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Abstract

The use of anabolic steroids was banned by the International Olympic Commuttee for the first ime at the Olympic
Games 1n Montreal in 1976 Since that time the mususe of anabohc steroids by athletes has been controlled by
analysis of urnne extracts by gas chromatography-mass spectrometry (GC-MS) The excreted steroids or their
metabolites, or both, are isolated from unne by XAD-2 adsorption, enzymatic hydrolysis of conjugated excreted
metabolites with S-glucuronidase from Eschenichia colr, hiqmd-hquid extraction with diethyl ether, and converted
mto trimethylsilyl (TMS) denivatives The confirmation of an anabolic sterord mususe 1s based on companson of the
electron impact ionization (EI) mass spectrum and GC retention time of the isolated steroid and /or its metabolite
with the EI mass spectrum and GC retention time of authentic reference substances For this purpose excretion
studies with the most common anabolic steroids were performed and the mam excreted metabolites were synthesized
for bolasterone, boldenone, 4-chiorodehydromethyltestosterone, clostebol, drostanolone, fluoxymesterone, forme-
bolone, mestanolone, mesterolone, metandienone, methandriol, metenolone, methyltestosterone, nandrolone,
norethandrolone, oxandrolone and stanozolol The metabohism of anabolic steroids, the synthesis of their mamn

metabohtes, their GC retention and EI mass spectra as TMS dervatives are discussed
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The misuse of testosterone and anabolic
steroids by athletes to improve their performance
has led to a ban on anabolic steroids by the
International Olympic Commttee (IOC) and na-
tional and international sports federations An-
abolic steroids were banned for the first time at
the Olympic Games 1976 in Montreal and testos-
terone at the Olympic Games 1984 in Los Ange-
les To control the misuse of an anabolic steroid
the urines of athletes are collected directly after
competition or out of competition and have to be
analysed by I0OC accredited laboratories The an-
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abolic steroids and their metabolites are 1solated
from urine, derivatized with N-methyl-N-trimeth-
yisilyltrifluoroacetamide (MSTFA) and analysed
by gas chromatography (GC) and mass spectrom-
etry (MS) using electron impact (EI) 1onization at
70 eV Because most anabolic steroids are com-
pletely metabolized and no parent steroid 1s ex-
creted, the metabolism of the anabolic steroids
must be known Papers on the metabolism of
anabolic steroids iIn man were available for bolde-
none [1], 4-chlorodehydromethyltestosterone [2,3],
metandienone [4,5], methyltestosterone [6], nan-
drolone [7] and norethandrolone [8] The identifi-
cation of these metabolites was based on the
1solation and purification of urnary excreted
metabolites after application of large amounts of
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the anabolic steroid and characterization by melt-
ing points and infrared (IR), 'H nuclear magnetic
resonance (NMR) and mass spectrometry At
least the proposed structure of the metabolite
was elucidated by its synthesis

GC with fused-silica capillary columns com-
bined with MS with EI 1onization allows very fast
and relatively simple sample preparation to 1so-
late small amounts of anabolic steroids and their
metabolites from urme [9-11] The 1solated
metabolites are characterized by therr GC reten-
tion times and EI mass spectra A metabolite 1s
identified when the comparision with an authen-
tic reference substance shows the same GC reten-
tion time and EI mass spectrum

As most of the anabolic steroid metabolites
were not commercially available 1n earhier times,
so-called “reference substances” were obtained
from urine in excretion studies with anabolic
steroids A cnticism of this method was the low
accuracy of a urinary “reference substance” for
which the structure 1s not exactly known and the
possible impurity of the urinary extract

To circumvent this disadvantage we started 1n
1987 the synthesis of the main metabohtes of
those anabolic steroids which were mainly mus-
used mn sports The synthesis of metabolites of
boldenone [12], metandienone [13], stanozolol [14]
and the synthesis of 17-epmmeric steroids [15]
have been published Further publications are
preparation

This paper gives an overview of the main
metabolic pathways, the synthesis of the mam
metabolites of anabolic steroids and therr
trimethylsilyl (TMS) derwvatization for GC-MS
and presents the GC retention indices and EI
mass spectra of the anabolic steroids excreted
unchanged and their main metabolites, which are
routinely used for screening and confirmation

The pharmacokinetics of the excreted steroids
and metabolites will not be discussed

EXPERIMENTAL
Steroids and chenucals

K-Selektride (1 M potassium tri-sec -butyl-
borohydride in tetrahydrofuran), lithum alu-
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minmum hydnde, chrommum trioxide, platinum
dioxide and 10% palladum on charcoal were
purchased from Aldrich (Steinheim) Bolasterone
was purchased from Upjohn, 4-chlorodehydro-
methyltestosterone was a gift from Jenapharm
(Jena), fluoxymesterone was a gift from Ciba-
Geigy, furazabol was a gift from Danuchi (Tokyo),
oxandrolone was a gift from Searle, oxymesterone
was a gft from Carlo Erba, mesterolone,
metenolone and metenolone acetate were gifts
from Schering (Berlin), formebolone was a gift
from A H Beckett (London), drostanolone propi-
onate was a gift from Grunenthal (Aachen),
boldenone, clostebol acetate, mestanolone,
metandienone, methandniol, methandriol dipro-
plonate, methyltestosterone, nandrolone and
stanozolol were purchased from Sigma (Deisen-
dorf), norethandrolone, 68-hydroxytestosterone
and 68-hydroxyandrostenedione were purchased
from Steraloids via Paesel (Frankfurt)

N-methyl-N-trimethylsilyltrifluoroacetamide
(MSTFA) was synthesized n the laboratory All
other reagents and solvents were of analytical-re-
agent grade

Metabolism studies

Metabolism studies were performed by oral
apphication of the anabolic steroids I-XX to male
volunteers and by seif-administration Usually a
single dose of 20 mg of steroid was apphed and
the following urine samples were collected and
stored at 4°C

Isolation of anabolic steroids and thewr metabo-
lites

The steroids and/or their metabolites were
isolated as described by Donike et al [9] with
some modifications The actual sample prepara-
tion 1s described

Isolation of unconjugated excreted sterowds

To 5 ml of urine are added 05 g of sodium
hydrogencarbonate—potassium carbonate (2 1,
w/w) solid buffer and 50 ng of 4a-hydroxy-
stanozolol as internal standard and the unconyu-
gated steroids are extracted with 5 ml of diethyl
ether (distilled over calcium hydnde) The ether
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layer 1s transferred after centrifugation and evap-
orated to dryness under vacuum
See also the 1solation of conjugated steroids

Isolation of comjugated excreted sterowds and
metabolites

To 2 ml of urmme 15 added 1 ug of methyl-
testosterone (internal standard) and the steroids
are adsorbed on Amberlite XAD-2 polystyrene
resim The XAD-2 columns (Pasteur pipette,
closed with a glass pearl, bed height 2 cm) are
washed with 2 ml of doubly distilled water and
eluted with 2 ml of methanol The methanolic
eluate 1s evaporated to dryness and the residue 1s
dissolved in 1 ml of 02 M sodium phosphate
buffer (pH 7)

At this stage a separation of conjugated and
unconjugated excreted steroids 1s possible The
unconjugated steroids can be extracted with 5 ml
of diethyl ether The remamning ether must be
removed by evaporation of the buffer solution for
a short time To the buffer solution 50 ul of
B-glucoromdase from E col (K12, Boehringer,
Mannheim) are added and after 1 h at 50°C the
buffer solution 1s made alkaline (pH 9-10) with
250 ul of 5% potassium carbonate solution and
the steroids are extracted with 5 ml of diethyl
ether on a vibro muxer for 30 s After centrifuga-
tion the ether layer 1s transferred and evaporated
to dryness under vacuum

Denwvanzation for GC-MS analysis

Unconjugated frachon The dry residue 1s
dervatized with 50 ul of N-methyl-N-trimethyl-
silyltrifluoroacetamide—imidazole (MSTFA-Im1)
(100 2, v/w) and heated for 30 min at 80°C [9]

