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Mazzarino M, Comunità F, de la Torre X, Botrè F

Effects of antifungals administration on the determination of the parameters of
the steroid profile
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
In this communication, we report the results obtained from the investigation of the effects of miconazole and
fluconazole on the strategies currently followed by the WADA-accredited anti-doping laboratories to detect
doping by testosterone-related substances.
Urine samples were collected from male Caucasian volunteers before, during and after either systemic or
topical treatment with therapeutic doses of either miconazole or fluconazole and analyzed following the same
analytical procedures currently adopted by our laboratory to determine the parameters of the steroid profile.
The results showed that both miconazole and fluconazole were able to alter significantly the key parameters of
the steroid profile. More in details, the imidazole antifungal miconazole after oral and buccal administration
provoked (i) a significant increase of the 5α-androstan-3α,17β-diol/5β-androstan-3α,17β-diol ratio, (ii) a
significant decrease of androsterone, etiocholanolone, androsterone/etiocholanolone ratio, androsterone/
testosterone ratio, and 5α-androstan-3α,17β-diol/epitestosterone ratio and (iv) a moderate decrease of the 5βandrostan-3α,17β-diol and 5α-androstan-3α,17β-diol concentrations. After dermal administration, however,
less effects were observed than for oral dosing. These findings are mainly explained by the interference of
miconazole and its metabolites on the hydrolysis of glucuronide-conjugated steroids by E. Coli. The oral intake
of the triazole antifungal fluconazole, instead, seemed to increase the urinary levels of androsterone,
etiocholanolone, androsterone/etiocholanolone ratio, androsterone/testosterone ratio, 5α-androstan-3α,17βdiol, 5β-androstan-3α,17β-diol, 5α-androstan-3α,17β-diol/5β-androstan-3α,17β-diol ratio, and 5α-androstan3α,17β-diol/epitestosterone ratio. This finding might be explained by the proposed anti-aromatase activity of
the triazole antifungal agents.

Introduction
The evaluation of the urinary "steroid profile" was introduced in doping control field to reveal the misuse, by
athletes, of testosterone-related steroids. According to the WADA Technical Document TD2016EAAS markers
of "steroid profile" are: testosterone (T), epitestosterone (E), androsterone (Andro), etiocholanolone (Etio), 5αandrostan-3α,17β-diol (5α3α-Adiol), 5β-androstan-3α,17β-diol (5β3α-Adiol) and T/E, Andro/Etio, 5α3α-Adiol
/5β3α-Adiol ratios [1]. Additionally others factors/analytes have to be considered/monitored as "confounding
factors" due to their potential capability to alter the levels of the parameters that are part of the "steroid profile".
An example is represented by antifungals, included by the WADA in the Technical Document TD2016EAAS
due to the well-known ability of ketoconazole to interact with both the 17α-hydroxylase and 17,20-lyase activity
of cytochrome P450c17, the enzyme that converts pregnenolone to dehydroepiandrosterone and progesterone
to androstenedione in the human testes, ovaries, and adrenal glands [2]. In previous studies carried out in our
laboratory, we have evaluated the effects of ketoconazole and miconazole administration on the urinary levels
of the parameters of the steroid profile [3], confirming the results reported in literature for ketoconazole [4] and
showing that also miconazole is capable of fluctuating the physiological excretion of some endogenous
steroids [3]. This research aimed at increasing the knowledge of the effects of miconazole on the analytical
strategies currently followed to detect doping by testosterone-related steroids and to extend the study to other
azole-antifungals (i.e. fluconazole).
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Experimental
Chemicals, reagents and samples
T, E, Andro, Etio, 5α3α-Adiol, 5β3α-Adiol and their deuterated analogs were purchased from NMI (Pymble,
Australia). Analytical reagents and 17α-methyltestosterone were from Sigma-Aldrich (Milano, Italy). The
enzyme β-glucuronidase (E. Coli) was from Roche (Monza, Italy) and MSTFA was from Chemische Fabrik Karl
Bucher GmbH (Waldstetten, Germany).
Urines from four male Caucasian volunteers (volunteer 1, 2, 3 and 4; 35, 25, 24, and 45 years; 70, 80, 72, and
81 kg, respectively) were collected every three hours before, during and after the treatment with the selected
antifungal.
The volunteers were treated for at least five days with: (i) 500 mg of oral miconazole (Nizacol, 500 mg tablets)
once a day, (ii) 50 mg of oral miconazole (Daktarin, 20 mg/g gel orale), five times a day, (iii) 10 mg of topical
miconazole (Daktarin dermatologico, 2% cream), three times a day, and (iv) 100 mg of oral fluconazole
(Fluconazole DOC, 100 mg tablets) once a day.
GC-MS/MS analytical procedure: steroid profile
To 2 mL of urine, 50 µL of the internal standard mixture and 750 µL of phosphate buffer (8 M, pH 7.4) were
added. Enzymatic hydrolysis was carried for 1 hour at 55°C using β-glucuronidase from E. coli. The analytes
were then extracted at pH 9 with 7 mL of tert-butyl methyl ether and the organic layer was evaporated to
dryness and then reconstituted in 50 µL of the derivatizing mixture at 70°C for 20 min. An aliquot of 2 µL was
injected into the GC-MS/MS system.
Quantitative analysis was performed on an Agilent 7890A/7000 GC-MS/MS system (Agilent Technologies,
Italy), in electron impact ionisation (70 eV), using a 17 m HP1 column (Agilent Technologies, Italy). The
temperature program was: 188°C (hold 2.5 min), 3°C/min to 211°C (hold 2.0 min), 10°C/min to 238°C,
430°C/min to 320°C (hold 3.2 min); the transfer line and injector temperature was set at 280°C. Acquisition
was carried out in multiple reaction monitoring.
LC-MS/MS analytical procedure: monitoring of antifungals
To 2 mL of urine, 100 ng/mL of 17α-methyltestosterone (ISTD) and 1.5 mL of phosphate buffer were added.
Enzymatic hydrolysis was carried 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. An aliquot of 20 µL was injected in the LC-ESI-MS/MS.
An Agilent 1200 Rapid Resolution Series HPLC pump (Agilent Technologies, Italy), a C18 column (2.1 x 150
mm, 2.7 mm), ultrapurified water (eluent A) and acetonitrile (eluent B) both containing 0.1% formic acid were
used for chromatographic separation at the flow rate of 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.
Detection was carried out using an API4000 system (Applera Italia, Italy) with positive ESI, an ion source
temperature of 500°C and a declustering and needle voltages of 5000 and 80 V, respectively. Data were
acquired using selected reactions monitoring.

Results and Discussion
To study the effects of the administration of azole antifungals on the basal ranges of the compounds described
in the TD2016EAAS (T, E, Andro, Etio, 5α3α-Adiol and 5β3α-Adiol, 5α3α-Adiol/5β3α-Adiol, Andro/Etio, 5α3αAdiol/E and Andro/T), urines were collected before (at least five days), during (at least five days) and after (at
least two days) the treatment with therapeutic doses of either miconazole or fluconazole. The urines were
collected every three hours and prepared in duplicate. The urinary concentration of each endogenous steroid
was calculated by the peak areas of the detected signals relative to their internal standard using the daily
calibration of the batch with routine calibrators. All apparent concentrations were then adjusted to the specific
gravity of 1.020.
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For each analyte considered, data distribution and statistics were assessed. Results were expressed in terms
of median, first and third quartiles and extreme values. The significance of the potential alterations was
calculated using the Mann-Whitney test, whereas the statistical significance was set at P < 0.01.
Miconazole
The effects of miconazole on the circadian fluctuation of the parameters of “steroid profile” were evaluated after
oral, buccal and dermal administration of therapeutic doses of drugs containing miconazole. Figure 1 shows
the results from volunteer 1 before, during and after oral administration of 500 mg of miconazole for five days.
As observed, significant alteration was found for the 5α3α-Adiol/5β3α-Adiol ratio, Andro/Etio ratio, Andro, Etio,
Andro/T ratio and 5α3α-Adiol/E ratio, whereas moderate variations were registered for 5α3α-Adiol and 5β3αAdiol. The alterations on the physiological fluctuations of the parameters of the steroid profile are visible after
few hours from drug administration. Furthermore, after repeated doses a different excretion profile was noticed
indicating the accumulation of miconazole and its main metabolites (hydroxylated and O-dichlorobenzyl
metabolites).

Figure 1: Boxplot representing the statistical distribution of the parameters of the steroid profile in the urines collected before
during and after oral administration of 500 mg of miconazole once a day for five days.

These findings can be explained by the ability of miconazole to alter the hydrolysis of glucuronide-conjugated
steroids by E. Coli as illustrated in Figure 2A, where the ratio deuterated Andro glucuronated/deuterated Etio
is plotted versus the collection time. This hypothesis was confirmed in an assay incubating control urines and
positive urines at different periods of time (0, 1, 2, 4, 8 and 24 h) and with different amount of β-glucuronidase
(0, 30, 60, 90, 180, 300 and 450 µL), where the efficacy of the enzymatic hydrolysis increased by the more
efficient hydrolysis conditions. The effect of the enzymatic hydrolysis inhibition is linked to the urinary levels of
miconazole and its main metabolites as can be noticed in Figure 3 where the urinary profiles of miconazole
and its main metabolites are reported.
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After buccal administration of 50 mg of miconazole similar results were obtained as for oral administration, as
seen in Figure 3, which shows the results obtained for the volunteer 1. As for the oral administration, the
alterations on the physiological fluctuations of the parameters of the steroid profile are visible after few hours
from drug administration and are caused by the interaction of miconazole and its main metabolites with the
enzymatic hydrolysis by β-glucuronidase (see Figure 2B). Furthermore, after repeated doses a different
excretion profile was noticed indicating the accumulation of miconazole and its main metabolites (hydroxylated
and O-dichlorobenzyl metabolites) (see Figure 3B).
Finally, concerning the dermal administration of 10 mg of miconazole three times a day for five days, no
significant alteration were registered in the urinary levels of the parameters of the steroid profile, with the
exception of 5β3α-Adiol and the 5α3α-Adiol /5β3α-Adiol ratio (see Figure 2C).

Figure 2: Efficiency of enzymatic hydrolysis, before and after oral administration of miconazole. Oral (A), buccal (B) and dermal (C)
administration.

Figure 3: Urinary profile of miconazole after oral (A) and buccal (B) administration miconazole.
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Fluconazole
The effects of fluconazole on the circadian fluctuation of the parameters of "steroid profile" were evaluated after
the oral administration of 100 mg of fluconazole once a day for five days. Figure 4 reports the results obtained
in volunteer 1. As noticed, significant alteration were registered for Andro, Etio, Andro/Etio ratio, Andro/T ratio,
5α3α-Adiol, 5β3α-Adiol, 5α3α-Adiol /5β3α-Adiol ratio, and 5α3α-Adiol /E ratio. This finding is not linked to the
efficacy of the enzymatic hydrolysis by β-glucuronidase, but might be explained by the potential anti-aromatase
activity of the antifungal agents [5].

Figure 4: Boxplot representing the statistical distribution of the parameters of the steroid profile in the urines collected before
during and after oral administration of 100 mg of fluconazole once a day.

Conclusions
Based on the results outlined above the following conclusions can be drawn:
The administration of miconazole produces significant alteration on the parameters of the steroid
profile. These alterations are linked to the ability of miconazole in interfering with the efficacy of the
enzymatic hydrolysis by β-glucuronidase.
The oral administration of the triazole antifungal fluconazole produces significant alteration on the
parameters of the steroid profile. The reasons of these alterations might be explained by the potential
anti-aromatase activity of antifungals.
These evidences underline the importance to screen for the azole antifungals in the athlete urines for the
steroidal profile of the athlete biological passport. Furthermore, in case of presence of miconazole we propose
to increase both the incubation time and the amount of the enzyme.
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Abstract
There were two interesting cases of rhEPO Adverse Analytical Finding in the Beijing Lab. The first one was an
rhEPO positive urine sample. The blood sample, which was collected simultaneously, was also abnormal, but
was reported as AAF. The other one was an rhEPO positive blood sample with an absolutely negative urine
sample. In order to find the same band as the one of the blood sample in case 1 and to study its different
electrophoretic migration behavior compared to rhEPO, a follow-up investigation of these two cases was
conducted. Also, we compared the electrophoretic migration behavior between different rhEPO preparations,
as well as the time window of detection between urine and blood from excretion study.
The results of this follow-up investigation showed that the blood samples taken from athlete in case 1 were all
abnormal, while some of the urine samples were negative. In case 2, two blood samples were positive, though
all the urine samples were negative. It illustrates that blood samples are more efficient than urine samples for
rhEPO detection, which was the same result as for the excretion study. Besides that, we haven’t found the
same band of blood samples in case 1 no matter from preparation spiked into serum or excretion study. More
rhEPO preparation need to be analyzed in the future.

Introduction
According to the WADA Technical Document TD2014EPO [1], recombinant human erythropoietin (rhEPO) can
be detected from urine and blood. For blood samples, the matrix for analysis should be serum or plasma.
Recently, there were two interesting cases of rhEPO Adverse Analytical Findings (AAF) in the Beijing Lab.
The first one was an AAF in urine, while the corresponding serum was abnormal. Two separated bands were
detected in the serum by Sarcosyl-PAGE: bEPO and an unknown band with slightly higher apparent molecular
mass than the rhEPO reference (Figure 1). With the second opinion from experts endorsed by WADA, the
unknown band couldn’t be identified as exogenous rhEPO. The other case was an AAF for rhEPO in serum,
while the urine which was collected from the same athlete at the same time was absolutely negative (Figure 2).
For this study, a follow-up investigation of these two cases was conducted. Also, we compared the
electrophoretic migration behavior between different rhEPO preparations, as well as the time window of
detection between urine and blood from an excretion study.
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Figure1: Results of case 1: 1-a: result of blood sample, which was not reported AAF; 1-b: result of urine sample, which was
reported as AAF

Figure 2: Results of case 2: 2-a: result of blood sample, which was reported as AAF; 2-b: result of urine sample, which was
negative
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Experimental
Study Design
Three parts of work were implemented in this study. Firstly, the two cases were followed up. The ABP modules
of the relevant athletes were obtained from China Anti-Doping Agency (CHINADA), as well as all the sample
codes and sample collection time collected from the two athletes since October 2016, including urine, serum
and whole blood for ABP analysis. The samples which had not been analyzed for ESAs were re-analyzed for
ESAs specially.
Secondly, five different brands of rhEPO preparation made in China (Yipuding, Yibiao, Jimaixin, Yibao,
Ninghongxin) were collected. All these preparations were diluted to 3000 IU/L and 5 µL of each preparation
was spiked in blank urine and serum samples separately. All the preparations and spiked samples were
analyzed for ESAs, as well as the blank samples.
Finally, an rhEPO excretion study was conducted. Two male volunteers and two female volunteers were
recruited in this excretion. A single dose of 3000IU rhEPO (Jimaixin, China) was injected subcutaneously. The
blood samples were taken on day 0 (before administration), 1, 2, 3, 5, 7, 9. Urine samples were collected from
day 0 (before administration) to day 10. All the urine and serum samples were analyzed for ESAs.
Analysis
All urine and blood samples were prepared using EPO immuno-purification prior to analysis. For urine samples
(10 mL), STEMCELL ELISA plates coated with anti-EPO antibody were used after ultrafiltration concentration
[2,3]. For serum and plasma samples (1 mL), immuno-purification was conducted using MAIIA EPO purification
kits. All the samples were analyzed with Sarcosyl-PAGE [4,5]. For urine samples, single-blotting was
conducted, while double-blotting was necessary for blood. IEF combined with double-blotting was also used to
analyze some samples [2].

Results and Discussion
Follow-up Investigation of AAF Cases
Case 1
In case 1, the athlete was a female swimmer. Though the ABP haematological profile was normal except for
the 3 rd time slot, for the abnormally high RET%, the APMU asked to analyze the ABP sample of 4 th time slot for
ESAs. The result was suspicious, just like the serum sample mentioned before (Figure 1). As there was no B
bottle for confirmation, the preliminary result was sent to the APMU.
After re-analyzing all the urine and blood samples which weren’t analyzed for ESAs before, except the AAF of
the samples we reported, there were some other suspicious results from urine samples. As the confirmation
was not conducted, the PAAFs were defined. For blood samples, all the blood samples had the unknown band
mentioned before, no matter if serum or plasma. Then the IEF method was used to analyze some of the
samples. Two urine samples which were reported as AAF or PAAF were negative using IEF. The result from
serum sample was also shown to be negative (Figure 3). In order to decide whether the unknown band is an
existing form of an rhEPO preparation in blood,the further analysis with rhEPO preparations need to be
conducted.
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Figure 3: Follow-up Investigation of case 1

Case 2
In Case 2, the athlete was a female mountain cyclist. Her ABP haematological profile showed an atypical
passport finding since the first time slot. After the 6 th time slot, the expert of APMU evaluated as “likely doping”
[6].
After analyzing the samples, which were not analyzed for ESAs before, no urine sample was found as PAAF.
For blood samples, there was another plasma sample identified as PAAF besides the positive one we had
already reported. The result for this sample was the same with the IEF method. At the same time, a urine
sample was also collected, but was negative.
Comparing the notification time and collection time in different samples, we found that the two tests from which
the serum samples were positive were notified at 22:56 and 4:20, and the sample collection time were 23:40
and 5:07. Other blood samples were collected at daytime (Figure 4).
For this phenomenon, we deduce that micro-dose method may be used by athlete at night to escape from
doping control test. If a doping control test was conducted from night to next morning, then rhEPO could be
detected from serum or plasma. But for urine, maybe it hasn’t started to be excreted in urine, or has already
been excreted before notification or even can be hardly detected for trace concontration. In the morning, rhEPO
could not be detected even in serum or plasma.
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Figure 4: Follow-up Investigation of case 2

Electrophorectic Migration Behavior of rhEPO
Although the migration behavior of five brands of rhEPO preparation was different, there was no significant
difference of a brand of preparation spiked in different matrix. The unknown band found in case 1 was still not
found (Figure 5).

Figure 5: Electrophoretic Migration Behavior of rhEPO: 5-a: rhEPO preparations; 5-b: blank urine spiked with rhEPO
preparations; 5-c: blank serum spiked with rhEPO preparations
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rhEPO Excretion Study
The samples collected from excretion study did not show the same separate bands like the suspicious samples
either.
For the time window of detection, From day 1 to day 3, the positive rate of both urine and serum samples were
100%. At day 5, there were three positive serum samples, while the number of positive urine samples was two.
At day 7, no urine sample was positive, while two serum samples were positive (Figure 6). This excretion study
didn’t show the same results which other labs had reported before [7,8], that the urine samples had the longer
time window of detection than blood sample. Maybe it depends on the rhEPO preparation, sensitivity, analytical
method or if microdosing was used.
Besides that, the time that rhEPO started to be excreted in urine, was also determined. For this excretion study,
the rhEPO was administrated subcutaneously, the rhEPO can be started to detect 2 to 3 hours later. It means
that even take the high-dose rhEPO, it also needs 2 to 3 hours to detect in the urine.

Figure 6: rhEPO Excretion Study: 6-a: Comparison of detection between urine and serum; 6-b: Positive rate of samples; 6-c
Beginning window of detection from urine sample
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Conclusions
In this study, we found that blood samples are the better choice than urine samples, especially for micro-dose.
The best way of implementing the efficient doping control tests aiming to target athletes is to establish the test
distribution plan (TDP) regarding to the ABP module, combine the urine and blood tests together. Collect the
bottle B of the ABP samples for further analysis.
The unknown band in case 1 was still unclear. More rhEPO preparations need to be found, also excretion
studies should be carried on to find the relevant preparation.
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A snapshot of salbutamol findings in samples analysed by the Australian
laboratory in 2016
National Measurement Institute, North Ryde, Australia

Abstract
According to the Australian Institute of Health and Welfare [1], asthma affects around 10% of the Australian
population. Salbutamol is a commonly used medication for the treatment of asthma and it is available both by
prescription and as over the counter medication in Australia [2]. Since it is readily available and has a relatively
high decision limit there is potential for athletes to administer low doses of salbutamol for performance
enhancing effects rather than for therapeutic use. In 2016, at the Australian Sports Drug Testing Laboratory
(ASDTL), a record was kept of all salbutamol findings in the laboratory to create a snapshot of salbutamol use
in the athlete population.

Introduction
Salbutamol is a commonly used medication for the treatment of asthma. As a beta-2 agonist, salbutamol is also
considered to be a prohibited substance. Prior to 2010, a TUE was required for the therapeutic use of inhaled
salbutamol; however a TUE is now no longer required [3]. Instead, the prohibited list has noted a maximum
allowed daily dose of 1600 µg [4]. Findings of salbutamol greater than 1000 ng/mL are considered to exceed
therapeutic doses and will result in an Adverse Analytical Finding (AAF) [4]. Salbutamol is frequently detected
in routine samples analysed at the Australian Sports Drug Testing Laboratory (ASDTL), and in 2016 a record
was kept of all salbutamol findings in the laboratory to create a snapshot of salbutamol use in the athlete
population.

Experimental
Sample distribution
ASDTL receives samples primarily from the Australia and New Zealand regions. Additionally, in 2016, a
number of samples were also received from other sources. These include pre-olympic samples from China,
samples from the FIFA U20 Women´s World Cup, reanalysis of tanked Australian samples and Australian
workplace/pathology samples. An estimate of the distribution of samples received is summarised in Table 1.

Table 1: ASDTL urine sample distribution 2016

RECENT ADVANCES IN DOPING ANALYSIS (25)

25

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
Extraction procedure
Samples were extracted according to the routine procedure applied to all doping control samples in the
laboratory [5]. Each batch of samples included two spiked urines containing salbutamol at 100 and 1000 ng/mL
(SPK-LOW and SPK-HIGH). D 9 -salbutamol at 50 ng/mL was included in the mixed internal standard that was
added to each sample.
All samples were extracted using a JANUS robotics platform. After addition of internal standard, samples
underwent hydrolysis with β-glucuronidase. The samples were then extracted by SPE using NEXUS C18
plates. The methanol eluent was dried and derivatised with MSTFA/NH 4 I/ethanethiol.
The samples were analysed by GCMSMS using an Agilent 7000C installed with a HP Ultra 1 column (25 m x
200 µm x 0.11 µm). Salbutamol concentrations were determined using a single point calibration standard at
100 ng/mL. All samples containing salbutamol at concentrations greater than 5 ng/mL were recorded.

Results and Discussion
Control charts and Calibration
The concentrations of salbutamol in the two spiked urines were monitored in a control chart, see Figure 1. The
average calculated concentration for SPK-LOW (100 ng/mL) over 163 sequences was 105 ng/mL with an RSD
of 12.5%. For SPK-HIGH (1000 ng/mL) the average calculated concentration was 876 ng/mL with an RSD of
13.7%.

Figure 1: Control charts for salbutamol spikes at 100 and 1000 ng/mL

The accuracy of the calculated concentration for SPK-HIGH may have been affected by the use of a low
concentration, single point calibration standard. Samples detected as having a high estimated concentration of
salbutamol were recalculated against SPK-HIGH to more accurately estimate their concentrations. This
ensured that any samples where salbutamol concentrations may have been above the threshold [6] were
identified and moved on to the confirmation procedure.
Salbutamol findings
Figure 2 shows the distribution of salbutamol findings in ASDTL in 2016. The concentrations have not been
adjusted for specific gravity as recommended by Hostrup et al and Haase et al [7, 8] as this is not a requirement
of the WADA Technical Document [6]. The 284 findings for salbutamol represent about 4% of the total number
of samples analysed. Of these findings, 58% were below 100 ng/mL and 96% were below 500 ng/mL (50% of
the threshold). All of the samples with concentrations above 900 ng/mL were from in-competition testing and
could have been influenced by exercise [8]. A total of 4 findings resulted in AAFs. Two samples had confirmed
salbutamol concentrations exceeding the decision limit of 1200 ng/mL [6] (salbutamol at 1720 ng/mL and
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1470 ng/mL). When adjusted for specific gravity these calculate to 1370 ng/mL and 1050 ng/mL respectively,
with the second sample falling below the decision limit. Two samples were also detected with salbutamol in
conjunction with a diuretic [4] (salbutamol at 196 ng/mL and 29 ng/mL).

Figure 2: Salbutamol findings in ASDTL in 2016

Figure 3 shows the distribution of salbutamol findings by sport. There does not appear to be a significant
difference in salbutamol findings across different sporting categories.

Figure 3: Salbutamol findings by sport
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Conclusions
The total number of salbutamol findings in the Australian laboratory falls within the expected range,
given the prevalence of asthma in the Australian population.
The majority of salbutamol findings are at low concentrations, with more than 50% of findings below
100 ng/mL.
Overall, salbutamol findings are not inconsistent with therapeutic use.
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Monitor Program of Clenbuterol Contamination in 30 Chinese Volunteers Urine
by LC-MS/MS
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
In order to investigate clenbuterol contamination in chinese urine, a monitoring program had been
implemented and completed in 2016. Totally 30 Chinese volunteers (15 males, age 28-65 years and weight
from 60-90 kg and 15 females, age 27-55 years and weight from 45-70 kg) attended the monitoring program.
Urine samples were collected every 2 or 3 weeks from the volunteers and then one aliquot of 10 mL of each
urine sample was tested by LC-MS/MS in MRM mode. Totally 10 collection times and together 300 urine
samples were screened for clenbuterol originating from food contamination (based on the market investigation,
the lamb and beef muscle showed high contamination of clenbuterol at 90%). The R/S ratio of clenbuterol
enantiomers in the urine samples was determined. Totally, in 31 urine samples clenbuterol was confirmed
ranging from 10-268 pg/mL. Because of the LOQ in the clenbuterol isomers method, only in 9 adverse
analytical finding (AAF) samples the R/S ratios had been determinated. The R/S ratios of 5 samples ranged
from 1.83 to 1.98 and the average value was 1.94 which was highly similar to the results in clenbuterol
contaminated lamb samples (the average R/S ratio was 2.13 in 16 lamb muscle samples [1]). The results in the
other 4 samples ranged from 1.15 to 1.39 and the average was 1.27 which showed a good relationship with
the results in clenbuterol contaminated beef samples (the average R/S ratio was 1.33 in 73 beef muscle
samples [1]). The result of the monitoring program confirmed that the clenbuterol contaminated food could lead
to an AAF result in urine samples and the concentration could reach the MRPL of clenbuterol approved by
WADA. The R/S ratios of clenbuterol contaminated urines showed a good relationship between the urine and
food type (lamb and beef).

Introduction
According to the testing figures in 2016, the AAFs of clenbuterol in chinese athletes showed a high level rate
compared with foreign atheletes. In order to investigate clenbuterol contamination in chinese urine, a
monitoring program had been implemented and completed in 2016. Totally 30 Chinese volunteers (15 males,
age 28-65 years and weight from 60-90 kg and 15 females, age 27-55 years and weight from 45-70 kg)
attended the monitoring program. Urine samples were collected every 2 or 3 weeks from the 30 volunteers and
then one aliquot about 10 mL for each were tested by LC-MS/MS in MRM mode. The clenbuterol contaminated
urine samples were stored at -20 °C and reanalysis was carried out again after the screening procedure had
been completed. The R/S ratios of clenbuterol enantiomers in the urine samples were determined.

Experimental
A method for determining clenbuterol and the ratios of clenbuterol enantiomers (R/S ratio) in urine by LCMS/MS was developed and validated. 2 H 9 -clenbuterol was used as an internal standard. The samples were
extracted by liquid-liquid extraction with methyl tert-butyl ether at pH 9 and purified by MCX Oasis solid
prepared extraction column, the dry residue was reconstituted in 0.2 mL of methanol. The chromatographic
baseline separation was performed on a Eclipse C18 column or a Chirobiotic T analytical column and the
analytes were detected by Aglient 6410 in MRM mode.
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Results and Discussion
The limit of detection (LOD) for clenbuterol was 5 pg/mL and the limit of quantification (LOQ) was 10 pg/mL.
Good linearity (R 2 >0.99) was achieved for clenbuterol over the range of 10-400 pg/mL. The recovery of
clenbuterol at three concentration levels (5, 20 and 100 pg/mL) ranged from 98.8 to 123.2%. The intra- and
inter-day precisions for all substances were less than 10%. In 31 urine samples clenbuterol was confirmed at
concentrations ranging from 10 - 268 pg/mL. Only 4 clenbuterol contaminated samples demonstrated
concentrations above 50 % of the MRPL for clenbuterol. In 4 samples clenbuterol concentrations ranged from
50 to 100 pg/mL and in 23 of the investigated samples the determined concentrations were below 50
pg/mL. Because of the LOQ of the clenbuterol isomers method, only in 9 AAF samples the R/S ratios had been
determinated. The R/S ratios of 5 samples ranged from 1.83 to 1.98 and the average value was 1.94, which
was highly similar to the results in clenbuterol contaminated lamb samples (the average R/S ratio was 2.13 in
16 lamb muscle samples [1]). In 4 other samples the values ranged from 1.15 to 1.39 and the average was 1.27
which showed a good relationship with the results in clenbuterol contaminated beef samples (the average
R/S ratio was 1.33 in 73 beef muscle samples [1]). The results of the monitoring program confirmed the
R/S ratio difference existing in athletes urine reported in 2013 [2].

Figure 1: Concentrations of clenbuterol in 30 Chinese volunteers
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Figure 2: R/S ratios of clenbuterol isomers in a clenbuterol contaminated urine

Figure 3: R/S ratios of clenbuterol isomers in a clenbuterol contaminated urine - the QC sample
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Figure 4: R/S ratios of clenbuterol isomers in a clenbuterol contaminated urine sample

Conclusions
The results of the monitoring program confirmed that clenbuterol contaminated food could lead to a AAF result
in a urine sample and the concentration could reach the MRPL of clenbuterol approved by WADA. The R/S
ratios of clenbuterol contaminated urines showed a good relationship between the urine and the food type
(lamb and beef). R/S ratios of clenbuterol in the urine of chinese volunteers after the administraion of
clenbuterol contaminated beef samples or lamb samples confirmed the monitoring program results.
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Fentanyl detection in real urine sample
Anti-Doping, Institute of Sport -NRI, Warsaw, Poland

Abstract
Fentanyl is a synthetic primary u-opioid receptor agonist with a potent narcotic and analgesic properties. It has
a rapid onset and short duration of action. In the Prohibited List fentanyl is listed in in the group S7 - narcotics
and, hence its use by athletes is banned during competitions. Fentanyl is frequently used in medicine as an
analgesic drug during surgery, and to treat post-operative pain. Moreover, it is also used as a transdermal
patch for the treatment of chronic pain. Fentanyl can be also abused by athletes to relive pain to be able to
compete in spite of previous injures. Therefore, there is a risk of detection this substance in the samples
collected in competition. The exertion profile of fentanyl after its application for medical reasons will be
presented with emphasis of its metabolism and issues connected with its identification.

Introduction
Fentanyl is listed in Group S7 in the Prohibited List - narcotics- and hence its use by athletes during
competition is banned. Fentanyl belongs to a group of compounds commonly known as synthetic opiates and it
has been used as an addition to anesthesia and to relive post operation pain [1]. Fentanyl is a potent narcotic
analgesic with a rapid onset and short duration of action [2]. Currently, the most commonly used analogues of
fentanyl are alfentanyl, sufentanyl, and remifentanyl. The chemical structure of all compounds from the fentanyl
group is based on piperidine, which also occurs in morphine (Figure 1)[3]. The popularity of fentanyl is caused
by the fact that this compound acts similarly to morphine and heroin. Fentanyl and its analogues are available
as pharmaceutical preparations mainly in the form of injection solution. Fentanyl is well absorbed through the
skin and thus it can be also applied in the form of transdermal patches. The applied doses depend on the route
of administration. Fentanyl is given intravenously at 2-60 µg/kg of body weight and transdermally at 25, 50 and
100 µg/h.

Figure 1: Chemical structures of fentanyl, piperidine, morphine.
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Experimental
Experiment 1:
Sample 1 (S1) and sample 2 (S2) were collected 1 day after application of a single dose of 100 ug fentanyl
intravenously;
Experiment 2:
Samples 3,4,5 were collected after three days treatment with continuous infusion of fentanyl (dose: 100 µg/h)
and then application of fentanyl transdermal patches, more precisely:
Sample 3 (S3) was collected one day after i.v. treatment and during application of transdermal patch (dose:
25 µg/h, corresponding to 4.2 mg of fentanyl in the patch).
Sample 4 (S4) was collected two days after i.v. treatment during application of transdermal patch (dose:
50 µg/h, corresponding to 8.4 mg of fentanyl in the patch).
Sample 5 (S5) was collected three days after i.v. treatment during application of transdermal patch (dose:
50 µg/h, corresponding to 8.4 mg of fentanyl in the patch).
The samples of interest were extracted from 5 mL urine by a two-step liquid-liquid extraction and then analyzed
by UPLC/MS/MS (Figure 2).

Figure 2: Preparation of tested sample.
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Chromatographic separation was achieved on a Waters Acquity UPLC system equipped with an Acquity UPLC
BEH C18 Shield column (100 mm x 2.1 mm, 1.7 um; Waters, USA) (Table 1).

Table 1: Summary of LC-MS/MS parameters.

Results and Discussion
The results of the experiments are shown in Table 2. Chromatography of tested samples S1 - S5 are in
Figure 3. The presented result obtained by using confirmation procedures. The concentrations of fentanyl and
norfentanyl were above the reporting limit set in the WADA TD2018MRPL at 1 ng/mL. As fentanyl can be used
for anaesthesia during even small surgical procedures (e.g. in dentistry) there could be a threat of
nonintentional anti-doping rules violation. It is more data required to verify how long after treatment should
pause competing to be in compliance with anti-doping rules, however, presented data indicate that three days
might not to be enough.

Conclusions
Presented data indicate that fentanyl elimination can last more than three days what indicate the presence of
high concentrations of fentanyl and its metabolites in Sample S5, that was collected after three days of fentanyl
application. Therefore, athletes should apply for therapeutic usage exemption even they want to compete
before of three days of fentanyl treatment completion to avoid possible anti-doping rules violations.
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Figure 3: Detection of Fentanyl and Norfentanyl.
A: Chromatograms of real case and blank sample, B: Chromatogram of a QC sample.
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Investigation of urinary detection windows after multiple oral dosages of
meldonium - a pilot study
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European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany 2

Abstract
In reaction to the massive abuse of meldonium in international elite sports, in January 2016 meldonium was
shifted from the Monitoring Program to the WADA Prohibited List, classified under S4.5 – metabolic modulators.
Since then, a considerable number of AAFs called into question whether the pharmacokinetic properties of
meldonium needed further investigation. In order to estimate urinary detection windows following the
recommended dosages of the drug provided by the labelling and package leaflet, one healthy volunteer
received 3 doses of 500 mg of meldonium for 6 consecutive days. Urinary meldonium concentrations were
determined using an analytical approach based on hydrophilic interaction liquid chromatography and high
resolution tandem mass spectrometry. The excretion profile of meldonium was found to be characterized by
two elimination phases indicating a non-linear pharmacokinetic with a urinary detection window expanding
over 5 months.

Introduction
Since Meldonium has been shifted from the Monitoring Program to the WADA Prohibited List in January 2016,
a considerable number of adverse analytical findings (AAF) have triggered an ongoing debate on meldonium
itself, its use in international elite sport and in particular its pharmacokinetic properties [1-5]. Therefore, the aim
of this pilot study was to roughly estimate urinary detection windows following multiple oral application at the
recommended dosages of the drug provided by the labelling and package leaflet. The obtained data should
support the interpretation and result management process in cases of adverse analytical findings in doping
control, especially when drug intake scenarios (time point, duration, etc.) are questioned.

Experimental
Sample preparation
An aliquot of 270 µL of urine was fortified with 30 µL of the internal standard working solution (meldonium-D 3 ,
final concentration 1 µg/mL). The mixture was further diluted with 100 µL of a 100 mM ammonium acetate
solution and 700 µL of acetonitrile. The sample was mixed and an aliquot of 10 µL was injected into the LCMS/MS instrument.
Liquid chromatography – high resolution / high accuracy (tandem) mass spectrometry
Diluted urine specimens were analyzed using a hydrophilic interaction liquid chromatography-high resolution /
high accuracy mass spectrometry approach (HILIC-HRMS/MS) published previously [3]. In brief, the approach
was based on an online sample clean-up using a dual pump setup equipped with Nucleodur HILIC columns
(Macherey-Nagel, Düren, Germany) and a mobile phase that consisted of a 200 mM ammonium acetate buffer
containing 0.15% acetic acid (pH 5.0), deionized water and acetonitrile. Mass spectrometric detection was
performed using a QExactive mass spectrometer (Thermo Scientific, Bremen, Germany), operating in targeted
higher energy collision dissociation (HCD) acquisition mode (precursor ion: m/z 147.1126, normalized collision
energy: 50%, resolution: 35 000 FWHM).
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Study design
One healthy male volunteer received an oral dose of 500 mg meldonium three times a day over six
consecutive days. During administration period and 3 days post-administration all urine samples were
collected. From day 4 onwards, urine samples were collected randomly until 164 days post-administration.
Mildronate ® capsules (batch No: 9320814, manufacturing date: 09.2014, expiry date: 08.2018) were bought
from Grindex (Riga, Latvia).

Results and Discussion
Meldonium concentrations, which were determined during administration phase demonstrated peak
concentrations of more than 1.80 mg/mL (Table 1), however the steady state was not reached within the
selected dosage schedule (Figure 1). After cessation of the drug, urine concentrations rapidly decreased in a
first elimination phase from ca. 960 µg/mL to ca. 9 µg/mL within 72 h. Subsequently, meldonium was detected
at concentrations between ca. 9 and 1 µg/mL until day 39, suggesting the existence of a second and
substantially slower elimination phase (Figure 2). After 95 days (13.5 weeks) post-administration all urine
specimens provided concentrations lower than 100 ng/mL. The study was terminated after 164 days (23.5
weeks) post-administration.

Tab. 1: Summary of post-administration pharmacokinetic parameters obtained after multiple-dose oral administration of
meldonium.

Fig. 1: Excretion profile of meldonium after multiple-dose oral administration of 500 mg/day for 6 days (embedded inset:
zoom-in for timescale between 20 – 170 days).
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Fig. 2: Excretion profile of meldonium in semi-logarithmic scale after multiple-dose oral administration of 3 x 500 mg/day
for 6 days. The urinary meldonium excretion is characterized by a biphasic elimination profile with a first rapid elimination
within the first 72 h (3 days) followed by a second, substantially slower, elimination phase.

Conclusions
The obtained data provided essential information on the urinary excretion profile of meldonium following
multiple-dose oral application of the substance, which was added to the WADA Prohibited List in 2016. Urinary
concentrations were found to be characterized by two elimination phases with urinary detection windows
expanding over several months after cessation of the drug. The results indicate the range of urinary meldonium
levels present shortly after oral application as well as during the tapering period of the drug (i.e. days, weeks
and months after administration). This pilot study provided the first analytical evidence for the extended urinary
detection window of meldonium and demonstrated an atypical, nonlinear and biphasic excretion profile. The
results of this pilot study were the basis for larger investigations to characterize the excretion profile of
meldonium [6,7].
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Abstract
The World Anti-Doping Agency (WADA) list of prohibited items in sport contains eleven classes of substances
with highly different physico-chemical properties and complex metabolism. This broad characteristic spectrum
along with the sometimes quite challenging detection levels required by WADA has led to the development
and usage of many different screenings. It is only in recent years that performance of new sample preparation
(purification), separation and detection techniques is now able to replace these initial testing procedures by
two general screening methods in the doping control laboratories i.e. GC-MS/MS and LC-HRMS.
A large LC-HRMS screening method able to detect more than 500 doping substances/metabolites was
developed and implemented using quadrupole orbitrap mass spectrometer. The data evaluation was done
with TraceFinder™ software. The sample preparation on a Hamilton Microlab Star robot is achieved by
combining β-glucuronidase hydrolysis, purification, and concentration on strong mixed mode cation exchanger
SPE, and a final addition of the original urine sample to the reconstituted solution. This new screening method
combines a full automatization of the sample preparation for both screening methods. The LC-HRMS method
allows for the detection of parent drug as well as gluco-conjugate metabolites.
This study resulted in a unified sample preparation for both LC-HRMS and GC-MS/MS screening, fully
robotized, including incubations, solid phase extraction (SPE), evaporation, plate sealing, handling of
reagents, and cold storage. Preliminary data for the validation of the LC-screening are presented. The
validation of the GC screening process is ongoing

Introduction
The WADA list of illicit substances is increasing every year, amounting to more than 250 substances and
requiring metabolite knowledge/identification/detection to optimize the detection timewindow [1]. Major
differences in physicochemical properties and metabolic pathways between all these compounds, together
with the challenging detection levels, resulted in the implementation of many different LC/GC screening
methods. This issue was solved by a combination of supported liquid extraction (SLE) or SPE automatable
purification steps, improved separation, and high-resolution detection techniques [2-6].
Therefore, we developed a robust LC-HRMS screening on QExactive and we substituted the classical methyl
tert-butyl ether extraction of the GC sample work by an SPE extraction aiming to: 1) cover most doping
substances at or below 50% MRPL, 2) detect free and sulfo-/glucuro-conjugates by LC, 3) automatize the
whole purification process in parallel for LC and GC analyses, 4) establish easy data evaluation by
TraceFinder™ and Mass Hunter software, and finally, 5) permit retrospective evaluation of analyzed samples
for presently unknown substances/ metabolites by full-scan detection.

