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Background

Endogenous Steroids in Doping Control
13C/2C-Difference of 3 6% between Target
and Reference Compound indicates Presence of
Synthetic Material

(WADA TD2004EAAS)
Assumptions:

1. Target and Reference Compounds
Isotopically equilibrated (Diet)

2. Metabolic Isotope Fractionation
Independent from physiological State
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1.

2.

Design of the Study

Subjects: 4 Males, 2 Females. Students and
Members of the Institute.

Stimulus: Change to C-4 Plant dominated Diet
for 28 Days (Sorghum sp., Zea mays, ...). Diet
free from Cholesterol!

Response: 313C of selected urinary Steroids by
GC/C/IRMS
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Test Person #4, Male, 70 kq:

1. ldentical Exchange Rates for all Steroids.
2. ldentical Increase of 63C for all Steroids.

3. Different Initial Values for different
Steroids (Isotope Fractionation).

4. Different Asymptotes for different Steroids.

Ulrich Flenker, Cologne



13
ﬁ CUPDB

-13
-20
-22
-24

-15
-20
-22
-24

Total Data, 3rd Order Smoothing Splines

SPORT OHME
DORIMNG
M

0 500 1000 0 500 1000
| | | | | | | | | | | | | | |
hdale 4 flale 4 flale 4 fdale 4 flale 4

OHE PO

Female 2 Femmeé Femﬁeé Femﬁeé Female 2
A, E COHA OHE PO
2 .'J%ﬁ i ii- : 2 o : rp.: iggﬁgé?él‘ﬁg_'Wg
| TEE, Lo e i C.
| FemmeH Female 1 | FemamH | FemamH | FemamH
A, E COHA OHE PO
T T OI T T

=00

1000

=00

Ulrich Flenker, Cologne

1000

-18
-20
-22
-24



13
ﬁ l:lJF'I:IEi

-ZZ -21 -Z0 -19 -18 -17

-23

-24

Androgen Metabolites Adrenal Steroids
— Androsterone — 110H-Androsterone
---- Efiocholanolone ----  110H-Etiocholanolone

SPORT OHME
DORING
M

Female 1

hass 59.1 kg, 246 % Fat

Progesterone hetaholites

—— Pregnanediol

— o — e
—

- -
s @

—

100 z0oo 300 400 =00 kOO 00

Time [h]

Ulrich Flenker, Cologne



s
Female 2
_67 tass 55.7 kg, 22 % Fat
[
" Androgen hMetabolites Adrenal Steroids
—— Androsterone —— 110H-Androster

= - ---- Etiocholanolane ---- 110H-Etiocho

m

: Pragesterone ketaholites

—— Pregnan

@ EI ] .f',
o -~
g
[¥=] E a

1 B

- gub =
- -
- - =

o e . .

| « No One-Compartment Kinetics!

o « Different Exchange Rates for different

Steroids!
-
e
| I | | | | | |
0 100 oo 300 400 =00 GO0 700
Time [h]

Ulrich Flenker, Cologne



hiale 3
_677 hass B7.2 kg, #3.6 % Fat
[
o Androgen hetabolites Adrenal Steroids
—— Androsterone ——  110H-Androsterone
= ---- Etiocholanolone -=-- 110H-Etiocholanolone
- *No One-Compartment Kinetics!
" Progesterone ketaholites . . . .
: | *Sigmoidal Shape indicates Lack of
— Pregnanediol . ) o
. 5 - immediate Mixing!
o
(2] [1\_?] |
[
N -
]
S
=
s

Ulrich Flenker, Cologne



SPORT OHME
DOPING

Relative Change of Body hiass

200 400 00

hdale 3

1]

200 400 00

1]

fdale 4

Fdale 1

Female 2

Female 1

95 —

I
m
&

100 —o

[ %] sse Apog ey

_é

200 400 00

1]

200 400 GO0
Time [h]

]

200 400 00

1]

Ulrich Flenker, Cologne



SPORT OHME
DOPING

200 400 00

hdale 3

Relative Change of Fat kMass
1]

200 400 00

1]

fdale 4

1]

Fdale 1

Female 2

Female 1

g0 —
70—
B0 —

(el %] ssey 124 8y

_6

200 400 00

200 400 GO0
Time [h]

]

200 400 00

1]

Ulrich Flenker, Cologne



Possible Multi-Compartment Model b
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Conclusions

(At least some ) Dietary Carbon is immediately
Inccorporated into de novo synthesized Steroid Hormones.

One-Compartment Models generally are inadequate in
Steroid Metabolism.

Exchange Rates can be different for different Compounds.
(The 3 %o-Criterion was not met however.)

Isotopic Fractionation is present in Steroid Metabolism.
C-4 Plant based Diet causes metabolic disequilibrium.
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