Conjyugated fraction The dry residue 1s deriva-
tized with 100 ul of MSTFA-ammonium
1odide~dithioerythritol (1000 2 4, v/w/w) and
heated for 15 min at 60°C This reaction mixture
1s equivalent to a mixture of MSTFA-trimethyl-
10dosilane (TMIS) (1000 2, v/v) [16]

GC-MS parameters

Unconjugated fraction A Hewlett-Packard HP
5890 gas chromatograph and an HP 5970 mass
spectrometer were used. The carrier gas was he-
llum at 1 ml/min at 180°C, splitting ratio 1 10
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Column C was used (see GC-FID parameters)
The column temperature was programmed from
200°C at 40°C/min to 320°C (held for 3 min) The
mjector temperature was 300°C and the interface
temperature 320°C

Comjugated fraction The instruments and car-
rier gas were the same as above Column A was
used (see GC-FID parameters) The column
temperature was programmed from 180°C at
4°C/min to 240°C and at 15°C/mun to 320°C
The 1njector temperature was 300°C and the m-
terface temperature 320°C

GC-FID parameters

An HP 5880 gas chromatograph was used The
carrier gas was hehum at 15 ml/min at 180°C,
splitting ratio 1:10, pressure 27 psi The column
temperature was programmed from 180°C at
5°C/min to 320°C Column A was Hewlett—
Packard Ultra-1 fused silica, cross-linked methyl-
silicone (OV-1), 17 m X 02 mm 1d, film thick-
ness 011 um Column B was Hewlett—Packard
HP-1 fused silica, cross-linked methylsilicone
(OV-1), 17 m X025 mm 1d, film thickness 0 33
pum Column C was Chrompack WCOT fused
silica CP-SIL 8CB, cross-linked 5% phenyl-
methylsilicone (SE-54), 17 m X 025 mm 1d, film
thickness 025 um Column D was Macherey-
Nagel Permabond, fused silica, cross-linked 5%
phenyl-methylsilicone (SE-54), 17 m X 025 mm
1d, film thickness 025 um Column E was
Hewlett—Packard HP-5, fused silica, 5% phenyl~
methylsilicone (SE-54), 17 m X 02 mm 1d, film
thickness 0 33 um

Synthesis of reference substances (general de-
scription)

Oxidation of secondary hydroxy groups with
chromium trioxide The substance which was to be
oxidized was dissolved m 96% acetic acid and
with stirring a solution of 10% chromium trioxide
m 96% acetic acid was added within 10 min In
general an equumolar addition of chromium triox-
1de was sufficient, yielding quantitative oxidation
After 30 min of reaction the reaction mixture was
neutralized and then made alkaline (pH 12-14)
with a cooled aqueous solution of 20% potassium
hydroxide The reaction products were extracted
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with a tenfold volume of diethyl ether The ether
layer was washed with water, dried over sodium
sulphate and evaporated to dryness under vac-
uum

Reduction of the 4,5-double bond Reduction of
the 4,5-double bond 1n 3-keto-4-ene steroids was
performed with hydrogen using methanol or
methanol-6 M potassium or sodium hydroxide
(10 1, v/v) as solvent and platinum dioxide or
10% palladium on charcoal as catalyst

Reduction of 3-keto groups with hthum alu-
mimuum hydnde Reduction with hthium alu-
minium hydride was performed in absolute dry
diethyl ether or in tetrahydrofuran (both freshly
distilled over calcium hydnide) depending on the
solubility of the substance which was to be re-
duced The reaction mixture was held under ar-
gon and while stirring sohd hthwum aluminium
hydride was added (1 equimolar excess) After a
further 15 min the reaction mixture was poured
mto the same volume of water and the reaction
products were extracted with a tenfold volume of
diethyl ether The ether layer was washed with
water, dried over sodium sulphate and then evap-
orated to dryness under vacuum

Reduction of 3-keto groups with K-Selectride
The reaction and sample preparation were per-
formed m the same way as the reaction with
hthium alummmum hydnide. The K-Selektride was
added in an equmolar amount to the stirred
solution held under argon within 10 min

Reduction of 3-keto groups with hydrogen The
reduction of 3-keto groups with hydrogen using
platinum dioxide or 10% palladium on charcoal
was performed in the same way as the reduction
of the 4,5-double bond, but the reaction was
prolonged to 3 days

6B-Hydroxylation. Stereospecific 68-hydroxyl-
ation of androst-4-en-3-ones and androsta-1,4-di-
ene-3-ones was performed with the following pro-
cedure The substance was dissolved m ethyl ac-
etate—-MSTFA-ammonium 1odide (100 10 05,
v/v/w) and refluxed for 15 min The obtamed
androsta-3,5-dien-3-enol and androsta-1,3,5-
trien-3-enol TMS-ethers were extracted with n-
pentane after addition of potassium carbonate
and water to the reaction mixture The n-pentane
phase was evaporated to dryness and the residue
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dissolved 1n ethanol or 1sopropanol. The ethano-
lic solution was exposed to sunlight while stirring
for about 4-8 h The androsta-3,5-dien-3-enol
and androsta-1,3,5-trien-3-enol TMS-ethers were
autooxidized under these conditions at C-6, yield-
mg a 6pB-hydroxyandrost-4-en-3-one or 68-hy-
droxyandrosta-1,4-dien-3-one structure During
further sample preparation remaming TMS
groups, e g, 178-0O-TMS, were hydrolysed A de-
taded description of this synthesis 1s 1n prepara-
tion.

RESULTS AND DISCUSSION

Synthesis of reference substances

A general description of the often used reac-
tion schemes for the synthesis of anabolic steroid
metabolites will be described The synthesis of
boldenone [12], conjugated metandienone [13],
stanozolol [14] metabolites and 17-epimenzation
of 17a-methyl-178-hydroxy steroids [15] have al-
ready been published The synthesis of other
metabolites will be published elsewhere.

All the synthesized metabolites were obtamned
as pure crystals with a yield between 60 and 2000
mg

Onidation of secondary hydroxy groups with
chromwum trnioxide

A selective oxidation of only the 3-hydroxy
group or 17B-hydroxy group when both hydroxy
groups were present was not possible As all
synthesized metabolites have a 17-keto- or 17-hy-
droxy-17-methyl group, this unspecific oxidation
was chosen followed by a group-selective reduc-
tion of the 3-keto group only

Reduction of the 4,5-double bond

The reduction performed in methanol yielded
in general a mixture of 5a- and 5B8-1somers n
comparable amounts whereas the reaction 1
methanol-aqueous potassium hydroxide or sodi-
um hydroxide favours the production of the 58-
1somer To obtamn a Sa-1somer methanol was cho-
sen as solvent, yielding 5a- and 58-1somers, which
were then separated by column chromatography
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on silica gel followed by repeated crystallization
The commonly used Birch reaction which yields
mainly the 5a-1somer was not apphed

Reduction of 3-keto groups with hthwum alu-
minium hydride

Reduction with Iithium aluminium hydride 1s
not group selective If more than one keto group

TABLE 1
Reduction yields of 3-keto groups with LiAlH, and K-Selektnde
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1s present, ¢ g, 1n Sa-estrane-3,17-dione, both
keto groups will react immedately with the
reagent The reduction 1s stereospecific to 3-keto
groups which will be reduced mamly to 38-hy-
droxy (Table 1) when the A-ring has a 5a or
4-ene configuration but the 3-keto group will be
reduced 1 over 80% yield to 3a-hydroxy when
the A-ring has a 58 configuration (Table 1)

