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Anti-Doping Reports in Pyeongchang Olympic and Paralympic Winter Games

2018

Doping Control Center, Korea Institute of Science and Technology, Seoul, Republic of Korea

Abstract

Doping Control Center (DCC), Korea Institute of Science and Technology (KIST) laboratory took the primary

responsibility to provide anti-doping analysis at 2018 PyeongChang Winter Games in Korea. The objectives of

the presentation are focused on the summarizing the number of people participated, facility, instruments,

methods, results and significance. The facility of the existing laboratory in Seoul was used.

Olympic: The number of analysts was 120 scientists (30 DCC staff, 27 World Anti-Doping Agency (WADA)-

accredited lab scientists, and 66 students). The number of supporting people was 45. The 10 methods related

with each instrument were listed as in G4 (6 GC QqQ, 8 GC/MSD), G16 (6 LC-MS/MS of Altis model, for initial

testing procedure (ITP); 2 LC-MS/MS of Q-Exactive model, for confirmation procedure (CP)), G11 (2 IRMS),

G18 (2 nano LC/MS-MS of Q-Exactive model), G9 (2 Cobas e411, 1 Immulite), G5 (SAR-PAGE only, single and

double), G12 (2 Sysmex), G10 (2 Flow cytometry), G9 (hGH isoform; 2 LB953), and G17 (hGH biomarkers;

2 gamma scintillation counters, 1 Advia Centaur CP, 1 Q-Exactive), where the rental instruments in some

methods were included. The total number of samples received were 3230 (2252 urine and 978 blood

samples), resulting in total 4583 tests. Total 21 adverse analytical findings (AAFs) were reported including

6 WADA double-blind samples.

Paralympic: The number of analysts was 56 scientists (30 DCC staff, 12 WADA-accredited lab scientists, and

14 students). The number of supporting people was 26. The total number of samples received was 944 (584

urine and 360 blood samples). Total 12 AAFs were reported including 2 WADA double-blind samples.
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Introduction

The existing laboratory of Doping Control Center (DCC), Korea Institute of Science and Technology (KIST) was

used for supporting doping sample analysis for XXIII Winter Olympic (Feb.9-25) and XII Winter Paralympic

(Mar. 9-18, 2018) Games that were held in PyeongChanag region in South Korea. A total number of staff

participated to the Olympic games were more than 155 people including 27 DCC staff, 63 undergraduate/

graduate students, 27 World Anti-Doping Agency (WADA)-accredited lab scientists, and 38 others. For

Paralympic games, total 78 people were participated including 27 DCC staff, 14 undergraduate/graduate

students, 12 WADA-accredited scientists, and 25 others. The existing laboratory facility was renovated and

expanded. The common space additionally necessary was borrowed from KIST. The main laboratory (864 m )

and office (172 m ) were located at the 6  floor of the Building L4. Additional temporal office was prepared in

6  floor (83 m ) for WADA-accredited laboratory scientists, and in 4  and 5  floors (165 m ) for graduate

students, WADA independent observers, and IOC group. The primary sample reception space was located at

the first basement floor (209 m ) with a overall CCTV monitoring room and security guard room, and then the

sample was moved to the 6  floor for registration and storage. All areas were videotaped by monitoring 44

CCTV cameras for 24/7 system.

 

Experimental

Pre-preparation of the Games

The laboratory was prepared with updated equipment and laboratoty information management system (LIMS)

for more than 2 years for successful achievement of the games. The laboratory successfully responded to the

request of WADA requirement and passed the EQAS test for Olympic games accurately and satisfactorily.

Several stress tests, a mock exercise for B samples, and final rehearsal test were conducted for mimicking the

games. IRMS, EPO, hGH methods were further enforced by training our staff from invited WADA laboratory

experts. Four times of WADA site visit (Nov. 14-15, 2016; Jun. 26-27, 2017; Nov. 15-17, 2017; Jan. 16-17,

2018) assessment were made for evaluation of the center readiness to the games, and special Olympic EQAS

test was also conducted on November of 2017.

Reagents

Authentic compounds and reference materials were purchased commercially or synthetically ordered from

NMI, Sigma Aldrich, TRC, Steraloids, Radian, Cerilliant, Cayman, NIBSC etc. Fluoxymesterone metabolites in

urine (9α-Fluoro-17α-methyl-4-androstene-3α,6β,11β-tetra-ol), methylclostebol metabolites (4α-chloro-18-nor-

17β-hydroxymethyl-17α-methyl-5α-androst-13-en-3α-ol (M3)), 6β-hydroxy triamcinolone acetonide were gifted

from Beijing Doping Control Center. Bendroflumethiazide metabolite (4-amino-6-trifluoromethyl-benzene-1,3-

disulphonamide (ATFB), formebolone metabolite (4-androstene-17α-methyl-11α,17β-diol-3-one), and

lomerizine metabolite (M6) were from Tokyo lab. Hexarelin (1-3) was obtained from London doping Lab. β-

Glucuronidase was purchased from Roche (Manheim, Germany). Methyl tert-butyl ether, methanol, acetonitrile

and ethyl acetate were from J.T. Baker (Radnor, PA, USA).
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Instruments

All equipment including the rented ones were shown in Table 1. Main instruments for the routine sample

analysis were GC-MS/MS and LC-MS/MS. GC-MS/MS (7890B/EI QQQ 7010 with NMI inlet) for exogenous

compounds and GC/MSD (7890B/5977A) for endogenous steroids were from Agilent (Santa Clara, CA, USA).

LC-MS/MS (Vanquish UHPLC/TSQ Altis) for ITP procedure and HR Orbitrap LC-MS/MS (Vanquish UHPLC/Q-

EXactive Plus) for CP procedure were from Thermo Scientific (San Jose, CA, USA). A GC-C/IRMS (Delta V

advantage, from Thermo Scientific) was used for G11 procedure.

 

Table 1: Various instruments and methods used for sample analysis during Olympic and Paralympic Games.

Procedures 

All procedures used were described in brief. Urine sample (2 mL) was used for G4 procedures by GC-MS/MS

and G16 procedure by LC-MS/MS, respectively [1-3]. Enzyme hydrolysis and TMS derivatization steps were

included in G4 [1]. G16 procedures included enzyme hydrolysis and elution from WCX cartridge. The residue

dried was reconstituted with the solution of 40 µL urine added with 160 µL of 0.1% formic acid in water. For the

analysis of endogenous anabolic steroids 19-NA, boldenone and its metabolites, and formestane by GC-

C/IRMS (G11), urine (8-25 mL) was purified by a solid phase extraction with C18 catridges and dried.

Phosphate buffer (0.2 M, 1 mL) and 50 µL of β-glucuronidase from E. Coli were added and incubated. After

extraction with tert-butyl methyl (TBME) and evaporation, the sample was fractionated by the 1  HPLC andst
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derivatized with 50 µL of pyridine, 50 µL of acetic anhydride. And then the 2  fraction was conducted by HPLC

and analyzed by GC-C-IR/MS [4,5]. For insulin, GHRH, IGF-1, and LongR3 IGF-1 analysis (G18), 4 mL of urine

sample was used by extracting using antibody-coated beads. The beads were eluted with 3% acetic acid after

washing [6]. From 50 µL of serum samples, hGH isoform was analyzed by using Isoform kits (CMZ assay,

GmbH, Germany) [7]. For hCG/LH, the supernatants of 150 µL urine sample was injected into the automated

immunoassay analyzer (Cobas e411 (Roche) and Immulite 1000 (Siemens)). For hGH biomarker assay (G17),

the Immunotech kit for IGF-1 assay (Beckman-Coulter, Czech Republic)/ P-III-NP elf Immunoassay kit

(Siemens, USA) pair, or the UniQ RIA kit for P-III-NP (Orion Diagnostic, Finland)/LC-MS/MS for IGF-1 pair was

used [8,9]. For ESA analysis in urine (G5), 15 mL of urine was concentrated by 30 kDa ultrafiltration and

incubated in an anti-EPO ELISA plate, For ESA analysis in blood (G5), 0.2 mL of serum or plasma was diluted

to 2 mL with serum buffer and analyzed with purification kit (MAIIA Diagnostic, Sweden), and the extract was

concentrated by 30 kDa ultrafiltration. The final volume of about 15 (urine or blood) was separated by SAR-

PAGE and analyzed by chemi-luminescence capture [10]. For ABP parameter assay (G12), fresh blood

samples in an EDTA-K2 tube were homogenized in a roller mixer. Temperature data logger was stopped

shortly before sample homogenization. The blood samples were analyzed twice consecutively, and absolute

differences between 2 analyses data were determined by using a macro EXCEL [11,12]. For blood transfusion

analysis (G10), 100 µL of sample washed with Cell stab and reacted with the 1  antibodies on a horizontal

shaker (1.5 hr, RT). After washed, the 2  antibodies (100 µL) were added and incubated. With 200 µL of flow

buffer thoroughly mixed with a pipette, the sample was analyzed by a flow cytometry (Gallios) [13].

Results and Discussion

Sample statistics for Olympic and Paralympic Games

Daily samples received and analyzed during Olympic and Paralympic Games were presented in Figure 1.

Sample delivery to the DCC from PyeongChang was made 3 times per day (14:00, 22:00, 06:00 for Feb 2 - 9;

20:00, 02:00, 06:00 for Feb. 10-26, 2018) for Olympic, and twice a day (20:00, 03:00 for Mar. 4-18) for

Paralympic game. Total numbers of urine and blood samples for the Olympic period were 2,253 and 957,

respectively. During the Paralympic game, 584 urines and 349 blood samples were received.

Number of samples collected compared to the test distribution plan (TDP)

Actual numbers of collected urine and blood samples for Olympic and Paralympic games were compared to

those of their respective TDP. The urine samples were collected about 22% more for Olympic games and 27%

more for Paralympic games than those in TDP, showing the highest % increase in EPO analysis of

urine samples as 39%. The acutally collected numbers of blood samples for both Olympic and Paralympic

games were very similar to those of TDP as 97% and 102%, respectively (Table 2).
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Figure 1: Daily sample numbers analyzed for Olympic and Paralympic Games. The blue and red bars indicate urine and blood

samples, respectively. The blue arrows on the x-axis indicate the date of starting and ending of Olympic or Paralympic games.

 

Table 2: Received sample numbers (actual) compared to the test distribution plan (TDP).
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Summary of adverse analytical finding (AAFs)

During Olympic Games, fifteen (15) AAFs were reported, and three (3) B sample analysis were requested as

shown in Table 3A. Five (5) samples resulted in AAF by TUE decision. During this period, our

performance was evaluated from WADA by a test with 6 WADA double blind samples (insulin lispro, rEPO,

oxandrolone and its metabolite, 19-NA, hCG, and 1 blank sample).

Table 3A: Summary of AAFs reported for Olympic Games.
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During Paralympic games, we reported 10 AAFs and 2 WADA double blind samples (Table 3B). Also, many

laboratory documentation packages (LDPs) were requested and reported.

 

Table 3B: Summary of AAFs reported for Paralympic Games.

 

Trimetazidine AAF case was shown as example in Figure 2, where typical ITP (Figure 2, A-B) and CP (Figure 2,

C-D) ion chromatograms were obtained by LC-MS/MS Altis and Q-Exactive Plus, respectively. The sample

code 8N589 was suspicious to contain the prohibited drug trimetazidine, but lomerizine was not detected in the

sample from ITP procedure as shown in Figure 2, A-B. Trimetazidine in this sample was confirmed by

comparing 1 ng/ml trimetazidine (2.46 min) and lomerizine (5.82 min) of the positive control urine as a

reference. Lomerizine was not detected in this sample by confirmation procedure (Figure 2, D), resulting in

trimetazidine positive case.
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Figure 2: Typical ion chromatograms showing a trimetazidine positive case. These ion chromatograms for ITP (by using LC-MS/MS

Altis) and CP (by using LC-MS/MS Q-Exactive Plus) were shown as a typical format for ITP screening and CP. A) ITP

(trimetazidine), B) ITP (lomerizine), C) CP (trimetazidine), D) CP (lomerizine).
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Sample anomaly and non-conformity reports

Various kinds of sample anomaly in sample reception were observed and non-conformity reports were

submitted to IOC. For blood samples, hemolysis of the sample in the bottle was major anomaly by occupying 8

samples among a total of 20 samples, and wrong types of bottles and insufficient sample volumes also were

reported. For urine samples, insufficient sample volume of bottle A, difference in turbidity between A and B,

urine samples of GENEVA kits etc. were observed. Total 34 anomaly and non-conformity were observed. For

most of the anomaly samples, we conducted analysis before IOC approval. We received 116 reanalysis

requests of IRMS, ESA, and steroid profiling value by APMU (data not shown).

Conclusions

The doping samples in 2018 PyeongChang Winter Olympic and Paralympic Games were analyzed in Doping

Contol Center of KIST. Total numbers of samples were 3210 and 933 for Olympic and Paralympic periods,

respectively, including blood and urine samples. The hGH biomarker assay, blood transfusion, and ESA

analysis (blood and urine) were conducted with high numbers. Numbers of AAFs reported were 15 and 10 for

Olympic and Paralympic games, respectively. Timely and accurate reports of the result were successfully

achieved due to use of the existing laboratory facility, powerful and multi-functional LIMS, the strategies of

differential use of updated LC-MS/MS models for ITP and CP, and finally the collaboration works with WADA-

accredited lab scientists.
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Abstract

Initially, analyzing exhaled breath predominantly aimed at the detection of volatile compounds in the context of

makers for diseases and metabolic disorders. Recently, non-volatile analytes increasingly came into the focus

of scientists from clinical, forensic, and medico-legal disciplines. Anti-doping analysts improving strategies and

methods concerning the spectrum of target analytes and their sensitivity also value alternative matrices.

Exhaled breath as alternative to urine and blood has advantages as well as disadvantages, with the beneficial

aspects on the athletes´ side found in reduced intrusiveness, invasiveness, and duration of sample collection.

On the laboratory´s side, the challenges and therefore the fields of research are investigations concerning

validity and comprehensiveness of the analyte spectrum and the retrospectivity of testing approach.

Within this research project, exhaled breath collection devices consisting of a cartridge equipped with a non-

woven electret-based air filter were used to yield a set of test specimens. In this pilot study, 41 compounds

listed in 9 different classes of WADA´s Prohibited List were tested for specificity, linearity, recovery, limit of

detection, and precision. Multi-target analyses were conducted on a Waters Aquity I-Class ultra-performance

liquid chromatograph (UPLC) interfaced via unispray (US) to a Xevo TQ-XS tandem mass spectrometer. For

identification, multiple reaction monitoring (MRM) with two diagnostic precursor/product ion pairs per analyte

was used.

Detection limits were found in a range from 5 to 500 pg/cartridge, recoveries from 18 to 110%, and

imprecisions ranged from 2 to 56%. For proof of concept, authentic samples from patients/volunteers covering

12 model analytes from different classes (anabolic agents, beta-2-agonists, hormone and metabolic

modulators, stimulants, beta-blockers, and glucocorticoids) were investigated. The retrospectivitiy for relevant

compounds in exhaled breath samples was found between 0.75h in case of bisoprolol and over 11d for

meldonium.

Introduction

The analysis of exhaled breath (EB) has evolved from a rudimental to a thoroughly engineered technique for

medical, forensic, toxicological, and most recently anti-doping approaches.

Already in ancient times the idea to “analyze” odor achieving diagnoses of diseases existed. 2000 BC Greeks,

Chinese, and Romans used the olfactoric concept for determining infectious diseases such as tuberculosis

[1,2]. Here, the detection was triggered by volatile organic compounds (VOCs) activating intranasal sensor

cells [3]. An example of correlation between metabolic disorder and breath odor is the sweet acetone scent due

to ketoacidosis induced by diabetes [4]. Today, clinical and toxicological applications are established. With

upcoming new and evolved technologies, the spectrum of target compounds was extended [5]. About 250

volatile organic compounds (VOCs) could be detected in the early 1970´s [6].

1,2 1 1 1,2
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In the meantime, EB and its condensate was found to contain more than 3,500 different compounds,

comprising volatile and non-volatile components [7]. An aerosol of alveolar lining fluid [8] can be sampled after

exhalation. In the past, the collection of EB aerosol was conducted by condensing exhaled breath in cold traps

[6,9-11], in the meantime commercial collection devices consisting of a cartridge and an embedded electret

filter are available [12-15].

More recent EB analysis came into the focus of forensic and toxicological approaches. Amphetamines and

alcohol in drug addicts [16,17], and tetrahydrocannabinol (THC) in cannabis users [18,19] were investigated.

Also opioids (e.g. methadone) and stimulants (e.g. cocaine) were the subjects of research, and additionally a

comparison of EB, urine, and blood concentration levels of target analytes was conducted by means of LC-MS

[12]. The detection limits of investigated drugs in EB were determined in a low pg per filter scale and

concentrations found in authentic samples reached concentrations to several ng per filter. Also the detection of

metabolites in EB was reported, with cocaine intake benzoylecgonine and ecgonine methyl ester were

detected [12] and after an administration of the opioid tramadol, des-methyl-tramadol, was found to be

eliminated into EB [20].

The advantage of a non-invasive and non-intrusive collection of EB [21] in comparison with other matrices

(Tab.1), as well as the development of more sensitive detection methods led to the extension of applications of

EB analysis. The analysis of EB for anti-doping purposes is the latest field of developments, here the

knowledge of former applications was transferred and adapted. The advantages of EB analysis take effect

particularly in sports disciplines and leagues where minor athletes compete (youth protection legislation) or

where sports organizations are not obliged to sample urine or blood (e.g. non-Olympic sports, baseball,

football, e-sports).

Tab. 1: Advantages and disadvantages of different martices for doping control purposes.
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Experimental

A LC-MS method containing a spectrum of 41 model compounds representing different classes of doping

agents (S1 - anabolic agents, S3 – beta-2-agonists, S4 - hormone and metabolic modulators, S5 – diuretics, S6

- stimulants, S7 – narcotics, S8 - cannabinoids, - S9 glucocorticoids, and P1 - beta-blockers), (Tab.2) was

developed and validated. Furthermore, for proof of concept, authentic samples from patients and volunteers

were collected and analyzed. Additionally, the detection windows of dexamethasone and methylprednisolone

in different matrices (EB, urine, and DBS) was compared (Fig.4).

Sample preparation

The sample preparation (Fig.1) was conducted as follows: The collection cartridges were extracted with 4mL of

methanol by gentle shaking and centrifugation, afterwards the methanol was evaporated under a stream of

nitrogen, and the residue was reconstituted in 100 µL of H O/ACN (95:5; v/v).

Fig. 1: Preparation of EB-samples collected via cartridge containing an electret-based membrane.

 

LC-MS analysis

The samples were subjected to liquid chromatography using a Poroshell C-8 analytical column (50 × 3.0 mm,

2.7 μm particle size). The solvents for chromatography were A: 10 mM aqueous ammonium acetate and B:

acetonitrile. A gradient with 99% A decreasing to 0% A in 10 min, maintaining 0% A for 2 min and re-

equilibration at 99% A for 2.5 min was applied. The LC-MS instrumentation consisted of an Aquity I-Class ultra-

performance liquid chromatograph (UPLC) coupled via unispray (US) ionization using both positive and

negative mode at 1kV and a Xevo TQ-XS tandem mass spectrometer (Waters). The target compounds were

analyzed by recording two diagnostic precursor / product ion pairs per analyte in multiple reaction monitoring

(MRM) mode.

 

2
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Method validation

For method validation, collection devices were primed by a healthy volunteer breathing through the cartridge.

Afterwards, the air filter was fortified with solutions of target analytes, resulting in compounds added to the

matrix in a range from 1 pg to 10 ng per filter. Therefore, 1 mg/mL stock solutions were prepared in methanol or

ACN/H O (50:50; v/v) and subsequently diluted with ACN/H O (50:50; v/v) to yield a solution containing 10

µg/mL of each compound. A pooled mixture of 10ppm solutions was replenished and diluted resulting in

working solutions with 100, 10, and 1ng/mL. Aliquots of working solutions were pipetted directly onto the

electret filter to reach the intended concentration per filter for validation purposes.

Excretion study

The proof of concept required the collection of authentic EB samples. Samples were obtained from male and

female patients or volunteers, respectively, with the participants age ranging from 23 to 83 years. The collection

procedure was conducted following the manufacture´s instruction [15] under tutorial supervision. Samples

were collected before application in order to obtain negative control samples. The period of collection time

ranged between 0.75h and 11d 5h. The study protocol was approved by the local ethics committee of the

German Sport University Cologne/Germany (approval number 170/2016).

The determination of drug quantities in DBS and urine was conducted according to procedures described by

Thomas et al. [22] in case of DBS and Thevis et al. [23] for urine, respectively.

Results and Discussion

Milestones of the conducted pilot study were the collection of EB-specimens, the development of an adequate

analytival method, the validation of this method for doping-relevant model analytes, and additionally proof of

concept. The developed and conducted multi-analyte approach was successfully validated for 41 target

compounds. Specifity and linearity in pg to ng scale of the developed method was shown, the detection limits

ranged from 5 to 500 pg per filter, the recovery from 18 to 110%, the assay-imprecision was tested at different

concentration levels and ranged – drug-class dependent - from   2 to 59%. Detailed validation results are

indicated in Tab. 2.

The analysis of authentic EB samples collected from patients and participants of administration studies

demonstrated that doping-relevant compounds of different substance classes such as stimulants, anabolic

agents, hormone / metabolic modulators, beta-blockers, and glucocorticoids are actually eliminated via EB,

indicating that it could be a promising alternative matrix for sports drug testing. Depending on excretion rate,

analytical sensitivity, and stability of target compounds, respectively, the detection windows for selected

analytes in EB varied from 0.75h up to 11d5h. Tab. 3 shows the detection windows for 13 tested analytes which

could be determined in authentic EB samples. In cases of meldonium, pseudoephedrine, methylhexanamine,

dimethylbutylamine, methylprednisolone, and bisoprolol the last collected sample contained the target analyt.

Fig. 2 illustrates exemplarily the results of detection windows for turinabol (DHCMT) and ostarine.

2 2
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Tab. 2: Validation results of LC-MS  method comprising 41 target compounds.

 

Fig. 2: Detection windows in authentic EB-samples of dehydrochloromethyltestosterone (DHCMT) and the selective androgen-

receptor modulator (SARM) ostarine after oral administration.

2
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Tab. 3: Detection windows of selected model analytes in EB samples tested via LC-MS².

 

First investigations concerning the comparison of detection windows for the doping agents dexamethasone

and methylprednisolone in EB, urine, and DBS showed in case of dexamethasone a larger detection time in

urine (>48h) than in DBS (24h) and EB (2h). In case of methylprednisolone the detection time was equal in all

three matrices (7h) (Fig.3). It has to be mentioned that the parent compounds were analyzed, and metabolites

like glucuronides or sulfates are detectable in urine for a longer period of time. For drugs, which are prohibited

only in competition, this might be an advantage, while a relative short detection time for drugs, which are

prohibited in- and out-of-competition, is certainly a limitation.

 

Fig. 3: Comparison of detection windows for the doping agents dexamethasone and methylprednisolone in EB, urine, and DBS.
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Conclusions

The alternative matrix EB exhibits reduced intrusiveness and invasiveness during sample collection. The anti-

doping community´s challenge concerning this testing strategy is the assessment of the analytical spectrum,

the development of validated methods with adequate sensitivity and thus reliable retrospectivity of potential

analytical methods.  A kickoff by validation of a LC-MS method comprising 41 model analytes of most

substance classes mentioned in WADA´s Prohibited List and the examination of authentic EB-samples is done.

However, follow-up studies concerning investigation of sample stability, inter-individual variations of excretion,

influence or potential contamination of EB samples through oral fluid, etc. are required to identify and utilize the

full potential of EB for sports drug testing.
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Abstract

We presented results at the 2015 MDI Workshop demonstrating the improved capacity of the Agilent 7010 high

efficiency sources (HES) to detect analytes at levels previously unachievable by the 7000 series systems,

which was found to be particularly useful for the confirmation of long-term metabolites of AAS that are present

at sub ng per mL concentrations. The new systems indeed displayed an impressive increase in sensitivity with

signal areas between 3 and 35 times those observed on the 7000C systems. When attempting to use these

systems for the initial testing procedures however, the 7010 sources - either in original or upgraded from

7000C systems - were found to have a significantly lower dynamic range than the 7000C systems. Whereas

the dynamic range of the 7000C was wide enough to allow us to find a mid-point dilution or split ratio that

enables the detection of exogenous substances at 0.5 x WADA’s Minimum Required Performance Level

(MRPL) and the quantification of the endogenous steroids, two injections are absolutely necessary to operate

on 7010 sources, greatly impacting sample throughput. Matrix effects are also problematic, affecting the

reproducibility of response factors, the linearity and scatter of calibration curves and therefore the reliability of

quantitation of the steroid profile as well as other threshold substances. A more representative discussion of

the advantages and the limitations of these systems is given here.

Introduction

Typical GC/MS source designs introduce an electron beam perpendicular to the resulting ion beam. This

orthogonal design is inherently inefficient at delivering ions generated in the source to the mass analyzer. A

few years ago, a new high efficiency source (HES) model was introduced by Agilent (7010 source design)

which orients the electron beam to be coaxial to the ion beam, minimizing the loss of ion density within the

source. These sources were tested for both qualitative and quantitative analysis in urinary matrices. Results

are discussed here.

Experimental

Preparation and analysis of urinary extracts:

Compounds of interest were extracted from urine samples in volumes up to 10 mL by solid-phase extraction

(conditioned SepPak C18 Cartridge, Waters) and eluted in methanol after rinsing with water. After evaporation

of the solvent, steroids were hydrolyzed with approximately 1200 units of β-glucoronidase from E. Coli in 1 mL

of phosphate buffer (1M, pH 6.9) at 50°C for one hour. Hydrolyzed steroids were extracted with diethyl ether at

pH 9 (carbonate buffer 1M, pH 9.0). Chemical derivatization as TMS-enol, ethers (MSTFA: TMSI, ethanethiol)

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-529



was performed on urine extracts as described previously [1].

Selected reaction monitoring analyses were performed on an Agilent 7890 and 7893 GC System coupled to an

Agilent 7000C or 7010 GC/MS Triple Quad with electron impact ionization (70 eV). The column used was an

Agilent DB-5MS (25 m, 0.20 mm inner diameter, 0.33 µm film thickness). Oven temperature was initially at

100°C, ramped at 20°C/min to 240°C; ramped at 6°C/min to 278°C, ramped at 10°C/min to 320°C and held

5 min. Injection volume was 1 µL in split mode (2.5:1) at 270°C for the initial testing procedure or in pulse

splitless mode (1 µL) for confirmation procedures. Helium was used as carrier gas at approximately 1.2 mL/min

in constant flow mode.

Preparation of the standard additions test:

A standard addition test was prepared by spiking different amounts of a solution containing testosterone and

epitestosterone in 20 ng/mL increments into 3 matrices: a child’s urine typically used for preparing calibration

standards as well as two other urine samples. After dosing with the standard mixture, the samples were

processed as usual.

Results and Discussion

Increased sensitivity of HES sources:

A new GC-MS/MS 7010 system was installed for system suitability testing at the Montreal Anti-Doping lab in

August 2015. The High Efficiency Source (HES) produces generous signals which bring about a significant

reduction in the detection limit of compounds for which detection is limited by instrument sensitivity rather than

the specificity of the acquisition method. Such compounds include for example halogenated AAS that are

characterized by highly specific ion transitions. Figure 1 compares signals generated in the acquisition window

of Dehydrochlormethyltestosterone's (DHCMT) long term metabolite (4α-chloro-18-nor-17β-hydroxymethyl-

17α-methyl-5a-androst-13-en-3α-ol) for 2 samples injected first on a 7000C system and second on a 7010

system. On the 7000C system, the two samples generated small signals that are not clearly distinguishable

from baseline noise but reanalysis on an HES system clearly establishes the presence of the DHCMT

metabolite in sample 2 and its absence from sample 1. Thanks to these new sources, the laboratory has been

able to report a number of AAFs at concentrations reaching as low as 10 pg/mL, levels previously

unachievable by the 7000 series systems.
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Figure 1 : Comparison of signals generated for samples 1 and 2 on 7000C sources (left panel, MS method for initial testing

procedure) and on 7010 sources (right panel, MS method for confirmation of DHCMT & metabolites). The increased specificity of

the 7010 sources allows a clear differentiation of a low concentration positive sample (< 50 pg/mL) from a negative samples.

Quantitation issues:

Loss of linearity:

Following the promising results produced by 7010 system, the laboratory purchased several source upgrade

kits which allowed the 7000C to 7010 conversion. Three systems were maintained in their original 7000C

configuration. Though undeniably more sensitive, the 7010 sources were found to have a significantly lower

dynamic range than the 7000C systems. Whereas it was possible on the 7000C systems to find a mid-point

dilution or split ratio that enabled the detection of exogenous substances at 0.5 x WADA’s MRPL (many

substances have MRPLs of 2 or 5 ng/mL) and the quantitation of endogenous steroids, a second split injection

is necessary on 7010 systems to quantitate high concentration analytes (upwards of 200 ng/mL), namely

androsterone, etiocholonanolone and 5β-androstanediol. When the capacity of the source is exceeded, broad

misshaped peaks are produced; this loss in chromatographic resolution coincides with a loss in response

factor and the plateauing of calibration lines.

Irreproducibility of ISTD and ESTD signals:

After having adapted to the more sensitive albeit less linear ion sources, we later came to also question the

suitability of these sources for any type of quantitative analysis in urinary matrices. The stability of internal

standard peak areas is questionable on the 7010 systems with relative standard deviations of Androst-4,9-

dien-3,17-dione (ISTD used for the quantitation of testosterone, epitestosterone and DHEA) at 30 ± 3%
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compared to 8 ± 1% on the 7000C (n = 5) for 3 sample batches injected sequentially on the 7010 and 7000C

systems using identical injection conditions and GC parameters. This irreproducibility likely reflects some

instability within the ion source or the generated ion beam. Relatedly, the quality of calibration curves was

found to be inferior on the 7010 systems, exhibiting more scatter or a consistent non-linear character (Figure 2).

 

Figure 2 : Comparison of typical calibration curves generated on 7000C (left panel) and 7010 systems (right panel) Standards are

shown in grey and QCs in blue.

Inaccuracy of the steroid profile:

Previous External Quality Assessment Scheme (EQAS) samples were used to assess the accuracy of the

steroid profile analyzed on 7010 sources. Certain samples displayed alarming differences – up to 50% – from

the consensus values for key analytes such at testosterone and DHEA. To monitor this problem, a pooled urine

sample was added to each sample batch, whether analyzed on a 7000C system or a 7010 system. No

consensual values were available for the reference urine, but as the 7000C systems consistently generate

concentration measurements that are well within the Z-score of the EQAS tests, values generated from these

systems were considered as benchmark values. Figure 3 shows that the concentration of testosterone and the

T/E ratio of our urinary reference is over-estimated on the 7010 system  at 63.5 ± 9.2 ng/mL (n = 311) vs. 47.5 ±

6.9 ng/mL (n = 265) measured on the 7000c systems, whereas epitestosterone concentrations are within error.
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Figure 3 : Measured concentration of testosterone (T), epitestosterone (E) and the T/E for the urinary reference pool measured

with each sample lot. The 7010 systems (data shown in grey) consistently overestimate the testosterone concentration and the

T/E ratio for this sample compared to data generated on 7000C systems (in blue).
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A standard additions test was conducted to evaluate the consistency of the response factor of testosterone and

epitestosterone in different urinary matrices. Ideally, the ISTD-normalized peak area plotted as a function of the

amount of compound spiked into the urine should generate lines that are perfectly parallel to one another but a

matrix effect can artificially enhance or suppress the response factor in a urinary matrix, skewing the slopes of

the corresponding lines accordingly. Figure 4 demonstrates a matrix effect for the measurement of testosterone

concentrations in the urinary reference sample (Figure 4), in contrast to epitestosterone which behaves quite

conservatively in all urines. Similar matrix issues we reported to affect the T/E ratio with equipment existing 25

years ago [2].

Figure 4 : Demonstration of a matrix effect when measuring the concentration of testosterone (T) and epitestosterone (E) in three

different urinary matrices using a standard addition test.  A child’s urine is shown in grey (matrix used for calibration standards, the

urinary reference sample (as in figure 3) is shown in blue and a third arbitrary urine sample is shown in black. Whereas response

factors are identical for epitestosterone in all matrices analyzed (left panel), testosterone exhibits a matrix effect in the urinary

reference sample (right panel).

 

Inaccurate quantitation of exogenous threshold substances:

Despite the use of a deuterated internal standard, the quantitation of formoterol was also found to be

inaccurate and imprecise on the HES systems. Whereas all repetitions of the measurement on 7000C

instruments (calibration curve and triplicate measurement of the sample) gave results that were in line with the

EQAS report (N = 4), each measurement on the 7010 instruments (N = 6) gave values that were unpredictably

divergent even though triplicate determinations were always close-fitting (Figure 5).
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Figure 5 : Results acquired for formoterol concentration on both the 7000c (N = 4) and 7010 source (N = 6). The consensual

mean value for this EQAS test was 65 ng/mL. As shown by the error bar, standard deviation of triplicate determinations was

always quite low, whether on the 7000c or the 7010 sources. Measurement accuracy is much better on 7000C sources.

Conclusions

HES sources provide a drastic enhancement in sensitivity and selectivity improving the detection of many

exogenous compounds. Moving analytical methods for the initial testing procedure from 7000C GC/MS

systems to the new 7010 GC/MS however requires two separate GC injections and/or significant modifications

of the MS method to adapt to the source’s restricted dynamic range. Caution should be exercised when

attempting to use these sources for quantitative analysis as HES sources are prone to matrix effects and

analytical error.
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Abstract

Androsterone (AND) and etiochlonaolone (ETIO) exhibit different relationships of fractional yield (FY) and

C/ C ratios. ETIO is C depleted vs. AND to varying degrees. The C/ C ratio of ETIO increases with

fractional yield. The C/ C of AND is largely independent from FY.

ETIO and AND both are formed in the liver in a branched pathway. Additionally, AND is formed peripheral

tissues. Steroid metabolism is limited by steroid A-ring reduction. In the periphery this committed step does not

feature branching. Therefore, peripheral AND production is unlikely to undergo isotopic fractionation.

By contrast, the C depletion of ETIO can well be explained by isotope fractionation in the branched hepatic

pathway. The hepatic AND fraction then will be C enriched. The indepencence of the C/ C ratio AND

suggests peripheral origin of the bigger part of of urinary AND.

This setting facilitates modeling of the proportions of peripheral and hepatic androgen metabolic fluxes (FLA).

Oral contraceptives significantly reduce FLA values. This can be explained by competitive inhibition of hepatic

5α reductases. Oral administration of androstenedione resulted in elevated FLA values for more than 72 h.

Relevant Δδ values had returned to uncritical figures within 24 h.

Routine samples testing negative by C/ C analysis exhibit conspicuous FLA outliers, probably due to

undetected steroid administration. The combination of steroid concentrations and C/ C ratios may represent

an efficient new principle to detect administration of exogenous steroids.

Introduction

Androsterone (AND) and etiochlonaolone (ETIO) represent the most abundant androgen metabolites. AND is a

5α steroid while ETIO is its 5β isomer. In the liver, AND and ETIO are formed from identical substrates in a

branched pathway. ETIO is C-depleted as compared to AND, but to varying degrees. This suggests isotope

fractionation during 5β reduction. The C/ C ratio of ETIO increases with fractional yield (FY). However, the

effect is not fully consistent with theory: Intercept and slope are different but are expected to be identical.

Moreover, the C/ C ratio of AND is largely independent from fractional yield. Steroid metabolism

traditionally has been assumed to occur largely in the liver. But considerable amounts of active steroids are

also formed by so-called “intracrine” processes in peripheral tissues [1-3]. Peripheral steroid A-ring reduction is

probably unbranched. Only 5α metabolites seem to be formed. In addition, the reaction is rate limiting.

Consequently, isotope fractionation of peripheral downstream metabolites is very unlikely. Metabolites other

than AND exhibit minor abundances and metabolism does not affect the steroid backbone. Therefore it can

well be assumed that AND reflects the isotope signature of the primordial substrates.
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The intracrine 5α pathway is considered to represent production of active androgens from the inactive pro-

hormone deydroepiandrosterone (DHEA). There is a large pool of DHEA sulfate (DHEA-S) in the blood which

serves as substrate for intracrine androgen production. DHEA-S appears to be systematically C enriched [4].

If there is, say, a (normal) isotope effect during desulfatation of DHEA-S, this will have to be expected. In this

setting, desulfatation represents a resistivity to the input of C into the formation of androgens. Mass balance

then dictates increase of the C/ C ratio the DHEA-S pool. If DHEA-S leaks from the system via urine, this will

even result in depleted C/ C ratios of the androgens because C enriched material is withdrawn from the

system.

Most importantly, this setting does not contradict the conclusion that the C/ C ratios of peripherally formed

AND are independent from intracrine 5α-metabolic flux rates.

Consequently, two sources of urinary AND have to be assumed which differ in isotopic composition: Non-

fractionated AND from the periphery and C enriched AND from the liver. In turn, the proportions of hepatic

and peripheral androgen metabolism can be modeled by combination of C/ C values and fractional yields.

Any exogenous application of androgens will change these proportions, which in turn opens new perspectives

to exploit isotopic data in sports drug testing.

Experimental

Subjects and Samples

Data obtained from the following samples were re-analyzed: 1. Eight females (age 21 to 34 y) delivered a urine

sample daily over one menstrual cycle, respectively. Out of these, four females used oral contraceptives while

four did not. 2. One male (64 y) orally administered a bolus of 250 mg androstenedione (androst-4-ene-3,17-

dione, ADN). 12 urine samples were collected within 75 h. 3. 111 routine samples that were analysed for

C/ C ratios. The samples were forwarded to IRMS due to suspicious steroid profile data.

 

C/ C Analysis and Steroid Profiling

C/ C ratios and concentrations of endogenous steroids were obtained by routine methods according to

standard opperating procedures.

 

Data analysis

The fractional yields (FY) of AND and ETIO were calculated from density-corrected steroid concentrations

according to

f  = ρ  / (ρ  + ρ ) and f  = 1 - f , respectively.

ρ corresponds to the concentration of the compound in the subscript. The deviations of the C/ C ratios of

ETIO from the combined C/ C ratios of AND and ETIO (Δ ) was calcuated from the C/ C ratios

weighted by concentration.
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The corresponding calculation was performed for AND. As can be deduced from Hayes' axioms [5], Δ  and

Δ  now will follow the equation Δ = -ε + ε FY, where ε is the isotope effect (mUr) and FY represents the

respective fractional yield. However, while exhibiting linear dependcy from FY, Δ  was significantly different

from 0 at f  = 1. Δ  showed no signifcant dependency from F  at all. These findings are in accordance

with significant contributions of non-fractionated AND to urinary metabolites. The definition of FY was therefore

modified to ρ  / (ρ  + FLA · ρ ), where FLA indicates the fraction of AND formed by isotopically

fractionating processes, i.e. hepatic metabolism.

The modified equation was first fitted to the data of the 111 routine samples. Most importantly, this yielded an

estimate for the maximum net isotope fractionation ("isotope effect", ε) between both pathways.

The model can be rewritten as FLA = f /(1-f ) · Δ /(Δ  + ε).

The values of FLA were then calculated for the samples decribed above. The longitudinal data of the eight

females were evaluated by linear mixed effects models (LME) [5,6].

The data from the excretion study and from the routine data were merely evaluated graphically because no

suited models or threshold values can be defined yet. All calculations employed the R statistical language in its

latest version [7].

 

Results and Discussion

Figure 1 shows the relationship of f , Δ  and the calculated values of FLA from four females not using

oral contraceptives (OC-).

Figure 1: Relationship of f , Δ  and the calculated values of FLA from four females not using oral contraceptives.
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Figure 2 shows the corresponding data for four females who use contraceptives (OC+). The values of FLA in

the OC+ group are significantly lower than in the OC- group (FLA=0.09 vs. 0.14, p<0.01, LME). The result can

well be explained by competitive inhibition of hepatic 5α reductases [8]. This must result in a shift of total steroid

5α-reduction towards peripheral metabolism. The observations thus are in full accordance with our model and

provide good and independent support.

Figure 2: Relationship of f , Δ  and the calculated values of FLA from four females using oral contraceptives.

 

Figure 3 shows the trends of the C/ C ratios of AND, ETIO, pregananediol (PD), and of testosterone (T) after

oral administration of ADN to one male. In terms of the criteria for adverse analytical findings, the

corresponding Δδ values return to uncritical figures after 24 h.

Figure 3: Trends of the C/ C ratios of AND, ETIO, pregananediol (PD), and of testosterone (T) after oral administration of

androstenedione to one male.
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Figure 4 shows the corresponding values following the ADN administration for the calculated values of FLA

(see methods). As is to be expected, there is a strong initial shift towards hepatic metabolism. Moreover, this

effect fundamentally persists for more than 72 h. While there is some inconsistent data, this result suggests that

FLA may represent a superior parameter for the detection of steroid abuse. A preliminary explanation for the

inconsistent drops of FLA can be given by repeated isotopic enrichment of the androstenedione fraction

remaining after liver passage. Note that the calculation of FLA is largely independent from the C/ C ratio of

the system input. Consequently, similar results are to be expected when steroids are administered that feature

endogenous isotope signatures.

Figure 4: Trends of the calculated values of FLA after oral administration of androstenedione to one male.

 

Figure 5 shows boxplots of the FLA values calculated from the routine samples. In fact, the approach currently

suffers from the lack of an authentic control group. However, the only constant in the model is the net isotope

effect ε. As long as the fundamental considerations concerning the metabolic fluxes and isotopic fractionation

hold true, any error of ε will not result in significant biases, other but offsets in the estimation of FLA. This will

also be given if the population is contaminated by undetected steroid administrations. Nonetheless, the

application and possibly recalculation of the model based on authentic sample is highly desirable.

The data in Figure 5 is grouped by the factors sex, in-competition vs. out-of-competition, and negative result vs.

adverse analytical finding (AAF). The negative samples feature several outliers which fall into both tails of the

FLA distribution. Most likely, this is due to steroid administrations dating back to points in time which do not

allow for valid detection by conventional C/ C criteria any more. Another possible scenario is given by

administration of synthetic steroids featuring endogenous carbon isotope signatures. Theoretically, this should

still show up in significant FLA shifts. Oral or transdermal steroid administration will cause elevated or reduced

values of FLA, respectively.
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Figure 5: Boxplots of FLA values calculated from 111 routine samples. Upper panel: Male Samples; lower panel: female samples;

left panels: samples testing negative by effective critical Δδ values; right panels: adverse analytical findings (AAF). Left plots within

panels show in-competition samples, corresponding right plots show out-of-competition samples

 

Conclusions

The combination of steroid concentrations and isotopic ratios allows for the estimation of the proportions of

peripheral (i.e. intracrine) and hepatic androgen metabolic fluxes. Administration of exogenous androgens will

cause significant shifts of these proportions. This probably represents an innovative principle to exploit isotopic

data in sports drug testing.
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Summary of results from 5 years of IRMS testing

Laboratoire de Contrôle du Dopage, Institut National de le Recherche Scientifique, Laval, Canada

Abstract

We summarize results from 5 years of IRMS testing of boldenone and testosterone samples. A particularly

large negative reference population was amassed for testosterone (n = 10,000) since IRMS screening is done

for one sport organization on a random basis for all the athletes once per year - in addition to the samples

flagged by a suspicious athlete’s passport - to increase detection and deterrence of testosterone doping. We

highlight a few cases presenting maximal Δδ C deviations at the tail end of the normal population distribution

which could falsely cause an adverse analytical finding if the secondary endogenous reference compound is

not considered. We emphasize the importance of minimizing analytical errors, such as insufficient sample

cleanup, instrumental problems or derivatization issues to tighten up the parametric distribution and decrease

the likelihood of false positive results. Boldenone-containing samples (N = 80) are also discussed; the

occurrence of positive and negative samples is examined in relation to concentrations, concentration ratios

with its main urinary metabolite and δ C values.

