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SUMMARY

Although the fight against the use of doping in sport has been going on for
almost 90 years, its effects have become tangible in the last 45 years only, thanks to
the use of valid and sensitive analytical methods. Historically, extensive
international scientific cooperation and technological progress have laid down the
basis for the development of high quality doping control laboratories worldwide.
New biotechnology products are constantly being discovered and are made
available on the doping market, so that anti-doping approaches must be raised to a
higher level, and analytical methods must be constantly improved and refined, since
it has bacome obvious that to some extent they lag behind new sophisticated doping
agents. However, all the methods must first be scientifically proven and tested in
order to be adequately used against doping in sport. If the technology and
systematic use of the latest scientific anti-doping knowledge continue to develop
and advance, it will greatly contribute to the development of analytical methods.

Key words: doping, anti-doping, analytical methods.

Correspondence author
Dragan Radovanovi¢
drananiste@yahoo.com

INTRODUCTION

As early as 1928, during the Olympic Games in Amsterdam, the
International Amateur Athletic Federation forbade the use of stimulative
substances, becoming therefore the first of the sports federations which stood up
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against doping in sport. Not long after that, the International Olympic Committee
became aware of the need for constant surveillance of the issue of doping at the
Olympic Games. This surveillance practice began after the session of the
International Olympic Committee (I0C) in Warsaw and Cairo in 1937 and 1938 1.
In 1938, in one of the 10C reports, the following statement was written: ,The
practice of doping is entirely under the 10C surveillance, and any person accepting
or offering to supply dope should not be allowed to enter amateur competitions or
the Olympic Games“ 1. After the I0C officially banned doping, almost all 10C
member states began working to ban and suppress the use of doping at their
national levels, attempting to regulate via appropriate laws the fight against
doping in sports. However, the principal problem making difficult the activity of
the 10C against doping in sport has been the absence of testing procedures to
detect doping. The Medical Commission of the I0C was established in 1967 1, with
the purpose to monitor the reports of abuse of stimulants and other agents
capable of improving the competitive output of athletes 2. The Commission,
headed by the Belgian Prince Alexandre de Merode, implemented the first doping
control procedure at the Olympic Games in Grenoble and Mexico City in 1968. At
these games, the athletes were tested for the presence of stimulative substances
(alcohol, amphetamin, heroin, and cocain) in their body. A Swede, Hans Gunnar
Liljenwall, competing in athletic pentathlon, was found to be positive for the
presence of alcohol and he was stripped of the bronze medal he had won in the
discipline. Doping control and analysis at these games can be considered a kind of
a pilot-project; a systematic doping control and analysis in all sports was
implemented at the Olympic Games in Munich in 19723.

DEVELOPMENT OF ANALYTICAL METHODS FOR ANTI-DOPING
CONTROL

Despite the initial attempts, utilizing probably the chemical tests in test
tubes, gas chromatography was the only one sufficiently reliable method at the
Olympic Games in Munich in 1972, which, if positive, could possibly lead to the

' Dirix, A., & Sturbois, X. (1998). The First Thirty Years of the International Olympic Committee
Medical Commission, 1967-1997. Laussane: 10C.

2 Dirix, A. (1966). The doping problem at the Tokyo and Mexico City Olympic Games. The Journal
of Sports Medicine and Physical Fitness, 6(3), 183-6. Donike, M., Clasing, D., & Klimper, A.
(1974). Dopingkontrollen bei den Spielen der XX. Olympiade Minchen 1972-Teil
2. Leistungssport, 4(3), 192-199.

