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“Straub tail response”

-15 min from sampling 
to analytical result
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UCI
UCI – list of prohibited substances 1.1.1967

-Narcotics
(Morphine, Heroine, etc.)

-Substances of the class of 
amphetamines
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WADA 2008
The World Anti-Doping Code 
THE 2008 PROHIBITED LIST 
INTERNATIONAL STANDARD 
The official text of the Prohibited List shall be maintained by WADA and shall be published in English and French. In the event of any conflict between the English and French versions, the English version shall prevail. 
This List shall come into effect on 1 January 2008 

The Prohibited List 2008 September 22, 2007 
THE 2008 PROHIBITED LIST 
WORLD ANTI-DOPING CODE 
Valid 1 January 2008 
The use of any drug should be limited to medically justified indications
SUBSTANCES AND METHODS PROHIBITED AT ALL TIMES 
(IN- AND OUT-OF-COMPETITION) 
PROHIBITED SUBSTANCES 
S1. ANABOLIC AGENTS 
Anabolic agents are prohibited. 

1. Anabolic Androgenic Steroids (AAS) 

a. Exogenous* AAS, including: 
1-androstendiol (5α-androst-1-ene-3β,17β-diol ); 1-androstendione (5α-androst-1-ene-3,17-dione); bolandiol (19-norandrostenediol); bolasterone; boldenone; boldione (androsta-1,4-diene-3,17-dione); calusterone; clostebol; danazol (17α-ethynyl-17β-
hydroxyandrost-4-eno[2,3-d]isoxazole); dehydrochlormethyltestosterone (4-chloro-17β-hydroxy-17α-methylandrosta-1,4-dien-3-one); desoxymethyltestosterone (17α-methyl-5α-androst-2-en-17β-ol); drostanolone; ethylestrenol (19-nor-17α-pregn-4-en-17-ol); 
fluoxymesterone; formebolone; furazabol (17β-hydroxy-17α-methyl-5α-androstano[2,3-c]-furazan); gestrinone; 4-hydroxytestosterone (4,17β-dihydroxyandrost-4-en-3-one); mestanolone; mesterolone; metenolone; methandienone (17β-hydroxy-17α-
methylandrosta-1,4-dien-3-one); methandriol; methasterone (2α, 17α-dimethyl-5α-androstane-3-one-17β-ol); methyldienolone (17β-hydroxy-17α-methylestra-4,9-dien-3-one); methyl-1-testosterone (17β-hydroxy-17α-methyl-5α-androst-1-en-3-one); 
methylnortestosterone (17β-hydroxy-17α-methylestr-4-en-3-one); methyltrienolone (17β-hydroxy-17α-methylestra-4,9,11-trien-3-one); methyltestosterone; mibolerone; nandrolone; 19-norandrostenedione (estr-4-ene-3,17-dione); norboletone; 
norclostebol; norethandrolone; oxabolone; oxandrolone; oxymesterone; oxymetholone; prostanozol ([3,2-c]pyrazole-5α-etioallocholane-17β-tetrahydropyranol); quinbolone; stanozolol; stenbolone; 1-testosterone (17β-hydroxy-5α-androst-1-en-3-one); 
tetrahydrogestrinone (18a-homo-pregna-4,9,11-trien-17β-ol-3-one); 
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trenbolone and other substances with a similar chemical structure or similar biological effect(s). 
b. Endogenous** AAS: 
androstenediol (androst-5-ene-3β,17β-diol); androstenedione (androst-4-ene-3,17-dione); dihydrotestosterone (17β-hydroxy-5α-androstan-3-one) ; prasterone (dehydroepiandrosterone, DHEA); testosterone
and the following metabolites and isomers: 
5α-androstane-3α,17α-diol; 5α-androstane-3α,17β-diol; 5α-androstane-3β,17α-diol; 5α-androstane-3β,17β-diol; androst-4-ene-3α,17α-diol; androst-4-ene-3α,17β-diol; androst-4-ene-3β,17α-diol; androst-5-ene-3α,17α-diol; androst-5-ene-3α,17β-
diol; androst-5-ene-3β,17α-diol; 4-androstenediol (androst-4-ene-3β,17β-diol); 5-androstenedione (androst-5-ene-3,17-dione); epi-dihydrotestosterone; 3α-hydroxy-5α-androstan-17-one; 3β-hydroxy-5α-androstan-17-one; 19-norandrosterone; 19-
noretiocholanolone. 
Where an anabolic androgenic steroid is capable of being produced endogenously, a Sample will be deemed to contain such Prohibited Substance and an Adverse Analytical Finding will be reported where the concentration of such Prohibited Substance or its
