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Abstract

We present a method for the analysis of urinary ¥§{&ndrosten-@-ol together with B-pregnane-@,20x-diol and four testosterone
metabolites: androsterone (Andro), etiocholanolone (Eti®asdrostane-@,173-diol (5aA), 5B-androstane-@,173-diol (5BA) by means
of gas chromatography/combustion/isotopic ratio mass spectrometry (GC/C/IRMS). The within-assay and between-assay precision S.D.s
of the investigated steroids were lower than 0.3 and 0.6%., respectively. A comparative study on a population composed of 20 subjects
has shown that the differences of the intra-individd&iC-values for 16(&)-androsten-8-ol and B-pregnane-3,20x-diol are less than
0.9%0. Thereafter, the method has been applied in the frame of an excretion study following oral ingestion of 50 mg DHEA initially and
oral ingestion of 50 mg pregnenolone 48 h later. Our findings show that administration of DHEA does not affect the isotopic ratio values
of 16(5x)-androsten-3-ol and 3-pregnane-3,20x-diol, whereas the isotopic ratio values @-pregnane-3,20x-diol vary by more 5%o
upon ingestion of pregnenolone. We have obsed/€@-value changes lower than 1%. for 16§5androsten-3-ol, though pregnenolone
is a precursor of the 16-ene steroids. In contrast@gpfegnane-3,20x-diol, the 16-ene steroid may be used as an endogenous reference
compound when pregnenolone is administered.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tivity capable to transform pregnenolone into androstadienol
without the formation of a precurs{8]. Further transforma-
16(5x)-Androsten-&-ol (Andro) is excreted in human tion of androstadienol into androstenol involves the classic
urine with mean values of 1 mg/24h and 0.3mg/24h by enzymes of the steroidogenic pathwigdy. Although it is
men and women, respectively. The amounts excreted by pre-known that androstenol has a pheromonal activity in pigs,
pubertal children and by elderly men and post-menopausalthe role of this steroid in humans is still ill-defingd. It has
women are considerably lower than these mean vdllies  been suggested recently that menstrual synchrony is related
The precise biosynthesis of androstenol has been subject foto the ability to perceive the odour emitted by androstenol
debate. Recent studies revealed that androstadienol (5,16f5]. A study reports also the ability of androstenol to bind
androstadien{3-ol) is synthesized from pregnenolone in a and deactivate the nuclear receptor CARE].
single stepig. 1) by a 16-ene-synthase enzyme system in  Isotope ratio mass spectrometry (IRMS) allows mea-
human testicular homogena{@}. Very recently, it has been  surements of slight differences in the carbon isotope ratio
demonstrated that P450c17 possesses a 16-ene-synthase gé2C/*2C) of the exogenous and endogenous steroids. Syn-
thetic steroids are generally produced from precursors de-
* Corresponding author. Tel.: +41 213 147106; fax: +41 213147333, "Ived from plants with lowt*C content, whereas tHéC and
E-mail addresscsaudan@hospvd.ch (C. Saudan). C content in the natural endogenous form depends on the
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Fig. 1. Simplified metabolic pathways of pregnenolone.

isotopic carbon composition of the food diet and is influ- an endogenous reference compound and to what extent the
enced by additional effects of human biological processing administration of pregnenolone will affect the isotopic ra-
[7]. Such differentiation between synthetic and endogenoustio values of both androstenol anfpregnane-a@,20x-diol.
origins has been reported for misuse in sport of steroids suchindeed, pregnenolone is a precursor ffregnane-3,20x-

as testosterori@—9], DHEA [10], epitestosterond 1], DHT diol and androstenoKig. 1) and is a freely available com-
[12,13] nandrolond14] and corticosteroidfl5]. For IRMS pound in the United State, on internet and may be found in
measurements, where the inter-individual variability and in- nutritional supplements with other pro-hormones. It is sup-
strument calibration may significantly influence the results, posed that pregnenolone has supporting benefits for memory,
itis recommended to relate the difference of the steroids iso- cognitive function, joint regeneration, skin conditions and
topic value to that of an endogenous reference compoundfirmness of skin.

