
J. steroid Biochem. Vol. 17, pp. 447 to 451, 1982 0022-4731/82q00447-05503.00~0 
Printed in Great  Britain. All rights reserved Copyright © 1982 Pergamon Press Ltd 

DETECTION A N D  QUANTITATION OF 
19-NORANDROSTERONE IN URINE BY 

ISOTOPE DILUTION-MASS 
SPECTROMETRY 

INGEMAR BJ(3RKHEM and H.~KAN EK 
Department of Clinical Chemistry and the Research Centre at Huddinge 

University Hospital, Karolinska Institutet, Stockholm, Sweden 

(Received 5 February 1982) 

SUMMARY 

A highly accurate method has been developed for detection and quantitation of 19-norandrosterone, the 
major urinary metabolite of 19-nortestosterone in man. A suitable 14C labelled standard was obtained 
by i.m. injection of [4-14C]-19-nortestosterone into a human volunteer. A fixed amount of this internal 
standard was added to a fixed amount of urine and the mixture was treated with Helix pomatia for 24 h. 
After extraction and purification by t.l.c., the mixture was converted into methoxime-trimethylsilyl 
derivative and analyzed by combined GC MS. Unlabelled 19-norandrosterone could be quantitated 
from the ratio between the tracings of the ions at m/z 256 and m/z 258, corresponding to M-90-31 ions. 
In alternative procedures the ions at m/z 346 and 348 (corresponding to the M-31 ions) could be used. 

Under the conditions employed, urinary 19-norandrosterone could be identified and quantitated in 
concentrations exceeding 20ng/ml. The steroid could be traced in urine up to 6 weeks after i.m. 
administration of 25 mg of the decanoate of 19-nortestosterone (Deca-Durabol®). When using radio- 
immunoassay with antibodies towards unmetabolized 19-nortestosterone, it was possible to trace uri- 
nary 19-nortestosterone only for 1--2 weeks after the administration. The present method has been 
successfully used for analysis of 19-norandrosterone in urine samples obtained from athletes involved in 
competition. 

I N T R O D U C T I O N  

It is well known that 19-nortestosterone and different 
esters of it are used as doping agents in man and 
horses in connection with competitions. Sensitive and 
accurate tests are required to detect illegal use of this 
steroid. Antibodies have been raised against 19-nor- 
testosterone [ L  5] and radioimmunoassay can thus be 
used for detection of this compound in urine. 19-Nor- 
testosterone as well as its esters are however exten- 
sively metabolized into 19-norandrosterone and 
19-noretiocholanolone in human subjects[6-8].  In 
horses, estrane-3,17-diols and various 16-hydroxy- 
lated metabolites are formed in addition to 19-noran- 
drosterone and noretiocholanolone [9-11]. A sensi- 
tive assay should therefore preferably be directed 
towards the metabolites rather than towards unmeta- 
bolized 19-nortestosterone. In doping-detection labor- 
atories, radioimmunoassay is often used as a screen- 
ing test and positive samples are then analyzed for 
presence of the major metabolites of 19-nortestoster- 
one by combined gas chromatography-mass spectro- 
metry (GC MS). From a legal point of view, only the 

Nomenclature: 19-Nortestosterone, 17fl-hydroxy-4-estren- 
3-one; 19-norandrosterone, 3~-hydroxy-5ct-estran- 17-one; 
19-noretiocholanolone, 3~-hydroxy-5fl-estran- 17-one. 

latter method gives sufficient evidence that this 
specific anabolic steroid has been administered. 

In previous publications, we demonstrated the use- 
fulness of isotope dilution-mass spectrometry for 
doping analyses of anabolic steroids. Such specific 
and accurate methods have hitherto been developed 
for methandienone [12] and stanozolol [13]. 

In the present work we describe such a method also 
for assay of 19-norandrosterone, the major urinary 
metabolite of 19-nortestosterone. This method has 
proved to be of great value in doping analyses of 
urine samples obtained from different competitions to 
provide evidence that doping has been carried out. 

MATERIALS AND METHODS 

Materials 

[4 14C]-19-nortestosterone (SA 60 mCi/mmol) was 
obtained from Radiochemical Centre, Amersham, 
England. Unlabelled 19-norandrosterone and 19-nor- 
eticholanolone were kind gifts from Dr Stfirka and Dr 
Hampl at the Research Institute of Endocrinology, 
Prague, Czechslovakia. Blank urine samples were col- 
lected from the laboratory staff. 

