and very well established. Once developed LC-MS good methods, the new step is to
optimize the DS preparation and the instrumental method. Considering Olympic Games, where the number of analysis is
much higher than routine analysis of laboratories, this is a fundamental step, and must decrease the total analysis time
without quality result loss. In this study, we propose a DS LC-MS/MS method with all the ephedrines previously diluted in
water, a detailed matrix effect study with a comparison among different approaches and a stability test in four stress
condition for all ephedrines. In isocratic gradient all the ephedrines (ephedrine, pseudoephedrine, cathine, norephedrine and
methylephedrine) were separated, with base line resolution, in 9 minutes run. At the same run it was performed the SRM
analyses and EPI analyses for quantification and mass spectrometry identification. The LC-ESI-MS/MS method was validated
for selectivity, linearity, accuracy, precision, and matrix effect. No interference was detected at the retention times of the
ephedrines studied. Linearity was determined with six levels calibration curve with one replicate. The curve included
50-200% of the WADA threshold levels. Correlation coefficients were greater than 0.98, indicating good linearity. The
absolute and relative matrix effects by analyzing samples at three different concentrations were the most indicated for
evaluation of matrix interferences.Regarding the stability test, all the ephedrines were stable in water under acid, basic,
oxidative and heating conditions.
Acknowledgements: FUJB, FAPERJ, CNPq and Ministry of Sport.
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Saad K1, Vonaparti A1, Alsayrafi M2, Georgakopoulos C1

Anabolic steroids sensitive confirmatory methods based on LCMSMS
analysis of underivatised and derivatised analytes of metabolites
Doping Analysis Lab, Anti Doping Lab Qatar, Doha, Qatar1; Anti Doping Lab Qatar, Doha, Qatar2

Abstract
Aim of this study, which is part of a Qatar National Research Fund project NPRP 6-334-3-087, was the development of
confirmatory methods for the detection of AAS in urine at low concentration levels with the goal to achieve limits of
detection 10 times lower than the MRPL defined by WADA TD MRPL. The proposed methodology is based on a sample
preparation consisting of enzymatic hydrolysis and liquid-liquid extraction. Additional experiments were performed by
applying chemical derivatization of the extract prior analysis to enhance the ionization efficiency of the steroids. The
analysis was performed by UHPLC / ESI / MSMS using two different types of scan modes: MRM scan mode on a triple
quadupole mass spectrometer (6490, Agilent Technologies) and product ion scan mode on a high resolution orbitrap mass
spectrometer (QExactive, Thermo Scientific). MSMS optimization of specific ion transitions and collision energies was
performed in order to achieve the maximum sensitivity and specificity. Preliminary, comparative LOD data for the two types
of LC/MS scan modes were collected, by spiking and analyzing 30 anabolic steroids in 10 different urine matrices at 4
concentration levels (10%MRPL, 20%MRPL, 50% MPRL and MRPL). The contribution of the chemical derivatization step to the
enhancement of the sensitivity of the studied steroids was also investigated in relation with the LOD’s achieved without
derivatisation.
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Abushareeda W1, Kraiem S1, Alwahaibi A1, Alsayrafi M2, Georgakopoulos C1

GCQTOF Full-Scan High Resolution Screening

Doping Analysia Lab , Antidoping Laboratory Qatar , Doha, Qatar1; General Manager, Antidoping Laboratory Qatar , Doha,
Qatar2

Abstract
The current study is part of the Qatar National Research Fund project NPRP 6 - 334 - 3 – 087. The aim of the project is the full
application of the high resolution / full scan screening of small molecules in both GC and LC MS. A gas chromatography
quadrupole time of flight (GC/Q/TOF) method was developed for the analysis of a small molecule in full scan method as well
as the six steroids (Testosterone, Epitestosterone, Androsterone, Etiocholanolone,5α-androstandiol and 5β-androstandiol) to
monitor their profile in human urine samples according to the rules of the world Antidoping Agency (WADA technical
document TD2014 EAAS). The aim of this work is to develop a full scan method for the small molecule screening and steroid
profile determination as a combination and to be retrospective for the unknown molecules. The validity of this approach was
tested by the analysis of samples for more than 2 months, for that a curve calibration was performed together with samples
as well as a quality control samples in order to quantify the six steroids from the Initial Testing Procedure (ITP). The standard
operational procedure for screening was applied, briefly 2.5 mL of urine were hydrolyzed with E.coli at pH 7 for 90 min at
50°C. Followed by liquid-liquid extraction, after adjusting the pH at 9-10, with 5 mL diethyl ether. Dry extract derivatized
with 50 µL of MSTFA/NH4I/2-propanthiol for 1h at 110°C and analysed in an Agilent 7890/7200 GCQTOF instrument. The
obtained preliminary results show a reproducible and satisfactory data in terms of reproducibility and accuracy.
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Abushareeda W1, Vonaparti A1, Saad K1, Almansoori M1, Aljabiry A2, Meloug M2, Alsayrafi M1,
Georgakopoulos C1

