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W. Schinzer and M. Donike

Metabolism of Anabolic Steroids in Man: Synthesis and Use of
Reference Substances for Identification of Anabolic Steroid
Metabolites*

Institut fiir Biochemie, Deutsche Sporthochschule Kéln, Germany

*This paper was already presented at the International Symposium on Hormone and
Veterinary Drug Residue Analysis, University of Ghent, Belgium, Faculty of
Pharmaceutical Sciences, May 19-22, 1992 and will be published in a special issue of
ANALYTICA CHIMICA ACTA.

Abstract

The use of anabolic steroids was banned by the International Olympic Committee for the
first time at the Olympic Games in Montreal in 1976. Since that time the misuse of anabolic
steroids by athletes is controlled by gas chromatography-mass spectrometry (GC-MS)
analysis of urine extracts. The excreted steroids and/or their metabolites are isolated from
urine by XAD-2 adsorption, enzymatic hydrolysis of conjugated excreted metabolites with
B-glucuronidase from Escherichia coli, liquid/liquid extraction with diethyl ether, and
derivatized yielding trimethylsilyl derivatives.

The confirmation of an anabolic steroid misuse is based on comparison of the El-spectrum
and GC retention time of the isolated steroid and/or its metabolite with the EI-spectrum and
GC retention time of authentic reference substances. For this purpose excretion studies with
the most common anabolic steroids were performed and the main excreted metabolites were
synthesized for bolasterone, boldenone, 4-chloro-dehydromethyltestosterone, clostebol,
drostanolone, fluoxymesterone, formebolone, mestanolone, mesterolone, metandienone,
methandriol, metenolone, methyltestosterone, nandrolone, norethandrolone, oxandrolone
and stanozolol.

The metabolism of anabolic steroids, the synthesis of their main metabolites, their GC
retention and EI mass spectra as TMS-derivatives are discussed.

97



Table 1 presents the actual list of anabolic steroids and synthesized metabolites which are
used for screening of an anabolic steroid misuse.

Table 2 shows the temperature programmed Kovats indices of the anabolic steroids and the
synthesiszed metabolites as TMS derivatives used for screening and conformation. The
indices were estimated on six different columns (A-F) by GC/FID and on column A by
GC/MSD.

GC-MS parameters

GC-MSD HP 5890 / HP 5970

carrier gas: helium 1 m!/min at 180°C, split 1:10, 15 psi pressure
Column A': same column as GC/FID column A (16.5 m)
temperature program: 180°C / 5°C/min / 320°C

GC/FID parameters

HP 5880, carrier gas: helium 1.5 ml/min at 180°C, split 1:10,

27 psi pressure, temperature program: 180°C - 5°C/min - 320°C

Column A: Hewlett-Packard; Ultra-1 fused silica, crosslinked methyl silicone (OV 1),

17 m, i.D. 0.2 mm, film thickness 0.11 um.

Column B: Macherey-Nagel; Permabond, fused silica, methyl silicone (OV 1), 17 m, i.D.
0.25 mm, film thickness 0.25um.

Column C: Hewlett&Packard; HP-1 fused silica, crosslinked methyl silicone (OV 1),

17 m, i.D. 0.25 mm, film thickness 0.33 um.

Column D: Chrompack; WCOT fused silica CP-SIL 8CB, crosslinked 5% phenyl methyl
silicone (SE 54) , 17m, i.D. 0.25 mm, film thickness 0.25 um.

Column E: Macherey-Nagel; Permabond, fused silca, crosslinked 5% phenyl methyl
silicone (SE 54), 17 m, i.D. 0.25 mm, film thickness 0.25 pum.

Column F: Hewlett & Packard; HP-5, fused silica, 5% phenyl methyl silicone (SE 54),

17 m, i.D. 0.2 mm, film thickness 0.33um.
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