Introduction

The detection of the administration of synthetic anabolic androgenic steroids (AAS) that are naturally produced

by humans such as testosterone, boldenone and their precursors presents an interesting analytical challenge,

as endogenous steroids are structurally indistinguishable from their synthetic counterparts. The administration

of testosterone leads to differences in C content of urinary testosterone metabolites which can be exploited in

order to positively identify doped athletes. Isotope ratio mass spectrometry (IRMS) is the detection method of

choice, allowing us to measure differences in C content at the 5  decimal place of the atom percent for

specific target compounds. Routine IRMS analysis remains challenging yet robust sample preparation and ion

source tuning does allow for relatively high throughput.

Our laboratory performs over 2,000 GC-C-IRMS analyses in a calendar year allowing us to build a substantial

negative reference population for urinary testosterone (approx. 10,000 samples over the last five years). This

sample set includes both samples selected at random among professional sport leagues as well as samples

flagged as having a suspicious steroid profile, with none of the samples resulting in adverse analytical

findings.Here, we show the mean expected values δ C signatures for testosterone and its metabolites relative

to endogenous reference compounds (ERC) pregnanediol and 16-androstenol (Δδ C). Similar reference

populations have been published although with relatively limited sample sizes [1-3]. The number of samples

presented here lends additional statistical validity to the summary of the results allowing us to discuss the effect

of the combined measurement uncertainty on the probability of obtaining false positive results in a vastly

although not uniquely American population.
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Experimental

Urine extraction and purification:

For each sample between 5 mL and 30 mL of urine was first passed through conditioned C-18 SepPak SPE

(Waters) cartridges and subsequently rinsed with 5 mL of water, hexane and finally eluted in methanol. The

eluate is evaporated to dryness under a constant flow of N , dissolved in phosphate buffer (1M, pH = 6.9) and

incubated for 1h at 50°C with β-glucuronidase from E. Coli type IX (Sigma) in order to hydrolyze the

glucuroconjugated urinary steroid pool. After pH adjustment (1M carbonate buffer, pH = 9.0), a liquid-liquid

extraction with hexane is performed and the dried down extract is dissolved in 20 μL of methanol and purified

using two-dimensional HPLC, collecting the analytes of interest (testosterone (T), 5β-androstane-3α,17β-diol

(5β-Adiol), 5α-androstane-3α,17β-diol (5α-Adiol), epitestosterone (epiT), androsterone (A), etiocholanolone

(Etio), 5β-pregnanediol (pgdiol) and 16-androstenol (16-enol) at the appropriate collection windows. For the

cleanup of samples for IRMS analysis of testosterone metabolites, the first dimension separation is performed

with an Agilent phenyl stationary phase (XDB-phenyl, 46 x 150 mm, 3.5 µm particle size) followed by 2 Zorbax

Eclipse XDB-C18 columns (0.46 x 150 mm, 3.5 µm particle size) connected in series. For boldenone or its

metabolite the separation conditions and columns differ, with a single Zorbax Eclipse XDB-Phenyl column (46

x 250 mm, 5 µm particle size) used in the first dimension and 2 Waters, SunFire C-18 columns (46 x 250 mm, 5

µm particle size) connected in series for the second dimension separation. The fractions of interest are then

dried down, transferred to GC vials, reconstituted in 20% (v/v) ethyl acetate/hexane and between 1 and 3 µL

are injected onto the GC-C-IRMS depending on the concentration of the target analytes.

GC-C-IRMS Analysis:

All stable isotope data presented here was acquired on Isoprime GC-C-IRMS instruments. Ouellet et al.

(2013) described in detail the acquisition method [3]. In brief, upon installation of a new ion source, the

instrument is first rigorously tuned to obtain an adequate balance between instrument sensitivity, linearity and

stability. This is initially done via the injection of CO  monitoring gas pulses with varying intensities. Using a

trap current of 400 mA the linearity range of our instruments (3) falls between 0.3 and 16 nA, yet is dependent

on the tuning of each individual ion source. The use of CO  pulses is not sufficient to actually calibrate the

system, as these bypass all components of the GC-C-IRMS except the mass spectrometer itself.

Each sequence of analysis includes a mixture of the different analytes of interest with known/certified δ C

signatures (measured at GEOTOP by EA-IRMS, Université de Québec a Montreal) with the goal of anchoring

the interspersed measurements to the Vienna Pee-Dee Belemnite scale while also following identical

treatment principles. This steroid mixture is injected approximately every 30 injections. In order to ensure

combustion efficiency, a series of δ C certified n-alkanes (Indiana University) are injected at different

concentrations. When the calibration curve obtained from the steroid mixtures is applied to the n-alkanes the

corrected δ C signatures must fall within 0.5 ‰ of their certified values. When these criteria do not pass, the

IRMS analysis is repeated.
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Results and Discussion

Expected Δδ C values for the negative reference population

According to the TD2016IRMS, part of the validation of the IRMS procedure, is the determination of the normal

Δδ C between the target and the endogenous reference compounds in a negative reference population of 40

urine samples, equally split between men and women. Although considerably larger, the population presented

here is notably skewed towards male athletes, with many samples originating from predominantly male

American athletes. Other than being present at lower urinary levels, the Δδ C target-ERC pairs should not

differ in females.

Among the most important pieces of information gained from such a large reference population are the

expected Δδ C values for the different ERC-target compound (TC) pairings. As mentioned in WADA’s

TD2016IRMS [4], T, (5α-adiol) and (5β-adiol) are the preferred TC for the detection of administered

testosterone. Most of the ~10,000 CIR steroid profiles amassed over the years contain at least one of the

Adiols, with the vast majority of the samples including both in the final diagnosis. The differences in δ C

between pgdiol and 5β-adiol (Δδ C ) for our reference population are provided as an example in

Figure 1, showing that the distribution approaches normality with a mean of 0.9 ‰ and σ = 0.6 ‰ (Figure 1).

The uncertainty measured here in the form of σ includes both the analytical error as well as natural biological

variations in each individual’s steroid isotope composition. Note that with a mean Δδ C  signature

approaching 1 ‰ and a threshold for adverse analytical findings set at 3 ‰ there is little room for analytical

uncertainty as the natural variability in Δδ C cannot be minimized during analysis. The GC-C-IRMS

measurement uncertainty associated to pure reference materials approaches 0.2 ‰ [5]; in addition, HPLC

fractionation, additional sample preparation steps such as chemical derivatization and low peak purity arising

from inadequate sample preparation increase this error and with it the likelihood of obtaining false positive or

negative results.

Figure 1: The distribution of Δδ C  signatures from the compiled negative reference population with the adverse

analytical finding threshold highlighted at the tail end of the distribution
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Similar patterns were observed for other ERC-TC pairings, with mean Δδ C signatures ranging from 0.8 ‰ to

1.3 ‰ for all pairings not involving androsterone (Figure 2). The δ C signatures for A tend to be more

enriched relative to other TCs and ERCs, giving a mean Δδ C  signature of -0.5 ‰ (Figure 2),

consistent with previously published reference populations [2,3]. Coupled with the dilution of the exogenous

δ signature, this offset decreases its worth as a potential TC, ruling out its use for a rapid IRMS screening as

it was proposed in the end of the 1990s [6].

 

Figure 2: Boxplot showing the population mean Δδ C for the different target compounds used for the detection of testosterone

doping, using 5β-preganediol as an ERC

 

In our procedure, we have observed that about 1/500 samples show an enriched δ C signature for pgdiol

relative to the secondary ERC and rest of the metabolites tested, which may lead to falsely diagnosing an

adverse analytical finding. For these fringe cases, the analysis of the secondary ERC, in our case 16-enol, that

should be mandatory for supporting relatively borderline findings, solved the issue. One such case is

presented in Table 1, where after multiple replicate analysis, the use of the primary or secondary ERC leads to

different conclusions regarding the origin of testosterone target compounds in the sample. This particular

sample was suspected to be negative due to the lack of alterations in the steroid profile, and finally, the δ C

signatures for testosterone and metabolites were enriched (> -23‰). We believe that this effect can be

magnified when an athlete undergoes an abrupt change in diet and has been observed when South American

athletes, whose diet presumably consisted of primarily C4 plants, moved to North America or Europe

increasing the dietary intake of C3 plants. The effect of diet on the δ C signature of endogenous reference

compounds needs to be further explored, however it is suspected that the isotopic signatures are not changing

at the same rate for all analytes. When evaluating potential adverse analytical findings it is also useful to

consider the true δ  C signatures in combination with the Δδ C values.
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Table 1: A representative case showing the effect of having an enriched δ C  signature for 5β-pregnanediol relative to the rest of

the steroid profile and the chosen secondary ERC

 

Boldenone

Currently, the WADA IRMS technical document [4] calls for GC-C-IRMS analysis on boldenone and its

metabolites when the concentrations are superior to 5 ng/mL and below 30 ng/mL (adjusted when specific

gravity is greater than 1.020). Our method currently allows for CIR analysis of boldenone and its metabolites

down to below 1 ng/mL. Over the last 5 years a total of 11 adverse analytical findings were confirmed by CIR

analysis for samples containing boldenone or its metabolites below the concentration threshold assigned in

the TD2016IRMS (Figure 4). Unsurprisingly, it is these cases where CIR analysis is most necessary, as

approximately 50 % of all samples with boldenone (or metabolite) concentrations ranging from 1-5 ng/mL are

found to be adverse analytical findings. IRMS confirmation remains pertinent above these concentrations as

well, with exceptional cases occurring where boldenone concentrations as high as 22 ng/mL have been found

to have endogenous δ C signatures.

Figure 3: The number of positive (black bars) and negative (white bars) CIR diagnosis for samples containing boldenone or its

metabolites between 1 and 30 ng/mL
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Conclusions

With the mean Δδ C approaching 1‰ for all target compounds except androsterone and a threshold of 3 ‰

being used to confirm testosterone doping, analytical uncertainty must be minimized by robust sample

preparation and ion source tuning. False positive GC-C-IRMS results can be reduced by the inclusion of a

secondary ERC, such as those suggested in the 2016 IRMS technical document put forth by WADA [4], for

borderline cases where the origin of testosterone is not entirely evident (e.g. enriched δ C signatures,

borderline Δδ C for ERC-TC pairings). Additionally, there is clearly a need to pay attention and decrease the

concentration threshold at which samples containing boldenone or its metabolites are sent for confirmation by

IRMS as about half of all samples containing boldenone below 5 ng/mL being assigned as adverse analytical

findings.
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Development of a capillary-electrophoresis method for the detection of

recombinant erythropoietins

Laboratoire de contrôle du dopage INRS - Institut Armand-Frappier, Montreal, Canada

Abstract

Erythropoiesis Stimulating agents (ESAs), including darbepoietin (dEPO, NESP), recombinant erythropoietin

(rEPO and biosimilars), EPO-Fc and methoxypolyethylene glycol-epoetin beta (CERA), are listed in the class

S2 on the World Anti-Doping Agency (WADA) prohibited list of substances. ESAs, engineered for the treatment

of anaemia, are used mainly in endurance sports to increase athletic performance. The detection of their abuse

by anti-doping control laboratories is performed using traditional Western blotting following either size-based

separation (SDS/SAR-PAGE) or isoelectric focusing (IEF). Upon its introduction in the anti-doping control fight

around 2001, the EPO detection test has been continually improving. Many of the changes were realized on

the sample preparation steps, but only few modifications were made in the electrophoresis and Western

blotting procedures. The ESA testing technique is still hampered by the high cost and labor-intensive work

associated to electrophoresis. Many different studies published by academic or industrial groups have shown

that a capillary electrophoresis western system from the company ProteinSimple could produce results with

high specificity, sensitivity and precision. Simple Western is fully automated and easily standardized, making

the results more reproducible. The assay takes place in an ultrathin nano-capillary (5 cm x 100 µm, 400 nL)

where the proteins are separated by electrophoresis, then immobilized to the capillary wall via photo-chemistry

and finally probed with specific primary and secondary HRP-linked antibodies. Target detection is performed

by chemiluminescence and the signal is directly detected and quantified. The system is gel-free, blot-free and

all steps following the initial sample preparation do not require manual operations which increase

reproducibility. During the development of the method, more than 75 runs were performed with the system, 17

primary antibodies and 6 secondary antibodies were screened, 3 different loading buffers were evaluated and

different blocking agents were also used. More than 100 individual urine samples from athletes were

evaluated. The major breakthrough was the discovery of a biotinylated polyclonal goat anti-EPO antibody

(BAF959, RnD Systems), that used in combination with a proprietary streptavidin-HRP conjugate, allowed this

technique to be sensitive enough to believe that it could be used for initial testing procedure. The results

obtained so far with one of the platform (WES system) demonstrated the ability of the system to correctly

discriminate recombinant erythropoietins (EPO) from the endogenous form but more work needs to be done to

find the best analytical conditions.

Introduction

Erythropoiesis Stimulating agents (ESAs), including darbepoietin (dEPO, NESP), recombinant erythropoietin

(rEPO and biosimilars), EPO-Fc and methoxypolyethylene glycol-epoetin bêta (CERA), are prohibited in sports

[1]. The use of ESAs, engineered for the treatment of anaemia, was diverted in endurance sports to increase

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-549



athletic performance. Their presence in the samples collected from athletes is detected using traditional

Western blotting following either size-based separation (SDS/SAR-PAGE) [2,3] or isoelectric focusing (IEF)[4].

Since its introduction in 2001, the EPO detection test has been continually improved. Most of the changes

targeted the sample preparation steps [5-9], with a few modifications being brought to the electrophoretic and

Western blotting procedures.

A new approach may be useful to this end. Protein Simple (PS) offers a system, “Capillary-Electrophoresis

Western blotting (Simple Western)” that was described as showing specificity, sensitivity and precision required

for testing protein targets in the low picogram levels in different fields of application [10-14]. According to the

Protein Simple, the assay takes place in an ultrathin nano-capillary where the proteins are separated by

electrophoresis, then immobilized to the capillary wall via a photo-chemical reaction and finally probed with

specific primary and secondary HRP-linked antibodies. Target detection is performed by chemiluminescence

and the signal is directly quantified. The system does not require manual operations which increases the

reproducibility of the assay [15]. If proven to be sufficiently sensitive and specific, this new automated

immunoassay technique could simplify the analysis of ESAs in urine.

Experimental

Reagents

rhEPO Biological Reference Preparation (rhEPO BRP) was from European Pharmacopoeia Commission

(Strasbourg, France), NESP (Aranesp , 100 µg/mL) from Amgen (Thousand Oaks, CA, USA), Epoetin-d

(Dynepo , 1000 IU/mL) from Shire Pharmaceutical Contracts Ltd. (Hampshire, UK), CERA (Mircera , 250

µg/0.3 mL) from Roche Diagnostics GmbH (Mannheim, Germany) and EPO-Fc from Bio Basic Inc. (Markham,

ON, Canada). EPO immunoaffinity isolation plates (01640) were from StemCell Technologies (Vancouver, BC,

Canada), while Goat anti-mouse IgG (H + L)-HRP (PI-31432), and Supersignal WESt Femto were from Pierce

(Rockford, IL, USA). Steriflip 0.22 µm, Amicon Ultra-15 and Amicon Ultra 0.5 filters were from Millipore

(Billerica, MA, USA). Blocking reagent (11096176001) used for blocking and N-Glycosidase F (11365169001)

were from Roche Diagnostics (Indianapolis, IN, USA). All other products and reagents were from Sigma (St-

Louis, IL, USA).

Sample preparation

Anonymized urine samples, which were reported previously as negative or positive, were reanalysed in this

study. Samples (15 mL) were centrifuged at 4000 g for 10 min, filtered on 0.22 µm Steriflip units and

concentrated by ultrafiltration on Amicon Ultra-15 and Amicon Ultra-0.5 with a 30 kDa molecular weight cut-off.

Their volumes were adjusted to 50 µL with PBS 1X and the retentates were immunopurified on the EPO

immunoaffinity isolation plate for 16 h at 4°C. Wells were washed twice with strong agitation for 5 min with

200 µL of PBS 1X/NaCl 0.5M. The plates were washed once with 200 µL of PBS 1X and dried. Samples were

eluted with 5 µL of PS Sample Buffer 1X with strong agitation for 5 min at 95°C. EPO plates were centrifuged at

2500 rpm for 2 min before loading the samples on WES plates. Non-purified EPO standards solutions were

prepared by dilution in PBS 1X BSA 0.0025%. 4 µL of the preparation were mixed with 1 µL of PS Sample

Buffer 5X, heated for 5 min at 95°C and centrifuged for 2 min at 2500 rpm before loading on WES plates. For

N-deglycosylation study, 1 µL of EPO standards solution was mixed with 3 µL of 20mM phosphate buffer
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pH 7.4 containing 1 U of N-glycosidase F and incubated for 16h at RT. The digests were mixed with 1 µL of PS

Sample Buffer 5X, heated for 5 min at 95°C and centrifuged for 2 min at 2500 rpm before loading on WES

plates.

WES procedure

Simple Western was performed on a WES system (Protein Simple, San Jose, CA, USA). The analysis were

performed on the 12-230 kDa Separation Module (SM-W004) In brief, 5 µL of sample and biotinylated ladder

(Protein Simple, PS-ST01), 10 µL of blocking solution, 10 µL of primary antibody solution, 8 µL of secondary

streptavidin-HRP (Protein Simple, 043-459) and 15 µL of chemiluminescent reagent (West Femto) were loaded

on the pre-filled microplates. Blocking solution (Roche) was dissolved to 1.5% w/v in PBS 1X. Primary antibody

solution (BAF959, 1 µg/mL) was diluted to 1/500 in WES antibody diluent (Protein Simple, 042-203).

Simple Western was performed on a WES system. The analysis were performed on the 12-230 kDa separation

module (SM-W004) according to the manufacturer’s instructions. The separation matrix load time was set to

175 sec., the stacking matrix load time set 33 sec., the sample load time to 18 sec., the primary antibody

incubation time to 40 min and the Detection Profile HDR (high dynamic range) mode was used. Others running

parameters were set to default. At the end of the run, the electropherograms automatically-generated for

fluorescent standards and samples were evaluated in each capillaries for proper peak assignation and when

required, manual correction was applied. The WES operation and all calculations were performed using the

Compass software (version 3.1.8).

SAR-PAGE analysis

SAR-PAGE analysis was performed by single-blotting as described previously [16].

Results and Discussion

Early results with the WES showed that the monoclonal anti-EPO antibody clone AE7A5 (RnD Systems)

currently used for the SDS/SAR-PAGE ESA test, showed strong non-specific binding towards bovine serum

albumin (BSA) and for human albumin, still present in immunopurified urine samples after elution (data not

shown). As described below, in Simple Western the albumin migrates at 63-65 kDa, which is too close to

rhEPO. In order to find a suitable alternative, we screened 17 different primary anti-EPO antibodies (Table 1)

for their EPO binding properties as well as 6 different secondary antibodies (Table 2) to find the best

compatibility for the detection of EPO by Simple Western.
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Table 1: Primary antibodies tested during the assay development

 

Table 2 : Secondary reagents tested during the assay development

 

Most of the monoclonal anti-EPO antibodies (MAb) tested showed strong binding for albumin with no EPO

detection. Only the MAb AE7A5 demonstrated binding to EPO and better results were obtained with polyclonal

goat or rabbit IgG anti-EPO antibodies. While setting running conditions, the biotinylated goat polyclonal anti-

EPO antibody BAF959 from RnD Systems was selected as primary antibody and the Streptavidin-HRP from

Protein Simple as secondary reagent. Without the use of this combination of antibodies, it would have been

impossible to adopt Simple Western for anti-doping purposes.
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Analysis of the different EPOs

As stated before, the apparent molecular weight of EPO standards in the capillary are quite different than what

is observed with SDS or SAR-PAGE. In Figure 1, each ESA preparations were analysed in separate capillaries

on the WES system according to the described protocol. The results of these analyses could be visualised by

virtual blot representation (left panel) or electopherograms on which densitometric analysis with Compass

software allows MW determination (right panel). The migration ranges, as assessed on pure reference material

preparations of endogenous EPO (huEPO), rhEPO BRP, NESP, EPO-Fc, Dynepo and CERA, were 56-58 kDa,

60-62 kDa, 90-95 kDa, 89-92 kDa, 60-61 kDa, and 84-88 kDa, respectively (Figure 1). Noteworthy, once the

conditions were optimised, the inter-assay differences in migration ranges were below 10% and within

manufacturer’s specifications.

 

Figure 1: Detection of EPO and ESAs by Simple Western. NESP (100 pg/µL), rhEPO BRP (12.5 mIU/µL), Dynepo (12.5 IU/µL),

EPO-Fc (25 pg/µL), CERA (100 pg/µL) preparations and uEPO (5 mIU/µL) analysed in separate capillaries on the WES system

The results are displayed as virtual blot representation (left panel) or electopherograms on which the densitometric analysis with

Compass software allows MW determination (right panel).
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With these different apparent MWs, an enzymatic digestion step with neuraminidase and PNGase was

performed to confirm that the observed signals could be attributed to a glycoprotein. As shown in Figure 2, after

N-deglycolysation the MW of all tested EPOs decreased significantly when compared to the non-treated

molecules. These results indicate that the signals detected in WES belongs to a glycoprotein and could be

attributed to the ESAs. Interestingly, the N-digests of huEPO, rhEPO and NESP all present a band at 28 kDa,

which could be ascribed to the O-glycosylated EPO form. Upon N-deglycolysation, the expected MW for EPO

should be 18kDa [17,18]. The difference between the observed and expected MW could be linked to an

interaction between the ESA molecules and the matrix of the capillary. The pegylated structure of CERA does

not seem to interact much with the matrix since its migration is observed at about the same MW as NESP and

EPO-Fc in WES.

 

Figure 2: Analysis of EPO and ESAs by Simple Western after PNGase enzymatic digestion. Capillary electrophoresis of urinary

EPO (5 mIU/µL) and ESA preparations (NESP 100 pg/µL, rhEPO BRP 25 mIU/µL, EPO-Fc 25 pg/µL and CERA 50 pg/µL) were

left untreated (ND) or incubated with PNGase. Virtual blot representation of all samples is shown in left panel. In the right panel,

peaks from uEPO and rEPO BRP before and after enzymatic digestion are shown.
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Analysis of rhEPO positive athlete’s samples

Ten anonymized athletes’ urine samples previously reported as positive for the presence of recombinant EPO

are shown in Figure 3. Sample position 3, 5, 6, 7, 9 and 10 showed a mixed EPO profile while sample position

1, 2, 4, and 8 had profiles closer to the reference standard with MW range of 60-62 kDa, indicating that they

contain mainly rhEPO. Most samples were clearly detected and met the identification criteria for the co-

localisation and of signal-to-noise ratio over 10. Sample position 2, 6 and 8 met the co-localisation criteria but

had S/N ratios below 10. All samples were clearly detected and would have been declared suspicious during

initial testing procedure.

Figure 3: Analysis of anonymized athletes’ urine samples previously reported positive. Urine samples were analysed by Simple

Western. Virtual blot (left panel) and electropherograms (right panel) are displayed. The calculated MW of the bands are indicated

below each capillary lanes of the blot. Neg: negative urine sample. Pos: rhEPO-positive urine sample.

Conclusions

The BAF959 antibody still has cross-reactivity to high albumin concentration. Further research could lead to the

discovery of a better primary antibody.

Although the apparent MWs of EPOs in the capillary are different than what is observed with SAR-PAGE. This

seems to be caused by interactions between the matrix of the capillary and the glycans. The nature of the

matrix is proprietary and more works should be performed to explain why such deviation. Notwithstanding this

behavior, the system was not disqualified for testing athletes’ urine samples since, there is a clear difference

between the standard of huEPO and all other tested ESAs. To tis end, all previous positive samples were

detected and would have been declared suspicious during initial testing procedure. We consider that this new

high-throughput analytical strategy should be considered to complement the actual testing approach.

References

1. World Anti-Doping Code International Standard, Prohibited List, January 2018, https://www.wada-

ama.org/sites/default/files/prohibited_list_2018_en.pdf. (accessed July 29, 2018).

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-555



2. Reichel C, Kulovics R, Jordan V, Watzinger M, Geisendorfer T. (2009) SDS-PAGE of recombinant and

endogenous erythropoietins: benefits and limitations of the method for application in doping control.

Drug Test Anal. 1 (1), 43-50.

3. Reichel C, Abzieher F, Geisendorfer T. (2009) SARCOSYL-PAGE: A new method for the detection of

MIRCERA- and EPO-doping in blood. Drug Test Anal. 1 (11-12), 494-504.

4. Lasne F, Martin L, Crepin N, de Ceaurriz J. (2002) Detection of isoelectric profiles of erythropoietin in

urine: differentiation of natural and administered recombinant hormones. Anal Biochem. 311, 119-126.

5. Desharnais P, Naud JF, Ayotte C. (2013) Desialylation improves the detection of recombinant

erythropoietins in urine samples analyzed by SDS-PAGE. Drug Test Anal. 5 (11-12), 870-876.

6. Lönnberg M, Dehnes Y, Drevin M, Garle M, Lamon S, Leuenberger N, Quach T, Carlsson J. (2010)

Rapid affinity purification of erythropoietin from biological samples using disposable monoliths. J

Chromatogr A. 1217 (45), 7031-7037.

7. Reihlen P, Völker-Schänzer E, Majer B, Schänzer W. (2012) Easy-to-use IEF compatible immunoaffinity

purification of Erythropoietin from urine retentates. Drug Test Anal. 4 (11), 813-817.

8. Reichel C, Thevis M. (2012) Detection of EPO-Fc fusion protein in human blood: Screening and

confirmation protocols for sports drug testing. 4 (11), 818-829.

9. Reihlen P. Blobel M, Kempkes R, Reichel C, Völker Schänzer E, Majer B, Schänzer W. (2015)

Optimizing SAR-PAGE. Drug Test Anal. 7 (11-12), 1014-16.

10. Xu D, Mane S. Sosic Z. (2015) Characterization of a biopharmaceutical protein and evaluation of its

purification process using automated capillary Western blot. Electrophoresis. 36, 363-370.

11. Hamm M, Ha S, Rustandi RR. (2015) Automated capillary Western dot blot method for the identity of a

15-valent pnemococcal conjugate vaccine. Anal Biochem. 478, 33-39.

12. Rustandi RR, Hamm M, Loughney JW, Ha S. (2015) Detection of ADP ribosylation in PARP-1 and

bacterial toxins using a capillary-based western system. Electrophoresis. 36, 2798-2804.

13. Misiewicz-Krzeminska I, Corchete LA, Rojas EA et al. (2018) A novel nano-immunoassay method for

quantification of proteins from CD138 purified myeloma cells: biological and clinical utility.

Haematologica. 103 (5), 880-889.

14. Beekman C, Janson AA, Baghat A, van Deutekom JC, Datson NA. (2018) Use of capillary Western

immunoassay (Wes) for quantification of dystrophin levels in skeletal muscle of healthy controls and

individuals with Becker and Duchenne muscular dystrophy. PLoS ONE. 13 (4), e0195850.

15. Nguyen U., Squaglia M., Boge A., Fung P.A. (2011)The Simple Western: a gel-free, blot-free, hands-free

Western blotting reinvention. Nat. Methods, 8, 982,  pp. v-vi.

16. Desharnais P, Naud JF, Ayotte C. (2017) Immunomagnetic beads-based isolation of erythropoietins

from urine and blood for sports anti-doping control. Drug Test. Anal. 11-12, 1744-1752.

17. Llop E, Gutiérez-Gallego R, Segura J, Mallorqui J, Pascual JA. (2008) Structural analysis of the

glycolysation of the gene-activated erythropoietin (epoetin delta, Dynepo). Analytical Biochemistry. 383,

243-254.

18. Schlags W, Lachmann B, Walther M, Kratzel M, Noe CR. (2008) Two-dimensional electrophoresis of

recombinant human erythropoietin: A future method for the European Pharmacopoeia? Proteomics.

2002; 2, 679-682.

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-556



Acknowledgements

This project was carried out with the support founding from Partners for Clean Competition (PCC) under the

grant number 96300 R216

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-557



Masquelier M, Heiland C, Bhuiyan H, Erlandsson G, Molin A, Ericsson M

Optimization of ESAs detection in urine and blood:  comparison of different

immunopurification techniques

Doping Control Laboratory, Karolinka University Hospital, Stockholm, Sverige

Abstract

The aim of this study was to compare two commercial kits and a protocol using magnetic beads for

immunopurification of EPO from urine or serum spiked with two concentrations of four erythropoiesis

stimulating agents (ESAs): CERA, EPO-Fc, NESP and BRP. Three immunopurification techniques were

compared:  the EPO purification kit from MAIIA Diagnostics, the microtiter plate from EPO ELISA kit from

Stemcell Technologies (only for urine) and immunomagnetic beads coated with anti-EPO-antibodies. ESA

proteins in purified urine/serum samples were separated by sarcosyl-polyacrylamide gel electrophoresis, then

detected by immunoblotting and chemiluminescence. Comparison of the purification methods was conducted

in terms of signal intensity, LOD and repeatability at 2 concentrations of ESAs. Purification with a modified

MAIIA purification method generated significantly higher intensity signals for CERA, BRP and NESP, when

compared to ELISA, but purification with the ELISA-plate generated significantly higher intensity signals for

EPO-Fc. When MAIIA was compared with immunomagnetic beads, ESAs could be detected in both serum and

urine pool. However, immunomagnetic beads purification of serum spiked with ESAs resulted in significantly

higher signal intensity compared to MAIIA purification with the exception of CERA. Data suggests that beads

are a valuable alternative to MAIIA for EPO purification of urine and mostly in serum.

Introduction

Due to low abundance in urine, EPO and other ESAs are subjected to pre-analytical purification prior to

electrophoretic separation [1]. For the initial EPO doping testing procedure, purification can be done by

ultrafiltration using a 30 kDa molecular weight cut-off (MWCO) filter, or protein precipitation [2,3], but generally,

specific immunopurification methods (IP) are applied in the initial EPO doping testing procedure [4], and are

mandatory for the confirmation procedure [5]. Effective detection of ESAs such as BRP-EPO, NESP, EPO-Fc

and CERA in urine or blood is directly related to the performance of the initial testing procedure and the role of

an optimal IP is crucial. The diversity of the IP techniques used in doping control laboratories world-wide is

increasing and renders the choice difficult. Therefore, we conducted a study comparing MAIIA EPO purification

kit [6] used routinely in our laboratory with a second sample preparation option of this kit. Thereafter, we

compared this option of MAIIA kit with Stemcell enzyme-linked immunosorbent assay (ELISA) plates

purification [7-9], and one type of immunomagnetic beads purification (NHS Mag Sepharose  beads) [10],

aiming to evaluate their efficacy to isolate every ESA and increase the sensitivity of the screening.

Comparison was performed for four ESAs (CERA, EPO-Fc, NESP and a rEPO biological reference preparation,

BRP) in terms of signal intensity, minimum detectable concentration (LOD) and repeatability, by spiking a

urine- and a serum-pool at 2 different concentrations with the 4 ESAs.

®
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Experimental

Materials

BRP (Batch 3, European Pharmacopoeia), NESP (Darbepoein alfa, Amgen), Mircera  (CERA, Roche),

Dynepo  (Shire Pharmaceutical Contracts Ltd.), and EPO-Fc (Prosepec). NHS Mag Sepharose  beads (GE

Healthcare), ELISA Kit (Stemcell Technologies), EPO Purification kit (MAIIA Diagnostics, Uppsala, Sweden),

NuPAGE 10% Bis-Tris Midi gels (ThermoFisher), Trans-Blot  Turbo (Bio-Rad, USA), clones AE7A5 (MAB2871)

and 9C21D11 (MAB-287) monoclonal antibodies (R&D Systems), secondary HRP-Ab (Pierce 31432; Thermo

Scientific), BlotCycler (Precision Biosystems) were used.

Samples

Urine and serum samples from healthy volunteers {8 (4+4) and 18 (9 +9) males and females, respectively)}

were collected, anonymized, pooled, aliquoted, then stored at -20°C.

LOD & repeatability

To evaluate LOD, 10 mL of the urine pool / 0.5 mL of serum pool were spiked with 4 ESAs (BRP, NESP, EPO-

Fc, and CERA) with 4 decreasing concentrations to select two EPO concentrations. The urine- and serum-pool

fortified as described in Figure 1B, were frozen, and used for LOD and repeatability measurements of the

different purification methods.

MAIIA EPO Purification

The two options of MAIIA EPO Purification kits, described by the manufacturer [11]  and Figure 1A, were

followed to purify EPO and assess the optimal option. Elution volume was 35 µL, if not mentioned in the text.

Urine ultrafiltration

Before ELISA or beads purification, proteins were concentrated by ultrafiltration [2]. 10 mL of urine, 1 mL Tris-

HCl (3.75M, pH 7.4), and 100 µL cOmplete  solution (1 tablet / 2 mL water) were mixed and centrifuged

(1400g, 10 min). The supernatant was transferred to an Amicon Ultra 15 filter (30kDa MWCO) and centrifuged

(2876g, 15 min). The retentate was washed (10 mL 50 mM Tris buffer, pH 7.4 and 100 µL cOmplete ), then

centrifuged in an Amicon Ultra 0.5 filter.

ELISA immunopurification

The method described in literature [9] was followed with some modifications. All urine retentate was incubated

on the ELISA plate in a thermomixer (350 rpm, 1 hour, 37°C), washed five times with 400 µL PBS, eluted with

35 µL of sample elution buffer (1200 rpm, 5 min, 95°C), and stored at -20°C.

NHS Mag Sepharose  beads preparation and ESA IP (Figure 1C)

Briefly, 125 μg of clone 9C21D11 antibody were incubated with 25 μL of NHS-Mag Sepharose  beads

following the manufacturer’s instructions. Thereafter, ESAs were extracted from urine ultrafiltrate/serum by

incubating the 20 µL-urine retentate or 0.5 mL serum with the beads conjugate as described in literature [10].

The final ultrafiltrate was adjusted to 28 µL with Tris buffer and stored at -20°C.

SAR-PAGE, single-blotting, and immunodetection

SAR-PAGE analysis was adapted from Reichel et al [12]. 8 µL (MAIIA and immunobeads) or 10 µL (Elisa) of

sample were loaded onto the electrophoretic gel after incubation in sample loading buffer/DTT at 95°C,
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followed by electrophoresis (2 hours, constant 140V). Transfer was performed at 12V (constant) for 1 hour, the

PVDF membrane was incubated in 5 mM DTT/PBS for 45 min. 5% milk blocking and immunostaining were

done overnight in a BlotCycler. Chemiluminescent signals were detected using CCD camera (Biorad) and

analyzed with Image Lab software (Biorad) and GASepo software.

Statistics

LOD was defined as the lowest concentration detected visually. Repeatability was determined, by calculating

coefficient of variation (CV%) using relative densitometric analysis. BRP-positive calculations were difficult to

assess because of the characteristic smear. IBM SPSS Statistics was used to perform an independent T-test on

normally (Shapiro-Wilk test) distributed data.

 

Figure 1. A: MAIIA Immunopurification method for urine and serum, option 1 and 2. B: Urine and serum spiking concentrations. C:

Preparation of immunomagnetic beads with anti-EPO antibody.
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Results and Discussion

Comparison of MAIIA option 1 and 2 for ESAs IP.

As illustrated in Figure 1A, option 2 of MAIIA kit differs from option 1 by the composition and volume of elution

solution, and the heating step for urine sample. The 2 purification MAIIA options were compared and the results

are presented in Figure 2 for the serum and urine pools fortified with BRP, NESP, EPO-Fc, and CERA at 150,

50, 500 and 500 pg respectively, per 10 mL urine or 0.5 mL serum.  Urine and serum samples were eluted with

one of the following: 50 µL low pH desorption buffer with 5 µL of either 5x loading buffer (LB), 50% adjustment

buffer B, 20% adjustment buffer B, 10% adjustment buffer B, or adjustment buffer A; 35 µL of low pH desorption

buffer or 0.5% SAR desorption buffer. Option 2, even when eluted with the same volume (35 µL), gives a

stronger signal for all ESAs than option 1, both for serum and urine. EPO-Fc is not extracted from urine using

option 1 due to the boiling step, but it is not expected to pass the glomerular filter and be found in urine [13]. In

option 1, the use of 20% B gives a better CERA signal for serum and urine; the addition of B positively affects

the CERA signal compared to A, probably because the addition of BSA favors the dissolution of CERA into the

gel, which SAR achieves. After ultrafiltration of fortified urine pool and direct analysis of the retentate, strong

signals were observed for all ESAs except for EPO-Fc monomers, but a good signal is seen for the intact

molecule. However, the blank urine pool shows some unspecific bands under and above NESP. This

technique is sometimes used to screen urine for ESAs by IEF (Laurent Martin, personal communication) and is

surely an interesting approach to validate due to its simplicity and the high recovery observed. In the next step,

we compared MAIIA purification option 2 for urine with the microtiter plate from EPO ELISA kit from Stemcell

Technologies.

 

Figure 2.  Single-blot of urine (A) and serum (B) samples spiked with 4 ESAs and eluted in various ways to compare MAIIA

option 1 and option 2. Spiked urine after ultrafiltration (C). The volume applied on the gel was 8 µL. Urine and serum are

fortified as in the table shown above, right. (A), lanes 2-5 were eluted with 50 µL low pH buffer and 5 µL adjustment buffer, either

A, B, or a combination (MAIIA option 1). In (B), the same applies to lanes 3-6. (A) Urine. Lane 1: 55 µL 1x LB; Lane 2: 50% B;

Lane 3: 20% B; Lane 4: 10% B; Lane 5: Buffer A; Lane 6: 35 µL low pH buffer; Lane 7: 3 5µL 0.5% SAR buffer (MAIIA option 2);

Lane 8: Negative control; Lane 9: Reference standards. (B) Serum. Lane 1: Negative control; Lane 2: 55 µL 1x LB; Lane 3: 50%

B; Lane 4: 20% B; Lane 5: 10% B; Lane 6: Buffer A; Lane 7: 35 µL low pH buffer; Lane 8: 35 µL 0.5% SAR buffer (MAIIA option

2); Lane 9: Reference standards. (C) Lane 1: Reference standards. Lane 2: retentate of fortified urine adjusted after ultrafiltration

to 35 µL with 20% B. Lane 3: as lane 2 but adjusted with Tris buffer. Lane 4: as lane 3 but blank urine pool.
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Figure 3. Comparison of SAR-PAGE single-blot of 4 concentrations of 4 ESAs after MAIIA and ELISA IP of urine. SAR-PAGE

single-blot of urine pool spiked with 4 ESAs (CERA (100 pg/10 mL), EPO-Fc (62. 5pg/10 mL), NESP (6.5 pg/10 mL), and BRP (20

pg/10 mL), purified with MAIIA and ELISA, and compared with reference standards.

 

 

Comparison of MAIIA option 2 and ELISA plates IP

Four concentrations of ESAs in urine pool were analyzed by SAR-PAGE after purification with MAIIA option 2

and ELISA plates, as illustrated in Figure 3 (unfortunately, the volume applied for MAIIA eluate was 80% of

ELISAs volume, making the whole comparison more advantageous for ELISA). All ESAs could be detected at

the lowest concentrations with both methods. Two concentrations were tested to evaluate LOD (see Figure 1B)

by purifying five replicates on 3 separate occasions. At the higher concentration, concentration 2, all ESAs

were detected after both IP methods, but NESP signal intensities with ELISA were lower (results not shown). As

illustrated in Figure 4, at concentration 2, MAIIA gave a stronger signal than ELISA for all ESAs except for EPO-

Fc. With ELISA purification, the BRP smear was hardly detectable compared to MAIIA, and NESP was

undetectable. The CV% was difficult to compare because the ELISA data are not evenly distributed but MAIIA

gave generally a significantly lower CV% than ELISA. The better sensitivity of ELISA for EPO-Fc detection in

urine is probably not so useful as its detection in urine is not expected. Moreover, the requirement of

ultrafiltration for ELISA EPO purification is another disadvantage, concerning both time consumption and cost.
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Figure 4. Comparison of MAIIA- and ELISA-purified spiked urine pool at concentration 1. SAR-PAGE single-blots of 3 sets of

5 replicates of urine pool spiked with CERA (100 pg/10 mL), EPO-Fc (62.5 pg/10 mL), NESP (6.25 pg/10 mL), and BRP (20 pg/10

mL), purified with MAIIA and ELISA. (A) E = ELISA-purified spiked samples; M1-M15 = MAIIA-purified spiked samples; MB =

MAIIA-purified blank. (B) EB = ELISA-purified blank; E1-E15 = ELISA-purified spiked samples; M = MAIIA-purified spiked samples.

Reference standards are applied on both sides.

Comparison of MAIIA option 2 and immunomagnetic beads

Four concentrations of ESAs in urine and serum pool were purified using MAIIA option 2 and immunomagnetic

beads and analyzed by SAR-PAGE with reference standards to evaluate suitable low concentration of ESAs

(results shown in Figure 5). After visual examination of the gels (Figure 5), the two lowest concentrations were

retained to study the repeatability by analyzing 4 replicates on 3 separate occasions with both MAIIA and

immunomagnetic beads IP to compare them at concentrations close to LOD. Figure 6 illustrates the results

obtained when purifying 10 mL of urine or 0.5 mL serum fortified with 125 pg CERA, 62.5 pg  EPO-Fc, 12.5 pg

NESP and 37.5 pg BRP.

Figure 5. Comparison of SAR-PAGE single-blot of 4 concentrations of 4 ESAs after MAIIA and immunomagnetic beads IP of

urine (A) and serum (B). The 4 concentrations used (in pg/10 mL urine or 0.5 mL serum) were 500, 250, 125, and 62.5 for

CERA, 250, 125, 62.5, and 31.3 for Epo-Fc, 50, 25, 12.5, and 6.3 for NESP, and 150, 75, 37.5, and 18.8 for BRP. (A) Lanes 1-

4: Beads IP; Lanes 5-8: MAIIA IP; Lane 9: Reference standards (50 pg CERA, 50 pg EPO-Fc, 6,25 pg NESP, 50 pg BRP);

Lanes 10-12: as lane 9, but diluted 2x, 4x and 8x. (B) Lanes 1-4: Beads IP; Lanes 5-8: MAIIA IP; Lane 9: Reference standards

(50 pg CERA, 50 pg EPO-Fc, 6,25 pg NESP, 50 pg BRP); Lanes 10-16: as lane 9, but diluted 2x, 4x and 8x.
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Figure 6. Comparison of SAR-PAGE single-blot for concentration 3 of 4 ESAs in urine (A & B) and serum (C &D) after

immunomagnetic beads IP (A & C) and MAIIA IP (B & D). Four replicates of urine/serum spiked with CERA, EPO-Fc, NESP and

BRP at respectively 125, 62.5, 12.5 and 37.5 pg/10 ml urine or 0.5 mL serum were purified using immunomagnetic beads and

MAIIA IP at three separate occasions and applied to different gels as shown above. Reference standards: 25 pg CERA, 25 pg

EPO-Fc, 6.25 pg NESP, 25 pg Dynepo. (A) Beads-purified urine pool: Lane 1, 19: reference standards; Lane 2: Blank urine;

Lane 3-6, 9-12, 14-17: spiked urine. Lanes 7-8, 13, 18: empty. (B) MAIIA-purified urine pool: Lane 1, 17: reference standards;

Lane 2-5, 7-10, 12-15: spiked urine; Lane 16: Blank urine; Lane 6 and 11: not applicable. (C) Beads-purified serum: Lanes 1, 19:

reference standards; Lane 2: Blank serum beads IP; Lanes 3-6, 9-12 and 14-17: spiked serum pool beads IP; Lane 7: unrelated;

Lanes 8, 18: spiked serum pool MAIIA IP; Lane 13: unrelated. (D) Comparison of 4 beads replicates and 6 MAIIA replicates: Lane

1: reference standards; Lanes 2-5: Beads-purified spiked serum pool; Lane 6: Beads serum blank; Lanes 7-12: MAIIA-purified

spiked serum pool; Lane 13: MAIIA-purified blank

 

Datasets of estimated volume from signal intensity of each set of replicates were determined to be normally

distributed (p ≥ 0.05) through use of Shapiro Wilks test of normality. Mean signal intensity of each dataset was

compared to determine whether a significant difference could be shown between the methods. As shown in

Figure 6A-B, when EPO was purified from urine, Immunomagnetic beads generated slightly higher signals than

MAIIA for all ESAs, but the only significant difference was observed for CERA (Data not shown, p ≤ 0.05).  With

serum (Figure 6, C-D), immunomagnetic beads method generated signals with higher intensity than MAIIA for

every ESA except CERA (statistics not shown, p ≤ 0.001).

