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Roth HJ, Dtsch. Apotheker Zt. 2012, 24: 72

“spring water“

“black as (buck)horn“UROSCOPY
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UROMANCY
Divinization of uroscopy

i.e.

fortune telling and 

foreseeing the future by 

“reading” the bubbles in 

urine 
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Result of Uromancy-Based Analysis: Athlete misused Xenon
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Characterizing best-possible target analytes
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IOC to act after new testing methods reveal 

hundreds of positive results
18.11.2013

Hundreds of urine samples have tested positive for heavy-duty anabolic steroids in recent months after they were analysed

by scientists in laboratories in Cologne and Moscow using a new testing method, according to a report broadcast on German

television on Monday night.

The substances detected were Oral-Turinabol, a steroid widely used in the state-run doping programme of the former East

Germany, and stanozolol, the drug for which Canadian sprinter Ben Johnson tested positive at the 1988 Olympics in Seoul.

Officials from the two laboratories told the TV programme Sport Inside that all of the samples would have produced negative

results in 2012 due to the short detection window available at the time but a new testing procedure, known as the ‘long-term

metabolites method’, meant steroids could now be detected more than six months after they were taken.

Arne Ljungqvist, the chairman of the International Olympic Committee’s medical commission, said he was surprised by the

high number of positive cases and would be recommending that urine samples frozen from previous Olympic Games should

be retested.

“This case is a good example of the necessity of performing retests on Olympic doping samples,” said Ljungqvist. “I would

certainly conduct retests here. We have the mandate for that, after all.”
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Oral-Turinabol

Stanozolol

Metandienone

Value of implementing long-term metabolites...
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Stanozolol glucuronides as screening target analytes

….were recognized to be important in doping controls
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Schänzer et al. (2013) Drug Test Anal 5: 810-8.

stanozolol-O-glucuronide

stanozolol-2`N-glucuronide

stanozolol-1`N-glucuronide
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excretion study urine sample

stanozolol-O-

glucuronide

setmass=505.00000000SYNAPT G2-S#UEA043K
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Koenigs-Knorr reaction:
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stanozolol-2’N-glucuronide

1. molecular structure was created with ChemBio3D Ultra 

(CambridgeSoft, version 12.0) 

2. optimization with ORCA according to density functional theory 

(DFT) using the data set B3LYP/6-31G

3. CCS values of the ORCA-optimized 3D coordinate data set were 

calculated with the open source software MOBCAL

Computing the collision cross section (CCS):
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Collision Cross Section [Å2]

LC-retention 

time [min] drift time [ms]

drift time 

[bins]

computed (N2)

measured 

(poly-Ala 

calibration) 

measured 

(AAS-gluc. 

calibration)

Δ

(poly-Ala -

AAS-gluc.)

proton 

affinity 

[kJ/mol]
[M+H]+ [m/z]

stanozolol-1’N-

glucuronide*
8.62 3.93 72.78 204.1 153.42 195.83 42.41

878.4 –

1073.0
505.2908

stanozolol-2’N-

glucuronide*
8.85 4.08 75.63 205.1 157.50 201.91 44.41

817.4 –

1043.6
505.2908

stanozolol-O-

glucuronide 
7.40 4.23 78.26 212.4 161.30 208.00 46.7

801.9 –

990.8
505.2908

17-epistanozolol-1’N-

glucuronide
9.90 3.89 72.04 203.1 152.44 194.20 41.76

841.3 –

1046.9
505.2908

* confirmed by NMR
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Number of re-analyses: 1550

Findings of prohibited

substances: 101

Predominantly affected 

countries: Russia, Kazakhstan, Belarus 

Predominantly affected

sports : athletics, weightlifting, wrestling

 More than 50 medalists tested positive

Re-analyses of samples from Beijing 2008 and London 2012
Status: February 2017
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Latest findings: 

Three Chinese female gold medalists in weightlifting used GHRP-2 
(Pralmorelin)

Re-analyses of samples from Beijing 2008 and London 2012
Status: February 2017
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Challenge of GHRPs identified in 2007 –

test methods available only since 2010
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Challenge of GHRPs identified in 2007 –

test methods available only since 2010
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Challenge of GHRPs identified in 2007 –

test methods available only since 2010
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Challenge of GHRPs identified in 2007 –

test methods available only since 2010
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New drugs – new challenges
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…SARMs benefits Testosterone   SARMs
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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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Welcome!

We are the leading provider of SARMS S-4 in the United States.

At www.XXXXXXXXX.com we work very closely with our customers 

to provide the very best products available on the market.