[16]. For that purpose, cholesterol angpregnane-3,20x«-

diol (5BP) are usually used as an endogenous reference com-

pound in IRMS measurements because the isotopic value2. Experimental

should not be affected by the administration of exogenous

steroids such as testosterdie8], DHEA [10], DHT [12] 2.1. Chemicals

and androstenediond7]. However, the origin of urinary

cholesterol is not well understodd] and it has been also All solvents and reagents of analytical grade purity
demonstrated that the use @-pregnane-@,20x-diol as en- were purchased from Fluka (Buchs, Switzerlandy- 5
dogenous reference compound is not longer applicable whenAndrostan-B-ol acetate and®pregnane-&,20x-diol were
pregnenolone is ingest¢i8]. obtained from Steraloids Inc. (Newport, RI, USA)a-b

In this paper, we present a method for the analysis Androstane-&,173-diol, 5B-androstane-<,173-diol and
of urinary androstenol together witt35regnane-a@,20u- 16(5x)-androsten-@-ol were supplied by Sigma (St. Louis,
diol (58P) and four testosterone metabolites: androsterone,MO, USA). Etiocholanolone and androsterone were pur-
etiocholanolone (Etio), &androstane-® 173-diol (5aA), chased from NARL (Pymble, Australia). Bakerbond Sfe

5B-androstane-8,173-diol (5BA) by means of gas chro- 500mg or 1000 mg octadecyl 1& disposable extraction
matography/combustion/isotopic ratio mass spectrometry columns were obtained from JT Baker (Phillipsburg, NJ,
(GCIC/IRMS). We show that androstenol may be used as USA).B-Glucuronidase frorischerichia colin a 50% glyc-
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erol solution (pH 6.5, 140 U/ml at 3TC) was supplied by  0.20 mg/ml in methanol), respectively. Then, both fractions
Roche Diagnostics GmbH (Manheim, Germany). The ref- F1 and F2 were evaporated to dryness and finally dissolved
erence carbon dioxide gas was purchased from Carbagain 500 and 4Qul of cyclohexane, respectively.

(Domdidier, Switzerland). The mixture of three alkaneg; C

(n-pentadecane), & (n-eicosane) and £ (n-pentacosane)  2.4. Determination of androstenol an@gB

was supplied by Chiron AS (Trondheim, Norway). concentrations

2.2. Dosage and collection of urine samples Urinary concentration of androstenol angswere quan-
tified in the reference urine samples collected from 20 Cau-
Two 25 mg DHEA capsules (Schff Salt Lake City, UT, casian male and female subjects. Quantitative analyses were
USA) were self-administered orally initially and one 50mg performed on a Hewlett-Packard 5890 Serie Il Plus chro-
pregnenolone capsule (Metabolic Response ModlieBan matograph (HP Analytical Division, Waldbronn, Germany)
Clemente, CA, USA) was self-administered orally 48 h later equipped with a HP 7673 auto-sampler and coupled with a
by a Caucasian healthy male volunteer. Baseline urine sam-HP 5971 mass selective detector (MSD). GC separation was
ples were obtained before initial administration, and subse- achieved on a ZB-5 column (15 0.25mm i.d., 0.2fwm
quent spot urine samples were collected over a period of 155 hfilm thickness) from J&W Scientific (Folsom, CA, USA) op-
after the first capsule administration. Reference urine sampleserated with a helium inlet pressure of 103 kPa. The oven tem-
were collected from 20 Caucasian male and female subjectsperature was increased from 80 (1 min) to 200(6.0 min)
living in Switzerland. The positive quality control urine (QC- at 15°C/min, then to 300C at 15°C/min. Injections of Jul-
pos) was obtained from an excretion study after ingestion samples from fraction F2 were made at 280n the splitless
of a 40 mg testosterone undecanoate capsule (Parfleston mode. The analyses were performed in single ion monitoring
Organon SA, France) whereas the negative quality control mode (SIM) with ionsr/z = 316 for androstenol acetats/z
urine (QC-neg) was obtained from a healthy subject. Each = 344 for PP acetate andvVz = 204, 258 for »-androstan-
urine was aliquoted into 20 ml cryogenic tubes and stored 33-ol acetate (IS). Regression curves with 30, 60, 120, 300,

without additives at-20°C until analysis. 600 ngful androstenol R2 = 0.994) and B-P (R? = 0.993)
solutions were used for the quantification of both steroids
2.3. Sample preparation concentrations. EI mass spectra were recorded by continuous

scanning in the mass range 50-450 at an ionization potential
The urine sample (10 ml) was centrifugated in glass tubes of 70 eV.

