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SUMMARY 

The major urinary metabolites of the anabolic steroid drugs Nilevar (17~ethyl-17/Ghydroxyestra-4- 
ene-3-one) and Orabolin (17a-ethyl-17/?-hydroxyestra-4-ene) have been detected and partially character- 
ised in man and the marmoset monkey (Callithrix jacchus) by use of gas chromatography-mass spectro- 
metry. 

Nilevar was metabolised in man by “A” ring reduction (35,17/l-dihydroxy-l9-nor-55,(17z)pregnane 
epimers) and side-chain hydroxylation to form a 19-nor-pregnanetriol (19-nor-S&( 17a)preg- 
nane-3[,17/?,21-triol), Orabolin was oxidised at C-3 to form Nilevar which in turn was metabolised 
as described above. The marmoset monkey excreted Nilevar and Orabolin as the hydroxy and tetra- 
hydro derivatives of Nilevar. However, this species did not metabolise these steroids by side-chain 
or D-ring hydroxylation. 

Identification of the 19-nor-pregnanetriol metabolite forms the basis of a specific method devised 
for the detection of Nilevar and Orabolin metabolites in urine of athletes suspected of drug misuse. 

INTRODUCTION 

The misuse of anabolic steroid drugs (e.g. Methan- 
dienone [Dianabol], Stanazolol and Durabolin) has 

become so widespread that the governing bodies of 
international sport, including the International Olym- 
pic Committee, have imposed a ban upon their use. 
For control to be successful, sensitive tests are 

required for the detection of these anabolic drugs and 
their metabolites in body fluids. 

Brooks and co-workers[l] have raised antisera 
against the 17r-hydroxy-17/l-methyl substituents in 
the steroid molecule, e.g. Dianabol and Stanazolol, 

and 17x-hydroxy-1 ‘Tfi-ethyl grouping, e.g. Nilevar and 
Orabolin, and have established a screening method 

for detection of these drugs in urine. 

However, enforcement of the ban on the use of ana- 
bolic steroids by athletes requires more specific proof 
of drug identity than that afforded by radioim- 

munoassay. Gas chromatography-mass spectrometry 
has been chosen as the technique for this purpose. 
As is the case for naturally occurring steroids, anabo- 
lit drugs undergo extensive metabolism prior to 

excretion, and their metabolism must be known 
before sensitive methods can be established for their 
analysis. In a recent communication from this labora- 
tory, preliminary studies on the metabolism of a series 
of anabolic steroid drugs was reported [2] and the 
present study describes the metabolism of two 19-nor 
steroids, Nilevar and Orabolin, in man and the mar- 
moset monkey. The low levels of endogenous steroids 
in marmoset urine simplifies the identification of 
metabolites of administered drugs. 

MATERIALS AND METHODS 

Source of anabolic steroids 

Nilewr: G. D. Searle, U.S.A. Systematic name:- 

17x-ethyl-l 7fi-hydroxyestra-4-ene-3-one. Other trioiul 

or trade names:-Norethandrolone, ethylnortestoster- 

one. 
Orobolin: Organon Laboratories Ltd., Morden. 

Surrey. Systematic name:-l7ol-ethyl-l7/?-hydroxyes- 

tra4ene. Other tri&/ or trade names-Ethylestrenol. 
Maxibolin. 

lnstrumentotion and materials 

Gas chromatograph-mass spectrometer, Varian 
MAT-731, Varian GmbH, Bremen, Germany; Gas 

chromutograph, Model 104, Pye Unicam, Cambridge. 
England; Becker Model 409, Packard Becker, Delft, 
Netherlands; Sephadex LH-20, Pharmacia AB, Upp- 

sala, Sweden; Amberlite XAD-2, Rohm & Haas, Phila- 
delphia, U.S.A.; Helix pomutia, L’lndustrie Biologi- 
que, Francaise, Gennevilliers, Seine, France: Kefo- 
dose, Warnerxhilcott Laboratories, Morris Plains. 