metabolites or markers and/or any other relevant ratio(s) in the Athlete’s Sample so deviates from the range of values normally found in humans that it is unlikely to be consistent with normal endogenous production. A Sample shall not be deemed to contain a 
Prohibited Substance in any such case where an Athlete proves that the concentration of the Prohibited Substance or its metabolites or markers and/or the relevant ratio(s) in the Athlete’s Sample is attributable to a physiological or pathological condition. 
In all cases, and at any concentration, the Athlete’s Sample will be deemed to contain a Prohibited Substance and the laboratory will report an Adverse Analytical Finding if, based on any reliable analytical method (e.g. IRMS), the laboratory can show that the
Prohibited Substance is of exogenous origin. In such case, no further investigation is necessary. 
When a value does not so deviate from the range of values normally found in humans and any reliable analytical method (e.g. IRMS) has not determined the exogenous origin of the substance, but if there are indications, such as a comparison to endogenous
reference steroid profiles, of a possible Use of a Prohibited Substance, or when a laboratory has reported a T/E ratio greater than four (4) to one (1) and any reliable analytical method (e.g. IRMS) has not determined the exogenous origin of the substance, further
investigation shall be conducted by the relevant Anti-Doping Organization by reviewing the results of any previous test(s) or by conducting subsequent test(s). 
When such further investigation is required the result shall be reported by the laboratory as atypical and not as adverse. If a laboratory reports, using an 
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additional reliable analytical method (e.g. IRMS), that the Prohibited Substance is of exogenous origin, no further investigation is necessary, and the Sample will be deemed to contain such Prohibited Substance. When an additional reliable analytical method (e.g. 
IRMS) has not been applied, and the minimum of three previous test results are not available, a longitudinal profile of the Athlete shall be established by performing three no-advance notice tests in a period of three months by the relevant Anti-Doping Organization. 
The result that triggered this longitudinal study shall be reported as atypical. If the longitudinal profile of the Athlete established by the subsequent tests is not physiologically normal, the result shall then be reported as an Adverse Analytical Finding. 
In extremely rare individual cases, boldenone of endogenous origin can be consistently found at very low nanograms per milliliter (ng/mL) levels in urine. When such a very low concentration of boldenone is reported by a laboratory and the application of any reliable
analytical method (e.g. IRMS) has not determined the exogenous origin of the substance, further investigation may be conducted by subsequent test(s). 
For 19-norandrosterone, an Adverse Analytical Finding reported by a laboratory is considered to be scientific and valid proof of exogenous origin of the Prohibited Substance. In such case, no further investigation is necessary. 
Should an Athlete fail to cooperate in the investigations, the Athlete’s Sample shall be deemed to contain a Prohibited Substance. 
2. Other Anabolic Agents, including but not limited to: 
Clenbuterol, selective androgen receptor modulators (SARMs), tibolone, zeranol, zilpaterol. 
For purposes of this section: 
* “exogenous” refers to a substance which is not ordinarily capable of being produced by the body naturally. 
** “endogenous” refers to a substance which is capable of being produced by the body naturally. 
S2. HORMONES AND RELATED SUBSTANCES 
The following substances and their releasing factors, are prohibited: 