LC Q-Exactive Full-Scan High Resolution MS Generic Screening
Doping Analysis Lab, Anti Doping Lab Qatar, Doha, Qatar1; Doping Analysis Lab, Anti Doping Lab Qatar, , 2

Abstract
This study, which is part of the Qatar National Research Fund project NPRP 6 - 334 - 3 – 087 presents the development and
validation of a generic screening method for the detection of a large number of small molecule analytes from various classes
of prohibited substances in human urine based on UHPLC/HRMS (QExactive, Thermo Scientific). The screening was
performed in full scan MS mode with scan-to-scan polarity switching, which allowed to detect more than 200 analytes and
additionally targeted MS/MS product ion scan data were acquired in selected time segments for the analytes that showed in
urine low specificity in the full scan MS mode. Sample preparation was based on enzymatic hydrolysis of the glucuaronide
conjugates, followed by a single-step liquid-liquid basic extraction with ethylacetate. The developed method combines the
advantages of: a) a generic screening with sensitivity and specificity fulfilling WADA requirements for identification capability
at the 50% of MRPL, b) the sample preparation and the polarity switching ionization conditions allow Phase II sulfoconjugated
metabolites to be extracted and detected and c) the full scan MS acquisition with high mass resolution allows the
retrospective evaluation of analyzed samples for future designer drugs. Preliminary quantitative data for endogenous
sulfoconjugated steroids (testosterone, epitestosterone, andorosterone, DHEA, DHT) are presented in combination with
validation results of the screening detection of the 200 analytes.
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Hullstein I1, Malerod-Fjeld H1, Hemmersbach P1,2

Black market products in Norway
Norwegian Doping Control Laboratory, Oslo, Norway1; School of Pharmacy, University of Oslo, Oslo, Norway2

Abstract
Based on a close collaboration with the Norwegian customs and police, the Norwegian Doping Control Laboratory has
performed analysis of seized material that is suspected to contain doping agents. Illegally distributed black market products
may be correctly labeled with drug and concentration level or they may contain no drug and in some cases a different
compound. Seized material from underground laboratories is often unlabeled as this is still in preparation before distribution.
Two major confiscations were done in Norway in 2008 ("Operasjon Gullfugl") and 2011 ("Operasjon Gilde"). Doping agents
for more than 100 million NOK (16 million $) were confiscated in house searches and underground laboratories.
In this study we will give an overview of the doping agents identified in confiscated black market products in Norway
between 2011 and 2014. Our laboratory receives samples from police, hospitals and other health care institutions. These
samples are collected for clinical and forensic investigations.The findinges in the analysed urine samples, including from
Norwegian athletes, are compared to the doping agents available in the black market in Norway.

Published as:
Hullstein, I. R., Malerod-Fjeld, H., Dehnes, Y., and Hemmersbach, P. (2015) Black market products confiscated in Norway
2011–2014 compared to analytical findings in urine samples. Drug Test. Analysis, 7: 1025–1029. doi: 10.1002/dta.1900.
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Thorngren J, Ericsson M

β-methylphenetylamine, a new stimulant on the Swedish market.
Clin. Pharmacology, Stockholm, Sweden

Abstract
Different stimulants in preworkout supplements (PWO) have been replaced the recent years. Jack3D (Methylhexaneamine)
and Craze (1-phenyl-2-butaneamine) were withdrawn from the market 2012 as they were banned as “hazardous substance”
by the Swedish health institute. In Sweden, the first β-methylphenetylamine positive doping control case was reported 2014.
Confirmation was performed by ultra performance liquid chromatography- tandem mass spectrometer (UPLC-MSMS) using
multiple reaction monitoring mode (MRM) and a chiral analysis of the athlete sample was done as well.
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Baume N1, Jan N1, Robinson N1, Dvorak J2, Saugy M1

Anti-doping program and biological monitoring during the 2014 FIFA
World Cup BrazilTM
Swiss Laboratory for Doping Analyses, Lausanne, Switzerland1; FIFA Medical Assessment and Research Centre (F-MARC)
and Schulthess Clinic, Zurich, Switzerland2

Abstract
Background: The Fédération Internationale de Football Association (FIFA) has implemented a very important and
challenging anti-doping program for the 2014 FIFA World CupTM
Aim: To perform the anti-doping program for the 2014 FIFA World CupTM and to implement the biological monitoring of the
players with pre-competition and in competition blood and urine collection and to measure the incidence of the shipment of
samples from Brazil to Europe on the quality of the analyses.
Methods: All qualified players from the 32 teams participating to the 2014 FIFA World CupTM were tested out of competition
in the 3 months prior to the kick off of the competition. During the World Cup (June 12 – July, 13 2014), 2 to 8 players per
team and per match were tested. Then, more than 1000 urines, whole blood and serum samples were collected in total and
analyzed through the usual analytical procedures in the WADA accredited Laboratory of Lausanne.
Results: Despite the logistical challenge to route the samples from the venue of competition to the laboratory in
appropriate conditions, the quality of the analyses was at the required level as described in the WADA technical documents
in force. The urinary steroid profiles of the players were shown to be in accordance with previously published papers on
football players coming from different continents. The steroid passport could be established for several UGT2B17 genotypes
and showed stable profiles for the main monitored parameters.
During the competition, amphetamine was detected in a sample collected on a player who had a therapeutic exemption for
ADHD (Attention Deficit Hyperactivity Disorder).
The blood passport data showed no significant difference of haemoglobin values between pre-competition and post-match
whole blood samples. This should be considered in football, especially for the 2 waiting hours prior to blood collection after
the match.
Conclusion: The complex logistical organisation of the collection and the overseas shipment of blood and urine anti-doping
samples during the 2014 FIFA World Cup™ did not impair the quality of the results, especially for their use for the biological
passport of the football players. Both blood and steroid modules data were shown to be reliable.
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VELASCO B, CAMACHO E, RODRIGUEZ L, RODRIGUEZ M, REYNOSO E, GODINEZ M,
MERCADO K, QUINTERO I