Conclusions

This study aimed to compare EPO IP techniques to optimize EPO screening in urine and serum.  MAIIA IP gave

better results than ELISA for NESP, BRP, and CERA isolation in urine. The absence of the ultrafiltration step

was another advantage of MAIIA compared to ELISA and magnetic immunobeads. The ultrafiltration process

was however per se an interesting alternative to concentrate EPO before screening, which will be evaluated

further. When comparing MAIIA and immunomagnetic beads IP in urine, a good efficacy of the beads was

observed, but it was only significant for CERA. In serum, the use of immunomagnetic beads IP gave

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-564



significantly better results than MAIIA (except for CERA). In conclusion, this work shows that all methods tested

have pros and cons and facilitates the choice of a purification method for screening/confirmation.
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Abstract

The aim of this EXCEL Macro tool is the management of all the analytical information obtained from the

hematological analyzer Sysmex XT2000i (Roche). The Doping Control Laboratory (DCL) of Madrid has

developed this tool in order to manage the results not only in the internal LIMS (Laboratory Internal

Management System), but also in the ADAMS platform.

Four different functions are used with this tool:

Macro Sysmex. To import the text data obtained from the analytical equipment Sysmex XT2000i into an

EXCEL file.

Samples Evaluation. To pick up the two analysis that fulfill the requirements for haemoglobin (HGB) and

percentage of reticulocytes (RET%) of the Athlete Biological Passport (ABP) Operating Guidelines and

the WADA Technical Document TD2017BAR.

LIMS Exportation. To manage automatically the Biological Passport data into the internal LIMS of the

DCL of Madrid.

ADAMS Exportation. To create a valid CSV file to export into the ADAMS (Anti-Doping Administration

and Management System) platform the Biological Passport of the samples evaluated.

The necessity of managing a huge amount of data related to each ABP sample analyzed, makes this tool a

helpful resource that improves the reporting system of the LCD as a specific interface between the Sysmex

software, the Madrid laboratory's LIMS and the ADAMS platform. In the same way, this tool could be exportable

to other fields of the data managing of the samples, such as the steroid profile or the IRMS results.

 

Introduction

This tool has been developed for the Office 2013 version and some of its functions need a connection with the

internal LIMS. The tool installer adds to the equipment in which it is going to work the following pre-

requirements:

Microsoft .NET Framework 4.5.1 (x86 and x64)

Runtime de Microsoft Visual Studio 2010 Tools for Office (x86 y x64)

Windows Installer 4.5

1 2 2

1
2

MANFRED DONIKE WORKSHOP 2018

Poster

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-566



Figure 1: Diagram of working. The EXCEL tool has four different functions that comprise all the management involved in the ABP

data exportation from the DCL of Madrid to ADAMS: Macro Sysmex, Samples Evaluation, LIMS Exportation and ADAMS

Exportation.

 

Experimental

1. Macro Sysmex:

The Sysmex XT2000i provides a CSV file with the analytical data separated by commas.

By clicking in the button “Macro Sysmex”, the systems asks the analyst the pathway of the CSV file saved from

the analytical equipment.

The system reads the information and imports it into the open EXCEL in a new sheet called “Lab_info”. It

relocates the global file and keeps only the lines and columns absolutely necessary.

A new sheet called “ABP” is created. It contains the final values of the Biological Passport.

There will be a line for each analysis (each sample) with the sample code, the analysis date (date and hour)

and the Biological Parameters required (RBC, HGB, HCT, MCV, MCH, MCHC, RET%, RET#, OFF-Score, IRF,

RDW-SD).

The system saves the EXCEL file created. It is mandatory to save the file. It will be save in .xlsx EXCEL format.
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Figure 2: Macro Sysmex, Lab info and ABP sheets
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2. Samples Evaluation:

The system creates a new sheet called “Evaluation”, where the columns HBG and RET% from the “ABP” sheet

are compared for each sample (analysis duplicate) in pairs.

It follows the validation criteria of the Athlete Biological Passport Operating Guidelines and the TD2017BAR:

0.1g/dL for HGB analysis.

0.15 absolute difference for RET% analysis if either the first or second measurement is lower or equal to

1.00%; otherwise 0.25 absolute difference.

If any of the two evaluations of the sample is “NOT VALID”, it will take other two data of the analysis of the

sample and it will create a new CSV file, starting the whole process again from the beginning.

When both evaluations are VALID, the line for the HGB and RET% will be marked in bold by the tool in the

sheet “ABP”.

 

Figure 3: Samples Evaluation. Selection of the analysis.

 

Results and Discussion

3. LIMS Exportation:

The tool fetches the correct EXCEL file with the sheet called “ABP” needed to work with. Without the “ABP”

sheet the process can’t continue.

After that, the macro fetches the bold lines marked after the Samples Evaluation from the sheet “ABP” and

copies them in a new EXCEL book. It adds a new column with the DCL of Madrid internal code for the samples.

This internal code was assigned during the Reception of the samples process. This column is necessary in the

LIMS data importation process.

Finally, the system asks for a pathway for the file obtained that will be used later in the internal LIMS.

 

4. ADAMS Exportation:

With the correct “ABP” sheet the system asks the analyst his/her user and password of the LIMS (Internal

system of the LCD of Madrid). It is mandatory that the user be in the system as a qualified analyst.
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After that, the tool takes the bold lines marked after the Samples Evaluation from the sheet “ABP” and copies

them in a new EXCEL book. It adds the necessary columns with all the data required by the ADAMS platform.

This information is picked up from the internal LIMS of the DCL of Madrid. The tool asks for a pathway to save

the file generated. The format of this new file is CSV (text) separated by commas that is the type of format

mandatory for uploading in the ADAMS platform.

The .CSV file is uploaded directly in ADAMS without any manual typing. It can contain from one to hundred of

samples.

 

Figure 4: ADAMS Exportation

Conclusions

The necessity of managing a huge amount of data related to each ABP sample analyzed, makes this tool a

helpful resource that improves the reporting system of the LCD as a specific interface between the Sysmex

software, the Madrid laboratory's LIMS and the ADAMS platform. In the same way, this tool could be exportable

to other fields of the data managing of the samples, such as the steroid profile or the IRMS results.
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Abstract

Cobalt is included in the Prohibited List of World Antidoping Agency (WADA) at the Section S2 Peptide

hormones, growth factors, related substances, and mimetics, 1.2 Hypoxia-inducible factor (HIF) activating

agents.The current work presents the detection and quantification of cobalt in human urine using graphite

furnace atomic absorption spectrometer (GF-AAS).

For this study two sets of samples were analyzed: 33 from athletes coming from different sports (table tennis,

karate, volleyball) and 32 samples collected from common peoples, children and adults. For the quantitative

determination, the calibration curve was between 0-50 μg/L, with the calibration levels 0, 10, 25, 50 μg/L. The

results indicate values between 0.34 - 5.61 μg/L for the athletes' samples and values between 0 - 5.87 μg/L for

the second set of samples. The results obtained showed different mean values for athlete samples and control

group. Standard deviation, standard deviation of the average, Student-test and the Cochren threshold were

calculated.

Introduction

Cobalt (Co) is a relatively rare but essential metal with regard to an essential element of vitamin B12. The food

source of vitamin B12 is animal products (meat, dairy, eggs). Cobalt is supplied in the diet at a dose of 280

mg/day. The deficiency results in serious health consequences [1-3]. Cobalt is included in the Prohibited List of

World Anti-Doping Agency (WADA) at the Section S2 Peptide hormones, growth factors, related substances,

and mimetics, 1.2 Hypoxia-inducible factor (HIF) activating agents [4]. Cobalt induces a marked and stable

polycythemic response through a more efficient transcription of the erythropoietin gene. The cobaltchloride

promotes an hypoxia-like response, involving enhanced erythropoiesis and angiogenesis [5].

Experimental

Materials and methods

The study was conducted  in 2018 where the Co concentrations in the urine samples collected from:

Group A of 33 athletes with sexual distribution: 24 men and 9 women, out of which: 22 Table

tennis, 4 Karate, 7 Volleyball

Group B of 32 young people with sexual distribution: 13 men and 19 women

1 1 1 2 3,4

1
2

3
4
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From all subjects ernrolled in this study, urine was collected on the spot (10 mL). To determine the

concentration of cobalt in urine samples, a Varian Graphite Tube Atomizer GTA-100 coupled with Atomic

Absorption Spectrometer - AAS 800 (GF-AAS) was used.

Programmable sample dispenser – PSD.

Refrigerated  Recirculator - Neslab CFT 33.

Domnick Hunter Nitrogen Generator.

Argon - gas cylinder under pressure purity 99.999%.

Reagents and equipment specific to a laboratory of doping and analytical toxicology.

 

Figure 1: Parameters of AAS system (1) and graphite furnace (2)

 

Figure 2: Bloc diagram of the SpectraAA 800 – Varian
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Objectives

To develop an optoelectronic method with Graphite Furnace and Atomic Absorption Spectrometry (GF-AAS) for

the determination of  Co concentration  in urine samples [6].

To perform statistical analysis of urinary concentrations of Co of athletes versus urinary Co concentrations in a

control group of young people and adults.

Statistical analysis between the sexes of the athletes and the control group.

Sample preparation 

3 mL of urine was collected from each subject. To digest the urine 333 mL of 65%  HNO  was added. The

mixture was kept in the tubes for 20 min and afterwards centrifuged at 2500 rpm for 10 min. The supernatant 

was the matrix for analysis on GF-AAS.

Results and Discussion

The average of cobalt concentrations in urine was 1.55 µg/L (SD ≤ 1.41; SDA = 0.24) for Group A and 0.77 µg/L

(SD ≤ 1.52; SDA = 0.27) for Group B. Student test t  = 2.14272, the averages of two groups show a  significant

difference for p < 0.05, Cochren treshold CT = 1.95996.

For men, the average of cobalt concentrations in urine was 1.83 μg/L (SD ≤ 1.52; SDA = 0.31) in Group A and

0.65 μg/L (SD ≤ 1.15; SDA = 0.32) in Group B. Student test t  = 2.63926, the averages of two groups show a

significant difference for p < 0.05, Cochren treshold CT = 2.12516.

For women, the average of cobalt urine concentrations in  the entire batch was 0.8 μg/L (SD ≤ 0.63; SDA =

0.21) in Group A and 0.85 μg/L (SD ≤ 1.76; SDA = 0.4) in Group B. Student test t  = 0.09678, the average of two

groups don’t have semnificative difference for p > 0.1, Cochren treshold CT = 2.98060.

Figure 3: Calibration curve for cobalt.

3
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The results for Group A show a large distribution of urinary concentrations of cobalt, Fig. 4(1). The value of

cobalt concentration in urine ranges from 0.19 to 5.61 μg/L (from 0.21 to 5.61 μg/L for men, and from 0.19 to

1.29 µg/L for women).

The results for Group B show a large distribution of urinary concentrations of cobalt, Fig. 4(2). The value of

cobalt concentration in urine ranges from 0.0 to 5.87 μg/L (from 0.0 to 3.53 μg/L for men, and from 0.0 to 5.87

µg/L for women).

For the quantitative determination, the calibration curve was between 0-50 μg/L with the calibration levels 0,

10, 25, 50 μg/L. The average of urinary concentrations of the two groups by total and sex distributions its

presented in Fig. 4(3).

 

Figure 4: Average of urinary concentrations of Co in Group A (1), average of urinary concentrations of Co in Group B (2), average

of urinary concentrations of the two groups (3)

Conclusions

There was a significant difference between the mean values of the cobalt concentrations in urine between the

two groups, the athletes and the control group of young people and adults.

There was a significant difference between the mean values of the cobalt concentrations in urine between the

men from the two groups.

There was no significant difference between the mean values of the cobalt concentrations in urine between the

women from the two groups.
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The developed optoelectronic method GF-AAS is relatively simple, reproductible and has a sensitivity that

allows the analysis of cobalt concentration in urine samples.
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Abstract

The black market for performance enhancing substances is a popular source for athletes of mass sport. The

goal of an optimized body composition leads unfortunately to the consumption of illegally supplied and

produced products. The health risks due to poor quality, lack of medical indication, false administration, or the

lack of clinical studies are immense.

The products analyzed at the Cologne Anti-Doping Laboratory in order to monitor developments with regard to

novel performance enhancing drugs in 2017, comprised original pharmaceuticals as well as products from

underground laboratories, which were confiscated by customs authorities. In total, the European Monitoring

Center for Emerging Doping Agents (EuMoCEDA)  analyzed 69 products by means of liquid chromatography -

mass spectrometry (LC-MS), gas chromatography - mass spectrometry (GC-MS), and polyacrylamide gel

electrophoresis (PAGE) methods. 91% of the compounds considered relevant for doping controls accounted

for anabolic agents; 4% accounted for peptide hormones, growth factors, related substances and mimetics, and

5% for hormone and metabolic modulators.

Remarkable findings were the detection of modified GHRP-6 and modified hGH both comprising an altered N-

terminus. The administration of synthetic GHRPs results in stimulation of Growth Hormone (GH) secretion,

while hGH is a prescription drug used in case of infantine growth disorders and adult growth hormone

deficiency.  GHRPs and hGH are listed in the WADA Prohibited List and banned for athletes. However, the

effects of an additional glycine at the N-terminus of GHRPs or an additional alanine in case of hGH on the

human body still remain to be elucidated. Furthermore, the variation of target molecules, with or without intent,

represents new challenges for the development of analytical approaches and underlines the importance to

monitor the black market concerning emerging compounds.

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 faked products from underground laboratories, arguably aims at providing materials for amateur

athletes [1]. 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 69 predominantly

confiscated products qualitatively and quantitatively in 2017.

The black market for performance enhancing drugs, including original pharmaceuticals as well as faked

products, is a popular source for amateur athletes [1-3].

1,2 1 1 1 3 3 1,2
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Monitoring developments with regard to novel performance enhancing drugs, the European Monitoring Center

for Emerging Doping Agents (EuMoCEDA) analyzed a total of 69 products qualitatively and quantitatively in

2017. Doping-relevant findings accounted in 99 cases for 35 different drugs (multi-findings included), from

which 44% of the ingredients were not or falsely declared.

Experimental

Depending on the formulation (oily solution, lyophilized, etc.), samples were solved or extracted with water,

acetic acid (2% aq.), and/or acetonitrile (50:50 v/v) and subsequently diluted to yield an adequate

concentration of labeled drug content. For gas chromatography, extracted and afterwards dried samples were

reconstituted in ethyl acetate, derivatized with N-methyl-N-(trimethylsilyl)-trifluoroacetamide (MSTFA), or a

mixture of MSTFA/ethanethiol and ammonium iodide, respectively [1]. To screen the most common target

analytes 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

could be  determined by  high  performance  liquid  chromatography / high resolution mass spectrometry

(HPLC-HRMS)-experiments in full-scan mode. Qualification and quantification of analytes were obtained by

conducting product-ion scans with substance specific fragmentation pathways. For gas chromatography / mass

spectrometry (GC-MS) experiments, analytes were derivatized and measured in full-scan mode. Qualitative

and quantitative analysis were accomplished by using reference substances and/or reference databases.

Included substances were anabolic agents, stimulants, beta-2-agonists and narcotics. For the analysis of

proteins, aliquots were separated by polyacrylamide gel electrophoresis and subsequently stained with

coomassie blue. By bottom-up proteomic approaches including tryptic digestion and nano liquid

chromatography/tandem high resolution mass spectrometry, proteinogenic ingredients were identified.

Analytes included, but were not limited to human growth hormone (hGH), growth factors (e.g.: FGF, MGF, etc.),

various erythropoietins (EPO), and growth hormone releasing factors [1].

Results and Discussion

In 2017, a total of 69 suspicious (illicit) black market products were analyzed at the Center for Preventive

Doping Research. As shown in Fig. 2, 91% of the identified doping relevant compounds accounted for anabolic

agents (predominantly testosterone esters); 4% accounted for peptide hormones, growth factors, related

substances and mimetics and 5% for hormone and metabolic modulators. Falsely labeled products with doping

relevant ingredients accounted for 44% (Tab. 1). The analytes, which were currently not doping relevant, were

dermatologic agents, vitamins, and amino acids.

MANFRED DONIKE WORKSHOP 2018

Poster

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-577



Table 1: Identified drugs in black market products.
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Figure 2: Apportionment of identified doping relevant drugs in analyzed black market products 2017

Remarkable findings were the detection of modified GHRP-6 (Fig. 3) and modified hGH (Fig. 4). The

application of synthetic GHRPs was found to stimulate Growth Hormone (GH) secretion [4], while hGH is a

prescription drug used in case of infantine growth disorders and adult growth hormone deficiency [5].

Figure 3: Extracted ion chromatogram of the two-fold charged peptide at m/z 465.7409 [M+2H]  (a) and corresponding mass

spectrum (b). High resolution / high accuracy product ion mass spectrum of modified GHRP-6; generated from [M+2H]  m/z

465.74. The inset shows the amino acid sequence of modified GHRP-6 with elemental composition C H N O  and

monoisotopic mass of 929.4660 Da; b- and y-ions are labeled, added glycine at N-terminus.(c).

2+

2+
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Figure 4: High resolution full MS spectra of the confiscated black market product (a) and the recombinant GH reference (b).

Deconvolution yielded approximate molecular masses of 22195 Da for (a) and 22124 Da for (b). Extracted ion chromatogram of

the two-fold charged tryptic signal peptide (T1: AFPTIPLSR) at m/z 501.2906 [M+2H]  (c) and corresponding mass spectrum (d).

The diagnostic product ion mass spectrum shows the detection of a-, b- and y-ions from the peptides backbone, it clearly

identifies the suggested amino acid sequence (e).

Conclusions

GHRPs and hGH are listed in the WADA Prohibited List and banned for athletes [6]. The shift of physiological

effects through modification by addition of an amino acid to the peptide or protein, respectively, is unclear.

Furthermore the variation of target molecules, with or without intent, means new challenges for the

development of analytical approaches. In the meantime, several GHRP-Glycine-analogues (Gly-GHRP-2, Gly-

GHRP-6, and Gly-Ipamorelin) were confiscated, identified and/or charackterized in Germany, Norway, and

Poland [5, 7]. This underlines the importance to monitor the black market concerning emerging compounds.

 

2+
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Abstract

Dorzolamide is a substance prohibited in sport and it is included in the group S5 (Diuretics and masking

agents) of the WADA Prohibited List 2018. Its use is banned in sport at all times except for ophthalmic use. This

paper describes an adverse analytical finding case of dorzolamide in an athlete´s urine from shooting sports,

detected by UHPLC-MS/MS.

Introduction

Dorzolamide ((4S,6S)-4-(ethylamino)-6-methyl-7,7-dioxo-5,6-dihydro-4H-thieno[2,3b]thiopyran-2-sulfonamide)

is an inhibitor of carbonic anhydrase, a zinc-containing enzyme that catalyzes the rapid conversion of carbon

dioxide and water into carbonic acid, protons and bicarbonate ions. Distributed throughout many cells and

tissues, various carbonic anhydrases play important roles in mineral and metabolic homeostasis [1]. It was

developed to circumvent the systemic side effects of acetazolamide which has to be taken orally [2,3]. The

structure of dorzolamide is presented in Figure 1.

Figure 1: Chemical structure of dorzolamide

Experimental

Samples pre-treatment 

Samples were prepared according to a dilute-and-shoot approach (DaS) and a method involving enzymatic

hydrolysis and single liquid-liquid extraction (LLE). The above approaches to the detection of dorzolamide are

used in a routine anti-doping initial testing analysis.

1,2 1 1,3 1 1 1 4
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Dilute-and-shoot approach

Briefly, for DaS, 200 μL of urine was spiked with internal standard (N-alpha-diethylphenethylamine-D5 ) and

diluted with 200 μL of water. Following a short vortexing, the samples were centrifuged (10 min/14 000 rpm).

Finally, the supernatant was transferred to a 96-well plate.

Method involving hydrolysis and LLE

In the second method, 3 mL of urine was spiked with internal standards (19,19,19-D -testosterone). After an

addition of 1 mL of 0.8 M phosphate buffer (pH 6.5) and β-glucuronidase (from E.coli), the samples were

incubated at 50°C for 1 hour. Afterwards, samples were cooled down to room temperature. Next, after an

addition of 1 mL of 20% K CO /KHCO  (1:1, v/v), an extraction with 6 mL of methyl-tert-butyl ether was

performed (20 minutes). Samples were then centrifuged (5 min/3,000 rpm), and the ether phase was recovered

and evaporated under a nitrogen flow at 55°C. The dry residue was reconstituted in 100 μL of acetonitrile/H O

mixture (1:1, v/v).

Instrumentation

Liquid chromatography 

Chromatographic separation of dorzolamide was carried out using two chromatographic methods.

First of them, chromatographic separation was achieved on a UPLC Acquity chromatograph (Waters, USA)

equipped with a HSS T3 column (2.1 × 100 mm, 1.8 µm). The mobile phase consisted of 0.1% formic acid in

acetonitrile (A) and 0.1% formic acid in water (B) and an LC gradient was employed at a constant flow rate of

300 μL/min at 45°C. The concentration of acetonitrile was gradually increased in a linear manner: from 0% to

60% within the first 5 minutes, next from 60% to 100% in 1 minute. Finally, the column was re-equilibrated for

1.5 minutes with the mobile phase of initial composition. Samples were stored at 5°C in the autosampler prior

to analysis and the injection volume was fixed at 10 µL.

Second of them, chromatographic separation was achieved on a UPLC Acquity chromatograph (Waters, USA)

equipped in BEH C18 column (2.1 × 100 mm, 1.7 µm). The mobile phase consisted of 0.1% formic acid in

acetonitrile (A) and 0.1% formic acid in water (B) and an LC gradient was employed at the constant flow rate of

300 μL/min at 45°C. The concentration of acetonitrile was gradually increased in a linear manner: from 5% to

35% within first 2 minutes, next from 35% to 50% in 6 min, from 50% to 100% within 1 minute then it was kept

constant for another minute. Finally, the column was re-equilibrated for 1 minute with the mobile phase of initial

composition. Samples were stored at 5°C in the autosampler prior to analysis and the injection volume was

fixed at 15 µL.

Mass spectrometry

Multiple reaction monitoring (MRM) of the studied substances was conducted using a Xevo TQ-S (Waters,

USA) (coupled with the first LC method) and Micromass QuattroPremierXE API (Waters, USA) (coupled with the

second LC method) mass spectrometers equipped with an electrospray ionization (ESI) source.  

In the first mass spectrometer 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. In turn, in the second mass spectrometer, the desolvation gas flow was set at 650

L/h at 300°C and the source temperature was 120°C. The capillary voltage applied was 3.0 kV. The cone and

collision gas flows were set at 50 L/h and 0.35 mL/min, respectively.

3

2 3 3

2
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Analytes were investigated in the ESI+ mode and 10 suitable MRMs were observed for dorzolamide. Four of

them (with the highest intensity) were used to identify of the compound and the employed traced MRMs are

listed in Table 1.

 

Table 1: Traced MRMs and their corresponding MS setting.

Results and Discussion

Due to the fact that this was the first case of suspicion of dorzolamide in Warsaw anti-doping laboratory it was

necessary to carry out a confirmatory analysis using the above protocols. Chromatograms of dorzolamide from

confirmatory analysis prepared by DaS are presented in Figure 2. The retention time (RT) of dorzolamide for

both an athlete`s and quality control samples was 2.44 min and the signal to noise ratio (S/N) above 3:1 was

observed. Estimated concentrations of dorzolamide were 4 and 3 ng/mL for DaS and method involving

hydrolysis and LLE, respectively.

Matrix effects (ME) for DaS were determined at 2 concentrations levels [ng/mL]: 10 and 20 in 5 different urine

matrices by dividing peak areas recorded for spiked urine samples by peak areas of the corresponding

aqueous solution of the standard. For the 10 and 20 concentrations, ME values were determined at the 115%

and 107% levels, respectively.

In turn, for the method involving enzymatic hydrolysis and LLE, extraction recovery (ER) were checked at 3

concentrations levels [ng/mL]: 5, 10 and 20. For the 5, 10 and 20 concentrations, ER values were determined at

the 29.6%, 39.4% and 33.4% levels, respectively.

Despite that the dorzolamide was identified by two methods and its concentration calculated using two internal

standards with a different chemical structure to dorzolamide was similar, it seems that this analysis does not

require performing hydrolysis.
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Figure 2: Chromatograms of dorzolamide from DaS (left: blank urine sample; middle: athlete sample; right: QC sample 20 ng/mL) 

Conclusions

This case shows that low concentrations of dorzolamide may result from the permitted ophthalmic use of this

drug. Testing Authority shall check if the athlete has declared the use. Furthermore, this fact shall be taken into

consideration during result management.
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Abstract

Tuaminoheptane is a nasal decongestion drug and belongs to the substance group S6 (stimulants) and is

prohibited in-competition. Using the HRMS instrument Q-exactive for the confirmation is problematic due to the

lowest m/z value detectable is 50 and the fragments produced for tuaminoheptane has lower m/z values.

Therefore, a derivatization procedure was developed and validated with the aim of using the Q-exactive for

confirmation of tuaminoheptane with full compliance with the TD2015IDCR. The confirmation method consists

of a solid phase extraction (SPE) (Chromabond HR-XC) followed by derivatization using R-(-)-α-methoxy-α-

(trifluoromethyl) phenylacetyl chloride (R-MTPCl) at 60°C for 20 minutes.

Introduction

Confirmation of tuaminoheptane and other low molecular weight amines is not possible using Orbitrap since

the product ions are below the minimum m/z scan range. Derivatization would allow the production of larger

fragments making this analysis possible with Q-exactive. R-MTPCl, a commonly used derivatization agent for

chiral amines and alcohols prior GC analysis, was used for tuaminoheptane LC-HRMS analysis [1,2]. The

derivatization reaction for tuaminoheptane is shown in (Fig.1).

Figure 1. Tuaminoheptane derivatization reaction

Experimental

The sample preparation started with a SPE clean-up of 2 mL urine using Chromabond HR-XC, 30 mg/3 mL

tubes. Washing was performed in three steps, starting with 1 mL 2 % formic acid , followed by 1 mL Milli-Q(aq) 
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(MQ) water and 0.5 mL 10% methanol. The elution was done with 2 mL 5% ammonia in 50% methanol/50%

acetonitrile. To the eluent 20 µL acetic acid (100%) was added and evaporated at 60°C using nitrogen to

dryness. To the dried samples 80 µL butyl acetate + 100 µL 1% derivatization solution (10 µL R-(-)-MTPCl (100

mg) in 1 mL n-Pentane) was added and placed at 60°C for 20 min. After the derivatization the samples were

evaporate to dryness and reconstituted in 200 µL 10% methanol.

The LC-Instrument of use was an Ultimate 3000 UHPLC system (Thermo Fisher Scientific) with a YMC Ultra HT

Hydrosphere C  column (100 x 2.1 mm, 3 µm). The column temperature was set to 50°C, with a flow rate of

0.45 mL/min and an injection volume of 2 µL. A linear gradient from 2% to 100% (B) was used with a total run

time 10 min. The mobile phases, MQ water (A) and 90% methanol in MQ water (B), both containing 10 mM

ammonium format (pH 4.5).

A Q-Exactive (Thermo Fisher Scientific) running in full scan positive mode (100-500 m/z) (resolution 35.000)

with a PRM inclusion list was used (resolution 17.500). For the PRM scan event stepped normalized collision

energy was used (20, 40, 60 eV) and the isolation window was set to 1.5 m/z.

Results and Discussion

The proposed fragmentation for derivatized tuaminoheptane is shown in Figure 2. The most abundant

fragments where chosen and used during validation and these were used in the method and for future

confirmations of positive samples. A positive sample is shown in Figure 3 together with the positive control

spiked at 1 µg/mL and a urine blank. The tested concentration range during validation was 10 - 1000 ng/mL

and amphetamine-D  was used as internal standard.

 

Figure 2: Proposed fragmentation

(aq) 

18

8
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Figure 3. Positive control, urine blank and a AAF sample

Conclusions

The derivatization of tuaminoheptane was evaluated and found to be a solution to perform confirmation

analysis on a Q-exactive. The fragment with the lowest m/z following derivatization was m/z 133. The method

was validated according to WADA regulations and fulfilled all preset criteria. The LOD of tuaminoheptane was

≤ 10 ng/mL.
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Method development for specific confirmation of β2-agonists in doping control

National Doping Control Centre, Mahidol University, Bangkok, Thailand

Abstract

β2-agonists are mainly used as therapeutic drugs for treatment of asthma and pulmonary diseases. The

compounds act on the β2-adrenergic receptor causing smooth muscle relaxation resulting in widening of

bronchial passages and blood vessels in the muscle, thereby improving the performance of athletes [1]. Some

of these compounds are classified in the 2018 WADA Prohibited List (Class S3) and have been included for

initial screening in the method developed for multi-targeting of analytes using liquid-liquid extraction (LLE).

However there is low recovery of some β2-agonists, for example pirbuterol, salbutamol and terbutaline.

A convenient method was developed in this study for specific confirmation of 22 β2-agonists including all those

in the 2018 WADA Prohibited List, in urine sample by using solid-phase extraction (SPE) and liquid

chromatography-tandem mass spectrometry (UFLC-MS/MS). The method was based on enzymatic hydrolysis

with E.coli-β-glucuronidase followed by weak cation-exchange column extraction and one-step washing with

methanol solution. The influence of the washing solution on the target analyte recoveries was studied and it

was found that a 30% methanol solution was most appropriate. High recoveries of the target analytes were

achieved with methanol containing 2% formic acid without liquid extraction. Validation of the developed

method of spiked urine samples at the MRPL showed recovery, matrix effect and LOD values between 71-

108%, 12-84% and 0.2-2.5 ng/mL, respectively. The method is convenient and suitable for specific

confirmation in doping control.

Introduction

In doping control analysis of β2-agonists are commonly performed by a multi-targeting analyte screening

procedure for prohibited small molecules including stimulants, narcotics, diuretics and β2-agonists as listed by

the World Anti-Doping Agency [2]. However, some of the prohibited β2-agonists in the 2018 WADA Prohibited

List, as well as those with potential use for doping purpose but not specified in the list, have not been included

in the reported investigations. This work therefore aimed to develop a method suitable for specific confirmation

of 22 β2-agonists in urine sample, including all published in the 2018 WADA Prohibited List, by using solid-

phase extraction combined with UFLC-MS/MS.

Experimental

Sample preparation:

A mixture of 22 β2-agonist standard (20 ng/mL each) was prepared in 7 different sources of blank urine

(2.5 mL). The solution was two-fold diluted with the corresponding blank urine to obtain series of the urine

samples with concentrations of 0.1-20 ng/mL. The solution was fortified with d -formoterol (20 ng/mL)6
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as internal standard, and 1 mL of 0.2 M phosphate buffer (pH 7.0) and 30 µL of E.coli-β-glucuronidase were

added followed by incubation at 55 °C for 1 h. After cooling to room temperature the sample solution was

loaded onto an Oasis  WCX SPE cartridge (3mL/60 mg) previously conditioned with 3 mL of methanol and

equilibrated with 3 mL of water. After passage of the sample, the cartridge was washed with 3 mL of the

washing solution and finally eluted by 3 mL of 2% formic acid in methanol. The eluate was evaporated to

dryness at 50 °C under nitrogen, and the residue reconstituted in 100 µL acetonitrile:water (1:9, v/v). Aliquots

of 5 µL were injected and analyzed by UFLC-MS/MS (Table 1).

 

Table1. LC-MS/MS Conditions

 

Results and Discussion

The sample preparation method using enzyme hydrolysis and liquid-liquid extraction usually gives poor results

for β2-agonists because of interferences by matrix constituents [3-5].  To minimize the interferences, additional

sample purification employing solid phase extraction has been reported for improvement [5-7]. Methanol is the

washing solution commonly used for sample clean-up with solid phase weak cation-exchange cartridge before

elution of the target compounds. Our preliminary studies demonstrated low recovery of some β2-agonists

under studied during washing step methanol (data not shown). Therefore, the effect of methanol concentration

in the washing solution on the recovery of the target compounds was examined. The SPE cartridge was loaded

with the urine sample and washed with different composition of water-methanol solution. The 22 β2-agonist

target compounds in the eluate were analysed by UFLC-MS/MS and their recoveries determined. The best

compromise for optimal recoveries of all the target compounds was observed when employing a single-step

washing with 30% methanol in water (Table 2). At this optimum condition, method validation at the MRPL gave

recovery and LOD values of the target compounds between 71-108% and 0.2-2.5 ng/mL, respectively

(Table 3). The values showed marked improvement for pirbuterol, salbutamol and terbutaline compared with

®
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the LLE method [3,4]. The recoveries of all the target compounds were higher than 80%, except for reproterol

(71%) which is consistently extracted nearly 100% by the LLE method [3]. The matrix effect of all the target

compounds was between 12-84% and appeared to be no correlation with their recoveries. The LOD values of

the method complied with WADA TD2018MRPL for all analytes investigated [8]. It should be noted, the method

may not be essential for salbutamol, formoterol, salmeterol and higenamine as the WADA requirement for their

reported concentrations are much higher than the LOD found in this method [8,9]. 

 

Table 2: Effect of different composition of methanol washing solutions on the recovery of β2-agonists extracted by the WCX-SPE

cartridge.
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Table 3: Recovery, LOD and matrix effect values of the 22 β2-agonists obtained from the validation at the MRPL [8].

 

Conclusions

A method was developed for specific confirmation of 22 β2-agonists including all published in the 2018 WADA

Prohibited List and those with potential use for doping purpose but not specified in the list. The method

involved sample clean-up using a weak cation-exchange column and one-step effective washing by methanol
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solution (30%) followed by UFLC-MS/MS analysis. Validation data of urine samples spiked with the

compounds at the WADA TD2018MRPL showed all recoveries and matrix effects ranged 71-108% and 12-

84%, respectively. The LOD values ranged 0.2-2.5 ng/mL, lower than 50% MRPL [8]. The method

demonstrated the improvement of reliability and could be used for specific confirmation of β2-agonists in

doping analysis.
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Abstract

Clenbuterol (Class S1.2) is a powerful drug sometimes used for performance enhancement by athletes to

increase lean muscle mass and reduce body fat. While analytical data can unambiguously prove the presence

of clenbuterol in an athlete’s urine there is still no criteria for differentiating between clenbuterol abuse and

unintentional ingestion from contaminated meat. The ratio of the two enantiomers of clenbuterol may serve as a

possible discriminating parameter. Clenbuterol is present in many doping samples analyzed at NDCC.

A method for determining the clenbuterol enantiomers (R/S) in urine samples using a chiral column and UFLC-

MS/MS was developed. Method validation gave the limit of detection of 0.1 ng/mL. Ten doping control urine

samples containing clenbuterol were re-analyzed to determine their R/S ratio. The mean of the measured R/S

ratio was 0.99 with an SD of 0.06.

Introduction

Clenbuterol is used for performance enhancement by athletes to increase lean muscle mass and reduce body

fat. It is listed as an anabolic agent (Class S1.2) in the WADA Prohibited List [1]. While analytical data can

unambiguously prove the presence of clenbuterol, differentiation of clenbuterol abuse and unintentional

ingestion from contaminated meat is still an open question. This problem has been reported for countries such

as Mexico [2] and China [3,4].

The ratio of the two enantiomers of clenbuterol may serve as a potential discriminating parameter [5,6]. There

are many methods reported for separation of the enantiomers using LC-MS/MS [5-8]. Clenbuterol was found to

be present in many of the doping samples analyzed at NDCC, Bangkok. Therefore, the objective of this study is

to develop a method that is sufficiently sensitive for determining the distribution of R-(-) and S-(+)- clenbuterol

enantiomers (Figure 1) in human urine samples.

 

Figure 1: Chemical structures of the enantiomers of clenbuterol : R-(-)- clenbuterol and S-(+)- clenbuterol
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Experimental

The extraction method is a modification of the procedure employed at NDCC with the LC-MS/MS analysis of

the enantiomers following the method of Velasco et al. [8].

Sample preparation:

An aliquot of 10 µL ISTD (500 ng/mL d -clenbuterol) was added to 5.0 mL of each of the ten AAF samples for

clenbuterol. Then 250 µL of 5% K CO  (pH 9) was added and the samples were extracted with 5.0 mL methyl

tert-butyl ether (MTBE). The organic layer was evaporated to dryness. The residue was reconstituted in 100 µL

acetonitrile:water (50:50, v/v) and a 20 µL aliquot analyzed by UFLC-MS/MS using a chiral column.

Instrumentation:

UFLC-MS/MS experiments were performed using UFLC-XR (LC20 Prominence) with a LUX Cellulose-3

column (250 x 4.6 mm, 5 µm particles, Phenomenex) and LC-MS 8030 triple quadrupole mass spectrometer

(Shimadzu, Japan). The elution solvent was mobile phase A (water containing 10 mM ammonium formate,

adjusted to pH 10.5 with 30% ammonium hydroxide) and mobile phase B (methanol containing 10 mM

ammonium formate) at flow rate of  0.55 mL/min  using isocratic mode (37.5% A, 62.5% B). The oven

temperature was 30°C [8]. The MRM transitions are m/z 277.00 → 202.95 and m/z 286.00 → 204.00 for

clenbuterol and d -clenbuterol, respectively, using positive ion mode.

Results and Discussion

Representative chromatograms of the separation of clenbuterol enantiomers using LUX Cellulose-3 analytical

column are shown in Figure 2.

Method validation of clenbuterol with the chiral column gave the limit of detection of 0.1 ng/mL. Ten AAF

samples in NDCC were analyzed using the developed method. The R/S ratio of clenbuterol was determined

with concentrations of clenbuterol in the range 0.09 – 10.59 ng/mL. From the data it was found that the mean of

the R/S ratio is 0.99 with SD 0.06, as shown in Figure 3.  No samples had R/S ratio outside ± 2SD.

From the analysis of enantiomers of clenbuterol in 11 drug preparations (3 black market) by Parr et al. [6] and

26 pharmaceutical preparations (7 black market) by Velasco-Bejarano et al. [8], the mean of R/S ratio were

0.996 ± 0.010 and  0.99 ± 0.02, respectively. Analysis of the R/S ratios of clenbuterol in calf muscle and liver by

Parr et al. [6] gave values ranging from 0.56 – 1.56, and by Wang et al. [7] in swine, beef and lamb meat R/S

ratios of 0.65 – 2.82. On the other hand, analysis of 9 urine samples from volunteers with clenbuterol greater

than 10 pg/mL (the LOQ of the work) by Wang et al. [4] gave mean R/S value of 1.64 ± 0.36.

The work of Parr et al. [6] has also confirmed that there were no changes in the enantiomeric ratio of the

ingested clenbuterol as eliminated in the urine. They also proposed that R/S < 0.69 or ≥ 1.44 would indicate

that the source of clenbuterol is from food contamination.

9
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Figure 2: Chromatograms of extracted ion of R-(-) and S-(+)-clenbuterol enantiomers. A) Extracted ion from spiked urine. B)

Extracted ion from a urine sample containing clenbuterol. C) Extracted ion from negative urine.

 

Figure 3: Bar graph of R/S ratio and clenbuterol concentration (ng/mL) for ten samples. The mean of R/S ratio is 0.99 ± 0.06.
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Conclusions

A separation method, using chiral column, was developed for analysis of the enantiomers of clenbuterol using

LC-MS/MS. The mean of R/S ratio for 10 AAF samples at NDCC was 0.99 ± 0.06, with no values outside ± 2SD

limit. As discussed above these ratios cannot exclude the possibility of food contamination.
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Abstract

Cocaine is an alkaloid that is obtained from coca leaves (Eritroxilon Coca). The cocaine use leads to increased

energy, capacity to achieve great physical efforts and decreased need for sleep. According to the technical

documents in force, the detection of cocaine shall be done as parent compound and its two main metabolites:

benzoylecgonine and methylecgonine. This paper presents the detection of cocaine and its metabolites. A

detection method for parent compound and one of its metabolites, methylecgonine, was developed and

validated by gas chromatographic technique coupled with mass spectrometer (GC/MS). Liquid - liquid

extraction with tert-butyl methyl ether (TBME) is done at pH = 11-12. In order to detect the main metabolites of

cocaine benzoylecgonine and methylecgonine, methods using the liquid chromatography technique coupled

with triple quadrupole mass spectrometer (LC-MS/MS) were developed and validated. A solid - phase

extraction on XAD-2 resin is used for benzoylecgonine and a liquid - liquid extraction with enzymatic hydrolysis

for methylecgonine.

Introduction

Cocaine is prohibited  in sports and it is included in the Worldl Anti-Doping Agency (WADA) Prohibited List at

section S6.Stimulants (non-specific stimulants) [1]. Methods were developed using solid phase extraction

(SPE) or liquid - liquid extraction (LLE), followed by liquid chromatography-tandem mass spectrometry (LC-

MS/MS) or  gas chromatograph-mass spectrometry  techniques (GC/MS) [2-6]. Cocaine and its metabolites are

prohibited in competition with minimum required performance level (MRPL) of 100 ng/mL [7-8]. A LLE method

for the parent compound and methylecgonine detection followed by GC/MS was developed and validated. Two

LC-MS/MS methods were developed and validated for cocaine metabolites: a solid phase extraction on XAD-2

for benzoylecgonine and liquid-liquid extraction with  for methylecgonine.

Figure 1: Chemical structures of cocaine and its metabolites
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Experimental

Materials and methods

Cocaine, benzoylecgonine, methylecgonine were supplied by NARL (India), diphenylamine (internal standard)

was supplied from LGC (Germany), mefruside (internal standard) was supplied by Bayer (Germany) and

methyltestosterone (internal standard) was supplied by NMI (Australia).

Acetonitrile, methanol, potassium hydroxide (KOH),  potassium hydrogen carbonate (KHCO ), potassium

carbonate (K CO ), sodium sulphate (Na SO ), tertbuthylmethylether (TBME), monosodium phosphate

(NaH PO ), disodium phosphate (Na HPO )  were obtained from Merck (Chimexim, Romania), β-glucuro-

nidase from Roche (Romania). The ultra-pure water was obtained using the system Simplicity 185 Millipore.