Substance LiAIH, K-Selektnde
3a-OH 38-OH 3a-OH 38-OH
%) ® %) ® (%) "® (CAN
Sa-Configuration
Sa-Androstan-178-ol-3-one 12 88 88 12
Sa-Androstane-3,17-dione i1 89 93 7
Sa-Estrane-3,17-dione * 13 87 93 7
1-Methylene-5a-androstane-3,17-dione * 7 93 95 5
1a-Methyl-5a-androstan-178-ol-3-one 49 51 >99 <1
1a-Methyl-5a-androstane-3,17-dione * 49 51 >99 <1
2a-Methyl-5«-androstan-178-ol-3-one 13 87 >99 <1
2a-Methyl-5a-androstane-3,17-dione 2 8 92 99 1
17a-Methyl-5a-androstan-178-ol-3-one 1 89 88 12
178-Methyl-5a-androstan-17a-ol-3-one * 1 89 93 7
17a-Ethyl-5a-estran-178-0l-3-one # 14 86 93 7
7a,17a-Dimethyl-5a-androstan-178-ol-3-one * 10 9% 87 13
5B-Configuration
5B-Androstan-178-ol-3-one 89 1 4 9%
5B-Estrane-3,17-dione 90 10 6 9
17a-Methyl-58-androstan-178-0l-3-one 87 13 9 91
178-Methyl-58-androstan-17a-ol-3-one * 88 12 6 94
17a-Ethyl-58-estran-178-0l-3-one * 90 10 5 95
7a,17a-Dimethyl-5B-androstan-178-ol-3-one * 80 20 4 96
Sa-Androst-1-ene-configuration
1-Methyl-5a-androst-1-en-178-ol-3-one 9 91 10 90
1-Methyl-5a-androst-1-ene-3,17-dione 2 10 90 10 90
Androst-4-en-3-one-configuration
Androst-4-en-178-0l-3-one 13 87 30 70
Androst-4-en-17a-o0l-3-one 14 86 38 62
Estr-4-en-17B-ol-3-one 19 81 42 58
17a-Methylandrost-4-en-178-0l-3-one 10 90 28 72
178-Methylandrost-4-en-17a-ol-3-one 2 14 86 36 64
Androst-4-ene-68,178-diol-3-one 14 86 15 85
Androst-4-en-68-0l-3,17-dione 19 81 16 84
9a-Fluoro-17a-methylandrost-4-ene-118,178-diol-3-one 28 72 90 10
9a-Fluoro-17a-methylandrost-4-ene-68,118,178-triol-3-one ? 27 73 72 28
4-Chloroandrost-4-en-178-ol-3-one 11 89 14 86
4-Chloroandrost-4-ene-3,17-dione * 13 87 19 81

2 Synthesized reference substance ® Percentage values were calculated from GC-FID analysis after reduction (see Experimental)

of 3 mg of each reference compound
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Reduction of 3-keto groups with K-Selectnde

The use of K-Selectride [17,18] mnstead of
Iithium alummium hydnde shows group selectiv-
ity, ¢ g, the 3-keto group in Sa-estrane-3,17-di-
one will be reduced first and then with excess of
reagent the 17-keto group reacts Moreover, the
reduction of 3-keto groups 1s stereoselective, but
different to lithium aluminium hydrnde reduction
The 3-keto group reacts i over 85% yield to give
3a-hydroxy when the A-ring has a 5a configura-

29

tion (Table 1) and 1t 1s reduced m more than 85%
yield to 3p-hydroxy when the A-ring has a 58
configuration (Table 1), in both instances the
reaction yields the opposite configuration to re-
duction with ithium aluminium hydride When a
3-keto-4-ene configuration 1s reduced with K-
Selektride the 3-keto group reacts mainly to give
3B-hydroxy similarly to the reaction with ithum
alummium hydride (Table 1), but the yield of the
3a-1somer 1S much higher than in the reduction

TABLE 3
Temperature programme Kovits indices of anabolic steroids and their metabolites 2
Steroid Column
A B C D E
Ov-1 OV-1 SE-54 SE-54 SE-54
011 pm 033 um 025 pum 025 um 033um
Sa-Estran-3a-ol-17-one bis-TMS (XVIII) 2440 2453 2451 2454 2468
5B-Androst-1-en-178-0l-3-one bis-TMS (TH) 2452 2467 2469 2471 2488
178-Methyl-58-androst-1-ene-3a,17a-diol bis-TMS (XV) 2454 2468 2472 2474 2492
5BEstran-3a-ol-17-one bis-TMS (XIX) 2490 2505 2502 2504 2520
2a-Methyl-5a-androstan-3a-ol-17-one bis-TMS (VD) 2555 2574 2563 2565 5686
1-Methylen-5a-androstan-3a-ol-17-one bis-TMS (XVII) 2583 2604 2599 2602 2623
9a-Fluoro-18-nor-17,17-dimethyl-
4,13-dien-118-o0l-3-one bis-TMS (VII) 2600 2621 2619 2621 2641
17a-Methyl-58-androst-1-ene-3a,17B-diol bis-TMS (ep1-XV) 2607 2628 2626 2630 2649
la-Methyl-5a-androstan-3a-ol-17-one bis-TMS (XI) 2607 2630 2619 2623 2644
17a-Methyl-5a-androstane-3a,178-diol bis-TMS (X) 2611 2632 2625 2628 2650
17a-Methyl-58-androstane-3a,178-diol bis-TMS (XIV) 2617 2636 2628 2631 2654
17-Epimetandienone TMS (XII) 2625 2657 2674 2680 2713
Boldenone bis-TMS (II) 2648 2671 2671 2674 2698
17-Epioxandrolone TMS (XXII) 2673 2707 2735 2741 2777
7a,17a-Dimethyl-58-androstane-3a,178-diol bis-TMS (I) 2692 2713 2706 2710 2730
4-Chloroandrost-4-en-3a-ol-17-one bis-TMS (V) 2693 2712 2720 2724 2746
Metenolone bis-TMS (XVI) 2694 2718 2716 2721 2743
17a-Ethyl-58-estrane-3a,178-diol bis-TMS (XX) 2695 2715 2710 2714 2733
Methyltestosterone bis-TMS (internal standard) 2754 2778 2775 27719 2803
Oxandrolone TMS (XXI) 2778 2816 2845 2851 2893
68-Hydroxymetandienone bis-TMS (XIII) 2846 2873 2877 2882 2911
9a-Fluoro-17a-methylandrost-4-ene-3a,68,
118,178-tetrol tetra-TMS (VIII) 2854 2855 2855 2854 2860
Oxymesterone tris-TMS (XXTIIT) 2952 2977 2968 2972 2993
68-Hydroxy-4-chlorodehydromethyl-
testosterone bis-TMS (IV) 3007 3039 3044 3048 3081
3’-Hydroxy-17-epistanozolol tris-TMS (XXV) 3100 3113 3119 3122 3137
2 z-Hydroxymethyl-17a-methyl-androsta-1,4-
diene-11a-,178-d10l-3-one tns-TMS (IX) 3163 3187 3203 3206 3232
3’-Hydroxystanozolol tris-TMS (XXIV) 3219 3238 3242 3245 3266
48-Hydroxystanozolol tris-TMS (XXVI) 3219 3245 3244 b 3277
4a-Hydroxystanozolol tris-TMS (internal standard) 3238 3262 3268 b 3296
168-Hydroxystanozolol tris-TMS (XXVII) 3334 3360 3368 3402 3397

2 Indices were determined on columns A-E (see Experimental) Temperature programme from 180°C at 5°C/min to 320°C

b Substance showed strong tatling
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with Iithum alummium hydnde, in particular,
fluoxymesterone and 6B8-hydroxyfluoxymesterone
react to give the 3a-hydroxy isomers with 90 and
72% wields (Table 1)

Reduction of 3-keto groups with hydrogen

The catalytic reduction of 3-keto groups was
group selective because the 3-keto group reacts
much faster than the 17-keto group A stereose-
lective reduction yielding preferentially a 3a- or
3B-hydroxy configuration was not obtained