Experience of the doping laboratory Mexico at the Central American and
Carribean Games Veracruz 2014
LABORATORIO NACIONAL DE PREVENCIÓN Y CONTROL DEL DOPAJE-CONADE, MEXICO CITY, MEXICO

Abstract
This presentation show the results obtained during the XXII Central American and Caribbean Games in Veracruz Mexico in
November 2014. The analysis of all doping biological samples were performed at the Accredited Laboratory in Mexico
(Laboratorio Nacional de Prevención y Control del Dopaje-CONADE). A total of 687 biological samples were sent at the
laboratory during the period 16 november to 1 december for the Organizing Committee. 616 urine samples wereperformed
all incompetition using 10 accedited methods and 78 blood samples were analysed using 5 accredired methods.
Only 5 urine samples were AAF by the presence of prohibited subatances in accordance to the WADA list 2014.The blood
sampleswere negatives. The results were released electronically through the ADAMS systems at WADA and the Organizing
Committee.
Central American and Caribbean Games anti-doping analysis was made possible through the 21 staff laboratory members
and 3 experts of the Havana Laboratory how worked hard with us.
The personnel of laboratory was divided into four groups for the performance of analytical procedures during the Centro
American and Caribbean Games: LC headed by Martha Rodríguez, GC headed by Eduardo Reynoso,Immunoassay headed by
Marycarmen Godínez, Reception and physicochemical parameters as well as Quality Assurance headed by Leonardo
Rodriguez. Evangelina Camacho wasCertifying Scientist of the Laboratory. The analytical and spectrometric equipment
consisted: LC-MS/MS: 2 UPLC-MS/MSsystems WATERS, 1 LC-QTOF Agilent Technologies, 1 LC-MS/MS Agilent Technologies;
GC: 2 GC-MS/MS, 4 GC-NPD systems, 10 GC-MS all Agilent Technologies and 1 GC-C-IRMS systemThermo Scientific Delta V
Plus; Immunoassay: 1 COBAS E411 immunoanalyzer, 1 Architect of ABBOTT, 1 Autolumat Plus LB953 Berthold for detection
of hGH and the quipment for detection of EPO.
The analytical results and the specific information will be also discussed at the poster sesion.
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Pascual JA1, Civit E2, Farré M2,3, Pérez-Maña C2,3, Segura J1, de la Torre R1,4

Impact of the ingestion of low doses of alcohol on the steroid profile.
The PROFETHYL Study.
IMIM-Hospital del Mar Medical Research Institute and University Popmpeu Fabra, Barcelona, Spain1; IMIM-Hospital del
Mar Medical Research Institute, Barcelona, Spain2; Autonomous University of Barcelona, UAB, Barcelona, Spain3;
CIBERobn Fisiopatología de la Obesidad y la Nutrición, Madrid, Spain4

Abstract
Alcohol consumption has proven to modulate some metabolic pathways thus affecting the biotransformation of many
substances, e.g. notably altering the steroid profile. Different studies have been carried out studying the changes in the T/E
(testosterone/epitestosterone) ratio after ingestion of high doses of alcohol. Ethylglucuronide (EtG) and Ethylsulfate (EtS)
have been proposed as best biomarkers in urine of ethanol consumption. Gender specific EtG cut-off values have been
proposed to justify the potential impact of the concurrent presence of alcohol on the T/E ratios. The objective of the present
study was the evaluation of the impact in healthy male subjects of low doses of alcohol (e.g. equivalent to 12-42 gr of
ethanol; 1-3 glasses of wine 13%) on the steroid profile, and particularly on the T/E ratio. Significant increases in T/E ratios
(above 70%) are observed at any dose, in parallel with alcohol absorption, in the period 0-2h after ingestion, independently
of the ethanol source (vodka vs. wine). However, EtG and EtS urinary concentrations showed a profile delayed with respect
to the T/E changes resulting in samples with very low EtG or EtS concentrations but already significant T/E changes.
Consequently, while high EtG concentrations justify elevated T/E ratios, the opposite (i.e. low EtG values) might still be
consistent with high T/E values in the period 0-2h after administration. The ratio T/A (testosterone/androsterone) shows a
profile that better matches the EtG time profile and can be used complementarily to justify the overall profile changes.
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