1. Erythropoietin (EPO); 
2. Growth Hormone (hGH), Insulin-like Growth Factors (e.g. IGF-1), Mechano Growth Factors (MGFs); 
3. Gonadotrophins (e.g. LH, hCG), prohibited in males only; 
4. Insulins; 
5. Corticotrophins. 
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and other substances with similar chemical structure or similar biological effect(s). 
Unless the Athlete can demonstrate that the concentration was due to a physiological or pathological condition, a Sample will be deemed to contain a Prohibited Substance (as listed above) where the concentration of the Prohibited Substance or its metabolites and/or
relevant ratios or markers in the Athlete’s Sample so exceeds the range of values normally found in humans that it is unlikely to be consistent with normal endogenous production. 
If a laboratory reports, using a reliable analytical method, that the Prohibited Substance is of exogenous origin, the Sample will be deemed to contain a Prohibited Substance and shall be reported as an Adverse Analytical Finding. 
S3. BETA-2 AGONISTS 
All beta-2 agonists including their D- and L-isomers are prohibited. 
As an exception, formoterol, salbutamol, salmeterol and terbutaline when administered by inhalation, require an abbreviated Therapeutic Use Exemption. 
Despite the granting of any form of Therapeutic Use Exemption, a concentration of salbutamol (free plus glucuronide) greater than 1000 ng/mL will be considered an Adverse Analytical Finding unless the Athlete proves that the abnormal result was the consequence of 
the therapeutic use of inhaled salbutamol. 
S4. HORMONE ANTAGONISTS AND MODULATORS 
The following classes are prohibited: 

1. Aromatase inhibitors including, but not limited to: anastrozole, letrozole, aminoglutethimide, exemestane, formestane, testolactone. 
2. Selective estrogen receptor modulators (SERMs) including, but not limited to: raloxifene, tamoxifen, toremifene. 
3. Other anti-estrogenic substances including, but not limited to: clomiphene, cyclofenil, fulvestrant. 
4. Agents modifying myostatin function(s) including but not limited to: myostatin inhibitors. 
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S5. DIURETICS AND OTHER MASKING AGENTS 
Masking agents are prohibited. They include: 
Diuretics*, epitestosterone, probenecid, alpha-reductase inhibitors (e.g. finasteride, dutasteride), plasma expanders (e.g. albumin, dextran, hydroxyethyl starch) and other substances with similar biological effect(s). 
Diuretics include: 
Acetazolamide, amiloride, bumetanide, canrenone, chlorthalidone, etacrynic acid, furosemide, indapamide, metolazone, spironolactone, thiazides (e.g. bendroflumethiazide, chlorothiazide, hydrochlorothiazide), triamterene, and other substances
with a similar chemical structure or similar biological effect(s) (except for drosperinone, which is not prohibited). 

* A Therapeutic Use Exemption is not valid if an Athlete’s urine contains a diuretic in association with threshold or sub-threshold levels of a Prohibited Substance(s). 
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PROHIBITED METHODS 
M1. ENHANCEMENT OF OXYGEN TRANSFER 
The following are prohibited: 

1. Blood doping, including the use of autologous, homologous or heterologous blood or red blood cell products of any origin. 

2. Artificially enhancing the uptake, transport or delivery of oxygen, including but not limited to perfluorochemicals, efaproxiral (RSR13) and modified haemoglobin products (e.g. haemoglobin-based blood substitutes, 
microencapsulated haemoglobin products). 

M2. CHEMICAL AND PHYSICAL MANIPULATION 
1. Tampering, or attempting to tamper, in order to alter the integrity and validity of Samples collected during Doping Controls is prohibited. These include but are not limited to catheterisation, urine substitution and/or alteration. 
2. Intravenous infusion is prohibited. In an acute medical situation where this method is deemed necessary, a retroactive Therapeutic Use Exemption will be required. 