Experimental
Sample preparation
As illustrated in Figures 1 & 2, sample preparations were performed in parallel for LC and GC on a Hamilton
Microlab Star robot using Venus software. The procedure includes steps of urine sampling, enzymatic
hydrolysis, SPE activation (Chromabond HR-XC for LC and Isolute C18 for GC), urine application to SPE, wash
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and elution, nitrogen evaporation, reconstitution for LC and derivatization for GC. The internal standards were
IS-1 (d 4 -androsterone-glucuronide, 5 µg/mL) IS-2 (methanol mixture of d 3 -ephedrine, d 3 -morphine, d 9 salbutamol, indapamide impurity B, d 3 -epitestosterone, and d 6 -formoterol at 2.5, 4, 0.2, 5, 0.6 and 1 mg/mL
respectively), IS-3 (d 5 -ethylglucuronide 1 µg/mL), and IS-4 (ethanol mixture of d 3 -testosterone and epitestosterone (0.5 µg/mL), d 3 -5α-androstane-3α,17β-diol and d 5 -5β-androstane-3α,17β-diol (1 mg/mL), and
d 5 -etiocholanolone (3 µg/mL). Urine was added to the purified LC extract to enable detection of conjugated
substances.

Figure 1: Combined automatized sample procedure in 96-well plates (WP) for LC and GC screening on Hamilton Microlab Star
robot
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Figure 2: Hamilton Microlab Star robot equipped for combined sample procedure in 96-well plates for LC and GC screening

Three calibrators were prepared and underwent sample preparation twice a month, two for LC and GC by
spiking blank urine with all screened available substances (see Table 1 for the number of substances
monitored) and the third one for GC by spiking synthetic urine with profile steroids. For both screening methods
high and low-quality controls (QC) were prepared with each batch containing threshold/quantified substances
listed below. The low QCs were also used for system performance evaluation.

Table 1 (left): Number of substances/metabolites monitored in each Wada classe by LC or GC and glucuro- and sulfo-conjugates
monitored by LC.
Table 2 (right): Chromatographic separation parameters and HRMS detection parameters used for the LC screening. Chromatograms were extracted with 5 ppm mass tolerance.
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LowQC LC: Terbutaline, formoterol, clenbuterol, trenbolone/epitrenbolone, ractopamine, clopamide,
ortetamine, phentermine, cyclothiazide
LowQC GC: 19-norandrosterone, 3’-hydroxystanozolol, 5α-methyltestosterone, 5β-methyltestosterone in low
steroid profile urine
HighQC LC: Cathine, ephedrine, methylephedrine, salbutamol, morphine & morphine-3-glucuronide
HighQC GC: Mix of high steroid profile urines
UHPLC and HRMS conditions
Chromatographic separation parameters and HRMS detection parameters are presented in Table 2.
GC-MS/MS conditions
GC derivatized extracts were analyzed on Agilent 7000 Triple Quad and a GC 7890D by injecting 3 µL (1:10
split mode, inlet set at 250°C) at constant flow and with helium as carrier gas on a 17m Ultra 1 column (200 µm
id and 0.11 µm film) with an oven temperature gradient starting at 180°C for 2 min, increasing with 3.3 °C/min
to 231°C, then with 30°C/min to 310°C, and kept there for 2 minutes. The detection is done with dMRM (229
MRMs, 3.17 cycles per second, and 5 ms min dwell time) using He as quench gas and N 2 as collision gas (1.5
mL/min) with an EI ion source at 70 eV and 230°C and quadrupole at 150°C.

Results and Discussion
Sample preparation was performed in less than 5 hours for 45-96 samples. The detection limit of all
substances in LC-HRMS was tested for more than 400 compounds/metabolites of WADA’s classes and found
satisfactory at 10%, 20% or 50% of MRPL for nearly all substances in full scan mode, except for cyclothiazide,
methyldienolone, metribolone, clenbuterol, androstra-1,4,6-trien-3,17-dione and its metabolite, androstra1,4,6-trien-17β-ol-3-one that were run in parallel reaction monitoring (PRM) positive mode. Only some
substances failed the 50% MRPL criteria: desmopressin, molidustat, and desferoxamine. This method was also
unsuitable for peptide hormone analysis due to the mixed mode- strong cation sorbent used for SPE
purification. The day-to-day imprecisions measured for threshold substances were 29% for morphine-3glucuronide, 17% for morphine, 13.9% for salbutamol, 14% for cathine, 8.7% for ephedrine, 17.1% for
methylephedrine, 12% for formoterol, 58% for glycerol at threshold (n=50). It was 25% for ethyl glucuronide at 5
µg/mL and 24% for terbutaline at 20 ng/mL (n = 50). Good agreement between measured and nominal
concentrations was observed for most of the quantified compounds except for glycerol due to strong matrix
effect at early retention time and absence of optimal deuterated internal standard for economic reasons. The
calibrator was stable for more than 4 weeks in the injector as well as the QC preparations. A simple and fast
data evaluation was developed in TraceFinder™, producing 12 sample reports corresponding to WADA’s
different substance classes using, as identification reference (Cal), a mix containing most of the substances
screened. Reports are illustrated in figure 3 for 2-hydroxymethyl-17α-methylandrostadiene-11α,17β-diol-3-one
(formebolone metabolite), trenbolone and epitrenbolone, methyltrienolone (PRM product), and GSK1278863
(detected as positive and negative adducts to facilitate identification).

Conclusions
A unification/automatization of the processes of LC and GC is innovative and transformed time-consuming
screenings into a high throughput, reliable, accurate, and efficient operation for LC. The GC process evaluation
is ongoing. The SPE sorbent selected for LC generated a stable extract, resulting in low injection volume (less
than 2 µL) and column consumption (2000 injections or more per column). The combination of the SPE
purification, together with an effective separation and a powerful detection by quadrupole-orbitrap mass
spectrometer, resulted in low noise, good repeatability, and notably better sensitivity than the one achieved
before with tandem quadrupole MS technology.
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Higenamine and coclaurine positive doping case associated with herbal
massage cream use
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
Higenamine is a natural alkaloid firstly identified in Aconitum japonicum. It is considered as central precursor in
the biosynthesis of benzylisoquinoline alkaloids and derivatives and was identified in many plants, including
Asarum heterotropoides, Annona Squamosa, Gnetum parvifolium and Nelumbo nucifere; moreover it is
naturally synthesized in Berberidaceae, Laureaceae, Papaveraceae, Magnoliaceae, Ranunculaceae,
Rutaceae and other plant families.
Higenamine is a prohibited substance under the section S3 "beta-2-agonists" of the World Anti-Doping Agency
(WADA) List of Prohibited Substances and Methods.
Higenamine and coclaurine have been detected, at a concentration around 1 ng/mL both, in a urine sample
collected in occasion of a doping control test and attention has been paid to a cream preparation used by the
athlete after workouts.
Here we present a rapid LC-ESI-MS/MS method developed for the detection of higenamine and coclaurine in
herbal products.
Sample preparation was performed by solid phase extraction, chromatographic separation was carried out
using a C18 column and water and acetonitrile both containing 0.1% of formic acid as mobile phases,
detection was performed by a triple quadrupole mass spectrometer under positive ionization and selected
reaction monitoring acquisition mode.
Suitability of the method was evaluated by analyzing herbal massage creams containing higenamine and
coclaurine.
Results confirmed the presence of the substances for which the athlete was found positive; it was however not
possible to prove with certainty whether they are naturally present in the botanical components, or they result
from raw materials contamination or cross-contamination

Introduction
Higenamine is a prohibited substance under S3 section "β2-agonists" of the World Anti-Doping Agency
(WADA) List of Prohibited Substances and Methods [1]. It is a natural alkaloid firstly identified and purified from
Aconitum japonicum [2], but present in other plants as a precursor in the biosynthesis of benzylisoquinoline
alkaloids [3]. Either because the large use of botanical components in the composition of natural products and
because of the wide distribution benzylisoquinoline derivatives in plants, the ingredients should be taken into
consideration as possible sources of higenamine to prevent any risk of accidental voluntary assumption. The
purpose of this work was to verify the possible presence of higenamine in an herbal cream after an adverse
analytical finding reported by our laboratory.

Experimental
Chemical and Reagent
Massage cream: Shineway Pharmaceuticals (Hong Kong, China) supplied by the athlete's supervisors
(ingredients: Ruta Graveolens, Belladonna, Olibanum, Myrrha, Linderae radix, Chuanxiong rhizoma,
Curcumae radix, Peppermint oil, Cinnamon oil, Clove oil, Canphor, excipients); higenamine hydrobromide:
Santa Cruz Biotechnology (Dallas, U.S.A.); coclaurine hydrochloride: Toronto Research Chemicals (Toronto,
Canada); deuterated formoterol (ISTD): Alsachim (Illkirch Graffenstaden, France).
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Sample Preparation
Different extraction protocols were evaluated including liquid-liquid extraction used for urine routine doping
control methods (omitting hydrolysis). Solid-phase extraction, specific for basic analytes, was tested including
mixed-mode (Oasis MCX, Waters) and weak-cation exchange (Oasis WCX, Waters) cartridges (Figure 1).

Figure 1. Sample preparation scheme

Instrumental Conditions
HPLC System: Agilent 1200 Rapid Resolution Series; Column: Supelco Ascentis C18 column (2,1 x 150 mm,
5 µm); Mobile phase: bi-distilled water (eluent A) and acetonitrile (eluent B) containing both 0.1% formic acid;
Flow rate: 250 mL/min; Gradient program: start at 5 % B, increase to 60 % B in 7 min, after 6 min, to 100 % B
in 1 min and hold for 1 min at 100 % B and re-equilibrating at 5 % B for 4 minutes.
MS System: Sciex API4000; Source: positive electrospray ionization; Acquisition mode: selected reaction
monitoring.
Validation Parameters
Lower limits of detection (LLOD) and quantification (LLOQ) were calculated from signal to noise ratio (S/N) of
serial dilutions samples spiked with higenamine and coclaurine starting from a concentration of 100 ng/mL.
Specificity was studied analyzing negative samples to exclude interferences at the retention time of
higenamine and coclaurine.
The matrix effect was assessed by comparing the signal abundances of higenamine and coclaurine in the
ultrapurified water and in the standard solution.
Recoveries of target analytes were determined by spiking negative samples at a concentration of 50 ng/mL
before and after the optimized extraction protocol, adding the ISTD into the elution solvent. Recovery was
calculated by comparison of mean peak area ratios of the analyte and the ISTD in samples fortified before and
after the pre-treatment.

Results and Discussion
Optimization of the Mass Spectrometric Conditions
Full scan and product ion scan acquisition modes were performed by infusing standard solutions dissolved in
the mobile phases to optimize instrumental parameters.
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The abundant signal was recorded in positive mode observing the protonated molecular ion [M+H]+ in the MS
spectra for both analytes. Spectra were obtained by setting curtain gas pressure at 20 psi, source temperature
at 500°C, nebulizer gas pressure at 30 psi, declustering potential at 70 V, collision cell exit potential at 13 V
and needle voltage at 5500 V.
To study the dissociation routes of higenamine and coclaurine standard solutions were infused using product
ion scan as acquisition mode and different collision energies. Abundant ion fragments were found at m/z 107,
161, 255 for higenamine and at m/z 107, 175, 269 for coclaurine at collision energy of 25 eV (Figure 2).

Figure 2. Product ion scan spectra, structure and dissociation scheme of higenamine (A) and coclaurine (B) obtained at a collision
energy of 25 eV.

Optimization Sample Pre-treatment
Purification has been carried out using weak cationic exchange column (WCX). The chosen protocol was
performed by buffering the sample at pH 7 with 200 µL of phosphate buffer (pH 7.4, 0.8 M). Extraction was
carried out after conditioning with methanol (1 mL) and water (1 mL). After sample loading the cartridge was
washed with methanol (1 mL) and water (1 mL). Elution occurred with a 5 % (v/v) mixture of formic acid in
methanol.

Table 1. Method validation results for both higenamine and coclaurine
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Cream Analysis
The method was applied to analyse the massage herbal cream under investigation and a water sample spiked
with coclaurine and higenamine at a concentration of 50 ng/mL, pre-treated with the procedures optimized in
this study (Figure 3). Both higenamine and coclaurine are efficiently extracted and detectable in the massage
herbal cream. Our results showed that the herbal cream contained both higenamine, coclaurine and its
diasteroisomer isococlaurine at an estimated concentration of 100 ng/g and 40 ng/g respectively.

Figure 3. Extract chromatogram of an aliquot of herbal massage cream (A) and ultrapurifed water (B) spiked with coclaurine and
higenamine.

Conclusions
The purpose of this work was to verify the possible presence of unlabelled prohibited substances in a
preparation officially sold on the market.
Consequently a LC-MS/MS method based on SPE for the determination of higenamine and its analogues in
massage products was developed, validated and successfully applied. Results confirmed the presence of
higenamine, coclaurine and its diasteroisomer, not declared in the label. Supposedly, the compounds are
present also in other products of the same kind and with the same "natural" composition. To minimize the risk of
accidental intake, the WADA Science Department has recently issued a clarification note, specifying that
"Laboratories should not report higenamine concentrations estimated below 10 ng/mL" (i.e. at 50 % of the
MRPL for a beta-agonist).
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Abstract
Higenamine (Norcoclaurine) is a substance prohibited in sport and it is included in the group S3 (β-2-agonists)
of the Prohibited List. Its use is banned in sport at all times. This substance may be found in supplements or
nutrients. Consumption of such products may result in a violation of antidoping rules. The paper describes an
investigation of the excretion and the metabolism of higenamine by using LC MS/MS.

Introduction
Higenamine (also known as norcoclaurine) is an alkaloid found in many plants including: Nelumb onucifera,
Nandina domestica, Aconitum carmichaelii (Aconitum napellus), Asarum heterotropides and Galium divaricatu
[1]. Higenamine stimulates beta-adrenergic receptors (β-AR) and is considered as an effective anti-obesity
agent [2]. Higenamine is very popular in Chinese medicine and there are numerous papers devoted to its use
[3-8]. Higenamine is a substance prohibited in sport at all times and included in S3 section of the WADA “2017
Prohibited List” [9]. The first information regarding this substance received by all WADA accredited laboratory
came from Peter van Eenoo and then was repeated soon afterwards during the Manfred Donike Workshop
(34 th Cologne Workshop on Dope Analysis, February 2016) [10].
This substance may be found in supplements or nutrients. Consumption of such products may result in
violation of anti-doping rules. According to WADA guidelines, presence of higenamine at concentrations of
≥10 ng/mL constitutes AAF [11].

Experimental
A 27 year old male volunteer consumed a single oral dose of a supplement contaminated with higenamine (70
mg/dose). The spot urine samples were collected up to 96 hours.
Samples pre-treatment
Samples were prepared by “Dilute and Shoot (DaS)” and method involving acid hydrolysis and double liquidliquid (LL) extraction. In DaS method, to the 100 µL of urine in Eppendorf 1.5 mL tubes added fenoterol-d 6 (as
a Internal Standard; IS) and next diluted with 900 µL of water. Samples were then vortexed and centrifuged
(10 min/14,000 rpm). Final step was the transfer 200 µL of supernatant to a 96-well plate. Injection volume was
fixed at 10 µL.
In turn, in second method 1 mL of urine was diluted with 4 mL of water and subsequently spiked with fenoterold 6 (IS). After an addition of 1 mL of 6 mol/L HCl and approx. 100 mg of L-cysteine, samples were incubated at
105°C for 30 min and afterwards cooled down to room temperature. Next, the extraction with 5 mL of diethyl
ether was performed (20 min). Samples were then centrifuged (5 min/3,000 rpm), and the ether phase was
discarded.
The pH of aqueous phase was adjusted to 9–10 with 1 mL of 10 mol/L borate buffer prior to the addition of
500 μL of tert-butanol, approx. 3 g of anhydrous sodium sulfate, and 5 mL of MTBE. Samples were vortexed
and centrifuged, and the organic layer was recovered and evaporated under a nitrogen flow at 55°C. The dry
residue was reconstituted in 150 µL of acetonitril/H 2 O mixture (v/v, 1:9). Injection volume was fixed at 5 µL.
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Instrumentation
Liquid chromatography
Chromatographic separation of higenamine was carried out in 11 in on a UPLC Acquity chromatograph
(Waters, USA) equipped in a HSS T3 column (1.8 µm 2.1 × 100 mm).
The mobile phate 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 concentration of acetonitrile was
gradually increased in a linnear manner: from 0 % to 15 % within first 6 min, from 15 % to 100% in 1 min then it
was kept constant for and additional two minutes. Finnaly, the column was re-equilibrated for 2 min with the
mobile phase of initial composition. Samples were stored at 5°C in the autosamples prior to analysis and the
injection volume was fixed at 5 µL.
Mass spectrometry
MRMs of higenamine were traced with Xevo TQ-S (Waters, USA) mass spectrometer equipped in an ESI
source. Analytes were investigated in the ESI+ mode. The desolvation gas flow was set at 800 L/h at 500 °C
and the source temperature was 150°C. The capillary voltage applied was 3.0 kV. The cone and collision gas
flows were set at 150 L/h and 0.20 mL/min, respectively. Traced MRMs and their corresponding MS settings
are listed in the Table 1.

Table 1: MS settings (MRMs traced, Cone [v], Collision [eV]) of the substances tested.

Results and Discussion
The elimination of higenamine was studied by using the DaS method and the data is presented in Figure 1a.
The highest concentration of higenamine observed after 2 hours of after ingestion of supplement in turn, the
lowest concentration observed after 34 hours of consumption. Conversion of concentration on the specific
gravity of urine, did not result in general changes in the elimination curve.
Furthermore, results obtained from „DaS” method showed peak specific for higenamine and second “unknown”
peak (RT5.30) (Figure 2a). The MS Scan analysis of this peak („Parent Scan”) showed that, this is higenamine
sulphoconjugate (Figure 3) and it is monitored in DaS method for 67 hours.
The chromatogram of higenamine sulphoconjugate is presented in Figure 2b.
After identification of second peak, the samples were prepared in accordance with the method involving acid
hydrolysis and double LL extraction. Observed, lack of second peak and increase area under peak for
higenamine (Figure 2c). The samples still in AAF status for 53 hours. The highest concentration of higenamine
observed after 1 hour, but the lowest concentration observed after 53 hours of consumption (Figure 1b).
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Figure 1: Elimination curve of higenamine by DaS (A) and by method involving acid hydrolysis and double extraction (B)

Figure 2: Chromatogram of higenamine and second „unknown” peak in DaS method (a), chromatogram of higenamine sulfate in
DaS method (b) and chromatogram of higenamine obtained by method involving acid hydrolysis and double extraction (c). All
chromatograms presents samples collected 1 hour after supplement intake.
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Figure 3: Parent scan analysis of the second “unknown” peak in DaS method.

Conclusions
Higenamine is excreted in the unchanged form and as sulfate conjugate, thus it can be monitored in the DaS
methods. Higenamine sulphoconjugate should be monitored in the routine anti-doping analysis, in turn the
confirmatory analysis should be carried out by method involving acid hydrolysis and double extraction.
Higenamine sulphoconjugate is a good marker of the consumption of higenamine.
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Detection of higenamine by LC-MS/MS method, and some relevant study
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Abstract
The aim of this poster is to present the detection method of higenamine by LC-MS/MS and some relevant study
progress of human subjects with higenamine. The dilute and shoot pretreatment of LC-MS/MS method was
used to detect higenamine. 1 mL of 5% aqueous lead solution with ISTD was added into 1 mL urine, then the
tube was shaken for 10 seconds and centrifuged for 10 minutes at 3000 r/min. Finally 1 mL of supernatant was
taken into a 2 mL sample vial and detected by Agilent 1290-6470 system. The test results of method validation
were also investigated. In this study, 0.5 g of Lotus plumule was pulverized, followed by addition of pure water
and extraction by ultrasound instrument, then supernatant was injected into LC-MS/MS. The results showed
that the MS behaviors between lotus plumule´s substances and the standard higenamine are almost the same.
But there are differences in retention time between them, and we speculated that it was the optical isomer of
higenamine in the lotus plumule. Meanwhile, one man was enrolled in human subject, drinking tea which was
made by 1 g Lotus plumule, then his urine samples were collected. The higenamine was detected in the urine,
and the highest concentration was 1.4 ng/mL. The duration which higenamine can be detected was 45 hours
after drinking the lotus plumule tea.

Introduction
Higenamine, as a new beta-2-agonist, widely exists in a variety of Chinese herbs, Chinese patent drugs and
food materials. Although higenamine was not added in the Prohibited List formally until 2017, in 2016 WADA
had required the laboratory should have the ability to detect it in routine analysis as soon as possible. Before
the WADA Technical Letter which is about the reporting concentration of Higenamine finding was received,
based on the dilute and shoot pretreatment of LC-MS/MS method, Beijing Laboratory reported many low
concentration (<10 ng/mL) AAF cases. The aim of this poster is to present the detection method of higenamine
by LC-MS/MS and some relevant study progress of human subjects with higenamine.

Experimental
Materials and standard
Higenamine HBr (Toronto Research Chemicals: Catalogue Number H325800). Lotus plumule was purchased
from common supermarket. 0.5 g of Lotus plumule was pulverized, followed by addition of pure water and
extraction by ultrasound instrument, then supernatant was injected into LC-MS/MS. Human subject-study: one
man drank tea which was made by 1 g Lotus plumule, then urine was collected for 0-45 h.
Sample preparation
Dilute and shoot for screening and confirmation: A 1 mL aliquot of 5% of PbAc2 (lead acetate) aqueous
solution with internal standard (mefruside with a concentration of 100 ng/mL) was added into 1 mL of urine
sample. The final concentration of IS in urine sample was 100 ng/mL. The mixture was centrifuged at 3000 rpm
for 10 min to precipitate the protein in urine and 10 µL of supernatant was injected into the LC-MS/MS system.
LLE for confirmation: 0.5 g basic solid buffer (NaHCO3 /K2 CO3 = 3:2 w/w) and 4 mL of ethyl acetate with ISTD
(mefruside) was added into 3 mL of urine sample. Then, the mix-solution was shaken for 15 min and
centrifuged for 5 min. The organic layer was collected and dried under N 2 at 65 °C, the residue was dissolved
with 500 mL mobile phase.
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Analysis by LC-MS/MS
Analysis was performed on an Agilent LC-MS/MS (1290/6470)
LC for screening and confirmation:
The same mobile phase was used for screening and confirmation method. 10 mM aqueous ammonium formate
was used as eluent A and acetonitrile as eluent B. However, the analytical column and gradient elution were
different (Table 1).
The MSD instrument was Agilent 6470 with ESI (+3 kV), and dry gas flow and temperature were 8 L/min and
330°C; sheath gas flow and temperature were 11 L/min and 350°C; the signal mode was dynamic MRM for
screening and MRM for confirmation, respectively (Table 1).

Table 1: LC-MS/MS method for higenamine

Results and Discussion
Method validation
The LOD of higenamine was 0.5 ng/mL and the R 2 of linear from 5 ng/mL to 50 ng/mL was 0.9952. Intra-day
precision and Inter-day precision (CV%) with low concentration (5 ng/mL, 1/4 MRPL), middle concentration (20
ng/mL, MRPL) and high concentration (50 ng/mL, 2.5 MRPL) were under 20%. Matrix test result also met the
requirement.
The above results showed that this detection method was reliable and efficient. In addition, LLE pretreatment
was essayed. Based on the experimental results, the alkaline condition was better than acid, and LOD
decreased to 0.2 ng/mL by this method. However, the recovery seemed unstable and matrix effect had great
influence, therefore, LLE-LC-MS/MS method needs to be improved in the future.
Routine analysis
Due to the LC part of higenamine screen method was the same as the routine screening analysis, the retention
time was in the front of total detection time (Figure 1: A-D). And the retention time of higenamine confirmation
method was about 5.5 min (Figure 1: E-F).
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Figure 1: Results of a screening-analysis for higenamine by LC-MS/MS (EI), showing A: Reagent blank; B: Urine blank; C: Sample;
D: Positive control (10 ng/mL). Results of a confirmation-analysis for higenamine by LC-MS/MS, showing E: Urine blank; F:
Sample; G: Positive control (5 ng/mL)

Lotus plumule and human subject-study
The results showed that the MS behaviors between lotus plumule´s extractives and the standard higenamine
were almost the same. But there were differences in retention time between them (about 0.1 min), we
speculated that it was the isomer of higenamine in the lotus plumule (Figure 2).

Figure 2: Result of lotus plumule´s extractives and higenamine standard
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For human-subject study, the higenamine was detected in the urine, and the highest concentration was 1.4
ng/mL. The druation which higenamine can be detected was 45 hours after drinking the lotus plumule tea
(Figure 3).

Figure 3: Results of human subject-study

Conclusions
The above results showed that this dilute and shoot of LC-MS/MS method was reliable and efficient, at the
same time, LLE-LC-MS/MS method needed improving in future. Based on this method, many positive cases
were reported in 2016, meanwhile, it is still underway to further investigation higenamine including its
metabolism in positive urines and relevant sources from daily use articles.
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Abstract
An athlete was tested positive with low concentrations (about 100 ng/mL) of methylhexaneamine. The analyses
of the nutritional supplements, used by the athlete, revealed that one of the used herbal supplements
contained methylhexaneamine in a concentration of about 120 µg/g. Normally, methylhexane- amine products
on the nutrional supplement market contain 100-400 fold higher concentrations. Methylhexaneamine was not
declared on the label. The analyses of original packed products, purchased by the laboratory, and herbal raw
material, confiscated by the police, revealed concentration between 20 and 190 µg/g of methylhexaneamine.
These data suggest that the herbal nutritional supplements are not intentionally adulterated but contaminated
supplements. The question of the RMA was, if the detected urinary concentration of methylhexaneamine is
consistent with the application of the methylhexaneamine containing nutritional supplement in the regimen,
declared by the athlete. As in the literature no time-concentrations-curves of urinary methylhexaneamine after
the administration of low amounts of methylhexaneamine are available, an excretion study with low amounts of
methylhexaneamine had to be performed.
The obtained data showed, that the detected concentration of urinary methylhexaneamine in the doping control
sample is consistent with the application of the methylhexaneamine containing nutritional supplement in the
regimen, declared by the athlete.

Introduction
An athlete was tested positive with low concentrations (about 100 ng/ml) of methylhexaneamine. The analyses
of the nutritional supplements, used by the athlete, revealed that one of the used herbal supplements
contained methylhexaneamine in a concentration of about 120 µg/g. Normally, methylhexaneamine products
on the nutritional supplement market contain 100-400 fold higher concentrations. The methylhexaneamine was
not declared on the label. The analyses of original packed products, purchased by the laboratory, and herbal
raw material, confiscated by the police, revealed concentration between 20 and 190 µg/g of methylhexaneamine (Tab. 1). These data suggest that the herbal nutritional supplements are not intentionally adulterated but
contaminated supplements.

Tab. 1: Concentrations of methylhexaneamine detected in a nutritional supplement of an athlete and in an original packed
product and in confiscated raw materials
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The question of the RMA was, if the detected urinary concentration of methylhexaneamine is consistent with
the application of the methylhexaneamine containing nutritional supplement in the regimen, declared by the
athlete. According to the declared regimen the athlete has consumed daily about 350-500 µg of methylhexaneamine via the contaminated nutritional supplement
As in the literature only time-concentrations-curves of urinary methylhexaneamine after the administration of
high amounts of methylhexaneamine (40 mg) are available [1], an excretion study with low amounts of
methylhexaneamine had to be performed.

Experimental
Excretion study
A healthy female volunteer (52 years, 172 cm, 69 kg) conducted a single application of 5 g of a nutritional
supplement contaminated with methylhexaneamine. The amount of administered methylhexaneamine was
595 µg. A urine sample before the administration and all urine samples till 96 hours after the administration
were collected and analysed for methylhexaneamine with GC/MS
GC/MS analyses
The GC/MS measurement of the urine samples was performed according to a method described by Thevis et
al. 2010 [2].

Results and Discussion
The obtained data are presented in Figure 1 (with and without adjustment to a specific gravity of 1.020).
Without adjustment of the values, a maximum value of 159 ng/mL methylhexaneamine was observed after
2.3 hours. Till 21.3 h after the application values above 50 ng/mL were obtained. Methylhexaneamine could be
detected till 92 hours. After adjustment of the values to a specific gravity of 1.020 a maximum value of
531 ng/mL methylhexaneamine was observed after 2.3 hours. Till 44 h after the application values above
50 ng/mL were obtained.

Fig. 1. Urinary concentrations of methylhexaneamine after a single oral application of 595 µg methylhexaneamine. The
concentrations are presented without and with adjustment to a specific gravity (SG) of 1.020.
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Conclusions
The obtained data showed, that the detected concentration of urinary methylhexaneamine in the doping control
sample is consistent with the application of the methylhexaneamine containing nutritional supplement in the
regimen, declared by the athlete.
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Abstract
Previous studies have shown that nutritional supplements may be contaminated with anabolic-androgenic
steroids (AAS), posing a considerable inadvertent doping risk to athletes who are enrolled in a doping-control
system. The purpose of the present study was to conduct a follow-up survey of the international supplement
market with regard to the risk of contamination with AAS. A total of 597 supplement samples were obtained
from 17 countries and from Internet sources. Samples were analyzed for presence of 43 different AAS using
gas chromatography/mass spectrometry and liquid chromatography/mass spectrometry. For most AAS, the limit
of detection was in the range of 10-50 ng/g or lower. The presence of a prohibited substance was confirmed in
four samples (0.7%): Androsta-1,4-diene-3,17-dione (2 samples), DHEA (1 sample), and Androsta-1,4,6-triene3,17-dione (1 sample). A total of 561 samples (93.9%) were found to contain none of the selected AAS. No
analytically acceptable results were obtained for 32 samples (5.4%). The present results suggest that the
prevalence of supplements contaminated with AAS has decreased in recent years. Nevertheless, case studies
demonstrate that adulterated supplements as well as supplements contaminated with prohibited substances
other than AAS still present a risk of inadvertent doping. Further studies are necessary to systematically identify
the contamination risk of contamination for these substances.

Introduction
The use of nutritional supplements is widespread among athletes [1], placing athletes at risk of inadvertently
ingesting banned substances. Anabolic hormones not declared on the label were first reported in the 1990s
[2,3], and an international study in 2000/2001 revealed that approximately 15% of selected supplements were
contaminated with precursors of testosterone and 19-nortestosterone (nandrolone)[4]. Subsequent studies
confirmed these contamination rates and demonstrated that consumption could lead to positive doping tests [47]. In recent years, other anabolic agents have been found in supplements, including metandienone and
stanozolol, clenbuterol, 17β-hydroxy-androstano-isoxazoles, Δ6-methyltestosterone and several other steroids
[8-10]. The study goal was to survey the international supplement market with regard to the risk of
contamination with anabolic-androgenic steroids (AAS).

Experimental
Between July 2009 and December 2011, at total of 557 supplements were obtained from Australia, Austria,
Belgium, France, Germany, Hungary, Italy, Namibia, Netherlands, Norway, Poland, Sweden, Spain,
Switzerland, Turkey, United Kingdom, and USA and from the Internet. Products containing more than one
subunit (e.g., tablets in different colors or shapes) were divided into separate samples, resulting in a total of
597 samples. Supplements were primarily vitamin/mineral/ multivitamin/multiminerals (n=132), herbals/
botanicals (n=116), protein/amino acids (n=107), carbohydrates (n=67), and creatine (n=34). Presentation
forms were predominantly capsules (238), tablets (139), and powders (139).
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Sample preparation was performed similar to previously reported procedures [4] and modified for gas
chromatography/mass spectrometry (GC/MS) and liquid chromatography/mass spectrometry (LC/MS) analysis
(Figure 1). To improve the yield of 4-hydroxysteroids and oxandrolone, organic extraction was conducted at
pH 9-10. In the case of inacceptable results, sample preparation was modified by either alkalization of the
extract and/or by diluting the sample 1:10.
GC/MS analysis was conducted on an Agilent 6890 GC with an Agilent HP5MS column (length: 17.3 m; film
thickness: 0.25 μm; diameter: 0.25 mm) coupled to an Agilent 5973 MSD. LC/MS was conducted on an Agilent
1100 Series LC System with a Merck Purospher® STAR RP-18 column (endcapped, 55x4 mm, particle size:
3 μm) coupled to an Applied Biosystems API 2000. Screening was conducted based parameters listed in
Table 1. The limit of detection was ≤10 ng/g for most analytes, but varied between different supplement
matrices. In general, the detection limit was higher in fatty supplements and when sample preparation was
modified.

Figure 1: Flow scheme of the sample preparation. QC: quality control; DIPA: 1-(N,N-diisopropylamine)-alkanes 14-23, without 21;
TMIS: N-methyl-N-trimethylsilyltrifluor-acetamid
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Table 1: Limits of detection, retention times and characteristic ions/ion traces for the screened anabolic androgenic steroids.
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Results and Discussion
A total of 277 supplements were found to be negative in GC/MS and LC/MS measurement modes. Modifying
the sample preparation produced negative results for additional 258 supplements (Table 2). Due to unsolved
analytical difficulties in at least one of the methods, not acceptable results were obtained for 32 samples. In 26
suspicious samples, the presence of prohibited substances could not be confirmed. The presence of anabolicandrogenic steroids was confirmed in four samples (Table 3). The following substances were identified:
Androsta-1,4-diene-3,17-dione (2 samples), DHEA (1 sample), and Androsta-1,4,6-triene-3,17-dione
(1 sample). Estimated steroid concentrations ranged between 150-1400 ng/g. The supplement containing
Androsta-1,4,6-triene-3,17-dione was estimated at a concentration of 1.3 mg/g.

Table 2: Summary of the analytical results differentiated by analysis methods

Table 3: Supplements found to contain anabolic-androgenic steroids.

Taken together, our data from supplements purchased in 17 different countries and from the Internet
demonstrate that the contamination risk has decreased dramatically when compared to previous international
and single-country studies [4,6,7]. Since Geyer et al. [4] mainly identified prohormones of testosterone and 19nortestosterone as contaminants, it is not surprising that banning prohormones from the US market reduced
contamination rates. However, despite expanding the analytical spectrum to 434 substances and including
several substances found as adulterants in supplements [8,11-14], the current contamination rate was much
lower at 1%.
In three of the four positive cases, it is likely that the presence of the steroid stemmed from contamination. As
estimated steroid concentration less than 2 µg/g, physiological (doping) effects can very likely be ruled out. The
product containing Androsta-1,4,6-triene-3,17-dione is likely an adulteration, since the product is marketed with
testosterone boosting and anti-aromatase properties, mirroring known pharmacological properties [15].
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The present study is limited to contamination with AAS, whereas other classes of prohibited substances have
been also detected in nutritional supplements, including stimulants such as ephedrine, sibutramine, or
methylhexanamine [16]. Future studies should include the analysis for stimulants and other prohibited
substances.

Conclusions
Lower contamination rates of supplements highlight the work by national and international anti-doping
authorities and other stakeholders in countries such as the Netherlands, Germany, and the UK, although the
risk of inadvertent doping through contaminated supplements remains real. Therefore, athletes are strongly
advised to take this risk seriously into consideration when evaluation the benefits and risks of supplement use
[1]. When supplement use is warranted, athletes are encouraged to use information from all available
resources to minimize the risk of inadvertent doping from contaminated supplements.
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Abstract
The black market for performance-enhancing drugs provides a large and extensive source for achieving the
goals of less fat and more muscle, especially for athletes of popular und fitness sports. The consumption of the
illegally supplied and produced products is accompanied by health risks due to poor quality, lack of medical
indication, false administration, etc. The products analyzed in 2016 at the Cologne Anti-Doping Laboratory
comprised original pharmaceuticals as well as products from underground laboratories, which were either
confiscated by customs authorities, or ordered via internet by the European Monitoring Center for Emerging
Doping Agents (EuMoCEDA). In total, we analyzed 127 products by means of liquid chromatography - mass
spectrometry (LC-MS), gas chromatography - mass spectrometry (GC-MS), and polyacrylamide gel
electrophoresis (PAGE) – methods. 74% of the compounds considered relevant for doping controls accounted
for anabolic agents; 13% accounted for peptide hormones, growth factors, related substances and mimetics,
2% for hormone and metabolic modulators, and 11% of the findings accounted for stimulants. Remarkable
findings were the detection of modified GHRP-2 and modified Ipamorelin.

Introduction
The goals of mass sport athletes are sociality, fun and fitness by exercise, and last but not least optimizing their
body´s composition. The black market for performance enhancing drugs, comprising original pharmaceuticals
as well as fake products from underground laboratories, arguably aims at providing materials for amateur
athletes [1-3]. In order to monitor developments with regard to novel performance enhancing drugs, the
European Monitoring Center for Emerging Doping Agents (EuMoCEDA) analyzed a total of 127 predominantly
confiscated products qualitatively and quantitatively in 2016.

Experimental
Samples were solved or extracted, depending on their formulation (oily solution, lyophilized, etc.), with water,
acetic acid (2%, aq.), and/or acetonitrile (50:50 v/v) and subsequently diluted to yield a concentration adequate
for analysis.
For gas chromatography, samples were dried and reconstituted in ethyl acetate, derivatized with N-methyl-N(trimethylsilyl)-trifluoroacetamide (MSTFA), or a mixture of MSTFA/ethanthiol and ammonium iodide,
respectively [3,4].
In order to screen for most common ingredients in black market products, high performance liquid
chromatography/mass spectrometry (HPLC-MS) experiments were conducted in single-reaction-monitoring
(SRM) mode. Anabolic agents, stimulants, growth factors, natural and synthetic insulins, IGF-1 and synthetic
analogs as well as growth hormone releasing factors were determined by high performance liquid
chromatography/high resolution mass spectrometry (HPLC-HRMS)-experiments in full-scan mode.
Regarding unknown substances full-scan data were checked for striking signals.The identification and
quantification of analytes were obtained by conducting product-ion scans with substance specific
fragmentation pathways. For gas chromatography/ (high resolution) mass spectrometry (GC-(HR)MS) –
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experiments, analytes were derivatized and measured in full-scan mode. To accomplish qualitative and
quantitative analysis, reference substances and/or reference databases were used. Anabolic agents,
stimulants, beta-2-agonists and narcotics were included. For the analysis of peptides and proteins, aliquots of
the samples were separated by polyacrylamide gel electrophoresis and stained with coomassie blue
afterwards. By bottom-up proteomic approaches including tryptic digestion and nano liquid chromatography /
tandem high resolution mass spectrometry, proteinogenic ingredients were identified. Analytes comprised
human growth hormone (hGH), growth factors (e.g.: FGF, MGF, etc.), various erythropoietins (EPO), and growth
hormone releasing factors [3].

Results and Discussion
In 2016, a total of 127 suspicious (illicit) black market products were analyzed through the EuMoCEDA at the
Center for Preventive Doping Research in Cologne. Figure 1 shows, that 74% of identified doping relevant
compounds accounted for anabolic agents (predominantly testosterone esters); 13% for peptide hormones,
growth factors, related substances and mimetics, 2% represented hormone and metabolic modulators, and
11% of the findings accounted for stimulants. Falsely labeled products (86 cases, with ingredients not
declared/absent or wrong amount,) with doping relevant ingredients represented 68%. Analytes, currently not
doping relevant, were dermatologic, virilizing agents, and amino acids (Tab. 1).

Figure 1: Apportionment of identified doping relevant drugs in analyzed black market products 2016
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Table 1: Identified drugs in black market products
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Remarkable findings were the detection of modified GHRP-2 (Fig. 2) and modified Ipamorelin (Fig. 3). The
application of synthetic GHRPs results in stimulation of Growth Hormone (GH) secretion [5]. For that reason,
GHRPs are listed in the WADA Prohibited List and banned for athletes [6]. However, the effects of an additional
glycine at the N-terminus of GHRPs on the human body still remain to be elicited. Furthermore the variation of
target molecules, with or without intent, means new challenges for the development of analytical approaches
and underlines the importance to monitor the black market by the EuMoCEDA.

Figure 2: Identification of modified GHRP-2
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Figure 3: Identification of modified Ipamorelin

Conclusions
Many athletes still risk their health by misusing black market products. The lack of medical indication and
supervision can cause health problems. But especially the poor pharmaceutical quality of counterfeit and
mislabeled preparations represents a huge health risk. Anabolic agents and peptidic hormones are the most
popular products to improve body shape. The remarkable findings of glycine-GHRP-2 and glycine-Ipamorelin
indicate inferior and sub-standard production capabilities or intentional modifications. Manufacturers are either
not able to produce peptides correctly, or they do it on purpose. In both cases, the risks for athletes are
unpredictable. The Cologne Anti-Doping Laboratory´s commitment under the umbrella of EuMoCEDA, yielded
the repeated detection of modified peptidic drugs. This confirms once again the requirement of continuous
monitoring of the black market and the investigation of ditributed products.

References
1. C. Weber, M. Kamber, V. Lentillon-Kaestner: Are doping substances imported into Switzerland mainly to
increase athletic performance? (2016) Performance Enhancement & Health. Vol 5(2), 66–76.

RECENT ADVANCES IN DOPING ANALYSIS (25)

73

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
2. C. Weber, O. Krug, M. Kamber, M. Thevis: Qualitative and Semiquantitative Analysis of Doping Products
Seized at the Swiss Border. (2017) Substance Use & Misuse , Vol 52, (6) 742-753
3. O. Krug, A. Thomas, K. Walpurgis, T. Piper, G. Sigmund, W. Schänzer, T. Laußmann, M. Thevis:
Identification of black market products and potential doping agents in Germany 2010-2013 (2014) Eur J
Clin Pharmacol, Vol. 70, 1303-1311
4. M. Thevis, Y. Schrader, A. Thomas, G. Sigmund, H. Geyer, W. Schänzer: Analysis of Confiscated Black
Market Drugs Using Chromatographic and Mass Spectrometric Approaches (2008) J Anal Toxicol, Vol.
32, 232
5. R.G. Gondo, M.H. Aguiar-Oliveira, C.Y. Hayashida, S.P. Toledo, N. Abelin, M.A. Levine, C.Y. Bowers,
A.H. Souza, R.M. Pereira, N.L. Santos, R. Salvatori: Growth hormone-releasing peptide-2 stimulates GH
secretion in GH-deficient patients with mutated GH-releasing hormone receptor (2001) J Clin
Endocrinol Metab, 86(7):3279-83.
6. https://wada-main-prod.s3.amazonaws.com/resources/files/wada-2016-prohibited-list-en.pdf

Acknowledgements
The study was carried out with support of the Federal Ministry of the Federal Republic of Germany.