at 2500 rpm for 5min and was applied onto g@olumn
(500 mg). The conjugated steroids were eluted with methanol 2.5. GC/C/IRMS analysis
(8 ml) and the eluate evaporated to dryness. To hydrolyze
the conjugated steroids, the residue was dissolved in 1 ml of The carbon isotope measurements were performed on a
0.2 M phosphate buffer (pH 7.0) and p0of B-glucuronidase Deltd’'Us IRMS system (Thermo Finnigan MAT, Bremen,
was added as supplied. After incubation at&0during 1 h Germany) coupled to an Agilent 6890A gas chromatograph
(or at 37°C overnight) in a thermostated water bath, the de- (HP Analytical Division, Waldbronn, Germany) via a Finni-
conjugated steroids were extracted oy €olumn (500 mg) gan GC Combustion Il interface (Thermo Finnigan MAT,
by washing with 6 ml acetonitrile:0 (20:80 (v/v)) and Bremen, Germany) and a CTC Analytics CombiPal auto-
subsequently by 6 ml acetonitrilez® (35:65 (v/v)) and fi- sampler (CTC Analytics AG, Zwingen, Switzerland). The
nally eluted with 12 ml acetonitrile. The eluate was evap- mass spectrometer consisted of an electron impact source
orated to dryness under a nitrogen stream (Turbo Vap LV held at 3kV acceleration voltage for G@as. Chromato-
evaporator, Zymark, Hopkinton, MA, USA) and then the graphic separations were achieved on a HP cross-linked 50%
residue was dried over phosphorus pentoxide for 20 min. phenylmethylsiloxane fused silica capillary column (3&m

Acetylation of the extract was carried out in @Dof pyri- 0.25mm i.d., 0.1um film thickness) from J&W Scientific.
dine and 5Q.l of acetic anhydride at 60C for 1h incu- The injector temperature was set to 280 The combustion

bation. The reaction medium was evaporated to drynessand reduction oven temperatures were set to 940 anéi®00
and subsequently the residue was redissolved in 3ml ofrespectively. Reference carbon dioxide gas pulses (20 s du-
acetonitrile:B0O (50:50 (v/v)). The solution was applied onto  rations) were introduced at four different times during the
a Cg column (1000 mg). The fraction F1 containing an- course of the chromatographic separation. For the calibra-
drosterone and etiocholanolone was obtained by elution with tion of the reference gas with the alkane mixture of known
15 ml acetonitrile:HO (75:25 (v/v)) after washingwith 12ml  813C-values, the oven temperature was increased from 80
of acetonitrile:HO (50:50 (v/v)). Finally, the fraction F2with (1 min) to 270°C (7.0 min) at 15C/min. For the analysis of

the androstandiols, the pregnanediol and the androstenol washe androsterone and etiocholanolone acetates (fraction F1),
obtained by eluting with 15 ml of acetonitrile. The deriva- the oventemperature was increased from 80 (1 min) t6270
tized steroids of fractions F1 and F2 were spiked with 80 and (8.3 min) at 15C/min, then to 300C at 35°C/min, and
10l of an internal standard (ISpsandrostan-g-ol acetate, maintained at the final temperature for 3 min. For the analysis
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Fig. 2. Typical GC-C-IRMSnz44 mass chromatograms of fractions Fl (androsterone and etiocholanolone acetates) arid 5298, 535P and androstenol
acetates) spiked with an internal standard (Isahdrostan-g-ol acetate). The square-topped peaks represent pulses,ae@@ence gas.

ofthe fraction F2 containing the androstandiols, pregnanediol Cyg (n-eicosane) and £ (n-pentacosane) from Chiron AS
and androstenol acetates, the oven temperature was increasesdith 51°C-values 0f-30.22,—33.06 and—28.21%o, respec-
from 80 (1 min) to 270C (11.5min) at 15C/min, then to tively.
300°C at 35°C/min, and maintained at the final temperature The extraction method allows the separation of an-
for 3 min. The volume of injection was 142, depending on drosterone and etiocholanolone acetates from the 5
the concentrations of the compounds of interest. The extractsandrostane-®,173-diol (5aA), 58-androstane-@,173-diol,
were injected once in splitless mode. 5B-pregnane-@,20x-diol and androstenol acetates on the
The symbob is the standard notation for expressing car- Cig column by eluting with different ratio mixture of
bon isotope ratios. It is defined as parts per thousand devia-acetonitrile/HO [18]. Before the GC/C/IRMS analysis, an
tion of isotopic compositions from that of Pee Dee Belemnite internal standard (b-androstan-g-ol acetate) is spiked in

(PDB), and is calculated according to: both fractionsFig. 2shows an example of GC/C/IRMS chro-
(13¢/12¢) _ (8¢/t2¢) matograms of/z 44 for fractions F1 and F2. The chro-
513C/ %= sample standard, 4500 matograms show symmetrical peaks for the compounds of
(3C/*2C)standard interest, no tailing, and no evidence of co-eluting compounds.