® Donike, M., Clasing, D., & Klumper, A. (1974). Dopingkontrollen bei den Spielen der XX.
Olympiade Miinchen 1972-Teil 2. Leistungssport, 4(3), 192-199.
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punishment of the offender. Mass spectrometry as one of the analytical methods
was already being used at the time, but it was not included among the anti-doping
analyses. Professor Manfred Donike, as a head of the Institute of Biochemistry,
University of Cologne, Germany, advocated the introduction of mass spectrometry
among the anti-doping analyses from 1977 until his death in 1995 4. The
establishment of a laboratory in Cologne in 1983 created a basis of a kind for the
exchange of new ideas and results at a scientific forum between the I0OC and the
accredited laboratories of the World Anti-Doping Agency (WADA). His active
involvement and engagement in numerous international federations and the I0C
paved the way for the development of a quality doping control in the laboratories
worldwide. As the result of extensive international scientific cooperation and
technological progress, the combination of gas chromatography and mass
spectrometry has become the leading analytical method used in laboratories to
detect and quantify most of the doping substances, representing at the same time
the gold standard in the identification of small molecules. The method is a
combination of high separation power of chromatography and high information
capacity and high sensitivity of mass spectrometry 5-¢.

At the beginning of the 1970s, androgenic-anabolic steroids could not be
detected using gas chromatography and mass spectrometry since these methods
were not convenient for large-scale testing. This led to the development of
immunoassay screening tests. Immunoassay screening tests started in 1974 at the
European Athletics Championships, and was used at the Olympic Games in
Montreal, Canada, 1976 7. In the same year, androgenic-anabolic steroids were
added to the List of Prohibited Substances of the I0C. Although the evidence of
abuse of androgenic-anabolic steroids in many sports had been present long
before 1975, this group of substances was added to the list when the analytical
methods to detect them were shown to be sufficiently reliable and sensitive.
However, immunoassay methods could detect many, although not all synthetic

* Hemmersbach, P. (2008). History of mass spectrometry at the Olympic Games. Journal of Mass
Spectrometry, 43(7), 839-853.

*> Hemmersbach, P., & de la Torre, R. (1996). Stimulants, narcotics and B-blockers: 25 years of
development in analytical techniques for doping control. Journal of Chromatography B: Biomedical
Sciences and Applications, 687(1), 221-38.

® Maurer, H. H. (2006). Hyphenated mass spectrometric techniques—indispensable tools in clinical
and forensic toxicology and in doping control. Journal of Mass Spectrometry, 41(11), 1399-1413.

7 Brooks, R. V., Jeremiah, G., Webb, W. A., & Wheeler, M. (1979). Detection of anabolic steroid
administration to athletes. Journal of Steroid Biochemistry, 11(1), 913-917.
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steroids, popular at the time 8. Moreover, the combination of gas chromatography
and mass spectrometry was still not ready in practice to confirm the results
obtained by using immunoassay methods. The methodology of anti-doping control
was thus such that the samples obtained from athletes were analyzed in the
laboratories using immunoassays for screening purposes, but the obtained
positive results were considered as preliminary. The final confirmation was
performed using the combination of gas chromatography and mass spectrometry
9. Although the methods of gas chromatography and mass spectrometry have been

considerably modified since then ?, the principles of work have remained the same
10

In the period between the Olympic Games in Moscow in 1980 and the
Games in Los Angeles in 1984, the extensive studies of the profile of degradation
steroids in the urine were performed. It was established that human urine
contained a T isomer without any known biological function, epitestosteron. Soon
after that, it was agreed that for the detection of androgenic-anabolic steroid
abuse the ratio of testosteron and epitestosteron should be used, determined
using the method gas chromatography-mass spectrometry. The first analysis
performed using this methodology at the Olympic Games in Los Angeles in 1984,
yielded 16 positive results 1. Since then, urinary steroid profile analysis has
become an essential tool in the fight against doping in sport!2. The WADA set the
cut-off value of the ratio of testosteron/epitestosteron higher than 4:1 as the one
breaching the World Anti-Doping Code in sports. One of the problems in the
assessment of ratio of testosteron/epitestosteron (T/E) is that some individuals,
even without any intake of androgenic-anabolic steroids, can have elevated T/E
ratio, while another related problem is that T/E never exceeds 4 in some of the

® Dugal, R., Dupuis, C., & Bertrand, M. J. (1977). Radioimmunoassay of anabolic steroids: an
evaluation of three antisera for the detection of anabolic steroids in biological fluids. British Journal
of Sports Medicine, 11(4), 162-169.