RECENT ADVANCES IN DOPING ANALYSIS (25)

74

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
Iannone M, Cardillo N, Botrè F, de la Torre X

Effects of the synthetic isoflavones methoxyisoflavone and ipriflavone on the
catalytic activity of CYP19
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Abstract
Flavonoids are a class of secondary plant phenolic compounds characterized by a 2-phenyl-1,4-benzopyrone
basic structure. They occur in common human diet and have been used as drug or food supplement among
athletes for their multiple biochemical and pharmacological activities. In this work we have evaluated in vitro
the interaction of two synthetic isoflavones, methoxyisoflavone and ipriflavone, with human aromatase
(CYP19), the enzyme catalyzing the conversion of androgens (testosterone and androstenedione) to estrogens
(estradiol and estrone). The potential inhibitory effect on the aromatization of testosterone was evaluated by
kinetic analysis monitored by GC-MS. In parallel we have studied the biotransformation of testosterone to
estradiol in the presence, respectively, of either prohibited drugs (formestane, anastrozole and
aminoglutethimide) or natural flavonoids (chrysin, quercetin and daidzein) that are known CYP19 inhibitors.
The results of our in vitro assays show that methoxyisoflavone and ipriflavone act as competitive inhibitors of
aromatase with respect to androgen substrate, being the inhibition effect of the same order of magnitude of
those described for the aromatase inhibitors commonly used in anti-estrogenic therapies. For this reason, we
cannot exclude that the large intake of isoflavones could alter the kinetics of dynamic equilibria between
androgens and estrogens, suggesting their monitoring in doping control routine analysis.

Introduction
The main flavonoids activities are as anti-oxidants, antiestrogenic, androgen promoters, cytostatic, apoptotic,
antinflammatory and modulator of expression and activity of specific cythocromes P450. For these reasons they
have attracted the attention as possible chemoprotective or chemotherapeutic agents [1-4].
Among flavonoids, isoflavones are often classified as “phytoestrogens” because their weak estrogenic activity
[5-6]. Recently a renewed interest has been paid to the anabolic activity of isoflavones, because they are
reportedly abused, as concomitant drug, during recovering period following the intake of anabolic steroids to
increase the natural production of luteinizing hormone (LH) and consequently the synthesis of natural
androgens. For these reasons isoflavones could be classified as potential confounding factors in the
evaluation steroid profile and LH in doping analysis.

Experimental
Chemical and reagents
Standards and solvents were from Sigma-Aldrich (Milan, Italy), National Measurement Institute (NMIA, Pymble,
Australia), TRC Canada (Toronto, Canada), Honeywell Fluka (Rodano, Italy), LGC Standards (Sesto San
Giovanni, Italy), Chemische Fabrik Karl Bucher GmbH (Waldstetten, Germany), GenTest (Tewksbury, USA) and
Discovery Labware Inc (Woburn, USA).
In vitro protocol
The incubation mixture contained 0.1 M sodium phosphate buffer, testosterone at 1, 5, 10, 20, 50 μM and
NADPH regenerating system. Inhibitors, when used, were added at different concentrations. After mixture prewarming at 37°C for 5 minutes, the reaction was started by adding 1 μM of human aromatase. The samples
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were incubated at 37°C up to 24 h. One negative control containing all reaction components but not the
enzymatic protein was also added to the batch. The overall reaction was terminated by the addition of 150 μL
of ice-cold acetonitrile. The reaction mixtures were then centrifuged (12000 rpm for 7 minutes).
Sample preparation
The samples obtained by the in vitro experiments were taken to dryness. 1 mL of phosphate buffer 0.8 M (pH
7.4) and 100 μL of the internal standard (testosterone-d 3 0.5 μM) were added; the liquid/liquid extraction was
carried out of 5 mL of tert-buthylmethyl ether. After centrifugation the organic layer was evaporate to dryness.
The residue was reconstituted in 50 μL of the derivatizing mixture (N-methyl-N-trimethylsyliltrifluoroacetamide/
2-mercaptoethanol/ammonium iodide (1000:6:4 V/V/w) and the sample was maintained at 75°C for 30
minutes.
Instrumental analysis
GC-MS system: Agilent 6890/5973, column: HP 1 (l: 17 m, id: 0.2 mm, film: 0.11 μm), injection temperature:
280°C, injection mode: 2 μL split 1/10, temperature program: 180°C (4.5 min-hold), 3°C/min to 230°C,
20°C/min to 290°C and 30°C/min to 320°C, source: EI 70 eV, acquisition mode: SIM.

Results and Discussion
To verify the accuracy of the data obtained in our in vitro metabolism studies, the biotransformation of
testosterone to estradiol was followed in the absence of inhibitors. As expected, a decrease in testosterone
concentration and a parallel increase of estradiol concentration were observed. Michaelis-Menten plot,
Lineweaver-Burk plot and the kinetic parameters Km (1.43 μM) and Vmax (0.24 mM s-1 ) were obtained by nonlinear regression analysis carried out using GraphPad Prism version 7.0.
In parallel, we have also evaluated the effects of formestane, anastrozole and aminoglutethimide on the in vitro
biotransformation of testosterone to estradiol. These drugs are in vitro and in vivo inhibitors of CYP19 and for
their effects they are prohibited both in and out of competition by the WADA [7]. After the incubation of different
concentrations of each drug with 1 μM of substrate (testosterone) a pronounced reduction of estradiol
production was observed, this effect being independent of the concentration of banned drug.
The same in vitro assays were also performed in the presence of chrysin, quercetin and daidzein. Despite their
in vitro inhibition of aromatase is well-documented [8-10], these substances are not banned or subject to
monitoring by the WADA. The inhibitory effect was concentration-independent for chrysin and quercetin and
concentration-dependent for daidzein.
Finally, the in vitro biotransformation of testosterone to estradiol catalyzed by CYP19 was studied in the
presence of different concentrations (5, 10, 50 μM) of the two synthetic isoflavones (methoxyisoflavone and
ipriflavone) specifically considered in this study. After the incubation at different concentrations, in both cases, a
decrease of the rate of formation of estradiol was recorded. Michaelis-Menten plot and Lineweaver-Burk plot
show that methoxyisoflavone (Ki 0.36 μM) and ipriflavone (Ki 0.19 μM) inhibit in a competitive manner human
aromatase (Figure 1-2).
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Figure 1: Lineweaver-Burk plot of the biotransformation of testosterone in estradiol in presence, respectively, of three different
concentrations (µM) of methoxyisoflavone.

Figure 2: Lineweaver-Burk plot of the biotransformation of testosterone in estradiol in presence, respectively, of three different
concentrations (µM) of ipriflavone.
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Conclusions
Our in vitro assays confirm that formestane, anastrozole, aminoglutethimide, chrysin, quercetin and daidzein
are all inhibitors of CYP19 at the tested concentration. Methoxyisoflavone and ipriflavone also act as inhibitors
of CYP19 in a concentration-dependent manner and concentration-independent manner respectively. Ki
values were found to be similar to those of other, prohibited aromatase inhibitors (Table 1).
The in vivo effects of isoflavones will certainly be modulated by their low bioavailability compared to prohibited
drugs, suggesting their entity would be less pronunced than of the other aromatase inhibitors [11]. Considering
high dosages recomended for dietary supplements containing isoflavones, we cannot exclude that a
physiological effect may be obtained. Nonetheless, the co-administration of synthetic isoflavones and banned
drug could alter the kinetics dynamic equilibrium between endogenous androgens and estrogens, suggesting
the need of their monitoring in doping control routine analysis.

Table 1: Inhibition kinetic constant (K i) and type of inhibition for all compounds studied.
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Human metabolism of synthetic isoflavones by GC-q-TOF
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
The isoflavones methoxyisoflavone and ipriflavone may be of interest in sport doping because they can be
used by athletes in the recovering period after the administration of anabolic steroids to increase the natural
production of luteinizing hormone (LH) and consequently the biosynthesis of natural androgens.
In the present work we have evaluated the in vivo metabolism of methoxyisoflavone (5-methyl-7-methoxyisoflavone) and ipriflavone (7-isopropoxy-isoflavone) respectively present in a dietary supplement and in a
pharmaceutical preparation. The in vivo study was carried out by the analysis of urinary samples collected from
male caucasican volunteers before, during and after single/multiple administration of methoxyisoflavone and
ipriflavone. After enzymatic hydrolysis and liquid/liquid extraction, all urinary samples were analyzed by GC-qTOF MS with electronic impact (EI) ionization. Eight metabolites of methoxyisoflavone and six metabolites of
ipriflavone were isolated. The accurate mass spectra obtained are specific of isoflavones structures and reveal
also a 1-3 retro Diels-Alder fragmentation.
When excreted in large amounts the metabolites of methoxyisoflavone and ipriflavone can act as confounding
factors in doping analysis. For indeed, being their retention times similar to those of some endogenous steroid
normally screened by the WADA-accredited laboratories, their presence in urine may make more problematic
their correct quantitation. For this reason their monitoring might be helpful in routine doping control analysis.

Introduction
Flavonoids are a broad class of low molecular weight compound characterized by a flavan nucleus and
commonly found in plants and fruits. Flavonoids can be divided in different group including, but not limited to,
flavones, isoflavones, flavonols and catechins. Among them, isoflavones are often classified as
"phytoestrogens", due to their weak estrogenic/antiestrogenic and antioxidant activity [1,2]. These compounds
are commercially available both in dietary supplements and in pharmaceutical preparations and are marketed
by fitness and bodybuilding websites as "anabolic promoter". Beyond this, methoxyisoflavone and ipriflavone
act as competitive inhibitors of aromatase (CYP19) in vitro [3] in a similar manner to formestane, anastrozole
and aminoglutethimide, all biologically active substances that are currently included in the WADA Prohibited
List [4].

Experimental
Chemicals and reagents
Standards and solvents were from Sigma-Aldrich (Milan, Italy), National Measurement Institute (NIM, Pymble,
Australia), Carlo Erba (Milan, Italy), Roche (Monza, Italy), Chemische Fabrik Karl Bucher GmbH (Waldstetten,
Germany).
In vivo excretion study
Urinary samples were collected by six male caucasican volunteers (age 30 ± 5 years, normal body mass
index) for 72 hours before the administration (6 samples collected every 3 hours), for 72 hours during the
administration (6 samples collected every 3 hours) and for 24 hours after the administration (6 samples every 3
hours) of 450 mg of methoxyisoflavone (Methoxyisoflavone, My Protein) or 200 mg of ipriflavone (Osteofix,
Chiesi Farmaceutici).
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Sample preparation
To perform enzymatic hydrolysis of the glucuronidated steroids 750 µL of phosphate buffer (0.8 M, pH 7.4),
50 µL of internal standard and 30 µL of β-glucuronidase from E. Coli were added to 1 mL of urine. Samples
were incubated for 1 hour at 55°C. After this period, 500 µL of carbonate buffer (20% w/V, pH 9) was added
and liquid/liquid extraction was carried out with 5 mL of tert-buthylmethyl ether for 5 minutes on a mechanical
shaker. Samples were centrifuged and the organic layer was transferred to a 10 mL tube and evaporate to
dryness. The residue was reconstituted in 100 µL of derivatizing mixture (N-methyl-N-trimethylsilyltrifluoroacetamide / 2-mercaptoethanol / ammonium iodide (1000:6:4 V/V/w) and the sample was maintained at
75°C for 20 minutes. A 1-µL aliquot of the sample was injected into the GC-q-TOF system.
Instrumental analysis
GC-q-TOF system: Agilent 7200, column: HP 1 (l: 17 m, id: 0.2 mm, film: 0.11 µm), injection temperature:
280°C, injection mode: 1 µL split 1/20, temperature program: 180°C (4.5 min-hold), 3°C/min to 230°C,
20°C/min to 290°C and 30°C/min to 320°C, source: EI 70 eV, acquisition mode: full scan.

Results and Discussion
Methoxyisoflavone and ipriflavone in vivo metabolism was studied by comparing, for each volunteer, the
chromatograms of the samples collected before the intake of nutritional supplement (methoxyisoflavone) or
pharmaceutical preparation (ipriflavone) with the chromatograms of the samples collected during and after the
administration. For structural identification of metabolites of methoxyisoflavone and ipriflavone, accurate mass
spectra and bibliographic data [2] were considered.
In vivo metabolism of methoxyisoflavone
The analysis of urinary sample collected after the administration of 450 mg of methoxyisoflavone/day revealed
the presence of 10 characteristics peaks attributable to the intake of isoflavone (Figure 1a). The molecular
formula of eight out of ten possible metabolites of methoxyisoflavone has been assigned. In particular, 5methyl-7-hydroxy-isoflavone, four hydroxylated metabolites and three dihydroxylated metabolites have been
identified. All metabolites have been revealed as TMS-derivates with a mass error less than 2 ppm (Table 1).
In vivo metabolism of ipriflavone
The analyses of urinary samples collected during the administration of 200 mg of ipriflavone/day revealed the
presence of 11 characteristics peaks attributable to the intake of isoflavone (Figure 1b). An almost certain
structure has been assigned to six among the eleven possible metabolites of ipriflavone. In particular,
ipriflavone without isopropyl group (7-hydroxy-isoflavon-4-one), four hydroxylated metabolites and one dihydroxylated metabolite have been identified. All metabolites have been revealed as TMS-derivates with a
mass error less than 2 ppm (Table 2).
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Figure 1a: Urinary metabolic profile of methoxyisoflavone (chromatogram in black) recorded 4 hours after the administration (450
mg per os) compared to the chromatographic profile of the same volunteer before the intake of the drug (chromatogram in red).
Figure 1b: Urinary metabolic profile of ipriflavone (chromatogram in black) recorded 4 hours after the administration (200 mg per
os) compared to the chromatographic profile of the same volunteer before the intake of the drug (chromatogram in red)
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Table 1 Urinary metabolites of methoxyisoflavone
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Table 2 Urinary metabolites of ipriflavone
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Figure 2a: Accurate mass spectrum and structure of metabolite 1 of methoxyisoflavone
Figure 2b: Accurate mass spectrum and structure of the metabolite 8 of ipriflavone

Conclusions
Both methoxyisoflavone and ipriflavone are extensively biotransformed in vivo following oral administration,
with the production of at least 10 phase I metabolites (methoxyisoflavone) and 11 phase I metabolites
(ipriflavone). Some of the metabolites are still detectable more than 3 days after the oral administration of a
single dose. Apart from the biopharmacological effects of the parent compounds, the metabolites of
methoxyisoflavone and ipriflavone can act as confounding factors in doping analysis. For indeed, being their
retention times similar to those of some the endogenous hydroxylated metabolites of testosterone,
androsterone and ethiocolanolone normally screened for by the WADA-accredited laboratories, their presence
in urine may make more problematic their correct quantitation. For this reason their monitoring might be helpful
in routine doping control analysis.
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Proof of concept for the detection of clandestine compounds in urine samples
using metabolomics
National Measurement Institute, North Ryde, Australia

Abstract
Detection of prohibited substances by WADA accredited laboratories is performed by analysing urine extracts
using GC/MS and LC/MS. Because of the sensitivity and selectivity required for some analytes, analysis can
only be achieved by so called target testing where the instrument is set to detect specific known metabolites.
One of the problems faced in developing a procedure for detecting unknown compounds is that most
metabolite identification procedures rely on comparing a population of treated samples with a population of
untreated or normal subjects. For a statistical approach to be successful in the detection of the abuse of
unknown drugs by athletes it must be capable of detecting differences in a single sample.
The detection of unknown doping agents was the primary objective of this project using software packages
designed for use in metabolomics (Katajamaa 2007, Dettmer 2007). The software attempts to detect variations
between two groups aiming at chemical differences, which is similar to drug testing laboratories trying to
distinguish between normal population and those abusing prohibited drugs.
In this project, the software package Expressionist from Genedata was selected. Though optimisation of the
software was tedious, it was comprehensive when completed. It was applied to large data sets to create blank
libraries and was demonstrated to reliably detect new compounds in a sample. On the other hand, isobaric
peaks, i.e. peaks with similar masses that lie within retention time (RT) window of a compound within the library
will not be detected, regardless of peak intensity.

Introduction
Expressionist software comprising Refiner MS and Analyst were leased from Genedata. Refiner MS has the
capability to process mass spectral results obtained from both high and low resolution instruments. It can input
data from all the major instrument suppliers and can process hundreds of samples at one time. Within refiner
MS are a number of procedures which can automatically reduce chemical noise, align chromatographic peaks
to remove retention time (RT) drift, and detect peaks for quantitation. Data can be easily exported to Analyst for
further statistical analysis and evaluation.
The evaluation within this study involved analysis of blank and spiked urines, including a set of EQAS samples,
using LC seperation in conjunction with high resolution full scan MS on a Thermo Exactive Plus using
electrospray ionisation in positive ion mode.

Experimental
The workflow adapted for sample analysis is shown in Figure 1. The workflow on the left hand side was used to
process the blank samples which generated a library of naturally occurring peaks. The right hand side
workflow was used to process ‘suspect’ samples and search the library for unknown peaks.

RECENT ADVANCES IN DOPING ANALYSIS (25)

86

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017

Sample workflow
The sample data is loaded in Refiner MS and positive ion data are selected
Mass range and retention time range are selected
Chemical noise subtraction is performed to reduce number of extraneous peaks and grid is created for
RT alignment (see Figure 2)
Peaks above a predefined threshold are detected
A list of unknown peaks including retention time and m/z-values is exported

Figure 1: Genedata workflow outline for processing data from negative and unknown sample sets.
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Figure 2: Representation of sample data before and after processing to reduce noise.

Assumedly, a sample collected after administration of prohibited substance(s) should produce one or more
abnormal peaks. When this happens, no characterization regarding the structure of the target substance is
made, only that it should produce a peak of a m/z value at retention time which is different from those found
naturally in urine. The software does not take into account different ion populations of the same substance eg
M+H+ or M+Na+. All ions present are included in the library.
Summary of experiments performed:
First experiment
Blank female urine processed four times to create a simple library
Spiked female urine with 5 compounds (anastrazole, clenbuterol, exemestane, raloxifene and 3OH’ stanozolol at levels of 100, 20, 5, and 1 ng/mL for the first four and at 20, 5, 1, 0.2 ng/mL for
3-OH' stanozolol
Peak intensity threshold set at 1 x 10 6
Second experiment
Eight blank urine samples processed for the library
A male urine spiked with 38 compounds (from 1 to 100 ng/mL)
Third experiment
Blank urines samples processed at different intensity thresholds
Spiked urine from a routine batch analyzed
Fourth experiment
EQAS samples were processed and compared to actual LCMS detection
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Results and Discussion
Initially, a single urine blank was processed four times to create a simple library. This blank was spiked with
five compounds and after processing, all were detected at 100 (20 for stanozolol) ng/mL level. Only
anastrozole was detected at 1 ng/mL level. Clenbuterol, anastrozole and exemestane were detectable at 5
ng/mL. There were multiple peaks found for clenbuterol due to isotope cluster with some fragmentation in the
ion source, which could be the reason for not being detected at 1 ng/mL.
Secondly, eight urine blanks were processed for the library. A male urine blank was spiked with 38 compounds
at different levels and seven of these were not detected at any concentration. Other compounds were detected
between 1 to 100 ng/mL (Table 1). Unsuccessful detection was due to occurrence of similar peaks in the
blanks.
Next, 58 urine blanks were processed at three different intensity thresholds (1 x 10 6 , 5 x 10 5 and 2.5 x 10 5 ) to
produce three libraries. The libraries were used to process a spiked urine blank which was run as part of the
routine process.
The urine contained ~175 compounds which were spiked at or near the MRPL. At 1 x 10 6 threshold, 81
compounds were detected while only 43 were found at 2.5 x 10 5 threshold due to increased number of peaks
in the library (Table 2).
EQAS samples were processed using positive ion data and peaks expected for GW1516 metabolites sulfoxide
and sulfone in Sample 1 and xipamide in Sample 3, were detected. Sample 4 contained cathine which was not
detected at the expected mass of 134.096 and RT 3.30 minutes due to presence of this peak in the blank
sample. However, a large peak of mass 516.216 at RT 3.30 minutes was detected and the spectrum at this RT
showed the presence of a large cathine signal (> E9). This peak was a new observation and we are unable to
explain what produced this ion.
Thus the software enabled the detection of all three compounds that produced significant signals in positive ion
mode LCMS.

Table 1: Number of compounds detected at different concentration based on the intensity threshold of 1 x 10 6.

Table 2: Number of compounds detected at different intensity threshold using a spike from a routine batch.
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Conclusions
The software was capable of processing large data sets to create blank libraries and was able to detect new
compounds in a sample. However, isobaric peaks (± 0.005 amu) that lie within the RT window (± 0.1 minutes)
of an endogenously appearing substance are not detected, irrespective of peak intensity. For this reason, it is
unlikely that a laboratory would use the software to check all peaks in the samples due to time
involved.However, the software could be useful for suspect or high risk samples. If a suspicious peak has been
detected then other techniques such as MSMS would be needed for structural identification of the compound
responsible for the peak. There are also no plans to increase the specificity of this approach as we no longer
have access to the software.

References
Katajamaa M, Oresic M. (2007). Data processing for mass spectrometry-based metabolomics. J of Chromatography A, 1158: 318-328.
Dettmer K, Aronov PA. Hammock BD (2007). Mass spectrometry-based metabolomics. Mass Spectrometry
Reviews 26, 51-78.

Acknowledgements
This project has been carried out with the support of The World Anti-Doping Agency and National
Measurement Institute.

RECENT ADVANCES IN DOPING ANALYSIS (25)

90

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
Putz M, Piper T, Schänzer W, Thevis M

In vitro metabolism studies of SARM YK-11
Center for Preventive Doping Research / Institute of Biochemistry, German Sport University, Cologne, Germany

Abstract
Selective androgen receptor modulators (SARMs) are characterized by their strong anabolic but reduced
androgenic effects. These features have generated an incentive to misuse SARMs for performance
enhancement in sports. A novel compound was recently identified in black market products and was
determined as (17α,20E)-17,20-[(1-methoxyethylidene)bis-(oxy)]-3-oxo-19-norpregna-4,20-diene-21-carboxylic acid methyl ester (YK-11). The administration of YK-11 in sports is prohibited by the World Anti-Doping
Agency under S1.2 as it represents a steroidal SARM; hence, for efficient and comprehensive doping control
analysis, the identification of metabolites is required to facilitate and support the drug candidate's detection.
An in vitro assay was used to investigate the phase-I metabolism of YK-11. For structural elucidation, the assay
was additionally performed with bis-trideuteromethyl YK-11 (isotopically labeled at the moiety attached to the
D-ring) and 2 H 6 -YK-11 (isotopically labeled at the steroidal A- and B-ring). The substrates were incubated with
human liver microsomes and NADPH for 4 h at 37°C followed by liquid chromatography high-resolution/ highaccuracy mass spectrometry.
Two metabolites of YK-11 were identified, with one resulting predominantly from enzymatic catalysis. The
second metabolite was found to be formed under physiological conditions (pH 7.4, 37°C) and is therefore
considered as a degradation product. In consideration of subsequent metabolic reactions (i.e. further phase-I
metabolic modifications and/or phase-II conjugation reactions), the observed structures might represent
intermediates of plasma or urine excreted metabolites.

Introduction
A novel compound was recently identified in black market products and determined as (17α,20E)-17,20-[(1methoxyethylidene)bis-(oxy)]-3-oxo-19-norpregna-4,20-diene-21-carboxylic acid methyl ester (YK-11). YK-11
consists of a steroidal backbone and a side chain with a 1,3-dioxolane moiety. It represents a selective
androgen receptor modulator (SARM) which is characterized by its partial agonistic properties at the androgen
receptor. This tissue-specific impact leads to strong anabolic effects but reduced androgenic effects [1-3].
YK-11 is prohibited for performance enhancement in sports by the World Anti-Doping Agency under S1.2 of the
prohibited list as it represents a steroidal SARM [4]. For efficient and comprehensive doping control analysis,
the identification of metabolites is required to facilitate and support the drug candidate’s detection. In this
context, in vitro assays have become a common tool in drug analysis.

Experimental
YK-11 was ordered from an Internet-based supplier and characterized. The isotopically labeled derivatives bistrideuteromethyl YK-11 and 2 H 6 -YK-11 were prepared by in-house synthesis [5]. Nicotinamide adenine
dinucleotide phosphate (NADPH) was obtained from Roche Diagnostics (Mannheim, Germany). Human liver
microsomes were purchased by Life Technologies (Darmstadt, Germany).
A n in vitro assay aiming at phase-I metabolic reactions was performed. YK-11, bis-trideuteromethyl YK-11
(isotopically labeled at the moiety attached to the D-ring and at the steroidal A-ring, exact positions of the
deuterium atoms not characterized) or 2 H 6 -YK-11 (isotopically labeled at the steroidal A- and B-ring),
respectively, were used as substrates. Structural formulae are shown in Figure 1.
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Figure 1: (17α,20E)-17,20-[(1-methoxyethylidene)bis-(oxy)]-3-oxo-19-norpregna-4,20-diene-21-carboxylic acid methyl ester (YK-11)
(1), bis-trideuteromethyl YK-11 (2) and 2H6-YK-11 (3)

Each reaction mixture contained 10 µL of the stock solution (1 mg/mL) of the substrates, 80 µL of phosphate
buffer (50 mM, pH 7.4) with 5 mM MgCl 2 , 10 µL of aqueous NADPH (5 mM) and 10 µL of human liver
microsomes enzyme solution (2 mg/mL final protein concentration).
Reaction mixtures were incubated for 4 h at 37°C. The reaction was stopped by the addition of 300 µL of icecold acetonitrile. It was centrifuged for 10 min at 4°C and 17000 g. The supernatant was evaporated,
transferred and reconstituted in 500 µL of acetonitrile/ water (50/50, v/v). In the same, way enzyme blank,
NADPH blank, and substrate blank were prepared.
LC-HRMS analysis was performed on an Agilent 1290 Infinity Series HPLC (analytical column: Eclipse XDBC18 4.6 × 150 mm, 5 µm) coupled to a 6550 iFunnel Q-TOF MS (Agilent Technologies, Waldbronn Germany).
Acetonitrile/ water with 0.1% formic acid were used as mobile phases. The gradient started with 50% of
acetonitrile, was ramped from 50% to 98% of acetonitrile in 10 min and maintained for 18 min. The system was
operated in ESI positive mode, and targeted MS/MS was used for structure elucidation.

Results and Discussion
Two metabolites of YK-11 were identified, with one resulting predominantly from enzymatic catalysis (A). The
second metabolite (B) was found to be formed also under physiological conditions (pH 7.4, 37°C) and is
therefore considered primarily as degradation product. Extracted ion chromatograms of metabolites A and B
are shown in Figure 2.

Figure 2: Extracted ion chromatograms of YK-11 metabolites A and B

Figure 3 shows the tentatively assigned structures for both metabolites of YK-11 and their main product ions
generated under ESI-MS/MS conditions. The dissociation pathway of metabolite A includes a proposed
rearrangement to the ion at m/z 299.2006. Product ions at m/z 257.1900 and m/z 239.1794 are attributed to the
steroidal backbone as deduced from isotope labeling experiments. The formation of product ions of metabolite
B is suggested to be substantially influenced by the presence of an intact ring structure attached to the D-ring,
tentatively assigned to a 1,3-dioxolane moiety. The MS/MS-spectra of the unlabeled and the isotopically
labeled YK-11 metabolites are displayed in Figure 4.
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Figure 3: Tentatively assigned structure and product ions of YK-11 metabolite A and B

Figure 4: MS/MS-spectra and tentatively assigned structures of YK-11 metabolites A and B for a) unlabeld YK-11, b) 2H6-YK-11
and c) bis-trideuteromethyl YK-11. The blue rhombus indicates the precursor ion for the MS/MS-experiments.
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Conclusions
Two metabolites of YK-11 have been identified so far, with one resulting predominantly from enzymatic
catalysis (A). The second metabolite (B) was found to be formed under physiological conditions (pH 7.4, 37°C)
and is therefore considered as a degradation product. Tentatively assigned structures deduced from MS/MSspectra of the different deuterated and unlabeled YK-11 were proposed. In consideration of subsequent
metabolic reactions (i.e. further phase-I metabolic modifications and/or phase-II conjugation reactions), the
observed structures might represent intermediates of plasma or urinary excreted metabolites.
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Abstract
Today drugs / nutritional supplements are easily bought over the internet even though the drug has not passed
clinical trials and the control of nutritional supplements are insufficient. Information about how to buy,
administrate the drugs and other peoples experiences can be found at different forums. Since most of the
peptides found at the market are not approved drugs knowledge about side effects etc. is missing. Small
peptides (< 2 kDa) have performance enhancement potential by stimulating growth hormone secretion and LH
production and are therefore included in the list of prohibited substances [1,2].

Introduction
A Q-exactive gives the opportunity to perform ion selection in the quadrupole and the ability to get accurate
masses from the orbitrap. But performing several scan events at the same time can give problematic loss of
data points because of the time it takes to switch between the different events and therefore less time will be
spent on analyzing the ions. The multiplexing function (MSX) makes it possible to analyze several ions in the
orbitrap at the same time by storing the isolated ions from the quadrupole in the C-trap or the HCD cell (in case
of PRM). The stored ions will be analyzed in the orbitrap in one scan instead of one scan for each selected ion,
which will be the case if not using the multiplex function. Increasing the resolution will give better selectivity but
will also decrease the scan speed and the number of data points. In t-SIM the quadrupole will select the m/z
added to the inclusion list which can be used as a complement to full scan in order to increase the sensitivity
for problematic compounds. The improvement of the sensitivity of the instrument and the advantages with full
scan data and the ability to go back and look at old screening results of samples are reasons why the method
for small peptides was moved to a Q-exactive instrument [3,5].

Experimental
The sample preparation was performed with 4 mL of urine, pH 5, and included a SPE clean-up step. The SPE
of use was a Strata-X weak cation, 30 mg/3 mL tubes. The cartridges were first conditioned with methanol and
water, after sample loading the samples were washed using 1 mL water followed by 1 mL 50% methanol. The
elution was performed with 1.5 mL 5 % formic acid in methanol into 2 mL eppendorf tubes. The samples were
evaporated at 25°C using nitrogen to 50 µL and reconstituted in 50 µL 2 % aqueous acetic acid.
The instrument of use was a Q-exactive (Thermo Fisher Scientific) coupled to an Ultimate 3000 UHPLC system
(Thermo Fisher Scientific). An Agilent Poroshell 120 EC-C18 2.1 x 50 mm, 2.7 column was used at a
temperature of 50°C and the flow rate was 0.30 mL/min. The injection volume was 10 µL. Mobile phase A
consisted of water and 1% of formic acid and B was acetonitrile with 1% of formic acid. The gradient was linear
going from 1% to 50% (B) and a total run time of 9 minutes. The analysis was performed in positive mode (2001000 m/z) with resolution 70.000 with a t-SIM inclusion list. t-SIM resolution was set to 35.000, MSX count 10
and isolation window 4.0 m/z. For confirmations the PRM scan event had a resolution of 35.000, an isolation
window of 4.0 m/z was used and the loop count, MSX count 1.

Results and Discussion
Decreasing the pH during the sample preparation increased the recovery for almost all the 50 compounds
tested including their metabolites, except for two GHRP-1 metabolites which had a better recovery at pH 6, an
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example is shown in (Figure 1). In the screening method a t-SIM event was added in order to increase the
amount of data points for some compounds, the event was multiplexed in order to reduce cycle time, the case
with alexamorelin is shown in (Figure 2). When doing confirmations of substances which have problems with
the amount of data points it is advisable to exclude the full scan and only run one fragmentation scan event to
have more time spent on analyzing the compound of interest, one example is shown in (Figure 3). Some
peptides are poorly ionized in the ion source and will therefore give a lower signal. Judak et al. showed that the
addition of DMSO in the mobile phase will give an improvement of the signal due to the increased number of
ions entering the mass spectrometer, this was also the case for this method. The addition of a carrier peptide
has given better results by decreasing the tendency of peptides sticking to surfaces of the vials walls etc [4].

Figure 1. The recovery increases with lower pH

Figure 2: t-SIM vs FS for Alexamorelin
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Figure 3: Three transitions for GHRP-2 metabolite in PRM scan vs FS + PRM scan

Conclusions
A lower pH gave better recovery when using the strata-X SPE cartridge. The amounts of data points can be
increased by decreasing the number of events happening at the same time. The addition of DMSO to the
mobile phase and the use of a carrier peptide will hopefully increase the sensitivity of the method so the
sample volume can be decreased, it might end up in a dilute and shoot method.
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Abstract
The transforming growth factor beta (TGF-β) superfamily consists of several highly conserved and structurally
related cytokines which have important regulatory effects on cellular differentiation during embryonic
development and adult tissue homeostasis. While myostatin (growth/differentiation factor 8, GDF-8) functions
as negative regulator of skeletal muscle mass, activins are involved in a variety of physiological processes
including angiogenesis, bone formation, and erythropoiesis. TGF-β cytokines exert their biological functions
through binding to activin type II serine/threonine kinase receptors (ActRII) present on their target cells and
selective inhibition of these signaling pathways may provide important therapeutic strategies for the treatment
of various diseases such as muscular dystrophies, anemia, cancer, and osteoporosis.
Within this study, existing methodologies for the detection of the erythropoiesis-stimulating agent Sotatercept
(ACE-011), a soluble version of the activin receptor type IIA, were modified to include further ActRII-Fc fusion
proteins. Besides Sotatercept, an ActRIIB-Fc fusion protein structurally related to the investigational protein
drug ACE-031 was used as model compound for method optimization and characterization. While affinity
purification, proteolytic digestion, and LC-HRMS were employed to detect characteristic tryptic peptides of the
analytes Sotatercept (ActRIIA-Fc) and ActRIIB-Fc, the presence of any ActRII-Fc fusion protein in doping control
serum samples can be revealed by means of Western blotting. Both assays can readily be modified to include
other ActRII-Fc fusion proteins such as Luspatercept (modified ActRIIB-Fc) and will complement existing
assays for emerging protein therapeutics.

Introduction
Both during embryonic development and adult tissue homeostasis, cellular differentiation is regulated by
cytokines of the transforming growth factor beta (TGF-β) superfamily [1,2]. Their diverse biological functions are
exerted through binding to activin type II receptors and potential inhibitors are currently being evaluated as
drugs for the treatment of different diseases such as metabolic disorders, cancer, and muscular dystrophies
[1,2]. They comprise synthetic, small molecule inhibitors, naturally-occurring binding proteins, neutralizing
antibodies, and Fc-fusion proteins acting as soluble variants of the TGF-β receptors [2-4].
Especially due to their effects on muscle mass and erythropoiesis, TGF-β inhibitors have generated concerns
regarding their potential for being misused in sports. Consequently, appropriate test methods providing
sensitivity and specificity are necessary.

Experimental
Within this study, existing assays for the detection of Sotatercept [5], a fusion protein composed of the
extracellular domain of the human activin receptor type IIA (ActRIIA) and the Fc fragment of human IgG1, were
modified to enable a simultaneous detection of different ActRII-Fc fusion proteins in a multiplexed approach.
While Western blotting was employed to reveal the presence of any ActRII-Fc fusion protein in doping control
serum samples, a direct, mass spectrometric assay was set up to specifically detect characteristic tryptic
peptides of the analytes.
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Reference Material:
Besides Sotatercept/ACE-011 (ActRIIA-Fc, Creative Biomart, Shirley, NY), an ActRIIB-Fc fusion protein
structurally related to the investigational protein drug ACE-031 was obtained from Profacgen (Shirley, NY) and
used as model compound for method optimization and characterization. Murine ActRIIA-Fc was used as
internal standard (ISTD) in order to monitor sample preparation and analysis.
LC-HRMS:
As previously published [5], ammonium sulfate precipitation, affinity purification (using Activin A conjugated
magnetic beads), tryptic digestion, and LC-HRMS (on a Waters Acquity UPLC interfaced with a SYNAPT G2S)
were employed to detect characteristic tryptic peptides of the analytes. However, in contrast to Sotatercept, only
peptides located in the receptor domain can be used for the unambiguous mass spectrometric identification of
ActRIIB-Fc (Table 1). Consequently, an additional Western blot analysis is required to demonstrate that an Fc
fusion protein is present in the sample.

Table 1: Diagnostic peptides of Sotatercept (ActRIIA-Fc) & ActRIIB-Fc

Western Blotting:
The presence of any ActRII-Fc fusion protein in doping control serum samples can be revealed by means of
affinity purification and Western blotting. While activin A coated magnetic beads were employed for the
isolation of the target proteins from the biological matrix, the TGF-β cytokine GDF-11 was used as bait protein
during Western blotting. For detection purposes, a HRP-conjugated goat anti-human secondary antibody was
used.
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Results and Discussion
As the LC-HRMS method was already comprehensively characterized for Sotatercept, only ActRIIB-Fc was
used for the validation of the assay. The results are summarized in Table 2.

Table 2: Assay characterization ActRIIB-Fc (LC-HRMS)

The approach was found to be specific and linear in the range of 10 ng/mL to 1 µg/mL with a limit-of-detection
of approximately 10 ng/mL. The precision was determined at four different concentrations and varied from 2 to
14%. The recovery of the affinity purification was ~55% and the identification capability successfully
demonstrated at a concentration of 100 ng/mL. Additionally, samples containing both ActRII-Fc fusion proteins
were analyzed to show that the assay is capable to detect different ActRII-Fc fusion proteins in a multiplexed
approach. Exemplary extracted ion chromatograms are displayed in Figure 1.

Figure 1: Extracted ion chromatograms (mass extraction window: +/- 0.05 Da) of a serum sample fortified with 500 ng/mL of
ActRIIB-Fc and Sotatercept (ActRIIA-Fc). Samples were measured on a Waters SYNAPT G2S interfaced to a Waters Acquity
UPLC.
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The LC-HRMS approach is complemented by an additional Western blot analysis, which can be used to detect
different ActRII-Fc fusion proteins irrespective of their amino acid sequence. Exemplary Western blot images of
a blank and a serum sample containing 100 ng/mL of ActRIIB-Fc are shown in Figure 2.

Figure 2: Western blot images of a blank specimen and a serum sample fortified with 0.1 µg/mL of ActRIIB-Fc.

Conclusions
In the presented study, two complementary, multiplexed detection assays for the erythropoiesis-stimulating
agent Sotatercept (ActRIIA-Fc) and the myostatin inhibitor ActRIIB-Fc were developed and comprehensively
characterized. Both approaches can readily be modified to include other ActRII-Fc fusion proteins such as
Luspatercept (modified ActRIIB-Fc). Moreover, they will expand the range of available test methods for
emerging protein therapeutics.
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Abstract
Hexarelin belongs to growth hormone (hGH) releasing peptides (GHRPs), which are able to interact with the
ghrelin receptor GHSR1a and in consequence to promote the release of growth hormone. The use of GHRPs
in sports was prohibited by WADA as they are increasing a level of other prohibited substance – hGH [1]. Little
is known about the bioavailability of these compounds after oral administration even though that they were
found in oral supplements available on the black market. To assess the influence of oral administration on hGH
responsive hormones, seven doses, one per day, of 600 µg/kg body mass of hexarelin were administrated to
three healthy volunteers. Serum samples were collected before, during and up to eleven days after ingestion.
IGF-I, P-III-NP concentrations were measured using RIA immunoassays and the results were assessed by GH2000 discriminant formula. The hexarelin consumption had little effect on hGH responsive markers indicating
that hGH biomarkers method is not capable of detecting doping with hexarelin.

Introduction
Growth hormone secretagogues (GHSs) are a group of drugs with the ability to induce the secretion of human
growth hormone (hGH). The group comprises growth hormone releasing peptides (GHRPs) and non-peptidic
compounds. In medicine, they can be used for diagnosis of pituitary pathologies and for treatment of diseases
related to GH deficiency. However, by now, only the peptide GHRP-2 (also known as Pralmorelin) has been
clinically tested and approved in Japan for diagnostic purposes, while a few other GHSs are still in different
stages of development.
Hexarelin is a potent, synthetic, peptidic, orally-active, and highly selective agonist of the ghrelin/growth
hormone secretagogue receptor (GHSR) and a growth hormone releasing peptide [2]. It is a hexapeptide with
the amino acid sequence His-D-2-methyl-Trp-Ala-Trp-D-Phe-Lys-NH2 which was derived from GHRP-6.
Hexarelin is easily available on the black market and thus it can be abused by athletes [2].

Experimental
Hexarelin was synthesized by Novazym Polska s.c. (Wielkopolska Centre of Advanced Technologies, Poland).
P-III-NP measurements were performed with a commercial UniQRIA kit purchased from Orion Diagnostica
(Espoo, Finland). IGF-I measurements were performed with a commercial IRMA IGF-I kit purchased from
Beckman Coulter (Brea, USA). The tubes were counted in the LB 2111 Multi Crystal Gamma Counter LBIS
(Berthold Technologies, Germany) and counts per minute of the calibration curve, controls, and samples were
directly processed by the LIBIS software of the instrument using the spline curve adjustment. Reagent
preparation and sample analyses in all kits were performed according to the manufacturer´s instructions. The
method was validated in accordance with WADA Guidelines on hGH Biomarkers Test for Doping Control
Analyses [3].
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The study was conducted with the permission obtained from the Ethical Committee of Research from Institute of
Sport - National Research Institute –KEBN-16-22-ZS and volunteers gave written informed consent. The study
was performed on three healthy volunteers. Hexarelin was administered by oral route to all volunteers. One
blank sample was collected before hexarelin ingestion. The volunteers were recruited applying a number of
selection criteria that included a normal analytical value as well as exploratory complementary information
performed prior to enrolling in the study. The characteristics of demographic data were (mean ± SD), age 33.33
± 8.10 years, weight 60.00 ± 2.7kg, height 171 ± 4.3 cm and BMI 21.4 ± 0.50. Daily administrations of hexarelin
for 7 days with 600 µg – 1 kg – 1 day – 1 person – 1 p.o. at 20.00 h in the evening were given and a wash out
period of 11 days was included. The biological markers at 0 h before starting, 72 h (day 4),192 h (day 8), 264 h
(day 11), 336 h (day 14), 432 h (day 18) were evaluated.