M3. GENE DOPING 
The non-therapeutic use of cells, genes, genetic elements, or of the modulation of gene expression, having the capacity to enhance athletic performance, is prohibited. 
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SUBSTANCES AND METHODS 
PROHIBITED IN-COMPETITION 
In addition to the categories S1 to S5 and M1 to M3 defined above, the following categories are prohibited in competition: 
PROHIBITED SUBSTANCES 
S6. STIMULANTS 
All stimulants (including both their (D- & L-) optical isomers where relevant) are prohibited, except imidazole derivatives for topical use and those stimulants included in the 2008 Monitoring Program*. 
Stimulants include: 
Adrafinil, adrenaline**, amfepramone, amiphenazole, amphetamine, amphetaminil, benzphetamine, benzylpiperazine, bromantan, cathine***, clobenzorex, cocaine, cropropamide, crotetamide, cyclazodone, dimethylamphetamine, 
ephedrine****, etamivan, etilamphetamine, etilefrine, famprofazone, fenbutrazate, fencamfamin, fencamine, fenetylline, fenfluramine, fenproporex, furfenorex, heptaminol, isometheptene, levmethamfetamine, meclofenoxate, mefenorex, 
mephentermine, mesocarb, methamphetamine (D-), methylenedioxyamphetamine, methylenedioxymethamphetamine, p-methylamphetamine, methylephedrine****, methylphenidate, modafinil, nikethamide, norfenefrine, norfenfluramine, 
octopamine, ortetamine, oxilofrine, parahydroxyamphetamine, pemoline, pentetrazol, phendimetrazine, phenmetrazine, phenpromethamine, phentermine, 4-phenylpiracetam (carphedon), prolintane, propylhexedrine, selegiline, sibutramine, 
strychnine, tuaminoheptane and other substances with a similar chemical structure or similar biological effect(s). 
* The following substances included in the 2008 Monitoring Program (bupropion, caffeine, phenylephrine, phenylpropanolamine, pipradol, pseudoephedrine, synephrine) are not considered as Prohibited Substances. 
** Adrenaline associated with local anaesthetic agents or by local administration (e.g. nasal, ophthalmologic) is not prohibited. 
*** Cathine is prohibited when its concentration in urine is greater than 5 micrograms per milliliter. 
**** Each of ephedrine and methylephedrine is prohibited when its concentration in urine is greater than 10 micrograms per milliliter. 
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A stimulant not expressly mentioned as an example under this section should be considered as a Specified Substance only if the Athlete can establish that the substance is particularly susceptible to unintentional anti-doping rule violations because of its general
availability in medicinal products or is less likely to be successfully abused as a doping agent. 
S7. NARCOTICS 
The following narcotics are prohibited: 
Buprenorphine, dextromoramide, diamorphine (heroin), fentanyl and its derivatives, hydromorphone, methadone, morphine, oxycodone, oxymorphone, pentazocine, pethidine. 
S8. CANNABINOIDS 
Cannabinoids (e.g. hashish, marijuana) are prohibited. 
S9. GLUCOCORTICOSTEROIDS 
All glucocorticosteroids are prohibited when administered orally, rectally, intravenously or intramuscularly. Their use requires a Therapeutic Use Exemption approval. 
Other routes of administration (intraarticular /periarticular/ peritendinous/ epidural/ intradermal injections and inhalation) require an Abbreviated Therapeutic Use Exemption except as noted below. 
Topical preparations when used for dermatological (including iontophoresis/phonophoresis), auricular, nasal, ophthalmic, buccal, gingival and perianal disorders are not prohibited and do not require any form of Therapeutic Use Exemption. 
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SUBSTANCES PROHIBITED IN PARTICULAR SPORTS 
P1. ALCOHOL 
Alcohol (ethanol) is prohibited In-Competition only, in the following sports. Detection will be conducted by analysis of breath and/or blood. The doping violation threshold (haematological values) for each Federation is reported in parenthesis. 
• Aeronautic (FAI) (0.20 g/L) 

• Archery (FITA, IPC) (0.10 g/L) 
• Automobile (FIA) (0.10 g/L) 
• Boules (IPC bowls) (0.10 g/L) 

• Karate (WKF) (0.10 g/L) 
• Modern Pentathlon (UIPM) (0.10 g/L) for disciplines involving shooting
• Motorcycling (FIM) (0.10 g/L) 
• Powerboating (UIM) (0.30 g/L) 

P2. BETA-BLOCKERS 
Unless otherwise specified, beta-blockers are prohibited In-Competition only, in the following sports. 