° Massé, R., Ayotte, C., & Dugal, R. (1989). Studies on anabolic steroids: I. Integrated
methodological approach to the gas chromatographic-mass spectrometric analysis of anabolic
steroid metabolites in urine.Journal of Chromatography B: Biomedical Sciences and
Applications, 489(1), 23-50.

1% Ayotte, C., Goudreault, D., & Charlebois, A. (1996). Testing for natural and synthetic anabolic
agents in  human urine. Journal of Chromatography B: Biomedical Sciences and
Applications, 687(1), 3-25.

" Catlin, D. H. (1987). Detection of drug use by athletes. In: R. H. Strauss (Eds.), Drugs and
performance in sports (pp. 103-120). Philadelphia: W.B. Saunders.

"2 Mareck, U., Geyer, H., Opfermann, G., Thevis, M., & Schanzer, W. (2008). Factors influencing
the steroid profile in doping control analysis. Journal of Mass Spectrometry, 43(7), 877-891.
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abusers of androgenic-anabolic steroids, which is probably due to some genetic
factors 13.

IMPROVEMENT OF ANALYTICAL METHODS FOR ANTI-DOPING
CONTROL

In the preparations for the Olympic Games in 1988, a laboratory in Seoul
actively developed the method of gas chromatography-mass spectrometry for
stimulants and narcotics 415, Moreover, the abuse of beta-blockers was
monitored for the first time using the improved method of gas chromatography-
mass spectrometry in the selected ion-monitoring regime, as well as diuretic
abuse, using high-performance liquid chromatography. During the 1990s, the
methods of isotope-ratio mass spectrometry ¢ and high-resolution mass
spectrometry 17 were introduced among the anti-doping analyses, which made
possible the detection of low concentration long-term metabolites of androgenic-
anabolic steroids in the urine. The combination of liquid chromatography and
mass spectrometry offers numerous advantages compared to gas
chromatography-mass spectrometry, becoming the leading analytical method
although poorly adjusted for the detection of some of the androgenic-anabolic
steroids. A large number of banned substances in sports have been identified
using gas chromatography-mass spectrometry or liquid chromatography-mass
spectrometry, with the exception of glycopeptide or peptide hormones, such as
erythropoietin and growth hormone.

'3 Jakobsson-Schulze, J., Lundmark, J., Garle, M., Skilving, I., Ekstréom, L., & Rane, A. (2008).
Doping test results dependent on genotype of UGT2B17, the major enzyme for testosterone
glucuronidation. The Journal of Clinical Endocrinology Metabolism, 93(7), 2500-2506.

" Lho, D. S, Hong, J. K., Paek, H. K., Lee, J. A, & Park, J. (1990). Determination of
phenolalkylamines, narcotic analgesics, and beta-blockers by gas chromatography/mass
spectrometry. Journal of Analytical Toxicology, 14(2), 77-83.

“Lho, D. S., Shin, H. S., Kang, B. K., & Park, J. (1990). Systematic analysis of stimulants and
narcotic analgesics by gas chromatography with nitrogen specific detection and mass
spectrometry. Journal of Analytical Toxicology, 14(2), 73-76.

16 Aguilera, R., Chapman, T. E., Starcevic, B., Hatton, C. K., & Catlin, D. H. (2001). Performance
characteristics of a carbon isotope ratio method for detecting doping with testosterone based on
urine diols: controls and athletes with elevated testosterone/epitestosterone ratios. Clinical
Chemistry, 47(2), 292-300.

v Schanzer, W., Geyer, H., FuBhdller, G., Halatcheva, N., Kohler, M., Parr, M. K., Guddat,
S.,Thomas, A., & Thevis, M. (2006). Mass spectrometric identification and characterization of a
new long-term metabolite of metandienone in human urine. Rapid Communications in Mass
Spectrometry, 20(15), 2252-2258.
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The first attempts in the fight against erythropoietin abuse consisted in the
introduction of indirect blood tests as an anti-doping procedure. The simplest
indirect test consisted of hemoglobin and hematocrit measurements. The test was
indirect, since it did not detect the presence of recombinant human
erythropoietin, but only the traces of its use. A significant step forward was made
in 2000, when Lasne and de Ceaurriz described a method based on isoelectric
focusing 18. At the winter Olympic Games in Salt Lake City in 2002, using the
method based on isoelectric focusing, darbepoietin alpha (a synthetic form of
erythropoietin) was successfully identified 1°. Nevertheless, the most effective
way to eliminate blood doping is probably the introduction of biological passports
that would enable the monitoring of variations of indirect markers (as required by
the International Cycling Union since 2008 for the top level competitive cyclists).