Results and Discussion
To assess the influence of oral administration on hGH responsive hormones, seven doses, one per day, of 600
µg/kg body mass of hexarelin were administrated to three healthy volunteers. The oral hexarelin dose (35 mg 50 mg) was similar to that reported in the study published by Ghigo et al. 1994 (40 mg) [4]. The authors
measured GH response to a single hexarelin dose after intravenous, subcutaneous, intranasal, and oral
administration in man. Oral administration of 40 mg hexarelin caused the similar biological effect (hGH, AUC,
4079 +/- 514 micrograms/min.L) - as 2 micrograms/kg, administrated intravenously (hGH AUC, 4422 +/- 626
micrograms/min.L) [4]. It seems to be at least 10-20 times less amount of hexarelin than in preparations
available on the black market and intended for intravenous administration (1-5 mg single dose).
Serum samples were collected before, during and up to eleven days after application. IGF-I and P-III-NP
concentrations were measured using RIA immunoassays and results were assessed by GH-2000 discriminant
formula [5]. Only in case of one subject (2) small response in IGF-I and PIIINP levels can be observed, but the
GH 2000 score was far below the WADA threshold [3] indicating a very weak or none biological effect of oral
hexarelin application (Figure 1) as compared to recombinant hGH [6]. This can be explained by relatively low
oral bioavability of hexareln which was estimated as 0.3 +/- 0.1% of intravenous bioavailability [4]. The total
dose was maybe not enough to cause a significant effect on hGH biomarkers even though it is enough to have
the effect on hHG secretion. However, it cannot be ruled out that that concentrations of other hormones can be
modified by administartion of Hexarelin.

Conclusions
The consumption of hexarelin in dose at least 10- 20 times smaller than the black market preparations had little
or no effect on hGH responsive markers. The hGH biomarkers method is not capable of detecting doping with
repeated small doses of hexarelin. Thus, direct detection of hexarelin by means of LC-MS/MS should be
considered as the method of choice. It seems that oral application of small doses of hexarelin cannot be used
as an alternative to application of growth hormone for doping purposes, as the main intermediates hormones
remained unchanged or changed moderately. However, it cannot be ruled out that it can have other beneficiary
effects on athletes performance.
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Figure 1: Profiles of the markers IGF-I, P-III-NP and GH 2000 score during and after application of hexarelin. Red arrow indicate
hexarelin administration.
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Abstract
The detection of doping with human growth hormone (hGH) by the biomarker test is performed by the
measurement of two GH-sensitive hormones: the insulin-like growth factor type 1 (IGF-1) and propeptide Nterminal collagen type III (P-III-NP). In addition to the mass spectrometry quantification of IGF-1, the current
WADA Guidelines recommend specific immunoassays for the detection of both hormones. While being WADAapproved in the early implementation period of the biomarker test, the quantification of IGF-1 using the Immulite
immunoassay platform (Siemens) was removed after the shortage of IGF-1 reagent in 2012. The aim of our
work was to determine if the new test developed by Siemens using the current recommendation of calibration
against the WHO International Standard 02/254 can be used for the biomarker test. The IGF-1 concentrations of
75 serum samples, received for routine antidoping control, were simultaneously measured on the Immulite
1000 and by LC-HRAM/MS. Results show that IGF-1 concentrations measured by the new test on the Immulite
present an average negative bias of 35% versus the MS-based quantification approach. This mean negative
bias observed in the measurement between both methods is constant for all the range of IGF-1 concentrations
tested (101-501ng/mL). Interestingly, the addition of supplementary IGF-2 to the samples allowed to reduce the
bias of the Immulite assay to 13%.The results obtained so far suggest that the new Immulite test would be
suitable for the biomarker method.

Introduction
The Siemens Immulite assay is done by solid-phase detection of IGF-1 and by chemiluminescent detection of
enzyme-labelled antibodies. This assay incorporates an acid pre-treatment to release IGF-1 from acid-labile
components and binding proteins as well as an excess of IGF-2, which prevents reassociation with binding
partners. The Immulite IGF-1 test was proposed in assay pairings for the development of decision limits for the
GH-2000 detection methodology [1], however the discontinuation in the production of commercially available
Immulite assay kits in 2012 resulted in the removal of this assay from the WADA Guidelines. A newly available
Immulite-1000 IGF-1 assay calibrated against the WHO International Standard 02/254 is now available. The
aim of our work was to determine if this kit could be used for the biomarkers test.

Experimental
Serum samples (64 Males and 12 Females), received for routine antidoping hGH screening in SST-II Plus
tubes were centrifuged at 1500 g for 10 minutes. Samples were aliquoted and kept at -20°C until analysis.
Upon thawing, samples were centrifuged again at 13000 rpm for 5 minutes and supernatants were submitted
to the analysis.
PIIINP Measurement on Siemens ADVIA Centaur® CP
Samples were analyzed according to manufacturer’s instruction (Material number: 10994962). For this,
110 µL of serum were deposited in ADVIA Centaur sample cup and tested using the ELF Kit (Lot 125022).
Each run was monitored with external and internal quality controls that met acceptance criteria.
IGF-1 measurement on Siemens Immulite ® 1000
Samples were first analyzed according to manufacturer’s instructions (Material number: 11128584, Lot 105,
calibrated against WHO NIBSC IGF-1 IRP standard 02/254). For this, 225 µL of pre-treatment solution were
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loaded in sample cup and mixed with 25 µL of the sample before analysis. Samples were then re-analysed by
adding 37.5 ng of IGF-2 to the samples (25 µL) before mixing with the pre-treatment solution. Each run was
monitored with external and internal quality controls meeting acceptance criteria.
IGF-1 measurement by LC-HRAM/MS
Analysis was performed on Q-Exactive Plus (Thermofisher) according to an adapted version of the method
published by Cox et al. [2]. In these conditions: HPLC Ultimate3000 (Dionex), Halo peptide ES-C18 column,
ESI HRMS positive mode, ACN/Formic gradient. GH-2000 score was established by pairing MS/ADVIA
Centaur for IGF-1 and PIIINP concentrations respectively using the published formulas [3]. Since the age of the
athletes was not available, it was arbitrarily set at 30 years of age for all the samples to allow GH score
calculation.

Results and Discussion
Using the manufacturer’s protocol, a negative bias averaging 35.4% was obtained between the IGF-1
concentrations measured on the Immulite 1000 in comparison to LC-HRAM/MS. The addition of IGF-2 to the
pre-treatment solution reduced the analytical bias to 13.2% (Figure 1 and Table 1). When IGF-1 concentrations
are expressed as natural-logs, these deviations are further reduced to 8.1% and 2.7% for the analysis without
or with addition of IGF-2, respectively. A previous study reported a negative bias of 10.3% for the Immunotech
assay and of 36.2% for the Immunodiagnostic Systems iSYS assay versus the LC-MS/MS for data expressed
on the natural-log scale [4]. Another study reported the close agreement of Immulite and Immunotech assays of
0.85 with 5% difference [1].
The concentrations differences measured by different immunoassay platforms for the analysis of IGF-1 can be
explained by a number of reasons, one of them being the failure to prevent the reassociation of IGF-1 with its
binding proteins during the analysis. Indeed, the Immulite results are on average increased by 34.6% when
compared to the result obtained without the addition of IGF-2, and hence more closely matching the MS results.
Although there is a minor incidence of cross reactions of IGF-2 with the Immulite test (< 1%) at the amount
tested, the contribution of IGF-2 is below the LOQ and should not be considered as contributing directly to the
increase in IGF-1 concentration.
Finally, the Immulite-based GH-Score (Figure 2) were also established and compared to the MS-based GHScore and it appears that there is a great correlation between both Immulite approaches (r2 = 0.98 and 0.95
without or with IGF-2 respectively).
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Figure 1: Comparaison of IGF-1 concentrations measured by Immulite and by LC-HRAM/MS
The IGF-1 concentrations obtained by Immulite with (Siemens Immulite + IGF-2, blue) or without (Siemens Immulite, red) addition
of IGF-2 in the pretreatment solution were compared to the IGF-1 measurement obtained by LC-HRAM-MS (MS). Data were
expressed in ng/mL (panel A) or natural Logarithm (panel B).

Table 1: Summary of IGF-1 mean concentration (ng/mL or ln), mean % difference and GH-score for the 76 samples from Figures 1
and 2
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Figure 2: GH-Score based on Immulite /Centaur pairing compared to GH-Score from MS/Centaur pairing
GH-Scores, obtained from the pairing of Immulite or MS IGF-1 concentrations to ADVIA Centaur PIIINP measurements were
calculated according to the published formulas [2]. Since only the gender of the donors were available, ages were fixed to 30
years old for all calculations. Data obtained using Immulite with IGF-2 addition (orange) or without (blue), were compared to the
MS-based score for the corresponding samples.

Conclusions
Based on these results, we can conclude that IGF-1 determination on the newly recalibrated Siemens Immulite
assay is suitable for the biomarkers test. There is good correlation between the data obtained by Immulite with
those obtained by LC-HRAM/MS. A new study, analyzing a larger number of samples, should be performed in
order to validate new decision limits applicable to this platform.
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Desharnais P, Naud JF, Ayotte C

Single-blotting for ESA analysis of serum/plasma samples by IEF and SARPAGE after immunomagnetic beads isolation.
Laboratoire de contrôle du dopage, INRS-Institut Armand-Frappier, Laval, Canada

Abstract
According to the World Anti-Doping Agency´s (WADA) technical document for erythropoiesis stimulating agents
(ESA) analysis (TD2014EPO), double-blotting is mandatory for isoelectric focusing (IEF) analysis and for the
confirmation procedures (CP) of serum/plasma samples performed by SDS-PAGE or SAR-PAGE. These
instructions are meant to prevent potential cross-reactions in the ESA detection region with proteins that are not
removed during the purification step. To this end, we have developed an immunopurification (IP) method of
ESA in serum/plasma samples using a combination of streptavidin-coated immunomagnetic beads and
biotinylated anti-EPO polyclonal antibodies. We report that this immunomagnetic bead-based purification
allows the single-blotting analysis of serum/plasma samples. Serum and plasma samples, untreated or spiked
with different ESAs, were immunopurified and analyzed by single-blotting, after SAR-PAGE or IEF using a
cross-reaction minimized secondary antibody coupled to HRP. The results show that this immunopurification
strategy adequately prevents non-specific binding in single blotting following SAR-PAGE. We observed a faint
smearing however in the pH gradient outside the ESA detection region using IEF. These interferences did not
alter ESA profiles of spiked urinary samples or samples received for routine testing. This approach was also
compared to the isolation of ESAs with other combinations of immunomagnetic reagents (anti-Mouse IgGcoated magnetic beads and anti-EPO mAb) or using the MAIIA monoliths. Our results suggest that singleblotting could be performed on serum/plasma samples without non-specific interferences.
(Part of this work was published in: Article DOI: 10.1002/dta.2320)

Introduction
The number of blood tests for ESA has been increasing constantly in anti-doping laboratories [2]. Blood
samples are mainly received in K2/EDTA tubes collected for the Athlete Biological Passport (ABP) or in SST-II
tubes (ESA, hGH or hGH biomarkers). It has been suggested recently that testing blood instead of urine might
offer a better detection of ESA abuse [2,3]. Currently, all the developed methods for the isolation of ESA from
blood are necessarily paired to double-blotting analysis [4-6]. The aim of this work was to develop a quick,
robust and low-cost IP strategy for ESA in blood samples that could be used for the initial testing procedure
(ITP) for both IEF and SAR-PAGE analysis.

Experimental
Sample preparation:
Serum/plasma samples (200-500 µL), obtained for routine antidoping control testing, were centrifuged at
13000g for 5 minutes and filtered using Costar 0.45 µm spin filters before IP. Urine samples were concentrated
by ultrafiltration. The urinary retentates (estimated EPO content: 2.5 mIU/lane) and serum/plasma samples
were adjusted to 500 µL with PBS1X before IP if necessary. Serum/plasma samples were left untreated or
spiked with rhEPO BRP (20 mIU/mL), NESP (0.05 ng/mL), EPO-Fc (0.2 ng/mL) or CERA (0.2 ng/mL).
Immunomagnetic beads purification:
Two µL of anti-EPO biotin (0.4 mg/mL solution of rabbit Pab anti-EPO coupled to biotin, LifeSpan Biosciences,
LS-C260017) were added to serum/plasma samples or urinary samples and incubated by rotation overnight at
4°C. Then, 25 µL of prewashed Dynabeads® MyOne™ streptavidin C1 immunomagnetic beads (Invitrogen,
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65002) were added and incubated for 1 hour with rotation at 4°C. Beads were washed twice using PBS
1X/NaCl 0.5 M with strong vortex agitation, and once with PBS 1X. Beads were eluted by heat treatment (90°C,
5 minutes) with 20 µL of SAR-PAGE loading buffer or CHAPS 4.4% for IEF analysis. The same approach was
used with another set of reagents. In this case, 1 µL of Mab anti-EPO, clone 7D3 (0.25 mg/mL) was added to
samples and anti-mouse IgG-coated immunomagnetic beads (25 µL) was used for pull down. MAIIA isolation
was performed according to manufacturer´s instructions.
Electrophoresis and immunoblotting:
SAR-PAGE and IEF electrophoresis were performed as previously described [7]. After the protein transfer,
membranes were blocked for 1 hour with 5% non-fat dry milk, incubated 1h with anti-EPO Mab clone 2871
(1/1000v/v), and then incubated with a cross-reaction minimized anti-mouse IgG secondary antibody coupled
to HRP (1/100 000 v/v Invitrogen, PI-33432 or 1/200 000 v/v Jackson Immunoresearch, 115-036-062).
Membrane was revealed with West Femto substrate and imaged on LAS-4000.

Results and Discussion
The increase in the number of blood samples received for routine ESA testing in anti-doping laboratories
prompted the development of a rapid and versatile immunomagnetic bead purification strategy. To find
compatible reagents, several polyclonal (biotinylated or non-biotinylated) and monoclonal anti-EPO antibodies
were screened. A biotinylated rabbit anti-EPO pAb was found to generate the best results. As presented in
Figure 1, the IEF analysis of Reference standard preparations after purification with this pAb anti-EPO coupled
to biotin shows that no selectivity towards the different isoforms of the ESA studied is observed after
immunomagnetic beads extraction.

Figure 1: Immunomagnetic beads isolation of EPO is non-selective when analysed by single-blotting. Reference EPO
preparations were immunopurified (+) or left untreated (-) and analysed by single-blotting IEF.
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The technical document TD2014EPO stipulates that a double-blotting procedure is mandatory for any samples
after IEF separation and for the confirmatory analysis of serum/plasma samples. Representative results
obtained for the analysis of ESA spiked-serum samples by single-blotting after SAR-PAGE and IEF are
presented in Figure 2A and 2B, respectively. The results show that after the pAb-based ESA purification using
immunomagnetic beads, a single-blotting analysis free of non-specific binding is possible on both SAR-PAGE
and IEF.

Figure 2: Single-blotting analysis of spiked serum samples analysed by SAR-PAGE (panel A) and IEF analysis (panel B). 500µl of
serum samples (S) were spiked with rhEPO BRP (SB), NESP (SN), EPO-Fc (SFc) or CERA (SC) and immunopurified using
immunomagnetic beads procedure.

The same results were also obtained for negative serum/plasma (Figure 3A) and urine (Figure 3B) samples.
Only a faint diffuse signal was observed outside ESA detection region in the cathodic region of the IEF that did
not affect interpretation. This is probably caused by the nature of the secondary antibody used for the
immunoblotting which is directed against mouse IgG. Eluted IgG chains from the rabbit anti-EPO pAb used for
IP are not recognized by the secondary antibody. In contrast, other IP methods using mouse monoclonal antiEPO shows detectable interactions with IgG chains (Fig 4, boxes) when single-blotting is performed. Thorough
washing steps with the immunomagnetic beads by separation on a magnetic bench probably allows the
removal of most contaminating serum/plasma proteins before the elution.

RECENT ADVANCES IN DOPING ANALYSIS (25)

111

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017

Figure 3: Representative single-blotting results obtained for routine anti-doping samples analysed by IEF. Serum/plasma samples
(panel A) and urine samples (panel B) were immunopurified using immunomagnetic beads approach and analysed by singleblotting after IEF. Red dashed boxes on top of each panel delimitate the region where non-specific binding was observed.
Corresponding higher contrast images of this region are shown on the bottom of each panel.
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Figure 4: Non-specific binding occurs with other Immunoaffinity procedures on single-blotting. Serum samples, spiked with EPO-Fc
and CERA, were immunopurified (IP) using pAb anti-EPO biotin/Streptavidin C1 immunomagnetic beads (LS), mAb anti-EPO
clone 7D3/Sheep anti-Mouse IgG immunomagnetic beads (7D3) or MAIIA columns according to manufacturer’s instructions
(MAIIA) and analysed by SAR-PAGE (left panel) and by IEF (right panel). Red dashed boxes delimitate the regions where the
non-specific binding was observed. Ct: spiking control.

Conclusions
The IP protocol that was developed for the isolation of ESA on immunomagnetic beads is suitable for SARPAGE and IEF analysis, removing the necessity for double-blotting in either urine or serum/plasma samples.
The method was shown to be rapid, robust and inexpensive compared to other IP strategies and could be used
for the initial and confirmation procedures by IEF and SAR-PAGE analysis in blood and urine samples. The
generated IEF and SAR-PAGE EPO profiles by single-blotting analysis meet all the acceptance criteria.
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Modification of serum sample preparation protocol to eliminate the crossreactions and improve the sensitivity of SAR-PAGE method for ESAs
Romanian Doping Control Laboratory, Bucharest, Romania

Abstract
SAR-PAGE electrophoretic separation method followed by immunoblotting is currently used for direct detection
of various erythropoiesis stimulating agents (ESAs) in serum/plasma and urine doping control samples. In
order to optimize time and costs of the initial testing procedure, the analysis of serum/plasma and urine
samples on the same gel by SAR-PAGE single-blotting method seems to be an effective approach. Due to the
high-abundance of proteins in serum samples, significant cross-reactions were observed when
immunopurified serum samples were analyzed by SAR-PAGE with single-blotting and these may interfere with
correct identification of recombinant erithropoietins. We investigated if modifying the sequence of protein
denaturation protocol steps prior to electrophoresis results in an improvement of quality of SAR-PAGE singleblotting method. Three protein denaturation protocols have been used to minimize the cross-reactions and thus
the interferences with ESAs detection. The most significant improvement was obtained when the sample buffer
was added after the heating of serum samples. Our results showed that this new strategy allows the detection
of ESAs with a sensitivity comparable to that obtained when double-blotting was performed, without
supplementary costs.

Introduction
According to TD2014EPO double-blotting is mandatory for the confirmation procedure for direct detection of
ESAs in serum/plasma and urine samples [1] reducing the cross-reactivity of proteins unrelated to ESAs.
The inconvenience of cross-reactions could also be solved when single-blotting is performed in initial testing
procedure by combining two immunopurification methods [2], but this leads to extra costs.
Previously studies revealed that although the Mouse Monoclonal anti-Human Erythropoietin antibody, clone
AE7A5, showed the highest sensitivity for identification and evaluation of ESAs, it cross-reacts with several
proteins [3].
Our approach, with similar quality to SAR-PAGE double-blotting, to minimize the interferences with ESAs
detection in serum samples was to modify the sequence of protein denaturation protocol steps prior to
electrophoresis.

Experimental
Materials
Standards and reagents were obtained from the following manufacturers: Erythropoietin BRP batch 3 (EDQM,
Strasbourg, France), Aranesp (Amgen, Holand), Mircera (Roche, Great Britain), EPO purification kit (MAIIA
Diagnostics, Sweden), human serum (H4522), N-Lauroylsarcosine sodium salt, EDTA, MOPS, human insulin
solution, phenol red, PBS, DTT, glycerol, Trizma hydrochloride (Sigma Aldrich, USA), Tris (PlusOne), Glycine
(GE Healthcare Bio-Science, Sweden), ethanol (Chemical, Romania), nonfat dry milk (Bio-Rad Laboratoires,
USA), acetic acid glacial (Merk-Millipore, USA), NuPAGE 10% Bis-tris Midi Gel (Life technologies, USA),
Microcon-30 centrifugal filters, Steriflip filters (0.22 µm), PVDF, DVPP membranes (Merck-Millipore, Ireland),
blotting paper (BioRad, USA), monoclonal primary mouse antibody clone AE7A5 (R&D Systems, USA),
polyclonal secondary goat antibody peroxidase conjugate (31432), polyclonal secondary goat antibody biotin
conjugate (31800) and streptavidin HRP (Thermo Scientific, USA), SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Scientific, USA). The Criterion Cell for electrophoresis and Trans-Blot SD for
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blotting were purchased from Bio-Rad (Hercules, CA), BlotCycler from Precision Biosystems (Mansfield, MA).
The LAS-4000 CCD camera and GASepo software were from Fujifilm (Tokyo, Japan) and Seibersdorf Labor
GmbH (Seibersdorf, Austria).
Sample preparation
250 µL aliquots of negative human serum and spiked with different Erytropoietin BRP and NESP
concentrations and serum from four healthy volunteers were immunopurificated with MAIIA EPO purification kit.
Protein Denaturation protocols
A) Sample retentates were first treated with SAR-sample buffer (1x) (106 mM Tris-HCl, 141 mM Tris, 2%
sarcosyl, 10% glycerol, 0.51 mM EDTA, and 0.175 mM phenol red) and 0.1M DTT, and then heated at 95°C for
5 min in a thermomixer (600 rpm), cooled and centrifuged at 10000 rcf for 1 min.
B) Sample retentates were first heated at 95°C for 5 min in a thermomixer (600 rpm), cooled and centrifuged at
10000 rcf for 1 min, and then treated with SAR-sample buffer (1x) and 0.1M DTT for 10-15 min at room
temperature.
C) Sample retentates were only treated with SAR-sample buffer (1x) and 0.1M DTT for 10-15 min at room
temperature.
Sarcosyl-PAGE, immunoblotting and detection were performed as previously described by Reichel C [4] and
Reihlen P [5].

Results and Discussion
Following image analysis one can notice that serum samples prepared according to protocol B, showed no
cross-reactions compared with samples prepared according to protocols A and C (Figure 1). The crossreactions are most evident in serum samples prepared according to standard protocol A which lead to
interferences in the area of NESP. The samples spiked with 10 mIU Erytropoietin BRP and prepared according
to protocol B can be clearly differentiated from negative samples.
In order to test the specificity of the method, we analyzed four negative serum samples collected from healthy
volunteers prepared according to protocols A and B (Figure 2). The results obtained showed similar
improvement for the B protocol; the samples prepared by the B protocol showed only endogenous EPO signals
and no interferences in the NESP area.
In order to compare the single- and double-blotting results, serum samples spiked with different concentrations
of Erytropoietin BRP and NESP were analyzed by SAR-PAGE (Figure 3 and Figure 4). The presence of those
erythropoietins could be detected and optimum separated, based on their apparent molecular masses, similar
to the standards used as references according to the technical document in force. Bands with higher apparent
molecular masses of fortified samples could be evidentiated from negative quality control. Thus, these samples
meet the requirements for positive samples. Concentrations of 10 mIU Erytropoietin BRP and 10 pg NESP can
be undoubtedly detected due to the absence of cross-reactions performing single-blotting.

Conclusions
The sequence of the protein denaturation protocol steps influence the quality of results for SAR-PAGE singleblotting method. The most significant improvement was observed when the serum samples immunopurified
with MAIIA EPO purification kit were first heated at 95°C for 5 min and then treated with SAR-sample buffer;
with this new protocol the issue of interference in NESP detection was solved.
The sensitivity and specificity of the modified SAR-PAGE single-blotting method are similar with those of SARPAGE double-blotting. This strategy allows the analysis of blood and urine samples on the same gel in initial
testing procedure without supplementary costs.
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Figure 1. SAR-PAGE Midi single-blotting. ESAMIX CERA heated (1); ESAMIX CERA unheated (2); Sigma serum, negative quality
control (3, 5, 7); Sigma serum spiked with 10 mIU BRP (4, 6, 8). Serum samples were prepared as follows: protocol A – 3, 4 ;
protocol B – 5, 6; protocol C – 7, 8.

Figure 2. SAR-PAGE Midi single-blotting: ESAMIX CERA heated (1,10); serum samples from healthy volunteers prepared by:
protocol B (2-5) and protocol A (6-9).
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Figure 3. SAR-PAGE Midi single-blotting. ESAMIX CERA (1); Sigma serum, negative quality control (2); Sigma serum spiked with
BRP: 60 – 40 – 30 – 20 – 10 mIU (3 - 7); Sigma serum spiked with NESP: 100 – 75 – 50 - 25 -10 pg (8 - 12). All serum samples
were prepared according to protocol B.
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Figure 4. SAR-PAGE Midi double-blotting. ESAMIX CERA (1); Sigma serum, negative quality control (2); Sigma serum spiked with
BRP: 60 – 40 – 30 – 20 – 10 mIU (3 - 7); Sigma serum spiked with NESP: 100 – 75 – 50 – 25 – 10 pg (8 - 12). All serum samples
were prepared according to protocol B.
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Asawesna C, Nimsoongnern S, Inthong T, Seetapun S, Kusamran T, Kongpatanakul S

Urinary luteinizing hormone (LH) levels in male athletes during 3-years routine
doping control analysis at the NDCC Bangkok
National Doping Control Centre, Mahidol University, Bangkok, Thailand

Abstract
Luteinizing hormone (LH) is a peptide hormone that stimulates the secretion of endogenous testosterone. The
LH secretion is suppressed by high levels of testosterone in the circulating blood through negative control
mechanism. The LH hormone has been included in the World Anti-Doping Agency (WADA) Prohibited List in
Class S.2 as a peptide hormone whose use is prohibited only for male athletes. This study is a statistical
evaluation of urinary LH levels from male athletes in sport doping control samples determined from January
2014 to December 2016, at the National Doping Control Centre (NDCC), Thailand. A total of 5,699 urine
samples were analyzed by IMMULITE® 1000 LH Chemiluminescent Immunometric Assay Kit (Siemens
Healthcare, USA). The mean value of LH concentration from the total urine samples analyzed was 10.34 IU/L
(range 0.06 -166.67 IU/L). Concentrations lower than 1 IU/L and higher than 50 IU/L were found in 423
(7.42 %) and 24 (0.52 %) samples, respectively. A total of 15 urine samples were found to have LH
concentration greater than 60 IU/L during the 3-year analysis with no indication of unusual steroid profile. The
number of these samples were 9 (0.36%), 5 (0.28 %) and 1 (0.07%) for 2014, 2015 and 2016, respectively. The
concentrations of testosterone (T), epitestosterone (E) and the T/E ratios of all samples were not significantly
out of the WADA guideline for normal ranges and showed no correlation with the urinary LH levels. These
results provide additional information for possible further consideration of the hormone level for the
presumptive adverse analytical finding (PAAF).

Introduction
LH is included in the section S.2 of the WADA prohibited list as a peptide hormone whose use is illegal only for
male athletes [1]. LH stimulates the production of endogenous testosterone by Leydig cells and LH secretion is
suppressed by high levels of testosterone in the blood circulation [2,3]. Elevated concentrations of total LH in
urine of male athletes may also be an indication for the administration of LH or other substances such as
gonadotrophin-releasing hormone (GnRH) and some exogenous steroids [1]. Any information regarding
normal urinary LH levels from various groups of male athletes are important in order to establish an
appropriate monitoring guideline for anti-doping purposes. This study aims to provide statistical evaluation of
urinary LH levels from male athletes in sport doping control samples determined during January 2014 to
December 2016 at the National Doping Control Centre (NDCC), Bangkok, Thailand.

Experimental
A total of 5,699 urine samples from male athletes of several sports were analyzed for total LH concentration by
IMMULITE® 1000 LH Chemiluminescent Immunometric Assay Kit (Siemens Healthcare, USA) using the MultiLevel Lyphochek® Immunoassay Plus (BIO-RAD, USA) as the assay control. The samples were centrifuged at
1,700 rpm for 5 min at room temperature before the analysis. The LH concentration in urine sample with a
specific gravity (SG) greater than 1.020 was adjusted to a SG of 1.020 according to the WADA guideline. The
assay was performed using the in-house validation method with the precision of 4.69 %RSD, determined at the
concentration between 5 IU/L to 30 IU/L, and the limit of detection (LOD) of 0.15 IU/L.
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Results and Discussion
A total of 5,699 urine samples obtained from male athletes, excluding all AAF (Adverse Analytical Finding)
samples, were analyzed during 2014-2016. The mean LH concentration from was 10.34 IU/L. There were 28, 6
and 2 samples found to contain LH concentration less than the LOD of 0.15 IU/L in 2014, 2015 and 2016,
respectively. The highest concentration value was 166.67 IU/L. LH concentrations at 90 th percentile were
21.42 IU/L (in competition) and 20.35 IU/L (out of competition) (Table 1).

Table 1: LH concentrations (IU/L) from 5,699 urine samples including in competition (IC) and out of competition (OOC) analyzed at
the NDCC during 2014-2016.

Figure 1: Number of sample at different LH concentrations in total urine samples analyzed during 2014-2016.
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LH concentrations lower than 10 IU/L were most frequently detected from the total samples analyzed (Figure
1). The WADA Guideline for reporting LH concentration limit for PAAF finding has been modified in several
versions. Therefore, the number of urine samples containing different LH concentrationc in this study was
categorized according to the WADA Guidelines (Table2). Fifteen samples, from 2014 to 2016, were found to
contain LH concentrations over 60 IU/L and considered as PAAF for LH concentration limit according to the
current WADA guideline (Table 2).

Table 2: Number of samples containing various intervals of LH concentrations according to different WADA guidelines.

None of the 15 samples containing LH over 60 IU/L showed an unusual steroid profile or detectable GnRH
analogs, anti-estrogenic substances, or aromatase inhibitors. The concentrations of T, E and the T/E ratios from
all 5,699 samples were not significantly out of the WADA guideline for normal ranges and showed no
correlation with urinary LH level over 50 IU/L (Table 3).

Table 3: T, E concentrations (ng/mL) and T/E ratios of samples containing LH levels over 50 IU/L. Data from 2015 – 2016. * Value
less than 1 ng/mL.

In addition to the 3-year analysis data, 6 samples were found to contain LH concentration greater than 60 IU/L
without unusual steroid profile or detectable GnRH analogs, anti-estrogenic substances or aromatase
inhibitors this year (Jan-Aug, 2017; data not shown).
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Conclusions
This study was performed to collect data for statistical analysis of urinary LH levels of 5,699 male athletes from
routine screening of sport doping control samples over a 3-year period (2014-2016). The samples were mostly
from ASEAN countries. Fifteen samples (0.26%) contained LH concentrations higher than 60 IU/L, none of
which demonstrated an unusual steroid profile, T, E concentrations, T/E ratio, or detectable GnRH analogs,
anti-estrogenic substances or aromatase inhibitors. Therefore, the information of urinary LH level from this
study could be of value for future consideration of a suitable cut-off value of the LH concentration in sport
doping control.
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Decreased P-III-NP concentration measurement in hemolysed serum samples
and its effect on GH-Score.
Laboratoire de contrôle du dopage, INRS-Institut Armand-Frappier, Laval, Canada

Abstract
Hemolysis, the rupture of erythrocytes and the release of their cytoplasm into surrounding fluid, is a common
pre-analytical quality assessment parameter for serum samples subjected to biochemical analysis. We report
here the influence of hemolysis on the measurement of P-III-NP by the Siemens ADVIA Centaur CP platform.
Over 300 samples were analyzed for IGF-1 and P-III-NP by LC-HRAMS and Siemens Centaur CP, respectively.
Samples with visible signs of hemolysis had significant lower concentrations of P-III-NP. The reassessment of
all samples for the measurement of serum hemoglobin (Hgb) according to the Harboe method confirmed the
strong influence of hemolysis on the P-III-NP concentration measurement. Most samples (77 %) with a free Hgb
concentration over 4.5 g/L were reported below our internal LOQ (0.77 ng/mL) on the Centaur CP platform. The
concentration of IGF-1 measured by LC-HRAMS is not affected by hemolysis but the decrease in P-III-NP
concentrations will affect the GH-score proportionally. Serum samples with Hgb concentration above 4.5 g/L
could potentially be falsely reported as negative. Based on our results, we suggest that great care should be
taken when a laboratory is faced with samples submitted to the biomarker test showing apparent signs of
hemolysis.

Introduction
While critical to the routine measurement of some clinical biochemical parameters, no concerns pertaining to
the evaluation of hemolysis were addressed in the ISL, the TDBAR, the TD2015GH, or in the Guidelines for the
hGH biomarkers test. Over 300 serum samples were analyzed simultaneously for IGF-1 using the WADAapproved LC-HRAMS and for P-III-NP using the Siemens ADVIA Centaur CP platform during biomarker
method validation. Samples with visible signs of hemolysis had significantly lower concentrations of P-III-NP.
The aim of this work was to specifically quantify hemoglobin (Hgb) in serum samples received for routine
testing to determine the effect of hemolysis on the P-III-NP measurements and on the GH-score.

Experimental
Sample preparation:
Serum samples, received for routine antidoping hGH screening in SST-II Plus tubes were centrifuged at 1500g
for 10 minutes. Samples were aliquoted and kept at -20°C until analysis. Upon thawing, samples were
centrifuged again at 13000 rpm for 5 minutes and supernatants were submitted to the analysis.
Hemolysis determination:
The estimation of Hgb in the serum samples was determined by spectrophotometry according to the method of
Harboe [1]. Briefly, 75 µL of serum was deposited into a flat-bottomed 96-well plate and absorption was
measured successively at 415 nm, 380 nm and 450 nm wavelengths using a microplate spectrophotometer
(µQuant, Bio Tek Instruments). Hgb concentration was then determined according to the following equation:
Hgb (g/L) = 1.672*Abs415nm -0.836*(Abs380nm + Abs450nm).
P-III-NP and IGF-1 measurements:
P-III-NP was measured on the ADVIA Centaur CP (Siemens). For this, 110 µL of serum was deposited into
ADVIA Centaur Sample cup and monitored using the ELF Kit (Lot 022). The system was calibrated according to
the manufacturer’s instructions. Precision and accuracy of each sequence was verified with external and
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internal quality controls that met acceptance criteria. IGF-1 was measured by LC-HRAM-MS according to a
modified protocol from Cox et al. [2] GH-score was established by pairing MS/ADVIA Centaur CP for IGF-1 and
P-III-NP concentrations respectively using the published formulas [3].

Results and Discussion
As postulated, increases in serum Hgb concentrations influence P-III-NP measurements significantly on the
ADVIA Centaur (Fig. 1, Table 1). The concentrations of IGF-1 measured by LC-HRAMS are not affected by
hemolysis but the decrease in P-III-NP concentrations affects the GH-scores proportionally.

Figure 1: Effect of hemolysis on the concentrations measured for IGF-1 and P-III-NP and its impact on the GH-Score. 364 serum
samples were analysed for P-III-NP and Hgb concentrations, from whom 292 samples were also analysed for IGF-1 concentration
by LC-MS. GH-Score (blue), P-III-NP (orange) and IGF-1 (green) were plotted against the Hgb concentration of the corresponding
sample.

Table 1: GH-biomarkers parameters in function of sample’s Hgb concentration
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Multiple pre-analytical causes could explain the hemolysis of a blood sample. For example, the gel separator
may release hemolysed red cells when cracking the BEREG-KIT seal which sometimes causes some visible
differences between the A and the B sample. To evaluate the impact of a leak, the gel separator was manually
pierced for 10 samples in order to purposely generate increasing level of hemolysis. Five different aliquots
were collected and analysed for P-III-NP and Hgb concentrations. For all samples, the decrease in the P-III-NP
concentration could be linked to the leak of the serum separator of the SST-II tubes (Fig. 2). At the strongest
level of hemolysis, a dramatic decrease in P-III-NP concentration (88%) was observed and overall, 7 out of 10
samples presented concentrations under the LOD. Interestingly, for some samples, the P-III-NP concentration
experienced a 10% reduction when the amount of free Hgb was as low as 0.8 g/L; this level of decrease is
normally attained at Hgb concentration of around 2 g/L. This is lower than what is indicated in the PIIINP ELF kit
insert, which states that hemoglobin, at a concentration of 500 mg/dL in a sample, is not interfering with
the assay (lower than 10% deviation).

Figure 2: Percentage of the initial P-III-NP concentration measured after artificially induced hemolysis. For 10 samples, P-III-NP
and Hgb concentrations were measured before and after hemolysis was artificially induced by piercing the separating gel 4 or 5
times. Each line represents sample from 1 to 10.

To evaluate the potential impact of hemolysis on samples received for routine testing, the difference in the P-IIINP concentration between A and B sample from the same athlete was analysed. Out of the 19 randomly
selected samples, it was shown that a difference of less than 20% was normally observed based on the
logarithmic determination of the P-III-NP concentration. However, a difference over 30% could be observed for
3 athletes (Fig. 3). Signs of hemolysis, as determined by visual inspection, were observed in either the A and
the B bottle of these three samples.
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Figure 3: Strong differences in P-III-NP concentration could be obtained between the A and B samples. 19 corresponding A and
B samples, were blindly selected and co-analysed for P-III-NP. Relative difference between the same athletes samples
(expressed in %) are shown. Red dots indicate athletes on which a 30% difference was obtained between A and B samples.

Conclusions
The results presented in this study show that a significant decrease in the P-III-NP concentration and the GHscore was observed in hemolysed serum samples. The ADVIA P-III-NP test is strongly affected when the free
Hgb concentration reaches 2.0 g/L of free Hgb. Most samples with a free Hgb concentration over 4.5 g/L gave
P-III-NP concentrations below LOQ. Hemolysis could occur randomly in the A or the B sample which could
potentially lead to a false-negative results. Therefore, the quantification of free Hgb by an easy and rapid
method like the one presented in this study could help in selecting the appropriate P-III-NP method since the
Orion test seems to be less affected by hemolysis than the ADVIA Centaur CP measurement.
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Steroid profile evaluation following oral testosterone administration coupled to
alcohol intake.
CHUV, Laboratoire Suisse d'Analyse du Dopage, Epalinges, Switzerland

Abstract
It is well known that the intake of alcohol could impact the steroid profile parameters and alcohol is recognized
as a confounding factor. Since the steroidal module of the Athlete Biological Passport (ABP) has been
launched in 2014, urinary concentration of ethylglucuronide (EtG, a phase II metabolite of ethanol) must be
measured in urine samples and indicated at a concentration higher than 5 µg/mL in the ABP. In fact, many of
the automatic notifications for abnormality such as Atypical Passport Finding or Suspicious Steroid Profile
Confirmation Procedure Request generated by ADAMS are due to the abnormal T/E ratios associated with
intake of alcohol.
The APMU linked to the Swiss Laboratory for Doping Analyses in Lausanne regularly requests to perform
steroid profile confirmations including GC-C-IRMS on the samples flagged with EtG findings. After completion
of these additional analyses and when the results of the GC-C-IRMS do not confirm the exogenous origin of
steroids, the APMU invalidates the confirmed samples allowing the profile to return to “normal”. The
management of samples containing EtG triggers a significant amount of work for the laboratories (confirmation
of endogenous steroids and EtG and analysis by GC-C-IRMS) and increases the costs to the Testing
Authorities. To answer the question of the need to perform the confirmation analyses on samples containing
EtG and to investigate the impact of a joint administration of alcohol and oral testosterone on the steroid profile,
a pilot study was performed with a single volunteer. The results showed clear differences in increase of T/E
differences between ethanol consumption and oral testosterone administration.

Introduction
Since 2014 and the launching of the steroidal module of the Athlete Biological Module (ABP) many challenges
were faced by the WADA accredited laboratories and by the Athlete Passport Management Units (APMU)
dealing with urinary steroid profiles.
It is well known that the concentration of testosterone and its metabolites is impacted by certain confounding
factors that are identified in the WADA Technical Document for endogenous anabolic androgenic steroids
(TD2016EAAS) [1]. It has been shown that alcohol has a drastic effect on the steroid profile parameters [2-5].
Since 2016 presence of ethylglucuronide (EtG) in urine, a marker of alcohol consumption [6], higher than 5
µg/mL has been reported by the laboratories as mandatory information without statements on the validity of the
sample.
To answer the question of the need to perform the confirmation analyses on samples containing EtG and to
investigate the impact of a joint administration of alcohol and oral testosterone on the steroid profile, a pilot
study was performed with a single volunteer.