• Aeronautic (FAI) 
• Archery (FITA, IPC) (also prohibited Out-of-Competition) 
• Automobile (FIA) 
•
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-1998 (Nagano, Olympic Winter Games) request whether the use of 

insulin is limited to athletes suffering from diabetes mellitus

-1999 Insulin was added to the IOC list of prohibited substances

Selected Detection Assays:
Synthetic insulins
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Misuse indicators Dear Dwain, 
…
…Your performance enhancing drug
program included the following
seven prohibited substances: 

THG, 

testosterone/epitestosterone
cream, 

EPO (Procrit), 

HGH (Serostim), 

insulin (Humalog),
modafinil (Provigil) 

and liothryonine…

Yours sincerely, Victor Conte
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Substances and Methods Prohibited at All Times
(In- and Out-Of-Competition)

S2. Hormones and related substances
The following substances, including other substances with a similar chemical

structure or similar biological effect(s), and their releasing factors, are
prohibited:

1. Erythropoietin (EPO)
2. Growth Hormone (hGH), Insulin-like Growth Factors (e.g. IGF-1), 

Mechano Growth Factors (MGFs);
3. Gonadotrophins (LH, hCG), prohibited in males only;
4. Insulin;
5. Corticotrophins.

WADA – prohibited list 2008
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Generation of Human Insulin from 
Proinsulin (Mw = 9388)

C-peptide

A-chain

B-chain

Proinsulin

Split 32,33 Split 65,66 
Proinsulin

Des 31,32 Des 64,65
Proinsulin

C-Peptide + Insulin

Proconvertases

Carboxypeptidase H

Proconvertases + 
Carboxypeptidase H 



Zentrum für Präventive Dopingforschung / Institut für Biochemie
Center for Preventive Doping Research / Institute of Biochemistry

Gly
Ile

Val
Glu

Gln Cys
Cys

Cys

Cys

Cys

Cys

Thr
Ser

Ile

Ser

Leu
Tyr Gln

Leu
Glu

Asn
Tyr

Asn

Phe

Val

Asn

Gln

His
Leu

Gly

Ser

His

Leu

Val
Glu

Ala

Leu

Tyr

Leu

Val

Gly
Glu

Arg

Gly

Phe

Phe
Tyr

Thr

Pro

Lys

Thr
COO-

COO-

NH3 
+

NH3 
+

1

11

21

1 11

21

Primary Structure of Human Insulin
(Mw = 5807)



Zentrum für Präventive Dopingforschung / Institut für Biochemie
Center for Preventive Doping Research / Institute of Biochemistry

Self-Association of Human Insulin
to Non-Covalent Hexamer

Insulin monomer

45-120 min
lag-phase

Subcutaneous
injection time

Fabris, D.; Fenselau, C. Anal Chem 1999, 71, 384-387
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Mass Spectral Information:
Human Insulin
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Mass Spectral Information:
Humalog LisPro
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physiological concentrations of insulins: 

0.3 – 2 ng/mL plasma

0.02 – 0.2 ng/mL urine

-- target concentrations for doping
control purposes

General Information
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1st SPE

elution of analytes
onto IAC column

immunoaffinity
purification

2nd SPE

elution of analytes
into Eppendorf vial

- concentration to dryness
in vacuum centrifuge

- reconstitution in HPLC buffers

-LC-ESI-MS/MS
analysis of intact
insulins

-cleavage into A- and B-chain

-LC-ESI-MS/MS
analysis of B-
chain
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Detection of Insulins in Doping Control
Samples in 2005 - 2007

No compound discipline

1 Novolog tennis
2 Novolog weightlifting
3 Novolog athletics
4 Novolog athletics
5 Novolog wheelchair rugby
6 Novolog tennis
7 Humalog hockey
8 Humalog/Lantus cross-country skiing
9 Apidra ice hockey
10 Apidra powerlifting
11 Apidra powerlifting
12 Apidra canoeing
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Selected Detection Assays:
cross-linked hemoglobins

Expected blood concentration: approx. 5mg/mL

-Based on bovine hemoglobin

-Inter- and intra-molecularly crosslinked (glutaraldehyde) no 
dissociation into subunits

-Average molecular weight of 250 kDa

Amount of application ~ 30g of Hemopure (single bag)

Half-life approximately 20h (after infusion of 45g of Hemopure)
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Selected Detection Assays:
cross-linked hemoglobins