A new analytical anti-doping method, used for the first time in Athens in
2004, is based on the detection of abuse of synthetic recombinant human growth
hormone in samples 20. The so called isoform method is based on the detection of
growth hormone isoforms. The testing for a disturbed ratio of two natural growth
hormone isoforms in the plasma (of 20 kDa and 22 kDa) using the method of
liquid chromatography-tandem mass spectrometry is considered a significant step
in the detection of growth hormone abuse?21.

CONCLUSION

Aided by the more reliable methods to detect doping and with permanent
education of all individuals involved in sports about the general and far-reaching
consequences of doping in sports, it is possible to turn the evolution of sport in a
good direction. Regretfully, at this time, the proponents and users of doping are
ahead of those against it, in spite of all anti-doping efforts and programs and the
advancement of detection technologies in the last decade. The fight against

¥ Lasne, F., & de Ceaurriz, J. (2000). Recombinant erythropoietin in urine. Nature, 405(6787), 635-
635.

19 Catlin, D. H., Breidbach, A., Elliott, S., & Glaspy, J. (2002). Comparison of the isoelectric
focusing patterns of darbepoetin alfa, recombinant human erythropoietin, and endogenous
erythropoietin from human urine. Clinical Chemistry, 48(11), 2057-2059.

% Wu, Z., Bidlingmaier, M., Dall, R., & Strasburger, C. J. (1999). Detection of doping with human
growth hormone. The Lancet, 353(9156), 895.

' Such-Sanmartin, G., Bache, N., Bosch, J., Gutiérrez-Gallego, R., Segura, J., & Jensen, O. N.
(2015). Detection and differentiation of 22kDa and 20kDa Growth Hormone proteoforms in human
plasma by LC-MS/MS. Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics, 1854(4),
284-290.
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substance abuse in sports has not yet yielded the expected results, but the validity
of its purpose keeps it alive and current. Due to the constant discovery of new
biotechnological products, commercially available on the doping market, the
whole anti-doping approach has to be raised to a higher level, and analytical
methods have to be constantly improved and refined to be able to cope with the
new, more and more sophisticated doping agents. However, all the methods to be
used adequately for the purpose, first have to be scientifically validated and
confirmed. If the development of technology and systematic use of the current
scientific knowledge continue, this would certainly contribute to the refinement of
analytical methods. New, meticulously devised and conducted studies, with close
observation of the relevant ethical principles, are the basis for the positive aspects
of development of sports and sport competition in general.
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NCTOPHJCKHU PA3BOJ] AHAJIMTUYKUX METOJZA
AHTHUAOITUHI KOHTPOJIE