Experimental
The study was divided in three parts with the same volunteer (male, 50 years old, 80 kg). During the first step,
the volunteer consumed 120 g of ethanol (beer and wine) during 8 hours starting at 12h00 leading to 1.5 g of
ethanol per kg of body weight. In the second step 40 mg of Testosterone undecanoate (TU, Andriol 40 mg
Testocaps) was administered orally to the volunteer, whereas the third phase consisted of the oral intake of
40 mg of TU in conjunction with 120 g of ethanol (beer and wine) during 8 hours, starting at 12:00h (1.5 g
ethanol/kg of body weight). All urines were collected for 48 hours after TU and/or ethanol administration.
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The steroid profile was measured using gas chromatography coupled to mass spectrometry (Hewlett Packard
6890 GC system Plus gas chromatography system coupled to a Hewlett Packard 5973 Mass Selective Detector
mass spectrometer) according to procedure described previously [7].
EtG was estimated by LC-MS/MS (Waters-Xevo TQ-S) following a dilute and shoot method used in our routine
procedures. Delta values of endogenous steroids were measured by GC-C-IRMS analyses on a Delta V Plus
from Thermo with a GC 7890A from Agilent Technologies according to procedure described previously [8].
Only selected urines were analyzed by GC-C-IRMS: two urines at time 0, the peaks for the 3 excretion studies
and 2 urines at 24h after the intake of ethanol and combined ingestion of ethanol and testosterone

Results and Discussion
In 2016, 11% of out of competition samples analysed in the Swiss Laboratory for Doping Analyses contained
EtG higher than 5 µg/mL. In total, 92.2% of these urine samples were collected on male athletes and contained
EtG within the range from 10 to 1500 µg/mL (Figure 1).

Figure 1: Ethylglucuronide concentration in 692 out of competition samples analyzed in 2016.

Estimated EtG concentrations between 5 and 450 µg/mL were also detected in some in competition samples
(0.8%). Figure 2 shows a steroid profile influenced by EtG: in three samples EtG was detected at different
concentrations and found to affect differently the four ratios, namely T/E, A/T, 5aAdiol/E, and to some extent
5aAdiol/5bAdiol.
In this example, the T/E ratio of the urine sample containing 370 µg/mL of EtG exceeded the individual
threshold defined by the ABP model, triggered an "Atypical Passport Finding", and required a steroid profile
confirmation with GC-C-IRMS analysis [1].
In the first experiment of this study, alcohol administration affected the three ratios T/E, A/T and 5aAdiol/E. T/E
increased from 0.9 (mean of three basal values) to 1.4 and the amount of EtG reached 100 µg/mL (Figure 3).
As expected, the results of GC-C-IRMS analysis were negative (Table 1). Oral TU intake alone had an effect on
the same ratios mentioned above, but also on A/Etio and 5aAdiol/5bAdiol. T/E reached 10 and the GC-C-IRMS
results showed significant and well known differences between the delta values of the TC and ERC [9].
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Figure 2: Example of a steroid profile of male athlete influenced by ethanol.

RECENT ADVANCES IN DOPING ANALYSIS (25)

130

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017

Table 1: Isotopic ratios for some samples from the excretion study of ethanol (EtG), from the excretion study of ethanoltestosterone (EtG-T) and from testosterone (T).

Combined administration of TU and ethanol seems to have an impact on each of the five ratios the steroid
profile. Alcohol intake accentuated especially the variability of T/E and 5aAdiol/E by increasing the
concentrations of T and 5aAdiol. As a general observation, all the endogenous steroid concentrations elevated
temporarily and T/E reached 25, however, the maximal amount of EtG (45 µg/mL) did not reach similar level
compared to alcohol consumption alone. The administration of TU was again clearly detected in the GC-CIRMS analysis as the delta values of the TC differed significantly (more than 3‰) from the ERC (Table 1).
Interestingly, sample T5 EtG-T collected 24h after TU and ethanol intake, contained 45 µg/mL of EtG and the
observed T/E of 1.8 was higher than the corresponding time point after TU administration alone. In this case,
GC-C-IRMS result fulfilled the positivity criteria for T. The results of this pilot study, however, are to be taken
with caution, as it is a high administration of oral TU with strong effects on the steroid profile, and may be
amplified by the influence of ethanol on the steroid profile. Furthermore contribution of intra-individual
absorption and elimination properties may be significant in this experiment involving a single volunteer.

Conclusions
According to the results of this pilot study, the contribution of ethanol should not be overestimated in the
interpretation of the atypical steroid profiles. In fact, it could be beneficial not to exclude by default the
possibility to proceed to the GC-C-IRMS analysis to reveal the potential concurrent administration of
testosterone or its precursors even if ethanol metabolites are detected in the sample.
Further data are necessary to verify the results as testosterone metabolism varies significantly among
individuals, and also to investigate other testosterone administration routes (i.e transdermal) combined with
ethanol consumption.
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Genotypic variability and doping control: effects of the polymorphism of the
family of UGT2B genes on a reference population
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
The objective of this study was to investigate the use of urine sample for the analysis of the T/E ratio excretion
in a database of Caucasian individuals, by the application of sensitive methods for the genotyping of copy
number variant (CNV) of the UGT2B17 gene and a common single nucleotide polymorphisms (SNP) of the
UGT2B15 gene. Results we achieved show that CNV polymorphisms of UGT2B17 have a main strong impact
on T/E ratio while SNP polymorphisms of UGT2B15 seems to impact mainly on A/Etio ratio.

Introduction
T/E excretion ratio shows high levels of inter-individual variation, and it mainly depends on testosterone
glucuronide excretion. Genetic polymorphisms in the uridine diphospho-glucuronosyl transferase (UGT2B)
gene family have been associated to this variation. The genotyping of samples can be useful in order to better
understand the urinary excreation pattern of steroids. However, genotyping of urine samples requires an
additional analysis which is not standardized in the context of antidoping. Human UGT2B17 CNV
polymorphism determines three possible genotypes: ins/ins, ins/del and del/del. The del/del phenotype, mainly
expressed within the Asian populations, has been associated to a lower urinary excretion of testosterone
glucuronide and consequently, often to lower basal values of the T/E ratio. On the other hand, the steroid
profile can be affected also by other factors as human UGT2B15 gene which presents several SNPs and
may involve an altered function of the glucoronidation enzyme.

Experimental
Genomic DNA (gDNA) from 123 urine or buccal swab samples were extracted by using a PrepFiler DNA
extraction kit and quantitated on a standard reference curve with real time quantitative PCR assay.
Determination of the UGT2B17 CNV polymorphism was perfomed using a sensitive specific TaqMan assay by
a relative quantification method and using a RNAase P as endogenous reference assay. Three control
samples with known genotypes were used as external calibrators. Determination of the UGT2B15 SNP
polymorphism was performed using a TaqMan SNP genotyping assay. Three control samples with known
genotypes were used as external calibrators. All PCR experiments were carried out on a real time qPCR 7500
fast instrument from Life Technologies. Urinary steroid parameters were determined in urine by GC/MS-MS on
the total fraction by following the routine laboratory procedures.

Results and Discussion
As for UGT2B17 gene, significant differences between the three genotyped groups were detected only for T/E
ratio (Figure 1). Ins/ins and ins/del groups have similar median T/E values compared to the del/del group
(Figure 2). Hence the reduced activity of UGT2B17 enzyme is exclusive of the full homozygous deletion
genotype. No gender-dependent statistical differences were detected within any group despite men were
observed in general to have slightly higher T/E mean values. As for UGT2B15 SNP polymorphism (rs1902023),
73% of the individuals resulted homozygous wild-type or being heterozygous for the polymorphism (which
means normal activity of the enzyme). The remaining 27% of the study population were homozyogous full
polymorphic with reduced enzymatic activity (Figure 3). These results for the population are in accordance with
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Hardy-Weinberg equilibrium for bi-allelic systems.

Figure 1: Distribution of T/E excretion ratios (total fraction) according to different UGT2B17 CNV genotypes

Figure 2: Different excretion patterns of steroids according to different UGT2B17 genotypes

Figure 3: Mean values of T/E, Andro/Etio, 5α3α/5β3α ratios according to different UGT2B15 SNP genotyping
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Conclusions
UGT2B15 polymorphism affects mainly the Andro/Etio and 5α3αdiol/5β3αdiol ratios, but does not seem to have
an effect on T/E ratios. T/E ratio is mainly affected by the CNV polymorphism on the UGT2B17 gene regardless
of the type of SNP polymorphism that is carried on the UGT2B15 gene. The lowest Andro/Etio ratios are
observed on the individuals who are full polymorphic for both UGT2B17 and UGT2B15 gene. Regarding the
interpretation of the steroid profile and confounding factors, the reduction of the Andro/Etio ratio due to the full
UGT2B15 polymorphism is not as strong as the effect of the 5α-reductase inhibitors.
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Sample pretreatment for confirmation of 19-norsteroids by GC-C-IRMS in
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Abstract
Confirmation of the use of 19-norsteroids requires the identification of the exogenous origin of the main
metabolite, 19-norandrosterone (19-NA), when found in the urine at concentrations between 2.5 ng/mL and
15 ng/mL. An effective pretreatment procedure is necessary prior to the IRMS measurement. Two HPLC clean
up steps were employed to isolate the fractions of 19-NA, 19-noretiocholanolone (19-NE) and two endogenous
reference compounds (ERCs), pregnandiol (PD) and androsterone (Andro). Validation followed the WADA
requirements as specified in TD2017NA and TD2016IRMS. Blank urine, 20-30 mL, spiked with 19-NA and 19NE at 2.5-15 ng/mL, were used for method validation regarding intra and inter-assay precision. The accuracy
and isotopic fractionation were evaluated using standard 19-NA, 19-NE and certified standard USADA34-1
spiked in steroid stripped urine. The results show no interference peak close to the target compounds. The
difference between the δ 13 C (‰) of pure certified standard and spiked steroid stripped urine of less than 0.5 ‰
verified the accuracy of δ 13 C (‰) measurement and the absence of isotopic fractionation during sample
preparation. This method is fit for the determination of δ 13 C (‰) of 19-NA and 19-NE for anti-doping purposes.

Introduction
19-Norandrosterone (19-NA) is the main urinary metabolite of 19-norsteroids. It can sometimes be produced
endogenously at low concentration. Therefore verification of the exogenous origin of 19-NA found at
concentrations between 2.5 ng/mL and 15 ng/mL is required using GC-C-IRMS [1]. At these low levels
increased volume of urine is required to attain the detection limit of the technique. However, this gives rise to
increased urine matrix interference. Suitable sample purification is necessary before IRMS measurement.
Various methods have been published [3,4]. This study presents the development and validation of a cleanup
procedure to obtain accurate δ 13 C (‰) of 19-NA, 19-NE, PD (ERC) and alternative ERC, androsterone and
etiocholanolone.

Experimental
Sample extraction
Urine was extracted using SPE, enzymatic hydrolysis and liquid-liquid extraction with 5 mL n-pentane. The
residue was subjected to two HPLC clean up steps; one before acetylation and one after acetylation. Only
acetylated 19-NA_ac and 19-NE_ac fractions were subjected to the 2 nd HPLC clean-up, using the same HPLC
column but with a different gradient program. The collection times are shown in Table 1.
HPLC clean up was performed on Agilent HPLC 1100 series coupled with 1260 Infinity fraction collector.
Separation was achieved using Waters Symmetry® C18 column (35 µm, 4.6 mm, 150 mm) with injection
volume of 25 µL. UV detection at 345 nm monitored β-trenbolone acetate, the marker of retention time for the
collection time windows. The mobile phase flow was 1 mL/min. using water (A) and acetonitrile (B) with two
gradient programs.The 1 st gradient program starts at 50% B for 9 min, then increasing to 100% B in 1 min,
holding to 17.5 min and returning to 50% B in 5 min. β-Trenbolone acetate was detected at 11.90 ± 0.02 min.
The 2 nd gradient programme starts at 30% B, increasing to 100% B in 17.5 min, holding until 25 min and
returning to 30% B in 5 min. β-Trenbolone acetate was detected at 12.10 ± 0.02 min.
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Table 1. The collection time for the various steroids. A total of 4 fractions, viz. 1/A (19NE_ac), 2/B (19NA_ac), 3 (Etio_ac and
Andro_ac), and 4 (PD_ac), were subjected to analysis by IRMS and GC/MSD.

GC/C/IRMS detection
GC/C/IRMS analyses were performed on Trace GC Ultra coupled to Delta V Advantage IRMS with GC III
combustion interface. The CO2 reference gas was calibrated with certified USADA 33-1. The GC column was
DB17MS (30 m, 0.25 mm, 0.25 µm, Agilent J&W) with flow of 1.5 mL/min. The oven temperature program was
initial 160°C, held for 1 min, rising by 20°C/ min to 270°C, held for 10 min, rising by 5°C/min to 290°C, rising
by 15°C/min to 300°C and held for 5 min. The steroid acetates were dissolved in cyclohexane and 24 µL injected in splitless mode at 270°C.

Results and Discussion
The method validity was evaluated following WADA requirement specified in TD2017NA [1] and TD2016IRMS
[2]. Instrument stability and linearity were determined for signals of 400 mV to 7000 mV.
Analysis of negative urine samples, 20-30 mL, spiked with standards at the concentration range of 2.515 ng/mL (five samples/batch, with three batches, for a total of 15 samples), were carried out for specificity,
precision, linearity and LOQ of the method. GC/C/IRMS measured the δ 13 C(‰) value of target compound and
GC-MSD identified the target compound and confirmed peak purity. IRMS chromatograms (Figure 1) of spiked
urine and pure standard were comparable, confirming the specificity and effective sample clean up procedure.
Standard deviation (SD) were less than 1‰ (see Table 2A), evaluated precision of this method. The linearity of
19-NA and 19-NE detection covered the required range of 2.5 ng/mL to 15 ng/mL. The LOQ was determined at
2.5 ng/mL.

RECENT ADVANCES IN DOPING ANALYSIS (25)

137

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017

Figure 1. IRMS chromatograms of 30 mL urine spiked at 2.5ng/mL 19-NE (A), 19-NA (B) and pure standard 19-NE (C) and 19NA (D).

The accuracy of analysis and fractionation effect of the sample preparation process were determined from the
difference of the δ 13 C (‰) values between sample analysis and certified value (Δδ 13 C value). Table 2(B)
shows the mean and SD of δ 13 C (‰) of the analysis of certified USADA 34-1 (Etio, Andro and PD), standard
19-NA and 19-NE spiked in steroid stripped urine, prepared using C18 SPE cartridge to remove the steroids
[5]. The Δδ 13 C values (Table 2B) were less than 0.5‰, verifying the accuracy and the absence of isotopic
fractionation during sample preparation.

Table 2. (A) Mean and SD of δ 13CVPD B (‰) from the analysis of 19NA, 19NE spiked in blank urine. (B) Mean and SD
of δ 13CVPDB (‰) and Δδ 13C values from the analysis of steroid stripped urine spiked with certified USADA34-1, in-house certified
standard 19-NA and standard 19NE.
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Analyses of in-house positive 19-NA samples are shown in Table 3. The absolute difference in δ 13 C(‰)
between 19-NA and 19-NE and two ERCs (PD and Andro) were greater than 3‰, thereby verifying the
detection method. The data also show that the absolute difference in δ 13 C(‰) between 19-NA, 19-NE and Etio
were also greater than 3‰. Thus Etio could also be used as an alternative ERC.

Table 3. The absolute δ 13C VPDB-value (‰) data of 19NA, 19NE and three ERCs obtained from in-house positive urine samples

Conclusions
The HPLC sample clean-up method was validated for the determination of δ 13 C (‰) of 19-NA and 19-NE for
anti-doping purposes. The δ 13 C (‰) of 19-NE and an alternative ERC, Etio, could be used to support the
confirmation of 19-norsteroids. Analysis of urine with endogenous 19-NA and 19-NE, and a certified
reference δ 13 C (‰) 19-NA will be carried out in future method development.
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Abstract
Isotope ratio mass spectrum (IRMS) is applied in doping control to confirm the endogenous steroids abuse by
determining the ratio of 13 C/12 C (δ 13 C-values). Endogenous reference compounds (ERC) are indispensable
in IRMS test, of which Pregnandiol (PD) and 11β-hydroxyandrosterone (11OHA) are commonly used as ERCs.
Although 11OHA is involved in some researches, it is not clear that if 4-androstenedione (androst-4-ene-3,17dione, 4AD) administration would affect 11OHA application in GC-C-IRMS test. In general, 11OHA is regarded
as a metabolite of glucocorticoids. However, cortisone acetate administration did not change the δ 13 C-values
of 11OHA for the majority of subjects in some study, which indicated that little cortisone was metabolized to
11OHA and suggested that 11OHA was most probably produced from 11β-hydroxyandrostenedione (11βhydroxyandrost-4-ene-3,17-dione, 11β-OHAdione). It is mentioned in some reports that 4AD is metabolized to
11OHA with 11β-OHAdione as intermediate. In that case, δ 13 C-value of urinary 11OHA would change when
exogenous 4AD is ingested. The aim of this study is to investigate the effect of 4AD administration on the δ 13 Cvalue of 11OHA to clear the applicability of 11OHA as ERC. Three subjects were administrated with 100 mg
4AD (δ 13 C-value -35.5‰), whose urine samples were collected before and after administration with the
interval of 3 hours for the analyses with IRMS. The δ 13 C-values of 11OHA and PD were determined. The
results showed that the δ 13 C-values of 11OHA post-administration remained unchanged compared with that
before administration. There were no significant differences in δ 13 C-values between 11OHA and PD. However,
there was a strong interfering peak with depleted δ 13 C-value near 11OHA peak. The interfering decreased
during the wash out period. This study concluded that most 4AD was not metabolized to 11OHA. 4AD
administration did not affect the δ 13 C-value of urinary 11OHA, which could be used as ERC after 4AD
administration when the chromatographic interference was eliminated.

Introduction
Isotope ratio mass spectrum (IRMS) is applied in doping control to confirm the endogenous steroids abuse by
determining the ratio of 13 C/12 C (δ 13 C-values). Endogenous reference compounds (ERC) are indispensable
in IRMS test, of which Pregnandiol (PD) and 11β-hydroxyandrosterone (11OHA) are commonly used as ERCs.
It is clear that PD is the main metabolite of progesterone. In contrast, the biosynthesis of 11OHA involved in
several studies [1-3] is more complicated and some facts are not clarified. In some literatures concerning the
metabolites of steroids, 11OHA is described as either the metabolite of hydrocortisone or cortisol [2] or the
metabolite of 11β-hydroxyandrostenedione (11β-hydroxyandrost-4-ene-3,17-dione, 11β-OHAdione)[2,3].
In some papers, the illustrations of metabolic pathways show that 11β-OHAdione is generated from 4androstenedione (androst-4-ene-3,17-dione, 4AD)[2,3], which is not confirmed by thorough investigation
because this point is not included in the aims of these studies. Some literatures have investigated the
biosynthesis of 11OHA and concluded that adrenal CYP11B1 readily catalyzed the conversion of 4AD to the
11β-hydroxylated products [4].
It is necessary to corroborate the conversion of 4AD to 11β-OHAdione, because it relates to the use of 11OHA
as ERC in doping test. So far, it is not clear that if 4-AD administration would affect 11OHA application. The aim
of this study is to explore the influence of 4AD ingestion on IRMS test for doping control.
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Experimental
1.1 Reagents and standards
4AD, PD, and 11OHA were purchased from Sigma Aldrich (St. Louis, MO, USA). The medicine containing
100 mg 4AD per capsule was obtained in market, and was identified using GC-MS. The δ 13 C-value of 4AD in
the capsule was -35.5 ‰.
1.2 Excretion study
Three male subjects were recruited and administrated 4AD orallywith asingledose of 100 mg. Urine samples
were collected from each volunteer before administration (0h, for basal value determination) and after
administration with the interval of approximately 3 hours. Five urine samples in 12h post-administration from
each subject were analyzed with IRMS.
1.3 IRMS test
IRMS tests were conducted using the sample preparation method previously reported. The carbon isotope
ratios were measured using a Delta-V isotope ratio mass spectrometer (Thermo Fisher Scientific). An HP-5
column (30 m x 0.25 mm i.d., 0.33 µm film thickness; Agilent Technologies, Palo Alto, CA, USA) was used for
separation. The carrier gas (1.0 mL/min, constant flow mode) was helium. The oven temperature program was:
180°C (2 min) – 6°C/min → 255°C – 3°C/min → 280°C (6.5 min). The fractions were injected in splitless
mode at 260°C. The combustion and reduction oven temperatures were set at 940°C and 600°C, respectively.
The δ 13 C-values of 11OHA and PD were determined.
1.4 Statistical analysis
Statistical analysis was performed using One-Way ANOVA (SPSS Release 13.0 for Windows, SPSS Inc.,
Chicago, IL, USA). When a significant interaction was found between groups, a post-hoc Least-Significant
Difference (LSD) test was employed. The significance level was set to 0.05 for all tests.

Results and Discussion
2.1 δ13 C-values of 11OHA and PD
The mean and SD values for δ 13 C-values of 11OHA and PD were obtained from 5 urine samples in 12h postadministration. The δ 13 C-values of 11OHA and PD are showed in Table 1, which demonstrate that the δ 13 Cvalues of 11OHA post-administration remained unchanged compared to the basal values. There were no
significant differences in δ 13 C-values between 11OHA and PD (P>0.05).

Table 1: δ 13C-values (‰) of 11OHA and PD

2.2 Interfering peak
There was an interfering peak with depleted δ 13 C-value near 11OHA peak (Figure 1). The interference
weakened gradually during the wash out period and did not disappear on the 12 th h post-administration. The
height of interfering peak decreased over time, and its depleted δ 13 C-values came to be close to the values of
PD. In the early stage of administration, the interference was strong which makes the separation difficult.
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Figure 1: TICs of 11OHA and interfering peak

2.3 Discussion
The four major androgen metabolites oxygenated at position C-11 (11-hydroxy androsterone, 11oxoandrosterone, 11-hydroxyetiocholanolone, and 11-oxo etiocholanolone) are produced and excreted by
humans [2]. Almost all 11-hydroxyetiocholanolone and 11-oxoetiocholanolone are cortisol metabolites formed
after A-ring reduction. 11-oxoandrosterone is the metabolite of adrenosterone (androst-4-ene-3,11,17-trione,
11-oxoandrostenedione)[2].
11OHA, in general, is regarded as a metabolite of glucocorticoids [5]. However, cortisone acetate with depleted
δ 13 C-value administration did not significantly change the δ 13 C-values of 11OHA in some studies [1,3], which
indicated that little cortisone converted to 11OHA.
11β-OHAdione is known to be a prominent adrenal product. It is necessary to corroborate the biosynthesis of
11β-OHAdione. Some illustrations of metabolic pathways of steroids show that 11β-OHAdione is metabolite of
4AD [2,3]. Previous in vitro studies on the biosynthesis of 11β-OHAdione have revealed several possible
pathways in adrenal gland and 4AD has been generally considered to be the major immediate precursor of
11β-OHAdione [4,6,7]. If so, administration of 4AD with depleted δ 13 C-value would result in the change of
δ 13 C-value of urinary 11OHA which is the main metabolite of 11β-OHAdione. The aim of this study is to
investigate the effect of 4AD administration on the δ 13 C-value of 11OHA. This study confirmed that 4AD
administration would not significantly affect the δ 13 C-value of urinary 11OHA, which suggested that most 4AD
did not convert to 11β-OHAdione and to 11OHA subsequently.
In addition to 4AD, some study has proposed dehydroepiandrosterone and progesterone as precursors of 11βOHAdione. For doping control, these studies should be further conducted.
Regarding to the co-elution, the metabolites of hydroxyandrostenedione should be considered. C(4)hydroxylation of 4AD is reported to be a metabolic pathway [8]. The investigation of formestane (4-hydroxyandrost-4-ene-3,17-dione, F) administration demonstrates that a co-elution influences on IRMS measurement
of 11OHA and the disturbing compound is 3a,4a-dihydroxy-androstan-17-one [9]. The mass spectrum of the
co-elution in our research is similar to that of the co-elution in F investigation. Although 4AD administration
would not significantly affect the δ 13 C-value of 11OHA, eliminating the interference was the key point when
4AD was ingested and 11OHA was used as ERC. Figure 2 and 3 showe the mass spectrum of 11OHA in the
sample and the interfering peak, respectively.
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Figure 2: MS spectrum of 11OHA in a sample

Figure 3: MS spectrum of the interfering peak
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Conclusions
From this study it can be concluded that little 4AD was metabolized to 11OHA. 4AD administration did not
significantly affect the δ 13 C-value of urinary 11OHA, which could be used as ERC after 4AD administration
when the chromatographic interference was eliminated.
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Abstract
A general screening method based on dilution of urine samples with a buffer followed by a short centrifugation
and analysis by LC-TOF-MS was developed. In this method 26 different doping agents, mainly diuretics, but
also SARMs and ethyl glucuronide are monitored. Chromatography is based on gradient elution on a HPLC
C18 column, and ionization of the analytes is achieved with electrospray ionization in negative ion mode.
Identification is based on retention time and exact mass (resolution of 20000 at m/z 300).
The performance of the method was evaluated with regard to specificity, MRPL-criteria and repeatability. The
recoveries were not evaluated, as there is no particular pretreatment, only dilution of the urine samples, and
the extraction recoveries were expected to be close to 100%. The specificity was however evaluated, as some
matrix effects were expected in this type of dilute-and-shoot experiment. The matrix effects were studied by
comparing the peak areas in standards spiked into the matrix (urine) with standards spiked into the eluents.
The method was proven specific and sensitive. The minimum required performance limits (MRPL), established
by WADA, were achieved for all diuretics and SARMs included in the method. In general no major matrix
effects were observed, except for andarine and chlorothiazide. The repeatability of the peak areas (rsd 5-34%)
and retention times (rsd 0.4-10%) was studied.
The use of a high-resolution instrument and a dilute-and-shoot methodology allows easy and selective
screening of a wide selection of compounds ionizable in the negative ion mode. Additionally , flexible method
extensions which may arise from the modifications of WADA prohibited list, as well as retrospective analysis of
already analyzed samples, is possible with the use of this methodology.

Introduction
As the number of analytes on the Prohibited List are increasing all the time, doping analytics requires fast and
reliable examination of a large number of substances, as well as their metabolites, from a small sample
volume. The purpose of this work was to develop a simple and high-throughput liquid chromatographic/high
resolution mass spectrometric (LC-TOF-MS) screening method for selected doping agents, mainly acidic
compounds and other compounds that are ionized in negative electrospray mode, such as thiazide diuretics,
in human urine, utilizing minimal sample pretreatment (dilute-and-shoot).

Experimental
Urine samples: the compounds studied were spiked into urine matrix, which was a pool of drug-free urine.
Sample preparation:
To 200 µL of urine sample, 200 µL of a dilution buffer containing the internal standard (mefruside), was added.
The mixture was vortexed and centrifuged; the supernatant was then transferred to vial inserts and injected into
the LC-TOF-MS system as such.
Method validation:
The validation of the method was performed with spiked samples at ½ x MRPL (100 ng/ml), except for the
SARMs andarine and ostarine, for which the validation was performed at 1 ng/mL. The performance of the
method was evaluated with regard to specificity, sensitivity at 50% MRPL and repeatability.
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Table 1. The compounds analyzed with the method
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LC-TOF instrumentation:
The analyses were perfomed on a 1290 Infinity II liquid chromatograph coupled to a 6550 iFunnel Q-TOF from
Agilent Technologies. The column used is a Restek Raptor Biphenyl 3.0 x 50 mm (2.7 µm). The eluents are A:
2.5 mM ammoniumformiate with 0.1% HCOOH in H2O, B: 2.5 mM ammoniumformiate with 0.1% HCOOH in
methanol/ACN (4:1), injection volume: 1 µL.

Results and Discussion
The method was proven specific and sensitive. The minimum required performance limits (MRPL), established
by WADA, were achieved for all diuretics and SARMs included in the method. In general no major matrix
effects were observed, as all compounds were well retained on the column. The repeatability of the peak areas
(rsd 5-34%) and retention times (rsd 0.4-10%) was acceptable. The mass accuracy for all compounds was
within 10 ppm. The use of high-resolution MS is well suited for the screening for various compounds in urine;
even when only utilizing dilution of the sample as pretreatment, there is almost no background and thus the
S/N values are fairly high at the MRPL level. For most of the compounds the S/N values at 1/2 MRPL level is at
least around 100, thus the LOD's would be in the low ng/ml range for diuretics and in the pg/ml range for the
SARMs.

Conclusions
The use of a high-resolution instrument and a dilute-and-shoot methodology allows easy and selective
screening of a wide selection of compounds ionizable in the negative ion mode. The possibility of polarity
switching makes it possible to analyze compounds that are better ionized in positive mode with the same
method. Additionally, flexible method extensions which may arise from the modifications of WADA prohibited
list, as well as retrospective analysis of already analyzed samples, is possible with the use of this methodology.
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Abstract
Growth hormone releasing peptides (GHRPs) are synthetic peptides which stimulate growth hormone (GH)
secretion and are clinically used for the treatment of GH deficiency. Since March 2016 GHRPs and other short
peptides have been included in World Anti-Doping Agency (WADA) Prohibited List in class S2 as they
enhance athletic performance. The purpose of this work was to develop the use of LC/MS-IT-TOF for screening
of GHRPs and related compounds. Solid phase extraction with a weak-cation exchange (WCX) cartridge was
employed for the sample preparation of 11 target peptides (GHRP-1, GHRP-2, GHRP-4, GHRP-5, GHRP-6,
TB500, Desmopressin, Ipamorelin, Hexarelin, Anamorelin and Alexamorelin). The combined elutions of
methanol (Elution 1) and 5% formic acid in methanol (Elution 2) were evaporated under vacuum and the
residue reconstituted in water: acetonitrile (90:10, v/v) mixture. Chromatographic separation and mass
characterization were performed using a Hypersil Gold C18 column (50 mm x 2.1 mm x 3 µm) and the
Shimadzu LCMS-IT-TOF mass spectrometer, operating in positive mode. Gradient elution was from 5% to
100% acetonitrile at a flow rate of 0.3 ml/min with total run time of 18 min. The assay limit of detection was 0.21.0 ng/mL and the recovery ranged from 9.1 to 53.6%. The instrument precision at 2 ng/mL was 3.2-14.6%
RSD. This developed method demonstrates the application of LC/MS-IT-TOF for screening of the WADA
prohibited GHRPs.

Introduction
Growth hormone releasing peptides (GHRPs) are defined as a group of short chain synthetic peptides
consisted of 7-10 amino acids that stimulate growth hormone (GH) secretion in human. GHRPs and related
peptides with similar pharmacological action have recently been included in class S2 of the World Anti-Doping
Agency (WADA) prohibited list [1], as they enhance athletic performance by increasing growth hormone level.
Screening methods of the target compounds by various types of tandem mass spectrometers have been
implemented [2,3]. However, the application of the Ion Trap-Time of Flight tandem mass spectrometer (LC/MSIT-TOF) for such screening procedure has not been reported. This investigation demonstrates the possible
application of the LC-MS-IT-TOF in screening of the WADA prohibited GHRPs.

Experimental
Sample preparation was performed by using solid phase extraction. Three milliliters of urine sample, adjusted
to pH 7.0 if necessary was added with 20 µL of internal standard ((deamino-Cys1-Val4-D-Arg8)-vasopressin)
and centrifuged at 1,300 rpm for 3 min. The supernatant was loaded onto a preconditioned (1 mL methanol
and 1 mL sterile water) Waters® WCX cartridge. The cartridge was washed with 1 mL sterile water, eluted with
1 mL methanol and 1mL 5% formic acid in methanol. The elutions were combined and dried under vacuum
centrifugation (Eppendorf Concentrator plus) at 45°C. The residue was dissolved in 50 µL acetonitrile:water
(10:90,v/v) mixture and 25 µL of the reconstituted solution was injected for the LC/MS-IT-TOF analysis.
Chromatography was carried out on a Shimadzu LC/MS-IT-TOF instrument using a Hypersil Gold C18 column
(50 mm x 2.1 mm x 3 μm). The mobile phase was 0.1% formic acid in water (solvent A) and acetonitrile (solvent
B) at a flow rate of 0.3 mL/min. The linear gradient program was started from initial 5% B to 85% B in 13 min
and then returned to 5% B in 5 min. Total run time was 18 minutes. Mass spectrometric analysis was performed
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using one product ion transition for each compound. Information of precursor and product ions of the method
are shown in Figure1.

Figure1: PRD chromatograms from LC/MS-IT-TOF of 11 target compounds and ISTD in a spiked control urine at 2 ng/mL.

The method validation was performed for 11 compounds including TB500, Desmopressin, GHRP-1, GHRP-2,
GHRP-4, GHRP-5, GHRP-6, Anamorelin, Alexamorelin, Ipamorelin and Hexarelin at 5 concentrations (2, 1,
0.5, 0.2 and 0 ng/mL) in 7 different sources of urine. The recovery was validated at 2 ng/mL and the instrument
precision was performed for 10 replicate injections.
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Results and Discussion
Most of the precursor ions were found in singly or doubly charge states (Table 1). Validation of the 11
compounds show satisfactory results for routine screening purposes as described in Table 2. The limit of
detection (LOD) was 0.2-1.0 ng/mL, lower than the WADA minimum performance requirement level (MRPL) at
2 ng/mL. Recovery ranged from 9.1 – 53.6% and the instrument precision was 3.2 – 14.6% RSD, at 2 ng/mL
(Table 2). Modification of sample preparation will be further studied to improve the relatively low recovery of
Alexamorelin.

Table1: Mass spectrometry information of the screening method for 11 doping peptides by LC/MS-IT-TOF.

Table 2: Results of method validation for the screening of 11 doping peptides by LC/MS-IT-TOF at MRPL level (2 ng/mL).
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Conclusions
Synthetic peptides with potential uses as the WADA prohibited substances are increasing in number. Thus
detection method must be developed in-house using appropriate facility. From this study, the resolution of the
LC/MS-IT-TOF was satisfactory to fulfill WADA requirement for the detection of 11 doping peptides at the MRPL
of 2 ng/mL level. Modification of the procedure is feasible for the detection of future prohibited peptides and
metabolites.
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Sardela V, Padilha M, Casilli A, Oliveira F, Levy R, Cavalcanti G, Oliveira F, Pereira H, Mirotti L, Duarte AC,
Carneiro AC, Araújo A, Evaristo J, Nogueira F, da Costa G, Pizzatti L, de Aquino Neto F

Doping control improvements between summer Olympics and the Rio 2016
Olympic and Paralympic Games
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil

Abstract
Real-time doping control is one of the major aims for each new edition of the Olympic and Paralympic Games.
Due to its dimension, the summer Games being a much higher burden from the technical and logistics point of
view. In the Olympiad 2012-2016 there was a tremendous improvement in detection techniques as well a deep
reevaluation and formalization of the WADA technical documents, impressing over the accredited laboratories
numerous demands for improvements and an overwhelming implementation of the strictest quality control
measures known in the molecular analytical chemistry field. Therefore, LBCD faced the challenge to implement
20 sophisticated analytical procedures to cope with the breadth of doping practices included in the Prohibited
List from WADA and new technical documents (TD). Also, the number of samples was said to be increased
from 2012 to 2016 and reporting times should be kept as low as possible. Improvements in the speed of
analysis and number of substances included in multi-residue methods, was one of the ways to cope with this
challenge, together in keeping with the ever lower Limits Of Detection (LOD) continuously enforced by WADA.
Briefly, the major advances were the application of the LC-HRMS QExactive technology, to detect over 400
substances in a 10 min run. With this approach, it was possible to monitor 21 GHRF and 19 proteolytic peptides
of four proteases in all urine samples. It becomes an innovative and interesting approach to check for misuse of
proteases in each urine sample received. A second method based on the same technique was used for
insulins, IGF-I analogues, high molecular mass GHRF and Synacthen (16 analytes in total). It is also to be
highlighted the possibility on non-target analysis, which was applied for certain classes of substances. LC-QqQ
was used for ”orthogonal” confirmations and quantitations. GC-QqQ was used to quantify the steroid profile and
detect over 120 substances, including all presently available long term metabolites.
On the other hand new requirements for the immunological analysis of other hormones (intact hCG, LH for all
samples plus separate assays for screening and confirmation); hGH via isoforms and 4 procedures (one LCQqQ) for the biomarker approach) resulted in a huge investment in instruments, kits and validation procedures,
as well as for the determination of population distributions. ESAs consolidated the SAR-PAGE technique, while
the IEF one was still operational in the lab. ABP received numerous samples, but homologous blood
transfusion, very little. The method in place included many additional epitopes. The blood/serum samples,
were also visually screened for HBOCs. Which had an additional Sysmex technique to reduce false positives
and a natural gel electrophoretic technique for eventual confirmation. The feedback from ABP results showed
up to be a very strong strategy, since some AAF were found for ESA after the APMU feedback. The short
chromatographic times helped the reporting in less than 24 h.
GC/C/IRMS with fine tuned isolation of all target compounds in a similar Preparative-HPLC, permitted
extremely low isotopic LOD for all steroids, 19-NA, boldenone-P and M1, and formestane. Despite long (need
to detect all steroids on the WADA TD), the three instruments available, the single method approach, and the
skill of the IRMS team allowed reporting in less than 72 h.
A Gene Doping detection method for hEPO cDNA expression quantification was implemented with
improvements, but too late to receive the full evaluation and approval by WADA. The molecular biology unit is
equipped with quantitative PCR and Next Generation sequencing approaches. Upon IOC request, forensic
DNA analysis strategies was also implemented.
From the logistics point of view, a LIMS system was customized to improve control and speed up administrative
procedures. A specific surveillance camera´s system was added to the LBCD 245 security cameras operated in
the complex, to guarantee samples integrity; 80 specialists from 20 WADA accredited laboratories participated
in the Games, as well as 90 Brazilian volunteers and 120 collaborators from LBCD and LADETEC´s workforce.
Transportation and catering was provided to all. More than 50 training missions with over 500 days abroad and
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in-house, levelled the LBCD´s performance to the best knowledge available. The openness and dedication of
the WADA accredited laboratories, specially the personnel involved in the training of our staff along 2014 to
2016 and the ones that worked at the Games, guaranteed that the low, <0.53%, number of AAFs seems to
evidence the respect that athletes have for the Games time doping analysis. Concerns with the logistics
nightmare, huge investment and a sensible Legacy, should arise in the anti-doping community, guaranteeing
the future of this extremely high standard of control coverage, probably the best deterrent for potential dopers.
We may say that this was the most thorough coverage of possible doping means, ever performed in O&P
Games. And that we would humbly expect that it paved the way for even brightest contributions from the future
ones.
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Mirotti L, de Aquino Neto F, Pereira H, Carneiro M, Amaral A, Dudenhoeffer-Carneiro AC

Human Growth Hormone (hGH) detection at Rio 2016 Games
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil

Abstract
The use of human Growth Hormone (hGH) by athletes is banned by the World Anti-Doping Agency (WADA);
however, some athletes still employ hGH as a performance-enhancing substance. During the Olympic and
Paralympic Games in Rio de Janeiro 2016, the detection of hGH in serum was performed by two different
analytical approaches: i) the isoforms differential immunoassay and ii) the biomarkers test.
Serum samples were analyzed immediately after delivered at LBCD, totalizing 289 samples for the Olympic
and 242 samples for the Paralympic Games. Analyses were performed by the LBCD team and by international
experts from different anti-doping labs: Ghent, Havana, Kreischa, Lisbon, London, Oslo, and Rome. Olympic
samples were collected from different sports, mainly athletics, wrestling, canoe, cycling, judo, weightlifting,
rugby, rowing, and aquatics, being 22% in-competition and 78% out-of-competition. Paralympic samples were
collected mainly from powerlifting, athletics, and cycling sports. The ratio of hGH isoforms was determined
using kit1 or kit2 (CMZ-Assay GmbH) for the Initial Testing Procedure (ITP). The biomarkers test was applied
using one assay to detect IGF-I (RIA-Immunotech or LC-MS/MS) paired with a P-III-NP assay (RIA-ORION or
chemiluminescent immunoassay- ADVIA/Siemens) for the ITP and two different IGF-I/P-III-NP assay pairs for
the Confirmation Procedures. During the games, the Immunotech+ORION and the Immunotech+ADVIA/
Siemens pair combinations were used for the ITP of 65% and 35% of the samples, respectively. hGH isoforms
findings were negative for all 531 samples analyzed. For the biomarkes test, the 289 Olympic samples were
negative (99.99% of male samples had GH-2000 scores 17% lower than the DL) and 2 Paralympic samples
(female, same athlete) were reported as atypical findings (ATF), being the GH-2000 score higher than the DL
for the Immunotech+ADVIA pair and below the DL for the LC-MS/MS+ORION combination.
Out of 531 samples analyzed during the games, two ATFs were reported for the biomarkers test. No statistically
significant differences in GH-2000 scores were observed amongst different sports. Results indicate that the
established DL for assay pairs including the Orion P-III-NP assay are too conservative and therefore should be
reviewed applying a dynamic approach based on additional doping control data accrued in WADA-accredited
laboratories.
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Nair V1 , Miller G1 , Moore C 1 , Booth M1 , Beharry A2 , Fedoruk M2 , Eichner D 1

Observations from hGH biomarker testing in doping control samples – a one
year summary
Sports Medicine Research and Testing Laboratory, Salt Lake City, USA1;
United States Anti-Doping Agency, Colorado Springs, USA2

Abstract
Since participating in the GH biomarker educational EQAS, SMRTL has conducted approximately 1500 GH
biomarkers tests on doping control samples for both WADA signatories and non-signatories. Screening was
primarily performed using the LCMS + Siemens Centaur assay pairing. A handful of samples met the criteria for
a presumptive adverse finding on the initial screen, but failed to meet the decision limit on the LCMS + Orion
assay pairing. Data from these samples will be presented. Multiple samples were collected from one of the
athletes in the above pool, which enabled longitudinal monitoring of the biomarker score. These data were
compared with longitudinal biomarker data from other athletes collected as part of routine doping control
programs.
Further, to investigate any correlation between the isoform and biomarker results, approximately 200 samples
that had isoform scores in the 90 th percentile were also analyzed by the biomarker test. Data from this analysis
will also be presented.
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Görgens C 1 , Thevis M1,2 , Schänzer W1 , Pop V3 , Geyer H 1 , Bosse C 1 , Guddat S1

The atypical excretion profile of meldonium: comparison of urinary detection
windows after single- and multiple-dose application in healthy volunteers
Institute of Biochemistry, Center for Preventive Doping Research, German Sport University Cologne, Cologne, Germany 1;
European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany 2;
National Anti-Doping Agency, Romanian Doping Control Laboratory, Bucharest, Romania3

Abstract
In January 2016 meldonium has been included in the World Anti-Doping Agency’s (WADA) list of prohibited
substances after providing unequivocal analytical evidence for a high prevalence in international elite sports
during a one-year monitoring program. However, pharmacokinetic data and, in particular, information on
urinary detection windows of meldonium have been limited to few investigations. In pilot elimination studies an
unusual long detection window was observed. Consequently, within this WADA funded study [grant
#R16R01WS], urinary excretion profiles after single-dose (5 volunteers, 1 x 500 mg) and multiple-dose oral
application (5 volunteers; 2 x 500 mg/day for 6 days) were determined in order to facilitate the interpretation
and result management process in cases of adverse analytical findings in doping control, especially when drug
intake scenarios (time point, duration, etc.) are questioned.
Urinary meldonium concentrations were determined using an analytical approach based on hydrophilic
interaction liquid chromatography and high resolution tandem mass spectrometry. The study corroborates the
hypothesis of a non-linear, dose-depended and biphasic excretion profile after oral application of meldonium
and demonstrates that urinary detection windows are of considerable extent with up to 65 and 117 days
(concentrations > LOQ of 10 ng/mL), depending on the drug administration regimen.