NJ, U.S.A.; HexamethyIdisilazane (HMDS), Tri- 

methylch/orosilune (TMCS), Applied Science Labora- 
tories, State College, PA, U.S.A.; MethoxJamine 

hydrochloride, Eastman Organic Chemicals, Roches- 
ter, NY, U.S.A.; Pyridine (An&r), BDH, Poole, Eng- 
land, distilled and stored over sodium hydroxide; 

Cyclohexane (Analar), BDH., Poole, England, char- 
coal washed and double distilled. 

Urine collection, extraction and hydrolysis 

Following collection of a 24 h control urine speci- 
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men the anabolic steroid under investigation was ad- 

ministered orally to a male volunteer (20 mg)* and 
to a marmoset monkey (5 mg). Urine was then col- 
lected for 48 h (two 24 h samples). Each marmoset 
urine specimen was diluted to 25 ml and 2.5 ml 5M 

acetate buffer was added (pH 4.8). The steroid conju- 
gates were hydrolysed with Helix pomatia digestive 
juice and Ketodase for 48 h and the freed steroids 

extracted on columns of XAD-2 resin [3]. The human 
urine specimens were initially extracted on Amberlite 
XAD-2 columns in order to concentrate the steroids 

prior to hydrolysis. The dried extract was dissolved 

in lOm1 0.5 M acetate buffer and hydrolysed with 
Helix pomatia digestive juice and Ketodase. After 48 h 
incubation at 37” the freed steroids were extracted 

on XAD-2. 

Fractionation 

The crude extracts were fractionated on Sephadex 
LH-20 columns according to the method described 

previously [3]. 6g Columns were used with the sol- 

vent system cyclohexane-ethanol, (4: 1, v/v). Two frac- 
tions were collected and dried, A, 12-55 ml, and B, 
55-160 ml. 

Derivatisation 

A portion of each fraction was trimethylsilylated 

by dissolving in 200~1 pyridine, and treating it with 
200 ~1 of HMDS and 50 ~1 TMCS for 8 h. The deriva- 
tives were dried under nitrogen, and the residue dis- 

solved in cyclohexane and the pyridine hydrochloride 

precipitate removed by centrifugation. 

Gus chromatography 

Fractions A and B from Sephadex LH-20 chroma- 

tography were analysed by gas chromatography on 
a packed OV 1 column or open-tubular OV 101 
column prior to GC-MS analysis. Linear temperature 
programming was used in each case. 

Gus chromatography-mass spectrometry 

Aliquots of the samples were injected into the 

GC-MS instrument and the column temperature pro- 
grammed between 220 and 280”. Spectra were taken 
repetitively every 8 s thoughout the period of elution 

of the sample from the gas chromatograph and stored 
on magnetic tape. On completion of the analysis the 

data were processed and total ion current recordings 
viewed on a video display unit. Hard copies of mass 
spectra were obtained from the stored data when 
required. 

RESULTS 

Metabolism of Nileuar and Orabolin in the marmoset 
monkey 

It was considered likely that the small concen- 
tration of endogenous steroids in marmoset urine 
would not interfere with analysis of drug metabolites, 

* Permission for this investigation to be carried out was 
given by Northwick Park Hospital Ethical Committee. 

thus enabling the routes of drug metabolism to be 
readily determined and providing mass spectral data 
to assist in the human studies. 

Figure 1 illustrates the gas chromatographic separ- 

ation of steroids in Sephadex fraction A as trimethyl- 
silyl ether derivatives run on packed and open-tubu- 
lar columns. All the major steroids marked are Nile- 
var metabolites. No Nilevar metabolites were 

detected in fraction B which normally contains preg- 

nanetriolones (e.g. tetrahydrocortisone) and more 

polar compounds; therefore it appears that all major 
metabolites of Nilevar have no more than three hy- 

droxyl groups. 

A substantial proportion of administered Nilevar 

was excreted unchanged (approximately 36% of total 

identifiable metabolites) together with the metabolites 
3cc,Srl-tetrahydro-Nilevar (16%), 3cc,5/&tetrahydro- 

Nilevar (15%) a hydroxy-Nilevar (20%) and a hydroxy- 
tetrahydro-Nilevar (12%) (see Table 1). 

