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Introduction
During the study on detection of doping with 1-testosterone, it was noticed that the delta
values of 1-testosterone preparations were from -15%o to 20%0"" and 1-testosterone was
occasionally mixed with testosterone as by-product during 1-testosterone synthesis. The
testosterone as impurity in 1-testosterone was separated by HPLC then identified by GC/MS
and NMR. The delta value of -16%0 for this separated testosterone was confirmed by
GC/C/MS with our normal routine procedure.
Experiment
1. Instrumentation:
HPLC for separation: Waters 2797 Bioseparation Module with Waters 2996 DAD
GC/MSD for identification: Agilent 5973 N MSD coupled with 6890 GC
GC/C/MS for delta values: Finnigan Delta Plus coupled with 6890 GC
NMR for 'H and "*C spectra: Jeol GNM-ECA-600
2. Chemicals and Reagents:
1-Testosterone was synthesized in Pharmaceutical Faculty, Fudan University. All other
chemicals and reagents were commercial available with analytical chemistry degree.
Results
Fig. 1 was the chromatogram with DAD detector. Testosterone (retention time: 11.15 min)
was well separated from I-testosterone (retention time: 11.78 min). The fraction of

testosterone was collected by automated fraction collector controlled by the time.
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Fig. 1 HPLC chromatogram of T and 1-T

The testosterone collected from HPLC separation was injected into GC/MSD in EI mode

without any derivatization. The mass spectrum and the search result with NIST database®

was showed in Fig. 2. This mass spectrum was matched with the quality of 99.
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Fig. 2 TIC and Mass Spectrum

The testosterone collected from HPLC separation was analyzed with NMR. Also the NMR

spectra of "H and ">C were identical as the data of testosterone reported in the literature®™. The

NMR spectra were showed in Fig. 3. Further DEPT, H-H-COSY, HMBC and HMQC spectra

confirmed the structure of testosterone too.

The delta values of normal testosterone and of testosterone from 1-testosterone mixture were

measured with GC/C/MS using normal routine procedure without any derivatization. The

normal testosterone showed us the delta value around -32%o but that from 1-testosterone

mixture around -16%o. The GC/C/MS were showed in Fig. 4. The delta values were in the

blue color.
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Fig.3 'H (left) and "*C (right) NMR spectra
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Fig. 4 GC/C/MS and the delta Values
Discussion

), the different delta values of

1) As we presented in Cologne Workshop years ago!
testosterone were due to the different starting materials for the testosterone synthesis.
Normally testosterone was synthesized from diosein, one of steroidal saponin, while
I-testosterone from tigogenin obtained from hemp. These two different kinds of plants
determine the different delta values of the synthesized products. As the testosterone and
1-testosterone showed only the difference in position of one double bond, the testosterone as
the by-product separated from 1-testosterone, of course, has the same delta value as
1-testosterone.

2) Though both delta values of the normal testosterone and that from 1-testosterone were out
of the normal population reference range, the mixture of these both testosterones could show

totally manipulated delta values with different proportion of these. Fig. 5 showed the

GC/C/MS with the delta value of -25%o in blue color for the manipulated testosterone.

393



In: W Schanzer, H Geyer, A Gotzmann, U Mareck (eds.) Recent Advances In Doping Analysis (14). Sport und Buch Strauf3 - Kéln 2006

it

Delete ol Load De

= (3 & X Dy u i ix
Edit Metho.. StartRe-E.. | DefPeak Def Bgd Scan Delete Shop. Save Def  Delete Def

File Name: C:\Finniganilsodat NT\Global‘User\GC Il Interface'\Results\wijz 060519 WMT 0601211060519 122341 T+T-FROM1T_Acquisition_steroid_met.cf

o 144 W 45/44 W 46744 ¥
Pl ] f S
10 ] { ! B
W 44 |45 W 46 ]
800D+
= -
E 6000-
2 000
£
£ 99.98 109 5614665 196 59
= 20004
ML 4543
o bl
T T T T T T
200 400 600 800 1000 1200
Time [s]
€02 |Emor | Extended | Sequence Line |
Peak | Start | Rt Width | Ampl. | Ampl. | Ampl.  [BGD | BGD | BGD |Area Al [d d RAZCH2C | d13CH2C  a
W (=] | ls] 14 5|4 I - - 45CO2M4 | 45602 [per mil]
my] | [mv] [ [mvl |[mv] | [mv] | (mv) ve. VPDB
[per mil] [per
¥s. WYPFDE | mil]
T 106.C{ 109.6 74 1441 1627 | 2024 42 48 160 | 4180 -31.027 0074 | 0.0108083 | -33.260
3 126.1| 146.6 247 1447 | 1634 | 2034 43 4.9 18.2 | 28857 |-30.910 0.113 | 0.0108098 | -33.133
4 166.C) 186.6 247 1449 | 1636 | 2036 45 53 187 | 28945 | -30923 0.247 | 0.0108097 | -33.143
5 582E(763.0 180.2 114 129|158 53 6.2 7.8 | 10418 |-38563 -3.986 | 0.0107197 | -41.193
B 783z 7759 17.8 a4 B1 73 789 892 1418 (0725 -29.277 -38.99°| 0.0108457 | -29.923
i 7B1.0) 784.3 96 53 B0 72 789 B892 1418 (0314 -30.005 -39.243| 0.0108370 | -30.694
] 7907 7947 137 B3 72 86 789 B892 1418 (0379 -31.530 -38.260( 0 DWDB@,—SE&GJ\
£l B57.2| 672.8 249 5993 | 6726 | 6143 999 | 1127 [170.6 | 38603 | -24.557 -32.25: 0.01@94 -26.118
A Ao al moe 4 PEE nn anr P EERy aams Lammo laman | o~rama am man ] e ma e see—
4] | »

Fig. 5 GC/C/MS and delta Value of Mixed Testosterone
3) This finding presented in this paper confirms us that the targeted substance can not be
confirmed as endogenous even though its delta values are very similar with the internal
bio-markers. To make the conclusion for confirming no exogenous origin should be very
careful and need further evidence. This finding does not mean any peradventure for

concluding the administration of some precursors or some preparations of endogenous steroid

with the criteria in WADA TD2004EAAS®.
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