Published as:
Görgens C, Guddat S, Bosse C, Geyer H, Pop V, Schänzer W, Thevis M. (2017) The atypical excretion profile of
meldonium: Comparison of urinary detection windows after single- and multiple-dose application in healthy
volunteers. J Pharm Biomed Anal. 138, 175-179.
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Gavrilovic
´ I1 , Wüst B2 , Cowan D1

Fast LC-HRMS Screening by Q-ToF in Doping Control
Drug Control Centre, King's College London, London, UK1;
Global Marketing Manager, Sports Doping/Sports Medicine, Agilent Technologies, Waldbronn, Germany 2

Abstract
Since January 2016 the World Anti-Doping Agency required laboratories to analyse all samples qualitatively
for meldonium and semi-quantitatively for ethyl glucuronide.
This presentation will describe how we at the Drug Control Centre dealt with this challenge using an Agilent
liquid chromatography (1290) high resolution mass spectrometer (6545 Qâ€‘ToF). We used a dilute and inject,
fast analysis method implementing the instruments ability to switch between positive and negative polarity
modes.
Ethyl glucuronide and meldonium thresholds are relatively large (5 µg/mL and 100 ng/mL respectively),
compared to compounds with limits of detection equal to or less than 2 ng/mL, whose detection may be a
challenge. The instruments’s ability to screen for a larger and more diverse range of compounds was
investigated. Approximately 250 compounds were analysed by the LC-QToF using fast pos/neg switching.
Data review was readily achieved using the Qualitative and Quantitative Mass Hunter software, and its
strengths and weaknesses to doping control applications will be discussed.
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Polet M1 , Van Gansbeke W2 , Van Eenoo P2

Chemical ionization GC-MS/MS: current developments.
Department of Clinical Chemistry, Microbiology and Immunology, DoCoLab University Ghent, Zwijnaarde, Belgium1;
DoCoLab University Ghent, Zwijnaarde, Belgium2

Abstract
Switching from electron ionization gas chromatography triple quadrupole mass spectrometry (GC-EI-MS/MS) to
chemical ionization gas chromatography triple quadrupole mass spectrometry (GC-CI-MS/MS) has proven to
be an efficient and cost effective way to increase the sensitivity of GC-MS/MS analyses. This increased
sensitivity allows quantification of testosterone in saliva samples for example.
CI also extends the possibilities of GC-MS/MS analyses as the molecular ion is retained due to the softer
ionization. In EI it can be difficult to find previously unknown but expected steroid metabolites due to the low
abundance (or absence) of the molecular ion and the extensive (and to a large extent unpredictable)
fragmentation. GC-CI-MS/MS however is characterized by predictable fragmentation pathways, correlated to
the AAS structure. This allows for the set-up of a sensitive selected reaction monitoring (SRM) method,
designed to find previously unknown but expected metabolites by selection of theoretical transitions for
expected metabolites. By applying this methodology, new long term metabolites for oxymesterone and
mesterolone could be revealed.

References
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Geldof L, Deventer K, Verelst C, Van Eenoo P, Ryckx A

Preventive anti-doping research of small molecule erythropoiesis stimulating
agents: HIF stabilizers
DoCoLab - Ghent University, Zwijnaarde, Belgium

Abstract
Erythropoiesis stimulating agents (ESAs) activate the endogenous erythropoietin system leading to increased
red blood cell levels. The red blood cell mass is an important determinant of the aerobic power of athletes.
Therefore novel orally active ESAs, such as HIF stabilizers have a high potential for illicit use. Although still
under clinical investigation and their addition to the prohibited list of WADA, misuse of at least one HIF
stabilizer (i.e. FG-4592) was reported. Moreover, several other ESAs are available over the Internet. Therefore
it is the aim of this project to anticipate these events and to initiate preventive anti-doping research including
method development and in vitro metabolism studies.
Within the scope of this project several reference standards of HIF stabilizers were acquired. In vitro
metabolism studies were performed to identify potentially metabolites, which might improve the detection
windows of these substances. Detection of the acquired ESAs and their metabolites was performed by LC(HR)MS. Furthermore, this preventive doping research included a retrospective data analysis in order to
evaluate the incidence of these ESAs and their metabolites in doping control samples analyzed in our
laboratory.
The results of this preventive anti-doping research regarding HIF stabilizers will be discussed in the
presentation.
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Miller G, Nair V, van Wagoner R, Eichner D

Changes in doping trends following the Designer Anabolic Steroid Control Act
of 2014
Sports Medicine Research and Testing Laboratory, Salt Lake City, USA

Abstract
Following the Controlled Substances Act of 2004, the United States government enacted the Designer
Anabolic Steroid Control Act of 2014 (DASCA) to further strengthen the regulation on sales and production of
anabolic steroid-containing products. Since this enactment in late 2014, a new doping trend has been
identified wherein dishonest athletes and supplement companies alike have begun to move away from
anabolic steroid derivatives, resulting in a recent spike in adverse findings of selective androgen receptor
modulators (SARMs) and Growth Hormone Releasing Factors (GHRFs). Though these compounds circumvent
the DASCA regulations, most of these WADA-banned substances are not pharmaceutically approved yet are
still available for purchase via Internet outlets. A summary of laboratory findings will be presented, focusing on
insights into the rise in adverse findings of SARMs and GHRFs, and by tracing some products in which they
were identified.
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Effect of tea consumption on the steroid profil
Barcelona Antidoping Laboratory, IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain1;
Universitat Pompeu Fabra, Barcelona, Spain2;
Integrative Pharmacology and Systems Neurocience Research Group, IMIM (Hospital del Mar Medical Research Institute),
Barcelona, Spain3;
Universitat Autònoma de Barcelona, Bellaterra, Spain4;
Spanish Biomedical Research Centre in Physiopathology of Obesity and Nutrition (CIBEROBN), Instituto Salud Carlos III,
Madrid, Spain5

Abstract
The steroid profile is used to detect the misuse of endogenous anabolic androgenic steroids in sports. Due to
wide inter-individual variability in the markers of the steroid profile, the Athletic Biological Passport (ABP) is
used to individually detect alterations on the steroid profile that could indicate drug consumption. The steroid
profile is measured in the glucuronide metabolic fraction, and the most important enzymes involved in the
androgen glucuronidation are the UDP-glucuronosyltranferases (UGT)[1]. In vitro studies demonstrated that
tea, along with its flavonol epigallocatechin-3-gallate (EGCG), inhibit the UGT2B17 isoenzyme [2], which is the
main responsible for the glucuronidation of testosterone. Therefore, the aim of the present work was to study
the effect of tea consumption on the steroid profile.
This study has been performed in 21 male volunteers. The clinical protocol was designed to evaluate the
effects after consumption of high doses of EGCG. Therefore, participants were asked to consume 5 tea
beverages (equivalent to 420 mg of EGCG) along the whole day for 6 consecutive days, and in day 7, they
consumed 9 tea beverages (equivalent to 750 mg of EGCG). Urine samples were collected before and during
tea consumption at different time periods. The steroid profile was measured using conventional procedure by
gas chromatography coupled to mass spectrometry.
Concentrations of testosterone, epitestosterone, androsterone, etiocholanolone, 5α-androstandiol and 5βandrostandiol as well as ratios between them have been evaluated. Because of large variations on the
concentrations within and between individuals, daily excretion amounts were calculated. Finally, ABP bayesian
model was applied to analyze if tea consumption could lead to significant alterations on the steroid profile.
1. Kuuranne T. Phase II metabolism of androgens and its relevance for doping control analysis, In Thieme
D, Hemmersbach P Eds, Doping in Sports, Handbook of Experimental Pharmacology. Springer, 2010:
65-75.
2. Jenkinson C, Petroczi A, Barker J, Naughton DP. Dietary Green and White teas suppress UDPglucuronosyltransferase UGT2B17 mediated testosterone glucuronidation. Steroids 2012; 77:691-695.
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Booby traps in Doping Analysis
DoCoLab-UGent, Zwijnaarde, Belgium1;
Institut für Biochemie, Cologne, Germany 2;
Seibersdorf Laboratory, Seibersdorf, Austria3;
ASDTL, NMI Australia, North Ryde, Australia4;
Montreal laboratory, Montreal, Canada5

Abstract
Doping analysis is more complex than ever before. Use of several non prohibited substances can lead to the
detection of some prohibited substances (or their metabolites).
In this lecture several examples will be discussed of such cases. Additionally, examples of several precaution
methodologies will be given to prevent (as much as possible) false positive cases.
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Exploring blood steroidomics for the improvement of the steroid profile
University Center of Legal Medicine Geneva and Lausanne, Centre Hospitalier Universitaire Vaudois and University of
Lausanne, Swiss Laboratory for Doping Analyses, Lausanne, Switzerland1;
School of Pharmaceutical Sciences, University of Geneva, Geneva, Switzerland2;
University of Lausanne, Center of Research & Expertise in anti-doping Sciences, Lausanne, Switzerland3

Abstract
The ‘steroidal module’ of the Athlete Biological Passport is currently constructed by GC-MS(/MS) quantification
of few selected endogenous anabolic androgenic steroids (EAAS) from athletes' urines [1] and represents a
key tool for the tracking of steroid abuse in sport. Nevertheless, as the “urinary steroid profile” suffers from some
limitation related to the individual and sample matric (such as enzyme polymorphism, bacterial contamination
and ethanol consumption [2]), new strategies have been recently proposed to improve EAAS doping detection
metodologies [3]. Among these, the measurement of steroid hormones in blood matrix showed a promising
applicability to detect testosterone doping and interesting additions to the urinary module [4]. A more holistic
approach, namely “steroidomics”, could improve the sensitivity of the current steroid profile. To achieve this, a
new five-step “steroidomic” workflow including 5 different steps was developed and will be discussed in the
present work:
1. A rapid SPE-based sample preparation, capable of extracting steroid hormones as well as their phase I
and phase II metabolites from serum samples;
2. UHPLC-HRMS method, acquiring Full Scan MS and data dependent MS/MS spectra in both positive
and negative ionization modes;
3. Data processing including noise filtering, alignment and peak picking followed by normalization;
4. Ion annotation with confidence level 1(identification confirmed with authentic standard) and 2
(identification confirmed with predicted properties) thanks to a newly created in-house steroid database
(350 steroids ) together with retention time prediction model [5];
5. Multivariate statistical analysis for highlighting most relevant features;
This workflow was then applied to serum samples obtained from a testosterone administration clinical trial, with
the aim of highlighting new promising blood biomarkers of both oral and transdermal testosterone intake,
similarly to what was previously done on urine matrix [6].
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resources/files/wada-td2016eaas-eaas-measurement-and-reporting-en.pdf; acc. January 22, 2017
2. Kuuranne, T.; Saugy, M.; Baume, N. Br. J. Sports. Med. 2014, 48, 848-855
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5. Randazzo, G.M.; Tonoli, D.; Hambye, S.; Guillarme, D.; Jeanneret, F.; Nurisso, A.; Goracci, L.; Boccard,
J.; Rudaz, S. Anal. Chim. Acta 2016, 916, 8-16
6. Boccard, J.; Badoud, F.; Jan, N.; Nicoli, R.; Schweizer, C.; Pralong, F.; Veuthey, J.L.; Baume, N.; Rudaz,
S.; Saugy, M. Bioanalysis 2014 6, 2523-2536
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Sardela V1 , de Aquino Neto F1 , Pereira H 1 , de Sousa V2 , de Carvalho A1 , Fonseca B1 , Anselmo C 1

Zebrafish: a tool to human-like metabolism study
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil1;
Farmacos e Medicamentos, UFRJ, Rio de Janeiro, Brazil2

Abstract
The investigation of the metabolism is a critical step on doping control. However, the investigation of the
metabolism of new drugs usually faces an ethical bottle neck in the exposure of humans to drugs, sometimes,
even untested drugs. Different strategies to investigate the drug metabolism are available in the literature.
Esposito and coworkers evaluated the metabolism of small peptide hormones through the human microssomal
model and hepatocite fractions. Höppner and co-workers investigated the metabolism of drugs that activate the
enzyme SRT1. Lootens and co-workers evaluated the metabolic profile of anabolic steroids using mice
transplanted with human hepatocytes, called "humanized rat".
This study examined the metabolism of sibutramine and stanozolol in zebrafish (Danio rerio), a small tropical
aquarium fish, under conditions relevant to pharmacological and toxicological assays. Zebrafish has extensive
homology of its genome with that of other vertebrate species including humans and shows hepatic similarity to
human cytochrome P450s (CYPs).
The metabolism study was performed in 6 different aquariums (aninexpensive and easy-to-care system): 3 sets
for experiments involving sibutramine and 3 sets for experiments involving stanozolol. For each set there were
one aquarium defined as positive animal control (PAC), one as water positive control (WPC) and one as
animal negative control (ANC). Each PAC aquarium had 12 animals exposed to a certain amount of doping
agent. Aliquots of 2 mL from each aquarium water were collected during different days and followed by a
generic sample preparation with commercial polymeric SPE cartridges and dilute-and-shoot approach to LCQ-ORBITRAP-MS analysis. On sibutramine study, the metabolites nor-sibutramine, bis-nor-sibutramine and
their respective mono-hydroxylated derivatives were observed after 12 h and dihydroxylated metabolites only
after 72 h. Regarding stanozolol, metabolic products from phase 1 as mono and dihydroxy metabolites,
reduction, and the elimination of the hydroxy group from hydroxy metabolites with subsequent formation of a
double bond after rearrangement, were observed. Phase 2 metabolites from glucuronidation reactions were
also found. Both similarities and differences in the metabolic pathways were observed in zebrafish when
compared to human urine.
Published as:
de Souza Anselmo, C., Sardela, V.F., Matias, B.F., de Carvalho, A.R., de Sousa, V.P., Pereira, H.M.G., and de
Aquino Neto, F.R. (2017) Is zebrafish (Danio rerio) a tool for human-like metabolism study?. Drug Test.
Analysis, 9: 1685-1694. doi: 10.1002/dta.2318.

* Manfred Donike Award presented to Vinícius Sardela
This year's Manfred Donike Award for the best oral presentation went to Vinicius Sardela, who has been a
certifying scientist at the Rio de Janeiro Doping Control Laboratory since 2004 and is currently also graduate
student working under the supervision of Professor Francisco Radler de Aquino Neto and Henrique Marcelo
Gualberto Pereira. His award-winning study exploited the capability of zebrafish to metabolize drugs relevant
for doping controls by spiking the aquarium water with the therapeutic agent and collecting metabolites
secreted into the fish tank for subsequent LC-MS/MS-based analysis. The simplicity of this alternative approach
towards producing metabolic products was particularly impressive and has opened complementary options of
studying especially new, non-approved drugs in sports.
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Thomas A, Knoop A, Schänzer W, Thevis M

In-vitro metabolism of small prohibited peptides
Center for Preventive Doping Research / Institute of Biochemitry, German Sport University, Cologne, Germany

Abstract
Recently, the detailed knowledge of arising metabolites of performance enhancing agents has gained an
increasing importance due to the ongoing implementation of new compounds to the list of the World antiDoping Agency. Especially small peptide hormones (< 2 kDa) entered various categories of the list such as
section S2.1.2 non-erythropoietic EPO-receptor agonists, S2.3 Chorionic Gonadotrophin (CG) and Luteinizing
Hormone (LH) and their releasing factors or S2.5 Growth Hormone (GH) and its releasing factors.
Unfortunately, metabolism studies for some of these peptides were not conducted yet, thus, the present project
is aimed to fill these missing information. In-vitro experiments were performed using different metabolism
strategies (e.g. incubation with serum or human liver microsomes) with several new peptides (e.g. ARA-290,
Buserelin, Perforelin, Nafarelin, Deslorelin, Fertirelin, Goserelin, Histrelin and GHRP-3) of which the
metabolism is unknown so far. The processed metabolites were identified and characterized by liquid
chromatography and high resolution mass spectrometry. This will enable to implement these new target
peptides in the already established testing procedures.
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Piper T1 , Dib J1 , Putz M1 , Fusshöller G1 , Pop V2 , Geyer H 1 , Schänzer W1 , Thevis M1

Studies on the in vivo metabolism of the new SARM YK11 and its implementation into existing doping control methods
Center for Preventive Doping Research - Institute of Biochemistry, German Sport University Cologne, Cologne, Germany 1;
Romanian Doping Control Laboratory, Bucharest, Romania2

Abstract
A novel steroidal compound was recently detected in a seized black market product and was identified as (17α,
20E)-17, 20-[(1-methoxyethylidene)bis(oxy)]-3-oxo-19-norpregna-4, 20-diene-21-carboxylic acid methyl ester
(YK11). This compound is described as a selective androgen receptor modulator (SARM) and myostatin
inhibitor. As YK11 is an experimental drug candidate and a non-approved substance for humans, no scientific
data on its metabolism is available. Due to its steroidal backbone and the arguably labile orthoester-derived
moiety attached to the D-ring, substantial metabolism was anticipated.
In order to unambiguously detect urinary metabolites of YK11 an elimination study with six-fold deuterated
YK11 was carried out. Post administration specimens were analyzed using hydrogen isotope ratio mass
spectrometry coupled to single quadrupole mass spectrometry to identify metabolites and gain mass
spectrometric data. Preliminary identification of those metabolites important to sports drug testing was carried
out using gas chromatography/high resolution-high accuracy mass spectrometry.
More than 20 deuterated urinary metabolites were detected comprising unconjugated, glucuronidated and
sulfated metabolites of which 14 could be confirmed by mass spectrometry. As expected, no intact YK11 was
observed in the urine samples. While the unconjugated metabolites disappeared within one day postadministration, both glucuronidated and sulfated metabolites were traceable for more than 2 days. The 3 most
promising glucuronidated metabolites were further investigated regarding their chemical structure and their
potential as viable markers for the determination of YK11 misuse by athletes. A complementary excretion study
with unlabeled YK11 was used as an aid to implement the correct ion transitions in routine doping control, to
verify unambiguously that the found metabolites belong to YK11, and to have a positive quality control sample
for doping control analysis available.
The article is in preparation and will be published elsewhere.
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Geisendorfer T, Göschl L, Benetka E, Gmeiner G

Monitoring of bacterial activity: increase of Diol concentrations
Doping Control Laboratory, Seibersdorf Labor GmbH, Seibersdorf, Austria

Abstract
Bacterial activity in urine samples may cause significant alterations of the steroid profile. This is partly taken
into account by the monitoring of markers of bacterial activity, like 5-alpha- and 5-beta-androstanedione in
screenings procedures based on gas chromatography - mass spectrometry. Ratios to their precursors
androsterone and etiocholanolone correlate with oxidative activity at the 3-position of the A-ring.
The presentation points out that reductive activity at the 17-position of the D-ring may cause a tremendous
effect on the 5-alpha- and 5-beta-androstanediol - concentrations. A simple approach to monitor these
alterations is presented.
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Aguilera R

Athlete Isotopic Signature or Isotopic Fingerprint of δ13C value
Anti Doping Lab Qatar, Doha, Qatar

Abstract
Isotope Ratio Mass Spectrometry (IRMS) of urine samples has become the standard analytical technique for
the detection of Testosterone and other Testosterone precursors misuse by athletes. However, the use of
IRMS is complicated due to the inter-laboratory variation of the δ 13 C values generated by IRMS. Micro dosing
by athletes and the resultant small change in δ 13 C values in urine makes Testosterone misuse undetectable
with the current WADA criteria. One of the principal goals of this project was to establish an athlete’s
individual’s isotopic profile. A volunteer’s own δ 13 C values was used to establish his own endogenous
reference fingerprint. Changes in δ 13 C values by more than 0.9 δ from his own reference endogenous was
showed that micro doses of synthetic endogenous steroids for some steroids never passed the WADA criteria.
This particular study has provided to the sport community a new approach using IRMS to resolve the main
issues concerning differences in delta δ 13 C values due to diet, ethnicity, age, gender, geographic location and
different analytical methodologies.
1- Establish an Internal Metabolic Reference for an athlete, which showed that the δ 13 C values do not change
over the time and can be integrated into the Biological passport as a finger print parameter.
2- A study of Testosterone micro dosing in athletes helped to establish the small changes in urinary δ 13 C
values steroid values over time.
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Piper T, Thevis M, Schänzer W

Epiandrosterone sulfate prolongs the detectability of testosterone, 4-androstenedione, and dihydrotestosterone misuse by means of carbon isotope ratio
mass spectrometry
Center for Preventive Doping Research - Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
In the course of investigations into the metabolismof testosterone (T) bymeans of deuterated T and hydrogen
isotope ratio mass spectrometry, a pronounced influence of the oral administration of T on sulfoconjugated
steroidmetabolites was observed. Especially in case of epiandrosterone sulfate (EPIA_S), the contribution of
exogenous T to the urinary metabolite was traceable up to 8 days after a single oral dose of 40 mg of T. These
findings initiated follow-up studies on the capability of EPIA_S to extend the detection of T and T analogue
misuse by carbon isotope ratio (CIR) mass spectrometry in sports drug testing.
Excretion study urine samples obtained after transdermal application of T and after oral administration of 4androstenedione, dihydrotestosterone, and EPIA were investigated regarding urinary concentrations and CIR.
With each administered steroid, EPIA_S was significantly depleted and prolonged the detectability when
compared to routinely used steroidal target compounds by a factor of 2 to 5.
In order to simplify the sample preparation procedure for sulfoconjugated compounds, enzymatic cleavage by
Pseudomonas aeruginosa arylsulfatase was tested and implemented into CIR measurements for the first time.
Further simplification was achieved by employingmultidimensional gas chromatography to ensure the required
peak purity for CIR determinations, instead of sample purification strategies using liquid chromatographic
fractionation.
Taking into account these results that demonstrate the unique and broad applicability of EPIA_S for the
detection of illicit administrations of T or T-related steroids, careful consideration of how this steroid can be
implemented into routine doping control analysis appears warranted.

The complete article has been published in:
T. Piper, M. Putz, W. Schänzer, V. Pop, M.D. McLeod, D.R. Uduwela, B.J. Stevenson, M. Thevis. (2017)
Epiandrosterone sulfate prolongs the detectability of testosterone, 4-androstenedione, and dihydrotestosterone
misuse by means of carbon isotope ratio mass spectrometry. Drug Test. Analysis, 9: 1695-1703.
doi: 10.1002/dta.2291.
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Flenker U, Schänzer W

Use of makeup gas to improve sensitivity and linearity in compound specific
analysis of stable hydrogen isotopes
Institute of Biochemistry, German Sport University Cologne, Cologne, Germany

Abstract
As compared to 13 C/12 C, the successful application of compound specific analysis of 2 H/1 H by GC-TC-IRMS is
much more restricted by sample sizes. Below given amounts, the apparent 2 H/1 H ratios increasingly tend to
depend on the signal intensities (“nonlinearity”). Typically, erroneous 2 H enrichment can be observed.
Several reasons can be identified for this phenomenon:
1. Loss of 1 H due to isotopic fractionation by adsorption or absorption processes.
2. Insufficiently reducing conditions in the thermal conversion reactor and preferred loss of 1 H by
competing reactions
3. Inappropriate correction for the formation of H 3 + in the ion source due to low H 2 pressure.
4. Competing reactions in the ion source.
At given sample amounts, these problems can theoretically be addressed by the introduction of additional
sources of hydrogen and possibly of carbon.
We demonstrate that the linear range of this technique can significantly be extended by feeding suitable
makeup gases into the thermal conversion reactor. The minimum required sample sizes may thus be reduced
by more than 50 %.
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Frelat C, Buisson C, Audran M, Martinat N, Mongongu C

Implementation of AICAR analysis by GC-C-IRMS
Department of analyses, AFLD, Chatenay-Malabry, France

Abstract
AICAR (5-aminoimidazole-4-carboxamide-1-β-D-ribofuranoside), is a naturally-occurring substance which is
part to the prohibited list of WADA. It is claimed to improve physical performance when administered as
supplement. As for other endogenous compounds such as steroids, the GC-C-IRMS analysis remains an
efficient tool to differentiate endogenous substances from exogenous ones. A protocol was described in the
literature (Piper et al. 2014) for the analysis of AICAR by GC-C-IRMS.
The aim of the present study was to implement this protocol in our laboratory and to propose solutions to avoid
the difficulties encountered.
The first point discussed in this study is the derivatization step. Due to the structure of the AICAR molecule,
conventional derivatization for GC-C-IRMS such as acetylation could not be applied and silylation was
preferred. The improvement of the derivatives stability was achieved thanks to several derivatization conditions
tested. This improvement led to reproductible derivatization pattern with the 3-TMS form as major derivative
product. The second point discussed in this presentation is the diminution of extracts' background noise.
Indeed, the implementation of the published protocol was not easy due to HPLC problems encountered when
concentrated urine was injected in our system. Also, too many interferences in the endogenous reference
compounds fractions were observed. The addition of both a “wash step” before the HPLC purification and a
HPLC purification step for the ERC fraction allowed us to increase the robustness of the method.
Results of the improvements compared to the original protocol will be presented as well as first results
regarding the evaluation of the whole method performances.

Published as:
Buisson, C., Frelat, C., Mongongu, C., Martinat, N., and Audran, M. (2017) Implementation of AICAR analysis by
GC-C-IRMS for anti-doping purposes. Drug Test. Analysis, 9: 1704–1712. doi: 10.1002/dta.2322.
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Deventer K1 , Van Eenoo P1 , Segura J2 , Ventura R 2 , Pozo OJ2

Routine application for the open screening of anabolic steroids
Doping Control Laboratory (DoCoLab ), University of Ghent, Zwijnaarde, Belgium1;
Barcelona Antidoping Laboratory, Fundació Institut Mar d'Investigacions Mèdiques (IMIM), Barcelona, Spain2

Abstract
Anabolic steroids are amongst the most misused substances in doping control and are intensively metabolized
in humans. Adequate screening for misuse of these substances therefore relies on the detection of metabolites
in urine samples collected from athletes.
A methodology based upon LC-MS-precursor ion scanning was developed in our laboratory as a tool to
elucidate the metabolism of new steroids and to develop an “open” screening method. In this method, three
characteristic ions (m/z 105, 91 and 77 corresponding to methyl tropylium, tropylium and phenyl ions
respectively) at high collision energy were selected in order to detect almost all steroids. The simultaneous
occurrence of these ions has shown to be quite specific for steroid like structure and therefore it can be applied
for the wide-range detection of unknown steroids and metabolites.
Using this method 1900 routine urine-samples were analysed in Doping Control Laboratory of Ghent and
Barcelona. These samples included both regular out of competition samples and both out of competition and in
competition samples from weight lifting, body-building and power lifting and. The aim of this study was to
evaluate routine applicability of such a precursor scan method.
The results of this research will be published elsewhere. Extracts of the presentation are available on request.
The World Anti-Doping Agency is gratefully acknowledged for financial support.
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Mirotti L 1 , Renovato-Martins M1 , Du Rocher B2 , Dudenhoeffer-Carneiro AC 1 , Pereira HM1 , Aquino Neto FRD 1

Homologous blood transfusion doping: Data from Rio 2016 Games and
experimental evidences to support interpretation improvement
Brazilian Doping Control Laboratory, Institute of Chemistry, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil1;
Laboratory of Thymus Reasearch (LPT), Oswaldo Cruz Foundation (Fiocruz), Rio de Janeiro, Brasil2

Abstract
Doping with homologous blood transfusion (HBT) is detected by identifying variations in blood group minor
antigens in whole blood samples, using flow cytometry technique. The method validated at LBCD tests 10
different red blood cell (RBC) surface antigens, namely C, c, E, Fya, Fyb, Jka, Jkb, K, S, and s. Single-peak
histograms indicated a negative result, while samples presenting double or uncertain peaks (shoulders,
overlapping) for at least one target antigen aresubjected to a confirmation procedure (CP). For the Initial
Testing Procedure (ITP), one single optimal dilution of primary antibodies is used, while for the CP three
different antibody dilutions are applied.
In total, 108 samples were analysed during the Rio2016 Games, 69 from the Olympic and 39 from the
Paralympic Games. No double peaks were observed for any sample, while uncertain peaks (with evident
shoulders) were observed in histograms from approximately 6% of the samples, mainly for C and E antigens.
Additional CP antibody dilutions did not change these unusual histogram patterns and all samples were
reported as negative. The frequency of RBC antigens expressed by the tested athletes was: C-63%, c-70%, E20%, Fya-53%, Fyb-47%, Jka-71%, Jkb-46%, K-8%, S-54%, and s-88%. Intriguingly, 5 pairs and 1 triplet of
athletes presented identical RBC phenotype, while the theoretical probability of RBC matching has been
shown to be 1 in 10,000 (Krotov G, 2014). Besides, for those athletes expressing specific antigens,
considerable variation was observed on antigen expression level, more evident for C, c, Jka, and Jkb.
In order to further investigate these findings and a possible correlation with the unusual histogram patterns
observed for antigen C, we paired samples (mixed in 9:1 ratio) from 10 different healthy donors (non-athletes).
Histograms of all mixed samples presented an unusual pattern when the minor volume of blood was from a Cnegative donor. Our experimental data showed that unusual C-antigen histogram patterns could be a potential
indication of an HBT doping occurrence. We suggest a less conservative interpretation of screening flow
cytometry results and a different technical approach for the CP, such as DNA analysis.
Krotov G, Nikitina M, Rodchenkov G. Possible cause of lack of positive samples on homologous blood
transfusion. Drug Test Anal. 2014 Nov-Dec;6 (11-12):1160-2.
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Cox H, Miller G, Lai A, Eichner D

Improved detection of blood doping practices using a dried blood spot method
to measure immature reticulocytes
Sports Medicine Research and Testing Laboratory, Salt Lake City, USA

Abstract
The WADA Blood Passport program is an indirect method to detect blood doping practices. The method uses
longitudinal monitoring of an athlete’s hemoglobin concentration and %reticulocytes to detect
abnormalities. While the Blood Passport is effective, venous blood collection in the field and rapid,
temperature-controlled shipment of the samples severely limits the locations for un-announced testing and the
number of tests collected. Adaptation of the Blood Passport to collection of finger-prick blood on dried blood
spot (DBS) cards would resolve these limitations and increase the number of tests collected, thus improving the
longitudinal data analysis. Additionally, it has been demonstrated that the %reticulocyte parameter is the most
sensitive marker currently used in the program. Immature reticulocytes (IRCs), which constitute only a small
fraction of the total reticulocyte population, are the first to respond to erythropoietic signals. While monitoring of
IRCs may improve the sensitivity of the test, current hematology analyzers, such as the Sysmex XT 2000i are
unable to count them with sufficient precision.
To improve detection of blood doping practices, a method was developed to count IRCs and red blood cells
(RBCs) in DBS spots. Cells are counted through quantification of band 3 for total erythrocytes and CD71 for
IRCs by mass spectrometry. The method was fully validated and the stability of the DBS samples was at least
15 days. When tested in 82 individuals, the DBS method demonstrated good agreement with blood cell counts
by standard hematological methods. Longitudinal measurement of CD71 in DBS demonstrated low intraindividual variation over an 8-week period. Importantly, the precision of CD71 measurement was significantly
better than currently observed with the Sysmex XT 2000i for IRCs.
Finally, the DBS method was tested in 20 individuals enrolled in an autologous blood transfusion study, 11
received blood and 9 received saline. For individuals receiving blood, the CD71 concentrations dropped to
below 85% of baseline, on average, for three weeks, at days 13, 20, and 27 post-transfusion. Sysmex IRC%
and reticulocyte% dropped to below 85% of baseline for only 2 weeks, at days 13 and 20 post-transfusion. In
the saline transfused group, the CD71 concentration, IRC% and reticulocyte% did not drop below 85% of
baseline, on average, for any time point.
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Dib J1 , Tretzel L 1 , Piper T1 , Schänzer W2 , Thevis M1

Determination of the AdipoR Agonists AdipoRon, 112254 and their Metabolites
in Urine and Dried Blood Spots in Sports Drug Testing
Centre for Preventive Doping Research, Institute for Biochemistry, German Sports University, Cologne, Germany 1;
Institute for Biochemistry, German Sports University, Cologne, Germany 2

Abstract
AdipoRon and 112254 are two known adiponectin receptor agonists. Both (with AdipoRon being the more
potent compound) have similar physiological effect as adiponectin, which is an adipokine with antidiabetic and
antiatherogenic effects. Furthermore, adiponectin decreased insulin resistance caused by obesity, supports
fatty acid utilization, reduces triglyceride content in cell and has an anti-inflammatory effect. Several
transcriptional regulators such as the peroxisome proliferator-activated receptors (PPARs), peroxisome
proliferator-activated receptor coactivator 1 (PGC-1) and adenosine monophosphate-activated protein kinase
(AMPK) and consecutive pathways are activated by adiponectin and, therefore, also by AdipoRon and 112254.
These aforementioned pathways lead to an increased mitochondrial DNA content and oxidative metabolism in
vitro, which can potentially be abused by athletes for performance enhancing purpose. As part of the
preventive doping research, it is indispensable to be able to detect AdipoRon and 112254 in routine doping
control with regard to the implied so called pseudo-exercise effects. With knowledge about the metabolism of
AdipoRon and 112254, a detection method out of human urine is desirable. Here, AdipoRon and 112254 were
implemented in two routine doping control methods. For the detection method out of human urine, both adipoR
agonists and two respective phase-I metabolites were implemented in a liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method. Samples were prepared by liquid-liquid extraction after incubation with
beta-glucuronidase. Secondly, the detection out of dried blood spots using liquid chromatography-highresolution/high-accuracy tandem mass spectrometry with online solid phase extraction (DBS online-SPE LCHR-MS/MS) was applied to AdipoRon and 112254.
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Kuuranne T1 , Jan N 1 , Baume N 1 , Budgett R 2 , Robinson N 2

Retesting of anti-doping samples – joint effort between testing authorities and
laboratories
Swiss Laboratory for Doping Analyses, Centre Universitaire Romand de Médecine Légale, Lausanne, Switzerland1;
Medical and Scientific Department, International Olympic Committee, Lausanne, Switzerland2

Abstract
World Anti-Doping Code allows for the possibility for long-term sample storage up to ten years and reanalysis
of biological samples, which offers a concrete tool for deterrence in anti-doping context.
Long-term storage:
the strategy is linked to the costs, initial selection strategy is of fundamental importance
preparations may need centralizing of sample storage and shipment from other laboratories
logistics and maintenance laboratory resources, and the costs can be significant and exponential
strategies must be based on intelligence, which is derived from non-analytical and analytical
information with specific risk assessment, and requires knowledge from both testing authority and
laboratory
Retesting:
timing: waiting for the full 10 years might not always be the most effective deterrence
sample selection criterion: individuals, countries, sports, time point/event
test menu: extensions allowed by new technologies, instrument improvements and gained knowledge
on metabolism to detect new classes of substances, new target compounds and/or lower
concentrations of already-established methods
Result management:
prevailing prohibited list and technical documents
storage of relevant documents (DCF, COC, correspondence) during the sample storage time and
regarding the retesting activities
definition of B-sample protocols (B or B-split, independent witnesses and communications with athlete)
For a successful outcome, a dialog is needed between all the operators with a common plan and regular
contact to define the best strategies in long-term storage and retesting domain.
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Leuenberger N 1 , Rando G2 , Kuuranne T1

Rapid on-site detection of gene doping
Laboratoire Suisse d'Analyse du Dopage, Centre Hospitalier Universitaire Vaudois et Université de Lausanne, Epalinges,
Switzerland1;
SwissDeCode Sàrl, Renens, Switzerland2

Abstract
Gene doping method is banned in sport by the World Anti-doping Agency. However, its detection remains a
major challenge. The development of fast and simple test for the detection of the application of a prohibited
method in blood could greatly help the fight against doping.
In this project, we investigated on a rapid and cost effective point-of-need method for the detection of gene
doping. An innovative isothermal amplification that can be directly coupled to lateral flow detection was
performed. This methodology allows rapid detection (<30 min) of very low amount (<100 copies) of target DNA
(i.e. gene doping vectors) without instrumentation. Positive results are unambiguously visualized with the
naked eyes. This technology could therefore be successfully performed directly on sport-competition sites or on
dried blood spot (DBS) matrix.
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Reichel C 1 , Gmeiner G1 , Thevis M2

Antibody-based strategies for the detection of Luspatercept (ACE-536) in
human serum
Chemical Analytics, Seibersdorf Labor GmbH, Seibersdorf, Austria1;
Center for Preventive Doping Research, Institute of Biochemistry, Cologne, Germany 2

Abstract
Luspatercept (ACE-536, ACVR2B-Fc), a fusion protein consisting of the extracellular domain of ActRIIB
receptor and the Fc-part of human immunoglobulin G1 (IgG1), is currently under clinical development (Phase
III). It stimulates the formation of red blood cells and hence may be misused by athletes for doping purposes in
the future. Several antibody-based strategies for the detection of Luspatercept and other ACVR2B-Fc fusion
proteins in human serum were evaluated (ELISA; IEF-, SDS-, and SAR-PAGE followed by Western blotting;
immunoprecipitation). Two methods led to useful results: a commercial "soluble" ACTR-IIB ELISA, which also
detected Luspatercept and other ACVR2B-Fc´s, but showed no cross-reactivity with Sotatercept/ACVR2A-Fc´s.
The ELISA might be applied as fast screening tool (100 µL serum; LOD ca 15.6 ng/mL). The second method
uses a polyclonal ACVR2B-antibody for immunoprecipitation followed by SAR-PAGE and Western blotting with
a monoclonal detection antibody (50 µL serum; LOD ca 1.0 ng/mL). It can be used for initial as well as for
confirmatory testing. Due to the high doses (mg/kg) and long serum half-life of Luspatercept, both strategies
may be useful in anti-doping control in the future.
For more details, refer to the full article: Reichel, C., Gmeiner, G., and Thevis, M. (2017) Antibody-based
strategies for the detection of Luspatercept (ACE-536) in human serum. Drug Test. Analysis, 9: 1721–1730.
doi: 10.1002/dta.2302.
The project was carried out with support of the Federal Ministry of the Interior of the Federal Republic of
Germany and the Austrian Ministry of Sports.

Electrophoresis of Luspatercept: SDS- vs. SAR-PAGE
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Detecting corticotropin releasing hormone (CRH) in human blood – two
immunoaffinity purification LC-HRMS/MS approaches for doping control
purposes
Center for Preventive Doping Research/Institute for Biochemistry, German Sport University Cologne, Cologne, Germany 1;
Endocrine Laboratory, Medizinische Klinik und Polklinik IV, Klinikum der Universität München, Munich, Germany 2;
C.E.R. Groupe-Département Santé, Laboratoire d'Hormonologie, Marloie, Belgium3

Abstract
Corticotropin releasing hormone (CRH), a peptide hormone which leads to adrenal cortisol release, is banned
by the World Anti-Doping Agency (WADA). In terms of doping control purposes, a detection method for CRH in
blood (serum and plasma) was developed. Two different immunoaffinity purification strategies were used for
sample preparation followed by nano-ultra high performance liquid chromatography (UHPLC) coupled to high
resolution tandem mass spectrometry (HRMS/MS) analysis. For that purpose, a CRH primary polyclonal
antibody was immobilized to either IgG covered paramagnetic particles or a monolithic protein A/G surface.
The first approach using magnetic beads was fully validated in both human plasma and serum, while the Mass
Spectrometric Immunoassay (MSIA) procedure was cross validated for particular parameters. Finally, the LLOD
was estimated at 200 pg/mL (magnetic beads) and at 500 pg/mL (MISA). In addition to human CRH, ovine and
bovine analogues were detected in serum as well. For all peptides high-resolution/high-accuracy product ion
mass spectra were generated, and corresponding y- and b-ions were identified.
Additionally, in vivo samples from a CRH stimulation blood test were analyzed. Blood samples of three
volunteers were collected 15 and 30 minutes after intravenous application of a 100 µg single dose of human
CRH. Corresponding plasma concentrations were varying from 7.62 to 18.94 ng/mL.