The peaks of GC/C/IRMS chromatograms were attributed to
the assigned compounds after comparison of their retention
D _D time and mass spectra by GC/MS with those of authentic
Don = Doac + o ZOAC — ZAC samples of the compounds of interest.
n Three urines (6 ml) of a 3-year-old boy spiked with 10
where Doy is 813C-value for the underivatized steroids, solution of the steroids of interest (1 mg/ml in methanol)
Doac the 813C-value for the acetylated steroiddac the were used to determine the recovery yields and the possible

Negative shifts of th&13C-value due to the formation of
an acetate were corrected as follows:

d13C-value for the acetylating reagentthe number of car-  isotopic discrimination of the steroids during the separation
bon atom in a molecule amdthe number of hydroxyl groups  and analysis procedure. We have obtained recovery yields
to be acetylated. of 95, 90, 92, 88, 80 and 58% for Andro, EtiayA, 5BA,

All subsequend!3C-values have been corrected for this 5BP and androstenol, respectively. The isotopic ratio value of
negative shift. Th®ac value of our acetylating reagent was the spiked androstenol in urin®:€Cangrostenor —29.92%o)
determined to be —48.8%0 according to a published procedurewas very similar to the standard valud'{Candrostenol =
[19]. —30.40%0). For the other steroids, we have obtain@d3C-

values lower than 0.5%. between tlé3C-values of the
spiked substances in the urine and the standards. Although

3. Results and discussion the recovery yields of the steroids of interest are not quanti-

tative, our findings tend to show that there is no significant
3.1. Extraction method, isotope measurements, quality isotopic discrimination during the separation and analysis
control and precision procedure.

Each batch includes positive (QC-Pos) and negative (QC-

The reference carbon dioxide gas which is pulsed severalNeg) quality controls and the measurements are performed
times during the course of the chromatographic separation isin the linear range of the IRMS. The IRMS response of the
calibrated by a mixture of three alkanegg(h-pentadecane),  steroids of interest was found linear for injected quantities
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Table 1
Within-assay precision for etiocholanolone, androsteropf#é, 5aA, 58P and androstenoh(= 5)

QC-Neg QC-Pos

Etio Andro  PA 5aA 5P Androstenol Etio Andro  BA 5aA 5P Androstenol
Mean —2412 2398 2437 -—2417 -2357 —2413 -2757 -—-2754 -2820 -2814 -2361 —2398
S.D. Q19 020 020 022 029 011 016 017 019 025 029 024
CV (%) 0.8 0.9 0.8 0.9 12 0.4 0.6 0.6 0.7 0.9 12 10
Minimum (%o) —2439 2442 2447 2447 -2393 —2431 -2783 —2791 -2846 -2863 -—2402 2433
Maximum (%.) —2382 —-2382 -2393 -2386 —23.08 —2395 2735 2742 -2783 -2778 -2312 2376
Table 2
Between-assay precision for etiocholanolone, androster@#e, A, 58P and androstenoh(= 16)

QC-Neg QC-Pos

Etio Andro  PBA 5aA 5P Androstenol Etio Andro  [BA 5aA 5P Androstenol
Mean —2423 —-2408 —-2437 -2439 -2375 —2418 —-27.67 —-2793 -2789 -—2846 -—2369 2434
S.D. Q16 017 027 034 032 034 025 035 031 059 026 028
CV (%) 0.7 0.7 11 14 14 14 0.9 12 11 21 11 12
Minimum (%o) —2459 2435 2483 -—-2500 -—-24.27 —2470 -2813 -2866 —2852 -—2930 -2430 —2507
Maximum (%) —2384 —2375 —-2380 -—-2381 -2302 —2373 —-2746 -2743 -2712 2713 -2317 -2374

ranging from 20 to 200 ng. The purpose of the quality controls centration of androstenol an@B extracted from the urines