Amberlite XAD-2 resin was purchased from Supelco (Redox SRL, Romania).

 

Sample preparation

Liquid-liquid extraction for Cocaine and Methylecgonine followed by GC/MS injection (for confirmation)

A 5 mL aliquot of sample was spiked with internal standard diphenylamine, KOH/KHCO  buffer (for pH=11-12),

followed by a homogenisation. The analytes were extracted with 2 mL TBME, the organic phase was

evaporated under oxygen-free nitrogen and the residue was reconstituted in 100 µL pure methanol.

Solid-phase extraction for Benzoylecgonine followed by LC-MS/MS injection (for confirmation)

An aliquot of 2 mL of sample spiked with internal standard Mefruside was loaded onto an Amberlite XAD-2

resin, which was washed with ultrapurified water and than was eluted with methanol. The solvent is evaporated

in oxygen-free nitrogen atmosphere, followed by reconstitution in 100 µL a mixture ultrapure water:aceto-

nitrile.

Liquid-liquid extraction for Methylecgonine followed by LC-MS/MS injection (for screening)

A 3 mL aliquot of sample was spiked with 30 μL internal standard Methyltestosteron, 1mL NaH PO /Na HPO

0.8 M buffer (pH=7), 25 μL solution E.Coli β-glucuronidase, followed by a homogenisation  and 1.5 hour

(50°C) hydrolysis. Then 750 μL KOH/KHCO  20% buffer (for pH=9) was added to stop the hydrolysis. The

analytes were extracted with 6 mL TBME. 2 mL of organic phase was separated and evaporated under

oxygen-free nitrogen and the residue was reconstituted in 100 µL pure methanol.

 

Equipments

GC/MS system : Agilent 7890A/Agilent 5975C

LC-MS/MS system : Agilent 1200/Agilent 6410 TripleQuad
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Figure 2: Instrumental parameters for GC-MS and LC-MS/MS

Results and Discussion

For cocaine and methylecgonine GC/MS technique was used for confirmation. Figure 3 presents ions routinely

monitored in GC/MS, selected ions monitored analysis  (SIM).

Methylecgonine is included  in the screening with liquid-liquid extraction (LLE) by GC/MS and LC-MS/MS

analysis. Methylecgonine is included in screening as an extra verification for intake of cocaine. On LC-MS it

was included in a screening which requires a hydrolysis step. The confirmatory method for methylecgonine

was validated by the GC/MS technique.

For confirmation of benzoylecgonine the SPE extraction on XAD-2 resin, followed by LC-MS/MS. Figure 3

shows the transitions monitored.
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Figure 3: LC-MS/MS and GC/MS technical parameters for target compounds

Validation of confirmation methods

Validation parameters were evaluated for LLE and SPE protocols according to International Standard for

Laboratories [9].

Matrix effects 

8 blank urine samples were monitorized for interferences. There were no interfering signals on the target

compounds.

Limit of detection (LOD)

8 blank urine, fortified with a mixture of cocaine and its metabolites at a level of 50 ng/mL were analyzed. The

LODs were evaluated at 50 ng/mL and all peaks presented a signal to noise ratio higher than 3.

Identification capability 

8 urine samples fortified with cocaine and its metabolites at a level of 100 ng/mL were analyzed and

abundance ratios compared to a standard in methanol.

Carryover

A sample fortified at 500 ng/mL and two blank samples were analysed. For the identification capability at

MRPL, all target compounds were identified according to TD2015IDCR [8,9]. At a concentration of  500 ng/mL

the carryover was not observed.

Recovery 

Two sets of 8 blank urines were analysed. The first set was fortified with a mixture of standard at a

concentration level of 100 ng/mL before extraction, the second set was fortified with the same amount after

extraction, before organic phase evaporation. The recovery for GC/MS analysis is 58.61% for cocaine and

63.88% for methylecgonine. For methylecgonine by LC-MS/MS is 28.24%. 68% is the benzoylecgonine

recovery obtained using SPE and LC-MS/MS.
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Figure 4: Limit of detection at 50 ng/mL:  a) for LLE on GC/MS; b) for SPE on LC-MS/MS; c) for LLE on LC-MS/MS

Conclusions

The physical and chemical properties of cocaine and its metabolites require optimization of sample preparation

in order to avoid matrix interferences and false positive results and to obtain low limits of detection. This study

presents a liquid - liquid extraction followed by GC/MS analysis  for cocaine and methylecgonine. Solid phase

extraction followed by LC-MS/MS analysis is an appropriate methods for benzoylecgonine  confirmation due to

its high sensitivity. The matrix effects, LODs, identification capability at MRPL and carryover of the methods

shows that the liquid - liquid extraction method followed by GC/MS and solid phase extraction followed by LC-

MS/MS can be used for confirmation of cocaine and it metabolites in the urine doping control samples.
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Abstract

Trimetazidine [1-[2,3,4-trimethoxybenzyl]-piperazine] is usually prescribed as long-term treatment of angina

pectoris, and in some countries for tinnitus and dizziness. Since January 2014, trimetazidine has been

classified as a prohibited substance by the World Anti-Doping Agency (WADA). Currently, trimetazidine is listed

in the group S4 – Hormone and metabolic modulators, and hence its use by athletes is banned at all times.

Therefore, there is a risk of detection this substance in the samples collected in- and out-of-competition. In this

study, the excretion profile of trimetazidine is presented of the treatment course with 60 therapeutic doses

of Preductal MR 35 mg. Urine samples for this study were collected before during and after treatment. Intact

TMZ is likely to be the longest-lasting substance as on day 27, after final administration of TMZ, intact TMA

could be identified whereas other metabolites did not (in urine). Additionally, the presence of N-dealkylated

lomerizine was monitored and as expected, it was not found in the samples tested, supporting the information

included in WADA Technical Letter 2018, that trimetazidine cannot be metabolized to lomerizine metabolite.

Introduction

Introduction

Trimetazidine [1-[2,3,4-trimethoxybenzyl]-piperazine] is the first known 3-ketoacyl coenzyme A thiolase

inhibitor. It is a metabolic agent with anti ischemic and anti anginal properties. Trimetazidine inhibits

mitochondrial long-chain 3-ketoacyl coenzyme a thiolase, so that the cardiac energymetabolism is shifted from

fatty acid oxidation to glucose oxidation [1].

Trimetazidine is usually prescribed as long-term treatment of angina pectoris, and in some countries for tinnitus

and dizziness [2]. Since January 2014, trimetazidine has been classified as a prohibited substance by the

World Anti-Doping Agency (WADA) [3]. Currently, trimetazidine is listed in the group S4 -  Hormone and

metabolic modulators and, hence its use by athletes is banned at all times. Therefore, there is a risk of

detection this substance in the samples collected in-and out-of -competition. The aim of the study was to

investigate the window of detection for trimetazidine by using a neverly introduced LC/MS/MS method with

improved LOQ (0,5 ng/mL) in comparison to an old GC/MS metdod [6]. Moreover, as the identification of

trimetazidine in urine samples also might result from administration of the permitted drug lomerizine. We

checked if the lomerizine M6-metabolite (Fig.1) would be present in a patient using trimetazidine only [4].
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Figure 1: Major metabolic pathway of Lomerizine

Experimental

The urine samples were taken from one male volunteer, who had orally ingested 60 therapeutic doses of

Preductal MR (trimetazidini dihydrochloricum ANPHARM Przedsiebiorstwo Farmaceutyczne S.A., Poland),

while a single prolonged realise tablet contains 35 mg of trimetazidine.

The volunteer had taken 2 tablets a day for 24 days and then 1 tablet a day for 12 days. In total 60 tables were

administered in 36 days (Fig.2). Additionally, the volunteer had diagnosed type 2 diabetes and he took 2000

mg/24 h of metformin. Also during taking a medicine, he rode a stationary bike15 km a day. Blood pressure

measured during the experiment was from 136/78 mmHg to 188/90 mmHg.

 

Figure 2: Scheme of doses trimetazidine and urinalysis.
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The samples preparation is performed in the following order: extraction of  3 mL of sample with ethyl acetate at

basic and acidic pH, evaporation and reconstitution in mobile phase H O: ACN (9:1 v/v). Mefrusid at final

concentration 200 ng/mL was used as internal standard.

Chromatographic separation of doping substances was carried out in 5 min. on a Waters Acquity UPLC system

with Acguity UPLC column (BEH C18 Shield 100 mm x 2.1 mm, 1,7 µm). The mobile phase consisted of 0.1 %

formic acid in acetonitrile (A) and 0.1 % formic acid in water (B), and LC gradient was employed at the constant

flow rate of 300 µL/min at 45 °C. Samples were stored at 5 °C in the autosampler prior to analysis and the

injection volume was fixed at 15 µL. MRMs of the studied substances were traced with a Micromass Quattro

Premier XE mass spectrometer equipped with an ESI source. All analytes were investigated in the ESI+ mode.

The desolvation gas flow was set at 650 L/h at a temperature of 300°C and the source temperature was

120°C. The capillary voltage applied was 2.80 kV. The cone and collision gas flows were set at 50 L/h and

0.20 mL/min, respectively. The method was deemed semi-quantitative. LOQ was at 0.5 ng/mL. Five point

calibration curves showed a satisfactory lin-earity in the range of 1-40000 ng/mL with a correlation coefficient

above 0.97.

Results and Discussion

The mean trimetazidine concentration ranged from 10-34 µg/mL while taking the drug. During the washout

period, a decrease in trimetazidine concentration from 12 μg/mL to 33 ng/mL was observed in the first week

after therapy had been finished.On the 27  day after the end of the treatment, the presence of trimetazidine at

the level of approximately 1 ng/mL was still observed (Fig.3).

Figure 3: A: Excretion profile and ingest of Trimetazidine; B: Excretion profile of Trimetazidine for 7 days from ended ingested; C:

Zoom of A
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During the washout period, the presence of the trimetazidine metabolites was noted, namely: trimetazidine-N-

oxide (up to day 22 after the last dose ingestion) and oxo-trimetazidine (up to day 22 after the last dose

ingestion) [5]. Lomerizine and its metabolites were not detected (Fig.4).

Figure 4: Chromatograms of real case sample and of QC sample.

Conclusions

1. In all the urine samples tested, no N-dealkylated lomerizine was detected, which supports the

information of WADA Technical Letter TL02-2018 that trimetazidine is not metabolized to the metabolite

of lomerizine.

2. On the 27  day after the end of the therapeutic dose (60 tablets) of Preductal MR, the presence of

trimetazidine was still observed, which could be reported as an adverse analytical finding since

trimetazidine is prohibited at all times and there is no reporting limit published by WADA.
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Abstract

Therapeutic drugs that act as allosteric hemoglobin effectors, regulating oxygen uptake and release from

erythrocytes, carry significant abuse potential in sports, since increased oxygenation of tissues improves

athletic performance. As a representative of the therapeutic class of allosteric hemoglobin effectors, myo-

inositol trispyrophosphate (ITPP) is prohibited in sports under section M 1.2 - “Manipulation of blood and blood

components”.

Although assays for ITPP detection in equine and human urine already exist, a controlled excretion study of

orally administered ITPP has not yet been published in literature. As a pilot study, in order to roughly estimate

the urinary detection window following a single oral dose of the drug, one healthy male volunteer received 10

mg of ITPP per os. Urine samples were collected up to 44 h post-administration and analyzed by hydrophilic

interaction liquid chromatography / high resolution mass spectrometry. ITPP was detected as the unchanged

drug and was present in all post-administration urine samples until termination of the study. The peak

concentration (140 ng/mL) was detected at 4 h post-administration. No other metabolites were identified so far.

Introduction

Therapeutic drugs that act as allosteric hemoglobin effectors, regulating oxygen uptake and release from

erythrocytes, carry significant abuse potential in sports, since increased oxygenation of tissues improves

athletic performance [1-4]. As a representative of the therapeutic class of allosteric hemoglobin effectors, myo-

inositol trispyrophosphate (ITPP) is prohibited in sports under section M 1.2 - “Manipulation of blood and blood

components” [5]. The chemical structure of ITPP is shown in Figure 1.

Figure 1: Chemical structure of myo-inositol trispyrophosphate (ITPP)
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According to its potential to counteract the effects of hypoxia, labelled as OXY111A, the substance is being

examined in phase II clinical trials as a potential antitumor agent in patients with hepato-pancreato-biliary

neoplasms. The antitumor properties of ITPP are predominantly mediated by suppression of hypoxia-induced

factor HIF-1α and hypoxia-induced angiogenesis of endothelial cells in erythrocytes [6]. Although assays for

ITPP detection in equine and human urine already exist [7,8], a controlled excretion study of orally

administered ITPP has not yet been published in literature. The objectives of this pilot study are to verify if ITPP

is mainly excreted as the unchanged drug and to roughly estimate the windows of opportunity for the detection

of orally administered ITPP.

Experimental

Chemicals and reference standards

Myo-inositol trispyrophosphate and its hexadeuterated analog (ITPP- H ) was purchased from Toronto

Research Chemicals Inc. (Toronto, Canada). Acetonitrile and methanol were supplied by VWR International

(Darmstadt, Germany). Acetic acid and ammonium acetate were bought from Merck (Darmstadt, Germany).

Solid phase extraction cartridges (Oasis WAX 3cc, 60 mg, 30 µm) were purchased from Waters (Milford, MA,

USA) and deionized water was obtained from a water purification system (Sartorius Stedim Biotech S.A.,

Aubagne, France).

Sample preparation

Sample preparation was described elsewhere [8]. In brief, urine specimens were purified and concentrated by

weak-anion-exchange solid phase extraction (Oasis WAX, Waters). An aliquot of 2 mL of urine sample was

fortified with 20 µL of a 10 µg/mL aqueous solution of ITPP- H  (final concentration: 100 ng/mL), which was

used as internal standard (IS). After adding 0.4 mL of a sodium acetate solution (1 M) the mixture was adjusted

to pH 4 using hydrochloric acid (6 M). The utilized Oasis WAX cartridges were preconditioned with 2 mL of

methanol and 2 mL of deionized water. After loading of the pH-adjusted urine sample, the cartridges were

washed again with 2 mL of deionized water and 2 mL of methanol. ITPP and IS were eluted using 1 mL of

ammonia solution (10% in methanol). Afterwards, the eluate was evaporated to dryness and reconstituted in

100 µL of a mixture consisting of 100 mM ammonium acetate solution, deionized water, methanol and

acetonitrile (1:2:2:5; v:v:v:v). A volume of 10 µL of the mixture was injected into the instrument.

Liquid chromatography and high resolution mass spectrometry

For chromatographic separation an Accela 1250 pump (Thermo Scientific, Bremen, Germany) and a Thermo

PAL autosampler (Thermo Scientific, Bremen, Germany) was used, equipped with a Nucleodur HILIC

analytical column (100 x 2 mm, particle size 1.8 µm, Macherey-Nagel, Düren, Germany). The mobile phase

consisted of deionized water (solvent A), acetonitrile (solvent B) and a 200 mM ammonium acetate solution

(pH = 6.7, solvent C). At a flow rate of 250 µL/min the content of solvent B was decreased linear from 95% to

40% within 10 min. The content of 5 % of solvent C was maintained stable throughout the gradient, resulting in

an effective ammonium acetate concentration of 10 mM. After 1 min of isocratic elution at 40% of solvent B, re-

equilibration started at 95% of solvent B for 7 min resulting in an overall runtime of 18 min. Mass spectrometric

detection was carried out using a Q Exactive mass spectrometer (Thermo Scientific, Bremen, Germany)

interfaced by an electrospray ionization ion-source (HESI-II) operating in negative mode (-4 kV, source
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temperature 300°C, capillary temperature 350°C). ITPP and ITPP- H  were analyzed using full scan

(resolution: 17500 FWHM; scan range:  m/z 100-800; maximum injection time: 200 ms; automatic gain control

(AGC) target: 3e6) and parallel reaction monitoring (PRM) acquisition mode (resolution: 17500 FWHM; Q1

isolation window: m/z 1.0; maximum injection time: 300 ms; automatic gain control (AGC) target: 2e5,

normalized collision energy (NCE): 10 and 45 %) detecting the doubly charged precursor ions [M-2H]  at

m/z 301.9065 (ITTP) and m/z 304.9253 (IS).

Study design

One healthy male volunteer received a dose of 10 mg ITPP per os, written consent was obtained from the study

participant. Urine samples were collected up to 44 h post-administration. ITPP capsules were self-prepared

using 10 mg of myo-inositol trispyrophosphate hexasodium salt (Cat# 1666020, Lot# 6-JLI-14_1; Toronto

Research Chemicals Inc., Toronto, Canada)

Results and Discussion

Following an oral administration, ITPP was mainly excreted as the unchanged parent compound, which is in

accordance with results of a previous published excretion study following intravenous administration of the

drug in horses 9. Following the aforementioned hypothesis of an unmetabolized renal excretion of the drug, no

other metabolites were identified.

ITPP was detected in all post-administration urine samples until termination of the study after 44 h. The peak

concentration (140 ng/mL, not specific gravity corrected) was detected at 4 h post-administration. As already

observed in the aforementioned study, ITPP demonstrated an undulating urinary excretion pattern, which is

depicted in Figure 3. Specific gravity correction of the estimated urinary concentrations did not have a

significant effect on the excretion profile compared to the uncorrected values. Table 1 summarizes the

estimated urinary concentrations with and without specific gravity correction.

Figure 2: Extracted ion chromatograms (Full Scan and PRM mode) of an ITPP-containing urine sample (A) and corresponding

product ion spectrum (B) of the doubly-charged precursor ion [M-2H]  of ITPP (NCE: 45)
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In a subsequent urine sample collected 14 days post-administration the drug was no longer detectable.

However, the herein administered dose represents only 0.1 – 1% of the clinically relevant dose administered

during preclinical and phase I clinical trials and indicating a dose-dependent elimination profile of the

substance. Therefore, administration of higher dosages may result in significantly longer urinary detection

windows than estimated in this pilot study.

Figure 3: Urinary excretion profile of ITPP after single oral administration of a 10 mg capsule. Apparent concentrations have been

normalized to a specific gravity of 1.020.

Table 1: Estimated ITPP concentrations and specific gravities of urine samples

Conclusions

To the best of our knowledge, this is the first time that urinary detection windows of orally administered ITPP

have been investigated in human subjects. Although the administered dosage of ITPP was considerably lower

compared to the applied doses during clinical trials, this pilot study provides a first indication of detection times

in urine samples, applying the already existing LC-MS assays in doping control laboratories. Therefore,

following the recommended weekly dose regimen of 5598 mg/m  – 43500 mg/m  body surface area [10], ITPP

is probably detectable multiple days after oral administration of the drug. However, this hypothesis has to be

confirmed in further investigations with a larger number of volunteers, multiple administrations of the drug as

well as longer sample collection periods.
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Abstract

The aim of the study was to determine the urinary excretion profile after oral administration of a single dose of

hexarelin  - 600 µg/kg body mass - to two healthy volunteers. Urine samples were collected before and up to

two days after the hexarelin ingestion. All available metabolites of hexarelin and parent compound were

traced, but only four of them were detectable in urine, namely: hexarelin (parent compound), hexarelin free

acid, hexarelin 1-3 free acid and hexarelin 4-6 free acid. The study showed that the monitoring of hexarelin 1-3

free acid resulted in the longest time of detection - up to 30 hours following ingestion of a single dose.

Introduction

Hexarelin belongs to the growth hormone secretagogues (GHSs), which are able to interact with the ghrelin

receptor GHSR1a and in consequence to promote the release of the growth hormone. The use of GHSs in

sports is prohibited by WADA as they tend to increase the level of another prohibited substance – hGH [1]. Little

is known about bioavailability and excretion profiles of these compounds after oral administration [2], even

though that they were found in oral supplements available on the black market [3].

Experimental

Chemicals and reagents

All solvents and inorganic chemicals were of analytical grade. LC-MS-grade acetonitrile was purchased from

Merck Millipore. The Millipore DirectQ UV3 system (R>18 Ωcm) was used as a source of water. Internal

standard - [Lys-8] vasopressin was purchased from Sigma Aldrich. Hexarelin was synthetized by Novazym

Polska s.c. while all other peptide standards were provided by AUSPEP Pty Ltd. 

Sample preparation for LC/MS/MS

2 mL of samples were fortified with the internal standard ([Lys-8] vasopressin). Then the samples were applied

to the Oasis WCX column and passed through using Waters equipment. Columns were washed and finally the

analytes were eluted with using 1500 µL of  25% NH *H O + methanol (1:9; v/v) mixture and dried in

SpeedVac at 30°C through 12 hours. The dried residue was suspended in 150 µL of acetonitrile + H O (1:9;

v/v) mixture [4].
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LC/MS/MS conditions

Waters Acquity UPLC column HSS T3 (100 mm x 2,1 mm, 1.8 μm, Waters, USA) were used during all analysis.

Mobile phase consisted of 0.1% formic acid in acetonitrile (A) and 0.1% of formic acid in water (B). Constant

flow of 300 µL/min ran at 45°C. Injection volume was set to 10 µL [4] with modifications.

Table 1: Chromatographic gradient.

The MRMs of the test substances were traced using a Xevo TQ-S mass spectrometer (Waters, USA). The

analysis was performed in ESI+ mode. The evaporation gas flow was set to 650 l/h at 350°C. The source

temperature was 150°C. The capillary voltage applied was 3.0 kV. The cone gas flow and collisions were set

to 150 L/h and 0.20 mL/min, respectively. MRMs traced: Hexarelin PC: 444.27>83.82, 444.27>109.85,

444.27>128.88; Hexarelin FA: 444.73>110.03, 444.73>83.87; Hexarelin 1-3 FA: 426.99>109.97, 426.99

>272.97; Hexarelin 4-6 FA: 480.05>119.87, 480.05>129.86; Hexarelin 4-6 A: 479.04>83.81, 479.04>145.91;

Hexarelin 2-5 FA: 623.09>143.85, 623.09>334.95. The LOD for hexareln PC was 100 pg/mL, Hexarelin FA 100

pg/mL, Hexarelin 1-3 FA 100 pg/mL, Hexarelin 4-6 FA 500 pg/mL, Hexarelin 4-6 A 500 pg/mL, Hexarelin 2-5

FA 100 pg/mL.

Application Study

The study was conducted  with the permission obtained from the Ethical Committee of Research of the Institute

of Sport – National Research Institute –KEBN-16-22-ZS and volunteers gave written informed consent. The

study was performed with two healthy volunteers. A single dose of  Hexarelin 600 µg/kg b.m. was administered

by oral route to the volunteers. One blank sample was collected before hexarelin application and then

spontaneous urine samples were collected up to 30 h after the ingestion of hexarelin.

 

Figure 1. Samples collection scheme
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Results and Discussion

The oral hexarelin dose (600 µg/kg) was similar to that reported in the study published by Ghigo et all 1994 [2].

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) [2]. 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).

The main metabolite of hexarelin following oral ingestion - Hexarelin1-3 FA - was identified. It is detectable at

least up to 30 h after administration in concentration ranges of 1,5-2 ng/mL (1,5-3 ng/mL after 25h). It seems

that the relative abundance of metabolites of hexarelin depends on the route of application. It has been shown

that after intranasal administration the most abundant metabolite was 4-6 FA [4] while after oral administration it

is almost undetectable (below LOD). Hexarelin PC and hexarelin FA  were detectable at least up to 10 h after

administration in concentration ranges of 0.25-0,9 ng/mL. The experiment proved oral bioavailability of

hexarelin as the parent compound and metabolites were detectable in the urine, thus anti-doping laboratories

should be prepared for cases regarding the consumption of supplements containing hexarelin. The WADA

MRPL for hexarelin set at 2 ng/mL [5] seems to be adequate as the antidoping laboratories should be able to

detect hexarelin doping up to 30 hours after application. However, it seems to be reasonable to point out,

which metabolites should be targeted to extend the window of detection.

 

Figure 2. Excretion profile of Hexarelin after the consumption of a single dose by means of LC/MS/MS (FA - free acid).
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Conclusions

Oral aplication of the hexarelin may lead to the violation of the anti-doping rules. Therefore, the anti-doping

laboratories should include the main metabolite after oral ingestion - hexarelin 1-3 free acid - in their routine

initial testing procedures.
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Abstract

The prohibited selective estrogen receptor modulator (SERM) clomiphene is frequently detected in sports drug

testing. Here, an increasing number of positive findings at low urinary concentration (<1 ng/mL) was observed,

demonstrating exclusively the presence of clomiphene parent compound, while other metabolites were not

detected. To investigate the urinary detection window for clomiphene as target analyte 8 urine specimens of

female patients, therapeutically treated with clomiphene were analyzed. The volunteers provided urine

samples after a period of 3-11 month after administration. Unchanged clomiphene was detectable up to 11

month and hydroxy-clomiphene up to 5 month after administration.  

Introduction

At the Cologne doping control lab the prohibited selective estrogen receptor modulator (SERM) clomiphene

was frequently detected. Here, a conspicuous high number of clomiphene findings at low urinary

concentrations (< 1 ng/mL) was observed, demonstrating exclusively the presence of clomiphene parent

compound, while other metabolites were not detected. Comparable findings have already been reported by

Ahi et al., showing only the presence of the parent drug clomiphene [1]. Furthermore, recent studies have

demonstrated long urinary detection windows of more than 3 months for clomiphene and its hydroxy-

metabolites [2]. To collect more data on urinary detection windows of clomiphene parent compound urine

specimens of female patients (n=8), therapeutically treated with clomiphene were investigated. Samples of

female patients were provided after a period of 3-11 months after administration.

Experimental

Sample preparation

Briefly, after enzymatic hydrolysis (1h, 50°C, pH=7.0) with β-glucuronidase from E. Coli analytes were

extracted with TBME at a pH of 9.6. The separated organic layer was evaporated and the dry residue was

reconstituted in 60 µL of a mixture of 5 mM ammonium acetate buffer containing 0.1 % glacial acid and

methanol (1:1, v:v).

Post-administration urine specimens

Eight female volunteers that have been treated with clomiphene provided urine samples 3-11 months after the

last administration. An informed consent of all volunteers was received.
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Table 1: Data on the investigated specimens

LC-MS/MS

The LC was equipped with an Agilent (Darmstadt, Germany) Zorbax SB-C8 column (150 x 4.6 mm; 3.5 µm). A

reverse phase gradient was employed using eluent A: ammonium acetate buffer (5 mmol/L, 0.1 % glacial acid;

pH 3.5) and B: acetonitrile starting at 1 % B and changing to 100 % B within 12 min. After isocratic elution at

100 % B for 1 min the system was re-equlibrated for 2.5 min. The flow rate was set to 0.8 mL/min.

For tandem mass spectrometry a 6500 QTrap hybrid triple quadrupole/linear ion trap mass spectrometer was

used controlled by Analyst Software 1.6.1 (Sciex, Darmstadt, Germany). Electrospray positive ionization was

used with ionspray voltage +5500 V and an ion source temperature of 450°C, nitrogen was used as collision

gas (3.0 x 10  Pa) delivered from a nitrogen generator (CMC Instruments, Eschborn, Germany). In multiple

reaction monitoring (MRM) mode diagnostic ion transitions of clomiphene (m/z 406-100/72/58) and its

metabolites hydroxy-clomiphene (m/z 422-100/72/58) and hydroxy-methoxyclomiphene (m/z 438-72) were

recorded.

Results and Discussion

Doping control samples

Between 2015 and 2018 the Cologne doping control lab has reported 35 adverse analytical findings (AAFs) for

clomiphene (Fig. 1).

Figure 1: Concentration levels of clomiphene (cis-isomer) in 35 positive clomiphene samples (2015-2018)

-3
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The majority of the AAFs were reported for doping control specimens belonging to combat and strength sport

(74%) and for samples from male athletes (86%). The estimated concentrations of clomiphene (cis-isomer) in

57% (n=20) of 35 positive samples were less than 1 ng/mL. In 18 samples (90%) neither hydroxy-clomiphene

nor hydroxy-methoxyclomiphene was identified.

Post-administration urine specimens

Clomiphene (cis-isomer) was identified in 7 out of 8 investigated clomiphene post-administration samples at

concentration levels ranging from 5 to 100 pg/mL. Even after 11 months, clomiphene was detectable in the

urine specimen of patient 1. Patient 1 received the highest absolute dose of clomiphene (4 cycles, 250 mg

each). The metabolites hydroxy-clomiphene and hydroxy-methoxyclomiphene were only found at trace

amounts in samples of patient 3-5 and 7. After 5 months post-administration no further metabolites could be

identified.

Figure 2: Chromatograms of post-administration urine specimens (3, 5, 11 months after last administration) and a typical low

concentrated AAF (clomiphene (cis) ca. 0.2 ng/mL)
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Conclusions

After a typical therapeutic dose, clomiphene (cis-isomer) was identified up to 11 months after application

providing unusual long detection windows for the analyte. Furthermore, additional metabolites (hydroxy-

clomiphene and hydroxy-methoxyclomiphene) were only detectable in trace amounts up to 5 months after

application. In accordance with this result the majority of low concentrated clomiphene AAFs (<1 ng/mL)

demonstrated only the presence of clomiphene (cis-isomer), supposably indicating a clomiphene application

months ago. However, for an effective clomiphene screening in sports drug testing, both the parent drug and

hydroxy-clomiphene should be targeted.
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Abstract

A supplement containing 3β-hydroxy-5α-androstan-17-one (epiandrosterone) was purchased through the

internet. An excretion study was performed where the steroid profile and IRMS data was analysed. In this

poster we will present the analysis of the urines collected including steroid profile and IRMS results.

Introduction

Epiandrosterone (EpiA) is an endogenous steroid metabolite, predominantly found in urine in the sulfate

fraction. It is explicitly listed on the prohibited list under section S1.1.b “Endogenous** AAS when administered

exogenously, and their metabolites and isomers” [1]. ASDTL has observed an increasing amount of

supplements being sold on the internet purporting to contain EpiA as the active ingredient. ASDTL obtained a

supplement labelled to contain EpiA, confirmed the identity of the steroid constituent and conducted a single

dose administration study.

Experimental

Supplement Analysis

EpiA was isolated from a single capsule of Sup3r-Epi Elite as described by R. Kazlauskas [2]. The contents of

the capsule were extracted by tert-butyl methyl ether (TBME) and dichloromethane (DCM) and appropriate

dilutions were analysed on GC/MS. Further analysis through H-NMR and C-NMR confirmed the structure as

3β-hydroxy-5α-androstan-17-one. The capsule was analysed by IRMS to obtain carbon isotope ratio (δ C)

values.

Urine Analysis

One capsule of Sup3r-Epi Elite was ingested by a male volunteer who collected spot urines over the next 48

hours. The urines were extracted for steroid profiling and IRMS according to ASDTL routine procedures (Table

1). The samples contained easily measureable amounts of EpiA metabolites.

1 13
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Table 1: Routine steroid profile and IRMS extractions performed by ASDTL and HPLC fractions analysed on IRMS. OHA: 11β-

Hydroxyandrosterone, OHEt: 11β-Hydroxyetiocholanolone, OxoEt: 11-Oxoetiocholanolone, T: Testosterone, DHEA: Dehydroepi-

androsterone, E: Epitestosterone, PD: Pregnanediol, 5βαβ: 5β-androstane-3α,17β-diol, 5ααβ: 5α-androstane-3α,17β-diol,16-en:

16-androstenol, Etio: Etiocholanolone, A: Androsterone

 

Results and Discussion

Supplement Analysis

The supplement extract produced a clean GC/MS chromatogram with one peak that was later characterised to

be consistent with 3β-hydroxy-5α-androstan-17-one structure (Figure 1). The IRMS analysis resulted in a more

enriched δ C value than expected: -20.1‰ ±0.08 (n= 3).

Steroid Profile Analysis

EpiA is a 5α-reduced steroid that metabolises into the corresponding 5α-reduced metabolites such as A, 5ααβ,

DHT etc. The early hours after administration showed high concentrations of A and 5ααβ, with A concentrations

exceeding 30,000 ng/mL. As a result, a significant increase in 5ααβ/5βαβ and A/Etio ratios were observed

(Figure 2). As expected, there was no significant change in T/E ratio (Figure 2).

 

GC-C-IRMS Analysis

The diet of an individual influences the δ C values of their ERCs and TCs [3]. The male volunteer for this

project reflects the usual Australian diet, with δ C values of -22.5 to -24‰ (Table 2). This single administration

of EpiA caused enriched δ C values of A and 5ααβ compared to the subject’s ERCs. Table 2 shows the

results for each sample throughout the excretion study. Note: δ C values of Etio and 5βαβ could not be

obtained for several samples due to their relatively low concentration in comparison to A and 5ααβ in the same

fraction (Table 1).
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Figure 1: GC-MS TIC chromatogram (A), mass spectrum of peak at 13.9 min (B) and GC-C-IRMS chromatogram of supplement (C).

Figure 2: 5ααβ/5βαβ ratio (A), A/Etio ratio (B) and T/E ratio (C) of excretion urines after ingestion of one capsule

Table 2: GC-C-IRMS results for all urine excretion samples, δ C values and Δ13

13
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Since the majority of T preparations have been shown to have depleted δ C values (≤-25.8‰) [4], it has been

assumed that most endogenous prohormones are also depleted. This characteristic typically determines a

positive result for IRMS and is the basis for the current WADA IRMS Technical Document (TD) [5]. The enriched

δ C value of EpiA in this supplement has resulted in the enriched δ C values of the 5α-reduced metabolites

seen in the excretion study. However, there is limited guidance in the TD for the interpretation of results when

the ERC-TC is due to enriched δ C values as opposed to depleted δ C values. This supplement would be

problematic if it was consumed by an athlete with naturally enriched δ C values as this would result in

minimal differences between ERC and TC.

The elevated ratios of 5ααβ/5βαβ and A/Etio can contribute as indicators of EpiA administration. However the

inconclusive IRMS results in this project are insufficient for a positive interpretation using the current WADA

rules. IRMS profiling of additional supplements that contain EpiA is important to determine if enriched δ C

values are prevalent.

Conclusions

The administration of supplements with enriched values complicates the interpretation of IRMS results,

particularly if the athlete’s natural delta values are enriched.

The ratios of 5ααβ/5βαβ and A/Etio are appropriate markers of EpiA use.

Further Work

Previous work on T preparations have shown some variation of delta values between preparations [4].

Additional supplements containing EpiA have already been purchased to investigate their range of

δ C values.

Specific markers of EpiA administration are to be investigated to detect low dose administration or

prolong detection period.

EpiA sulfate has been shown to prolong the detection window of T administration [6]. This supplement

may be problematic because it may supress the δ C value of EpiA that is caused by depleted T

administration.
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Mazzarino M, Paolillo I, Comunità F, de la Torre X, Botrè F

Carbonic anhydrase inhibitors: an evaluation of the excretion profile of

dorzolamide after different administration routes and doses

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

Abstract

Dorzolamide and brinzolamide were recently included in the section S5 “Diuretics and masking agents” of the

World Anti-Doping Agency (WADA) prohibited list. Their use as eye drops is permitted by the WADA, since their

intake through this route of administration seems do not produce any increase in the diuresis. No criteria were

established to discriminate between permitted and prohibited administration. Different cases of dorzolamide

(concentrations ranging from 1 to 500 ng/mL) were reported in the last year in our routine activity, most of them

without a TUE application.

Here, the excretion profile of dorzolamide after either oral or topical administration is reported and discussed,

in the aim to propose criteria to discriminate between both chronic and acute administration and between

systemic and topical use.

Introduction

Diuretics are included in the section S5 of the WADA list [1]. They may be classified according to their chemical

structure, their mechanism and site of action within the nephron and their diuretic potency. Those agents with

primary action in the proximal nephron include the carbonic anhydrase inhibitors. They inhibit the enzyme

carbonic anhydrase causing: (i) bicarbonate accumulation in the urine with an increase of urinary pH, (ii)

reduced capacity to exchange Na  with H [2]. Aacetazolamide, dichlorphenamide and methazolamide are

available as systemic formulations, whereas dorzolamide and brinzolamide are available as ocular drops for

the treatment of glaucoma. Very few data were published concerning the excretion profile of dorzolamide and

brinzolamide [3,4].

Experimental

Materials 

Dorzolamide, all chemicals and the ISTD (brinzolamide) were from Sigma-Aldrich (Milano, Italy). The

ultrapurified water was of Milli-Q-grade (Milano, Italy).

Urine samples

For the controlled observational study each subject has been informed on risks and has signed a written

informed consent allowing the use of urine samples for research purposes.

 

+ + 
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Chronic administration 

Topical: 1 male and two female volunteers (40-60 years old) with open-angle glaucoma treated for more than

10 years with a solution 2% of dorzolamide, one drop twice a day (4 mg of dorzolamide/day).

Acute administration

Topical : 2 male volunteers (40-60 years old) without open-angle glaucoma treated with a solution 2% 

dorzolamide, one drop twice a day (4 mg of dorzolamide/day) for three days.

Ora l : 1 female volunteer (30 years old) without open-angle glaucoma treated with a solution 2% of

dorzolamide, 4 mg a day, for one day.

Sample pre-treatment

To the samples 1.5 mL of phosphate buffer and 50 μL of ISTD (50 ng/mL brinzolamide) were added; extraction

was performed with 7 mL tert-butylmethyl-ether (enzymatic hydrolysis before extraction was performed for

phase II reactions), the organic layer was evaporated to dryness, reconstituted in 50 μL of mobile phase and

injected into the LC-MS/(MS).

An Agilent 1200 RR Series HPLC pump (Agilent Technologies, Italy), a C18 column (2.1 x 150 mm, 5 mm),

ultrapurified water (A) and acetonitrile (B) both containing 0.1% formic acid were used for chromatographic

separation. The flow rate: 250 µL/min. The gradient program started at 20% B and increased to 50% B in 7 min,

after 6 min, to 60% B and after 1 min, to 100% B.

An API4000 system (Monza, Italy) with negative ESI, an ion source temperature of 500°C and a declustering

and needle voltages of 80 and 5000 respectively. Experiments were performed using SRM as acquisition

mode (see Table 1 for the ion transition selected).

 

Table 1: Mass spectrometric parameters of dorzolamide and its metabolite
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Results and Discussion

Urine samples, collected after either chronic or acute topical or systemic administration of different doses of

dorzolamide, were analysed using the validated analytical procedure currently used in our laboratory to

determine diuretics in human urine [5].

The results obtained, althought have to be confirmed via experiments with more volunteers, showed that in the

case of chronic topical administration:

The urinary concentrations of dorzolamide are in the range of 200-500 ng/mL.

The pH values are in the range of 5.0-6.0.

The specific gravity is in the range of 1.020-1.026.

 

Figure 1: Specific gravity profile. pH profile and excretion profile of dorzolamide after chronic topical administration with solution 2%

of dorzolamide, one drop for eye twice a day (4 mg of dorzolamide/day).
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Concerning the acute administration the results showed that:

After topical administration

Very low urinary concentrations of dorzolamide (lower than 1 ng/mL) are determined.

The pH values are in the range of 5.0-6.5.

The specific gravity is in the range of 1.020-1.026.

 

Figure 2: Specific gravity profile. pH profile and excretion profile of dorzolamide after acute topical administration with solution 2%

of dorzolamide, one drop for eye twice a day (4 mg of dorzolamide/day) for three days.
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After oral administration

The urinary concentrations of dorzolamide are in the range of 0.5-7.0 ng/mL.

The pH values increase from 5.5 to 8.0 after 6.5 h from dorzolamide administration.

The specific gravity decreases from 1.030 to 1.020 after 6.5 h from dorzolamide administration.

Diuresis increases in the 24 h from dorzolamide administration.

 

Figure 3: Specific gravity profile. pH profile and excretion profile of dorzolamide after acute oral administration with solution 2% of

dorzolamide, 4 mg a day (4 mg of dorzolamide/day) for one day.

 

Conclusions

The observation obtained in this research confirm the results reported in literature, showing that only after

systemic administration the diuresis increases, which causes a decrease of the specific gravity [4]. Very low

levels (lower than 10 ng/mL) of dorzolamide were determined after acute (either oral or topical) administration

of the drug. On the contrary, high urinary concentrations (higher than 200 ng/mL) were found in subjects

chronically treated with ocular drops containing 2% of dorzolamide. The urinary concentrations of dorzolamide

together with the pH value could be used to discriminate between topical and systemic use of dorzolamide.

However, additional studies are necessary to establish criteria.
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Adrafinil and Modafinil Detection in Urine Samples

Romanian Doping Control Laboratory, Bucharest, Romania ;
University of Medicine and Pharmacy &ldquoCarol Davila&rdquo, Bucharest, Romania

Abstract

Modafinil and adrafinil are included on the Prohibited List of World Anti-Doping Agency (WADA) since 2004.

The minimum required performance limit (MRPL) for both modafinil and adrafinil is 100 ng/ml. This work

presents the detection and confirmation of the modafinil, adrafinil and their main metabolite, modafinil acid.

Modafinil is metabolized into 2-benzhydrylsulfinylacetic acid, the acid form of modafinil. Adrafinil is a prodrug of

modafinil and is quickly metabolized into modafinil and its metabolite, modafinil acid, after intake. The

concentration of modafinil acid in excretion urines is significantly higher than that of modafinil and adrafinil and

it is necessary to be checked in the initial testing procedures.

Liquid - liquid extraction (LLE), solid phase extraction (SPE) and direct injection  (DI) were used for screening

of the compounds. Because modafinil and modafinil acid present the best recovery after solid phase extraction

on XAD-2 resin, a confirmation procedure for modafinil/adrafinil that includes modafinil acid was developed

and validated in negative and positive mode on liquid chromatography - tandem mass spectrometry.

Introduction

Modafinil is a wakefulness-promoting drug used for treatment of narcolepsy [1].

Modafinil and adrafinil are included on the Prohibited List of World Anti-Doping Agency (WADA)  in Sections

S6 Stimulants Non-Specified Stimulants [2]. Adrafinil, modafinil and modafinil acid contain a labile carbon-

sulfur bond that in mass spectrometer is easily fragmented in diphenylmethane (m/z 167) [3].

The minimum required performance limit for modafinil and adrafinil is 100 ng/mL [4]. The concentrations of

modafinil acid in excretion urine may be much higher than those of modafinil or adrafinil so if the concentration

of modafinil acid is not estimated we could report false negative results. The aim of this study was to develop

and validate a confirmation method for modafinil, adrafinil and modafinil acid.

 

Figure 1: Chemical strucures of Adrafinil and it's metabolites
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Experimental

Materials

Adrafinil, modafinil and modafinil acid were supplied by  LGC Promochem (Germany), the β-glucuronodase

from E. Coli K12 from Roche Diagnostics, the Tert Butyl Methyl Ether (TBME) and acetonitrile from Merck. The

ultra-pure water was obtained by filtration using the system Simplicity 185 Millipore.

 

Sample preparation

Liquid – liquid extraction for GC/MS: 50 μL ISTD-DFA (diphenylamine) 100 μg/mL is added to 5 mL urine, the

pH is adjusted at 11-12 with KOH/KHCO  buffer. The analytes were extracted with 2 mL TBME. After

evaporation of solvent, the residue is reconstitued in100 µL MeOH.