Human Hb, alpha-chain (141 AAs)

Bovine Hb, alpha-chain (141 AAs)
VLSAADKGNV KAAWGKVGGH AAEYGAEALE RMFLSFPTTK TYFPHFDLSH GSAQVKGHGA 
KVAAALTKAV EHLDDLPGAL SELSDLHAHK LRVDPVNFKL LSHSLLVTLA SHLPSDFTPA 
VHASLDKFLA NVSTVLTSKY R 

VLSPADKTNV KAAWGKVGAH AGEYGAEALE RMFLSFPTTK TYFPHFDLSH GSAQVKGHGK 
KVADALTNAV AHVDDMPNAL SALSDLHAHK LRVDPVNFKL LSHCLLVTLA AHLPAEFTPA 
VHASLDKFLA SVSTVLTSKY R 

Sequence homology of bovine and human hemoglobin = 85%
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RR33 RR44

NHNH22--CHCH--COCO--NHNH--CHCH--COOHCOOHNHNH22--CHCH--COCO--NHNH--CHCH--COCO--OHOH

RR11 RR22

...NH...NH--CHCH--COCO--NHNH--CHCH--COCO--NHNH--CHCH--COCO--NHNH--CHCH--COOHCOOH

RR11 RR22 RR33 RR44

TrypsinTrypsin

((ArgArg, Lys), Lys)

Comparison of derived peptides with theoretical peptide
masses using databases (e.g. SwissProt) -> peptide mass
fingerprint

Selected Detection Assays:
cross-linked hemoglobins
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Mass position peptide sequence

2969.6094 100-127 LLSHSLLVTLASHLPSDFTP AVHASLDK
2367.1938 69-90 AVEHLDDLPGALSELSDLHA HK
1833.8918 41-56 TYFPHFDLSHGSAQVK
1529.7342 17-31 VGGHAAEYGAEALER
1279.7256 128-139 FLANVSTVLTSK
1071.5543 32-40 MFLSFPTTK
818.4406 93-99 VDPVNFK
703.3984 1-7 VLSAADK

2089.9535 40-58 FFESFGDLSTADAVMNNPK
1422.7263 120-131 EFTPVLQADFQK
1391.6623 82-94 GTFAALSELHCDK
1274.7255 30-39 LLVVYPWTQR
1265.8303 104-115 LLGNVLVVVLAR
1177.6800 132-143 VVAGVANALAHR
1101.5534 19-29 VDEVGGEALGR
1098.5578 95-103 LHVDPENFK
1097.5295 66-75 VLDSFSNGMK

alpha-chain

beta-chain

Unique peptides
derived from bovine
Hb

Selected Detection Assays:
cross-linked hemoglobins
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MS/MS of bovine Hb peptide
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49.5 % water

1.09 % lipids, carbohydrates, electrolytes
4.4 % proteins

42.8 % erythrocytes
0.07 % leukocytes
2.14 % thrombocytes

blood

plasm
a

increase of hematocrit
(since 1997 threshold levels established by
different federations: ♂ 50, ♀ 47)

Selected Detection Assays:
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O
O

HO
OH

H2C
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HO
OH

H2C
OR6

O
O
HO

OR2

H2C
OH

O
O
HO

OH

H2C

O

O
O

HO

O

OR2

H2C
OH

O
O
R3O

OH

H2C
OH

O
O
HO

OR2

H2C
OH

-Polysaccharide of glucose with hydroxyethyl residues

-Average molecular weight ca. 200.000-450.000 Dalton
(accounts for ca. 10.000-27.500 monosaccharides)

Selected Detection Assays:
Hydroxyethyl starch (HES)
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Screening GC-MS
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Glucose

2-HEG 6-HEG 3-HEG

Selected Detection Assays: HES
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Selected Detection Assays: HES

ESI-full MS spectrum of HES
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Selected Detection Assays: HES

[HE(gluc)2+H]+
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Selected Detection Assays: HES
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Selected Detection Assays:
Manipulation
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Selected Detection Assays:
Manipulation
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Issues: Designer steroids

modified structure (with unknown molecular weight) 
is not detected



Zentrum für Präventive Dopingforschung / Institut für Biochemie
Center for Preventive Doping Research / Institute of Biochemistry

-spring 2003: the US Anti-Doping Agency 
(USADA) is provided with an empty syringe
with a letter stating that the former content
was used for doping purposes by elite
athletes

Issue: Designer Steroids
The case of „Tetrahydrogestrinone“ (THG)
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-Sample is transferred to the US doping control laboratory
in Los Angeles; residues were identified as related
compound to gestrinone.