Our business is built on a philosophy of strong customer focus, 

regular communication with a high degree of quality and value.
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First Adverse Analytical Finding 2010
Lausanne / 13th IAAF WIC, Doha, Qatar

http://www.jamaicaobserver.com/
http://www.jamaicaobserver.com/
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The Independent Person Report pt. 2: 
2011-2015 -> 42 SARM-findings (Ostarine) but none reported / sanctioned

dehydrochloromethyltestosterone

oxandrolone

ostarine
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Facilitating flexible multi-analyte test methods
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Value of flexible and fast analytical approaches...
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2 min on trapping column (600 µL/min)

Valve

15 min gradient on analytical column

(350 µL/min)

Liquid chromatography – mass spectrometry
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peptide amino acid sequence category WADA List

Desmopressin Mpa-Tyr-Phe-Gln-Asn-Cys-Pro-(D-Arg)-Gly-NH2
Vasopressin analogue S5

LH-RH Pyr-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2
GnRH S2.3

Buserelin Pyr–His–Trp–Ser–Tyr–(D-Ser(tBu))–Leu–Arg–Pro-NH(Et) GnRH analogue S2.3

Triptorelin Pyr-His-Trp-Ser-Tyr-(D-Trp)-Leu-Arg-Pro-Gly-NH2
GnRH analogue S2.3

Leuprolide Pyr-His-Trp-Ser-Tyr-(D-Leu)-Leu-Arg-Pro-Gly-NH(Et) GnRH analogue S2.3

GHRP-1 Ala-His-(D-β-Nal)-Ala-Trp-(D-Phe)-Lys-NH2
GHRP S2.5

GHRP-1 metab. (D-β-Nal)-Ala-Trp-(D-Phe) GHRP S2.5

GHRP-2 (D-Ala)-(D-β-Nal)-Ala-Trp-(D-Phe)-Lys-NH2
GHRP S2.5

GHRP-2 metab. (D-Ala)-(D-β-Nal)-Ala GHRP S2.5

GHRP-3 Aib-(D-Trp)-(D-Pro)-(D-Ile)-Arg-NH2
GHRP S2.5

GHRP-4 (D-Trp)-Ala-Trp-(D-Phe)-NH2
GHRP S2.5

GHRP-5 Tyr-(D-Trp)-Ala-Trp-(D-Phe)-NH2
GHRP S2.5

GHRP-6 His-(D-Trp)-Ala-Trp-(D-Phe)-Lys-NH2
GHRP S2.5

Alexamorelin Ala-His-(D-Mrp)-Ala-Trp-(D-Phe)-Lys-NH2
GHRP S2.5

Alexamorelin metab. (D-Mrp)-Ala-Trp-(D-Phe) GHRP S2.5

Ipamorelin Aib-His-(D-2-Nal)-(D-Phe)-Lys-NH2
GHRP S2.5

Hexarelin His-(D-Mrp)-Ala-Trp-(D-Phe)-Lys-NH2
GHRP S2.5

Anamorelin Ghrelin mimetic S2.5

TB-500 Ac-Leu-Lys-Lys-Thr-Glu-Thr-Gln Thymosin β4 fragment S2.5

ARA-290 Pyr-Glu-Gln-Leu-Glu-Arg-Ala-Leu-Asn-Ser-Ser EPO receptor agonist S2.1

AOD-9604

Tyr-Leu-Arg-Ile-Val-Gln-Cys-Arg-Ser-Val-Glu-Gly-Ser-Cys-

Gly-Phe

Growth homone

fragment S2.5

Nal: Naphthylalanine Mpa: Mercaptopropionic acid

Aib: Amioisobutyric acid

Pyr: Pyroglutamic acid Mrp: 2-methyltryptophane

Anamorelin (RC-1291, ONO-7643, ST-1291):

Synthetic, non-peptidic, orally active ghrelin receptor 

agonist, sum formula: C31H42N6O3 (MW: 546.7)

Target analytes
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Test purchase from black market 2012
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Test purchase from black market 2012
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Accelerating multi-analyte test methods
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Insulin –

Abuse in sport and otherwise

Former ProTour cyclist:

Insulin was the only

banned substance he 

administered every day

within his doping

program!

Immediately after 

competition (and

respective doping

control sampling) or

training

Why would that be of 

importance for doping controls / 

forensics?
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Insulin –

Abuse in sport and otherwiseWhy would that be of 

importance for doping controls / 

forensics?
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19 cases
2 cases

1 case
1 case

5 cases

3 cases

12 cases

7 cases

2 cases

3 cases

last update: May 2016

Insulin –

Abuse in sport and otherwiseInvestigations in cooperation with 

different authorities
Human insulin

Lispro

Aspart

Apidra

Glargine

Levemir

No insulin

Post mortem

Ante mortem

Serum/plasma

Urine

Vitreous humor

other

22

6

16

2

7

1

18

20

52

48

14

5

5

1 case

3 cases
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Selected Detection Assays:

Synthetic insulins

Insulin –

Abuse in sport and otherwise

Detemir:               GIVEQCCTSICSLYQLENYCN – FVNQHLCGSHLVEALYLVCGERGFFYTPK-myrist.
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immunoaffinity

purification using 

magnetic beads

primary monoclonal 

antibody, secondary 

antibody-coated magnetic 

beads

- Elution with 50 µL

-LC-ESI-MS/MS

analysis of intact 

insulins

-cleavage into A- and B-chain

-LC-ESI-MS/MS

analysis of B-

chain

1st SPE 

(5 mL of urine)

elution of analytes

into Eppendorf tube

Thomas et al. Drug Testing & Analysis 2009 

Insulin –

Abuse in sport and otherwise
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Selected Detection Assays:

Synthetic insulins

Insulin –

Abuse in sport and otherwise
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Human Insulin

Humalog Lispro
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Selected Detection Assays:

Synthetic insulins – alternative/faster options?