Liquid – liquid extraction for LC-MS/MS: 20 μL ISTD-Methyltestosterone 50 μg/mL is added to 2 mL urine and

the pH is adjusted at 7 with phosphate buffer. 25 μL β-glucuronidase from E. Coli is added and the urine is

hydrolyzed at 50°C for 1,5 h. The pH is adjusted at 9 with K CO /KHCO  and the analytes were extracted with

5 mL TBME. After evaporation of solvent, the residue is reconstitued in 100 µL MeOH

Solid phase extraction for LC-MS/MS: 50 μL of ISTD- Mefruside 10 μg/mL is added to 2 mL of urine. The urine

is passed through a 2 cm column of XAD-2 resin, washed with 2 mL of water and eluted with 2x1 mL of MeOH.

The solvent is evaporated and the residue reconstitued in 100 µL of mobile phase (4A:1B).

Direct injection in LC/MS/MS: 80 µL of urine and 20 µL of  ISTD- Mefruside 0.5 µg/mL.

 

Equipment

 

GC/MS system: 

Agilent 7890A/Agilent 5975C, Column: DB-5MS, J&W Scientific, 25 m length, 0.25 int.diam; Carrier gas: helium

(0.8mL/min); Injection mode split 1:10; Injection volume 2 µL; Injection temperature 300°C (20°/min)

LC-MS/MS systems:

Agilent 1200/Agilent 6410 TripleQuad:

Column: Zorbax SB-C18 (50x2.1 mm, part.size 5 µm)

Solvent A: 5mM ammonium formiate in 1‰ formic acid in Millipore ultrapure water; Solvent B: 5mM ammonium

formiate in 1‰ formic acid in 90% acetonitrile + 10%water. Gradient B: from 10% to 40% in 2 min, then from

40% to 65% in 3 min; after 4 min at 65% B, the column was reequilibrated for 5 min. The column termostat was

set at 30°C. The injection volume: 2 μL. Ionisation mode: ESI negative ionisation mode and ESI positive

ionisation mode. Drying gas 8L N2/min at 350°C, Nebulizing 40 psi N2, Capillary 4000V were the ESI source

parameters. Ultrapure N2(5.0) was used as collision gas

Agilent 1290/AB SCIEX QTRAP 5500:

Column: Zorbax SB-C18 (50x2.1 mm, part.size 5 µm)

Solvent A: 5mM ammonium fotmate in 1‰ formic acid in Millipore ultrapure water; Solvent B: 5mM ammonium

formate in 1‰ formic acid in 90% acetonitrile + 10% water. Flow: 0,25 mL/min;Gradient B: 0 min at 0%, 0% -

90% in 4,5 min and the column was reequilibrated for 3 min at 0%; The injection volume 10 μL; Ionisation

mode: ESI negative ionisation mode and ESI positive ionisation mode; IS: 5500V; TEM: 5000C; CUR: 25 psi;

Nebulizing gas: 50 psi; Colission gas: medium; Aquisition time: 7,5 ms

3
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Results and Discussion

Figure 2(1) shows the precursor ions and their fragmentors for each compound. MRM transitions and their

collision energies are shown in Figure 2(2). Another critical factor for adrafinil, modafinil and modafinil acid

detection is the sample preparation. The sample was prepared by LLE in TBME at pH 9, SPE on XAD-2 resin

and DI. The recoveries obtained are displayed in Figure 2(3).

Figure 2: LC/ESI-MS/MS full-scan spectra for adrafinil, modafinil and modafinil acid (1). LC/ESI-MS/MS - Multiple reaction

monitoring for adrafinil and its metabolites (2). Extraction recoveries (3).
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Compounds have good recoveries after SPE, but only modafinil has a good recovery after LLE. Adrafinil has a

much lower recovery than modafinil. LLE with TBME at pH 9 resulted in no recovery for modafinil acid, but SPE

on XAD-2 resulted in a good recovery; also DI gave good results. The modafinilic acid was included both in the

screening with SPE on XAD-2 (Fig.3(1)) and in DI screening (Fig. 3(2)) and validated. LLE at pH 9 can be used

as an additional screening for detecting adrafinil/modafinil (Fig. 3(3)).

 

Figure 3: Modafinil acid analyzed in positive and negative mode after solid phase extraction on XAD-2 (1). Modafinil acid analyzed

in positive and negative mode after direct injection (2). Modafinil/Adrafinil analyzed in positive mode after liquid-liquid extraction at

pH 9 and enzymatic hydrolysis (3).

 

SPE on XAD-2 was preferred for confirmation of modafinil/adrafinil, and the method was validated. The LOD

was 50ng/mL, the method is specific and no interferences were observed in urine blanks, no carry-over was

observed at 5xMRPL, the relative abundances of the transitions fulfilled TD-IDCR criteria and the method is

robust for small variations of injection volume, column temperature, mobile phase flow and source temperature.

Monitoring only the transitions 167 to 165, 152 and 115 for confirmation may lead to false positives results. To

avoid a false positive result the monitoring of the transitions from Na  and K [5] adducts can be an additional

support but can't be used for quantitation if K  and Na  amounts in mobile phase are not constant. Figure 4

shows the confirmation of an urine sample containing adrafinil after SPE on XAD-2 in negative and positive

mode.

+ + 

+ +
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Figure 4: Adrafinil confirmation in excretion urine after solid phase extraction on XAD-2 in negative (left) and positive

mode (right).

Conclusions

All the compounds could be detected under the minimum required performance limit (MRPL) set by WADA.

Liquid-liquid extraction and GC/MS, LC-MS/MS could be used as an additional check of the compounds.

Adrafinil, modafinil and modafinil acid can be selectively detected using solid phase extraction on XAD-2 resin

and LC-MS/MS technique.

The presence of Na  and K  adducts should be checked before reporting an adverse analytical finding.
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Oxilofrine: Ephedrine minor metabolite
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Abstract

Oxilofrine (p-OH-ephedrine), a stimulant used to treat low blood pressure is included in World Anti-Doping

Agency Prohibited List in the section S6b ”Specified Stimulants”. Oxilofrine has been found in several dietary

supplements but it has also been described in the literature as a minor metabolite of ephedrine resulting from

its aromatic hydroxylation. Ephedrine is used therapeutically as decongestant in medicines for cold.

In the present investigation an excretion study of ephedrine was performed with the aim of evaluating the

concentrations of oxilofrine in urine after the intake of ephedrine: 6 healthy volunteers (3 females and 3 males)

were given a single dose of a cold syrup containing 15 mg of ephedrine, lower than the dose therapeutically

recommended (60 mg/day). The excretion urine samples were collected in a period of 24 hours and analysed

just to look for the ephedrine and the phase-I-metabolite oxilofrine.

Analysis of excretion urines showed the presence of oxilofrine in 5 of the volunteers (at least up to 24 h) and in

1 of them the compound was not detected in any of the samples provided. The concentrations of ephedrine

and oxilofrine were variable depending on the individual. After the intake of the oral dose of ephedrine, the

concentration of oxilofrine was above 50 ng/mL (50% MRPL, reporting limit for an AAF) in almost all cases

during the period studied, reaching concentrations up to 271 ng/mL. Moreover the Decision Limit for ephedrine

(11 µg/mL) was exceeded in all the individuals, with a maximum concentration of 24 µg/mL during the same

time frame.

Introduction

Oxilofrine (p-OH-ephedrine), is a stimulant included in the section S6b ”Specified Stimulants” of World Anti-

Doping Agency Prohibited List. Oxilofrine is used to treat low blood pressure but recently has been found in

several dietary supplements because it allows people to burn fat faster and lose weight. However, the literature

also describes it as a metabolite of ephedrine, resulting from its aromatic hydroxylation, a minor metabolic

pathway.
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Figure 1: Generation of oxilofrine from ephedrine.

 

During 2017, the Doping Control Laboratory of Madrid (DCLM) detected ephedrine in 13 samples, all of them

also contained oxilofrine. In 10 of these samples the concentration of ephedrine was above the Decision Limit

of WADA (DL: 11 µg/mL). Eight (8) of them also showed a concentration of oxilofrine above 50% of MRPL

(reporting limit for an AAF: 50 ng/mL). The remaining 3 samples contained a concentration of ephedrine below

the DL, and surprisingly in 1 of them the concentration of oxilofrine was above 50 ng/mL.

Table 1: Summary of concentrations of ephedrine and oxilofrine in the samples analysed at DCLM during 2017

 

In the present investigation, six excretion studies of ephedrine were performed with the aim to evaluate the

concentrations of oxilofrine in urine after the intake of ephedrine.
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Experimental

Urines:

For the excretion studies, 6 healthy volunteers (3 females and 3 males) were given a single dose of a cold

syrup (pazbronquial) containing 15 mg of ephedrine, lower than the dose therapeutically recommended (60

mg/day). The excretion urine samples were collected in a period of 24 hours and analysed just to look for the

ephedrine and the phase-I-metabolite oxilofrine.

Ephedrine quantitation:

20 µL urine spiked with d -ephedrine 10 µg/mL as internal standard was diluted to 2 mL with 1% acetic acid  in

5 mM ammonium acetate buffer and injected in a LC-MS/MS (Agilent 1200 coupled to SCIEX 4000QTRAP) in

ESI positive mode. The instrument was equipped with Poroshell 120 EC-C18 (2.1 mm x 50 mm; 2.7 µm)

column from Agilent Technologies. The mobile phase consisted of 1% acetic acid in 5 mM NH Ac buffer (A)

and MeOH (B). Gradient elution at a flow rate of 0.4 mL/min was performed as follows: 99% A was held for 10

min followed by linear gradient to 2% A in 2 min. The organic modifier was decreased to initial conditions at

12.1 min and the final conditioning time was 6 min. The capillary temperature was 600°C and the capillary

voltage 5500 V. The mass spectrometer was operated in MRM mode, monitoring the ion transitions m/z

169/117 for d -ephedrine and m/z 166/117, 166/148, 166/91 for ephedrine.

Oxilofrine free base determination:

500 µL urine spiked with the internal standard (7β-hydroxy ethyl theophylline, 5 µg/mL) was diluted to 2 mL

with 1% acetic acid in 5 mM ammonium acetate buffer and injected in a LC-MS/MS (Agilent 1200 coupled to

SCIEX 4000QTRAP) in ESI positive mode. The instrument was equipped with a Kinetex PFP 100 Å (2.1 mm x

50 mm; 2.6 µm) column from Phenomenex. The mobile phase consisted of 1% acetic acid in 5 mM NH Ac

buffer (A) and MeOH (B). Gradient elution at a flow rate of 0.3 mL/min was performed as follows: A linear

gradient was employed from 98% to 80% A in 1 min, at 1.1 min was held during 2 min at 20% A, at 3.1 min was

held at 10% A during 3 min. At 6.2 min the organic modifier was decreased to initial conditions during 3 min.

The capillary temperature was 500°C and the capillary voltage 5500 V. The mass spectrometer was operated

in MRM mode monitoring the m/z 182/149, 182/133, 182/164 for oxilofrine.

Results and Discussion

Analysis of excretion urines showed the presence of oxilofrine in 5 of the volunteers (at least up to 24 h) and in

1 of them the compound was not detected in any of the samples provided. The concentrations of ephedrine

and oxilofrine were variable depending on the individual.  

After the intake of the oral dose of ephedrine, the concentration of oxilofrine was above 50 ng/mL (50% MRPL)

in almost all cases during the period studied, reaching concentrations up to 271 ng/mL. Moreover, the Decision

Limit for ephedrine (11 µg/mL) was exceeded in all the individuals, with a maximum concentration of 24 µg/mL

during the same time frame.
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Table 2: Summary of concentrations of ephedrine and oxilofrine, collect time, pH and specific gravity in the 6 volunteers samples

MANFRED DONIKE WORKSHOP 2018

Poster

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-5142



 

Figure 2: 6 volunteers excretion profiles of ephedrine (A) and oxilofrine (B) after a single oral dose of 15mg of ephedrine for 24

hours

 

Conclusions

The study demonstrates that doses of ephedrine lower than the therapeutically recommended can lead to

positive testing for oxilofrine and/or ephedrine.

Although oxilofrine is a minor metabolite of ephedrine, its concentration (just free base) can exceed 50 ng/mL

(50% MRPL) at least 24 hours after the intake of a single dose of ephedrine. Oxilofrine is not always excreted

after the administration of ephedrine. Concentrations of oxilofrine above 50 ng/mL can be found with

concentrations of ephedrine lower than the Decision Limit (11 µg/mL), which can cause an AAF only for

oxilofrine. Hence, this should be considered during the results management process in order to decide if

oxilofrine constitutes an Anti-Doping Rule Violation.
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He C, Wu M, Zhang L, Zhou X

Circulating microRNA as biomarker of human growth hormone administration

to male

National Anti-Doping Laboratory, China Anti-Doping Agency, Beijing, People´s Republic of China

Abstract

Background: MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the

transcriptional or posttranscriptional level. The changed expression of miRNA is associated with drug

administration. In this study, we hypothesized that circulating miRNAs could be changed after rhGH

administration, and could be used as biomarker of human growth hormone administration for male.

Methods: Serum samples were collected from male volunteers who were taken by the administration of rhGH.

All the serum samples were stored at -80°C before analysis. One hundred samples from twenty volunteers

were analyzed in this study. MiRNAs were isolated from serum samples using miRNA extraction kits (Qiagen).

MiRNAs were initially analyzed with Affymetrix Genechip miRNA 4.0 Arrays, and were confirmed with RT-PCR

(Qiagen). Statistics were carried out with SPSS.

Results and Conclusions: Based on the RT-PCR results, significant differences were observed in the levels

of miR-223-3p after the rhGH administration. miR-223-3p could be a potential biomarker of rhGH abuse.

Further investigation needs to be carried out.

Introduction

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the transcriptional or

posttranscriptional level. It is indicated that the changed expression of miRNAs is associated with diseases, as

well as drug administration in a lot of research. Because of the stable property in plasma and serum [1],

circulating miRNAs seem to be useful biomarkers in the field of anti-doping. It was reported that several specific

plasma miRNAs could be biomarkers for CERA and blood transfusion abuse [2,3].

Recombinant human growth hormone (rhGH) is considered to be commonly used in athletes for its anabolic

functions. In this study, we hypothesized that circulating miRNAs could be changed after rhGH administration,

and could be used as biomarkers for human growth hormone abuse.

Experimental

Materials: Serum samples were collected from volunteers who were taken by the administration of rhGH in

another study [4]. All of the serum samples were stored at -80°C before analysis.

RNA extraction: Total RNAs in serum, including miRNAs, were extracted by using the extraction kits (Qiagen,

Germany) from one hundred samples, which were collected at the day before administration (D0), and the

first (23 hours after administration, D1), sixth (D6), fifteenth (D15) and eighteenth day (D18) after administration
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from twenty volunteers (test group n=14, control group n=6).

miRNA microarray: Sixteen miRNA samples from four volunteers collected at D0, D1, D6 and D15 were

analyzed by microarrays (Affymetrix miRNA 4.1 Arrays, Affymetrix, USA).

RT-qPCR: Relative quantification of miRNA by real-time reverse transcription followed by polymerase chain

reaction (RT-qPCR, miScript II RT Kit, miScript SYBR Green PCR Kit, Qiagen, USA) were performed on each

sample. All the primers of miRNAs were purchased from Qiagen.

Extraction and normalization control: Relative quantification was based upon the addition of an exogenouse,

affinity-purified synthetic, non-human miRNA from C. elegans, which was obtained from QIAGEN. As an

extraction and normalization control, 2.1×10  copies of cel-miR-39 were added into each serum sample prior

to RNA extraction. The relative expression of targeted miRNAs was defined as the difference of the cycle

threshold values (ΔC ) between the targeted miRNAs and cel-miR-39 in samples. Non-template control was

added to verify specificity of the RT-qPCR.

GH Isoform method: All these serum samples were analyzed with the WADA approved Kits (CMZ, Germany)

following WADA Technical Documentation.

GH Biomarkers method: GH Biomarkers methods with IDS-Sys for IGF-I and Orion for P-III-NP were performed

for all the serum samples following WADA Guidelines.

Statistics: The miRNAs were selected using statistical significance between the samples from D0, D6 and D15

with signal values >=3, fold change>=2.0 or <=-2.0. The ΔΔC  >=1 or <=-1 were set as statistical significance

for RT-qPCR. Statistics were carried out with LIMMA and SPSS. P value <=0.05 was set for use.

Results and Discussion

The differential expression of miRNAs in serum between at D1, D6, D15 and D0 were observed by performing

microarrays. Seven miRNAs were obtained via setting a signal threshold and fold change. Meanwhile, using

LIMMA got all these selected miRNAs. The average level of these selected miRNAs was significantly

decreased at D6 and D15 compared with the average level at D0 (Tab.1).

RT-qPCR was used for confirmation of the selected miRNAs. The relative expression of miR-223-3p was stable

in the control group. In contrast, the situation in the test group was quite different. The values of ΔC  were

increased at D1, D6 and D15 in the test group, which meaned the relative expression of miR-223-

3p depressed at these days. The relative expression level of miR-223-3p was significantly decreased at D1, D6

and D15, but trended to return to the level before injection at D18 (Fig.1). The differential expression of miR-

223-3p had the similar variation tendency to the concentration of IGF-1 at these time points. It might be related

to the function of miR-223-3p. From recent research of miR-223-3p, it was confirmed to be connected with the

regulation of IGF-1 receptor [5].

The comparison of detection capability, false positive and false negative as initial test between miRNAs,

isoforms and biomarkers methods were carried out at D1, D6 and D15 (Tab.2). The detection capability of GH

isoform method was unsatisfactory at D1, D6 and D15 (the twenty-first hour after each injection). The detection

rate of the miRNAs method was the highest at D6 and D18.
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Table 1: Differential expression of miRNAs after the rhGH administion by means of microarrays. Average signals are based on

microarray hybridization intensity.

 

Figure 1: The relative expression level of miR-223-3p in serum was measured by RT-PCR. x-axis: sample collection time points.

y-axis: average of the nomalized data, which was analyzed using the C value of miR-223-3p subtracting the C  value of

the spike-in control (cel-miR-39) from each sample. *p<=0.05, difference between expression at D1, D6 and D15 after rhGH

administration and D0 before administration. # p<=0.05, difference between expression from the test group and the control group.

$ n=2.

T T

MANFRED DONIKE WORKSHOP 2018

Poster

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-5147



Table 2: Comparison of detection capability, false positive and false negative between miRNAs, isoform and biomarkers methods.

Conclusions

The miR-223-3p could be a potential biomarker for the detection of rhGH abuse. Further investigation need to

be carried out, such as increasing sample size and research on mechanisms. 
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Screening and Confirmation of Endogenous and Exogenous Anabolic

Steroids using the Agilent 7010 GC/MS Triple Quad

Institute of Doping Analysis and Sport Biochemistry, Dresden, Germany

Abstract

The Agilent 7010 GC/MS Triple Quad System offers enhanced EI ionization efficiency which gives better

sensitivity for the detection of low level substances, but may cause signal saturation when the amount of

substance entering the ion source exceeds the low ng range. The detection of anabolic androgenic steroids in

urine samples requires the combination of substance identification at low level and the reliable quantification of

endogenous steroids over a wide concentration range. Modifications in the method setup that make screening

and confirmation procedures of EAAS on the 7010 instrument fit-for-purpose are described.

Introduction

During the evaluation period of the 7010 system it was observed that the dynamic range for the high-

abundance steroids is more difficult to manage than on the existing 7000 Series instruments. Soon the ‘gain

factor’ which controls the electron multiplier voltage was found to be critical: The standard gain factor for the

7010 is 0.1 instead of 1.0 for a 7000B for example. This means for a ‘plain’ method transfer that the gain factor

has to be adjusted accordingly. In addition, the amount entering the column was reduced by a factor of 4.

However, these modifications alone proved to be not sufficient to control the interfering signal saturation for the

high-abundance endogenous markers androsterone and etiocholanolone.

Experimental

The Agilent 7010 GC/TQ system consists of an Agilent 7890B GC with multimode inlet and backflush, an

Agilent 7693 Autosampler and the Agilent 7010 TQ mass spectrometer. Basically, an existing method originally

developed on a 7000B system was transferred and adapted [1]. Further optimization steps showed that the ion

source parameter ‘electron energy’ could be a suitable adjusting knob [2]. To control the signal intensity of the

high-abundance compounds and maintain dynamic range, the electron energy was increased from 70 eV to

130 eV. This increase reduced the signal intensity to 10-20% of the original response. When parameter

switching, the filament is instantaneously stabilized, without impacting data quality or filament lifetime.
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Figure 1: At 130 eV, the signal was stable, and produced approximately 10-20 % of the response obtained at the standard 70 eV

operation. The signal is also significantly reduced at 30 eV, but the response is not stable.

For the screening method, the compound-specific transitions are split into 9 different groups, where the

electron energy was increased only in segment 3 (10.2-11.7 min) when the high-abundance species are

eluted. Using this special feature of the MassHunter acquisition software, in one run ‘enhanced’ and

‘suppressed’ ionization can be combined.

In addition, it is necessary to use suitable stable isotope-labelled internal standards for all critical analytes to

efficiently compensate for undesired matrix effects.

The setup of the steroid profile confirmation procedure follows this approach, due the limited number of target

analytes only two time segments are necessary, each one at 130 eV and 70 eV. While the screening is based

on a medium one-level calibration, in the confirmation a four-level calibration is employed. To fit into the default

calibration range (e.g. up to 4000 ng/mL for the high-abundance markers) the sample aliquot can be diluted by

water when the screening concentration of the relevant marker is above the respective upper calibration level.

Vice versa the initial sample volume can be increased if the concentration is less than the lower calibration

level.

Results and Discussion

While in the standard 70 eV operation beginning saturation effects were observed when the amount entering

the ion source exceeded 8 to 10 ng, the linear dynamic range for androsterone and etiocholanolone could be

extended by a factor of approximately five using the 130 eV approach. Despite the lower on-column sample

amount (only 0.4 μL of extract at a split ratio of 15:1 was injected) the performance targets required by WADA

can be fulfilled [3,4]. Even for the drostanolone metabolite (2α-methyl-5α-androstan-3α-ol-17-one) which is

eluted in the time segment of ‘suppressed’ ionization, the LOD of 1.2 ng/mL is acceptable.

The necessity of time segmented setting of the electron energy to control the ionization efficiency is causing the

disadvantage that the beneficial dynamic MRM feature is not available in this mode of operation.

For the confirmation of low levels of exogenous steroids no such compromise is needed, the full ‘tool box’ to

get a better signal-to-noise ratio can be applied, including higher detector gain or increase of the amount of

analyte. Figure 3 illustrates the identification of 4α-chloro-17β-hydroxymethyl-17α-methyl-18-nor-5α-androst-

13-en-3α-ol as long-term metabolite of dehydrochlormethyltestosterone at low pg level.

MANFRED DONIKE WORKSHOP 2018

Poster

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-5150



Figure 2: This positive control sample shows that the developed screening method is fit-for-purpose, fulfilling the requirements set

by WADA: all markers are illustrated at 50% of the respective MRPL (except for 19-NA and 19-NE).

 

Table 1: Estimates for the relative standard combined measurement uncertainty (MU) for the determination of the endogenous

steroid profile markers in the initial testing procedure.

Conclusions

The enhanced ionization efficiency offered by the 7010 System makes it necessary to carefully modify existing

methods. The developed protocol fulfills the screening and confirmation requirements of steroid measurements

in doping control labs. With this approach, it is possible to detect traces of exogenous anabolic steroid

metabolites while quantifying small concentrations of testosterone and epitestosterone and high-abundance

endogenous steroids such as androsterone and etiocholanolone in the same injection. The reduction of the

amount injected in combination with the backflush capability leads to longer maintenance free intervals.
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Figure 3: An example demonstrating the benefit of the enhanced sensitivity of the 7010 system: Confirmation analysis of 4α-

chloro-17β-hydroxymethyl-17α-methyl-18-nor-5α-androst-13-en-3α-ol (long term metabolite of dehydrochlormethyltestosterone) at

an estimated urine concentration of 30 pg/mL.
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Detection of exogenous anabolic androgenic steroids in drugs-of-abuse urine

samples with UHPLC-HRMS after enzymatic hydrolysis and direct injection

Doping Control Laboratory, Karolinka University Hospital, Stockholm, Sverige

Abstract

Thirteen exogenous anabolic androgenic steroids (AAS) and their metabolites together with

testosterone/epitestosterone (T/E) ratio are measured routinely in samples from occupational health and

rehabilitation centrum by a time- and money-consuming method based on gas chromatography tandem mass

spectrometry. A new method was developed and validated using ultra-high-pressure liquid chromatography

high resolution Orbitrap mass spectrometry after a quick sample preparation consisting of enzymatic hydrolysis

and dilution before injection. A mixed method combining Full scan MS and PRM (parallel reaction monitoring)

was developped. The analysis time was reduced from 20 to 11 minutes per sample, with a total time reduction

from 16 to 7.5 hours for a batch of 30 samples, sample preparation included. Validation showed that the

method was linear (R  between 0.98 and 0.99) in the range 5 – 200 ng/mL, with acceptable measurement

uncertainty, no significant carryover, high selectivity and an LOQ (limit of quantitation) of 5 ng/mL for all

exogenous steroids and 0.5 ng/mL for T and E. The exogenous AAS concentrations and T/E ratios measured

with LC-HRMS method matched the results obtained by GC-MS/MS although the new method tended to

overestimate concentrations. The newly-developed method will replace the old one, be automatized and

applied in routine screening.

Introduction

Samples sent to the Doping Laboratory by occupational healthcare or medical centers are continuously

screened, to detect abuse of the most common exogenous AAS amongst patients in Sweden, by the classical

GC-MS/MS method used for doping screening. This drugs-of-abuse test menu includes testosterone,

nandrolone (19-norandrosterone), methandienone, stanozolol, boldenone, methyltestosterone, metenolone,

drostanolone, oxandrolone, mesterolone, trenbolone, dehydrochloromethyltestosterone (DHCMT), and

oxymesterone [1]. The actual analysis offers high sensitivity and robustness but requires time-consuming

sample preparation involving hydrolysis, derivatization and analysis turnover time of 20 minutes per sample.

Many methods using LC, and a few using HRMS are described in literature [2-11]. Our aim was to shorten the

total analysis time without compromising sensitivity and specificity. In this paper the sample preparation was

compressed to hydrolysis and dilution and the analysis performed with ultra-high-performance liquid

chromatography (UHPLC) tandem mass spectrometry with QExactive. This instrumentation is often applied to

the analysis of steroids as it combines high sensitivity, selectivity, resolution and speed.

 

2
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Experimental

Boldenone (BLD), 5β-androst-1-en-17β-ol-3-one (BLD met), dehydrochloromethyltestosterone (DHCMT), 6β-

hydroxy-DHCMT, drostanolone (DRS), 3α-hydroxy-2α-methyl-5α-androstan-17-one (DRS met), epitrenbolone

(Epitr), 17-epioxandrolone (Epiox), 6β-hydroxy-methandienone (6β-OH-MTD), epimetendiol (Epim),

metenolone (Meten), 1-methylene-5α-androstan-3α-ol-17-one (Meten Met), 17α-methyl-5α-androstane-

3α,17β-diol (5α-MT), 17α-methyl-5β-androstane-3α,17β-diol (5β-MT), 1α-methyl-3α-hydroxy-5α-androstane-

17-one (Mester met), 19-norandrotestosterone (19-NA), stanozolol (Stan), 3’-hydroxystanozolol (3’OH-Stan),

16β-hydroxystanozolol (16β-OH-Stan), testosterone (T) and epitestosterone (E), d -androsterone glucuronide

and d -testosterone were from NMI (Pymble, Australia); oxandrolone (Oxand) and 19-noretiocholanolone (19-

NE) from Steraloids (Newport, USA); oxymesterone from Alltech Associates Inc (Deerfield, USA).

Samples were prepared by mixing 10 µL of 2.5 µg/mL d -androsterone-glucuronide and d -testosterone, 15 µL

1M ammonium acetate buffer pH 6.5 and β-glucuronidase from E. Coli (50 µL in 250 µL buffer) to 50 µL urine

sample prior to 1-hour incubation at 50°C. After hydrolysis the samples were diluted with 100 µL ACN/H O

(50/50, v/v) and vortexed. UHPLC analysis was performed on Ultimate 3000 UHPLC System (Thermo Fisher

Scientific) by injecting 5 µL on YMC Ultra HT Hydrosphere C18 column (2.1 x 100 mm, 2 µm) using (A)

MeOH/H O (20/80, v/v) and (B) ACN/MeOH (95/5, v/v) as solvent system, both containing 0.1% formic acid. The

0.3 mL/min gradient started with 30% B for 0.5 min, was then increased to 45% B within 4 min, held at 45% for

2.5 min, increased to 100% in 3 min. The conditions were reequilibrated for 1.05 min and the total run time was

11 min. Mass spectrometric analysis was performed on Q-Exactive (ThermoFisher Scientific) with electrospray

in positive mode and a combination of full scan (250-400 m/z) and two PRM windows with resolutions of

35.000, 17.500 and 35.000, respectively. Isolation window was set to m/z 1.0 (Table 1).

LOQ was defined as a concentration giving max uncertainty less than 25 % for each substance. Validation was

done on a fortified pool of urine samples (5 females and 5 males) and included the evaluation of repeatability,

intermediate precision, uncertainty at 5 and 10 ng/mL, linearity, carryover, selectivity and matrix interference,

robustness and method comparison.
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Table 1: Overview of anabolic androgenic steroids analyzed with LC-HRMS Q Exactive. The method combines Full scan detection

with PRM measurement. 

 

Results and Discussion

In the drugs-of abuse context, the analysis imposes a cut-off set at 10 ng/mL for a positive sample (15 ng/mL for

19-NA and 30 ng/mL for BLD and metabolite) and T/E >10 with a T/LH<250 (nmol/IU).

LOQ was evaluated at 5 and 10 ng/mL for all exogenous AAS and at 0.5 and 1 ng/mL for T and E by measuring

repeatability, intermediate precision and uncertainty for 6 replicates (5 for T and E) of spiked urine pool on

three separate occasions. As illustrated in Table 2A uncertainty was lower than 25 % for all analytes at 5 ng/mL

except for epimetendiol and 19-NE that required 10 ng/mL for it. The uncertainty of T and E was calculated to

be lower than 25% at 0.5 and 1 ng/mL (Table 2B).
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Table 2: A: Measurement uncertainty results are based on six replicates at 5 and 10 ng/mL for within-day repeatability prepared 3

times for between-day repeatability. B: Measurement uncertainty results of testosterone and epitestosterone based on five

replicates at 2 concentrations (0.5 and 1 ng/mL) prepared 3 times.

 

All exogenous AAS were spiked at 5-200 ng/mL in the urine pool, whereas T and E were spiked in a child’s

urine at 0.5 to 200 ng/mL. The method showed a good linearity for all target compounds (R >0.99), except for

epioxandrolone (R >0.98). No carry-over was detected after a sample spiked at 100 ng/mL AAS (150 and 300

ng/mL for 19-NA and boldenone, respectively). No interferences were detected in a urine sample spiked with

exogenous AAS together with a mixture of 300 prohibited substances. Robustness was good when evaluated

during the assessment of measurement uncertainty by two individuals for technical work and two analytical

instruments.

 

2

2
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Comparison between GC-MS/MS and LC-MS/MS methods was made with the subset of 62 positive drugs-of-

abuse and anti-doping samples, which represented all the other exogenous AAS (and stanozolol parent

compound included in LC analysis) but oxymesterone. For the GC-MS results, it should be noted that the

analytical data could have been measured up to ten years before the LC-MS-results. All samples reported

positive with GC-MS/MS were also evaluated as positive with LC-HRMS and there were no false positive

observations. As illustrated in Table 3, the concentrations (in ng/mL) of exogenous AAS measured in 25

positive samples by both methods were generally overestimated by the LC method, with a deviation of the

mean of 22 % for concentrations lower than 200 ng/mL.

 

Table 3: Comparison of estimated concentrations (ng/mL) obtained by GC-MS/MS (GC) and LC-MS/MS (LC) methods in 25

positive samples.

Correlations of T, E and T/E between the two methods are presented in Figure 1. The new method was

observed to overestimate the T concentration compared to the previous one while the overall variation was

comparable.

The decision-making area of T/E>10 is shown in Figure 1 zoomed window. Three samples (starred) gave

different LC and GC results at this cut-off. However, one with a T/E>10 became negative when LH

concentration was considered, and two were anyhow positive for exogenous AAS. The uncertainty observed at

low epitestosterone concentration makes all results with a T/E close to 10 difficult to evaluate without IRMS

analysis.
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Figure 1: Correlation and Bland-Altmann plot between GC and LC for Testosterone (A-B) and Epitestosterone (C-D) concentration

(ng/mL), and T/E ratio (E-F) for the subset of 62 samples analyzed by both methods.
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Conclusions

Exogenous AAS analysis in urine has become a common procedure in UPLC-HRMS. Most published methods

use time and material/solvent-consuming sample preparations. The first goal of this project, to reduce this step

to hydrolysis and direct injection, was achieved for concentrations of 5 ng/mL (except for epimetendiol and 19-

NE, at 10 ng/mL). This allowed the reduction of analysis time of a 30 samples batch from 16 to 7.5 hours,

sample preparation included, and with full automatization. The proof of concept was an agreement between

UHPLC-HRMS orbitrap and GC-MS/MS methods although there was an overestimation with LC method.

Furthermore, full scan detection allows retrospective evaluation of analyzed samples for presently untargeted

prohibited substances and metabolites.
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Abstract

The World Anti-Doping Agency (WADA) includes anabolic androgenic steroids (AAS) among the substances

and methods prohibited in sports. The process of steroids detection undertaken by the WADA accredited

laboratories is based on GC-MS(/MS) or LC-MS(/MS) analysis of urinary samples collected from male and

female athletes. The methods routinely used in steroid screening mainly focus on substances that are excreted

unconjugated or as glucuro-conjugates and for this reason common procedures includes enzymatic hydrolysis

with β-glucuronidase from Escherichia Coli. Despite this, for doping control purposes, the development of a

confirmation procedure to identify the exogenous origin of pseudo-endogenous (e.g. dehydroepiandrosterone

or androstenedione) steroids and/or their metabolites excreted primarily as sulphates could be of interest.

In the first part of the work we have evaluated the performance of different preparation of sulphatases from

Helix Pomatia and Pseudomonas Aeruginosa compared to chemical hydrolysis of sulphate steroids and we

have studied different approaches for the selective isolation of steroids conjugates from the urine matrix. In the

second part of our work we have evaluated the urinary excretion of epiandrosterone sulphate after oral

administration of dehydroepiandrosterone and androstenedione respectively.

Our results show that chemical hydrolysis is preferable to enzymatic methods as it results in quantitative

cleavage of the sulphate moiety (even if in some cases the yields of chemical hydrolysis and enzymatic

hydrolysis are similar), ion paired extraction is the more reliable method for direct isolation of sulphate steroids

from urinary matrices and epiandrosterone sulphate prolongs the detectability of dehydroepiandrosterone and

androstenedione when compared to routinely used steroidal target compounds.

Introduction

The detection of the abuse of endogenous anabolic androgenic steroids (EAAS) by gas chromatography -

mass spectrometry represent a big challenge for the necessity to discriminate between the endogenous and

exogenous origin. To detect the EAAS abuse the WADA accredited Anti-Doping laboratories refer to the

Steroidal Module of the Athlete Biological Passport (ABP) in which are reported the markers of the "steroid

profile", monitored in the free and glucuronide fractions, and the ratio among them [1,2]. Despite this

testosterone and its major precursor and metabolites are also excreted as sulpho-conjugates. Even if the

hydrolysis of sulphates is quite difficult and based on chemical and /or enzymatical reactions, the analysis of

sulphate metabolites of EAAS can improve the detection window or their misuse [3,4].

1,2 1 1,3 1

1
2

3
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Experimental

Chemicals and reagents

Standards and solvents were from Sigma-Aldrich (Italy), National Measurement Institute (NIM, Australia), Carlo

Erba (Italy), Roche (Italy), Research School of Chemistry Austalia University (Australia), Chemische Fabrik Karl

Bucher GmbH (Germany).

Hydrolysis of sulphate steroids

To perform chemical hydrolysis a mixture ethyl acetate/methanol/sulfuric acid 80:20:012 (V/V/V) was used.

Enzymatic hydrolysis with suphatase and β-glucuronidase/arylsulphatase from Helix Pomatia were performed

in sodium acetate buffer. Enzymatic hydrolysis with PVFV and WT were performed in tris-HCL buffer.

Extraction of sulphate steroids

Sequential protocol: SPE purification (C-18 cartridges) of the acqueous phase obtained after hydrolysis of

glucurono-conjugates [5].

Ion pair extraction: SPE purification (C-18 cartridges) of urinary samples (2 mL), evaporation under nitrogen,

liquid-liquid extraction with 3 mL of water, 200 μL of NaOH 6 N, 5 mL of dichloromethane and 100 μL of N,N-

dimethylephedrinium bromide 0,5 M [6].

Weak anion exchange (WAX) extraction: conditioning with 1 mL of sodium acetate buffer, 1 mL of methanol

and 1 mL of water; loading with 2 mL of urine; washing with 1 mL of formic acid 2%, 1 mL of methanol and 1 mL

of methanol/ammonium hydroxyde 1%.

In vivo excretion study

Dehydroepiandrosterone (DHEA) excretion study: urinary samples were collected by a male volunteer (35

years old) for 110 hours after administration of 100 mg of DHEA (iHealth USA).

Androstenedione (AED) excretion study: urinary samples were collected by a male volunteer (50 years old) for

92 hours after administration of 100 mg of Androstene 100 (ASN-USA).

The controlled excretion study obtained the approval of the local Ethical Committee and each subjects have

signed a written informed consent allowing the use of urinary samples for research purposes. The subjects

were medically examined in order to ensure the absence of diseases.

Instrumental analysis

GC-MS/MS system Agilent 7890A/7000, column: HP 1 (l: 17 m, id: 0.2 mm, film: 0.11 µm), injection temperature:

280°C, injection mode: 2 μL split: 1/20, temperature programme: 180°C (4.5 min-hold), 3°C/min to 230°C,

20°C/min to 290°C, 30°C/min to 320°C, source: EI 70 eV, acquisition mode: MRM. 

Quantitative determination of the urinary concentration of glucuronate and sulphate metabolites were based on

the peak are ratio of the analyte to the corresponding internal standard (17α-methyltestosterone).

Results and Discussion

The present work can be divided in three parts: in the first, different approaches for the hydrolysis of sulphate

steroids are investigated, in the second part extraction methods for sulpho-conjugates from urine are studied

and in the third part the excretion of epiandrosterone sulphate, after the administration of dehydroepi-
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androsterone and androstenedione respectively, was evaluated. The considered substances are: testosterone

(T), epitestosterone (E), androsterone (A), etiocholanolone (Etio), dehydroepiandrosterone (DHEA),

epiandrosterone (EpiA), 11-ketoetiocholanolone (11-KetoEtio), 5-androstene-3β,17β-diol, 5α-androstane-

3β,17β-diol, cholesterol.

In the first part of the work, we evaluated the performances of chemical hydrolysis compared to different kind of

enzymatic hydrolyis. As we can see in Figure 1, in which are presented the percentage of the hydrolysis of the

sulphate moiety, chemical hydrolysis seems to be a prefereble method for the hydrolysis because the

response, for the selected steroids, is homogeneous and comparable. Despite this, in some cases (hydrolysis

of testosterone with wild type sulphatase from Pseudomonas Aeruginosa) the results of chemical and

enzymatic hydrolysis are comparable. Different responses to enzymatic hydrolysis are probably related to the

steric hindrance of the 17α-configuration for epitestosterone and 3α-configuration for androsterone,

etiocholanolone and 11-ketoetiocholanolone.

For the direct isolation of sulphate steroids from the urinary matrices we considered an indirect method, called

sequential, in which we have the extraction of sulpho-conjugates after the extraction and hydrolysis of the

glucurono-conjugates, and two direct method, called respectively WAX (weak anion exchange) extraction and

ion pair extraction. At tested conditions, WAX extraction provides the lowest extractive efficiency with the

respect to the other two methods, that give comparable results, as is showed in Figure 2 where the maximum of

response indicates the complete extraction of the sulphate steroids from matrix.

 

Figure 1: Response to chemical and enzymatic hydrolysis
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Figure 2: Response to different protocol of extraction

Finally, as shown in Fig. 3 and 4, after the consumption of a single oral dose of dehydroepiandrosterone and

androstenedione respectively, epiandrosterone sulphate prolongs the detectability of these banned drugs

related to some markers considered in the framework of Steroidal Module of the Athlete Biological Passport. All

urinary samples were analyzed with sequential protocol and ion pair extraction protocol.

Figure 3: Urinary excretion profile of Androsterone (A) glucuronate, Etiocholanolone (Etio) glucuronate and Epiandrosterone

(EpiA) sulphate obtained after the administration of 100 mg of DHEA (DHEA iHealth-USA). Urinary samples were collected by a

male volunteer (35 year, normal body mass index) for 110 hours after the administration. Red circles indicates the samples out of

populational range according to the WADA Technical Document TD2016EAAS.
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Figure 4: Urinary excretion profile of Androsterone (A) glucuronate, Etiocholanolone (Etio) glucuronate and Epiandrosterone

(EpiA) sulphate obtained after the administration of 100 mg of AED (Androstene 100 ASN–USA). Urinary samples were collected

by a male volunteer (50 year, normal body mass index) for 92 hours after the administration. Red circles indicates the samples out

of populational range according to the WADA Technical Document TD2016EAAS.

Conclusions

In conclusion we can affirm that in some case (e.g. epiandrosterone) sulfo-conjugates metabolites can be used

as long term excretion markers of anabolic androgenic steroids, that chemical hydrolysis is prefereable to

enzymatic methods as it results in quantitative cleveage of the sulphate moiety but in some cases (e.g.

hydrolysis of testosterone with wild type sulphatase from Pseudomonas Aeruginosa) the response of chemical

and enzymatic hydrolysis is similar and finally that ion pair extraction is the most reliable method for direct

isolation of sulphate steroids from urinary matrices.
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Abstract

An evaluation of the frequency and distribution of ethyl glucuronide (ETG) in genders, sports and control types

(in-competition, out-of-competition) for 46785 doping control urine samples analyzed in the Cologne doping

control laboratory in 2016 and 2017 was performed.

3.6% specimens contained ETG higher than 5 µg/mL. In total, 90% of these urine samples were collected out-

of-competition (OOC), 77% originated from male athletes and 46% from endurance sports disciplines, mainly

cycling. The ETG concentration was estimated between 5 and 400 µg/mL.

The urinary steroid profile may be altered following the administration of alcohol. In order to avoid false

negative findings based on the application of alcohol in combination with testosterone, a lot of expensive Gas

Chromatography-Combustion-Isotope Ratio Mass spectrometry (GC-C-IRMS) analysis are currently requested.

A differentiation between alcohol consumption and the application of alcohol in combination with testosterone

is sophisticated and needs further investigations.

Introduction

Endogenous anabolic androgenic steroids (EAAS) concentrations and their ratios form the urinary “steroid

profile”, which may be altered following the administration of synthetic forms of EAAS, its precursors, active

metabolites, epitestosterone as well as the intake of alcohol [1]. The steroid module of the Athlete Biological

Passport (ABP) uses the Adaptive Model to identify an Atypical Passport Finding (ATPF), which triggers the

performance of Confirmation Procedures [2]. This elaborate and expensive Confirmation Procedure includes

the quantification of the Markers of the “steroid profile” as well as Gas Chromatography – Combustion – Isotope

Ratio Mass Spectrometry (GC-C-IRMS). Since 1 January 2016 it is mandatory that the laboratories test for the

presence and report the estimated concentration of ethyl glucuronide (ETG) if above 5 µg/mL. An evaluation of

the frequency and distribution of ETG in genders, sports and control types (in-competition, out-of-competition)

for doping control urine samples analyzed in the Cologne doping control laboratory in 2016 and 2017 was

performed.