Preparation of [ 4-14 C]-19-norandrosterone 

A healthy male volunteer (IB) was injected intra- 
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muscularly with 15 #Ci of the above 19-nortestoster- 
one dissolved in a mixture of 0.5 ml ethanol and 
1.5 ml of sterile saline solution (0.9~o, w/v). The collec- 
tion of urine started immediately and the urine 
samples were stored frozen at -20°C until used. See 
Results for details with respect to recovery and identi- 
fication of 19-norandrosterone. 

R adioimmunoassa y 

The radioimmunoassay kit for analysis of anabolic 
steroids was obtained from Professor R. V. Brooks at 
St. Thomas Hospital, London, U.K. [1]. The anti- 
bodies had a small cross reactivity towards 19-noran- 
drosterone and 19-noreticholanolone (<3~).  The 
analysis was performed according to the instructions, 
with one exception. After treatment with dextran- 
coated charcoal and centrifugation, an aliquot of the 
supernatant was used for gamma counting. 

Preparation of samples for isotope dilution--selected 
ion monitoring 

Urine from the first hours after injection of 
[4-14Cl-nortestosterone was used directly as source of 
internal standard. Thus 0.5 ml of this urine, contain- 
ing about 100 ng of [4-~4C]-19-norandrosterone, was 
added to 1 or 2 ml of the urine samples to be ana- 
lyzed. Standard mixtures were obtained by using 2 ml 
of urine from an untreated subject together with 0, 20, 
50, 100, 200, 400, 800 and 1600ng of unlabelled 
19-norandrosterone. Helix pomatia digestive juice, 
50 #1, was added together with 1 ml of 0.15 M sodium 
acetate buffer, pH 4.6, and the mixture was incubated 
at 37°C for 24 h. The steroids were then extracted 
twice with 5 ml of ethyl acetate and the combined 
organic phases were washed twice with 0.1 M NaOH 
(2 ml), and once with distilled water (2 ml). The or- 
ganic phase was dried with anhydrous sodium sulfate 
and the solvent was evaporated under a stream of 
nitrogen. The residue was subjected to preparative 
t.l.c., using chloroform-ethyl acetate (1:1, v/v) as sol- 
vent. The zone containing 19-norandrosterone 
(Ry = 0.58) was detected by radioscanning, using a 
Berthold Dunnschicht-Scanner II (Wildbad, GFR). 
The appropriate zone was scraped off and eluted with 
methanol. After evaporation of the solvent, the 
material was converted into the methoxime---tri- 
methylsilyl derivative [14]. Before analysis by 
GC-MS, the mixture was extracted with 50 #t of hex- 
ane. 

Combined gas chromatography-mass spectrometry 

About 5 #l of the above hexane solution was ana- 
lyzed by GC-MS using an LKB 9000 or 2091 instru- 
ment equipped with a 1.5~o SE-30 column (on Chro- 
mosorb W, 80-100 mesh, 2 mm × 1.5 M). The carrier 
gas was helium and the flow rate was 30 ml/min. The 
temperature of the column was about 260°C. The 
electron energy was set to 20 eV. The first channel of 
the multiple ion detector (MID) was focused on the 
ion at m/z 256 and the other on the ion at m/z 258. In 

general the amplification of the tracing of the ion at 
m/z 258 was three times higher than that of the trac- 
ing of the ion at m/z 256. In an alternative procedure, 
the ions at m/z 346 and m/z 348 were used in the 
analysis. 

RESULTS 

Preparation of [4 -I 4C]-19-norandrosterone 

[4-14C]-19-Nortesterone, 15#Ci, with about 85~ 
excess with respect to 14C, was administered intra- 
muscularly to a volunteer (IB) as described in detail in 
Methods. Of the total administered dose, about 46~ 
was recovered in urine after the first 4h and ad- 
ditional 28~o during the subsequent 20h After hy- 
drolysis with Helix pomatia digestion juice, extraction 
and t.l.c., it was shown that about 75~ of the radioac- 
tivity had chromatographic properties as 19-noran- 
drosterone and about 21~o as 19-noretiocholanolone 
(Fig. 1). Less than 4~  of the radioactivity had 
chromatographic properties of unmetabolized 19-nor- 
testosterone. Combined GC-MS confirmed the ident- 
ity as [4-14C]-19-norandrosterone and 19-noretiocho- 
lanolone, respectively. The 19-norandrosterone con- 
tained about 75~ of t4C. Apparently there had been 
dilution with small amounts of endogenous 19-noran- 
drosterone or some compound(s) similar to this 
steroid during the conversion. 