Figure 2a illustrates the mass spectrum of Nilevar 
trimethylsilyl ether. The base peak, at m/e 157, is 

formed by cleavage of the D-ring between C-13 and 

C-17 and between C-14 and C-15 [4]. The ion m/e 144 
results from fragmentation of the C-13/C-17 and 
C-15/C-16 bonds. (These two fragment ions should 

be present in the spectra of all Nilevar and Orabolin 
metabolites where there has been no hydroxylation 
in the o-ring or ethyl side-chain). The parent ion is 

at m/e 374 and major ions, found at m/e 345 (M - 29) 
and m/e 255 (M - 90 - 29) are formed by the loss 

of the ethyl side-chain. An intense ion at m/e 303 
(M - 71) probably arises by loss of the D-ring ethyl 

group (-29 mass units), and carbon atoms at C-2 
and C-3 together with the C-3 0x0 group (- 42 mass 
units). A loss of 42 mass units is commonly observed 
in 3-oxo-4-ene steroids (e.g. progesterone and andros- 
tenedione). 

Figure 2b shows the spectrum of urinary 3a,5a- 
tetrahydro-Nilevar (M = 450) with the base peak at 

m/e 157 and prominent ions formed by loss of the 
ethyl group (M - 29) and ethyl group plus trimethyl- 
silyl grouping (M - 29 - 90). 

The mass spectrum of the hydroxylated Nilevar 
(M = 462) is illustrated in Fig. 2c. The major frag- 
ment ions at m/e420 (M - 42) and m/e 157 indicate 
that the hydroxyl group is not in the A or D-rings 
or side-chain, although the position of the additional 

hydroxyl group was not ascertained. The mass spectra 
of the hydroxytetrahydro-Nilevar has a parent ion at 
m/e 538 with a prominent ion at m/e 509 (M - 29). 
Further studies are required to establish the position 
of the hydroxyl functions. 

No metabolites were detected which gave a base 
peak at m/e 245, indicating that Nilevar was not meta- 
bolised by side-chain or D-ring hydroxylation. 

Orabolin was metabolised to Nilevar, the two tetra- 
hydro metabolites of Nilevar, hydroxy-Nilevar and 
hydroxy-tetrahydroNilevar. Trace amounts of Ora- 
bolin and a hydroxy-Orabolin were tentatively identi- 
fied. 
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Fig. I. Gas chromatographic traces from (a) packed, and (b) open-tubular capillary columns of steroid 
fractions from marmoset urine after administration of Nilevar. The misshapen Nilevar peak on the 
capillary column was caused by heavy absorption due to the free carbonyl group. Derivatisation of 
the carbonyl group or use of a newer capillary column with few “absorbative sites” normalises the 

peak shape. 

Metabolism of Nilecar and Orabolin in man characteristic ions at m/e 144 and 157 (Fig. 1) and 
Figure 3 illustrates selected ion chromatograms peaks 1 and 2 were identified as 3sc,5/Ltetrahydro- 

obtained from repetitive scanning GC-MS of urinary Nilevar and Nilevar. The peak immediately prior to 
steroids excreted following ingestion of Nilevar. As 1 was identified as the endogenous urinary steroid, 
previously mentioned metabolites of Nilevar without 11 P-hydroxy-aetiocholanolone. The m/e I57 response 
a hydroxyl group in the D-ring or side-chain give is given by the isotope peak of the m/e 156 ion which 
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Table I. Structure of drugs and metabolites 

Structure Name 

M+ 
TMS Detected 

Derivative Man Marmoset 

OH 
---CH,-CH, 

& / 

OH 
---ai,-CHS 

& 0 ’ 
OH 

--ai-CH, 

OH-’ & 
OH 

---Cl4-CH, 

3 
oA&Q +O” 