6pB-Hydroxylation

6B-Hydroxylation of steroids was first de-
scribed for cortisol in 1954 by Burstein et al [19]
and m 1956 by Nadel et al [20] for cortisol In
1967 Cardi and Lusignam [21] published a very
simple procedure for the synthesis of 68-hydroxy
steroids They converted androst-4-ene-3-ones
mto their corresponding n-alkyl-3,5-diene enol
ethers, especially ethyl enol ethers, and exposed
them, dissolved 1n ethanol, to direct sunlight The
autooxidation yielded 68-hydroxyandrost-4-en-3-
one steroids 1n high yield This reaction was cho-
sen here to obtan 68-hydroxy derivatives of
testosterone, metandienone, 4-chlorodehydro-
methyltestosterone and fluoxymesterone As the
formation of 3-enol alkyl ethers of 17a-methyl-
178-hydroxy steroids by commonly described
methods led to dehydration of the acidic lable
17B8-hydroxy group, trimethylsilyl enol ethers were
used and these reactions were easily performed
using MSTFA—-ammonium 10dide The androsta-
3,5-dien-3-enol and androsta-1,3,5-trien-3-enol
TMS-ethers were stable in ethanol and were au-
tooxidized when exposed to sunlight, yielding
68-hydroxy-androst-4-en-3-one and 6B-hydroxy-
androsta-1,4-dien-3-one steroids Testosterone
was used as a reference and was autooxidized. to
68-hydroxytestosterone, which was confirmed us-
ing authentic reference substance

17-Epimenzation of 17a-methyl-17B-hydroxy
steroids

17-Epimmers were synthesized for the first time
by Macdonald et al [S] in 1971, confirming 17-
epmmetandienone as a metabolite of metan-
dienone Edlund et al [22] in 1989 published a
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simple method for the synthesis of 17-epimetan-
dienone They dissolved metandienone-17-sul-
phate 1n water The sulphate decomposed 1n wa-
ter, yielding several dehydration products and
17-epimetandienone In this work, 17-sulphates
of 17«-methyl-17B-hydroxy steroids were synthe-
sized using sulphur trioxide-pyridine complex n
dimethylformammde, and then dissolved in water,
yielding the 17-epimers

Screening of anabolic steroids

Routinely 20 anabolic steroids were controlled
by a screening method for 29 steroids (4 parent
steroids and 25 metabolites, see Table 2), 27 of
which (I-XXVII) were available as pure reference
substances (4 parent compounds and 23 synthe-
sized metabolites) Two metabolites (furazabol
and oxymetholone) were obtained from urinary
excretion studies Table 2 shows further which
anabolic steroids and metabolites are excreted
unconjugated or conjugated The hydrolysis of
conjugates was performed with B-glucuronidase
from E coli The screening samples were anal-
ysed by GC-MS (see Experimental) with selected
1on momtoring (SIM) using two or three of the
most abundant 10ns for each substance

Kovdts indices (methylene units)

Temperature-programmed Kovits indices
(methylene units) were determined for the
trimethylsilylated anabolic steroids and synthe-
sized metabolites to be screened (Table 3) A
column temperature programme from 180°C at
5°C/min to 320°C was used Thus programme was
chosen to determune all the steroids within a
25-mun programme Five different columns were
tested, namely OV-1 and SE-54 with different
film thicknesses and from different compames
All the columns had a length of 17 m The
anabolic steroids and their metabolites were de-
termmned as TMS derivatives (the same deriva-
tives as used m routine control), the conjugated
excreted steroids and fluoxymesterone metabo-
Iites were trimethylsilylated to per-TMS deriva-
tives whereas the unconjugated steroids were
dervatized with MSTFA-Imi, which does not
dervatize androsta-1,4-diene-3-ones to enol TMS
dernvatives
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The results for column B (OV-1, 0 33 um) and
column C (SE-54, 025 um) show for almost all
the sterords almost identical indices (differences
less than 10 methylene umts) Oxandrolone (XXI)
and epioxandrolone (XXII) both show a differ-
ence of about 30 methylene units and the
metabolite of formebolone a difference of 16
methylene units

Mass spectrometry

All anabolic steroids and their metabolites
were analysed as TMS derivatives by mass spec-
trometry with EI 1omzation at 70 eV General El
fragmentation patterns were registered for 17a-
methyl-178-hydroxy steroids and their 17-epimers
which show as TMS dervatives an abundant D-
rning fragment at m/z 143 and with less intensity
an on at m/z 130 [5,23]

16-Hydroxylated 17a-methyl-178-hydroxy ste-
roids display the corresponding fragment ions
(+88 u) when they are tnmethylsilylated, at m/z
231 and 218, respectively

17-Keto steroids show a typical C/D-ring frag-
ment at m/z 169 when the 17-keto group 1s
trimethylsilylated to an enol TMS dervative The
fragment at m/z 169 1s still unexplained and the
only information 1s that deuteration at C-16 gave
a fragment at m /z 170 (results not shown)

Metabolism of anabolic steroids and synthesis of
metabolites

The metabolism of 20 anabolic steroids after
oral application was mvestigated (Table 2) For
the following discussion the anabolic steroids were
divided according to their structure nto five
classes androst-4-en-3-ones, androsta-1,4-dien-
3-ones, Sa-androstan-3-ones, Sa-androstanes with
special structure and methandriol

For the ivestigated anabolic steroids a brief
overview of the mam excreted metabolites and
their synthesis 1s presented

Androst-4-en-3-ones

Methyltestosterone Methyltestosterone (17a-
methylandrost-4-en-178-ol-3-one) was first syn-
thesized 1n 1935 by Ruzieka et al [24] and m 1937
by Oppenhauer [25] The metabolism of methyl-
testosterone 1n man was mvestigated by Rongone
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Fig 1 Metabohsm of methyltestosterone (1) to 17a-methyi-
Sa-androstane-3a,178-diol (X) and 17a-methyl-58-andros-
tane-3a,178-diol (XIV)

and Segaloff mn 1962 [6]), identifying 17a-methyl-
Sa-androstane-3a,178-diol (X) and 17a-methyl-
5B-androstane-3a,178-diol (XIV) as the main
metabolites (Fig 1), a similar A-ring metabolism
to that for testosterone [26].

Compared with the metabolism of testos-
terone, the ratio of the urinary excreted 17a-
methyl S5a/5B-1somers 1s different to the ratio of
androsterone to etiocholanolone (5a/58), the
main metabolites of testosterone Excretion stud-
les with a male volunteer showed a Sa/58
(X/XIX) ratio of 1 64 after oral application of
100 mg of testosterone (0-60 h after application)
and a ratio of 1 51 when 10 mg of methyltestos-
terone were applied orally The same subject
showed 1n both excretion studies an andros-
terone / etiocholanolone ratio of 111

Both X and XIV were synthesized by a reac-
tion of the Grignard reagent methylmagnesium
10dide with Sa-androstan-3a-ol-17-one (andros-
terone) and 5B-androstan-3a-ol-178-one (etio-
cholanolone) The 17-keto group reacts in about
95% yield to give a 17a-methyl-178-hydroxy
structure

The EI mass spectrum of X bis-TMS 1s shown
mn Fig 2 and that of XIV bis-TMS m Fig 3 Both
dervatives show an abundant D-ring fragment at
m/z 143 with 100% relative intensity (base peak)

Nandrolone Nandrolone (estr-4-en-178-o0l-3-
one) was first synthesized m 1950 by Birch [27]
and by Wilds and Nelson in 1953 [28] The
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Fig 2 EI mass spectrum of 17a-methyl-Sa-androstane-
3a,178-d10l bis-TMS (X), molecular 10n at m /z 450

metabolism was mvestigated by Engel et al m
1958 [7], who 1solated two metabolites Sa-estran-
3a-ol-17-one (XVIHI) and 58-estran-3a-ol-17-one
(XIX) (Fig 4) Both metabolites were synthesized
m 1960 by Kupfer et al [29] and 1n 1961 by
Counsell [30]