Published as:
Knoop A, Thomas A, Bidlingmaier M, Delahaut P, and Schänzer W, Thevis M (2017): Probing for corticotropinreleasing hormone (CRH) in human blood for doping control purposes using immunoaffinity purification and
LC-HRMS/MS. Anal. Methods 9, 4304-4310
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Determination of LongR 3-IGF-I, R 3-IGF-I, Des1-3 IGF-I and their metabolites in
human plasma samples by means of LC-MS
Center for Preventive Doping Research / Institute of Biochemitry, German Sport University, Cologne, Germany 1;
CER Groupe - Health Department, CER Groupe, Marloie, Belgium2

Abstract
Growth promoting peptides such as insulin-like growth factors (IGF) and their synthetic analogues belong to the
class of prohibited compounds according to list of the World Anti-Doping Agency. While several assays to
quantify endogenous IGF-I are already established, the potential misuse of synthetic analogues such as
LongR 3 -IGF-I, R 3 -IGF-I and Des1-3-IGF-I remains a challenge despite superior pharmacokinetic properties are
described for these analogues. Within the present study, it was demonstrated that the target peptides can be
successfully detected in plasma samples by means of magnetic beads-based immunoaffinity purification and
subsequent nanoscale liquid chromatographic separation with high resolution mass spectrometric detection.
Noteworthy, the usage of a specific antibody for LongR 3 -IGF-I enables the determination in low ng/mL levels
despite the presence of the huge excess of endogenous human IGF-I. Different metabolism studies (in-vitro
and in-vivo) were performed using sophisticated strategies such as incubation with skin tissue microsomes,
degradation in biological fluids (for all analogues) and administration to rats (for LongR 3 -IGF-I). Herewith,
several C-and N-terminally truncated metabolites were identified and their relevancy was additionally
confirmed by in-vivo experiments with rodents. Especially for LongR 3 -IGF-I, a metabolite ((Des1-11)-LongR 3 IGF-I) was identified that prolonged the detectability in-vivo by a factor of approximately 2. The method was
validated for qualitative interpretation considering the parameters specificity, identification capability, recovery
(26-60%), limit of detection (0.5 ng/mL), precision (< 25%), linearity, stability, and matrix effects. A stable
isotope labelled (15 N)-IGF-I was used as internal standard to control all sample preparation steps.
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Detection of the human anti-ActRII antibody Bimagrumab in serum by means of
affinity purification, tryptic digestion, and LC-HRMS
Center for Preventive Doping Research/Institute of Biochemistry, German Sport University Cologne, Cologne, Germany 1;
Fresenius University of Applied Sciences, Cologne, Germany 2;
European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany 3

Abstract
Purpose: Inhibitors of the ActRII signaling pathways represent promising therapeutics for the treatment of
muscular diseases, but also pose risks as performance-enhancing agents in sports. Bimagrumab is a human
anti-ActRII antibody which was found to increase muscle mass and function by blocking ActRII signaling. As it
has considerable potential for being misused as doping agent in sports, the aim of this study was to develop a
mass spectrometric detection assay for doping control serum samples.
Experimental design: Within this study, a detection method for Bimagrumab in human serum was developed,
which combines ammonium sulfate precipitation and affinity purification with proteolytic digestion and LCHRMS. To facilitate the unambiguous identification of the diagnostic peptides, an orthogonal IM separation was
additionally performed.
Results: The assay was successfully validated and the analysis of clinical samples demonstrated its fitness for
purpose for an application in routine doping control analysis.
Conclusions and clinical relevance: Although no myostatin inhibitors have obtained clinical approval yet, the
proactive development of detection methods for emerging doping agents represents a key aspect of preventive
doping research. The presented approach will expand the range of available tests for novel protein
therapeutics and can readily be modified to include further target analytes.

Manuscript published as:
K. Walpurgis, A. Thomas, F. Dellanna, W. Schänzer, M. Thevis. Detection of the Human Anti-ActRII Antibody
Bimagrumab in Serum by Means of Affinity Purification, Tryptic Digestion, and LC-HRMS. Prot. Clin.
Appl. 2018, doi.org/10.1002/prca.201700120
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Screening of Medicaments with Clenbuterol: Enantiomeric Ratio Analysis by
HPLC/MS
Laboratorio Nacional de Prevención y Control del Dopaje- CONADE, Ciudad de Mexico, Mexico1;
Quimica Organica, Facultad de Estudios Superiores Cuautitlán -UNAM, Estado de Mexico, Mexico2

Abstract
Several banned substances are illegally used by athletes in racemic mixtures for performance enhancement.
These include clenbuterol, methyl hexaneamine, methamphetamines, amphetamines. Clenbuterol is present
in a large number of doping samples from Olympic and non-Olympic athletes that have adverse analytical
findings. In some cases, the presence of these substance could be the result of consumption of meat
contaminated with clenbuterol. In other cases, the origin is not clear. In this study, 27 products with racemic
clenbuterol were evaluated using a new analytical methodology for the resolution of R-(-) and S-(+)-enantiomers of clenbuterol by Liquid Chromatography-Tandem Mass Spectrometry LC-MS/MS using a chiral column
in 15 minutes with good separation. The method here developed can also be used for the analysis of other
biological matrix as urine, serum, meat. The resolution between two peaks (R s) value obtained using
chromatographic data was 1.03. Both clenbuterol enantiomers were present in all products analyzed and the
ratio was nearly 1. The origin of the product was not important for determining the presence of one or both
enantiomers. All products displayed a 50:50 ratio of clenbuterol enantiomers. To the best of our knowledge,
clenbuterol ratio determination of a large number of pharmaceutical preparations and black market products
have not been reported previously. The information here shown could be of use by the National Anti-Doping
Organizations and the athletes with AAF attributed to clenbuterol.

Published as:
Velasco-Bejarano B, Bautista J, Noguez MO, Camacho E, Rodríguez ME, and Rodríguez L. (2017) Resolution
of R-(−) and S-(+)-enantiomers of clenbuterol in pharmaceutical preparations and black-market products using
liquid chromatography–tandem mass spectrometry. Drug Test. Analysis, 9: 1738-1743. doi: 10.1002/dta.2294.
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For how long can Clenbuterol be detected in urine after therapeutic and subtherapeutic administration
Athletes' Anti-Doping Laboratory, Almaty, Kazakhstan1;
Abai Kazakh National Pedagogical University, Almaty, Kazakhstan2

Abstract
Clenbuterol (4-amino-3, 5-dichloro-alpha-[[(1,1-dimethylethyl) amino methyl] benzenemethanol) is a drug of
synthetic origin, and belongs to the class of beta 2-adrenergic stimulants, that has a bronchodilating effect on
the respiratory system.
The use of Clenbuterol in the form of syrup and tablets is permitted for treatment of asthma, emphysema, and
bronchitis asthma. The recommended daily therapeutic dose is 0.02 mg, two to three times in a day.
Of interest is the duration of excretion of Clenbuterol from the body when it is administered in therapeutic and
sub-therapeutic doses. Ten (10) male volunteers, aged 18-24 years, were included in the study and urine
samples were collected for a period of 28 days and were analyzed by GS-MS-MS using an established
procedure for screening of steroids.
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Development of MolDES: Molecular Docking Evaluation System for Cocktail
Enzymatic Hydrolysis System
Doping Control Center, Korea Institute of Science and Technology, Seoul, Republic of Korea1;
Department of Microbiology, Yonsei University College of Medicine, Seoul, Republic of Korea2;
Brain Korea 21 PLUS Project for Medical Science, Yonsei University, Seoul, Republic of Korea3;
Department of Biological Chemistry, Korea University of Science and Technology, Daejeon, Republic of Korea4

Abstract
How to evaluate your enzymatic hydrolysis procedure without reference compounds? The enzyme activity
differs for each substances, and there are cases in which the reaction may not be complete according to the
enzyme species. Particularly in the doping test, the phase II metabolite of glucuronide-form need to hydrolyze
in order to quantify the native materials precisely. Moreover those hydrolysis rate are also differ among
properties of substances and species of β-glucuronidase. Although you can compare hydrolysis-rates in vitro
experimentally, however there are only few glucuronided substances available and it is time-consuming. To
solve these problems, we have developing a computer-based simulator that can select an appropriate enzyme
virtually using Autodock Vina. We had selected target compounds (some of simulants, anabolic steroids,
hormones & anti-agonists, diuretics, narcotics, glucocorticosteroids and beta-blockers) and β-glucuronidase
from E. Coli which is available the crystal structure. We had calculated the evaluation factors like binding
affinity via simulation and attempted to distinguish hydrolysis rate from the value of this factor to optimize the
binding site and effective area of MolDES (Molecular Docking Evaluation System). We are expecting to use this
system to develop cocktail enzymatic hydrolysis system (CEHS) which is customized enzyme mixture for their
analytical methods in order to super-optimize analytical method and reduce analytical cost.
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Development of CEHS: Cocktail Enzymatic Hydrolysis System for Complete
Hydrolysis of Phase II Metabolites of Gestrinone
Doping Control Center, Korea Institute of Science and Technology, Seoul, Republic of Korea1;
Department of Biological Chemistry, Korea University of Science and Technology, Daejeon, Republic of Korea2

Abstract
Enzymatic hydrolysis is essential procedure for drug metabolism study in order to understand how much and/or
many metabolites were produced in human biological system. Analytical method of doping drugs has been
developed for precise quantification of target compounds after hydrolysis of phase II metabolite such as a
glucuronide and/or sulfate-conjugate form that are need to hydrolyze for quantification of threshold
compounds. Basically our analytical method is liquid chromatography-tandem mass spectrometry as a
standard routine screening method using β-glucuronidase/arylsulfatase from Helix pomatia to hydrolyze
glucuronide and/or sulfate conjugates simultaneously for more than 250 substances including stimulants,
narcotics, diuretics, beta-blockers, corticosteroids, β2-agonists, anabolic steroids, aromatase inhibitors and
SERMs classes. We were assuming that this enzyme could be used broadly for hydrolysis of multiple
compounds but it was not working properly for steroid β-glucuronide (e.g. Gestrinone, yield was about 10%).
Here we have proposed cocktail enzymatic hydrolysis system for complete hydrolysis of phase II metabolites
for simultaneous analytical method of illegal doping drugs. New concept of enzymatic hydrolysis system is
mixture of different origins by adding β-glucuronidase from E.coli which has better hydrolytic activity of steroid
β-glucuronide. A citrate buffer (pH 6.0) was chosen to optimize hydrolysis condition for both enzyme mixture
those have different operational conditions. In this condition, cocktail enzymes were performed very well and
the yield of Gestrinone was reached to about 100% on Gestrinone excreted urine sample. We could
customized this cocktail enzymatic hydrolysis system based on diversity of what and/or how many classes on
your analytical method using MolDES (see another poster titled “Development of MolDES for CEHS”) to
achieve successful routine doping analyses.
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Determination of higenamine in human urine after the administration of a throat
lozenge containing Nandina domestica fruit
Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan

Abstract
Higenamine is a component of traditional Chinese herbal medicine. The fruit of Nandina domestica (which
contains this component) is available as an ingredient in the throat lozenge found on the Japanese market,
which is easy to purchase for Japanese athletes. However, higenamine is a non-selective beta2-agonist, which
is exemplified in the WADA prohibited list. Therefore, some have raised a concern regarding the potential
cause of increased unintentional higenamine doping cases. This study aimed to investigate components of
throat lozenges and develop a quantitative method of higenamine and coclaurine in human urine. An excretion
study (n = 4) of the throat-lozenge recipients was performed to test the applicability of the current reporting
threshold of 10 ng/mL of higenamine set by WADA. The estimate of higenamine was 2.2 micro g/drop. The
maximum concentration of higenamine was 0.2-0.4 ng/mL after administration of higenamine; however, the
concentrations did not reach the positivity criterion of 10 ng/mL. There is no risk of detecting unintentional
higenamine doping when the WADA reporting threshold is used.
The full paper is available:
Okano M, Sato M, Kageyama S. Determination of higenamine and coclaurine levels in human urine after the
administration of a throat lozenge containing Nandina domestica fruit. Drug Test. Analysis 2017, 9, 1788–1793.
doi: 10.1002/dta.2258.
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Urinary profiles of prednisolone, prednisone and their metabolites after oral
and topical administrations
Barcelona Antidoping Laboratory, IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain1;
Integrative Pharmacology and Systems Neurocience Research Group, IMIM (Hospital del Mar Medical Research Institute),
Barcelona, Spain2;
Universitat Autònoma de Barcelona, Bellaterra, Spain3;
Universitat Pompeu Fabra, Barcelona, Spain4

Abstract
The use of glucocorticoids in sport competitions is prohibited when administered by oral, intravenous,
intramuscular or rectal routes and it is allowed for therapeutic reasons when using by other administration
routes. The metabolism of prednisone and prednisolone was studied by our group [1]. The objective of the
present study was to evaluate the urinary profiles of different metabolites of prednisone and prednisolone after
topical administration of prednisolone and after oral administration of prednisolone or prednisone in order to
define a criterion to discriminate between forbidden and authorized administrations..
An LC-MS/MS method was developed and validated to quantify prednisolone, prednisone, 20β-hydroxyprednisolone, 20α-hydroxy-prednisolone, 20β-hydroxy-prednisone, 6,7-dehydroprednisolone and 6β-hydroxyprednisolone and to qualitatively determine ten additional prednisolone metabolites [1]. After addition of a
mixture of internal standards, 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 (1.7
µm particles) with a mobile phase consisting in aqueous ammonium formate (1 mM) and acetonitrile both with
formic acid (0.01%). The method was applied to urine samples collected in clinical studies where prednisolone
was administered to healthy volunteers orally (n=2), topically for 2 or 5 consecutive days followed by an oral
dose (n=6), and studies where prednisone was administered orally (n=4). Reporting levels of the different
metabolites were evaluated in terms of specificity (no false positive results after topical administration) and
sensitivity (no false negative results after oral administration). This present work confirmed that no false
positives are expected after topical treatment using current criteria (monitoring prednisolone and prednisone at
30 ng/mL).
References:
1. Matabosch X, Pozo OJ, Pérez-Mañá C, Papaseit E, Segura J, Ventura R. Detection and
characterization of prednisolone metabolites in human urine by LC-MS/MS. J Mass Spectrometry 2015;
50(3): 633-642.
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Urinary excretion patterns of Methylprednisolone after oral & intra-articular
administration and effect on endogenous corticosteroids profile
National Dope Testing Laboratory, New Delhi, India1;
Jiwaji University, Gwalior, India2

Abstract
Introduction:
The oral, rectal, intravenous or intramuscular use of glucocorticosteroids (GCs) is prohibited in sports by the
World Anti Doping Agency (WADA). Methylprednisolone (MEP) is a potent synthetic glucocorticosteroid, mainly
used for anti-inflammatory and immunosuppressive properties, and is extensively metabolized. The objective
of this work was to compare the excretion profile of MEP and its metabolites following two different routes of
administration and to study the effect on the endogenous glucocorticosteroid profile.
Materials and methods:
The reference standards are purchased from Sigma-Aldrich. MEP drug preparation (8 mg) was administered
orally to three male volunteers in age group of 25-30 years. Urinary samples after intra-articular injection of
MEP (depo-medrol; 80 and 40 mg) were collected from two female patients after obtaining written consent.
Sample analysis was done using LC-MS/MS after enzymatic hydrolysis followed liquid liquid extraction. The
study was duly approved by the ethics committee of National Dope Testing Laboratory (NDTL), India.
Results and Discussion:
Both oral and intra-articular administration (8 mg and 80 mg) of MEP resulted in levels of MEP above the
WADA MRPL of 30 ng/mL. The parent MEP above MRPL could be detected following intra-articular injection
up to 80 hrs. Hence, the study showed that the concentrations of MEP in urine samples may not always be the
basis to differentiate between routes of administration (oral or intra-articular for MEP). It is also indicative here
that the use of MEP via intra-articular route - even after acquiring therapeutic use exemption (TUE) - may lead
to a systemic effect.
The profile of six endogenous GCs (Cortisol, Cortisone, TH Cortisol, TH Cortisone, 6ß-OH Cortisol, 11deoxycortisol) in the study showed a decrease in both of the administration routes. However, estimation of the
difference in the decrease of the endogenous GCs profile is in progress which may act as a marker to obtain
the exact route of administration of MEP.
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Sibutramine metabolism revised by LC-Q-HRMS optimized by DOE (experimental design)
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil1;
IFRJ, Rio de janeiro, Brazil2;
Farmacos e Medicamentos, UFRJ, Rio de Janeiro, Brazil3

Abstract
The knowledge of the metabolism of prohibited substances is essential for the determination of the most
appropriate analytical targets in doping control. Traditionally, the development of analytical methods to study
targets in doping control includes trial and error methods that are laborious, expensive and unpredictable.
Experimental design (DoE) is a systematic and scientific approach to study the interactions between
independent and dependent variables using a minimum analytical runs. The Box-Behnken design (BBD) is
type of DoE based on three levels of factors that enables the development of mathematical models that assess
relevance, statistical significance and hence the surface response graph. Sibutramine is a prohibited stimulant
extensively metabolized in nor-sibutramine (M1), bis-nor-sibutramine (M2) and monohydroxy derivatives from
M1 e M2. Therefore, the objective of this work was investigate the sibutramine metabolism from 2 mL of urine
extracted by a solid phase extraction, previously hydrolyzed, using a LC-Q-HRMS (High Resolution Mass
Spectrometry) on a chromatography run optimized by BBD approach.
The BBD planning generated a 17 experimental runs with five center points combining variable (flow,
temperature and ramp time) and fixed conditions (column C 18 , components of mobile phase and initial
percentage of gradient in 15% of B), in two steps. The evaluated responses of DoE were the resolutions
between dihydroxy metabolites, so far not described in the literature.
Dihydroxy and carboxy metabolites derived from M1 and M2 were identified in human urine for the first time.
They remain up to 9 days in human urine and would be better targets to characterize sibutramine abuse than
other already described metabolites. However, only after DoE experiment the chromatographic separation
enable the identification of 12 peaks related to dyhydroxy metabolites. The monitoring of m/z 298.15683 for
M1-dyhydroxy and m/z 284.14118 for M2-dyhydroxy generate a chromatographic profile fairly specific to
monitor sibutramine abuse. The optimal condition to separate all the isomers was set at 0.17 mL/min, 50 °C
and 25 min of ramp. The method was validated verifying parameters as limit of detection, specificity,
repeatability, carryover, robustness and matrix interferences.
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A multiplexed bead-based flow cytofluorimetric assay for the screening of
prohibited growth factors in doping control serum samples
Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract
We have implemented a flow cytofluorimetric bead-based multiplex assay for the simultaneous screening of
major isoforms of some banned growth factors such as PDGF, FGF and VEGF for which, at present, there are
no implemented tests by WADA. Bead based multiassay are an innovative and versatile strategy
that significantly reduces sample pretreatment and time to get results in comparison with traditional ELISA and
Western blot techniques and also represents a key strategy to get very high numbers of measurements rapidly
and in particular for all analytes that are circulating in serum with many isoforms.
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Synthetic peptides: results of sequence modifications with regard to antidoping purposes
Anti-doping Research, Institute of Sport - NRI, Warszawa, Poland1;
Faculty of Chemistry, Biological and Chemical Research Center, University of Warsaw, Warszawa, Poland2;
Faculty of Pharmacy, Department of Toxicology, Medical University of Warsaw, Warsaw, Poland3

Abstract
Since over a decade numerous therapeutic peptides have been available on the market. Owing to their
modifications, e.g. including non-coded amino acids or chirality changes, synthetic peptides offer improved
stability and bioavailability in comparison to their naturally occurring analogues. Currently, several classes of
low-molecular peptides are classified as doping agents and included in WADA's Prohibited List.
The aim of presented study was to optimize the procedure for detection of selected prohibited peptides and
their metabolites in human urine by means of LC-MS/MS. Subsequent stepsof analytical procedure were
scrutinized in order to reduce the loss of analytes. In order to verify the influence of a particular step, each part
of experiment was designed in a different manner and conducted separately.
Having regard to limited stability of peptides in solutions, a separate part of the project was devoted to
establishing the best conditions for storing standard solutions and samples. It was noticed that even the results
of the pilot study, concerning the influence of pH and container material, strongly depended on the peptide of
interest. The analysis of the data collected within the project resulted in proposition of alterations to routine antidoping procedure.
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Gene Doping method for Erythropoetin (EPO) complementary DNA detection:
implementation, improvements and validation at Rio Laboratory
LBCD, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil1;
Thermo Corporation, São Paulo, Brazil2

Abstract
The World Anti-Doping Agency’s (WADA) included gene doping strategies in the list of banned substances in
2003. Since then, few groups have focused on the subject and only recently an Australian group proposed to
WADA a method using molecular biology for the identification of non-viral vectors in plasma samples obtained
from EDTA blood tubes. In spite of this, gene doping analysis method still need validation of the approach
using more current instrumentation, different reagents, guide lines and the most important: inter-laboratory
analyses. The strategy to identify Erythropoetin (EPO) DNA sequences in plasma and mononuclear blood cells
samples are based on the amplification of various exon-exon sequences of the erythropoietin gene by realtime PCR. The Erythropoietin gene is expressed in renal cells and only the EPO protein is secreted into the
bloodstream, therefore the identification of any concentration of EPO DNA sequences in blood is considered a
positive result for gene doping. In this work, we performed the implementation, improvement and validation in
the Rio Laboratory (LBCD) of 2 amplification assays for the EPO cDNA using the real-time PCR instrument
QuantStudio 12K (Thermo Fisher). For the analysis, we used Taqman-MGB probes in a short cycle period
(FAST chemistry reagents) and confirmation with E-Gel electrophoresis system. The improvements were made
with the aim to reduce the time of analysis, the cost, and include additional alternative confirmation
approaches. For this purpose, we also analyze the samples with 3D digital PCR System (Thermo Fisher) to
confirm the EPO low copy samples and performed DNA sequence analysis to identify the transgenic sequence.
All the work was performed with the WADA certified reference material for EPO-gene doping in a range of 1 to
4000 copies of reference material spikes and EPO gene doping positive samples. Together our data showed
that our improvements could reduce cost, time and increase sensitivity and detectability of the method.

* Manfred Donike Award presented to Luciana Pizzatti
The best-poster award went to Luciana Pizzatti, also from Rio de Janeiro, for her work on implementing and
improving complementary DNA detection, targeting EPO gene doping practices. Reducing analytical costs and
workload was the major goal of the project, tackling an obstacle especially for high throughput analysis. Further
to these accomplishments, also an increased sensitivity of the assay was reported, which was an additionally
greatly appreciated outcome of the study as it enhances the method's chances of catching gene-doped
athletes.
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Investigations on the compliance of the Adaltis hCG Kit with the WADA criteria
for hCG testing
Anti Doping Lab Qatar, Doha, Qatar

Abstract
The current WADA Guidelines on the Reporting and Management of urinary hCG findings (Version 3.0, 2016)
specify the following assay requirements for the analysis of urinary hCG:
1. Laboratories shall apply assays that have been validated and demonstrated as fit-for-purpose.
2. For the measurement of hCG in urine, Laboratories should apply assays which are specific for the α/β
heterodimer of hCG.
3. Parameters of heterodimeric hCG quantitative assay performance should be validated at least on the
following parameters with specified acceptance values:
- Limit of Quantification (LOQ) ≤3.0 IU/L
- Repeatability (sr) ≤10% (at 5 IU/L)
- Intermediate Precision (sw) ≤15% (at 5 IU/L)
- relative standard combined Measurement Uncertainty (uc %) 20% (at 5 IU/L)
Thus the goal of this study was to investigate if the Adaltis kit meets the criteria described above and is fit-forpurpose. Specificity has been tested by using NIBSC Reference material and by the analysis of 582 urine
samples. Sr and Sw were performed with a urine spiked at a concentration of approx. 5 IU/L and bias was
tested by comparison of this urine with the WADA recommended Roche Elecsys hCG STAT kit. The LOQ was
estimated with spiked urines at concentrations from 0 up to 45 IU/L.
We could proof that the Adaltis hCG kit meets the WADA requirements and is fit for purpose.
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Athanasiadou I1,2 , Voss S1 , El Saftawy W1 , Al-Jaber H 1 , Samsam W1 , Mohamed Ali V1 , Alsayrafi M1 , Valsami
G2 , Georgakopoulos C 1

Influence of athletes` hyperhydration on endogenous luteinizing hormone (LH)
urinary levels
Anti Doping Lab Qatar, Doha, Qatar 1;
Faculty of Pharmacy, University of Athens, Athens, Greece2

Abstract
Low urinary LH values have been discussed for many years as a marker to detect steroid abuse. The previous
WADA Guidelines for reporting and management of LH findings in male athletes (Version 2, July 2015) [1] set a
threshold of 1.0 IU/L for samples analyzed by the Siemens Immulite methodology. Values below this threshold
should be considered as an Atypical Finding.
During our routine LH testing, we found that in many cases of urinary LH concentrations close to or below the
WADA threshold, the urine specific gravity (SG) was also very low. Since LH is an endogenous substance, its
excretion pattern in urine is effected by the variation of its pituitary release and by the pattern of urinary
production. The aim of the present WADA-funded research 10D21CG project was to examine the effect of
hyperhydration on the concentrations of various substances in urine including LH.
A clinical study was conducted including seven healthy male subjects of recreational athletic level, who were
enrolled in a 3 phase parallel design study. The hyperhydration effect on the LH urinary profile was examined
by consumption of 2 different hyper-hydrating agents: water (Phase A) and a commercial sports drink (Phase
B) within 30 min by the ingestion of a bolus of 20 mL hyperhydration agent/kg body weight. Hyperhydration
was repeated 24 h and 48 h after the first ingestion on three consecutive days for each hyperhydration agent
i.e. a total of 72-h. The sports drink was a carbonated balanced glucose-electrolyte solution with the following
characteristics: 6.0% w/v carbohydrate, 104.6 kJ, Na 45% w/v, K 13% w/v and pH 3.6. Urine samples were
collected at each voluntary micturition during all the phases of the study and LH was measured in each urine
sample. All volunteers were asked to maintain their normal training and dietary habits, but abstain from any
food and/or drink, which may interact with circulatory, gastrointestinal, hepatic or renal function (e.g. alcohol,
coffee, xanthine-containing beverages, grapefruit juice or diuretic substances) at least 48 h before the inclusion
and throughout the study.
Each volunteer produced urine samples for a 24-h period before the hyperhydration phases, maintaining his
normal dietary routine. These samples were used to establish the baseline (‘normal’) endogenous LH profile.
Preliminary laboratory measurements, including pH, SG, urine flow rate (UF, mL/min), creatinine (CRE,
mmoL/L) and conductivity (mS/cm) were also performed for all urine samples to assess hyperhydration
influence and possible correlation with measured LH values.
Endogenous LH concentration levels remained stable following the circadian rhythm of urinary production
expressed by the pattern of the measured urine parameters during the 24-h baseline phase without any
excessive fluid intake. Baseline values adjusted by the ‘conventional’ SG-method [2] for all the samples were
used as controls indicating the ‘normal’ LH profile of the study population.
Comparison of the measured LH values and the ‘normal’ baseline values for both the hyperhydration phases A
and B showed statistically significant differences (p < 0.05, 95% CI) verifying the clear effect of the urine
dilution. The resulting concentration values expressed as mean ± SD were 8.61 ± 5.73 IU/L, 4.24 ± 5.60 IU/L
and 4.74 ± 4.72 IU/L for the baseline phase, and phases A and B, respectively.
The linear relationship between LH concentrations and the urine parameters values was determined by
Pearson`s correlation coefficients. A high positive correlation of the measured LH values was observed with
both SG (0.37-0.51, p < 0.001, 95% CI) and CRE values (0.62-0.66, p < 0.001, 95% CI) revealing that
hyperhydration influences in the same manner these two urine parameters and the measured LH
concentrations. As expected, a negative linear correlation LH was recorded between LH and UF (-0.49 to 0.35, p < 0.001, 95% CI), since excessive fluid intake lead to higher urine volumes in shorter time intervals and
subsequently to higher UF values and to urine samples with lower LH concentrations. Weak correlations with
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values ranging from -0.009 to -0.035 (p < 0.001, 95% CI) were observed between LH values and pH in all
study phases which was expected due to the urine buffer capacity.
A threshold of 1.0 IU/L was set in male athletes according to the previous WADA guidelines for LH findings [1]
resulting to a ATF for any sample below that threshold. However, LH values below the threshold could also be
related to highly diluted samples (SG < 1.005) resulting in false ATF. Both hyperhydration agents suppressed
LH urinary excretion at early points after hyperhydration resulting to LH values below the threshold. Water
administration had a more intense and lasting effect compared to sports drink. During the hyperhydration
phases A and B, 22.6% and 18.9% of the measured LH values were below the threshold of 1.0 IU/L,
respectively.
To minimize the observed dilution effect on the LH concentration values, adjustment was performed using
equations based on SG, CRE and UF [3-8]. SG, UF and SG(z) methods gave the lower % of samples below the
threshold for both the water and sports drink phases, while the CRE-based adjustment methods present the
highest % of samples below the threshold. SG-adjustment method, the official method used by WADA, acts
more efficiently on the elimination of the dilution effect. Furthermore, no statistically significant difference (p >
0.05, 95% CI) was observed between the SG-adjusted values and the baseline ones verifying the effectiveness
of the selected method to adjust the values close to the baseline urinary LH profile.
We conclude that the ‘conventional’ SG-adjustment method, the official method used by WADA was the most
effective in terms of practical application on routine practice and elimination of dilution effect by adjusting the
values close to the baseline urinary LH profile.
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Martin L 1 , Martin JA1 , Buisson C 1 , Molina A1 , Ressiot D 2 , Marchand A1

Report on an anti-doping operation in Guadeloupe: high number of AAF
including CERA and GH
Analysis Department, Agence Française de Lutte contre le Dopage (AFLD), Châtenay-Malabry, France1;
Control Department, Agence Française de Lutte contre le Dopage (AFLD), Paris, France2

Abstract
Anti-doping controls in non-major events are relatively infrequent and athletes that compete only in these
events are less likely to be controlled. Some of them might feel free to take drugs, especially those barely
detectable in urine, without fear of being flagged. The French Anti-Doping Agency carried out an anti-doping
operation during a regional cycling competition in Guadeloupe. The urine and serum samples were analyzed
by the French anti-doping laboratory. Out of 42 athletes, 7 were positive for one or more substances prohibited
by the World Anti-Doping Agency. Four serum samples contained continuous erythropoietin receptor activator
(CERA) and one a recombinant erythropoietin. However, no traces were found in the corresponding urines.
One of the athletes positive for CERA was also positive for growth hormone (GH), identified using the GH
isoform test. The same serum was negative with the GH biomarkers test, probably because of the brief interval
between injection and control (less than a day). The stimulants heptaminol and dimethylbutylamine, as well as
the glucocorticoid prednisone and its metabolite prednisolone, were also found. Strikingly, 16.6% of the
controlled athletes were using one or more prohibited drugs. These findings indicate that doping is widespread
in athletes competing regionally and that CERA is still a popular drug for endurance sports. They underline the
need for more controls, particularly blood sampling during non-major competitions.
This article was published as:
A Marchand, C Buisson, L Martin, J-A Martin, A Molina, D Ressiot (2017) Report on an anti-doping operation in
Guadeloupe: high number of positive cases and inferences about doping habits. Drug Test. Analysis, 9: 1753–
1761. doi: 10.1002/dta.2185.
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Giordani-Duarte AC 1,2 , de Aquino Neto F2 , Freire G. Araújo V2 , de Jesus Magdalena I1 , Pereira HM2

Electrochemiluminescence and hCG detection: an assay-based decision limit
approach
UFRJ, Rio de Janeiro, Brazil1;
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil2

Abstract
Introduction:
The human chorionic gonadotrophin (hCG) hormone is a heterodimeric protein composed by two polipeptide
chains, a and b, whose main physiological function is to maintain progesterone production during the initial
phases of pregnancy. It is known that hCG stimulates testicular testosterone in males, and it has been used by
athletes in order to increase endogenous testosterone production after prolonged steroid intake. Also, hCG
administration promotes testosterone increase, without affecting the testosterone/epitestosterone ratio. hCG is
currently part of the category S2 - Peptide hormones, growth factors and related substances - of the World AntiDoping Agency list of Prohibited Substances, being prohibited for male athletes only. The presence of the α/β
heterodimer of hCG is monitored by immunoassays that may present different analytical results depending on
each antibody characteristics. It is recommended, therefore, that each immunoassay available be fully
validated and have its reference interval of 95% quantified in order to assess its ideal decision limit.
Objectives:
To validate the Roche immunoanalyzer Cobas e-411 instrument for the detection of hCG in urine and to
establish the superior limit of the 95% reference interval based on the population of athletes participating in
Olympic and Paralympic Games.
Methods:
The liofilized hCG reference reagent from NIBSC (99/688) was ressuspended in PBS/BSA 1% followed by
fortification of blank urine samples in the concentrations of 5 IU/L and 50 IU/L. These solutions were analysed
by electrochemiluminescence using Cobas-e411 to assess repeatibility, intermediate precision, matrix
interference, linearity, limit of detection, limit of quantification, specificity, bias, combined uncertainty and
robustness. Additionally, 3182 male athlete urines were analysed during the Olympic and Paralympic Games.
The concentration of the samples lower than the Limit of Detection (0.5 IU/L) could not be determined precisely
and therefore were excluded from the total amount, resulting in 2102 valid samples. The percentile of 97.5%
was determined, with a confidence interval of 90%.The statistical analysis was assessed through the software
MedCalc v16.8.
Results and Discussion:
Roche electrochemiluminescence method, originally intended by the manufacturer for serum samples only,
was fully validated for urine matrix. The evaluated parameters were consistent with WADA requirements for
hCG detection. The superior limit of the population analysed was 1.44 IU/L, ranging from 1.41-1.48 IU/L with a
confidence interval of 90%. The decision limit of 5 IU/L required by WADA is more than three times higher than
1.48, the highest value assigned to the percentile of 97.5% of a worldwide athlete population. Therefore, this
study suggests that the current decision limit may be overestimated for the Roche electrochemiluminescence
methodology, considering that 33.9% of the samples were below 0.5 IU/L. The results are compatible with the
concept of an assay-based approach, where the decision limit of each hCG detecting method is submitted to a
judicious statistical analysis before implementation.
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Evaristo JAM, Carneiro G, Santos G, Evaristo G, Martucci ME, Veríssimo da Costa G, Nogueira F, Sardela V,
Pereira H, Aquino Neto FR

Detecting proteases misuse in human urine by a non-target and target
proteomic approaches for doping control
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil

Abstract
Background: Athletes may use exogenous peptide hormones or erythropoietin for illicit performance
enhancement. To mask their detection, competitors can stealthily add proteases during urine sampling, which
may complicate the doping assays.
Aim: To identify target peptides resulting from exogenous proteases autodigestion in complex human urine
matrices, and to develop screening and confirmation methods of analysis for the presence of exogenous
proteotypic peptides in the urine of athletes.
Methods: The method was established with different concentrations of Trypsin, Papain, Bacillolysin or
Subtilisin in urine and submitted these samples to different ranges of temperature, pH and albumin
concentration. The autodigested peptides were extracted using SPE cartridges and analysed as a non-target
approach on nanoLC/Full MS ddMS2 . To identify the target peptides, the data were submitted to Uniprot
database search through Proteome Discoverer 2.1 software, settled for no specific cleavage site(s) or
enzyme(s), as a bottom-up proteomic approach. A list containing m/z values of three target peptides from each
protease was used to perform the target screening approach by UHPLC/Full MS for all samples during the
Games. For the confirmation analysis, four proteotypic peptide ions, with multiple protonation, corresponding to
each protease and three transitions from each peptide
were evaluated.

Table1: Proteotypic peptides from Bacillolysin, Papain, Subtilisin and Trypsin, precursor ions and transitions monitored in the
screening and confirmation methods
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Results: Both screening and confirmation methods were efficient to monitor the respective m/z, displayed on
Table 1, of autodigested peptides from Trypsin, Papain, Bacillolysin and Subtilisin proteases in human urine for
doping control. The limit of detection lower than 5 µg/ml, repeatability below 24 %, matrix effect below 0.26 %,
extraction yield up to 69 % and selectivity of the extraction procedure are acceptable results, resulting in no
interfering peaks or significant matrix effect. The methods were validated according to all WADA requirements,
and they have been successfully used in the doping control analysis in Brazil with less than 1 % of false
presumptive cases including all Rio 2016 Olympic and Paralympic samples.
Conclusion: Both non-target and target approaches were efficient for detection, identification and confirmation
of peptides from exogenous proteases and the non-target method enables the detection of unknown
proteases. The target approach allows a fast identification of proteases in the regular screening performed for
doping control. Therefore, we strongly encourage the application of these methods for doping control which
can also be widely applicable for other protease identification analyses.
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Pizzatti L 1 , Woldmar N 1 , Poralla G1 , Mirotti L 1 , Renovato M1 , Fadel BL 1 , Tsutsumida W2 , Aquino Neto FR 1

DNA forensic analysis using 24-marker STR assay improves the detection of
mixture samples in reticulocytes: a new perspective in homologous blood
transfusion
LBCD, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil1;
Thermo Corporation, São Paulo, Brazil2

Abstract
The doping strategy using homologous blood transfusion is a banned practice initially observed more than
thirty years ago. Several methods were developed with the objective of identifying erythrocyte antigens from
the donor sample. The most widely used WADA validated method employs flow cytometry and combinations of
many antibodies for the detection of mixed samples. Despite the improvements in the coverage of erythrocyte
antigen families with a higher number of antibodies, the possibility of identification of samples with
controversial and doubtful results persists depending on the antigenic profile of the analyzed sample. In this
context, few groups demonstrated in the past, that the classic DNA forensics analysis, with the identification of
STRs for mixed samples could shed new light in this area. However, result regarding sensitivity and power of
detection were not clearly documented. In this work, we used a strategy of detecting STRs with higher
discriminatory power and sensitivity with the aim to identify mixed samples with doubtful flow cytometric
profiles. More than 40 mixed samples were analyzed in the proportions 0.5%; 1%, 2% and 3% of sample A
mixed with sample B, all male, all female and also both mixed cohorts. The reticulocytes were purified and the
DNA was extracted using forensic DNA kits. The STRs profiles were amplified using a Proflex PCR machine
(Thermo Fisher) with the 24-marker STR assay GlobalFiler (Thermo Fisher), the capillary electrophoresis was
performed using the 3500 DNA sequencer (Thermo Fisher) and the results were analyzed in the GeneMapper
ID-X software (Thermo Fisher). For the analysis of mixed and single source samples we considered the
presence of more than two alleles at one or more loci, presence of a peak at a stutter position that is greater in
percentage than typically observed in a single-source sample, imbalanced alleles for a heterozygous genotype
and validated the results with different RFUs. The choice of 24-marker STRs amplification strategy was done
due to the discrimination power that a higher number of STR loci analysis could generates on degraded and
inhibited of samples, improving information recovery. Our data showed that 24-marker STRs DNA analysis
using the pipeline selected was able to clarify the results of flow cytometry for complex samples even with the
use of 10 antibodies. Our validation data clearly demonstrates the sensitivity of detection and the power of
forensic DNA analysis in the identification of homologous transfusion.
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Voss S1 , Jaganjac M1 , Al Thani A1 , Grivel J2 , Raynaud C 2 , Al Jaber H 1 , Al Menhali A1 , Merenkov Z3 , Alsayrafi
M1 , Latiff A1 , Georgakopoulos C 1

Analysis of RBC-Microparticles in stored blood bags by a new type of flow
cytometer – a promising marker to detect blood doping in sports?
Anti Doping Lab Qatar, Doha, Qatar 1;
Sidra, Doha, Qatar 2;
Hamad Medical Corporation, Doha, Qatar 3

Abstract
Blood doping in sports is prohibited by the World Anti-Doping Agency (WADA). To find a possible biomarker for
the detection of blood doping, we investigated the changes in blood stored in CPDA-1 blood bags of eight
healthy subjects who donated one unit of blood. Aliquots were taken at days 0, 14 and 35. Platelet free Plasma
was prepared and stored at -80°C until analysis on the Apogee Flow Systems A-60 Micro-Plus Flow Cytometer
dedicated for the analysis of Red Blood Cell Microparticles (RBC-MPs). Changes in the number of RBC-MPs
were highly significant (p<0.0001) with a Mean of 219 (10^3/µL) on day 0 changing to 23120 (10^3/µL) on day
14 and 29310 (10^3/µL) on day 35. We conclude that RBC-MPs seem to be a promising biomarker for doping
control but confirmation by a transfusion study is necessary.
Published as:
Voss SC, Jaganjac M, Al-Thani AM, Grivel JC, Raynaud CM, Al-Jaber H, Al-Menhali AS, Merenkov ZA,
Alsayrafi M, Latiff A, Georgakopoulos C. (2017) Analysis of RBC-microparticles in stored whole blood bags – a
promising marker to detect blood doping in sports? Drug Test Anal, 9: 1794-1798. doi: 10.1002/dta.2212

Gating strategy and identification of RBC-MPs. A) A filtered flow buffer as a background check. B) Filtered Flow Buffer and AntiCD235a Antibody. C) Sample of a Subject taken on Day 0. The RBC-MPs region lies between filtered flow buffer noise and
antibody agglutinates (upper right quadrant). D) The same gate is applied for a sample of the same subject taken on Day 14. E)
The same gate is applied for a sample of the same subject taken on Day 35. F) Same as in E but without Antibody staining to
exclude the possibility of auto-fluorescence.
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Marchand A1 , Crepin N 1 , Roulland I1 , Semence F1 , Domergue V2 , Zal F3 , Polard V3 , Coquerel A1

Application of HBOC electrophoretic method to the detection of a new blood
substitute derived from the extracellular hemoglobin of lugworm
Analysis Department, Agence Française de Lutte contre le Dopage (AFLD), Châtenay-Malabry, France1;
Plateforme AnimEx IPSIT, Faculté de Pharmacie-Université Paris-Sud, Châtenay-Malabry, France2;
Hemarina Sa, Morlaix, France3

Abstract
Manipulation of blood and blood components are prohibited in sports by the World Anti-Doping Agency
(WADA). This includes the use of blood substitutes to increase oxygen transport like compounds derived from
hemoglobin named Hemoglobin-Based Oxygen Carriers (HBOCs). Despite their medical interest, the first
generations of HBOCs showed important adverse effects and were abandoned. New research have begun to
exploit the properties of hemoglobins from marine worms that circulate as giant extracellular complexes and
have high oxygen binding capacities. HEMOXYCarrier® (HC) developed by Hemarina is one of the most
advanced and promising new HBOC. HC may represent a tempting doping tool for athletes in the future. Here
the detection of HC in plasma/serum has been evaluated using electrophoresis and heme peroxidase
properties, a method used for the detection of the first generations HBOCs. A specific high molecular weight
HC-derived product was identified up to 72h after incubation in human plasma at 37°C in vitro, HC
degradation also induced methemalbumin formation. After injection in mice of HC at the estimated effective
dose of 200 mg/kg, a specific product could only be seen for a few hours after injection and no accumulation of
methemalbumin was observed. This indicate a window of detection limited to a few hours probably due to the
rapid dissociation of the complex of globins constituting the HC. Free hemes are also quickly eliminated thus
preventing methemalbumin formation. Elimination of the haptoglobin and hemoglobin-haptoglobin complex
using an anti-haptoglobin antibody, which is required to identify the first generation HBOCs, did not interfere
with HC-derived product detection: this electrophoretic method could be used to survey HBOCs and HC
presence in blood sample from athletes.
Despite its limited window of detection, the method is compatible with the detection of blood doping with
HBOCs or HC in in-competition samples. However, measuring worm-specific globin degradation products by
mass spectrometry in blood or urine would be an alternative to investigate to improve the window of detection
of HC for future anti-doping analyses.