Assay of unlabelled 19-norandrosterone 

In Fig. 2, the mass spectrum of methoxime-trimethyl- 
silyl ether of unlabelled 19-norandrosterone is shown. 
The ions at m/z 256 (M-90-31), and m/z 346 (M-31) 
were found to be suitable for a mass fragmento- 
graphic assay. 

In Fig. 3, the ions at m/z 256 and m/z 258 were 
followed through a gas-chromatographic analysis of a 
hydrolyzed and purified extract of a combination of 
0.5 ml of urine containing about I00 ng of [4-14C]-19- 
norandrosterone and 2 ml of urine from an untreated 
subject. Only a small peak was obtained in the tracing 
of the ion at m/z 256, corresponding to unlabelled 
norandrosterone, whereas a prominent peak was 
obtained in the tracing of the ion at m/z 258, corre- 
sponding to 4-x4C-labelled internal standard. In Fig. 

• O 0  

Fig. l. Thin layer radiochromatograms of hydrolyzed uri- 
nary products isolated after injection of [4-14C]-19-nortes - 
tosterone (cf. Results). Chloroform-ethyl acetate (1:1, v/v) 
was used as solvent. 1, 19-nortestosterone; 2, 19-noretio- 

cholanolone, 3, 19-norandrosterone. 
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Fig. 2. Mass spectrum of methoxime trimethylsilyl ether derivative of unlabelled 19-norandrosterone. 

3B, 200 ng of unlabelled 19-norandrosterone had been 
added to the urine sample. A prominent  peak was 
now obtained also in the tracing of the ion at m/z 256. 
In Fig. 2C, a corresponding mass f ragmentographic  
tracing is shown obtained in the analysis of a urine 
sample from a subject who had been treated with 
25 mg of Deca-Durabol  ® 2 days prior to the collec- 
t ion of the urine sample. 

Identical results were obtained when using the ions 
at m/z 346 and m/z 348 as those obtained with m/z 
256 and m/z 258. 

A s tandard curve was constructed by addi t ion of 
increasing amounts  of unlabelled 19-norandrosterone 

to urine samples from untreated subjects. Figure 4 
shows the result. Due to the presence of small 
amounts  of unlabelled 19-norandrosterone (or a simi- 
lar compound)  in the internal  s tandard (see above) 
and  in the urine from the untreated subject (maxi- 
mally about  5 ng/ml), there was an  intercept. Due to 
the cont r ibut ion  at m/z 258 from unlabelled 19-noran- 
drosterone from the natural  isotopic abundance,  there 
was no linearity in the higher concentra t ion  range. 
After correction for the intercept, and  the overlapping 
at m/z 258 from the unlabelled derivative, the stan- 
dard curve was linear with increasing concentra t ions  

of unlabelled 19-norandrosterone. 
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Fig. 3.(a) Multiple ion detector recording of derivative of a purified extract of 0.5 ml of urine containing 
100 ng of [4-14C]-19-norandrosterone and 2 ml of urine from an untreated subject. (B) Multiple ion 
detector recording of the same extract as above with the exception that 200 ng of unlabelled 19-noran- 
drosterone had been added to the urine. (C) Multiple ion detector recording of derivative of a purified 
extract of 0.5 ml of urine containing 100 ng of [4-14C]-19-norandrosterone together with 2 ml of urine 
from a subject to which 25 mg of Deca-Durabol ® had been administered. The amplification of the 

recording of the ion at m/z 256 and m/z 258 was 300 x and 900 x, respectively. 
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Fig. 4. Standard curve for determination of 19-norandros- 
terone in the range 0-800 ng/ml (for details, see Materials 

and Methods). 

As pointed out above [4J4C]-19-norandrosterone 
had apparently been diluted with small amounts of 
endogenous 19-norandrosterone or some similar 
interfering compound during its formation from 
[4-14C]-nortestosterone. Thus it was important to ex- 
clude the possibility that some subjects may have 
such a high excretion of endogenous 19-norandroster- 
one that it could influence the present assay. When 
using the above standard curve, however, urine 
samples obtained from 14 untreated subjects (7 males 
and 7 females) were found to contain less than 
5 ng/ml of 19-norandrosterone. 

The precision of the assay was tested by five repli- 
cate measurements of urine samples containing about 
100 and 300ng of 19-norandrosterone. The coef- 
ficients of variation were 6 and 2%, respectively. 