CAXKETAK

Haxo 60p6a npoTuB Kopulihemwa JONUHIa y CIOPTY IpaBHO Tpaje Beh ckopo 90

roINHa, CYUITUHCKU Ce OHa peaju3yje TeK 3aJwmwuXx 45 roauHa, 3axBambyjyhu
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NpPUMEHH BaIMAHUX U CEH3UTHBHHUX aHAJUTUYKUX MeToja. McTopujcku rieznaHo,
Kao pes3yJITaT olcexHe MehyHapo/He Hay4yHe capa/iibe U TeXHOJIOMIKOT HalpeTKa,
NI0CTaBJ/b€HA je 0CHOBA 3a Pa3B0j KBaJIUTETHe JONUHT KOHTPOJIe ¥ 1abopaTopHjama
IIUPOM CBeTa. 360T HOBUX OMOTEXHOJIOUIKUX MPOU3BOJA CTAJHO MPUCYTHUM Ha
JIONUHT TPXXULITY, LEJOKYITHU aHTHUJONHUHT MPHUCTYI ce Mopa MoAWNM Ha BUIIH
HHBO, a aHaJIMTUYKe MeTOoJie MOpajy CTa/IHO HANpeJ0BaTH, jep je OYUIJIeHO Aa y
onpehbeHO] Mepy KacHe 3a HOBUM COQUCTHIMPAHUjUM [JONMHI CpeACTBHMA.
MebhyTumM, cBe MeToJie MOpajy OGUTH NPBO HAY4YHO JIOKa3aHe U MpPOBepeHe a G ce
MOTJle aJleKBaTHO KOPHUCTUTH NPOTHUB JONMHIA y CIOPTYy. YKOJHKO ce pa3Boj
TEXHOJIOTHje U CUCTEMATCKO KopulIhewe HajHOBUjUX HAYYHUX CAa3HAHA y CBPXY
aHTUJONMHIA HacTaBe, To he y BeJHWKO] Mepu JONpPHUHETH YcaBpllaBamby
QHAJIUTUYKHUX METO/a.

Kbequ peYyu: JONMUHT, aHTHUAOINUHT, aHAJIMTUYKE MEeToe.

UCTOPUA PABBUTHUA AHAJIMTUYECKUX METOZ0B
AHTHUAOIMIUTOBOI'O KOHTPOJIA

AHHOTAIUA

XoTs1 60pb6a NPOTHUB MPUMEHEHHUS JOIIMHTA B CIOPTe AJUTCSA no4YTH 90 JieT, mo
CYTH, OHa MPOUCXOJUT TOJIbKO B MociefHue 45 yieT 6yarofapsi UCIOJIb30BaHUIO
3QPEeKTUBHBIX W YYBCTBUTEJBHBIX aHAJIUTUYECKUX METOJ0B. McTopuyecku
IIMPOKOE MEeX/yHAapoJAHOe Hay4YHOe COTPYAHUYECTBO M TEXHOJOTHYECKHUH
MpOTpecc CO3JAI0T OCHOBY JJIi Pa3BUTHUS KOHTPOJIS 32 KayeCTBOM JIOTHHT-
JslabopaTtopuil Mo BceMy MUpy. HoBble 6MOTEeXHO/IOrHYeCKHe MPOAYKThI TOCTOSTHHO
MOSIBJIAIOTCS HA PbIHKE JIONMUHTA, MO3TOMY JOMUHI-KOHTPOJIb M aHAJIMTUYECKHe
METO/Ibl JIO/DKHBI GbITh MOAHATHI HA 60Jiee BHICOKHMH YPOBEHb, HYXKHO MOCTOSIHHO
JIBUTaTbCsl BIepeJ, MOCKOJIbKY COBEPIIEHHO OYEBH/HO, YTO JOMHUHI-KOHTPOJIb
MOXET OMNa3/blBaTh NPU MOSIBJEHUU 60Jiee H3OIIPEHHBIX JONUHT-NMPENapaToB.
OfiHaKo, BCe METO/bl JIO/DKHBI ObITh Hay4HO J0Ka3aHbl U MPOTECTUPOBAHBI JJIst
TOro, YTOObI UX B Ja/bHEWLIEM aJleKBATHO MOXXHO ObLIO MPHUMEHSATb NPOTHUB
JonuHra B cnopte. EcaM pa3BUTHE TEXHOJIOTMH M CHUCTEMaTHYecKoe
MCMOJIb30BaHWEe HOBEWIIMX Hay4YHbIX AHTHAOMUHTOBBIX 3HAHUK HeENpepbIBHO
OyZeT WATU BIlepel, TO OHO BHeCeT 3HAYUTEJbHbIM BKJIaJ, B pa3BUTHe
AHAJIUTUYECKUX METO/0B aHTU/IOMHUHIOBOTO KOHTPOJIS.

KiioueBble cJ10Ba: ONMUHT, aHTH-JIONUHT, aHAJUTUYECKHE METO/bl.
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