For more details, see the following references:
Marchand A, Crepin N, Roulland I, Semence F, Domergue V, Zal F, Polard V, Coquerel A.: Application of
HBOCs electrophoretic method to detect a new blood substitute derived from the giant extracellular
haemoglobin of lugworm. Drug Test. Analysis, 9: 1762–1767. doi: 10.1002/dta.2127.
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Andersson A1 , Schulze J2 , Rane A2 , Lehtihet M3 , Ekström L 2 , Ericsson M1 , Börjesson A2

Investigation of Codeine as a confounding factor for the steroid profile
Doping Control Laboratory, Clinical Pharmacology, Karolinska University Hospital, Stockholm, Sweden1;
Department of Laboratory Medicine, Division of Clinical Pharmacology, Karolinska Institute, Stockholm, Sweden2;
Department of Medicine and Molecular Medicine and Surgery, Karolinska Institutet at Karolinska University Hospital,
Stockholm, Sweden3

Abstract
Background: Analgesic drugs such as codeine are widely used by athletes to treat various sport injuries. Most
of the codeine is eliminated by glucuronidation of the parent drug itself, whereas some of the codeine is bioactivated to morphine which is further glucuronidated to the inactive morphine-3-glucuronide and the more
potent morphine-6-glucuronide. Moreover, there are case studies indicating that short term use of opioids may
affect the HPA-axes. Thus, it is possible that therapeutic doses of codeine may interact with the urinary
excretion rate of androgens. However, the pharmacokinetic interaction of codeine and androgen metabolites
has not been tested in vivo.
Aim: The aim of this study was to see if short term use of codeine can alter the urinary excretion of androgen
metabolites included in the steroidal module of ABP prior to and after the administration of testosterone.
Experimental design: Healthy male volunteers (n=8) aged 18–45 years. Three baseline samples were
collected prior to the administration of codeine. The subjects were taking Codeine Recip ® 50 mg × 3 times/day
for six consecutive days. After 3 days all participants were given a single dose of intramuscular 500 mg
testosterone enanthate (Testoviron ® – Depot, Bayer).
Results: After 3 days codeine intake the serum concentrations of testosterone were decreased 20 %,
(p=0.0002), whereas the urinary concentrations of the androgen metabolites were not influenced by the intake
of codeine. After testosterone injection, the AUC of the ABP ratios were the same as found when only 500 mg
testosterone enanthate was administered.
Conclusion: The co-administration of codeine does not influence the urinary steroid profile.
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Athanasiadou I1,2 , Kraiem S1 , Al-Sowaidi S1 , Al-Mohammed H 1 , Samsam W1 , Mohamed Ali V1 , Alsayrafi M1 ,
Valsami G2 , Georgakopoulos C 1

Influence of athletes` hyperhydration on the urinary ‘steroid profile’ parameters

Anti Doping Lab Qatar, Doha, Qatar 1;
Faculty of Pharmacy, University of Athens, Athens, Greece2

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. The aim of the present WADA-funded research 10D21CG project, was to
assess the influence of hyperhydration on the urinary ‘steroid profile’ of athletes (concentrations of the
endogenous anabolic androgenic steroids) and to evaluate if the consumption of high volumes of water or
sports drinks can be used as a masking procedure, since dilution is not prohibited as a practice.
Seven healthy, recreationally active non-smokers Caucasian male volunteers participated in a 3 phase parallel
design study according to the following protocol: All volunteers were asked to maintain their normal training
and dietary habits, but abstain from any food and/or drink, which may interact with circulatory, gastrointestinal,
hepatic or renal function (e.g. alcohol, coffee, xanthine-containing beverages, grapefruit juice or diuretic
substances) at least 48 h before the inclusion and throughout the study. Volunteers were instructed to arrive to
the testing venue between 7:00 to 8:00 a.m. after following an overnight fast (~ 8 h). Upon arrival, volunteers
were asked to empty their bladder and a urine sample was collected. Immediately after sample collection,
hyperhydration was implemented by either water (Phase A) or a commercial sports drink (Phase B) within 30
min by the ingestion of a bolus of 20 mL hyperhydration agent/kg body weight. The sports drink was a
carbonated balanced glucose-electrolyte solution with the following characteristics: 6.0% w/v carbohydrate,
104.6 kJ, Na 45% w/v, K 13% w/v and pH 3.6. Both hyperhydration agents were kept at room temperature. After
hyperhydration, volunteers were asked to rest for 15 min and a second urine sample was collected. During the
resting interval, they were in a sitting posture at room temperature, without ingesting any sort of fluids. Body
weight, blood pressure, heart rate and respiration rate were measured before and after the ingestion.
Hyperhydration was repeated 24 h and 48 h after the first ingestion on three consecutive days for each
hyperhydration agent i.e. a total of 72 h. Prior to hyperhydration administration phases (A and B) of the study,
all volunteers produced urine samples for a 24h period maintaining their normal dietary routine. These
samples were used to establish the baseline (‘normal’) endogenous steroid profile of each volunteer.
Urine samples were collected at each voluntary micturition. Steroid profiles were assessed according to the
Athlete Biological Passport markers [1]. For each urine sample, time and volume were recorded prior to
refrigeration and used for the calculation of urinary flow rate (UF, mL/min). Preliminary laboratory
measurements, including pH, SG, conductivity (mS/cm) and creatinine (CRE, mmoL/L) were performed for all
urine samples to assess hyperhydration influence and possible correlation with measured endogenous
concentrations.
Adjustment of the measured steroids urine concentrations based on SG, CRE and UF were examined [2-8].
The baseline values of endogenous steroids were adjusted only by the SG-adjustment method according to
WADA TD2016EAAS [1] and were used as controls indicating the ‘normal’ steroid profile of each volunteer.
Lower urine concentrations of ‘steroid profile’ markers were clearly observed immediately after hyperhydration
compared to baseline values, followed by SG values lower than 1.005 (diluted samples). No significant
difference was observed between the two hyperhydration agents indicating that water and sports drink act
similarly on the urinary ‘steroid profile’ markers. The conventional SG-adjustment method can eliminate the
dilution induced effect and correct the EAAS concentrations by adjusting them close to the baseline values.
Adjustment methods based on CRE and UF were also examined, however, SG was the optimum method in
terms of effectiveness to adjust concentrations close to the baseline ‘steroid profile’ as well as of applicability in
routine practice. No significant effect on the urinary steroid ratios was observed with variability values within
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30% of the mean for the majority of data. No interference on the detectability of the selected transitions was
observed due to the dilution of the samples after hyperhydration.
In conclusion, the use of hyperhydration as a masking procedure by altering the urinary ‘steroid profile’ is not
effective. Although, excessive fluid intake can alter the urinary ‘steroid profile’ markers, the steroid ratios remain
unaffected and the SG-adjustment method officially used by WADA can fully eliminate any effect caused by
urine dilution.

References
1. World Anti-Doping Agency. Endogenous anabolic androgenic steroids: measurement and reporting.
TD2016EAAS, ver. 1.0. Available at: https://www.wada-ama.org/sites/default/files/resources/files/wadatd2016eaas-eaas-measurement-and-reporting-en.pdf (access date 14.09.2017)
2. L. Levine, J. Fahy. The significance of the specific gravity. J. Ind. Hyg. Tox. 1945, 27, 217.
3. D.L. Heavner, W.T. Morgan, S.B. Sears, J.D. Richardson, G.D. Byrd, M.W. Ogden. Effect of creatinine
and specific gravity normalization techniques on xenobiotic biomarkers in smokers’ spot and 24-h
urines. J. Pharm. Biomed. Anal. 2006, 40, 928.
4. D.R.S. Middleton, M.J. Watts, R.M. Lark, C.J. Milne, D.A. Polya. Assessing urinary flow rate, creatinine,
osmolality and other hydration adjustment methods for urinary biomonitoring using NHANES arsenic,
iodine, lead and cadmium data. Environ. Health. 2016, 15, 68.
5. S. Araki, F. Sata, K. Murata. Adjustment for urinary flow rate: an improved approach to biological
monitoring. Int. Arch. Occun. Env. Health. 1990, 62, 471.
6. H.S. Vij, S. Howell. Improving the specific gravity adjustment method for assessing urinary
concentrations of toxic substances. Am. Ind. Hyg. Assoc. J. 1998, 59, 375.
7. M.F. Boeniger, L.K. Lowry, J. Rosenberg. Interpretation of urine results used to assess chemical
exposure with emphasis on creatinine adjustments: A review. Am. Ind. Hyg. Assoc. J. 1993, 54, 10.
8. S.G. Thompson, R.D. Barlow, N.J. Wald, H. Van Vunakis. How should urinary cotinine concentrations
be adjusted for urinary creatinine concentration? Clin. Chim. Acta 1990, 187, 289.
* under publication

RECENT ADVANCES IN DOPING ANALYSIS (25)

205

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
Nimker V, Jamal H, Jain S, Srivastava A, Sahu K

Implementation of Steroidal passport: Experiences of Indian Laboratory
National Dope Testing Laboratory, New Delhi, India

Abstract
The Athlete Biological Passport (ABP) is an indirect approach which provides a complementary and more
sophisticated strategy to traditional analytical testing in an effort to scientifically gather evidence of possible
doping in sport. The ABP is one tool in a kit of intelligent anti-doping practices meant to deter and detect the
use of prohibited substances in sport. In 2013, the WADA Athlete Biological Passport Guidelines introduced a
second module, the Steroidal Module, which became operational since January 1, 2014. The Steroidal Module
monitors an athlete’s steroidal variables over time that may be indicative of steroid abuse. In this poster, details
of samples requested for confirmation on GC/C/IRMS in year 2015 & 2016 shall be summarized to understand
the pattern of generation of Atypical Passport Finding Confirmation Procedure Request (ATPF-CPR).
Interestingly, out of total 26 cases of ATPF-CPR received by NDTL, three samples with normal steroid profile
showed exogenous origin of endogenous steroids on GC/C/IRMS analysis, which proves the effectiveness of
Steroidal Module. In this context, monitoring of steroid passport through steroidal module represents the new
paradigm in detection of exogenous origin of endogenous steroids.
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Quitian G, Barrabini J, Padilha M, Pereira H, Aquino Neto F

Evaluation of the endogenous profile of androgenic anabolic steroids in serum
of a brazilian population by GG-MS/MS
LBCD, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Abstract
Athletes use androgenic anabolic steroid in order to enhance training capacity and improve performance.
Statistical data show these substances is the most abused in the sports. Within this group of substances are the
endogenous androgenic anabolic steroids (EAAS), sex hormones naturally produced in the body. When a
synthetic analogue (with a structure similar to the endogenous ones) is exogenously administered is
considered as a doping violation. In the antidoping control, EAAS concentrations as well as ratios from the
urinary steroid profile are continuously evaluate in the steroidal module. Changes in the endogenous steroidal
profile could indicate the abuse of steroids by athletes. The quantification of EAAS in the blood may represent a
complementary strategy for the evaluation of the endogenous steroid profile. The present study aimed to
evaluate the endogenous profile of anabolic androgenic steroids in serum of athletes (n=240) and non-athlete
(n=25) for healthy men and woman of a Brazilian population.
The analytical method was developed and validated for the quantification of EAAS in serum, using gas
chromatography coupled tandem mass spectrometry (GC-MS/MS). The sample preparation was based on the
liquid-liquid extraction of the EAAS from 500 µL of serum. The pH was adjusted to 9 -10 with 500 μL of buffer
solution containing K2 CO3 and KHCO3 20%. The extraction was carried out with 3 mL of TBME. The mixture
was stirred for 5 min and centrifuged at 3000 rpm for 5 min. Then, the organic phase was evaporated to
dryness under nitrogen and dried in a vacuum oven for 30 min at room temperature. Finally, the residue was
derivatized with 100 μL of MSTFA–NH 4 I–2-mercaptoethanol (1000:2:6, v/w/v, 60°C/30 min). Aliquots of 3 μL of
each samples were injected in splitless mode into the triple quadrupole system (GC-QqQ) operated in multiple
reaction monitoring mode. The analysis was performed using an GC Trace 1310 (Thermo Scientific) and
interfaced with a mass spectrometer TSQ 8000 (Thermo Scientific), column 100% methylpolysiloxane phase
(17m×0.20mm×0.11 µm). In the development method were quantified of testosterone (T), epitestosterone (E),
androsterone (Andro), etiocholanolone (Etio), dehydroepiandrosterone (DHEA), dihydrotestosterone (DHT) 5αandrostane-3α-17β-diol (5α-diol) e 5β-androstane-3α-17β-diol (5β-diol), as well as of T/DHT ratio, among of
steroid profile from Brazilian population was evaluated. The validated method was able to detect the anilities in
concentrations of 100 pg/mL (E, Andro e Etio), 200 pg/mL (T, DHT, DHEA) e 4 ng/mL (5α-diol e 5β-diol). The
method showed selectivity, robustness and absence of carryover. The result of linearity was satisfactory in the
work range (correlation coefficient, r2 = 0.99). The precision, repetitivity (relative standard deviation, RSD 211.6%) and intermediate precision (RSD 3-10.7%); and accuracy (bias ranged from -11.0 to -298,0)
attendance to performance criteria. The estimation of measurement uncertainty (u c) for intra-laboratorial
validation where obtained (combined uncertainty, 3.1-15.3%) whereas an u c,max of 30% was criteria allowed
show proof of applicability of the method. The results showed significant differences between the two
population related with DHEA concentration. The endogenous profile in blood satisfied quantified for T, Andro,
Etio, DHT and DHEA.
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Hernández D, Correa Vidal T, Martinez D, Montes de Oca R

The masking effect of 16β-OH-stanozolol on 3’OH-stanozolol determination in a
back up screening procedure
Antidoping Laboratory, Havana, Cuba

Abstract
Stanozolol is metabolized to a large extent and the main metabolic products in urine are the mono
hydroxylated metabolites 3’OH, 4β-OH and 16β-OH-stanozolol, being 3’OH metabolite one of the best markers
to detect an abuse of stanozolol. The addition of an analyte to an already existent procedure with the aim to be
a backup assay must be carefully assessed. In our case, 3’OH-stanozolol was added to a LC-MS procedure
designed to detect mainly antioestrogenic compounds, the validation of the backup assay was satisfactory but
it was not worth when real samples was analyzed. Depending of the concentration of 3’-OH and 16β-OHstanozolol, the spectra for the target analyte 3’-OH does not fulfill the criteria following WADA TD-IDCR and a
false negative result was obtained. This work assessed the effect of 16β-OH concentration on the 3’OHstanozolol’s relative abundance of the transitions. The masking effect was observed starting from a
concentration ratio of 16β-OH: 3’OH of 0,5. Out of the samples received in 2016, seven were suspicious to the
presence of 3’-OH and none of them fulfilled the criteria WADA TD-IDCR. It could be observed that only 3’-OHstanozolol as target analyte in backup LC-MS procedure could lead to a false negative result because the
metabolite 16β-OH shows a masking effect influencing negatively the identification criteria. The addition of one
analyte in a procedure already existent in a Laboratory should be carry out with extreme care, and the
conditions in validation process must included many variables as possible when specificity is assessed.
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Jardines D, de la Torre X, Botrè F

From normal prior distribution to uniform prior information in the Bayesian
evaluation of the isotope ratio mass spectrometric delta values data. A
theoretical study.
Laboratorio Antidoping di Roma-Federazione Medico sportiva Italiana, Rome, Italy

Abstract
In a previous work [1], the longitudinal evaluation of the IRMS data allowed the detection of positive samples
that otherwise would have been reported as atypical findings (ATF), improving the efficacy of the fight against
doping in sport. Furthermore, the longitudinal studies demonstrated that IRMS depends on the individual
metabolism. Considering the inclusion of the IRMS data in a global database for a Bayesian inference
evaluation, as much as possible δ TC values must be analyzed, since the best marker(s) may not be the same
for all individuals. The data obtained in this work did not cover the worldwide distribution (from -26‰ to -17‰
delta values) since in Italy, the major population used for building the models ranges from -20‰ to -25‰, with a
mean around -23‰. This limitation could be avoided for absolute values using a new prior distribution, the
continuous uniform distribution, where values from minimum to maximum present the same probability.
For the study in the absence of experimental data, we have created a series of sequences from randomly
generated data changing the initial value assigned. Data from the previous work were also included. The
results of the present work are very promising: first, the model becomes more simpler and less software
consuming time (less model variables to be analyzed) and second the reduction in the samplings for the
individual prior information able to overdriven the population reference.

RECENT ADVANCES IN DOPING ANALYSIS (25)

209

ISBN 978-3-86884-043-8

Poster

MANFRED DONIKE WORKSHOP 2017
Oliveira F1 , Casilli A1 , Piper T2 , Silva T1 , Silva C 1 , Silva R 1 , Dal Sasso M1 , Salgueiro G1 , Padilha M1 , Pereira
H 1 , Thevis M1 , Aquino Neto F1

19-Norandrosterone confirmation by IRMS: Validation and the Olympic
experience
LADETEC/IQ-UFRJ, LBCD, Rio de Janeiro, Brazil1;
Center for Preventive Doping Research, Institute of Biochemistry, Cologne, Germany 2

Abstract
In 1990, the report that synthetic testosterone (T) showed a different 13 C/12 C isotopic ratio compared to that
found in natural T produced by the human body stood as the key to unequivocally infer the abuse of synthetic
prohormones in urine samples from athletes. Its detection could be done by gas chromatography coupled to
combustion and isotope ratio mass spectrometry (GC/C/IRMS). Later, the same confirmatory analysis was
required for steroids classified as exogenous that, in some urine samples, can occur as metabolic by-products
or due to an in-situ degradation of the sample.
The range of concentrations in which the IRMS confirmation is required is determined in the respective
Technical Documents from WADA and usually very low. Thus, the confirmatory analysis of nandrolone shall be
performed when the concentration of its main metabolite, 19-norandrosterone (19-NA), is found between the
Decision Limit (DL, i.e. 2.5 ng/mL) and 10 ng/mL (for male or non-pregnant female athletes; in cases of
pregnancy, it is required when [19-NA] > 15 ng/mL). The validation of a robust method of 19-NA analysis in
such concentration ranges is a challenging task to the doping control laboratories.
This work presents the validation of a method for the analysis of 19-NA and the endogenous reference
compounds (ERCs) pregnanediol and androsterone. The sample preparation comprises SPE and LLE steps,
hydrolysis, clean-up by preparative HPLC and acetylation. A blank urine was spiked with a 19-NA standard to
carry out the validation experiments. Urine aliquots from 10 to 25 mL were taken to perform the analysis,
depending on the concentration of 19-NA.
The linearity of the method was established from 2.5 to 15 ng/mL. A significant amount of free 19-NA standard
was isotopically fractionated by preparative HPLC in order to obtain a standard with a δ 13 C comparable to the
ERCs in the urine to be spiked to produce the Negative Quality Control (QCN), while the QCP was obtained by
spiking the same urine with a regular standard. The combined uncertainty (u c) was estimated by spiking a
urine with a free standard, while the certified reference material (MX016) containing 19-NA glucuronide
provided by the NMIA was used at three levels to corroborate the u c estimation. Two suspicious cases ([19-NA]
= 3.0 and 4.2 ng/mL) found during the Olympic and Paralympic Games Rio 2016 are presented to illustrate the
robustness of the method (the DLs corrected by S.G. to those samples were 3.1 and 2.0 ng/mL, respectively);
both of them became Adverse Analytical Findings.
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Mullen J1 , Hopcraft O2 , Börjesson A1 , Ericsson M2 , Schulze JJ1 , Ekström L 1 , Lehtihet M3

Longitudinal evaluation of the steroid profile and the isotopic ratio following a
single administration of testosterone gel
Department of Laboratory Medicine, Division of Clinical Pharmacology, Karolinska Institute, Stockholm, Sweden1;
Doping Control Laboratory, Clinical Pharmacology, Karolinska University Hospital, Stockholm, Sweden2;
Department of Endocrinology, Metabolism and Diabetes, Departments of Medicine and Molecular Medicine and Surgery,
Karolinska Institute at Karolinska University Hospital, Stockholm, Sweden3

Abstract
Detecting low doses of testosterone has been, and remains a challenge for the doping tests. However, the
recent implementation of the steroid profile has improved the sensitivity of the tests and lead to better targeted
IRMS analysis. In this study, we investigated the detectability of a single dose of 100 mg T gel in 8 healthy male
subjects. With a bioavailability of about 10 %, the dose absorbed is approximately 10 mg. This work has been
submitted for publication to Drug Testing and Analysis.
The samples were analyzed using the accredited methods for steroid profiling and IRMS of the Stockholm
Doping Control Laboratory.
The T gel administration was successfully detected by the ABP in all 8 subjects. The most sensitive ratio was
5αAdiol/E, however, all ratios showed atypical findings for some individuals. In contrast, only two (of five tested)
met all the criteria for a positive IRMS test according to TD2016IRMS, whereas the other three showed
inconclusive results. The detection window varied between individuals but some individuals showed atypical
profiles 48 hours post dose.
Our results show that already a single dose of testosterone gel can be detected using the ABP. If three baseline
values are present the detection window can be as long as 48h. The most sensitive ratio being 5α/5β-diol and
these metabolites are also the most sensitive in the IRMS analysis.
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Wang J, Wen C, Liu X

Steroid Profile and IRMS Analysis on Musk Administration for Doping Control
National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, China

Abstract
Aim: Traditional Chinese Medicine (TCM) has been used in China and south-east Asian countries for
thousands of years. Many steroids including prohibited endogenous steroids and their precursors are natural
products with strong bioactivities and can be identified in some drugs of TCM. Musk, the dried secretion of the
musk pod (sac) of adult male deer, is one of those TCMs. Due to the anabolic steroid component in this drug,
musk preparations have been included in the list of medical products containing prohibited substances
employed for doping by the State Food and Drug Administration of China. In the 2011 FIFA Women's World
Cup, AAFs about the exogenous source of etiocholanolone (Etio) and other steroids were reported. The
persons in charge of the team admitted the application of musk pod preparations to those athletes for the
treatment of an accident. Based on the analysis of their urine samples and musk specimens, musk
administration was regarded as the reason of the violation. Owing to the complex steroid content in musk
materials, further research should be conducted. The aim of this study is to investigate the effect of the
administration with 200 mg of wild musk material on GC-MS and IRMS tests for doping control. In this study,
musk specimens were collected from markets or musk deer farms. The endogenous steroid components in raw
materials were analyzed by gas chromatography tandem mass spectrometry (GC-MS/MS) and gas
chromatography/combustion/isotope ratio mass spectrometry (GC/C/IRMS). Excretion study was executed to
uncover the influences of musk intake on the doping test.
Method: Three batches of wild and domestic deer musk samples were collected from markets. The
endogenous steroid components in raw materials were analyzed for identification, qualification, and carbonisotope-ratio determination by GC-MS/MS and GC/C/IRMS. In an excretion study, 200 and 100 mg of wild and
domestic deer musk samples were administrated by 29 subjects respectively. Urine samples were collected
from each subject after administration. The analyses of urinary steroid using GC-MS and IRMS were
performed.
Results: The profiles for some subjects showed great variations. For some samples, the Δδ 13 C-values of ERCEtio were equal or greater than 4, which resulted in AAFs.
Conclusion: The steroid profiles demonstrated that the urinary profile fluctuated after musk administration. The
ratio of 5α-androstane-3α,17β-diol to 5β-androstane-3α,17β-diol was more sensitive than other parameters.
The IRMS test showed some AAFs in urine samples. The Δδ 13 C-value between endogenous reference
compound and etiocholanolone was a sensitive parameter. It is the first time to confirm with excretion study that
musk administration could lead to positive result of doping control.
This study has already been published as:
Wang, J., He, Y., Liu, X., Yang, Z., and Yang, W. (2017) Steroid profile and IRMS analysis of musk
administration for doping control. Drug Test. Analysis, 9: 1779–1787. doi: 10.1002/dta.2293.
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Lee K, Xu YL, Jeong ES, Cha E, Kim HJ, Son J, Kim KH, Park J, Min H, Sung C, Lee J, Kwon O

Reference ranges of urinary endogenous steroids profile and 13C delta values
of Korean population
Doping Control Center, Korea Institute of Science and Technology, Seoul, South Korea

Abstract
The World Anti-Doping Agency (WADA) bans the use of anabolic steroids by athletes for sports performance
enhancement. Synthetic copies of anabolic steroids are chemically identical to endogenous steroids, but there
are small differences in the 13 C to 12 C ratios of the synthetic analogues. These differences can be measured
using a gas chromatography-combustion isotope ratio mass spectrometry (GC-C-IRMS). Despite of successful
performance of GC-C-IRMS, it cannot be applied to all samples as a screening method because the technique
has some limitations requiring extensive clean-up procedures and a large volume of sample. For this reason,
WADA regulations specifies that samples with certain alterations of the steroid profile should be subject to
additional analysis by GC-C-IRMS. To the best of our knowledge, most of the data available in the doping field
belong to Caucasian population, but the data from Asian populations, especially, Korean, is not frequently
described in the literature. The aim of this study is to determine the reference ranges of urinary endogenous
steroids profile for a population of South Korean athletes. Also we measured natural 13 C/12 C isotope ratios in
Korean population from 40 male and female volunteers. The results demonstrated that the 13 C delta values of
endogenous steroids were less depleted (-20.34 to -22.14 ‰) compared to those of European, reflecting
Korean diet. And the reference results were validated our GC-C-IRMS method as satisfying the WADA criteria.
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Mäkelä R, Leinonen A, Suominen T

Screening of doping agents part I: Screening of growth hormone releasing
peptides by LC-TOFMS
Doping control department, United Medix Laboratories, Helsinki, Finland

Abstract
A screening method for 11 growth hormone releasing peptides and secretagogues (GHRP-1,-2 and its
metabolite 1-3, GHRP-4, -5, -6 (+free acid), Hexarelin, Alexamorelin, Ipamorelin and Anamorelin) was
developed. The presented method consists of solid-phase extraction with weak cation exchange SPE
cartridges using stable-isotope labeled GHRP-2 (1-3) as an internal standard and subsequent liquid
chromatography/time of flight mass spectrometry. Chromatography was based on gradient elution on a HPLC
C18 column, and ionization of the analytes was achieved with electrospray ionization in positive ion mode. The
resolution of the high resolution mass spectrometer is around 20 000. Identification is based on retention time
and exact mass.
The procedure was validated in terms of specificity, minimum required performance limit (MRPL)-criteria and
repeatability (intra-day and inter-day) of retention times and peak areas and stability. The compounds were
detected both [M-H]+1 , [M-H]+2 and sodium adducts were followed as well.
The MRPL was attained to all qualitative doping agents. The method was proven specific and the repeatability
of peak areas was < 30 CV-% and retention times <0,5 CV- %. All of the investigated peptides were detected
after 5 days of sample pretreatment when kept in room temperature. The validated method was proven
applicable to the analysis of peptide substances and enables the retrospective evaluation of the acquired data
and flexible method extensions which may arise from the modifications of WADA prohibited list.
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Esquivel A1,2 , Kotronoulas A3 , Balcells G1,2 , Joglar J4 , Ventura R 1,2

Ionization and collision induced dissociation behavior of steroids bisglucuronides
Barcelona Antidoping Laboratory, IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain1;
Departament de Ciencies Experimentals i de la Salut, Universitat Pompeu Fabra, Barcelona, Spain2;
Integrative Pharmacology and Systems Neurocience Research Group, IMIM (Hospital del Mar Medical Research Institute),
Barcelona, Spain3;
Department of Biological Chemistry and Molecular Modeling, Instituto de Química Avanzada de Cataluña, Consejo Superior
de Investigaciones Cientíticas (IQAC-CSIC), Barcelona, Barcelona4

Abstract
Anabolic androgenic steroids (AAS), included in the list of prohibited substances by the World Anti-Doping
Agency, are the substances most frequently detected in doping control analyses. Most AAS are extensively
metabolized and excreted in urine mainly as phase II metabolites. Traditionally, studies on steroid metabolism
allow for the detection of metabolites conjugated with glucuronic acid hydrolyzable using β-glucuronidase
enzymes and unconjugated metabolites. LC-MS allows for the direct analysis of steroid conjugates. Other
phase II metabolites not systematically studied for AAS are bis-glucuronides. Bis-glucuronoconjugated
metabolites, in which two separated functional groups are conjugated with glucuronic acid, have been
described for compounds such as bilirubin, morphine or estradiol.
The objective of this work was to study the ionization and collision induced dissociation (CID) behavior of
steroids bis-glucuronides for their detection in urine samples. Chemical synthesis of bis-glucuronides from
steroids with two free hydroxyl groups (androstanediols, estranediols, 5-androstenediols, 4-androstenediols)
was performed. Briefly, bis-glucuronides ionized as [M+NH 4 ]+, in positive mode, and they formed the ions [MH]- and [M-2H]2- in negative mode resulting from the deprotonation of one or two acidic groups, respectively.
The CID behavior for the three precursor ions observed was evaluated. Specific ions corresponding to the
losses of two glucuronides were observed. The common ionization and fragmentation behavior observed for
steroid bis-glucuronides will be used as a basis for the development of SRM methods to detect this type of
metabolites in excretion study samples collected after administration of AAS.
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Alechaga E1 , Monfort N 1 , Ventura R 1,2

Dilute-and-shoot UPLC-MS/MS method for the screening of plasma volume
expanders, AICAR, mildronate, ethylglucuronide and hydroxyphenylalkylamines
Barcelona Antidoping Laboratory, IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain1;
Departament de Ciencies Experimentals i de la Salut, Universitat Pompeu Fabra, Barcelona, Spain2

Abstract
In sports drug testing, analysis of compounds showing very different physicochemical properties must be
performed. Nowadays dilute-and-shoot strategies are preferred for sample treatment in order to make methods
suitable to as many compounds as possible and to optimize costs and analysis time.
In this work a simple method based on a 1:5 dilution of the sample as sample treatment and analysis by
ultraperformance liquid chromatography (UPLC) coupled to tandem mass spectrometry (MS/MS) is presented
for the screening of compounds belonging to different groups of the WADA prohibited list. For chromatographic
separation, a C18 UPLC column (1.7 µm particle size) was used with a mobile phase composed of a mixture of
methanol and water both containing 1 mM ammonium formate and 0.01% formic acid in gradient elution mode.
With these conditions, enough retention was achieved for the very polar glycerol and mildronate, and baseline
separation of the isomeric hydroxyphenylalkylamine stimulants was accomplished in 6 minutes (total run time).
Mass spectrometry was performed using electrospray as ionization source in both positive and negative
polarities and multiple reaction monitoring (MRM) with at least two transitions per compound as acquisition
method. The buffered mobile phase improved the ionization of ethylglucuronide by the formation of ammonium
adducts and allowed the semi-quantitative determination of this compound. For the plasma volume expanders
Hydroxyethylstarch and Dextran, in-source fragmentation was induced in order to avoid hydrolysis of the
sample and to improve the detectability of these compounds. Limits of detection allowed the determination of
the analytes at their respective MRPLs, and validation parameters such as selectivity, intra-assay precision,
carryover and matrix effect were also evaluated.
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Ohta M, Sato M, Kageyama S, Okano M

Dilute-and shoot UHPLC/HILIC switching tandem mass spectrometry for urine
analysis in doping control
Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan

Abstract
A "dilute-and-shoot" method for the detection of doping substances is widely utilized and the chromatographic
separation is carried out using a reverse-phase liquid chromatography. However, various methods are needed
to separate and retain polar analytes (e.g. meldonium, myo-inosytol trispyrophosphate (ITPP). Because
hydrophilic interaction liquid chromatography (HILIC) exhibits different separation behavior than ultra high
performance liquid chromatography (UHPLC), HILIC is also utilized in doping control. In this presentation, by
simply adding one solvent delivery unit to a standard UHPLC system, both HILIC analysis and UHPLC analysis
could be performed using a single system. Urine samples fortified with internal standard were diluted using
acetonitrile. After pre-filtering, the supernatant was injected into the HILIC/UHPLC switching system. Same
mobile phases, which is required when switching between HILIC and UHPLC, is accomplished by simply
executing a batch table automatically generated by the software. No reconnecting of flow lines is required
when switching from HILC to UHPLC (or from UHPLC to HILIC). Consequently, the system can switch
continuously between both analysis modes without being affected by the preceding instrumentation. The
methods allow the simultaneous detection of various classes of prohibited substances. The full paper will be
published elsewhere.
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Lee J, Jeong ES, Cha E, Lee KM, Kim HJ, Son J, Kim KH, Park J, Min H, Sung C, Kwon O

Practical and economical online H/D exchange technique using electrospray
ionization/ mass spectrometry coupled with gas chromatography
Doping control center, Korea Institute of Science and Technology, Seoul, Republic of Korea

Abstract
Hydrogen/deuterium (H/D) exchange technique is the most popular method for structure elucidation of
metabolites in drug research fields. Generally, H/D exchange has been performed by liquid chromatographyelectrospray ionization/mass spectrometry (LC-ESI/MS). However, LC-ESI/MS based H/D exchange requires
separation of the desired analyte from a mixture followed by isolation, enrichment and synthesis for direct
infusion, or a large amount of deuterated solvent as mobile phase for liquid chromatography. In this study, we
developed gas chromatography-electrospray ionization/mass spectrometry (GC-ESI/MS) based simultaneous
H/D exchange technique. The present GC-ESI/MS based technique was possible to achieve simultaneous H/D
exchange of various analytes without isolation or synthesis of the desired analyte using a small amount of
deuterated spray solvent. For the efficiency of H/D exchange, spray voltage and sheath gas parameters were
optimized and various stimulants were analyzed. The simultaneous H/D exchange using GC-ESI/MS is
practical and economical, and has the potential to be an alternative technique for the simultaneous structural
elucidation of metabolites by low-energy CID fragmentation mechanism in doping control.
*This work was supported by Korea Institute of Science and Technology (Corresponding author: Jaeick Lee)
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Development of hybrid sample preparation method using solid phase
extraction and diluted urine reconstitution for screening of various classes of
prohibited substances by liquid chromatography-mass spectrometry
Doping Control Center, Korea Institute of Science and Technology, Seoul, South Korea

Abstract
In the field of doping control, World Anti-Doping Agency (WADA) requires to the doping laboratory to analyze
prohibited compounds and their metabolites in various classes and a screening method which can detect
multi-substances is an important challenge. This study reports a screening method with hybrid sample
preparation. Weak cation exchange solid phase extraction (WCX-SPE) and “dilute and shoot” were combined
for taking advantage of strengths in both methods. Target compounds were extracted by WCX cartridge and
reconstituted with diluted sample aliquot, then analyzed by high performance liquid chromatography – triple
quadrupole mass spectrometer. The optimization of SPE procedure including cartridge washing step, elution
condition and elution volume was performed. Washing cartridge step, proceeded for removal of interferences,
with 10% methanol showed overall high recovery for various classes. Some compounds such as GHRP-6,
alexamoreline-M1 showed high recovery when eluted by 1% ammonia in methanol. On the contrary,
compounds especially containing with amine groups showed high recovery and reproducibility when eluted by
5% formic acid in methanol. Therefore, consequent elution of 5% formic acid in methanol and 1% ammonia in
methanol was proceeded for complementary result. Reconstitution with diluted sample aliquot was performed
for enhancing recovery of some compounds such as meldonium difficult to extract with SPE. 167 compounds
out of 259 revealed more than 25% enhanced intensity compared to liquid-liquid extraction. This novel hybrid
sample preparation method with LC-MS could apply to screening multi classes target compounds in doping
control.
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Non-targeted doping-screening method based on Orbitrap GC/MS: A new
perspective
LBCD, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil1;
Thermo Corporation, Texas, USA2

Abstract
Gas chromatography is a well established analytical technique that is widely employed in doping control
analysis. Usually, low resolution mass analysers such as single quadrupoles and tandem quadrupoles are
coupled to a GC for such an analysis. These mass spectrometers are able to reach low detection limits in
Selected Ion Monitoring (SIM) and Selected Reaction Monitoring (SRM) modes, respectively. These
approaches allow only targeted detection where the analytes must be known before the analysis is performed.
Moreover, there could be selectivity issues arising due to the low resolving power of these systems. High
resolution accurate mass spectrometry (HRAM) has gained popularity in pesticide analysis, in food and drug
analysis in forensics and toxicological labs mainly coupling this platform to liquid chromatography. The use of
the Orbitrap analyser for GC applications was first reported 2010 and is now commercially available. To the
best of our knowledge there are no anti-doping screening methods exploiting the benefits of the high
separation efficiency of gas chromatography and high resolution (FWHM 120.000 at m/z 200) and high
accuracy (mass accuracy <1 ppm) provided by the Orbitrap technology. Furthermore, the high resolution full
scan mode of acquisition has some advantages over targeted analysis MS/MS: i) no limitation of compounds to
detect in one run; ii) retrospective analysis, which is very usefull in doping strategy; iii) more straightforward
data acquistion.
We introduce here for the first time the suitability of screening method based on Orbitrap GC/MS for a large
number of prohibited compounds in sports found in urine including: exogenous anabolic steroids, β-agonists,
narcotics, stimulants, hormone modulators and diuretics. These classes of compounds were analysed after a
simple sample preparation procedure comprised of an enzymatic hydrolysis, liquid-liquid extraction,
evaporation and trimethylsilylation. By perfoming this untargeted full scan analysis it was possible to meet
WADA sensitivity requirements for all classes of compounds with mass accuracy of less than 1 ppm for most
compounds and reasonable number of scans across the GC scale peak. In addition we will discuss our initial
findings of using SIM analysis as a way of confirmation for some of these analytes.
Reference:
de Albuquerque Cavalcanti G, Martins Rodrigues L, dos Santos L, et al. Non-targeted acquisition strategy for
screening doping compounds based on GC-EI-hybrid quadrupole-Orbitrap mass spectrometry: A focus on
exogenous anabolic steroids. Drug Test Anal. 2018;10:507-517. doi.org/10.1002/dta.2227
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Fast Reprocessing of LC/Q/Exactive Datafiles using MetAlign: A Case Study
RIKILT, RIKILT Wageningen University and Research, Wageningen, The Netherlands 1;
Anti Doping Lab Qatar, Doha, Qatar 2;
University of Groningen, Groningen, The Netherlands 3

Abstract
The re-analysis of old anti-doping samples, originally reported negative, is becoming more and more important
in sports drug testing. Examples of important results came out after the re-testing of samples from the
Beijing2008 and the London2012 Olympic Games. To facilitate re-analysis of old samples, we propose to
reduce the old data files to the essential information present. By eliminating baseline, peakshape and most of
the noise we are able to reduce the data 100 fold using MetAlign software [1,2]. This makes the data files small
enough to be stored in very large numbers on a solid state disc for further use. Data reduction itself is a onetime event and takes ca. 4-6 hours for ca. 1000 files on a 16-core Windows PC. We have recently developed
software to search these small files massively and very fast. Since only essential information is stored and no
processing is necessary anymore, the data can be checked on-the-fly while reading. Typically a search for 2
masses in a time window in ca. 1000 small files takes 2-3 seconds, while searching the original data in the
conventional way takes hours. By storing data in the reduced form, we hope to easily screen very large
numbers of files in retrospect and pinpoint samples for re-analysis. This may decrease the number of samples
for re-analysis and also speed up the testing process. The focus of the entire procedure is now on ensuring that
analytical signals from prohibited substances in the reduced data file are not lost. A summary of the current
status of the MetAlign and the data-searching software development is presented. The MetAlign software
efficiency in reduced LC/Q/Exactive screening data files, measured with false positive/negatives, has been
tested in approximately 1000 MetAlign-processed data filesfor higenamine and coclaurine.
[1] MetAlign: Interface-Driven, Versatile Metabolomics Tool for Hyphenated Full-Scan Mass Spectrometry Data
Preprocessing, Arjen Lommen, Anal. Chem. 2009, 81, 3079–3086
[2] MetAlign 3.0: performance enhancement by efficient use of advances in computer hardware, Arjen
Lommen, Harrie J. Kools, Metabolomics (2012) 8:719–726
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