Both metabolites were synthesized here start-
g with nortestosterone which was oxidized with
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Fig 3 EI mass spectrum of 17x-methyl-58-androstane-
3a,178-dio! bis-TMS (XIV), molecular 1on at m /z 450
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Fig 4 Metabolism of nandrolone (1) to 5a-estran-3a-ol-17-
one (XVIII) and 58-estran-3¢-ol-17-one (XIX)

chromum trioxide to yieid estr-4-ene-3,17-dione
Subsequent reduction with hydrogen in methanol
using platinum dioxide as catalyst yielded 35% of
Sa-estrane-3,17-dione and 65% of SB-estrane-
3,17-dione Both 1somers were separated by re-
peated crystallization and could be easily distin-
guished by their melting pomnts, which are 73-
75°C  for Sa-estrane-3,17-dione [30] and 179-
181°C for 5B-estrane-3,17-dione [31] Reduction
of Sa-androstane-3,17-dione with K-Selektride
yielded XVIII 1n about 93% yield (Table 1) Re-
duction of 5B-estrane-3,17-dione with hydrogen
using platinum dioxide as catalyst yielded about
64% of XIX and 36% of the 3B-1somer, whereas
the reduction with K-Selektnde yielded XIX 1n
about 6% and the 38-1somer 1n 94% yield (Table
1)

The EI mass spectrum of XVIII bis-TMS 1s
shown m Fig 5 and that of XIX bis-TMS in Fig
6

Norethandrolone Norethandrolone (17a-ethyl-
estr-4-en-178-ol-3-one) was first synthesized in
1957 by Colton et al {32]

17a-Ethyl-5a-estrane-3a,178-diol and 17a-
ethyl-5B8-estrane-3a,178-diol (XX) were reported
as main metabolites by Brooks et al [8] in 1971

When an excretion study was made of
norethandrolone, only XX could be 1dentified and
no Sa-1somer of XX was detected (Fig 7) Both
1somers were synthesized and are well separated
m GC as bis-TMS denvatives [difference of 40
methylene units on an OV-1 capillary column
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Fig 5 EI mass spectrum of 5a-estran-3a-ol-17-one bis-TMS
(XVHI), molecular ion at m /z 420

(column A, see Expermmental)] A further
metabolite was detected which 1s suggested to be
the hydroxy metabolite of XX, hydroxylated at
the 17a-ethyl group (Fig. 7)

The synthesis of XX started with noreth-
androlone, which was reduced with hydrogen n
methanol-6 M sodium hydroxide (10 1, v/v) us-
mg 10% palladium on charcoal as catalyst, yield-
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Fig 6 EI mass spectrum of 58-estran-3a-ol-17-one bis-TMS
(XIX), molecular 1on at m /z 420
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Fig 7 Metabolism of norethandrolone (1) to 17a-ethyl-58-
estrane-3a,178-diol (XX) and 17a-ethyl-58-estrane-3a,178,
20-trol (2)

mg 82% of 17a-ethyl-5B-estrane-178-o0l-3-one,
which was further reduced with Lthium alu-
mnium hydnide to 17a-ethyl-58-estrane-3a,178-
diol (XX) i 90% and the 38-1somer 1n 10% yield
(Table 1)

Figure 8 shows the El mass spectrum of XX
bis-TMS The spectrum shows no molecular 10on
(M*, m/z 450) but the highest 1on at m/z 435
(M*—15) and 421 (M*—29) Abundant frag-
ments are the basic ion at m/z 157 and a frag-
ment 1on at m/z 144, both D-ring fragments The
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Fig 8 EI mass spectrum of 17a-ethyl-5g-estrane-3a,178-diol
bis-TMS (XX), molecular ion at m /z 450
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ongin of these 1ons can be explained similarly to
the D-ring fragmentation of 17a-methyl-178-hy-
droxy trimethylsilylated steroids (m/z 130 and
143, as shown 1n Figs 2 and 3), both with an
additional 14 u

Bolasterone Bolasterone (7a,17a-dimethyl-
androst-4-en-178-ol-3-one) was synthesized by
Campell and Babcock [33] There appears to be
no report of the metabolism of bolasterone 1n
man

Excretion studies with oral administration of
20 mg of bolasterone to two male volunteers
show two metabolites excreted comjugated into
urme Both metabolites show a molecular 10n 4 u
higher than bolasterone Synthesis of 7a,17a-di-
methyl-58-androstane-3a,178-diol (I) elucidated
that this steroid was the main metabolite 17-Epi-
merization of I [15] confirmed the second
metabolite as 7a,17B-dimethyl-58-androstane-
3a,17a-diol (Fig 9)

The synthesis of I started with bolasterone,
which was reduced with hydrogen in methanol
using 10% palladium on charcoal The reaction
yielded only one isomer, 7a,17a-dimethyl-58-
androstan-178-ol-3-one This configuration could
be confirmed by *C NMR and synthesis of the
Sa-1somer, which will be published elsewhere
The 5B-1somer obtamned was reduced with lithium
aluminium hydride, giving I in about 80% and the
38-hydroxy isomer 1n 20% yield (Table 1)

1 CH3
0 CHz
/N
OH CHa
1 CHz 2 OH
HO 4 CHa HO N CHa

Fig 9 Metabolism of bolasterone (1) to 7a,17a-dimethyl-58-
androstane-3a,178-diol (I) and 7a,178-dimethyl-58-andros-
tane-3a,17a-chol (2)
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Fig 10 EI mass spectrum of 7a,17a-dimethyl-58-androstane-
3a,178-d10] bis-TMS (I), molecular 10n at m /z 464

The EI mass spectrum of I bis-TMS (Fig 10)
displays a strong D-ring fragment at m/z 143
(100%) and a less intense molecular 10n at m/z
464 (1%)

Clostebol Clostebol (4-chloroandrost-4-en-
17B-0l-3-one or 4-chlorotestosterone) was synthe-
sized i 1956 by Camermmo and co-workers [34,35]
and by Ringold et al [36] In 1969 Starka et al
[37] mvestigated the metabolism of clostebol by
Iiver homogenates of man Oxidation of the 178-
hydroxy group to 17-keto and reduction of the
A-nng to dihydro and tetrahydro metabohites were
the mamn metabolic pathways, but the exact iden-
tification of the A-ring configuration of the re-
duced metabolites was not possible

The present investigations showed after oral
admumstration of 20 mg of clostebol acetate four
main metabolites The main metabolite identified
and synthesized was 4-chloroandrost-4-en-3a-ol-
17-one (V) (Fig 11) Two further metabolites
showed complete reduction of the A-ring and a
17-keto group It 1s assumed that the 4-chloro
analogues of androsterone and eticholonolone are
produced, but the exact configuration of the A-
ring has not yet been elucidated The fourth
metabolite 1s a hydroxylation product of which
the exact configuration also was not confirmed

The results show that the chlorine atom at C-4
mhibits the 5a- and 5B8-reductase to a great ex-
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Fig 11 Metabolism of clostebol (1) to 4-chloroandrost-4-en-
3a-ol-17-one (V)

tent and the 3a-hydroxydehydrogenase can re-
duce clostebol-17-one 1n the presence of the 4,5-
double bond to yield V, which is conjugated and
excreted as the main metabolite

The synthesis of V started with clostebol, which
was oxidized with chromium trioxide to 4-chloro-
androst-4-ene-3,17-dione followed by reduction
with K-Selektnide to yield a mixture of 19% of V
and 81% of the corresponding 38-isomer (Table
1

The EI mass spectrum of V bis-TMS 1s shown
mEkg 12
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Fig 12 EI mass spectrum of 4-chloroandrost-4-en-3a-ol-17-
one bis-TMS (V), molecular 10n at m /z 466
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Fig 13 Structure of oxymesterone (XXIII)

Oxymesterone (XXIII) Oxymesterone (XXIII)
(17a-methylandrost-4-ene-4,178-diol-3-one, Fig
13), which was synthesized 1n 1965 by Camerino
[38], is less metabolized and mainly excreted un-
changed as a conjugate The hydroxy group at
C-4 may hinder the reduction of the 4,5-double
bond and/or allow a very rapid comjugation of
XXIII at the 4-hydroxy group and excretion into
urine

The EI mass spectrum of XX1H tris-TMS (Fig
14) 1s dominated by an abundant molecular 10n at
m/z 534