is to verify the reproducibility of the extraction procedure and of a healthy population composed of 10 females and 10 males
GC/C/IRMS measurements. The within-assay precision wasof Caucasian origin living in Switzerland. The concentration
determined by extracting five aliquots of QC-Pos and QC- ratio androstenolf5P vary from 1.3 to 9.7 with a mean of
Neg and injecting each once within the same day. For the 4.5 (S.D. = 2.8, CV = 61%) for the male population with
determination of the between-assay precision, 16 aliquots ofan age range of 22—-34 years, whereas the ratio values range
QC-Pos and QC-Neg were extracted by four different tech- from to 0.1 to 1.4 with a mean of 0.6 (S.D. = 0.4, CV = 59%)
nicians over a period of 12 months, and injected once each.for the female population with an age range of 21-35 years.
The within-assay precision and the between-assay precisionAlthough more data are needed to have a more descriptive
for all steroids of interest in QC-Pos and QC-Neg are listed statistic, these findings significantly show that the concentra-
in Tables 1 and Zespectively. These results indicate that the tion of androstenol is higher tha@B in the male population.
S.D.sforeach compound measured with QC-neg and QC-posExcept for one subject, the ratio is lower than 1.0 in the fe-
are slightly higher in the case of the between-assay precisionmale population. For two subjects, the ratio androste&l/5
(range: 0.16—0.59%0) compared to the within-assay precisionis of 0.1, with a much higher concentration @ compared
(range: 0.16-0.29%.). Although this method allows for the tothe other subjects. Indeed, itis known that a strong increase
d13C-value determination of six steroids, the S.D.s and CVs of the 33P-excretion can be observed in the second part of
are comparable to existing IRMS methods used for two or the female menstrual cycle due to the progesterone produc-
three steroidf20,21] For QC-Pos in the within-assay preci- tion of the corpus luteum with consecutive metabolism of
sion, it is worth noting that the isotopic mean values of an- progesterone tof& [22].

drostenol and BP are comparable and differ by at least 3.5%o As mentioned previously, (Bpregnane-&,20x-diol is

with the values of the T metaboliteggble J). These findings used as an endogenous reference compound in steroid IRMS
tend to indicate that the isotopic values of androstenol are measurements. To validate the use of androstenol as an en-

likely not affected by testosterone ingestion. dogenous reference, th&C-values of androstenol an@B
were therefore compared for the urine of the reference popu-

3.2. Concentration ané3C-values of androstenol and lation. Thed3C-values of androstenol an@B for the male

58P in a reference population and female populations are depicte&ig. 4. The differences

of the intra-individuald'3C-values for androstenol an®éB

To investigate the potential use of androstenol as an en-are less than 0.9%. for both populations. In the male popu-
dogenous reference compound, the concentration of both anlation, the mears!3C-values are of-23.29 and-23.18%o
drostenol and BP were determined and compared in fraction for androstenol andP, respectively, whereas23.69 and
F2, without correction for the recovery yields. The limits —23.71%o are obtained for the female population. These find-
of detection (LOD) and quantification (LOQ) of the method ingS show that the mea'°C-values are similar for both
used for quantification of androstenol ar@#in fraction F2 ~ Population and are comparable to isotopic values of endoge-
were of 0.3 and 1.2 ngl, respectivelyFig. 3shows the con-  Nous substances of healthy subjects living in Eurfigs.



162 C. Saudan et al. / J. Chromatogr. B 810 (2004) 157-164

800 800
M
" o w
< -
. 600 . 600+ .
=] )]
=] <
5 4001 S 400-
o 5
b — A
=] =
8 2001 8 2001
c c
8 o]
O
0+ 0-
26 3124 313424 2933 2234 34 3423 322124 28303527
Age (years) Age (years)

Fig. 3. Concentration in fraction F2 of androstenol (dark column) gl Gvhite column) extracted from the urines of a healthy population composed of 10
females (W) and 10 males (M) of Caucasian origin. The dark and white columns depict the androstefiét andcentrations, respectively.