OH 
---CHZ-CH, 

OH & + OH 

~~c,-xl* 

OWlJ-4 

Orabolin 360 

Nilevar 374 + + 

3a,5z-tetrahydro-Nilevar 450 + + 

Hydroxy-Nilevar 462 + 

Hydroxy-tetrahydro- 
Nilevar 538 

19-nor-5(,17a-pregnane- 
3<.17/?,21-trio1 538 + 

+ 

is the base peak in this steroid. Peak 3 is a metabolite 
of Nilevar hydroxylated in the o-ring or side-chain. 
Hydroxylation in this part of the steroid molecule 
results in a shift of the m/e 157 fragment to m/e 245. 
The mass spectrum of peak 3 (Fig. 4) is consistent 
with the structure 19-nor-5{,17a-pregnane-35,178,21- 
trio1 (19-nor-pregnanetriol). The molecular ion is at 
m/e 538 and prominent ions are formed by loss of 
the side-chain m/e 421 (M - 117). the side-chain plus 
trimethylsilanol m/e 331 (M - 117 - 90) and the side- 
chain plus C-l 7 and the C-17 hydroxyl group which 
must be at position 21. Additional confirmation of 
the structure of this 19-nor-pregnanetriol was 
obtained from the spectra of its perdeutero-trimethyl- 
silyl derivative. 

From the selected ion chromatogram, Fig. 3. it can 
be seen that an endogenous steroid, S-preg- 
nene-3/?,16a,2tktriol, has a very similar retention 
time to the major metabolite of Nilevar and Orabolin 
and also has fragment ions (e.g. m/e 144, 157) which 
are of the same mass values. However, it was possible 
to resolve the components of this multiple peak either 
by capillary column chromatography or by further 
processing of the mass spectral data. This latter 
approach involves the resolution of ions by consider- 
ing only the ions which maxim& in a spectrum [S]. 

During this study urine was also obtained from a 

cancer patient being administered Nilevar (15 mg/day) 
for therapeutic reasons. The metabolism was found 
to differ from that of the normal adult. Large 
amounts of Nilevar were excreted unchanged and 
19-nor-pregnanetriol was only a minor metabolite. A 
hydroxy-Nilevar was observed although it was differ- 
ent from the hydroxy-Nilevar found in marmoset 
urine (Fig. 2~). The parent ion is at m/e 462 and base 
peak at m/e 157 indicating that no metabolism of the 
D-ring or side-chain had occurred. An ion corre- 
sponding to the m/e303 ion of Nilevar (Fig. 2a) is 
seen at m/e 391 and is probably formed by the same 
mechanism, loss of C-2 and C-3 and the carbonyl 
group. The altered metabolism in the cancer patient 
may either reflect altered metabolism during the 
period the patient was on the drug (since the urine 
sample was obtained several days after a daily regime 
of Nilevar had been started), or altered hepatic meta- 
bolism due to the cancer condition. 

The metabolism of Orabolin in the normal adult 
was virtually identical to that of Nilevar since the 
same compounds were detected in approximately the 
same amount. No 3-deoxy metabolites of Orabolin 
were detected, neither were steroids showing evidence 
of de-ethynylation. This latter finding is significant 
since de-ethynylation has been shown to occur for 
other synthetic steroids [6]. 
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Fig. 3. Selected ion plots obtained from the repetitive mass spectral scan data showing responses 
from ions which are present in the trimethylsilyl derivatives of Nilevar and its metabolites: 1 is %5/J- 

tetrahydro-Nilevar, 2 is Nilevar and 3 is 19-nor-pregnanetriol. 
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Fig. 4. Mass spectrum of the principal metabolite of Nilevar and Orabolin-19-nor-5<,17a-pregnane- 
3&17P,21-trial. 

DISCUSSION 

The urinary metabolites of ingested Nilevar in man 
have been previously studied by Brooks and co- 
workers[7], and Adhikary and Harkness[S]. The 
former identified by GC-MS two “tetrahydro” metabo- 
lites and a “trial” which was considered to have a 
hydroxyl group in the ethyl side-chain. Our studies 
confirmed these findings and the mass spectrum 
of the “triol” suggested that its structure was 
19-nor-3<,17~,21-trihydroxy-5~,17cr-pregnane (19~nor- 
pregnanetriol). In addition unchanged Nilevar was 
detected as well as a metabolite with a hydroxyl 
group probably in the n-ring (position 6 or 7). No 
metabolites containing more than three hydroxyl 
groups were found. 