Fluoxymesterone Fluoxymesterone (9a-fluoro-
17a-methylandrost-4-ene-118,178-diol-3-one) was
synthesized 1 1956 by Herr et al [39] In 1990
Kammerer et al [40] published a GC-MS mvest-
gation of fluoxymesterone metabolism in man
They excluded excretion of A-nng reduced
metabolites by using reference substances
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Fig 14 EI mass spectrum of oxymesterone trnis-TMS (XXTII),
molecular 1on at m /2 534
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Fig 15 Metabolism of fluoxymesterone (1), 68-hydroxy-
fluoxymesterone (2), 9a-fluoro-18-nor-17,17-dimethyl-4,13-ds-
ene-118-o0l-3-one (VII) and 9a-fluoro-17a-methylandrost-4-
ene-3a,68,118,178-tetrol (VIII)

The present investigations confirmed 9a-flu-
oro-18-nor-17,17-dimethyl-4,13-diene-118-0l-3-
one (VII), 68-hydroxyfluoxymesterone and 9a-
fluoro-17a-methylandrost-4-ene-3a,68,118,178-
tetrol (VIII) as the main metabolites (Fig 15) All
three metabolites were synthesized A detailed
publication 1s 1n preparation Compound VII was
obtamed by refluxing fluoxymesterone in acetoni-
tnle~tnfluoroacetic acid (10 1, v/v) 6B-Hy-
droxyfluoxymesterone was synthesized via direct
oxidation of the enol-TMS denvative of flu-
oxymesterone 1n ethanol catalysed by sunhght
The reduction of 68-hydroxyfluoxymesterone with
K-Selektride yielded VIII in about 72% and the
3B-1somer 1n 28% yield (Table 1)

The EI mass spectrum of VII bis-TMS 1s shown
in Fig 16 and that of VIII tetra-TMS 1n Fig 17

The derivatization of VII and VIII 1s satisfac-
tory with MSTFA-ammomum 10dide as de-
scribed above, VII reacts within 5 mun at 80°C
completely to a bis-TMS derivative whereas
trimethylsilylation of the 11p-hydroxy group imn
VIII 15 sterically hindered by the fluorine atom at
C-9a and the reaction needs 2 h at 80°C, yieiding
a tetra-TMS derivative Derivatization with
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Fig 16 EI mass spectrum of 9a-fluoro-18-nor-17,17-dimethyl-
4,13-diene-118-ol-3-one bis-TMS (VII), molecular 1on at m /2
462

MSTFA-Im (100 1, v/w) 1s unsatisfactory This
should be considered when fluoxymesterone
metabolites are screened in the unconjugated
urme fraction
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Fig 17 EI mass spectrum of 9a-fluoro-17a-methylandrost-4-
ene-3a,68,11B,178-tetrol tetra-TMS (VIH), molecular 1on at
m/z 642
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Fig 18 Metabolism of boldenone () to 58-androst-1-en-178-
ol-3-one (III), androsta-1,4-diene-3,17-dione (1), 58-androst-
1-ene-3,17-dione (2), 5B-androst-1-ene-3a,178-diol (3) and
5p-androst-1-en-3a-o0l-17-one (4)

Androsta-1,4-dien-3-ones

Androsta-1,4-dien-3-ones are reduced by the
5B-reductase only, but to a smaller extent than
testosterone. In this instance 68-hydroxylation 1s
favoured for metandienone, 4-chlorodehydro-
methyltestosterone and fluoxymesterone

Boldenone Boldenone (II) (androsta-1,4-dien-
17B-0l-3-one) was synthesized in 1956 by Meystre
et al [41]

The metabolism of II was investigated in 1971
by Galett1 and Gardi [1] GC-MS of boldenone
and 1ts mamm metabolites was reported by
Schanzer and Domke 1 1992 [12]

Boldenone 1itself 1s excreted as a conjugate in
urine The main metabolites are 58-androst-1-en-
178-0l-3-one (III), 58-androst-1-en-3a-ol-17-one
and 5B-androst-1-ene-3a,178-diol (Fig 18) In the
proposed screening procedure II and III are used
to detect boldenone misuse

The synthesis of III started with II, which was
selectively reduced with hydrogen in methanol-
potassium hydroxide using 10% palladium on
charcoal as catalyst [12]

The EI mass spectrum of II bis-TMS 1s shown
m Fig 19 and that of III bis-TMS 1n Fig 20.
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Fig 19 EI mass spectrum of boldenone bis-TMS (II), molecu-
lar 1on at m /z 430

Metandienone Metandienone (17a-methyl-
androsta-1,4-dien-178-0l-3-one) was synthesized
i 1955 by Vischer et al [42] by microbiological
dehydrogenation of methyltestosterone In 1956
Meystere et al [41] reported the dehydrogenation
of methyltestosterone with selenum dioxide 68-
Hydroxymetandienone (XIII) was identified 1n
1963 by Rongone and Segaloff as the main
metabolite [4], which was excreted unconjugated
m urine A further metabolite 1s 17-epimetan-
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Fig 20 EI mass spectrum of 58-androst-1-en-178-0l-3-one
bis-TMS (II), molecular 1on at m /z 432
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CHa
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Fig 21 Metabohsm of metandienone (1) to 17-cpimetandienone (XI), 68-hydroxymetandienone (XIH), 17a-methyl-58-andros-
tane-3a,178-diol (XIV) and 178-methyl-58-androst-1-ene-3a,17a-diol (XV)

dienone (XII) obtamned from the unconjugated
fraction which was 1dentified and synthesized 1n
1971 by Macdonald et al [5] In 1980 Durbeck
and Bucker [23] investigated the unconjugated
unine fraction after application of metandienone
by GC-MS and discussed the EI fragmentation
of the trimethylsilylated metabolites In 1991
Schanzer et al [13] published the 1dentification of
A-ring reduced metabolites excreted as conju-
gates 1 urine, 17a-methyl-58-androst-1-ene-
3a,17B8-d10l, its 17-epimer 17B-methyl-58-
androst-1-ene-3a,17a-diol (XV) and 17a-methyl-
5B-androstane-3a,178-diol (XIV) (Fig 21); XIV 15
also a metabolite of methyltestosterone and
methandriol

The synthesis of 6B-hydroxymetandienone
(XII) was performed as described above by au-
tooxidation of the enol-TMS dervative mn ethanol
catalysed by sunhght The synthesis of XII was
performed via the 178-sulphate of metandienone
which spontaneously decomposed in water giving
several dehydration products and XII in about
30% yield Synthesis of XV started with 17-epi-
metandienone (XII), which was selectively re-
duced with hydrogen 1n methanol-potassium hy-
droxide using 10% palladium on charcoal giv-
mg 178-methyl-58-androst-1-en-17a-ol-3-one 1n
about 20% yield The reduction of this 3-ketone
with hthium alumimium hydride gave XV in more
than 85% yield For the synthesis of XIV, see the
discussion of methyltestosterone

EI mass spectra are shown for XII TMS in Fig
22, XIII bis-TMS 1n Fig 23, XTIV bis-TMS 1n Fig

3 and XV bis-TMS 1in Fig 24 All these EI mass
spectra are dominated by the D-ring fragment at
m/z 143

4-Chlorodehydromethyltestosterone. 4-Chloro-
dehydromethyltestosterone (4-chloro-17a-methyl-
androsta-1,4-dien-178-ol-3-one) was synthesized
m 1960 by Schubert et al [43] The metabolism of
4-chlorodehydromethyltestosterone :n man was
reported by Schubert and co-workers [2,3] In
addition to the excretion of 4-chlorodehydro-
methyltestosterone itself they also identified 68-
hydroxy-4-chlorodehydromethyltestosterone (IV),
16 8-hydroxy-4-chlorodehydromethyltestosterone

4
143 CHa

G-TMS

Abundance -
o @ 2
=2 ® O;

-
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1

281

1e@ 300

260
Mass/charge

Fig 22 EI mass spectrum of 17-epimetandienone TMS (XII),
molecular 1on at m /z 372
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Fig 23 EI mass spectrum of 68-hydroxymetandienone bis-
TMS (XIII), molecular 1on at m /z 460

and 6p8,16B8-dihydroxy-4-chlorodehydromethyl-
testosterone as the mamn metabolites In 1983
Durbeck et al [44] studied the metabolism of
4-chlorodehydromethyltestosterone by GC-MS
They were able to confirm 68-hydroxy-4-chloro-
dehydromethyltestosterone (IV) and the 68,168-
dihydroxy metabolite They did not detect 4-chlo-
rodehydromethyltestosterone and the 168-hy-
droxy metabolite, but a substance showing the