The S.D.s for androstenol an@B are comparable in the As reported in a previous studg0], the 813C-value of
male population (S.RndrostenoF 0.45%o, S.Dsgp = 0.46%o) 58P was not affected by administration of DHEA. In the
and slightly lower than the S.D.s of both steroids inthe female seven urines measured during the DHEA excretion sttry (
population (S.Dandrostenor 0.83%o, S.Dsgp = 0.79%o). 0-48 h), we determined a me&t*C-value of—23.71%o with
Since the BP3'3C-values are not affected by testosterone s.D. = 0.23%o, range: 23.38 to—24.05%. for BP. The S.D.
or DHEA administratiorj7,10], this compound is frequently  value is similar to what obtained for the between-assay of
used as an endogenous reference. The comparison of the cor®C-neg and QC-pos and shows thatdk&C-values for BP
centration and isotopic values between androstenol 8#d 5 remain constant during the time course of the DHEA excre-
in a control group has shown no significant isotopic discrimi- tion. During this time course, tH#3C-values of androstenol
nation for androstenol and sufficient amounts for IRMS anal- range from—23.54 to—24.10%o with a mean!3C-value =
ysis. Therefore, these findings together with evidences of an-_—23.89%, and a S.D. = 0.20%.. These findings show similar
drostenol biosynthesis demonstrate the potential use of thisresults for androstenol an@p, and therefore no significant
compound as an endogenous reference for detecting doping/ariation of the isotopic values of both steroids upon DHEA

with testosterone or DHEA. ingestion. However, significant changes of the isotopic val-
ues of the T metabolites were observed after ingestion of

3.3. 3'3C-values following oral DHEA and DHEA. Fig. 5illustrates these changes with comparable min-

pregnenolone administration imuma'3C-value 0f—29.98,—30.41,—29.73 and-30.19%o

for androsterone, etiocholanolonex-&ndrostane-®,17B-
The method was applied in the frame of an excretion study diol and $-androstane-d,173-diol, respectively. Thus, a
following oral ingestion of 50 mg DHEA initially and oral  difference higher than 6%. is detected for the T metabo-
ingestion of 50 mg pregnenolone 48 h later by a Caucasianlites with respect to the mead3C-value of androstenol
healthy male volunteer. The time course of isotopic ratio val- and BP after ingestion of DHEA. For the spot urine tat

uesinurine for the steroids of interest is showRiig. 5. Base- = 36h, it may be still observed a difference of 0.4, 1.6,
line 813C-values were obtained from two urines collected 26 3.8, 4.4%. for androsterone, etiocholanolonedhdrostane-
and 2 h before DHEA administration. 3a,17B-diol, 53-androstane-®@,173-diol, respectively, com-
26 -26
M w
-25 25
£ 24 £ 24
w o ()]
$ 23 $ 23
g g
O -22; O 22
"o "o
=21 -21
-20- -20] ,
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Fig. 4. Thed!3C values of androstenol (dark column) argF5(white column) extracted from the urines of a healthy population composed of 10 females (W)
and 10 males (M) of Caucasian origin. The dark and white columns depict the androstenpPaiidG-values, respectively.
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Fig. 5. Excretion study of DHEA (50 mg) and pregnenolone (50 mg), ingested initiadl®) and 48 h latert(= 48 h), respectively. Panel A represent the time
course of the urinarg!3C-values of andro{), etio (D) together with BP (A) and androstenolw), whereas panel B shows the time course of the urinary
313C-values of &A (M) and BA (@) together with BP (a) and androstenow).

pared to thed'3C-value of the endogenous reference androstenol may serve as endogenous reference compound
58P. after ingestion of pregnenolone.

After ingestion of 50 mg of pregnenolone, 10 spot urines  In conclusion, we have presented an IRMS method for
were collected over a period of 105h. ThEC-values of the determination of th8'3C-values of four T metabolites

5BP were significantly affected with a difference of 5.69%. togetherwith BP and androstenol. This method gives consis-
compared to the meab!3C-value of BP of the urines  tentand reproduciblg™3C-values for the analyzed steroids.

collected during 48 h after DHEA ingestion. Similar results Our findings show that{§P and androstenol may be used
with 813C-values variations of 8 higher than 4%. were  as endogenous reference compounds when DHEA or testos-
obtained on four subjects upon oral administration of 50 mg terone has been administered. However, administration of
of pregnenolon§l8]. As depicted irFig. 5, thed13C-values pregnenolone will significantly affect the isotopic values of
returned to the baseline 75 h after pregnenolone ingestion.5BP, with much smaller variations of the androstedbiC-
Such a difference in the carbon isotope ratio value revealsVvalues. Therefore, it may be anticipated that the differences
the synthetic origin of the steroid and it tends to demonstrate between thé**C-values of androstenol an@B could be an
that 58P is not longer applicable as endogenous referenceindication of pregnenolone administration.
compound. As represented fig. 1, pregnenolone may be
also transformed to androstenol and to testosterone through
the pathways leading to the formation of 16-ene steroids andAcknowledgements
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