Comparison between isotope dilution-mass spectro- 
metry and radioimmunoassay 

After intramuscular administration of 25 mg of 
Deca-Durabol ® to a male volunteer, significant 
amounts (more than 20ng/ml) of 19-nortestosterone 
could be detected in urine for about 6 weeks (Fig. 5A). 
The total excretion of the metabolite during this 
period of time was calculated to be about 7 mg. The 
same urine samples were also tested by radioimmuno- 
assay, using antibodies directed towards 19-nortestos- 
terone [1]. This radioimmunoassay is generally used 
in our laboratory for screening analyses of 19-norster- 
aids in urine. Under the conditions employed, this 
assay gives a response corresponding to an apparent 
concentration of 0.5-1.5 ng/ml of 19-noretestosterone 
in urine samples from untreated subjects. From the 
results obtained it is evident that significant excretion 
of 19-nortestosterone could be detected only for 
about 2 weeks with this method. This conclusion was 
confirmed also in a second experiment in which the 
urinary excretion of 19-norsteroids from another male 
volunteer was followed for 18 days after administra- 
tion of the same dose as above of Deca-Durabol ® 
(results not shown). 

D I S C U S S I O N  

The present method for assay of 19-norandroster- 
one seems to have merits with respect to accuracy and 
sensitivity as compared to previous methods [1-7]. In 
an isotope dilution assay, the internal standard 
should preferably be labelled with a stable isotope. A 
very small amount of radioactivity was used in each 
analysis, however, and could hardly be harmful for 
those involved in the analysis. In addition, the radio- 
activity was an advantage in the detection of the 
appropriate zone in the t.l.c. [cf. ref. 15]. It may be 
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Fig. 5. Excretion of 19-norandrosterone (¢ O) and 19-nortestosterone (O O) in urine as deter- 
mined by isotope dilution-mass spectrometry and radioimmunoassay respectively. Both subjects 

received 25 mg of Deca-Durabol ® intramuscularly (for details, see Materials and Methods). 
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pointed out  that  the biosynthet ic  prepara t ion  of 
[4-~'*C]-19-norandrosterone may be performed with 
experimental  animals  instead of a h u m a n  subject. 

A complicat ing factor in the assay of 19-nortestos- 
terone and its metaboli tes in connect ion with doping 
analysis is the fact that  19-norsteroids are inter- 
mediates in the format ion of estrogens. Thus, at least 
in theory, such endogenous  compounds  may appear  
in urine. It is clear from the present work, however, 
that  if such endogenous  compounds  occur, their con- 
centra t ions  in urine are negligible as compared  to 
those obta ined after adminis t ra t ion  of an ester of 
19-nortestosterone in a therapeutic  dose. It is well 
known that  much  higher doses than those used here 
may be used in connect ion with doping. When  using 
the present isotope dilut ion assay, and the present 
mode of calibration,  the interference due to endogen- 
ous compounds  never exceeded 5 ng/ml of urine in 
any of the untreated subjects tested. The concen- 
t ra t ion of 19-norandrosterone in urine during the first 
week after adminis t ra t ion  of Deca-Durabol  ® varied 
between 200 and 500ng/ml.  Under  the condit ions 
employed, we have chosen 20 ng/ml of urine as a 
practical detection limit. Prior to more experience 
with the present method, we do not  consider an ath- 
lete as guilty of doping from a legal point  of view if 
the concentra t ion  of 19-norandrosterone in urine is 
below 100 ng/ml. 

Dur ing the last year we have tested about  300 urine 
samples obtained from different competi t ions for the 
presence of 19-norsteroids, using the same radio- 
immunoassay  as here. Of  these 300 samples, 15 gave a 
significant response in the radio immunoassay  and 
these samples were therefore subjected to analysis by 

isotope dilution mass spectrometry. Three of the 
samples contained high amounts  of 19-norandroster-  
one, 350, 480 and 670ng/ml,  respectively. All the 
other samples contained less than 20 ng/ml of 19-nor- 
androsterone.  The presence of 19-norandrosterone in 
the three urine samples was confirmed also by using 
the alternative ions in the selected ion moni tor ing  and 
by moni tor ing  a full mass spectrum of the methoxime 
trimethysilyl ether of 19-norandrosterone.  There is no 
doubt,  that  these subjects were guilty of having ad- 
ministered 19-nortestosterone or an ester of this 
steroid. 
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