OH

/ 0

39

CHy

a 0-TnS
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Fig 24 EI mass spectrum of 178-methyl-58-androst-1-ene-
3a,17a-diol bis-TMS (XV), molecular 10n at m /z 448

same EI mass spectrum as the parent steroid and
it was therefore assumed to be a 17-epimer They
further recorded a bishydroxy metabolite which
was considered to be a 68,12-dihydroxy metabo-
lite (Fig 25)

In an excretion study with 22 mg of orally
administered 4-chlorodehydromethyltestosterone,
1t was possible to identify in the unconjugated
urne fraction a 17-epimer, which was synthesized
[15], 6pB-hydroxy-4-chlorodehydromethyltestos-

Fig 25 Metabohsm of 4-chlorodehydromethyltestosterone (1) to 68-hydroxy-4-chlorodehydromethylitestosterone (IV), 68,168-dihy-
droxy-4-chlorodehydromethyltestosterone (2) and 68,12 z-dihydroxy-4-chlorodehydromethyltestosterone (3) (z = unidentified con-

figuration)
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terone (IV), which was also synthesized, a 68,16-
dihydroxy metabolite and a 6p,12-dihydroxy
metabolite, as discussed by Durbeck et al [44]
The 12-hydroxy group could be confirmed using
the EI mass spectra of the tris-TMS derivative of
this metabolite, displaying an abundant fragment
at m/z 170 This fragment was previously re-
ported [13] to originate from a 12,17-dihydroxy-
17-methyl-bis-TMS structure

Compound IV was synthesized by the above-
described synthesis The enol-TMS ether was au-
tooxidized when dissolved 1n 1sopropanol and ex-
posed to sunlight, yielding IV A detailed descrip-
tion of this synthesss 1s 1n preparation

The EI mass spectrum of IV bis-TMS 1s shown
m Fig 26 The D-ring fragment at m /z 143 1s the
most abundant 1on The fragments at m/z 243
and 315 are the 4-chloro analogue fragments of
the 1ons at m/z 209 and 281 of 6B-hydroxy-
metandienone bis-TMS (Fig 23)

Formebolone Formebolone (2-formyl-17a-
methylandrosta-1,4-diene-11a,178-d10l-3-one)
was synthesized 1n 1965 by Canonica et al [45]

A GC-MS mvestigation of formebolone
metabolism 1n man was published by Masse et al
[46]
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Fig 26 EI mass spectrum of 68-hydroxy-4-chlorodehydro-
methyltestosterone bis-TMS (IV), molecular 10n at m /z 494
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HO-CHz

0
Fig 27 Metabohism of formebolone (1) to 2-hydroxymethyl-
17a-methylandrosta-1,4-diene-11a,178-diol-3-one (IX)

In the present imvestigation with 20 mg of
formebolone applied orally to a male volunteer, a
reduced metabolite was 1dentified 1n the unconju-
gated fraction (Fig 27) after basic extraction
This polar metabolite was 1dentified by synthesis
as 2-hydroxymethyi-17a-methylandrosta-1,4-di-
ene-11a,17B8-diol-3-one (IX)

Compound IX was synthesized by reduction of
formebolone with K-Selectride n tetrahydrofu-
ran The K-Selectride showed a selectivity to the
formyl group which was first reduced and the
3-keto group remained intact when the reagent
was not used 1n excess Isolation of IX by prepar-
ative HPLC yielded a pure reference substance

The EI mass spectrum of IX tns-TMS 1s dis-
played in Fig 28

Sa-Androstan-3-ones

Drostanolone Drostanolone (2a-methyl-5a-
androstan-178-ol-3-one) was synthesized in 1959
by Ringold et al [47] Drostanolone 1s orally
applied as propionate

After oral application of 20 mg of drostanolone
propionate to a male volunteer, 2a-methyl-5a-
androstan-3a-ol-17-one (VI) was 1dentified as the
main metabolite (Fig 29), which 1s excreted as a
conjugate mn urine No drostanolone or dro-
stanolone propionate was excreted

The synthesis of VI started with drostanolone,
which was oxidized with chromium tnoxide to
2 a-methyl-5a-androstane-3,17-dione and then re-
duced with K-Selektride yielding about 99% of
2 a-methyl-5a-androstan-3a-0l-17-one  (VI) and
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Fig 28 EI mass spectrum of 2-hydroxymethyl-17a-methyl-
androsta-1,4-diene-11a,178-diol-3-one tns-TMS (IX), molecu-
lar 1on at m /z 562

1% of the 3B-1somer (Table 1)

The EI mass spectrum of VI bis-TMS 1s pre-
sented in Fig 30

Mesterolone Mesterolone (1a-methyl-5a-an-
drostan-17B-ol-3-one was synthesized by Wiechert
[48]

It 1s metabolized mn the same way as
drostanolone After oral application of 20 mg of
mesterolone the main metabolite was identified
as 1a-methyl-Sa-androstan-3a-ol-17-one (XI), ex-
creted conjugated i urine (Fig 31) No parent
drug was detected

OH
1
CHz
0
H
l 0

Vi
CHz
HO

Fig 29 Metabolism of drostanolone (1) to 2a-methyl-5a-
androstan-3a-o0l-17-one (VI)
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Fig 30 EI mass spectrum of 2a-methyl-5a-androstan-3a-ol-
17-one bis-TMS (VI), molecular ton at m /z 448

The synthesis of XI was carried out in the
same way as that of the drostanolone metabolite
VI Starting with the chromium trioxide oxidation
of mesterolone 1a-methyl-5a-androstane-3,17-di-
one was obtamned, which was reduced with K-
Selektride to 99% of 1a-methyl-5Sa-androstan-3a-
ol-17-one (XI) and 1% of the 3B-1somer (Table
1)

The EI mass spectrum of XI bis-TMS is shown
m Fig 32

Mestanolone Mestanolone (17a-methyl-5a-
androstan-178-0l-3-one) was synthesized in 1935
by Ruziecka et al [24]

HO

Fig 31 Metabolism of mesterolone (1) to la-methyl-5a-
androstan-3a-o0l-17-one (XI)
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Fig 32 EI mass spectrum of 1a-methyl-5a-androstan-3a-ol-
17-one bis-TMS (XI), molecular 1on at m /z 448

After oral admmstration of 20 mg of mes-
tanolone to a male volunteer, 17a-methyl-Sa-
androstane-3a,178-diol (X) was identified as the
main metabolite, excreted as a conjugate in urine
(Fig 33) No parent drug was detected The same
metabolite was obtamned in the metabolism of
methyltestosterone and oxymetholone

For the synthesis of X see the discussion of
methyltestosterone and for the EI mass spectrum
of X bis-TMS see Fig 2

Metenolone (XVI) Metenolone (1-methyl-5a-
androst-1-en-178-0l-3-one) (XVI) was synthesized

CHs

HO

Fig 33 Metabolism of mestanolone (1) to 17a-methyl-5a-
androstane-3a,178-diol (X)
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Fig 34 Metabolism of metenolone (XVI) to 1-methylen-5a-
androstan-3a-ol-17-one (XVII)

n 1960 by Wiechert and Kaspar [49] Metenolone
1s apphed orally as the acetate or by intramolecu-
lar 1njection as the enanthate The metabolism of
XVI was nvestigated by Gerhards et al mn 1965
[50], identifying 1-methylen-5a-androstan-3a-ol-
17-one (XVII) as the mam metabolite and un-
changed metenolone (XVI), both excreted as con-
jugates (Fig. 34) Recently Goudreault and Masse
{51] described a GC-MS nvestigation of XVI and
its metabolites