Experimental

46785 doping control urine samples from national and international federations, analyzed in 2016 and 2017 in

the Cologne doping control laboratory for the presence of ETG by means of liquid chromatography-tandem

mass spectrometry (LC-MS/MS) [3], were evaluated.
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Results and Discussion

1697 (3.6%) doping control urine samples contained ETG higher than 5 µg/mL. In total, 90% of these urine

specimens were collected out-of-competition (OOC), 77% originated from male athletes and 46% from

endurance sports disciplines (Table 1), mainly cycling (Table 2). The ETG concentration was estimated

between 5 and 400 µg/mL (Figure 1).

Tab 1: Summary of main findings out of 46785 specimens showing 1697 (3.6%)  ETG > 5 µg/mL

 

Tab 2: Summary of populations and corresponding sport disciplines

 

Corresponding results were obtained in 2012 for the evaluation of 105 doping control urine samples,

containing ETG greater than 0.5 µg/mL, showing a testosterone/epitestosterone ratio (T/E) > 4 and tested

negative by GC-C-IRMS [4]. A differentiation between steroid profile results based on ethanol consumption and

findings based on ethanol consumption combined with the application of testosterone is needed [5].

The oral intake of ethanol can increase the T/E ratio and decrease the androsterone/testosterone (A/T) ratio by

an elevated excretion of T-glucuronide and decreased elimination of A- glucuronide. Ethanol consumption

combined with the application of testosterone can lead to an increase of the T/E ratio. However, the elimination

of A-glucuronide is less decreased because A is the main metabolite of T. If a monitoring of the concentrations

for A and T is possible within the ABP steroid module, a discrimination of both scenarios may be possible.
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Figure 1: ETG distribution in 1697 specimens analyzed in 2016 and 2017

Conclusions

Alcohol consumption is fairly common in sports and can influence the urinary steroid profile.

In order to avoid false negative findings based on the application of alcohol in combination with

testosterone, a lot of expensive GC-C-IRMS analysis are currently requested.

For a differentiation between alcohol consumption and the application of alcohol in combination with

testosterone further investigations are necessary.
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Abstract

The AMDIS, the Automated Mass Spectral Deconvolution & Identification System, developed for military

applications and provided freeware by NIST [1], has become a GC/MS standard in chromatographic peak

deconvolution and Library Searching tool. The AMDIS algorithm for deconvolution identifies the overlapping

chromatographic peaks in a Total Ion Current (TIC) and generates separate TICs per substances [2]. The sum

of the deconvoluted overlapped peak area compared to the initial non-deconvoluted TIC area of the

chromatographic peak can be used as purity measurement in the IRMS GC/MS analysis.

Introduction

AMDIS was created by the US National Institute of Standards and Technology (NIST) to automatically identify

target compounds in a gas chromatography/quadrupole/mass spectrometry (GC/MS) data files from different

instrument manufacturers. AMDIS execution is performed in two steps: firstly it deconvolutes the GC/MS data

file to find all of the chromatographically separated or not components. Secondly, each of these components is

compared against an MS library of target compounds with or without the assistance of the chromatographic

retention datum to generate a match factor between the target spectrum and the deconvoluted component

spectrum. AMDIS algorithm for chromatographic data processing and particularly for component peak

detection is based on works conducted in 70’s during the start of electronic chromatographic data processing.

The overall process involves four sequential steps: 1) noise analysis, 2) component perception, 3) spectral

“deconvolution”, 4) compound identification. The aim of this approach is to use AMDIS for its purity

measurement of the chromatographic peaks of the components, which is embedded in the deconvolution

AMDIS module to estimate numerically the peak purity for IRMS analysis.

Experimental

IRMS procedure:

The IRMS preparative procedure of ADLQ comprises the following steps: initial volume of up to 15mL of urine,

C18 cleanup, E.Coli hydrolysis, ether extraction, acetylation, HPLC cleanup, GC/MS analysis of all HPLC

fractions, IRMS analysis of selected fractions. 

GC/MS Analysis:

The GC/MS system is an Agilent 7890A/5975C inert MSD equipped with an Agilent DB-17MS column with the

following dimensions: 30m length, 0.250 mm diameter, 0.25 um film thickness. The helium flow is 1mL/min and
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the injection volume up to 2 uL.

AMDIS Procedure to generate Purity per Component:

AMDIS input is the generated datafile of a sample full scan GC/MS analysis. The deconvolution algorithm is

applied in order to create the list the deconvoluted components and their spectra detected by the software.

Parameters are generated per chromatographic peak, like the Purity, which is the percentage of the total ion

signal at the component’s maximum intensity scan (Scan) that belongs to the deconvoluted component. To

calculate the Purity, AMDIS determines this by first extracting all of the ions associated with a component and

then summing them to yield the total ion signal of the component. The area under the actual extracted

(deconvoluted) component peak expressed in the units of the instrument, as was acquired on, is also

calculated. The scans by which the extracted component’s baseline is extended to yield area are defined. They

are expressed in the format a-b; where a and b are the number of scans extended to the left and right of the

peak, respectively. The area of the original non-deconvoluted peak is expressed in the units of the instrument

that the component was acquired on. The aim of AMDIS is to perform deconvoluted spectra library searching.

However, for the sake of this application, the aim of AMDIS is to create the purity parameter for the convoluted

IRMS endogenous steroids components. All those numerical parameters calculated by AMDIS per component

are shown on different windows within the AMDIS screen. They can also be extracted in common

spreadsheets.

Results and Discussion

The application of AMDIS in a HPLC Fraction 6 for the 5B-androstanediol-diacetate (5BAdiol) is shown in

Figure 1. AMDIS operation is initiated by Open the Agilent MSD ChemStation datafile, eg from the instrument’s

HDD directory. All the AMDIS commands for operations presented herein are conducted manually. It is

advised, that the chromatographic peak of interest to be zoomed in the screen of AMDIS (same way as

ChemStation) to create a better image of AMDIS processing. The deconvolution process for 5BAdiol peak is

presented in Figure 1.

Conclusions

The AMDIS deconvolution algorithm finds components, it stores abundance information for each ion of each

scan of each component. It is these abundances that are added together for each scan to reconstruct its TIC

value. The displayed traces in AMDIS screens also provide visual feedback as to how much of the total signal

is taken up by a component.
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Figure 1: AMDIS screen after 5BAdiol deconvolution process. The screen comprises the windows of:

a) TIC, the Chromatogram Display,

b) the Information List of component,

c) the Profile Display per scan, showing the colored lines are deconvoluted main m/z of the component 5BAdiol, the black line is

the summation of the deconvoluted component TIC’s (in this case 5BAdiol is the only component found by deconvolution

algorithm under the raw TIC) and the white line is the experimental-raw TIC.

d) For a component (5BAdiol) there is one Mass Spectral Display showing the raw (original) spectrum overlaid with the extracted

spectrum resulting from the deconvolution process. Ions from the raw spectrum are shown in black and those from the extracted

spectrum in white (for clarity they are slightly offset from each other along the x-axis).
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Paperless Communication of Sample Collection Documentation
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Abstract

This report introduces a standard for secure and automatable communication between any Sample Collection

Authority and an Anti-Doping Laboratory. As the prevalence of the Internet spreads, the use of digital

communication appears as a straight forward way to reduce transcription errors, speed up workflows and save

paper. However, the transition from print outs on paper to digital documents is only the first step on a longer

way that leads to paperless and to automatable communication. Common standards are necessary to ensure a

successful communication. This article introduces a standard for the structure, content and vocabulary of the

transmitted documents. The presented specifications follow the presettings of the Anti-Doping Administration

and Management System (ADAMS) issued by the World Anti-Doping Agency (WADA). Finally, a

communication channel that respects the WADA regulations and universal security requirements is described.

The channel in the Cologne Laboratory is represented by a software solution that supports the automation of

paperless communication.

Introduction

Data exchange in an Anti-Doping Context

The introduction of the Anti-Doping Administration and Management System (ADAMS [1]) by the World Anti-

Doping Agency (WADA) has promoted the use of the internet and digital transmission of data in the anti-doping

world. Professional athletes are bound to provide their personal data in ADAMS. Since then laboratories have

been obliged to report analysis results digitally into the system and that has enabled Testing Authorities to link

athletes’ data with the correspondent samples and analysis results for evaluation. In recent years the process

of sample collection planning was more and more supported by ADAMS. Now Testing Authorities and Sample

Collection Authorities (SCAs) communicate missions digitally and SCAs submit digital “sample collection

documentation” (SCDoc) to the laboratories (Figure 1). 

Digital and Paperless Processes are Not One and the Same

Automation has been a major motivation behind the paperless push. However, one prevalent misconception is

that digital and paperless processes are one and the same. In fact laboratories still struggle with e-mails with

the digital SCDocs attached. The attachments vary in their form from scanned sheets of paper through many

kinds of software specific files (e.g. pdf, xml, doc) to files that can easily be parsed by machines (plain text, csv,

xml). Alone, organisations that try to establish a paperless communication system tend to present individual

specifications for their files that are new to the receivers’ interfaces. Often the unsatisfying solution of bringing

the information into an electronic Laboratory Information and Management System (LIMS) is to print the

attachment on paper and re-digitise it by typewriting.
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In order to master the leap between human typewriting and an automated data import one universal standard

is needed to provide a file format, a structure of content, consistent vocabulary, and also one secured channel

via which the file arrives at its destination.

The following sections give an insight into existing guidelines and considerations that led to the standard for

paperless communication as it is currently implemented at the Cologne laboratory.

 

Figure 1: Communication partners and digital data flow involved in anti-doping sample taking. ADAMS: Anti-Doping Administration

and Management System, SCA: Sample Collection Authority, TA: Testing Authority, SCDoc: Sample Collection Documentation,

Lab: Laboratory. TA generates a testing mission with information from ADAMS and considering the ADAMS specified naming. TA

and SCA send digital analysis requests and SCDoc. The Lab confirms the arrival of encrypted files. The Lab reports the analysis

results digitally into ADAMS.

Results and Discussion

Exchange Format

A simple way to exchange information is using plain text file. In respect of error tracing plain text files offer the

advantage that they can easily be read by humans and across different computer platforms. Furthermore, the

import of text files into databases usually requires only low-level interface.

The combination of keeping data clearly arranged for human eyes and supporting automatic parsing

recommends the Extendable Markup Language (xml) which is already utilised by the ADAMS import interface

that accepts the laboratory’s analysis results. Figure 2 shows an excerpt of an exchange file in xml format.
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Figure 2: Excerpt of an example exchange file for paperless communication in xml format.
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Content and Vocabulary

Since ADAMS is the first and last participant in the communication cycle it is advisable to use the ADAMS

vocabulary throughout the anti-doping network.

Regarding the content the laboratories shall use certain abbreviations for names of anti-doping organisations,

sports and disciplines from a preset list [2]. The use of a wrong short name inhibits the upload of data into

ADAMS. Therefore, in order to keep up an interference-free workflow, the laboratories have a strong interest in

receiving ADAMS compliant discipline and sport codes rather than full word disciplines that need to be

translated into the correspondent code. Figure 3 shows a screenshot of the ADAMS Knowledge Base where

vocabulary and codes can be obtained from.

Figure 3: Content and vocabulary of the exchange file follow the ADAMS standard. Screenshot of ADAMS Knowledge Base,

18.04.2018.

Communication Channel

The choice of the communication channel needs to respect WADA regulations in force. The following

requirements derive from the relevant sections in the WADA documents “International Standard – Testing and

Investigations” [3] and “International Standard for Laboratories” [4]:

1. Delivery of the files must be documented and therefore traceable. The SCA needs to confirm that the

documentation has arrived at the laboratory. It is necessary for the laboratory to reply to the SCA when

the file has been received. It is advisable to automatically generate the response upon receipt.

2. The SCA is responsible for the arrival of the files at the lab. The files must be handed over to the

laboratory directly. It is not intended that, on a regular basis, the laboratory engages in the search for

missing files after the samples have been delivered.

3. Security of transmission over the internet must be ensured by encryption.

4. Transmission of files must be completed before or at the particular time the samples arrive at the lab.

Otherwise, the lab has to document and report an irregularity.
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Transfer Automation

This section introduces a software solution that supported the implementation of automated paperless

communication in the Cologne Laboratory. The Software Cryptshare [5] comprises secure file transfer, email

encryption and logging of the entire transmission process. Furthermore, the software offers automation tools to

transfer files as event-triggered actions. The laboratory offers a configuration tool for the Cryptshare robot that

automates the secure sending of files. For communication with the Cologne Laboratory it can be provided free

of charge.

With the robot installed the sender simply puts the file to be sent in a directory of his choice and that was

indicated to the robot during the configuration. The robot monitors the directory and sends all files found in it to

the specified recipient. Technically, Cryptshare establishes a secure connection to the file server located in and

administered by the laboratory and uploads the file. Additionally, it sends an encrypted email to the recipient’s

address containing a link by which the file could be downloaded by hand. For downloading the recipient needs

the password agreed upon with the lab before. In the laboratory the files are downloaded automatically and

directly imported into the LIMS. Figure 4 shows a scheme of the automated transmission process.

Cryptshare offers full transparency of the transmission process through reporting and evaluation options. This

includes that the sender can configure the system to receive a confirmation when the transmission to the

laboratory has been completed.

Figure 4: Scheme of the transmission process automated with help of the software Cryptshare (befine Solutions AG, Freiburg,

Germany, www.cryptshare.com). In the senders realm the Cryptshare robot monitors a specified directory and starts the encrypted

transfer once it detects a file. The robot on the receiver side puts the file in a specified directory. After the file has been

transmitted Cryptshare supplies a confirmation of receipt to the sender. The laboratory’s LIMS watches out for new files in the

specified directory and imports them.
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Conclusions

It is a worthwhile pursuit to standardise the communication of anti-doping institutions in order to avoid

unnecessary translation steps between captive data systems. The components presented in this article are

implemented at the Cologne Laboratory as well as at several SCAs communicating with the lab. The system

has proven to be fit for purpose, and can be adapted by other institutions at only low expense.
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Zebrafish water tank in doping control: model perspectives

Chemistry Institute, Brazilian Doping Control Laboratory - LBCD, Rio de Janeiro, Brazil

Abstract

Zebrafish shares physiological, morphological and histological similarities with mammals, having direct 

orthology with many human cytochrome P450 (CYP) enzymes. However, as with any other non-human model, 

the zebrafish presents similarities and differences in relation to the profile of metabolites generated compared 

to that observed in humans. This present study assesses the degree to which zebrafish metabolism can be 

compared to human one, and how the model can be improved to be applied in doping control. Investigations in 

zebrafish water tank (ZWT), regarding the biotransformation of selegiline, propranolol, hexarelin, JWH-073 and 

others doping agents were performed and compared with human metabolism. Among other results, the 

stereospecific biotransformation of both deprenyl enantiomers of selegiline was confirmed in ZWT, and the 

stereoselectivity of N-oxide formation was demonstrated. Different metabolites of propranolol were observed quite 

similar in human urine and ZWT. Hexarelin showed a considerable instability in water tank and can be a 

challenging compound for this approach. JWH-073 monohydroxylated on the alkyl chain and 

monocraboxylated on the alkyl chain present similar pharmacokinetics between ZWT and human. However, 

monydroxylated around the indole ring was not observed, and it was expected since zebrafish do not have 

CYP2C9.  Moreover, the impact of testolactone in ZTW was investigated, and the outcome of the study 

increases the information regarding the applicability of the ZWT on steroid hormone biotransformation 

research. The metabolites identified did not show a similar profile from a quantitative perspective. However, the 

most relevant metabolites described as a target in doping control can be easily observed in the ZWT. This 

study creates the perspective to use the metabolites from ZWT to set target windows in mass spectrometry 

approaches, reference material preparation and metabolism study.
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Goebel C

Providing analytical services for the testing program of the XXI Commonwealth

Games Gold Coast, Australia

Australian Sports Drug Testing Laboratory, North Ryde, Australia

Abstract

The Commonwealth Games were held from the 4  till the 15  of April 2018 with the Athlete Village opening

25  of March 2018. The Commonwealth Games Federation (CGF), the Organising Committee for the Gold

Coast 2018 Commonwealth Games (GOLDOC) and the Australian Sports Anti-Doping Authority (ASADA)

worked together in a rigorous anti-doping program supported by the Australian Sports Drug Testing

Laboratory.

Presented will be the planning process, infrastructure requirements and outcomes for the services provided by

ASDTL.
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Specialty Testing at SMRTL— Application of Anti-Doping Testing Outside of

Competitive Athletics
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Abstract

The specialty testing program at SMRTL performs analysis on potential sources of adverse analytical findings

when needed for disciplinary hearings. The results of the testing are often used to evaluate the feasibility of

athlete claims of inadvertent doping from contaminated health supplements. A recent case is presented in

which ibutamoren (MK-677) was detected in a supplement.

However, there is growing need for doping analysis in the world outside competitive athletics as globalization

has made performance-enhancing agents available to the public at large. A joint project with USADA and the

United States Department of Defense exploring the ready availability of SARMs will be presented. This study

demonstrated not only that SARMs can be easily purchased over the internet from a variety of sites readily

accessed through widely used search engines, but the quality control practices used in the manufacture of

these supplements are woefully inadequate.

Another example is presented involving an apparent case of iatrogenic Cushing’s syndrome for a child

receiving glucocorticoid therapy for congenital adrenal hyperplasia (CAH). Based on a suspicion by the

attending physician, hydrocortisone capsules provided by a compounding pharmacy were tested for drug

levels. Hydrocortisone was found to be present at higher levels than prescribed and thus to be the source of

symptoms observed in the child.

Finally, a child custody case required proof of allegations of use of recombinant human growth hormone by

one of the parents. The use of human growth hormone was not connected with events subject to anti-doping

testing and hence would not require extra caution to evade testing programs. Nonetheless, different results

were obtained from the isoform and biomarker screens. Presence of recombinant human growth hormone was

confirmed.
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Kuuranne T, Baume N

Responsiveness to anti-doping organizations and support to result

management – expectations, practicalities and restrictions from the laboratory

perspective.

Laboratoire Suisse d'Analyse du Dopage Centre Hospitalier Universitaire Vaudois et Université de Lausanne, Lausanne,
Switzerland

Abstract

The main purpose of the International Standard for Laboratories (ISL) is to ensure laboratory production of

valid test results and evidentiary data as well as to achieve uniform and harmonized results and reporting from

all laboratories. Regarding the core activity of the laboratory, i.e. to provide robust and reliable data for the

detection of prohibited substances, methods or markers on the prohibited list in biological samples in the

context of anti-doping activities, the rules are well established. However, depending on the operational

environment (e.g. anti-doping organizations, test menus and analytical results),  the accredited laboratories are

often requested to respond or to provide expertise also on demands for which the process is not clearly defined

by the ISL.

For example, the procedures of the B-sample analysis or sample splitting are generally described, but practical

discussions are often made about the participation of external representatives (legal and scientific), their

authorization to witness the complete analytical process or only parts of it, as well as about the role and criteria

for the selection of an independent witness. Since the effect date of the most recent version of the World Anti-

Doping Code of 2015, elements included in the “Reduction of the period of ineligibility based on no significant

fault or negligence” (Code chapter 10.5) have put more emphasis on result interpretation, e.g. for the presence

of contaminated products as the origin of the adverse analytical finding. The discussions with anti-doping

organizations (ADOs) have involved requests for estimated concentrations of identified substances,

extrapolations to the time of administration, and prove of intentional/unintentional use of a prohibited

substance. In these communications the adequate use of information is needed to avoid over-interpretation by

the result management and application of data to the context where it is not originally aimed at. As part of the

disciplinary processes, the laboratories may be approached not only by the ADOs, but also by the athletes

and/or their representatives. In order to protect the laboratories from interference and occasionally malicious

contacts, it could be beneficial to harmonize the processes and to verify with the ADOs that all the

communications to the laboratories are mediated through them.

The aim of the presentation is to share experiences and to stimulate discussions on the tricky situations that

have been encountered by the laboratories, with the emphasis on the high quality science, analytical

performance and solid chain of custody being constantly the backbone of the laboratory activities.
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Ultra-fast Reprocessing of HR FS LC/Orbitrap/MS data by MetAlign for

Screening in Retroactive Analysis

Doping Analysis Lab, Antidoping Lab Qatar, Doha, Qatar ;
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Abstract

The WADA Accredited Laboratories perform Initial Testing Procedure (ITP) or screening of small molecules

using Gas Chromatography/Mass Spectrometry (GC/MS) and  Liquid Chromatography/Mass Spectrometry

(LC/MS) in parallel complementary for all antidoping urine samples. For ITP LC/MS, the High Resolution Full

Scan Liquid Chromatography Orbitrap Mass Spectrometry has particular advantages: the sensitive qualitative

detection of analytes, quantitative intact Phase II metabolites, acquisition in both polarities in one run for

unlimited number of analytes and datafiles reprocessing.

It is has been proven that reanalysis of old samples reported as negatives frequently resulted in revealing

designer drugs abuse unknown at the time of the initial test and in detecting new long-term AAS. Reprocessing

of old datafiles for screening purposes without sample re-analysis has serious advantages: it can be repeated

unlimited times as the original sample volume remains untouched if the sample remains in negative status, the

economy in saving human, material and instrumental resources is substantial. Only data acquired in full scan

MS mode can be reprocessed for retroactive analysis. However reprocessing of data of thousands of datafiles

is a difficult task: each HRMS data file comprises an average of 300 MB, which creates the need for a strong

Information technology (IT) infrastructure. In addition, manual processing of thousand datafiles requires

substantial human resources. The first part of a solution to this growing problem may be found in data reduction

without loss of critical information. We therefore have introduced MetAlign to help solve this [1, 2]. This free

software can reduce data 100 to 1000 fold – depending on the richness of information present - while

performing noise reduction, baseline correction and peak picking. MetAlign has been extensively tested since

the year 2001 for many GC-MS and LC-MS file formats and has been cited nearly 500 times since 2009

(www.metalign.nl). It retains information such as retention/scan, mass, intensity and local noise estimates.

Furthermore, it is capable of importing and exporting to several formats. MetAlign can process multiple data

sets in parallel and each dataset only has to be processed once.

The current study examined the MetAlign processing performance in human urine ITP high resolution full scan

LC/Orbitrap/MS in reduced 100-fold approximately information volume datafiles. The study had been applied in

the existing datafiles of routine analysis by ADLQ. The performance was evaluated using as main criteria the

rate of false negatives and false positives. Other processing parameters that were considered were: laboratory

infrastructure and datafiles preparation for processing, quality control, filters that improve the false

negative/positive rates, time of execution, easiness of processed data evaluation.

MetAlign was applied in two main steps. In the first step, the reduction of the ITP datafiles by approximately

100-times, facilitated the application of the second step, searching of the reduced datafiles. The reduction of

datafiles volumes allowed the creation of a database of datafiles, stored easily and organized according to eg
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RT reproducibility. Additionally, searching in the reduced datafiles could be implemented in much shorter

times. In ITP data evaluation, the priority was given to eliminate the false negative reporting, where MetAlign

performed satisfactorily. The searching procedure generated false positives, in numbers depended on the

analyte urine analytical background. The application of filters proved to eliminate substantially the false

positives. However, the application of filters should be examined per analyte, to reduce false negatives and

positives.

MetAlign is considered as tool fit-for-purpose for the WADA retroactive analysis policy, allowing reprocessing

and reanalysis of past samples.
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Knoop A, Thomas A, Thevis M

MOTS-c: Introducing a mitochondrion derived peptide activating AMPK and its

detection in human plasma employing HPLC-US-MS/MS

Center for Preventive Doping Research, DSHS, Institute of Biochemistry, Cologne, Germany

Abstract

As peptide hormones illicitly used in sports have become of increasing concern, existing doping control testing

procedures have continuously been updated to allow for comprehensive sports drug testing programs. In the

present study, the qualitative identification of the mitochondrial derived peptide MOTS-c (mitochondrial open

reading frame of the 12S rRNA type-c) by means of high performance liquid chromatography coupled via

UniSpray™ ionization to a triple quadrupole tandem mass spectrometer (HPLC-US-QqQ-MS/MS) is

demonstrated. MOTS-c was discovered in 2015 and has been shown to regulate insulin sensitivity and

metabolic homeostasis on a cellular level. The skeletal muscle was found to be the preferred target organ

where MOTS-c is leading to AICAR accumulation and, consequently, AMPK activation. Due to this metabolic

modulation, it can be considered as regulated by the World Anti-Doping Agency’s (WADA’s) Prohibited List. In

the literature, naturally occurring plasma levels of ca. 200 pg/mL of endogenous MOTS-c are reported. Whether

the administration of synthetic MOTS-c results in significantly higher values is yet unclear, but addressing this

question required a test method allowing to quantitatively determine the target analyte with adequate specificity

and sensitivity. In the assay presented herein, commercially available human MOTS-c and animal analogues

were analyzed from human plasma following protein precipitation, detected as intact peptides by mass

spectrometry after reversed phase chromatographic separation and UniSpray™ ionization. Furthermore,

in vitro generated metabolites of human MOTS-c were investigated and characterized by high-resolution/high

accuracy mass spectrometry in consideration of degradation products due to metabolic processes. It was

shown that MOTS-c is particularly instable and oxidation products could be identified and characterized by HR-

MS/MS. Additionally, authentic plasma samples from healthy volunteers were tested for the presence of

endogenous MOTS-c.

Further details are published in:

Knoop A, Thomas A, Thevis M. Development of a mass spectrometry-based detection method for the

mitochondrion-derived peptide MOTS-c in plasma samples for doping control purposes. Rapid Commun Mass

Spectrom. 2018. https://doi.org/10.1002/rcm.8337
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Combined detection of the ActRII-Fc fusion proteins Sotatercept (ActRIIA-Fc)

and Luspatercept (modified ActRIIB-Fc) in serum by means of immunoaffinity

purification, tryptic digestion, and LC-MS/MS
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Abstract

Therapeutic proteins have emerged as one of the most important classes of new pharmaceuticals and

comprise several drug candidates with potential performance-enhancing properties. Especially activin receptor

competitors such as the ActRII-Fc fusion proteins Sotatercept (ActRIIA-Fc) and Luspatercept (modified ActRIIB-

Fc) have the potential for being misused as doping agents in sports as they were found to inhibit negative

regulators of late-stage erythropoiesis.

Within this study, ammonium sulfate precipitation, immunoaffinity purification, tryptic digestion, and LC-MS/MS

were employed to develop an assay for the combined detection of Sotatercept and Luspatercept in doping

control serum samples. The assay was optimized, comprehensively characterized and found to be fit for

purpose for an application to sports drug testing. It complements existing tests for ActRII-Fc fusion proteins and

expands the range of available detection methods for novel protein therapeutics.

Published as: 

Walpurgis K, Thomas A, Lange T, Reichel C, Geyer H, Thevis M. Combined detection of the ActRII-Fc fusion 

proteins Sotatercept (ActRIIA-Fc) and Luspatercept (modified ActRIIB-Fc) in serum by means of immunoaffinity 

purification, tryptic digestion, and LC-MS/MS. Drug Test Anal. 2018;10:1714-1721
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Metabolomic Investigation of Stimulant Abuse in Athletes by Liquid

Chromatography High Resolution Mass Spectrometry and Multivariate

Statistical Analysis

Chemistry Institute, Brazilian Doping Control Laboratory - LBCD, Rio de Janeiro, Brazil

Abstract

Traditionally, anti-doping laboratories have been using strategies based on targeted approaches in the data

processing step, which means that only targeted compounds have been analyzed. In that context, the detection

of designer drugs is significantly challenging. Therefore, a non-targeted model supported by multivariate

statistics such as principal component analysis (PCA) is of great importance in the search of unknown drugs.

The objective of this study was to develop a method capable of detecting stimulants in athletes' samples

through urinary metabolomics using PCA built in Sieve  software from routine data obtained in the Initial Test

Procedures by liquid chromatography high resolution mass spectrometry. Negative tested urines were used to

establish reference populations on the PCA model, based on gender, life-style and physical demands of

different sports modalities. The discriminative potential of the PCA model was investigated using adverse

analytical findings for stimulants from male athletes against their corresponding reference populations of

negative tested athletes. Samples previously tested as AAF for stimulants showed a significant discriminative

pattern on the multidimensional space of PCA. Furthermore, this study verified that not only the variables

related to the direct metabolites of a stimulant contribute to the atypical pattern of a positive sample in the PCA

model, but it is also influenced by the contribution of the variables related to the physiological effects induced

by the drug administration. This work presents a non-targeted strategy able to recognize the misuse of

stimulants by athletes, which seems to be a perspective to identify the use of designer stimulants and an

efficient and complementary screening tool to detect doping abuse.
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De Wilde L, Roels K, Polet M, Van Eenoo P, Deventer K

Identification and confirmation of diuretics and masking agents in urine by

turbulent flow online SPE LC-MS/MS for doping control

DoCoLab Universiteit Gent-UGent, Ghent, Belgium

Abstract

Diuretics can be misused to force diuresis to achieve weight loss or to mask the intake of a prohibited

substance and are therefore prohibited by the World Anti-Doping Agency (WADA). For similar reasons other

masking agents (vaptans, probenecid, etc.) are also prohibited by the WADA. The currently employed methods

to detect diuretics in urine use extraction or dilute-and-shoot, combined with 1D liquid chromatography (LC)

high resolution mass spectrometry (MS) or LC-triple quadrupole MS. Dilute-and-shoot methods save time and

work, but these methods encounter some problems (e.g., peak drift and matrix effect). Therefore, a 2D-LC-

MS/MS application was developed, validated and evaluated as an alternative. The effect of a turbulent flow rate

was studied by loading samples under different conditions and the turbulent flow rate was found to be more

effective in removing matrix interferences. A correlation with the specific gravity was observed. A turbulent flow

online solid phase extraction (SPE) method combined with LC-MS/MS for the detection of 50 diuretics and

masking agents was developed and validated for identification purposes. This method combines the

advantages of dilute-and-shoot while solving the issues of matrix effect and retention time shift. Furthermore,

the presented method is compliant with WADA’s identification criteria and can hence be used for screening

and/or confirmation.

Published as:

De Wilde L, Roels K, Polet M, Van Eenoo P, Deventer K. Identification and confirmation of diuretics and

masking agents in urine by turbulent flow online solid-phase extraction coupled with liquid chromatography-

triple quadrupole mass spectrometry for doping control. J Chromatogr A. 2018 Dec 7;1579:31-40.
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Judák P , Goebel C , Grainger J , Van Eenoo P , Deventer K

Two years of experience in small peptide analysis using dilute and shoot

methodology

DoCoLab Universiteit Gent-UGent, Ghent, Belgium ;
Australian Sports Drug Testing Laboratory, National Measurement Institute, Sydney, Australia

Abstract

This presentation describes a simple, easy to implement dilute and shoot screening method for the detection of

doping relevant small peptides (GHRPs, GnRHs, GHS and Vasopressin-analogues) with molecular weight less

than 2 kDa. The mobile phase additive Dimethyl Sulfoxide (DMSO) has been described as a useful tool to

enhance electrospray ionization (ESI) of peptides and proteins and also enabled us to replace time consuming

sample preparation steps by the direct injection of two-fold diluted urine samples. This approach has been

implemented as the routine small peptide screening method and used now almost for 2 years in our laboratory.

Validation results, advantages and disadvantages and other small peptide related experience gathered in the

last 2 years are discussed.

References

Judák P, Grainger J, Goebel C, Van Eenoo P, Deventer K. (2017) DMSO Assisted Electrospray Ionization for

the Detection of Small Peptide Hormones in Urine by Dilute-and-Shoot-Liquid-Chromatography-High
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Thomas A, Thevis M

Confirmation of prohibited peptides by LC-MS

Institute of Biochemistry, German Sport University, Cologne, Germany

Abstract

During the last years, an increasing number peptides with molecular masses between 1 and 20 kDa were

registered on WADA’s list of prohibited substances. Potentially, these target analytes are determined and

confirmed by means of LC-MS in consideration of the TD2015IDCR. The present study will highlight the

applicability and practical realization of the mass spectrometry criteria fixed in the technical document. The

experiments were performed with adequate model compounds of different size (GHRP-6, CJC-1293, insulin

Lispro, and growth hormone) ranging from 1 to 22 kDa. With mostly identical LC parameters, different mass

spectrometer (QQQ, Q Exactive, Q-TOF and Q-Trap) in variating operation modes (MS/MS, tSIM, PRM, EPI etc.)

were tested and the results were compared. Overall, the study shows that the existing criteria are applicable for

peptides. But the data also suggest that the analytical variations, which are affected by the MS detection, grow

with increasing size and decreasing concentration of the peptide. Pitfalls and issues may arise with all kinds of

available mass spectrometers. Additionally, the identification of appropriate diagnostic ions for confirmation

represents the essential part of method development. Laboratories have to take this into consideration, when

implementing analytical methods for peptides with LC-MS.
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Polet M, Van Gansbeke W, Van Eenoo P

GC-QTOF-MS: towards a complete and open screening method

DoCoLab Universiteit Gent-UGent, Ghent, Belgium

Abstract

In anti-doping, a high number of classes of substances are prohibited and laboratories need to detect these at

low urinary concentrations. Traditionally, testing is done using complimentary liquid chromatography mass

spectrometry and gas chromatography mass spectrometry. High resolution mass spectrometric acquisition has

some important advantages over triple quadrupole instruments (e.g., open screening due to full scan high

resolution data acquisition with retrospectivity, compatibility with libraries and a straightforward and effortless

addition and validation of new compounds in the future). Doping samples can be stored for 10 years and

retrospective data analysis can be used to re-evaluate previously acquired data (e.g., searching for prohibited

(designer) substances that were unknown at the initial moment of analysis). During the past decade, these

advantages have led to the wide-scale transfer of liquid chromatography triple quadrupole mass spectrometry

screening to liquid chromatography high resolution mass spectrometry screening for doping control purposes.

Up to now, for gas chromatography a similar switch to high resolution screening has not yet occurred, because

so far no method has been developed that combines sufficient sensitivity with wide-scale drug detection.

In this work, the current gas chromatography triple quadrupole mass spectrometry screening method for human

doping control purposes was successfully converted into an equivalent and complete gas chromatography

high resolution acquisition screening method. This new screening method on a gas chromatography

quadrupole time-of-flight mass spectrometer has been developed and validated. The method is compliant with

the World Anti-Doping Agency requirements and allows the detection of 294 target compounds (and 14

internal standards), including diuretics, stimulants, narcotics, beta-2-agonists, beta-blockers, hormone

modulators, anabolic agents and the quantification of 14 endogenous steroids in a single fast run (14.1 min).

References

Polet M, Van Gansbeke W, Van Eenoo P. (2018) Development and validation of an open screening method for

doping substances in urine by gas chromatography quadrupole time-of-flight mass spectrometry. Analytica

Chimica Acta, 1042, pp.52-59
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Miller G , Eichner D , Willick S , Hill B , Nair V , Moore C

Clomiphene administration to males results in a testosterone increase and is

accompanied by a lengthy, isomer-specific detection window in urine

The Sports Medicine Research and Testing Laboratory (SMRTL), Salt Lake City, United States ;
Division of Physical Medicine and Rehabilitation, University of Utah School of Medicine, Salt Lake City, United States

Abstract

Clomiphene, a selective estrogen receptor modulator (SERM), is a drug designed to treat ovulatory dysfunction

in females yet has found its way into the athletic arena as a frequently abused substance by males looking for a

testosterone boost. Commonly administered in pill form, the trans- and cis-isomers (enclomiphene and

zuclomiphene, respectively) are both present, each with unique pharmacokinetic properties. Results from a

controlled administration study to twelve individuals will be presented here in which the endocrine effects of

clomiphene treatment were examined, with special attention paid to the serum concentrations and urinary

clearance of each clomiphene isomer. Importantly, the urinary detection window of clomiphene isomers was

also observed, and an interpretation of serum results in conjunction with the interindividual variability of

clomiphene metabolism will be provided.
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Krumbholz A , Hameder A , Stöver A , Geffert C , Graw M , Thieme D

The influence of ethanol consumption on the endogenous biosynthesis of the

glucocorticosteroids cortisol and cortisone

Institute of Doping Analysis and Sports Biochemistry (IDAS) - Dresden, Kreischa, Germany ;
LMU, Munich, Germany ;
Labor Staber, Klipphausen, Germany

Abstract

Abstract

Introduction

Metabolic degradation of the urinary steroid profiles is known to be modified by co-administration of ethanol.

Aim of the presented study was to check the influence of ethanol consumption on steroid  biosynthesis, e.g. the

ratio of active to inactive glucocorticosteroids. The endogenous glucocorticosteroid Cortisol (F) and its inactive

metabolite Cortisone (E) are known to be involved in stress adaption and anti-inflammatory and immune

regulatory effects. Hormone secretion occurs in a circadian rhythm with high corticosteroid concentrations in

the morning and lower concentrations in the evening. F and E metabolized in each other by the 11β-Hydroxy-

Steroid-Dehydrogenase (11β-HSD) type 1 and 2. Reference values for total serum concentrations of F and E

for adult population are 30-200 ng/mL and 10-30 ng/mL, respectively. The ratio of F to E in serum is approx. 5:1

(up to 10:1). The influence of ethanol intake on a variety of biotransformation reaction is widely acknowledged.

The metabolic degradation of ethanol can potentially influence the biotransformation of steroids by inhabitation

of enzymes or co-enzymes. For the ratio testosterone to epitestosterone in urine, a shift into higher ranges are

well known.

Materials and methods

Ethanol was administered to volunteers in case of two different studies. First study was a drinking test with an

oral administration of ethanol on three consecutive days. The second study was an intravenous administration

of a defined ethanol concentration. The breath alcohol concentration was measured during both studies.

Additional serum samples were taken for blood alcohol concentrations and the measurement of serum

concentrations of ethylglucuronid and steroids. Challenge of this study was the combination of sample

preparation for two very different substance groups. Several sample preparation methods were tested and

finally the serum concentrations of EtG/EtS and F, E, testosterone and androstenedione were measured after

protein precipitation (Recipe kit) using LC-MS/MS (Sciex 5500) and LC-TOF-MS/MS (Sciex 6600).

Results and Discussion

Caused by the high serum sampling rate (each 15 min) the circadian rhythm of the glucocorticosteroid

concentration could be shown very clear. Interestingly there is a no circadian increase of the concentrations

after alcohol consumption. This increase is at the same time as the highest EtG-concentrations and could be

observed for all volunteers more or less intensive. The variation of the F/E-ratio seems to be dominated by the

variation of F itself. Different explanatory models exist for this very interesting observation. At the one hand
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there can be a reduced inactivation of cortisol to cortisone by the 11β-HSD caused by missing NAD . And on

the other hand an increase of cortisol production due to the “stress” reaction caused by ethanol consumption is

also possible. The testosterone-to-androstenedione-ratio varied synchronously to the breath alcohol

concentration. Thereby we can say, that the suppress oxidation of testosterone is also visible in serum, as we

know from urine steroid profile.

The complete article will be published in 2018/2019 (Krumbholz et al The influence of ethanol consumption on

the endogenous biosynthesis of steroids, in process)
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Ventura R , Coll S , Matabosch X , Papakonstantinou K , Pérez-Mañá C , Mateus JA

Additional studies on budesonide therapeutic use and misuse in sports

Catalonian Antidoping Laboratory Fundació Institut Mar d'Investigacions Mèdiques (IMIM), Barcelona, Spain ;
Integrative Pharmacology and Systems Neurocience Research Group Fundació Institut Mar d'Investigacions Mèdiques
(IMIM), Barcelona, Spain

Abstract

Budesonide (BUD) and other glucocorticoids are prohibited in sport competitions by the World Anti-Doping

Agency (WADA) when administered by systemic routes (e.g., oral), and they are permitted for therapeutic

purposes using other administration routes (e.g., intranasal or inhalation). In a previous study performed by our

group, it was confirmed that the metabolite 6β-hydroxy-BUD (6βOHBUD) is the best marker to distinguish oral

from inhaled administrations of BUD, and it was established by WADA with a reporting level of 30 ng/mL. The

aim of the present work was to evaluate the marker with additional clinical trials involving allowed and

forbidden administrations.

In our previous study, the inhaled doses administered were the normal doses prescribed for asthma treatment

(200 µg/day). Taking into account that inhaled BUD can be prescribed up to 800 µg/day and, in severe cases,

up to 1600 µg/day, the new clinical trials involve these high-dose administrations. In addition, intranasal

administrations as well as oral administration to females have been evaluated. Two different clinical trials have

been performed with Caucasian healthy volunteers. First, BUD was administered to 4 males and 4 females by

two different administration routes: intranasal (250 µg/day, n=4 males and 4 females), and inhalation (800

µg/day, n=4 males and 4 females; 1600 µg/day, n=4 males). Second, BUD was orally administered (3 mg, n=4

females). BUD was administered during 3 consecutive days in multiple doses for intranasal and inhaled

treatments, and as a single dose for the oral clinical study. For all administrations, urines sample were

collected before and at different time periods up day 4 after the first administration. Urine samples were

analyzed by liquid chromatography-tandem mass spectrometry to measure 6βOHBUD and other BUD

metabolites.
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Baume N, Ponzetto F, Schweizer Grundisch C, Kuuranne T

Steroidal APMU of the Lausanne laboratory: past, present and future

University Center of Legal Medicine, Lausanne-Geneva, Laboratoire Suisse d'Analyse du Dopage - Centre Hospitalier
Universitaire Vaudois et Université de Lausanne, Lausanne, Switzerland

Abstract

In 2014, the steroidal module of the Athlete Biological Passport (ABP) was launched by WADA. Since then, the

Athlete Passport Management Unit (APMU) has dealt with the evaluation of steroid profiles based on

concentrations and ratios of endogenous markers in urine. Compared to the earlier hematological module of

the ABP, the daily routine work of the APMU and the personnel needed to be rearranged to respond to different

needs originating from the steroidal module.

A brief history of the Lausanne APMU will be reviewed, as well as the organization and administrative issues,

incorporating a short review of the statistics of 2017. The recently introduced WADA Technical Document on

Athlete Passport Management Unit Requirements and Procedures and its future implementation will also be

discussed in order to evaluate the impact on the current APMU activities.
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Esquivel López A , Ventura Alemany R , Monfort Mercader N , Alechaga Silva E

Evaluation of endogenous steroid sulfates as markers of testosterone oral

misuse

Catalonian Antidoping Laboratory Fundació Institut Mar d'Investigacions Mèdiques (IMIM), Barcelona, Spain ;
Department of Experimental and Health Sciences, Universitat Pompeu Fabra, Barcelona, Spain ;
Catalonian Antidoping Laboratory Fundaci&ampoacute Institut Mar d'Investigacions M&ampegravediques (IMIM), Barcelona,
Spain

Abstract

A method based on liquid chromatography-tandem mass spectrometry for the direct quantitation of

endogenous steroid sulfates has been developed to evaluate these metabolites as potential biomarkers to

detect the misuse of endogenous androgenic anabolic steroids in sports. A mixed-mode solid-phase extraction

was optimized to eliminate the glucuronide fraction and other interferences in the washing step thus obtaining

only the sulfate fraction. Chromatographic separation was optimized to achieve adequate resolution between

isomers. The electrospray ionization and the product ion mass spectra of the sulfates were studied in order to

obtain the most specific and selective transitions. The method was validated for eleven endogenous steroid

sulfates and satisfactory results were obtained for all compounds. Relative standard deviation of intra- and

inter-day precision was better than 16.2%. Limits of quantitation ranged between 0.5 and 2 ng/mL. Extraction

recoveries were higher than 90% for all compounds. Matrix effect ranged from 90-110%. Samples were found

to be stable after two freeze/thaw cycles.