O

OH
C CH

Gestrinone (treatment of endometriosis – no anabolic activity)

Issue: Designer Steroids
The case of „Tetrahydrogestrinone“ (THG)
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O
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C CH

O

OH
C
H2

CH3

Tetrahydrogestrinone (THG)

Issue: Designer Steroids
The case of „Tetrahydrogestrinone“ (THG)
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Characteristic fragments
corresponding to conserved nuclei
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m/z 241 Gestrinone Analogs

m/z 227 Trenbolone Analogs

m/z 187 1-Testosterone Analogs

m/z 109 Testosterone/Nortestosterone Analogs

m/z 97 Testosterone Analogs

Characteristic fragments
corresponding to conserved nuclei
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m/z 289
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Precursor Scan Screenings
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Reduced production of testosterone - atrophy of testes

Steroid doping

Steroid screening and steroid profiling uncovers doping practices
-Use of synthetic testosterone
-Isotope ratio mass spectrometry (IRMS) as detection tool



Zentrum für Präventive Dopingforschung / Institut für Biochemie
Center for Preventive Doping Research / Institute of Biochemistry

Selected Detection Assays:
Gonadorelin (LH-RH)

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2
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Selected Detection Assays:
Gonadorelin (LH-RH)
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Selected Detection Assays: LH-RH
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Substances and Methods Prohibited at All Times
(In- and Out-Of-Competition)

S1. Anabolic Agents
Anabolic agents are prohibited

1. Anabolic Androgenic Steroids (AAS)

a. Exogenous* AAS, including:

…boldenone, …methyltestosterone, …nandrolone, …etc

b. Endogenous** AAS:

…androstenediol, …testosterone, …etc

Other Anabolic Agents, including but not limited to:

Clenbuterol, selective androgen receptor modulators (SARMs),
tibolone, zeranol, zilpaterol

WADA – prohibited list 2008
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…other anabolic agents

Novel class of drugs: 

Selective androgen receptor modulators
(SARMs)

Categorized into

-aryl-propionamide
-bicyclic hydantoin
-quinoline
-tetrahydroquinoline
-(benzimidazole)
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…SARMs structures
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…SARMs benefits

-Full agonists in anabolic organs (e.g. 
muscle, bone, etc.)

-Not substrate for 5α-reductase

-possess tissue selective activities –
hydantoins reported to be muscle
selective (animal experiments)
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…SARMs benefits

Potentially useful for prevention or treatment of 

-muscle wasting

-osteoporosis

-frailty

-male contraception

Basically without androgenic side effects – high 
potential for misuse in sports
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…Synthesis of SARMs
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Four model aryl-
propionamide
derived SARMs
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ISTD 429 - 255
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Precursor Scan Screening m/z 261 
Urine specimen spiked to 50 ng/mL of SARM 4
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…other “secret” compounds? 
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…HIF-Stabilizers
Normoxia

Prolylhydroxylases

Asn-
hydroxylase

HIF-1α

ODD

C-TAD

pVHL

Ub

Degradation
Inactivation

Jelkmann W. Intern Med. 2004 43: 649
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Hypoxia

HIF-1α

ODD

C-TAD

CACGTG
HRE

p300

HIF-1β HIF-1α

Gene
expression

Jelkmann W. Intern Med. 2004 43: 649

…HIF-Stabilizers
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Normoxia – HIF-stabilizer

Prolylhydroxylases

Asn-
hydroxylase

HIF-1α

ODD

C-TAD

pVHL

Ub

Degradation
Inactivation

Jelkmann W. Intern Med. 2004 43: 649

…HIF-Stabilizers
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…HIF-Stabilizers
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…Characterization
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