In this work the synthesis of XVII started with
metenolone (XVI), which was oxidized to 1-
methyl-5a-androst-1-ene-3,17-dione  The latter
was 1somenized to 1-methylen-5a-androstane-
3,17-dione as described by Wiechert et al [52]
using the method of Ringold and Malhotra [53},
who converted a,B-unsaturated ketones nto
B,y-unsaturated ketones with potassium tert-
butoxide 1n fert-butanol

The reduction of the 1somerized product with
K-Selektnide yielded 80% of XVI, 10% of the
corresponding 38-1somer and about 10% of 1-
methyl-5a-androst-1-ene-38,178-diol (Table 1)

The EI mass spectrum of XVI bis-TMS 1s
presented 1n Fig 35 and that of XVII bis-TMS 1n
Fig 36

Oxymetholone Oxymetholone (2-hydroxymeth-
ylene-17a-methyl-5a-androstan-178-ol-3-one) was
first prepared by Ringold et al in 1959 [47]
Oxymetholone 1s substantially metabolized and
several metabolites can be detected by GC-MS
In the neutral and basic fraction used for screen-
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Fig 35 EI mass spectrum of metenolone bis-TMS (XVI),
molecular 10n at m /z 446

ing of anabolic steroids, 17a-methyl-Sa-andros-
tane-3a,178-diol (X) was 1dentified as a metabo-
Iite The origin of this metabolite can be ex-
plamned by oxidation of the 2-hydroxymethylene
group to a 2-carbonic acid This oxidation prod-
uct 1s a B-ketocarbonic acid, which is less stable
and decomposes to 17a-methyl-5a-androstan-
178-0l-3-one Subsequent reduction of the 3-keto

73
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Fig 36 EI mass spectrum of 1-methylen-5a-androstan-3a-ol-
17-one bis-TMS (XVID), molecular 1on at m /z 446
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Fig 37 Metabohsm of oxymetholone (1) to 17a-methyl-Sa-
androstane-3a,178-diol (X) and 2z-hydroxymethyl-17a-
methyl-5a-androstane-3z,2,178-triol (2) (z = umdentified
configuration)

group yields X with a 3a-hydroxy configuration
A further metabolite 1s detected i excretion
studies with oxymetholone with a molecular 1on
at m/z 640, which 1s explamned as a hydroxy
denvative of the completely reduced oxymeth-
olone (Fig 37) This metabolite 1s further used
for screening of an oxymetholone abuse even
though 1ts structure 1s not completely known

The synthesis of X 1s described 1n the discus-
sion of methyltestosterone and the EI mass spec-
trum of X bis-TMS 1s shown in Fig 2

Sa-Androstanes with special structure

Oxandrolone (XXI) Oxandrolone (XXI) (17a-
methyl-2-oxa-5a-androstan-178-0l-3-one) was
synthesized 1n 1962 by Pappo and Jung [54] In
1989 Masse et al [55] published a GC~MS inves-
tigation of oxandrolone metabolism 1n man Com-
pound XXI 1s excreted unchanged to a great
extent Asthe main metabolite a 17-epimer (XXII)
of oxandrolone (XXI) was described (Fig 38)
Further metabolites hydroxylated at C-16 were
detected by GC~MS but 1n low concentration

In this work XXII was synthesized by the above
described method for 17-epimenzation [15]

The El-mass spectra of XXI TMS mm Fig 39
and XXII TMS in Fig 40 show that these spectra
are 1dentical and dominated by the abundant
D-ring fragment at m/z 143
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Fig 38 Metabohism of oxandrolone (XXI) to 17-epioxandro-
lone (XXII)

Furazabol Furazabol was synthesized in 1965
by Ohta et al [56] Metabolism studies of furaza-
bol with rats were published by Takegoshi et al
[57], but no study of the metabolism of furazabol
in man has been reported

After oral admmstration of 20 mg of furazabol
in man furazabol itself and a metabolite hydroxyl-
ated at C-16 were detected m the conjugated
urne fraction (Fig 41) The EI mass spectrum of
the TMS dervative of this metabolite 1n Fig 42
show fragments at m/z 218 and 231, confirming
a D-ring with a 17-methyl-16,17-dihydroxy-bis-
TMS structure
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Fig 39 EI mass spectrum of oxandrolone TMS (XXI), molec-
ular 1on at m /z 378
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Fig 40 EI mass spectrum of 17-epioxandrolone TMS (XXII),
molecular 1on at m /z 378

Because no misuse of furazabol has been re-
ported by any 10C accredited laboratory, this
metabolite was not synthesized but a reference
obtamned from an excretion study with furazabol
was used for screening purposes

Stanozolol Stanozolol (17a-methyl-178-hy-
droxy-5a-androst-2-eno{3,2-cJpyrazole) was syn-
thesized mm 1959 by Clinton and co-workers
[58,59] The metabohsm of stanozolol in man was
mvestigated in this laboratory and published 1n
1990 [14]

About eleven metabolites were confirmed and
the main metabolites were synthesized, namely

OH
1 CHa
N\
o
NZ
H
l oH
CHa
2 oH
Ny
4
N

Fig 41 Metabohsm of furazabol (1) to 16z-hydroxyfurazabol
(2) (z = unidentified configuration)
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Fig 42 EI mass spectrum of 162z-hydroxyfurazabol bis-TMS
(z = umdentified configuration), molecular ton at m /z 490

3’-hydroxystanozolol (XXIV), 3’-hydroxy-17-epi-
stanozolol (XXV) [15), 4B-hydroxystanozolol
(XXVI) and 168-hydroxystanozolol (XXVII) (Fig
43)

EI mass spectra are displayed for XXIV tris-
TMS m Fig 44, XXV tns-TMS m Fig. 45, XXVI
tris-TMS 1n Fig 46 and XXVII tris-TMS m Fig
47

Methandriol. Methandriol (17a-methylandrost-
S-ene-38,17B8-diol) was synthesized m 1935 by
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Fig 44 EI mass spectrum of 3’-hydroxystanozolol trs-TMS
(XXIV), molecular 1on at m /2 560

Ruziecka et al. [24]. It 1s apphed orally as the
dipropionate

The metabolism of methandriol and meth-
andniol dipropionate was investigated and after
30 mg of orally applied methandnol dipropionate
excreted methandriol was 1dentified 1in very low
concentration 1n the sulphate fraction which 1s
routinely not controlled The main metabolite
was 1dentified as 17a-methyl-58-androstane-
3a,17B-d1ol (XIV) (Fig 48) n the conjugated urine

OH

XXvi1 CHa
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OH
WO XXV EHg
=
\N/ {
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I
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Fig 43 Metabolsm of stanozolol (1) to 3'-hydroxystanozolol (XXIV), 3’-hydroxy-17-epistanozolo! (XXV), 48-hydroxystanozolol

(XXVI) and 168-hydroxystanozolol (XXVII)
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Fig 45 EI mass spectrum of 3’-hydroxy-17-epistanozolol tris-
TMS (XXV), molecular 1on at m /z 560

fraction, but 1 low concentration An excretion
study with 20 mg of methandnol confirmed
metabolite XIV as the mamn metabolite and a
possible 5a-1somer was not detected

Thus result can only be explained by a metabolic
pathway of methandriol in man including 3-oxida-
tion and 1somenzation of the 5,6-double bond to
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Fig 46 EI mass spectrum of 48-hydroxystanozolol tris-TMS
(XXVI), molecular 10n at m /z 560
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Fig 47 EI mass spectrum of 168-hydroxystanozolol tris-TMS
(XXVII), molecular 1on at m /z 560

C-4,5, similarly as the metabohism of dehy-
droepiandrosterone  (androst-5-en-38-0l-17-one).
The oxdation and 1somerization product 1s meth-
yltestosterone following the above-described
metabolic pathway with the excretion of manly
XIV, a metabolite with a 3a-hydroxy configura-
tion

For the synthesis of XIV see the discussion of
methyltestosterone and for the EI mass spectrum
of XIV bis-TMS see Fig 3.

The authors are grateful to the Bundesinstitut
of Sportwissenschaft, Cologne, and the Interna-
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Fig 48 Metabolism of methandriol (1) to 17a-methyl-58-
androstane-3a,178-diol (XIV)
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