The method was applied to urine samples from healthy volunteers to stablish population levels of endogenous

steroid sulfates. To evaluate sulfate metabolites as possible markers of testosterone administration, urine

samples after oral administration (6 Caucasian volunteers) were analyzed. Detection times using different

markers will be evaluated and discussed.
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Aguilera R, Georgakopoulos C, Alsayrafi M, Sliman H, AlYazedi S, Obaid N

The soft exogenous isotope contribution in low concentration steroids

samples from IRMS notifications has been studied.

Doping Analyisis Laboratory, Anti-Doping Lab Qatar, Doha, Qatar

Abstract

It has always been an enormous challenge in samples where the concentration of steroids is low to evaluate

the IRMS measurement results obtained on the mix between endogenous and exogenous contribution and

to determine whether or not the sample constitutes an AAF according to WADA criteria. Moreover, the limit of

quantitation in the IRMS method doesn’t help the analysis for each steroid either, which leads in many cases to

report the sample as an inclusive result due to poor exogenous contribution at that concentration level making

it difficult to show if a steroid abuse has occurred.

The IRMS confirmation analysis on ATPF and suspicious steroid profile in low concentration steroids needs to

be readjusted but not from the adoptive model only but in selected ratios criteria trigger the IRMS request.

Based on the data generated so far, a realistic decision needs to be established whether or not the sample

requested for IRMS constitute suspicious doping offense and it can trigger an IRMS analysis.

The wide natural biological range of endogenous steroids and the analytical variability in the IRMS calibration

including a large standard deviation could lead to a wrong interpretation of the results without a real

exogenous contribution or a real doping influence in the IRMS results.
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de la Torre X , Colamonici C , Curcio D , Botrè F

Improving detection capacity of GC-C-IRMS: Gas chromatography large

volume injection

Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy ;
Experimental Medicine, Sapienza University of Rome, Rome, Italy

Abstract

Gas chromatography coupled to isotope ratio mass spectrometry is a mandatory technique in Antidoping

analyses for the confirmation of the origin of pseudo-endogenous steroids found in athletes’ urine. According to

WADA technical documents, this must be applied under specific circumstances over specific target compounds

of testosterone and/or testosterone precursors, 19-norandrosterone (main 19-nortestosterone and precursors

metabolite), boldenone and metabolites, formestane and prednisone/prednisolone. This should allow

distinguishing the synthetic from the endogenous/ex-vivo formation of these compounds.

This technique requires an extensive sample clean up by HPLC in order to guarantee chromatographic peaks

of adequate purity inside the linear range of the instrument. The urine sample volume (2 to 20 mL) required is

dependent from the concentrations found in urine (1 to 10000 ng/mL). Usually 1-3 µL of final extract are

injected in a split/splitless injector in splitless mode.

We have investigated the use of a programmed temperature vaporizing (PTV) injector, allowing the injection of

larger volumes of the final extract in order to reach adequate signals for those samples with biomarkers in the

lower concentration range. The effect on the performance of the chromatography, IRMS repeatability and

accuracy at different injection volumes (2 to 10 µL) has been evaluated over certified material and real urine

samples.

The results demonstrated the efficiency of this type of injections that allow to obtain better responses by

applying the current sample preparation procedure, to reduce the sample volume in other occasions or to be

able to confirm samples that otherwise would be considered inconclusive.
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Putz M , Piper T , Casilli A , Radler de Aquino Neto F , Pigozzo F , Thevis M

Development and validation of a multidimensional gas chromatography/

combustion/isotope ratio mass spectrometry-based test method for analyzing

urinary steroids in doping controls

Center for Preventive Doping Research - Institute of Biochemistry, German Sport University, Cologne, Germany ;
Brazilian Laboratory Doping Control, Rio de Janeiro, Brazil ;
Thermo Fisher Scientific, Milano, Italy

Abstract

For the analysis of endogenous anabolic steroids, doping control samples undergo a GC-MS initial testing

procedure, which allows generating steroid profile data. Following the GC-MS analysis, a second initial testing

method has been developed using isotope ratio mass spectrometry (IRMS), which is applied whenever

unusual/atypical profiles are obtained. Afterwards, suspicious results are analyzed by an established IRMS

confirmatory method. Commonly, IRMS-based analytical approaches are laborious and consist of up to two

time-consuming HPLC purification steps to achieve the required purity of all relevant analytes. In order to

accelerate the sample preparation of the initial testing method, multidimensional gas chromatography was

applied. This technique is known to be suitable for the separation of complex matrices. Multidimensional gas

chromatography consists of two gas chromatographs connected by a pressure-controlled heart-cutting device.

In the first dimension, a less polar capillary column was installed for peak purification. In the second dimension,

separation was obtained employing a column of medium polarity. Retention time stability in the first dimension

and transfer windows were monitored by a flame ionization detector. Detection was performed simultaneously

by isotope ratio mass spectrometry and a single quadrupole mass spectrometer for analyte identity

confirmation and assessment of peak purity. Instead of two working days required for the HPLC-based routine

method, the sample preparation is shortened by the herein presented approach to one working day. The

sample pretreatment is based on solid-phase extraction, liquid-liquid extraction, enzymatic hydrolysis, and

derivatization of the target analytes to their corresponding acetates, which are divided according to their

polarity into two fractions by a second solid-phase extraction. The method was set up for etiocholanolone

(ETIO), androsterone (A), 5α-androstane-3α,17β-diol (5a), 5β-androstane-3α,17β-diol (5b) and testosterone (T)

as target compounds and pregnanediol (PD), 5α-androst-16-en-3α-ol (16EN), 11-ketoetiocholanolone (11K)

as endogenous reference compounds. Following WADA guidelines and by means of linear mixing models, the

method was validated considering the parameters linear range, limit of quantification, intra- and interday

precision, accuracy and specificity. Additionally, a reference population (n=74) was investigated, the obtained

data were compared to the established method and an excretion study with 4-androstenedione was

conducted. The results demonstrate that the method is fit-for-purpose for the application in routine doping

control analysis.

Published as: Putz M, Piper T, Casilli A, Radler de Aquino Neto F, Pigozzo F, Thevis M. (2018) Development

and validation of a multidimensional gas chromatography/combustion/isotope ratio mass spectrometry-based

test method for analyzing urinary steroids in doping controls. Anal Chim Acta. 1030, 105-114
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Buisson C , Audran M , Frelat C , Martinat N , Collomp K

Metabolic and isotopic signature of DHEA administration in women

Departement des analyses, French anti Doping Laboratory, Chatenay-Malabry, France ;
CIAMS, Université de Paris Sud, Université de Paris Saclay, Orsay, France

Abstract

DHEA belongs to the list of prohibited substances as an endogenous anabolic androgenic agent (class S1).

The concentration criteria for DHEA (200 ng/mL) has been removed from the WADA technical document EAAS

in 2014, at the same time than the implementation of the adaptative model of ADAMS for steroid profile. The

impact of DHEA administration has been widely studied in the literature for anti-doping purposes in men,

whereas only few studies were performed in women. In the framework of a research project dedicated to the

evaluation of the effect of DHEA administration on healthy volunteers, the impact of such treatment on the

steroid profile and the carbon isotopic ratios has been explored in women.

In this present study, eleven young healthy women received two treatments: one with 100 mg/day of DHEA for

28 days and one with placebo for 28 days (washout of four weeks). Urine, blood and saliva samples were

collected before, during the treatment (at the beginning and at the end of the treatment) and during 72 hours

after the end of the treatment.

The results presented here will focus mainly on the urine parameters. The impact of DHEA administration on

the steroid profile as well as on the main metabolites of DHEA such as 7α-OH DHEA, 7β-OH-DHEA or 3α,5-

cyclo-5α-androstan-6β-ol-17-one, and more particularly on their detection windows will be presented and

discussed. The consequences of such treatment on the steroidal module of the Biological Passeport of the

Athlete will also be presented and discussed and the capacity of the adaptative model to detect DHEA

administration will be assessed. Finally, the GC-C-IRMS results for theses samples will be presented and the

impact of DHEA administration on the carbon isotopic ratios of the markers of the steroid profile and more

particularly on epitestosterone will be also discussed.
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Hülsemann F, Gougoulidis V, Thevis M

Potential cause for atypical 19-norandrosterone IRMS findings

Institute of Biochemistry, Cologne, Germany

Abstract

In routine doping control analysis IRMS has been established to identify an exogenous origin of 19-

norandrosterone (NorA) in urine samples. Analysis of the carbon isotope ratio is necessary, as urinary NorA

might be of endogenous origin. It has been reported, that trace amounts of NorA can be found in human urine

samples, with higher concentrations during pregnancy. Beside this, NorA can be formed in urine by in-situ

microbial degradation of androsterone.

Since 2003 the Cologne laboratory analysed approximately 200 urine samples with NorA concentrations

below 15 ng/mL by IRMS. Half of the samples showed exogenous carbon isotope ratios for NorA from -29 to -

31 ‰, whereas the endogenous reference compounds like pregnanediol or androsterone showed typically

values around -22 ‰. For negative samples δ C values for NorA and endogenous reference compounds are

within the same range. However, some samples revealed atypical δ C values for NorA, which were found too

enriched in C compared to the corresponding endogenous reference compounds.

As mentioned in the technical document TD2017NA, ‘endogenous’ δ C values for urinary NorA may originate

from the consumption of offal of intact, non-castrated pigs. A meal of boar’s kidney, liver or testicles may result

in urinary excretion of several ng NorA within the following hours. Up to now, no δ C values for 19-Nor-

steroids of non-castrated pigs have been published. Therefore an excretion study was conducted and IRMS

analysis of urinary NorA after a meal of wild boar testicles was conducted. Urinary NorA revealed uncommon

δ C values, which did not correspond to the consumer’s endogenous isotopic signature. Further analysis of

the boar’s tissue revealed a high fluctuation of the animal’s δ C values over the year. As a result, the

consumption of wild boar’s offal may lead to atypical or even adverse analytical findings for urinary NorA,

depending on the consumer’s endogenous carbon isotope ratios.

Published as:

Hülsemann F, Gougoulidis V, Schertel T, et al. Case Study: atypical δ C values of urinary norandro-

sterone. Drug Test Anal. 2018;10:1728-1733

13

13

13

13

13

13

13

13

MANFRED DONIKE WORKSHOP 2018

Lecture

RECENT ADVANCES IN DOPING ANALYSIS (26) ISBN 978-3-86884-044-5202



Piper T, Putz M, Thevis M

Carbon isotope ratio analysis of epiandrosterone based on enzymatic

solvolysis and multidimensional gas chromatography/combustion/isotope

ratio mass spectrometry

Institue of Biochemistry - Center for Preventive Doping Research, German Sport University Cologne, Cologne, Germany

Abstract

During the in-depth investigations on testosterone (T) metabolism using deuterated T and hydrogen isotope

ratio mass spectrometry, a strong and prolonged influence on those steroids excreted as sulfates could be

demonstrated in contrast to their glucuronidated analogues. Especially for epiandrosterone-sulfate (EPIA), the

influence of the administered deuterated T was visible even 8 days after a single oral dose of 40 mg [1].  These

findings were substantiated measuring the carbon isotope ratios (CIR) of EPIA demonstrating the capability to

prove the exogenous source of EPIA for up to 5 days after the single oral administration in 4 different

volunteers. Further excretion studies involving 4-androstenedione and dihydrotestosterone (DHT) showed a

similar prolongation of detection times involving EPIA compared to focusing solely on steroids excreted

glucuronidated [2]. And especially regarding DHT, EPIA was found to be a suitable new target analyte for CIR

determinations complementing the current approach focusing on 5α-androstanediol using both the Δ-value

and the absolute C -value.

 

Carbon isotope ratios of urinary steroids after administration of 50 mg of DHT. Blue diamonds represent DHEA, open grey circles

PD, open black diamonds A, open black triangles 5a and red squares EpiA
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The main drawback employing EPIA in routine doping control analysis is its excretion as a sulfoconjugate

while usually only steroids excreted glucuronidated are under investigated. This necessitates an additional

step during sample preparation employing acidic solvolysis. Now we could implement a recently described

enzymatic solvolysis using Pseudomonas aeruginosa arylsulfatase [3] for CIR determinations for the first time.

Combining this sample preparation with multi-dimensional gas chromatography significantly shortened and

simplified the entire procedure.

 

1. T. Piper, W. Schänzer, M. Thevis. Genotype-dependent metabolism of exogenous testosterone – new

biomarkers result in prolonged detectability. Drug Test. Analysis 2016, 8, 1163–1173.

2. T. Piper, M. Putz, W. Schänzer, V. Pop, M.D. McLeod, D.R. Uduwela, B.J. Stevenson, M. Thevis.

Epiandrosterone sulfate prolongs the detectability of testosterone, 4-androstenedione, and

dihydrotestosterone misuse by means of carbon isotope ratio mass spectrometry. Drug Test. Analysis

2017, 9, 1695–1703.

3. B.J. Stevenson, C.C. Waller, P. Ma, K. Li, A.T. Cawley, D.L. Ollisa, M.D. McLeod. Pseudomonas

aeruginosa arylsulfatase: a purified enzyme for the mild hydrolysis of steroid sulfates. Drug Test.

Analysis 2015, 7, 903-911.
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Moncrieffe D, Cowan DA, Parkin MC

Peptide selection for the quantification of P-III-NP in human serum by mass

spectrometry

Analytical, Environmental and Forensic Sciences, Drug Control Centre King's College London, London, Great Britain

Abstract

Background: Procollagen III amino-terminal pro-peptide (P-III-NP, 42 kDa) is one of two biomarkers (the other

being insulin growth factor I (IGF-I, 7.5 kDa)) used to detect human growth hormone doping in sport. In the

absence of reference material for human P-III-NP (hP-III-NP), current measurements rely on immunoassays

that employ bovine P-III-NP (bP-III-NP, sharing 97 % amino acid sequence homology) as reference. Blood P-III-

NP concentrations are inversely proportional to age; greatest concentrations are observed during pubertal

years. Men (5.4 ± 2.3 ng/mL) have slightly greater basal concentrations of P-III-NP compared with those from

women (average conc. 5.1 ± 1.5 ng/mL)[2]. Without traceable reference material for hP-III-NP, the development

of a mass spectrometric (MS) approach to measurement is dependent on endogenous sources. However, the

expected size (~42 kDa) and serum concentration (1-5 ng/mL or 25-125 pM) of P-III-NP limits its sensitivity for

intact MS analysis, hence a trypsin digestion approach was adopted. By this approach, unique surrogate P-III-

NP peptides (including post-translational modifications, PTMs) are selected as targets for liquid

chromatography MS (LC-MS), in order to achieve a sensitivity sufficient for analysis at basal serum

concentrations. At serum concentrations, P-III-NP is considered to be a small abundance protein hence, for MS

analysis, it is expected that separation from large abundance serum proteins (especially albumin (66 kDa, 35-

50 g/L or 530-757 µM)) is necessary. To create a mass difference from that of HSA, intact P-III-NP (a trimeric

protein) can be divided into three identical monomeric proteins (approximately 14 kDa in size), by removing the

disulphide bonds from its tertiary structure. Hence, by this and other approaches, albumin depletion and P-III-

NP enrichment were investigated for sample preparation.

Methods: Bovine P-III-NP (UniProt accession No. Q08E14 (24-153)) was in silico and in vitro digested with

trypsin. The latter was analysed by LC-high resolution MS (LC-HRMS), so as to select surrogate peptides for

LC-MS methods based on the peptide’s uniqueness, stability, reproducibility and MS suitability (according to

size and sensitivity). Human equivalents of the selected peptides were synthesised according to the amino

acid sequence of a similar in silico digest of hP-III-NP (UniProt accession No. P02461 (24-153))[3]. Using pure

authentic hP-III-NP peptides, hT1 and T5, sensitive micro- and nano-flow LC-MS methods capable of analysing

basal concentrations of serum P-III-NP were developed. Current albumin depletion methods (protein precipita-

tion and molecular weight cut-off (MWCO) filtration) were evaluated to assess applicability to P-III-NP sample

preparation. For precipitation, the acetonitrile method described by Cox et al. [4] was used to separate a mono-

meric (~14 kDa) and trimeric (~42 kDa) bP-III-NP sample (10 µg/mL in 50 mg/mL HSA, 100 µL). For MWCO

filtration, a 30 kDa filter was used to separate monomeric bP-III-NP in 50 mg/mL HSA. Both single and double

MWCO filtration were considered. Post albumin depletion, samples were digested with trypsin and analysed by

LC-MS targeting both the P-III-NP. Targeted P-III-NP enrichment was achieved by immunocapture with anti-P-

III-NP mouse monoclonal antibody (CisBio Bioassays, Gif-sur-Yvette, France), prior to digestion and LC-MS. 
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Results: P-III-NP peptides hT1 and T5 were identified in the ex vivo trypsin digested bP-III-NP sample with

PTMs in addition to the amino acid structure delivered from in silico digests. For hT1, de-amidation of the

amino-terminus glutamine gave a pyroglutamate residue and a peptide sequence pEQEAVEGGC

SHLGQSYADR. For T5, several hydroxylated proline (hP) residues in the X-P-hP repeat, typical to collagen,

were observed. The peptide sequence of T5 was (GD(hP)GP(hP)GI(hP)GR). Incorporating these PTMs,

authentic pure peptides were used to develop optimised LC-MS methods for P-III-NP with LODs of 100 pM and

5 pM for hT1, and 20 pM and 5 pM for T5, using micro- and nano-flow, respectively. We have determined that

albumin depletion ≥99.6% is necessary for P-III-NP analysis from serum. This is not achievable with acetonitrile

precipitation, as HSA and P-III-NP (both trimeric and monomeric) co-precipitate. By MWCO

filtration, monomeric P-III-NP can be separated from P-III-NP, however, low reproducibility for recovery is

associated with this approach. Increased albumin removal is observed with double MWCO filtration, however,

the reproducibility is unchanged. Enrichment of P-III-NP by immunocapture with antibodies suitably separates

P-III-NP and HSA with a reproducible recovery > 80%. The figure below shows chromatographic data

generated from trypsin digested immunocaptured P-III-NP at basal serum concentrations using both micro- and

nano-flow LC-MS methods. Using nano-flow LC-MS, semi-quantitative measurement of P-III-NP in a pooled

human serum sample (normal samples) gave a concentration of 2 ng/mL (50 pM).
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Conclusions: In the absence of international reference material for hP-III-NP appropriate surrogate peptides

have been identified for possible protein quantification by MS. Suitable LC-MS methods have been developed

that can measure serum P-III-NP at basal concentrations. With suitable separation of P-III-NP from other serum

proteins, a pooled sample of normal serum was measured to have a concentration of ~2 ng/mL. However, to

develop commutable quantitative methods for P-III-NP, standardised reference for P-III-NP (as peptides or

intact protein) are needed in both native and heavy isotopically labelled forms.
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Ericsson M , Bhuiyan H , Lehtihet M , Ekström L

Follow up of doping with low doses of recombinant human growth hormone:

comparison between longitudinally monitoring of P-III-NP, IGF-1 and GH2000

score and the thresholds of the isoform and the biomarker tests

Doping Control Laboratory, Karolinka University Hospital, Stockholm, Sweden ;
Department of Medicine, Karolinska Institute, Stockholm, Sweden ;
Department of Laboratory Medicine, Karolinska Institute, Stockholm, Sweden

Abstract

To detect doping with growth hormone (GH) two different methods are used today. With the GH isoform

differential immunoassay the ratio of the recombinant and pituitary GH concentrations are calculated and

insulin growth factor (IGF-I) and amino-terminal pro-peptide type III collagen (P-III-NP) levels are used to

calculate a GH-2000 score. Both methods are using population-based decision limits to identify GH doping.

Future testing in anti-doping is switching to individual based reference ranges and it is possible that with such

approach the sensitivity to detect GH doping may increase.

Here we have longitudinally studied the serum concentrations of IGF-I, P-III-NP and the different GH isoforms in

nine healthy males prior to, during and after two weeks administration with low doses (1 and 4IU/day) of recGH

(Genotropin ). The results show that 80 % of the participants were identified as presumptive adverse analytical

findings using the GH isoform test. However, the participants were only positive 1.5 - 3 hours directly after an

injection. Only one of the subjects reached a GH-2000 score indicative of doping when a population based

decision limit was applied. When the IGF-I and P-III-NP were longitudinally monitored, all participants were

identified above an individual upper thresholds as arbitrarily calculated as 3 standard deviations above the

mean values of four baseline samples. Our results show that the GH isoform test is very sensitive to detect low

doses of recGH but with a short detection window. Moreover, longitudinally monitoring of the GH-2000 score or

the concentrations of IGF-I and P-III-NP may be a promising future approach to detect GH doping.

References
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Leuenberger N, Schobinger C, Kuuranne T

Circular RNA-based Biomarkers in Dried Blood Spots for the Detection of

Stimulated Erythropoiesis

Laboratoire Suisse d'Analyse du Dopage, Centre Hospitalier Universitaire Vaudois et Université de Lausanne, Lausanne,
Switzerland

Abstract

Reticulocytes contain variable amounts of RNA and the amount depends on the stage of their maturation.

Immature reticulocyte cells (IRCs) are not yet effectively used for monitoring of blood doping in Athlete

Biological Passport (ABP), but they are observed as the first cells to respond to erythropoietic stimulation.

Furthermore, RNAs are considered as promising biomarkers to detect erythropoietic stimulating agents (ESAs)

and in previous studies, our laboratory has proposed that IRCs RNAs could be sensitive markers for the

detection of doping method that alter erythropoiesis, such as blood transfusion. We observed that

aminolevulinic acid synthase 2 (ALAS2) messenger RNA (mRNA) is a specific biomarker of IRCs. Circular

RNAs are novel class of RNA that are shown to have high abundance in blood cells and a remarkable stability.

Recently, circular form of ALAS2 mRNA was identified in blood cells. In this project, erythropoiesis was

stimulated through blood withdrawal in clinical trial with human male volunteers. Linear and circular form of

ALAS2 were detected. We observed that the inclusion of circular RNA improved detection sensitivity of

erythropoiesis. Measurement of ALAS2 RNAs was investigated on dried blood spot (DBS) collected by finger-

prick. ALAS2 RNAs detection was compared between DBS method and  standard method based on blood cell

counting, in order to assess the longitudinal follow-up of stimulated erythropoiesis. Preliminary results suggest

that capillary collection on DBS support may allow stable longitudinal follow-up of erythropoiesis with IRCs

RNA-based biomarkers.
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Martin L, Audran M, Marchand A

Development of an Isoelectric focusing method (IEF) for the screening of all

rEPOs and ActRII-Fc proteins

Analyses Department, Agence Francaise de Lutte contre le Dopage (AFLD), Paris, France

Abstract

Iso-Electric Focusing (IEF) was the first method established to discriminate endogenous and recombinant

erythropoietins (rEPOs) and is still approved by the World Anti-Doping Agency (WADA) as Initial Testing

Procedure to detect erythropoiesis stimulating agents (ESAs) in doping control samples. However EPO-Fc, one

of the prohibited rEPOs designated by WADA, is not detectable with the actual IEF conditions. On the other

hand, some rEPO copies and new forms of EPOs (e.g. EPO produced in muscle cells by biopump therapy,

Neuro-EPO) may be confused with endogenous EPO by SAR-PAGE while they are easily identified by IEF.

Other newly developed ESAs luspatercept and sotatercept, both activin receptor type II-Fc fusion proteins

(ActRII-Fc), are also now prohibited. Recombinant EPOs and ActRII-Fc proteins by acting on different stage of

erythropoiesis could be used in combination in order to amplify their effects. Methods of identification of ActRII-

Fc in blood by SAR/SDS-PAGE have been described, but not by IEF. Here we detail improvements in blood

sample preparation and IEF analysis to detect all these ESAs at once: first a combined immuno-purification of

EPOs and ActRII-Fc proteins in a single procedure is performed using magnetic beads coated with anti-EPO,

anti-ActRIIA-Fc an anti-ActRIIB-Fc, then an appropriate isoforms separation for all proteins is obtained using

new pre-loading and gel conditions (reduction of proteins in the samples by addition of DTT, use of a new

detergent Zwittergent 3-10 and migration in a pH 2-10 gradient gel), and finally a single detection of all rEPOs

and ActRII-Fc proteins is completed after successive incubation with anti-EPO and anti-ActRII antibodies. With

these changes, distinctive profiles for all the ESAs were obtained by IEF. These results strongly suggest that

this optimized IEF protocol could be used in anti-doping laboratories as a screening method to detect a wide

spectrum of prohibited ESAs in blood samples prior to more specific confirmation analysis.

For more details, see the following publication:

Martin L, Audran M, Marchand A. Combined immuno-purification and detection of recombinant erythropoietins

and activin receptor type II-Fc fusion proteins by isoelectric focusing for application in doping control. Drug Test

Anal. 2018;1-5. https://doi.org/10.1002/dta.2476
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Reichel C , Gmeiner G , Thevis M

An updated protocol for the detection of Sotatercept and Luspatercept in

human serum

Doping Control Laboratory, Seibersdorf Labor GmbH, Seibersdorf, Austria ;
Institute of Biochemistry / Center for Preventive Doping Research, German Sport University Cologne, Cologne, Germany

Abstract

We recently published two protocols for the detection of Sotatercept (ACE-011, ACVR2A-Fc) and Luspatercept

(ACE-536, ACVR2B-Fc) in human serum [1,2]. Both methods used covalently immobilized antibodies on

agarose beads for immunoprecipitation and SAR-PAGE/Western blotting for detection. Disadvantages were

the relatively high amount of antibody required per sample (10 µg) and the need of a secondary antibody for

the final detection.

 

Fig. 1. Updated protocols for the immunoaffinty extraction and detection of Sotatercept (A) and Luspatercept (B) on Western blots

after SAR-PAGE. Aside from the applied antibodies, both protocols are identical.
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The updated protocols overcome these limitations by antigen-antibody complex formation in solution followed

by capture of the complex with anti-antibody coated magnetic beads. They also omit the secondary antibody

incubation step by usage of biotinylated primary antibodies, which can be directly incubated with streptavidin-

HRP. Thus, the new protocols are faster, simpler, and cheaper and offer compa-rable sensitivities.

For more details, please refer to the full article published in Drug Testing and Analysis [3].
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Pizzatti L, Lopez S, Rayol V, Mury F, Fernandes T, Pereira H, Aquino Neto FR

Gene Doping analysis: ready or not?

Chemistry Institute, Brazilian Doping Control Laboratory - LBCD, Rio de Janeiro, Brazil

Abstract

The state of art of the Erythropoietin (EPO) Gene Doping analysis is based on the EPO expression. EPO is

expressed in renal cells and only the EPO protein is secreted into the bloodstream. The identification of any

copy of EPO DNA sequences in blood is considered a positive result for gene doping. Since 2003, several

groups have been trying to standardize or create gene doping detection methods for EPO. However, none of

these methods demonstrated detection and quantification EPO GD copies and to date in the literature, only

qualitative methods have been proposed, leaving room for controversial results. In addition, since there is no

guideline with defined parameters verified in interlaboratory tests, questions such as sample storage time and

temperature, extraction time after collection, ideal collection matrix and contamination problems are essential

to be addressed and defined. Thus, in this work, blood samples were analyzed with the standardized gene

doping method in LBCD during the pre and post-Olympic period using the reference material recommended by

WADA. The samples were analyzed qualitatively and quantitatively with 2 amplification assays for the EPO

cDNA using the real-time PCR instrument QuantStudio 12K (Thermo Fisher). The identify Erythropoetin (EPO)

DNA sequences in plasma samples are based on the amplification of various exon-exon sequences of the

erythropoietin gene by real-time PCR. For the analysis, we used Taqman-MGB and BHQ probes with modified

cycle conditions and confirmation with E-Gel electrophoresis system. For quantitative analysis we use 3D

digital PCR System (Thermo Fisher) to confirm samples with less than 4 copies. Additionally, several storage

time and temperature, as well as matrix conditions were analyzed. Taken together our results shows important

and new issues regarding storage and temperature conditions as well as the need for quantification of EPO

gene doping copies, especially in long term storage samples. It is furthermore clear that is extremely necessary

to follow good laboratory practices related to molecular biology analyzes and the need for a specific

environment for carrying out molecular biology assays in the detection of any molecular target.
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Du Preez H , Van Zyl H

A Risk Management Plan for the South African Doping Control Laboratory

University of the Free State, South African Doping Control Laboratory, Bloemfontein, Republic of South Africa ;
University of the Free State, Business School, Bloemfontein, South Africa

Abstract

The South African Doping Control Laboratory is a service unit laboratory of the University of the Free State.

SADoCoL is an ISO/IEC 17025 accredited laboratory and one of 34 WADA accredited laboratories globally

responsible for testing biological samples from athletes as part of a comprehensive global anti-doping

program. Although the UFS has a risk management plan, it is unknown to SADoCoL and it was realised that

SADoCoL does not have a risk management plan to address its particular business specific risks. The issue of

risk management is addressed in certain regulations of the ISO/IEC 17025 and the WADA International

Standard for Laboratories, but it is not comprehensive enough to address all business and scientific challenges

for the laboratory.

The objective of this research study was to develop a risk management plan, which address the apparent risks

for SADoCoL, and align it to the COSO based risk management plan of the UFS. The implementation of an

RMP improves the sustainability of a business and for SADoCoL the doping related risk is addressed to ensure

the sustainability is realised. The study was conducted by conducting a qualitative research design with semi-

constructed interviews conducted with respondents from SADoCoL and the UFS, and participants from a

number of (deputy-) directors from other WADA accredited laboratories.

The study revealed that only a small number of the accredited laboratories do contain a complete risk

management plan. These were mainly from laboratories who form part of a private company. The laboratories,

which were part of universities, did not have a significant plan in place. The business- and anti-doping related

risks were identified for SADoCoL, and a comprehensive SWOT analysis conducted to ensure that threats and

opportunities is identified in order for an effective RMP as proposed by Sauro (2015). After analysis, the results

of the study certain recommendations are made to be implemented by SADoCoL to achieve the goal of

comprehensive enterprise risk management (ERM).
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Velasco B , Mercado K , Mendoza N , Rodriguez L , Mendez E , Camacho E

Stability study of urine reference material and results of a proficiency test 

Laboratorio Nacional de Prevención y Control del Dopaj- CONADE, Mexico, Mexico ;
Facultad de Estudios Superiores Cuautitlan-UNAM, Cuautitlan Izcalli Estado de Mexico, Mexico

Abstract

The use of reference materials (RMs) to achieve comparability and traceability among measurements at

national and international levels is an important requirement for the ISO/IEC 17025. Such materials are widely

used for the verification of measuring equipment and the evaluation or validation of measurement procedures.

An RM is a material that is sufficiently homogeneous and stable with respect to one or more specific properties

and has been determined to be suitable for its intended use in a measurement process. In planning the

production processes, the RM producer must consider material selection, processing, measuring/testing,

material homogeneity and stability assessments, and appropriate inter-laboratory exercises for assigning

specific properties. Thus, participation in proficiency test (PT) schemes has become a fundamental strategy for

assuring and controlling the quality of analytical data in terms of precision and accuracy and, thereby, ensuring

the competence of analytical laboratories or quality assurance.

The aim of this contribution is show the results obtained of a proficiency test performed with WADA Accredited

Doping Laboratories, using a biological reference material used for the verification of refractometer, as well as

the results of the stability assessment a different temperatures and storage durations. Fifteen accredited

ISO/EC 17025 laboratories participated in the PT, in all cases the laboratories used yours accredited method

for measurements of this property. All laboratories used a digital apparatus, and reported the zero setting with

water.  Five laboratories showed an underestimation of value of SG value of batch with low SG, two

laboratories exceeded the limits of z-score > 2. Only one laboratory show overestimation of the value of SG. For

batch with SG =1.027, two laboratories exceeding the z-score value > 2, a strong overestimation was show by

only one laboratory with z-score > 3. The laboratories that used a refractometer (Index Apparatus) consistently

showed the highest z-score values compared to those that used an ATAGO brand refractometer. The values of

FAC were determinated which is the difference between the values obtained by the laboratory with respect to

the assigned value according to the tolerance of 20% that was assigned for this measurement, this value does

not depend on the value determined by the other participating laboratories in the PT.
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Son J , Min H , Lee KM , Sung C , Jeon M , Kim HJ , Kim KH , Lee J , Kwon O

Development of Doping-Laboratory Information Management System (d-LIMS)

for High-throughput Doping Process in Olympics

Doping Control Center, Korea Institute of Science and Technology, Seoul, Korea ;
Department of Biological Chemistry, Korea University of Science and Technology, Daejeon, Korea

Abstract

The XXIII Olympic Winter Games was an international sports event held between February 9, 2018 and

February 25, 2018 in PyeongChang, South Korea. This was the first time that South Korea hosted the Winter

Olympics and was the second Olympics held in the country after the 1988 Summer Olympics in Seoul. The

Doping Control Center of the Korea Institute of Science and Technology, which is a World Anti-Doping Agency

(WADA)-accredited laboratory, conducted double-blind analyses of all the doping samples with 100%

accuracy. The International Standard for Laboratories (ISL) of WADA requires not only accuracy but also high-

throughput processing for big sports events. To process and maintain the large number of highly sensitive

samples within 24 h, new standards were required for the doping-control program. Thus, we established the

Doping-Laboratory Information Management System (d-LIMS) in collaboration with Yullin Technologies over a

three-year period. The chain of custody, data management, and reporting were electronically recorded into

mirrored servers such that the users could search for testing status and results via the d-LIMS website using a

dedicated username and password. The developed d-LIMS was found to be highly effective as an assistant

manager, particularly in an event such as the Olympics. In the future, we plan to continuously improve the

system to meet the ISO 17025 standard for management systems.
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Son J , Park JW

Effective Identification Tool for Adverse Analytical Findings on Illegal Drug Use

in Sports by iD : Intelligent Doping Diagnosis

Doping Control Center, Korea Institute of Science and Technology, Seoul, Korea ;
Department of Biological Chemistry, Korea University of Science and Technology, Daejeon, Korea ;
Department of Life Science, Hanyang University, Seoul, Korea

Abstract

Conventional target analysis is limited to known substances, whereas the diagnosis of doping using artificial

intelligence is expected to detect the administration of newly designed drugs. We developed an intelligent

doping diagnosis system – iD – using the MATLAB Classification Learner. We retrieved retention time and

peak area variables of chromatographic data regarding four frequently detected exogenous anabolic

androgenic steroids (clenbuterol, stanozolol, epitrenbolone, and drostanolone) and diagnosis results from the

KIST d-LIMS database. Data were distributed into training and test data. The machine learning program was

trained with training data, and algorithms showing high accuracies for each substance were selected. The

program was allowed to predict labels of test data, and the results were compared with actual diagnoses. Five

algorithms (fine tree, medium tree, coarse tree, ensemble bagged tree, and ensemble subspace KNN), which

were commonly selected for all four substances, showed high accuracies and correctly predicted 97.5% of the

test results. These findings suggested that machine learning can be used for the diagnosis of doping. We

expect to develop a more advanced intelligent doping diagnosis tool that detects the administration of known

and unknown drugs using more extensive and variable data.
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Nimker V , Jamal H , Ghosh PC , Jain S , Beotra A

Effect of varying concentration of phospholipids and cholesterol on masking

potential of liposomes on various doping agents

NATIONAL DOPE TESTING LABORATORY, NEW DELHI, National Dope Testing Laboratory, New Delhi, India ;
Department of Biochemistry, University of Delhi South Campus, New Delhi, India ;
Anti Doping Laboratory Qatar, Doha, Qatar

Abstract

Recent studies have shown that liposomes can play an important role as masking agent for various doping

agents. Preliminary studies showed that liposomes can interact with the anabolic agents and affect their urinary

concentration. The present work aims to further elaborate the mechanism of interaction between the liposomes

and doping agents in human dope samples. Cholesterol, being an intricate part of liposomes, might play a key

role in liposome-drug interaction. Liposomes with varying concentrations of phospholipids and cholesterol

were prepared to ascertain the role of the concentration of liposome components on the liposomes-drug

interaction. The study demonstrated the successful preparation of liposomes with different concentrations of

cholesterol and the influence of cholesterol concentration on masking potential of liposomes on various drugs

of abuse in human dope samples.
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Kowalczyk K , Grucza K , Wicka M , Sakowska-Bak J , Roguska K , Pawluczyk R , Tarka M , Turek-Lepa

E , Kwiatkowska D

Detection of bemitil and its metabolite in urine by means of LC-MS/MS in view of

doping control analysis

Department o Anti-Doping Research, Institute of Sport - National Research Institute, Warsaw, Poland ;
Biological and Chemical Research Centre, University of Warsaw, Faculty of Chemistry, Warsaw, Poland ;
Department of Toxicology, Medical University of Warsaw, Faculty of Pharmacy, Warsaw, Poland

Abstract

2-(Methylthio)benzimidazole is an active ingredient of Antihot - a dietary supplement sold in Ukraine. The

substance was developed in ZSRR (referred to as Bemitil or Metaprot), and after tests on Soviet cosmonauts

and soldiers, studies on its influence on athletes’ performances were conducted. The research showed that

bemitil is a synthetic adaptogen which is capable to significantly increase physical performance and reduce the

time of regeneration. According to supplement’s distributor the substance also improves both physical

performance and resistance to stress. Taking into account the aforementioned properties, it appears plausible

that WADA decided to include bemitil in its 2018 Monitoring Program.

In order to select markers of bemitil use, 6 doses of supplement (2 per day, on 3 consecutive days) were

administrated to 6 healthy volunteers (3 men, 3 women, 26-49 years). Urine samples were collected before,

during and up to 30 days after the first ingestion. Samples were analyzed by means of UPLC-MS/MS. The

study revealed that Bemitil can be traced in urine as either a parent compound or its glucuronide conjugate.

The manuscript describing the study in detail has been published as:

Kwiatkowska D, Kowalczyk K, Grucza K, Szutowski M, Bulska E, Wicka M. (2018) Detection of bemitil and its

metabolite in urine by means of LC-MS/MS in view of doping control analysis. Drug Test Anal. 10:1682-88.
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Velasco B , Martinez A , Perez J , Rodriguez L , Rodriguez ME , Bautista J

Detection of Clenbuterol in several parts of bovine carcass using HPLC/MS

and its enantiomeric distribution

Laboratorio Nacional de Prevención y Control del Dopaj- CONADE, Mexico, Mexico ;
Facultad de Estudios Superiores Cuautitlan-UNAM, Cuautitlan Izcalli Estado de Mexico, Mexico

Abstract

An important number of AAF are due to the presence of Clenbuterol some of them by the consumption of meat

contaminated with clenbuterol, pharmaceutical preparations or by doping intention. There are several scientific

publications that show that consumption of meat contaminated with clenbuterol could lead to get an AAF. The

aim of this contribution is show the distribution observed of clenbuterol in different parts of bovine carcass

obtained in traditional markets in Mexico City using HPLC/MS. As well as contribute with information to

potentially discriminate when an AAF correspond a doping intention or a consumption of contaminated meat

with Clenbuterol.

For the detection of the presence of Clenbuterol in muscle, heart, gut, liver, eye, pancreas, lung, kidney, brain,

spleen, urine, we developed a specific methodology, using liquid chromatography/tandem mass spectrometry

Triple Quad (LC MS 6410 from Agilent Technologies). In all parts studied we detected the presence of

Clenbuterol, in liver (121.5 ng/g), eye (117.5 ng/g) and kidney (156.3 ng/g) the concentration was higher than

in the rest of the parts analyzed. The lowest concentrations of Clenbuterol were detected in brain, heart and

urine. A first approximation to the distribution of the enantiomer relationship was made in some parts of the

bovine parts.
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Mazzarino M, Rizzato N, Stacchini C, de la Torre X, Botrè F

A further insight on the metabolic profile of SR9009

Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Rome, Italy

Abstract

The Rev-Erb agonists were recently included in the section S4 “Hormone and Metabolic Modulators” of the

WADA prohibited List. Indeed, previous in vitro and in vivo animal studies reported the ability of these agents (i)

to increase basal oxygen consumption, mitochondrial content, glucose and fatty acid oxidation in the skeletal

muscle, and (ii) to decrease lipogenesis, cholesterol and bile acid synthesis in the liver and lipid storage in the

white adipose tissue. To include these new doping compounds in the screening and confirmation procedures

routinely followed by the WADA-accredited anti-doping laboratories, in vitro and in vivo studies were carried

out to characterize their excretion profile and to select the most appropriate marker(s) of use. However, very

few data are reported on the phase II metabolism and on the enzymes involved in the main biotransformation

pathways of these compounds. Here the phase II metabolic profile together with the characterization of the

enzymes involved in the formation of the phase I and phase II metabolites are reported in order to increase

knowledge on both the factors affecting the metabolic profile of SR9009 and the most appropriate analytical

procedure to follow during routine analysis.
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Fragkaki A, Sakellariou P, Kiousi P, Kioukia-Fougia A, Tsivou M, Petrou M, Angelis I

Human in vivo metabolism study of LGD-4033

Doping control laboratory of Athens, Olympic Athletic Centre of Athens, Athens, Greece

Abstract

LGD-4033 (also referred as VK5211, Ligandrol or Anabolicum) is a SARM with a pyrrolidinyl-benzonitrile core

structure targeted to cachexia, sarcopenia and hypogonadism treatment. A study in healthy young men [1],

proved that LGD-4033 is safe, well-tolerated, has favorable pharmacokinetic profile with a prolonged

elimination half-life (24-36 hours) as well as it shows lean body mass increase. While its use is non-officially

approved and not yet manufactured by a pharmaceutical company, studies have reported its detection in black

market products [2,3]. Metabolism study of LGD-4033 in human urine has been reported [4] as well as in a

doping control sample from a human athlete [5]. The in vitro (in human) liver microsomes metabolites [6] as

well as by electrochemical conversion/ microbial degradation metabolites of LGD-4033 have been also

described. Furthermore, the metabolites of LGD-4033 in horse urine and plasma and the suggestion of suitable

analytical targets for equine doping control were also reported [7].

The aim of the present work was the investigation of the metabolism of LGD-4033 in a human excretion study,

the determination of the metabolites’ excretion profiles with special interest in its long-term excreted

metabolites and the comparison of the excretion time of the phase-I and phase-II metabolites.

The content of 5 capsules of Ligandrol (Neobolics, Montreal, Canada) was weighted and homogenized prior

to further analysis. The LC-HRMS analysis of the supplement extracts in negative ionization mode showed the

presence of the parent compound LGD-4033 at m/z 337.0771, as well as its formate adduct at m/z 383.0829. A

second peak was estimated at almost 8% of the major LGD-4033 peak and is assigned as the LGD-4033

epimer. Urine samples were obtained after the administration of Ligandrol  to one healthy, human male

volunteer (Caucasian, 48 years old, 60 kg): one capsule × 10 mg of LGD-4033. The urine samples were

collected before (0 h) and after administration up to 494h (almost 21 days). All collected samples were kept

frozen at -20°C until analysis.