The marmoset monkey metabolised Nilevar princi- 
pally to the tetrahydro derivative, a hydroxy-Nilevar 
and a hydroxy-tetrahydro-Nilevar : there was no evi- 
dence for hydroxylation in the side-chain to the 
19-nor-pregnanetriol metabolite found in man. The 
metabolism of Orabolin in man was very similar to 
that of Nilevar. The major metabolite had a mass 
spectrum and retention time identical to the 19-nor- 
pregnanetriol identified as a Nilevar metabolite. Nile- 
var and tetrahydro-Nilevar were also detected in 
urine following ingestion of Orabolin. Neither un- 
changed Orabolin nor hydroxylated 3-deoxy metabo- 
lites of Orabolin were detected although small 
amounts of these compounds were found in the mar- 
moset urine. It therefore seems probable that the 
major pathway of Orabolin catabolism is via Nilevar. 
The conversion of Orabolin to Nilevar has also been 
demonstrated in rabbit liver slices by Okada et aI.[9]. 

The metabolism of Orabolin is very similar to that 
of another synthetic 3-deoxy steroid, lynestrenol 
(17a-ethynyl-19-nor-4-androsten-17p-01). Kamyab et 
al.[lO] studied the metabolism of [‘4C]-lynestrenol 
in women and concluded that it was mainly metabo- 
lised to polar compounds, probably containkg at 
least two hydroxyl groups, but absolute identification 
of metabolites was not achieved. This investigation 
was followed by demonstration of the conversion of 

[‘4C]-lynestrenol to norethisterone (17a-ethynyl-19- 
nor-testosterone) by liver homogenates [l 11. Both 
Orabolin and lynestrenol are almost certainly 
oxidised to 3-hydroxy-4-ene steroids prior to conver- 
sion to Nilevar and norethisterone respectively. 

Although from our studies it was shown that there 
is extensive hydroxylation of the ethyl side-chain of 
Orabolin and Nilevar there is little or no oxidation 
of the ethynyl side-chain of lynestrenol, norethister- 
one or other steroids containing this group [6,12-141. 
These ethynyl compounds metabolise to give steroids 
hydroxylated in the 1~,2a,6c(,lO~,16a and 168 pos- 
itions [6, 14, 151. It is of interest that Williams and 
co-workers showed that de-ethynylation of labelled 
ethynyl-oestradiol can occur in uiuo but the present 
study failed to reveal the presence of de-ethynylated 
metabolites of Orabolin and Nilevar (e.g. 19-nor- 
androsterone and 19-nor-aetiocholanolone). 
Thyssen[16] partially characterised two of the urinary 
metabolites of allylestrenol administered to non-preg- 
nant women. The original 17/I-hydroxyl group was 
acetylated and the alkyl side-chain altered, probably 
reduced and hydroxylated. He observed no oxidation 
at C-3. 

The present study was undertaken to develop 
methods for the specific and sensitive detection of 
anabolic steroid metabolism in urine from athletes 
suspected of drug abuse [2]. We have come to the 
conclusion that the 19-nor-pregnanetriol is the most 
suitable analyte for Orabolin and Nilevar detection 
by selected ion recording GC-MS, since the major 
ions in the trimethylsilyl ether of tetrahydro-Nilevar 
would conflict with ions in the trimethylsilyl ethers 
of endogenous urinary steroids (e.g. 1 lfl-hydroxyan- 
drosterone, 1 l/?-hydroxy-aetiocholanolone and 
5-pregnene-3/&16a,20a-triol). 

CONCLUSIONS 

1. In both man and the marmoset monkey Orabo- 
lin is hydroxylated at position 3 and converted to 
Nilevar prior to further metabolism. 
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2. In man Orabolin and Nilevar are converted to 

the same major metabolites-tetrahydro-Nilevar and 

19-nor-pregnanetriol. 

3. The marmoset monkey excretes Nilevar un- 

changed or as tetrahydro-derivatives or hydroxylated. 
It does not excrete Nilevar or Orabolin metabolites 
with a hydroxyl group in the D-ring or side-chain. 

4. The most suitable metabolite for routine exam- 
ination of human urine for Nilevar and Orabolin 
metabolites is 19-nor-pregnanetriol. 
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