Thevis et al. Forensic Sci Int. 2011 
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Therapeutic ligand traps / decoy receptors

• ActRIIA-Fc (Sotatercept) 
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Sotatercept/ACE-011:

• Soluble fusion protein consisting of the extracellular 
domain of activin receptor type IIA and the Fc 
fragment of human IgG1 (ActRIIA-Fc)

• Clinical indications:

→   Treatment of osteoporosis

→   Treatment of anemia in rare blood diseases   
where erythropoiesis-stimulating agents (ESAs) 
are either not approved or not well suited 
(e.g. β-Thalassemia, Diamond-Blackfan)

Extracellular 
domain of 

ActRIIA

Fc fragment of 
human IgG1
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ILGRSETQEC LFFNANWEKD RTNQTGVEPC YGDKDKRRHC FATWKNISGS 

IEIVKQGCWL DDINCYDRTD CVEKKDSPEV YFCCCEGNMC NEKFSYFPEM 

EVTQPTSNPV TPKPPTGGGT HTCPPCPAPE LLGGPSVFLF PPKPKDTLMI 

SRTPEVTCVV VDVSHEDPEV KFNWYVDGVE VHNAKTKPRE EQYNSTYRVV 

SVLTVLHQDW LNGKEYKCKV SNKALPVPIE KTISKAKGQP REPQVYTLPP 

SREEMTKNQV SLTCLVKGFY PSDIAVEWES NGQPENNYKT TPPVLDSDGS 

FFLYSKLTVD KSRWQQGNVF SCSVMHEALH NHYTQKSLSL SPGK

Proteolytic digestion: Trypsin

→   Tryptic peptides:   ActRIIA T1-T13

Linker T14

Fc T15-T36

→   Potential diagnostic peptides: 
T2, T8, T10, T11, T13, T24

= ActRIIA
= Linker
= IgG1 Fc

Method development: In-silico enzymatic digestion of Sotatercept/ACE-011



Zentrum für Präventive Dopingforschung / Institut für Biochemie

Center for Preventive Doping Research / Institute of Biochemistry

W
at

e
rs

 S
Y

N
A

P
T 

G
2

S:
 Io

n
 m

o
b

ili
ty

0
.0

5
 µ

g
/m

L 
So

ta
te

rc
e

p
t



Zentrum für Präventive Dopingforschung / Institut für Biochemie

Center for Preventive Doping Research / Institute of Biochemistry

Case Report Malaria 

Chemoprophylaxis

• 3 fencer return from Africa to Europe 

from competitions

• Two produce adverse analytical

findings with chlorazanil (diuretic)



Zentrum für Präventive Dopingforschung / Institut für Biochemie

Center for Preventive Doping Research / Institute of Biochemistry

Case Report Malaria 

Chemoprophylaxis

• These cases are the worldwide first two

findings with the obsolete diuretic

(since 1988)

• Structural relationship to proguanil 

(anti-malaria drug) triggered in-depth

investigation
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Chlorazanil

Proguanil
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Proguanil

Chlorazanil
Cycloguanil

4-chlorophenyl-biguanide



Zentrum für Präventive Dopingforschung / Institut für Biochemie

Center for Preventive Doping Research / Institute of Biochemistry



Zentrum für Präventive Dopingforschung / Institut für Biochemie

Center for Preventive Doping Research / Institute of Biochemistry

Case Report Malaria 

Chemoprophylaxis

• Findings plausibly explained by anti-

malarial chemoprophylaxis

• Arguably supported by dietary habits

and increasing sensitivity of doping

control analytical assays

•  Athletes not sanctioned!
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Siddiq R  et al. (2007) Neurochem Res; 32: 931-946
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Co2+ activates the hypoxia-inducible transcription factors (HIFs) that

increase EPO expression

From the late 1940s to the late 1970s, cobalt chloride (CoCl2) was 

applied to treat anaemic patients. The medicine was usually given as

tablets, … 
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NEMs Kobalt
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Int. J. Sports Med. 2016, 37: 82-84
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Keeping in mind the urine specimen…
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Antidoping Switzerland

World Anti-Doping Agency (WADA)

Federal Ministry of the Interior (D)
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