The excretion profile of the LGD-4033 was investigated in the hydrolyzed with E.coli human excretion study

urines as well as after their dilute-and-shoot analysis in order to improve its detection by doping control

laboratories. LC-HRMS in negative ionization mode is preferred for screening of all analytes. The in vivo data

support that derived from the in vitro studies as the observed metabolic modifications of LGD-4033 were

hydroxylation alone or combined with keto-formation, or after cleavage of the pyrrolidine ring as well as

dihydroxylation and hydroxylation combined with methylation. Two trihydroxylated metabolites are identified for

the first time in human urine (M6) (Fig.1); one of them has been also reported in LGD-4033 metabolism study in

horse urine and plasma [7]. The two isomers of the bis-hydroxylated metabolite at m/z 369.0674 (M5) are the

preferred target metabolites in both hydrolyzed and non-hydroyzed human urine as they can be detected for

even longer than 21 days and up to 6 days, respectively. In LC-HRMS dilute-and-shoot methods, the detection

of the gluco-conjugated parent LGD-4033, the gluco-conjugated metabolite at m/z 397.0623 (M1) as well as

the mono-hydroxylated metabolite at m/z 353.0730 (M2) could be also considered as useful target analytes.
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Figure 1. Structures of LGD-4033 and its metabolites (+ GlcA-H, if gluco-conjugated) (ions are monitored using LC-HRMS in

negative ionization mode).

This work has been published as: 

Fragkaki AG, Sakellariou P, Kiousi P, Kioukiaâ€Fougia N, Tsivou M, Petrou M, Angelis Y. Human in vivo

metabolism study of LGD-4033. Drug Test Anal. 2018;10:1635-1645
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* The 2018 Manfred-Donike-Award for the best poster presentation went to Argyro Fragkaki and co-workers

from the Doping Control Laboratory of Athens. The award-winning work reported on the results of a human

excretion study to evaluate the metabolism of the selective androgen receptor modulator LGD-4033 with a

focus on the identification of long-term metabolites, which represents a much needed information rarely

available for new, emerging doping agents. Fragkaki provides new insights into in vivo phase I and phase II

biotransformation of LDG-4033 and demonstrates resulting benefits for routine analysis.
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Suominen T, Rautava K, Leinonen A

Urinary excretion profiles of 19-norandrosterone after oral administration of

lynestrenol and norethisterone

Doping Control Laboratory United Medix Laboratories Ltd, Helsinki, Finland

Abstract

Nandrolone (19-nortestosterone) is an anabolic agent, the abuse of which is monitored via its two main phase I

metabolites, 19-NA (5α-estran-3α-ol-17-one) and 19-NE (5β-estran-3α-ol-17-one). As a finding of these

metabolites in the urine of an athlete might be related to other causes than the administration of nandrolone,

the WADA technical document TD2017NA includes instructions on tests for pregnancy and the use of

norethisterone, an oral contraceptive. In this study, the urinary excretion profiles of norethisterone as well as

lynestrenol, another syntethic progestagen used for eg. contraception, was studied in order to establish the

time period during which the concentration of 19-NA and 19-NE in urine are higher than the MRPL for

nandrolone metabolites . A group of 10 healthy males, using no other medications, was used in this study; 5

were administered a single tablet of lynestrenol (Orgametril , containing 5 mg of lynestrenol), the other 5 men

were administered one tablet of norethisterone (Primolut N , containing 5 mg of norethisterone). The urinary

excretion profiles were measured  after 4, 8, 12, 24 and 48 hours.

The results showed, that after a 5 mg oral dose of either norethisterone or lynestrenol, the peak concentrations

of 19-NA  (>15 ng/mL) were found during the first 4 hours after administration; after 8 hours the concentration of

19-NA was around 2 ng/mL in the urine samples. After 48 hours, the concentration of 19-NA was lower than 1

ng/mL. The concentrations of 19-NE after administration of either norethisterone or lynestrenol were around 2

ng/mL after 4 hours; after 8 hours the concentrations were below the LOQ of the method. As lynestrenol is a

prodrug of norethisterone, also the metabolites of norethisterone (5α-tetrahydronorethisterone and 5β-

tetrahydronorethisterone) were found in urine after administration of lynestrenol.

The study shows that concentrations of 19-NA in urine samples originating from the administration of

norethisterone or lynestrenol might be above the limit of a urinary concentration limit of 10 ng/mL for reporting

an ATF according to the TD2017NA, if the sample is taken shortly after oral administration of a single dose of

the drugs. However, the elimination time of 19-NA originating from these progestagens is relatively short. The

study also shows, that the urinary elimination profile is very similar for administration of norethisterone and

lynestrenol.
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Keiler AM , Zierau O , Wolf S , Diel P , Schänzer W , Vollmer G , Thieme D , Wolber G , Parr MK

Detection of androgen- and estrogen-receptor mediated activities of 4-hydroxy-

testosterone, formestane and their human metabolites in yeast based assays

Institute of Doping Analysis and Sports Biochemistry (IDAS) - Dresden, Kreischa, Germany ;
Molecular Cell Physiology and Endocrinology, Technische Universität Dresden, Dresden, Germany ;
Department of Molecular and Cellular Sports Medicine, German Sports University, Cologne, Germany ;
Institute of Biochemistry, German Sports University, Cologne, Germany ;
Pharmaceutical and Medicinal Chemistry (Computer-Aided Drug Design), Freie Universität Berlin, Berlin, Germany ;
Pharmaceutical Chemistry, Freie Universität Berlin, Berlin, Germany

Abstract

4-Hydroxyandrost-4-ene-3,17-dione, also named formestane, is an irreversible aromatase inhibitor and

therapeutically used as anti-breast cancer medication in post-menopausal women. Currently, no therapeutical

indication led to approval of its 17-hydroxylated analog 4-hydroxytestosterone, an anabolic steroid. However, it

is currently investigated in a clinical trial for breast cancer. In context with sports doping, aromatase inhibitors

are administered to reduce estrogenic side effects of misused anabolic substances or their metabolites.

Therefore, both substances are prohibited in sports by the World Anti-Doping Agency (WADA). Analysis of

urinary phase I and phase II metabolites showed similar results for both compounds. In the current

investigation, 4-hydroxyandrost-4-ene-3,17-dione, 4-hydroxytestosterone and seven of their described urinary

metabolites as well as 2α-hydroxyandrostenedione were tested in the yeast androgen screen and the yeast

estrogen screen. Moreover, binding of the compounds to the androgen receptor and to the estrogen receptor

alpha were modelled by in silico docking experiments. Androgenic effects were observed for all tested

substances, except for one, which showed anti-androgenic properties. With regard to the yeast estrogen

screen, estrogenic effects were observed for only two metabolites at rather high concentrations, while six out of

the ten substances tested showed anti-estrogenic properties. Receptor docking results showed that all

compounds bind to the androgen receptor in a DHT-like orientation, while only two metabolites bind to the

estrogen receptor alpha. In terms of the strong androgenic effect observed for 4-hydroxytestosterone (10  M),

4-hydroxyandrost-4-ene-3,17-dione (10  M) and two more urinary metabolites, the yeast androgen assay may

also be used to trace abuse in urine samples.

This work has been published as:

Keiler AM, Zierau O, Wolf S, et al (2018) Androgen- and estrogen-receptor mediated activities of 4-

hydroxytestosterone, 4-hydroxyandrostenedione and their human metabolites in yeast based assays. Toxicol

Lett 292:39–45
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de la Torre X , Martinez Brito D , Colamonici C , Botrè F

Metabolism of formestane in humans. Identification of urinary biomarkers for

antidoping analysis after different administration routes

Laboratorio Antidoping FMSI, Federazione Medico Sportiva Italiana, Rome, Italy ;
Experimental Medicine, Sapienza University of Rome, Rome, Italy

Abstract

Formestane (F) is an anti-estrogenic drug (a type I aromatase inhibitor) acting as a “suicide substrate”.

Combined administration with testosterone and/or its precursors may reduce the side effects linked to

aromatization. Formestane concentration is the decision maker for the application of GC/C/IRMS confirmation.

The main goal of this investigation was to study F metabolism after oral and transdermal administrations.

A single dose of the supplement Formastat  (50 mg capsule, n=3) and a single dose of the cream

Farmasurge  (200 mg, n=6) was applied to male volunteers. During 120 hours, 13 possible metabolites were

evaluated in glucuronide+free fractions in urine. Trimethylsilyl derivatives were evaluated by GC-MS and GC-

MS/MS analysis.

After oral administrations, the concentrations of the main markers in decreasing order were F>4OH-

epiandrosterone (4OH-EA)>4OH-androsterone (4OH-A); in addition the ratio 4OH-EA/F was higher than 4OH-

A/F and ratio 4OH-EA/4OH-A was higher than 1. Concentrations of F returned below 150 ng/mL after ca. 30h.

After the transdermal application, the concentrations of the main markers in decreasing order F>4OH-A>4OH-

EA; ratio 4OH-EA/F was lower than 4OH-A/F; ratio 4OH-EA/4OH-A lower than 1; 5 out of the 6 volunteers

showed values of F higher than 150 ng/mL at 24 hours and only 3 between 12-24 h; no presence of 4-hydroxy-

androst-1,4-diene-3,17-dione and 3β-hydroxy-5α-androstan-4,17-dione was observed opposite to the oral

administration. No 4OH-EA or 4OH-A were detected in blank samples collected before the administration in

both experiments.

In conclusion, differences in the metabolism of F administrated by transdermal and oral routes exist. Some

metabolic ratios or the concentrations of 4OH-A and 4OH-EA should be evaluated before applying GC/C/IRMS,

diminishing the sample analysis cost.
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Okano M, Sato M, Kageyama S

Determination of lomerizine and its metabolites in human urine after oral

administration

Anti-Doping Laboratory, LSI Medience Corporation, Tokyo, Japan

Abstract

Lomerizine (LMZ) is used in the treatment of migraines. Trimetazidine (MZ) is one of LMZ metabolites.

Therefore, differentiation between the abuse of the prohibited substance trimetazidine and that of the permitted

drug lomerizine is required. Currently, analysis of the LMZ specific metabolite bis-(4-fluorophenyl)-

methylpiperazine (M6) and unchanged LMZ shall be conducted by the WADA accredited laboratories.

However, it is an unclear whether even the absence of any indication of M6 and LMZ means that the TMZ might

potentially come from LMZ in case of the low concentration of TMZ. In this study, 15 mg LMZ dihydrochloride

(Migsis) was administered to ten male volunteers. After administration, urine samples were collected for 276

hours. The highest concentration of TMZ amongst the 10 volunteers in the final sample (276 hours) was 0.9

ng/mL and the mean concentration was 0.5 ng/mL. Conversely, the concentration of the M6 metabolite in the

final urine sample ranged between 14 and 38 ng/mL, with a mean concentration of 25 ng/mL. After 12 hours,

all volunteers had a greater concentration of M6 than TMZ. To differentiate abuse of the prohibited substance

TMZ from use of the permitted drug LMZ, it is not sufficient to monitor only LMZ, since unchanged LMZ was

frequently undetectable after the administration of LMZ dihydrochloride. Detection of the metabolite M6 is also

required when TMZ was identified in doping control samples. The detection of trimetazidine without the M6

metabolite in urine following lomerizine administration is highly unlikely.

Published as:

Okano M, Sato M, Kageyama S. Lomerizine, trimetazidine and bis-(4-fluorophenyl)-methylpiperazine in human

urine after oral administration of lomerizine dihydrochloride: analysis by liquid chromatography-high

resolution-tandem mass spectrometry. Drug Test Anal. 2018;10:1689-1697
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Piper T, Dib J, Fusshöller G, Thevis M

Studies on the in vivo metabolism of the new SARM YK11: In-house synthesis

of 2 metabolites useful for routine doping control analysis

Institue of Biochemistry - Center for Preventive Doping Research, German Sport University Cologne, Cologne, Germany

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 conducted. Post-administration urine samples were analyzed using hydrogen isotope ratio mass

spectrometry coupled to single quadrupole mass spectrometry to identify metabolites and gain basic mass

spectrometric data. Identification of those metabolites considered important for sports drug testing was carried

out using gas chromatography/high resolution-high accuracy mass spectrometry.

Fourteen deuterated urinary metabolites were detected comprising unconjugated, glucuronidated and sulfated

metabolites and confirmed by high resolution-high accuracy mass spectrometry. As expected, no intact YK11

was observed in the urine samples. While the unconjugated metabolites disappeared within one day post-

administration, both glucuronidated and sulfated metabolites were traceable for more than 2 days.

Structural elucidation of the 2 most promising glucuronidated metabolites was finally accomplished by in-

house synthesis of both metabolites. In order to elucidate their utility for sports drug testing, both were

implemented into the current method for the detection of anabolic androgenic steroids. So far more than 5000

samples have been screened and no YK11 misuse could be substantiated.

Figure 1: Chemical Structure of both YK11 metabolites useful for sports drug testing

All details are published in: Piper T, Dib J, Putz M, Fusshöller G, Pop V, Lagojda A, Kuehne D, Geyer H,

Schänzer W, Thevis M. Studies on the in vivo metabolism of the SARM YK11: Identification and characteri-

zation of metabolites potentially useful for doping controls. Drug Test Anal. 2018;10:1646-1656
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Görgens C, Guddat S, Thomas A, Thevis M

Recent improvements concerning the screening of peptides (< 2 kDa) in sports

drug testing – sample preparation, mass spectrometric detection, and data

review

Institute of Biochemistry / Center for Preventive Doping Research, German Sport University, Cologne, Germany

Abstract

Over the last years, several assays for the detection of prohibited peptides (< 2 kDa) have been developed in

sports drug testing. While the first analytical methods were based on sophisticated and laborious sample

preparation procedures (e.g. solid phase extraction), more recent publications demonstrated simplified assays

(e.g. dilute-and-inject approaches), which additionally cover a broader spectrum of peptidic compounds in

order to increase the productivity of laboratories.

In this work, a novel assay based on liquid chromatography and high resolution mass spectrometry is

presented, combining well-established strategies for the determination of peptides, such as online-SPE,

DMSO-assisted electrospray ionization and targeted single ion monitoring (t-SIM) / data-depended MS  (dd-

MS ). Moreover, an intelligent excel-based reporting tool, which is part of TraceFinder  Software (Thermo

Scientific, Bremen, Germany), facilitates data review enormously. The analytical approach was validated for

qualitative determination of 33 compounds, covering representatives and metabolites of GnRHs, GHS,

GHRPs and vasopressin-analogues.

Published as:

Görgens C, Guddat S, Thomas A, Thevis M. Recent improvements in sports drug testing concerning the initial

testing for peptidic drugs (< 2 kDa) – sample preparation, mass spectrometric detection, and data review. Drug

Test Anal. 2018;10:1755-1760
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Donati F, Botrè F, De la Torre X, Iannella L, Vannelli E

Analysis of prohibited growth factors in doping control: serum concentration

ranges in a reference population of athletes

Laboratorio Antidoping, Federazione Medico Sportiva Italiana, Roma, Italiy

Abstract

Growth factors (GFs) are a wide class of polypeptides that can regulate cellular proliferation, migration and

differentiation. Due to their ability to extensively impact on tissue regeneration and on the time of recovery after

an injury or intense sport training, GFs are banned in and out of competition by the World Anti-Doping Agency.

In this study we have proposed to extend knowledge about GFs by analysing the serum content of the principal

banned GFs in a population of athletes with the final aim to identify possible differences in concentration levels

of GFs due to gender and age and to establish normal serum concentration ranges that can be used as

reference in the case that GFs could be abused for doping purposes.
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Martin L, Zouhiri N, Audran M, Marchand A

Validation of a method for a combined detection of activin receptor type IIA-Fc

and IIB-Fc fusion proteins in human blood

Analyses Department, Agence Francaise de Lutte contre le Dopage (AFLD), Paris, France

Abstract

New therapeutic proteins that trap circulating members of the TGF beta superfamily (activins and growth

differentiation factors) show promising effects on erythropoiesis and muscular growth. They are dimeric

recombinant fusion proteins composed of the extracellular domain of a human activin receptor (ActRIIA or IIB)

linked to the Fc part of human IgG1. Sotatercept (ActRIIA-Fc) and Luspatercept (a modified ActRIIB-Fc) in

particular are now in phase 2/3 of clinical trials against anemia and included in the prohibited list established

by the World Anti-Doping Agency. To prevent a potential misuse by athletes in the near future, a robust and

sensitive method of detection is needed. We validated an approach adapted from an electrophoretic method

used for detection of recombinant erythropoietins that allowed detection of various ActRIIA-Fc and ActRIIB-Fc

proteins, including variants produced in different cell-types, after a single immuno-extraction step. Validation

study included limit of detection, specificity, fidelity and robustness steps. Additionally, stability of ActRII-Fc

proteins in serum and plasma, and effect of hemolysis were tested. After separation by SDS-PAGE, an initial

testing procedure was performed by single-blotting to identify the presence of an ActRII-Fc (indifferently type IIA

or IIB). A confirmation conducted by double-blotting using different antibodies for detection allowed a more

precise identification of the type of ActRII-Fc (IIA, IIB). Starting from a few hundred microliters of serum or

plasma, this method is specific, sensitive and easy to perform. The prolonged half-life of ActRII-Fc in blood and

their resistance to degradation after freeze/thaw cycles or prolonged conservation at 4°C or -20°C are

compatible with a detection in doping control samples. The identified LODs should guarantee identification of

ActRII-Fc used at subtherapeutic dose for a few months. This method could be adopted by anti-doping

laboratories in order to survey and prevent the misuse of ActRII-Fc by athletes in the future.

 

For more details, see the following publication:

Martin L, Zouhiri N, Audran M, Marchand A. (2018) A validated, sensitive electrophoretic method for the

detection of activin receptor type II-Fc fusion proteins in human blood. Drug Test Anal. 10(8),1226-1236.
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Ohta M, Saito M, Sato M, Kageyama S, Okano M

Evaluation of the effect of Insulin-like Growth Factor-I administration on hGH

biomarkers assay

Anti-Doping Laboratory LSI Medience Corporation, Tokyo, Japan

Abstract

The human growth hormone (hGH) biomarkers assay allows to detect the hGH doping and the assay

requirements are defined by the guideline issued by World Anti-Doping Agency (WADA), which is based on the

quantification of Insulin-like growth factor-I (IGF-I) and N-terminal pro-peptide of type III collagen (P-III-NP). The

WADA guideline says that the hGH biomarkers test may also have utility in detecting IGF-I abuse in sport. In

this study, the effect of IGF-I administration on two hGH biomarkers, IGF-I and P-III-NP and GH-2000 score were

evaluated. Serum samples were collected from 157 (113 males and 44 females) healthy Japanese volunteers,

and 5 female subjects who were administrated recombinant human IGF-I (rhIGF-I). The samples were analysed

by LC-MS/MS (IGF-I) and Siemens ADVIA Centaur (P-III-NP).

All the GH-2000 scores in Japanese healthy subjects were less than the WADA Decision Limits (DL), and no

false positives were found. After subcutaneously administration of rhIGF-I (0.05 mg/kg), serum IGF-I

concentrations in all 5 subjects increased approximately 6 h after rhIGF-I administration, But no change of

serum P-III-NP was observed and the GH-2000 scores did not exceed DL during the short period after

administration.

The results suggest that the absolute concentration of IGF-I would be better than GH-2000 score to detect

rhIGF-I. The subject based profiling such as athlete biological passport very likely will represent a highly

sensitive approach for detecting rhIGF-I doping.

The full paper will be published elsewhere.
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Toboc A, Danila MG, Pop AM, Bican GM, Radu M, Stanescu AC

Population – based investigation of relationship between urinary hormonal

biomarkers

Romanian Doping Control Laboratory, Bucharest, Romania

Abstract

Since endogenous luteinizing hormone (LH) is included on World Anti-Doping Agency (WADA) prohibited list,

our laboratory investigated its population reference range. Most of the endogenous hormones are metabolized

and subsequently excreted in urine. Consequently complete and adequate analyses in doping control are

generally performed in urine including hormonal metabolites biomarkers. In clinical analysis, the commercial

immunoassays are designed for analysis of serum blood samples and the hormonal reference values in blood

serum are well established.

Taking into account experimental observations on the influence of different factors of endogenous origin, we

developed a steroid profile model (SPM) based on the relationship between urinary cortico – anabolico -

androgenic hormonal biomarkers: testosterone (T), epitestosterone (E), dehydroepiandrosterone (DHEA),

luteinizing hormone (LH), cortisol (C), cortisone (Cn). Our study revealed that  sustained effort led to modified

sgT/E, sgT/LH, sgC/Cn and sgT/C ratios adjusted for a specific gravity (sg) value of 1.020. This alternative SPM,

including stress and androgenic hormones influences could be used in the strategy to detect the abuse of

androgenic steroids.

Besides of doping control relevance, detection of urinary endogenous hormone levels and relationship

between them may also be important for clinical applications, in order to complement the already established

blood analyses.
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Han B, Song HJ, Kim H, Sung C, Kim KH, Lee KM, Kim HJ, Lee J, Son J, Kwon O, Min H

Large peptides doping analysis at the PyeongChang Winter Olympic &

Paralympic Games 2018: Validation, Implementation and Case report

Doping Control Center Korea Institute of Science and Technology, Seoul, Korea

Abstract

Various large peptides that have an approximate molecular mass of 2–12 kDa are listed on the World Anti-

Doping Agency (WADA) Prohibited List. For the anti-doping services at the PyeongChang Winter Olympic and

Paralympic Games 2018, the Doping Control Center of Korea Institute of Science and Technology (DCC-KIST)

developed the large peptides doping method. The developed method were validated by according to ISO

17025 and WADA guidelines. A method validation was performed for the 17 large peptides (8 insulin mimics:

Lispro, Apidra, Aspart, Glargine, Glargine Metabolite, Degludec, Pocine Insulin, and Bovine Insulin, 3 IGF-I

analogues: R3-IGF-I, long R3-IGF-I, and des(1-3)IGF-I, GHRHs: CJC-1295, CJC-1295 DAC, CJC-1293,

Sermorelin, and Teasmorelin, 1 ACTH: Synacthen). During the games periods, we reported within 24 hours for

initial testing procedure and 48 hours for confirm procedure. Among them, we found 2 suspicious case for

adverse analytical finding. Here, we introduce how to report for the 2 suspicious case at the PyeongChang

Winter Olympic and Paralympic Games 2018,.
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Martinez Brito D, Bueno Fis E, Fiallo Fernandez T, Torres Castellanos M, Correa Vidal MT, Montes de Oca R

Application of the Ultra Micro Analitycal System (SUMA) technology for pre-

screening purposes to detect hCG in urine

Havana Antidoping Laboratory - Sport Medicine Institute, Havana, Cuba

Abstract

WADA Technical document related to the detection of LH and HCG indicates that an “application of assays for

total hCG in addition to the α/β heterodimer of hCG are not recommended”. However, also specifies that the

“Laboratory may consider measuring total hCG only as an initial pre-screening procedure for practical

reasons”.

The Ultra Micro Analytical System (SUMA) has been originally developed and it is manufactured by

Immunoassay Center (Havana, Cuba). Instrumentation comprises a spectrofluorimeter for automatic reading,

quantification, validation, and interpretation of results and a plate washer. The kit (UMELISA HCG) allows the

performance of 192 ultramicrotests by using only 10 μL of sample. UMELISA HCG uses strips coated with

monoclonal and polyclonal antiβ-hCG antibodies. After incubation, HCG in samples is fixed to the antibodies.

Then, an anti-hCG (α/β chain) / alkaline phosphatase conjugate is added, which binds to the hCG fixed in the

previous reaction. By adding a fluorogenic substrate (4-methylumbelliferyl phosphate), the conjugate is

hydrolyzed and the intensity of the fluorescence emitted is proportional to the concentration of total hCG

present. UMELISA HCG was validated in WADA accredited laboratory in Havana with the aim to be used as

pre-screening to detect HCG in urine for antidoping purposes.

The assays applied to evaluate precision, accuracy, detection limit, linearity and specificity showed satisfactory

results. Relatives sensitivity and specificity and Predictive Positive and Negative Values were used to evaluate

the efficacy. which showed a value of 97.6%. The Kappa Index was estimated to check the agreement between

the new method (SUMA) and validated method (COBASe411, Roche) already in place. The results was

evaluated as “Very Good”.
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Min H, Yu S, Kim H, Lee J, Lee KM, Kim HJ, Kwon O, Sung C

PNA Intermediated Capture Assay: High-throughput Analysis of Exogenous

DNA for Gene Doping

Doping Control Center Korea Institute of Science and Technology, Seoul, Korea

Abstract

Development of gene transfer technology, including gene therapy, provides a means for improving one’s

physical athleticism, resulting in concerns that so-called 'gene doping' may represent an imminent threat to the

sporting world. This is why, since 2003, the World Anti-Doping Agency (WADA) has prohibited gene doping,

which is defined as "non-therapeutic use of genes, genetic elements, and/or cells that can enhance athletic

performance." Recently, innovative new technologies for gene manipulation/delivery have resulted in the need

for equally innovative methods of conducting gene doping analysis tests. In this study, we suggest using PNA

Intermediated Capture Assay (PICA) to detect exogenous erythropoietin genes through the application of high-

resolution mass spectrometry (HRMS). For selective extraction, we designed four complementary PNAs that

bind exon-exon junctions found only in exogenous EPO genes. All direct detection and quantification data is

collected using HRMS in accordance with ISO 17025 and WADA guidelines. This sensitive, high-throughput

method represents a potential breakthrough in pushing past gene doping limitations.
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Mäkelä R, Suominen T, Leinonen A, Harju L

Validation of a microplate enzyme immunoassay for measurement of luteinizing

hormone (LH) in urine

Doping Control Laboratory, United Medix Laboratories Ltd., Helsinki, Finland

Abstract

A new method for quantitative determination of luteinizing hormone in urine was validated for doping control

purposes. The presented method is based on a commercial immunoenzymometric kit (AccuBind ELISA

Microwells: Luteinizing Hormone, Monobind Inc.) which is originally intended for the measurement of LH from

serum. The assay is capable of measuring heterodimeric LH as well as it subunits (eg. free β chain) in a range

of 0-200 IU/l.

The assay was validated in terms of specificity (LH: intact heterodimer and free β subunit), cross-reactivity

(hCG, TSH and FSH), precision (intra-day and inter-day) and linearity (compared to serum). Limit of detection

(LOD), limit of quantitation (LOQ) and measurement uncertainty were determined. The effect of excess of the

antigen (LH) was also tested. Due to the differences in antibody affinities towards the different forms of LH β-

chain between different assays, a method-specific reference value for LH was estimated based on 197 male

athlete by using 99,9% reference interval.  A comparison between the validated AccuBind ELISA method and

Siemens Immulite LH was also performed.

The method was proven specific and applicable to the analysis of LH from urine. No differences were observed

between serum and urine matrix. The method was proven capable of measuring both intact heterodimer as

well free LH β chain (possibly different forms of it). The cross-reactivity was minor, for different forms hCG

isoforms it was below 3%. For TSH and FSH no cross-reactivity was observed. The intra-day and inter-day

precisions were 3,3-8,5% and 5,5-14,7%, respectively. The LOD for this method was determined to 0,23 IU/l

and the LOQ 0,89 IU/l. Using 99,9% reference interval the estimated cut-off value was set to 28,9 IU/l. The

comparison between the two methods showed that with AccuBind the results are around 40 % lower than with

Immulite.
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Lange T, Walpurgis K, Thomas A, Thevis M

Determination of Sotatercept (ACE-011) in dried blood spots for doping control

analysis by means of LC-HRMS

Centre for Preventive Doping Research, DSHS, Institute of Biochemistry, Cologne, Germany

Abstract

Sotatercept (ACE-011) is a therapeutic fusion protein originally developed for osteoporosis therapy, which was

also found to have an erythropoiesis stimulating effect. An elevated aerobic capacity due to increased red

blood cell mass may lead to performance enhancement in sports. The protein dimer is composed of the

extracellular domain of the human activin receptor type IIA (ActRIIA) and the Fc domain of human IgG1. Soluble

Sotatercept competes with the membrane-bound ActRIIA for binding activin a and other members of the

transforming growth factor beta superfamily, thus inhibiting downstream signaling cascades. Dried blood spot

(DBS) sampling is considered a promising alternative to normal blood sampling for doping control purposes

due to minimal-invasiveness, reduced costs, robustness and improved storage and shipment conditions.

Herein, a sensitive detection method for Sotatercept in DBS was developed. The procedure was adapted from

a recently published detection method for Sotatercept in conventional serum samples. It comprises a protein

extraction from the DBS card with a minimal volume of 20 µL of dried blood, protein precipitation, affinity

purification and enzymatic digestion. The assay was optimized in all parameters and comprehensively

characterized. Proteolytic peptides from the ActRIIA and Fc domain unambiguously prove the presence of

Sotatercept by liquid chromatography-high resolution mass spectrometry. For doping control analysis, the

determination of other therapeutic proteins such as Fc fusion proteins or therapeutic antibodies in DBS can be

realized adopting this approach.
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Nunes I , Amorim C , Renovato M , Dudenhoeffer-Carneiro AC , Pereira HM , Mirotti L , Sardela V ,

Sardela P

Biomarkers analysis from stored red blood cells as a tool for blood transfusion

detection.

Chemistry Institute, Brazilian Doping Control Laboratory - LBCD, Rio de Janeiro, Brazil ;
Departamento de Biologia Celular e Molecular, Instituto de Biologia - UFF, Niterói, Brazil

Abstract

Blood transfusion (BT) is a doping alternative for a quick increase in the oxygen availability. Although

homologous BT can be detected based on genetic differences of red blood cells, no method is available to

detect autologous BT. This study aims to identify compounds generated during blood storage using liquid

chromatography-high resolution mass spectrometry (LC-HRMS) detection based on non-targeted analysis and

SIEVE  differential analysis platform. For this, whole blood samples were stored at 4°C with ACD (sodium

citrate, citric acid and glucose) stabilizer for 0, 7 or 21 days. Glycerol, platelet activating factor C-16 (PAF C-16),

adenosine monophosphate, hypoxanthine, and heme were identified in stored blood in a time-dependent

manner, i.e., the longer the storage the higher the expressions observed. To investigate the applicability of

such technique for BT detection, mixtures of fresh and stored blood at 0.5, 1.5, 3, 5, or 10% were performed

and hypoxanthine, sphingomyelin and its analogue ceramide phosphoethanolamine  were observed.  In

conclusion, although more analyses are still missing to be performed, this study pavements a potential way to

develop a technique to detect autologous BT by different biomarkers. 
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Forsdahl G , Kratena N , Geisendorfer T , Pilz SM , Göschl L , Pfeffer S , Weil M , Thevis M , Enev VS ,

Gärtner P , Gmeiner G

Synthesis and characterization of a long-term metabolite of dehydrochloro-

methyltestosterone

Doping Control Laboratory, Seibersdorf Labor GmbH, Seibersdorf, Austria ;
Department of Pharmacy, University of Tromsø - The Arctic University of Norway, Tromsø, Norway ;
Institute of Applied Synthetic Chemistry, TU Wien, Vienna, Austria ;
Institute for Chemical Technologies and Analytics, TU Wien, Vienna, Austria ;
Institute of Biochemistry, Center for Preventive Doping Research, German Sport University, Cologne, Germany

Abstract

In this work, the structure of the long-term metabolite “M3” of dehydrochloromethyltestosterone (DHCMT) was

elucidated. This was achieved by chemical synthesis of candidate structures and subsequent comparison to a

major long-term metabolite detected in reference urine samples. The investigated metabolite comes from A-

ring reduction of the 3-keto and 4-en moiety, giving rise to 8 potential structures (M3 A-H) that are α/β isomers

in positions C-3, C-4 and C-5. The synthetic pathway of DHCMT M3 is illustrated in Figure 1. It starts with

dehydroepiandrosterone (DHEA) acetate and consists of in total 14 steps. 

Reference urine samples available at the laboratory were used for the isolation of long-term metabolites. The

presence of well-characterized metabolites of DHCMT had previously been confirmed in the samples. The

samples included an excretion urine from a proficiency test performed at the laboratory as part of a quality

assurance program (provided by the World Association of Anti-Doping Scientists, April 2014), as well as an

adverse analytical finding sample collected on an athlete. Prior to analysis, the athlete had approved the use of

the sample for research purposes.

All eight synthesized potential metabolites were subjected to GC-MS/MS analysis, together with the DHCMT

reference urine samples. After thorough evaluation of mass spectra and retention times, the metabolite M3

could be identified as 4α-chloro-17β-(hydroxymethyl)-17α-methyl-18-nor-5α-androst-13-en-3α-ol.
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Figure 1: Synthetic pathway to the final product DHCMT M3
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Andersson A, Villén T, Ericsson M

A comparison of Athlete and Drugs of Abuse Steroid findings

Clinical Pharmacology, Karoliniska University Hospital, Stockholm, Sweden

Abstract

From a dopers perspective doping controls aren’t a tool to keep people clean but rather a level to adhere to.

There for it is of interest to see the trends of clinical testing in comparison to a nations athlete sample testing.

The doping control laboratory in Stockholm is part of Clinical Pharmacology and assists in Drugs of Abuse

testing for steroids allowing for statistics from both fields to be extracted.

The methodologies used in both tests are comparable; utilizing enzymatic hydrolysis, liquid-liquid extraction,

derivatization and analyzed using GC-MS/MS. What does differ however is the test-menu and cut-off values. In

drugs of abuse testing the cut-off is set to 10 ng/mL for any one compound and/or metabolite to consider the

sample positive. Exogenous finds are compared 1:1, whilst a drugs of abuse sample is considered positive for

endogenous anabolic androgenic steroids when T/E > 10 in combination with a high T/LH value.

Athlete steroid finds are taken by the Swedish Sports Confederation (n ~3300 sample/year) where an Adverse

Analytical Find has been reported. The Drugs of Abuse samples constitutes the combined finds of clinical tests

and work place tests (n~2200 samples/year, where 44% are work place tests).
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Brailsford A , Wojek N , Majidin M , Cowan D , Walker C

Carbon Isotope Measurements of Available Steroid  Preparations: Implications

for Anti-Doping

King's Forensics, Drug Control Centre, London, United Kingdom ;
Science and Medicine, UK Anti-Doping, London, United Kingdom

Abstract

INTRODUCTION – The endogenous anabolic and androgenic steroids (EAAS) nandrolone and testosterone

remain widely available, both on the internet and through local “dealers”. Due to their anabolic properties they

continue to be of interest to some athletes who seek to enhance their performance through pharmaceutical

means. However, confirming a doping violation resulting from the administration of these steroids can be

challenging, due to the natural production of testosterone and the diagnostically important major metabolite of

nandrolone (19-norandrosterone). This means that the simple presence of these compounds (at physiological

concentrations) cannot be used to infer administration.

Gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-IRMS) is used to distinguish between

exogenous (synthetic origin) and endogenous (natural origin) steroids based on the carbon isotope ratio

( C/ C). The C/ C ratio is dependent on a compounds origin and route of production; therefore

synthetically produced steroids may have a different C/ C ratio relative to endogenously produced

molecules facilitating discrimination between the two.

However, should both endogenous and exogenous sources of the steroid have a similar C/ C ratio, GC-C-

IRMS analysis would be unable to distinguish between them, meaning the administration of such steroids

would go undetected. Such pseudo-endogenous steroid preparations are therefore of great interest to the anti-

doping community. 

By analysing customs seizures along with pharmaceutical preparations this study investigates the availability

and prevalence of steroid preparations which have a similar C/ C ratio to endogenous steroids, and

therefore may not be detected by GC-C-IRMS analysis following administration.

METHODS – A total of 14 steroid preparations (9 nandrolone and 5 testosterone) were analysed. The identity

of the steroid preparations were confirmed using gas chromatography mass spectrometry (GC-MS) and the

δ C values (a measure of the C/ C ratio) were determined using GC-C-IRMS.

RESULTS – Four nandrolone preparations displayed δ C values that overlap with those considered

endogenous (range -16 to -26 ‰). Two nandrolone and five testosterone preparations displayed δ C values

within the range -27 to -29 ‰, which while outside the typical endogenous range may be difficult to differentiate

for endogenous values with the certainty required. The remaining preparations displayed δ C values within

the range expected for synthetic steroids (less than -29 ‰).

CONCLUSION – The findings of this study showed that steroid preparations available in the UK that have δ C

values within the endogenous range (and are potentially not detectable by GC-C-IRMS analysis), are both

available and relatively prevalent.
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Dubey S, Singh SP, Sah S, Jain S

Identification and separation of nine alkyl amines in urine using dilute and

shoot LC-MS/MS analysis in sports doping control

National Dope Testing Laboratory, Ministry of Youth Affairs & Sports, New Delhi, India

Abstract

The alkyl amines (AAs) are classified as specified stimulants in the World Anti Doping Agency’s list of

prohibited substances and methods due to their sympathomimetic effects. Recently some new alkyl amine

analogues have been reported in dietary supplements. An unequivocal identification of AAs is imperative

considering their structural similarities. In this work, a dilute and shoot approach for unambiguous identification

of nine alkyl amines in human urine using liquid chromatography-tandem mass spectrometry (LC-MS/MS)

was presented. All target amines including their isomers were resolved on C8 UPLC column in fifteen

minutes using 2mM ammonium formate in water and in methanol as mobile phases. The method qualifies the

validation requirements of WADA International Standard for Laboratories. It has been successfully employed to

confirm dimethylbutylamine and 1,4-dimethylamylamine in routine samples which establishes applicability of

the method. The method provides open window for detection of newer analogues of this chemical class.
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Walpurgis K , Thomas A , Dellanna F , Schänzer W , Thevis M

Detection of the human anti-ActRII antibody Bimagrumab in serum by means of

affinity purification, tryptic digestion, and LC-HRMS: Analysis of authentic

clinical samples

Center for Preventive Doping Research/Institute of Biochemistry, German Sport University Cologne, Cologne, Germany ;
Fresenius University of Applied Sciences, Cologne, Germany ;
European Monitoring Center for Emerging Doping Agents (EuMoCEDA), Cologne/Bonn, Germany

Abstract

Inhibitors of the ActRII signaling pathways are not only promising protein drugs for the therapy of muscular

diseases, but also potential performance-enhancing agents in sports. Bimagrumab is a human anti-ActRII

antibody which was found to increase muscle mass and function by preventing the interaction of the receptors

with endogenous ligands such as myostatin and activin A. In 2016, a targeted detection assay for Bimagrumab

employing ammonium sulfate precipitation, affinity purification, tryptic digestion, and LC-IM-HRMS was

developed and comprehensively characterized. Its applicability to sports drug testing was now demonstrated

by analyzing clinical samples which were collected from elderly healthy male subjects treated with either

intravenous or subcutaneous injections of the antibody. In all post-administration samples, Bimagrumab was

unambiguously identified, indicating that the protein drug can be detected for several weeks following

administration. Consequently, the presented approach is fit for purpose and suitable for doping control routine

analysis.

Published in: Proteomics Clin Appl. 2018 May;12(3):e1700120.
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Detection of the Hypoxia-Inducible Factor (HIF) stabilizer drug candidate BAY
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Abstract

The development of new therapeutics potentially exhibiting performance enhancing properties implicates the

risk of their misuse by athletes in amateur and elite sports. Hypoxia-inducible factor (HIF) stabilizers represent

an emerging class of therapeutics that allow for increasing erythropoiesis in patients and potentially also in

athletes. BAY 85-3934 is a novel HIF-stabilizer, which currently undergoes phase-3 clinical trials.

Consequently, the comprehensive characterization of BAY 85-3934 and human urinary metabolites as well as

the implementation of these analytes into routine doping controls is of great importance. A detection method,

using an direct urine injection approach, was validated for the metabolite BAY-348 that is expected to

represent an appropriate target analyte for human urine analysis. With this method, the metabolite was

detected in two routine doping samples.      

Published as:

Dib J, Mongongu C, Buisson C, Molina A, Schänzer W, Thuss U, and Thevis M. (2017) Mass spectrometric

characterization of the hypoxia-inducible factor (HIF) stabilizer drug candidate BAY 85-3934 (molidustat) and

its glucuronidated metabolite BAY-348, and their implementation into routine doping controls. Drug Test.

Analysis, 9: 61-67. doi: 10.1002/dta.2011
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Abstract

The interest on the validation and evaluation of the uncertainty in qualitative analysis/examination [1] results

has been increasing, a harmonised form of reporting the reliability of a result being of high relevance. The

identification of doping agents in athlete's biological fluids, as urine, is one of the fields in which the uncertainty

of examinations is crucial to ensure the correct interpretation of information.

Some authors have proposed several methodologies of estimating the examination uncertainty, the Bayes’

Theorem being one of the most convenient theories to support this assessment as it allows the combination of

true (TP) and false positive (FP) results rates in a single metric, and the update of the uncertainty when a new

evidence is made available. Bayes’ Theorem can be used to report the uncertainty of the examination result as

a likelihood ratio (LR=TP/FP) or as the probability of collected evidences being correct, P(x|e) [2].

GC-MS/MS and LC-MS/MS analysis are widely used for the identifications of doping agents in athletes’

biological samples, after adequate pre-treatment. Analytes are identified by the agreement between retention

times and precursor-product ion transition abundance ratios of their mass spectrum observed in samples and

controls. The World Anti-Doping Agency (WADA) defined criteria for the identification parameters based on a

general knowledge of identification performance. However, these criteria may produce high false negative

rates, FN, whenever the analytes have to be detected near the Limit of Detection.

Some substances were included in this study and the performance of the examination was evaluated

considering two different identification criteria.

A computational tool, based on Monte Carlo simulations, was developed, using an MS-Excel spreadsheet, to

establish statistical criteria for the parameters used in analytes identification that considers the observed

experimental performance and, the non-normal distribution and the correlation of the input variables of the

identification parameters [3]. This tool allows estimating both TP and FP required to report the examination

uncertainty and the evaluation of the adequacy of the identification criteria of analytes defined by WADA

(TD2015IDCR) [4]. The FP and TP estimates associated to different identification parameters were combined

and presented as the uncertainty of the examination in the form of LR or P(x|e).

The obtained results allow concluding that the instrumental analysis of all the analysed substances, applying

the developed and WADA’s criteria, produces positive results with a high probability of being correct. However,

in some cases, the identification criteria proposed by WADA produce high FN rates. The developed

computational tool can be extremely useful to support the use of the regulated identification criteria defined by

WADA, namely by estimating the probability of the negative result being false, which may indicate the need to

adjust the analytical conditions or perform replicate or complementary examinations.
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Abstract

Endogenous steroids are the most frequently detected class of substances misused in sports. In doping control,

gas chromatography (GC) coupled with isotope ratio mass spectrometry (IRMS) is now routinely applied. It

allows distinguishing between endogenous steroids from their synthetic analogs in urine by the determination

of C/ C isotope ratios. With the introduction of the Thermo Scientific™ GC Isolink II™ conversion unit, the

IRMS system can be coupled with any organic MS system connected to a single Trace 1310 GC. Concomitant

data are critical to qualify the true identity of a compound. This has become mandatory in confirmation of so-

called adverse analytical findings. From a single injection, the structure and isotope ratio of each compound

can be determined.

Here we present the results of an excretion study after testosterone administration. One male volunteer was

administered 30 mg of testosterone orally. Urine samples collected were prepared according to the standard

protocol of the doping control routine and analyzed by a GC-IRMS system online coupled with a   Q Exactive

GC. The Q Exactive GC Orbitrap™ GC-MS/MS is a new class of GC-MS system with high mass resolution and

exceptional mass accuracy for the detection and identification of potentially co-eluting matrix compounds. By

coupling GC-IRMS with the Q Exactive GC system, the isotopic compositions and the comprehensive

qualitative and quantitative sample information with high levels of selectivity, sensitivity, and confidence are

accessible simultaneously.

The data demonstrates that testosterone doping can be still approved after 24 hours by utilizing the IRMS

results of testosterone and its main metabolites. The administration of 30 mg of testosterone for the purposes of

this study can be considered to be a low and realistic dose typically applied in sports.
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