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Urinary marker of oral pregnenolone administration
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Abstract

Pregnenolone (PREG) can potentially be abused by athletes to maintain an equilibration of the steroidal environment after sex steroids
administrations. Five men volunteers orally ingested 50 mg PREG to determine optimal urinary markers for detection of this steroid. Our
findings show that ingestion of PREG has no significant effects on the testosterone/epitestosterone (T/E) and testosterone/luteinizing hormone
(T/LH) ratios, whereas variable changes on the carbon isotopic values of three T metabolites: androsterone, etiocholanolone, 5�-androstane-
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�,17�-diol (5�-androstanediol) together with 16(5�)-androsten-3�-ol (androstenol) and 5�-pregnane-3�,20�-diol (pregnanediol) have be
bserved. The difference between the carbon isotopic values (δ13C-values) of androstenol and pregnanediol is potentially the most re
arker of exogenous PREG administration in males. For all subjects, the differences differ by 3.0‰ or more over a period of abou

or both of them the detection window for positivity is extended over 40 h.
2005 Elsevier Inc. All rights reserved.
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. Introduction

The biosynthesis of steroid hormones starts with choles-
erol from which the sex steroids, glucosteroids and min-
ralosteroids all derive[1]. Pregnenolone (3�-hydroxy-5-
regnen-20-one, PREG) is the major precursor for the
teroids hormones and is regulated by pituitary hormones,
uch as luteinizing hormone (LH) and follicle-stimulating
ormone (FSH) in ovaries and testes. PREG is a freely
vailable compound in the United States and is associated
ith other “pro-hormones” such as DHEA or 4-androstene-
,17-dione in nutritional supplements. Since its ingestion
as not been perceived to contribute to androgen syn-

hesis, this steroid has not been included so far on the
ist of Prohibited Substances of the World Anti-Doping
gency (WADA) [2]. Nevertheless, studies with PREG
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in humans have shown significant anti-inflammatory
fects in rheumatoid arthritis and anti-fatigue effects w
obvious improvement in performance[3]. In the case o
large excess of sex steroids, it is supposed that P
would help in maintaining an equilibration of steroi
environment by furnishing substances along other p
[3].

The purpose of this study is to investigate first the effe
a single oral PREG administration on known indirect mar
of steroids in urine. As PREG is a precursor of the sex ster
the administration of this substance may potentially incr
the concentration of testosterone and therefore may r
in a substantial increase of the testosterone/epitestost
(T/E) and T/LH ratios. Indeed, the T/E and T/LH ratios h
been found to be reliable urinary markers of exogeno
administration in males[4–6].

Gas chromatography/combustion/isotopic ratio m
spectrometry (GC/C/IRMS) analysis of three T meta
lites (sex steroids pathway): androsterone, etiocholano
5�-androstane-3�,17�-diol together with 16(5�)-androsten
039-128X/$ – see front matter © 2005 Elsevier Inc. All rights reserved.
oi:10.1016/j.steroids.2004.12.007
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3�-ol (16-ene steroids pathway) and 5�-pregnane-3�,20�-
diol (a metabolite of progesterone) has been also applied
to search for urinary markers of PREG administration. Al-
though PREG is a precursor of all steroids, it is expected
that the administration of this compound will not affect
similarly the isotopic values of the investigated steroids
[7].

2. Materials and methods

2.1. Subjects

Five Caucasian healthy male volunteers (ages 23–50
years, mean = 34.4, S.D. = 9.8) living in Switzerland
were self-administered a 50 mg capsule of pregnenolone
(Metabolic Response ModifierTM, San Clemente, CA, USA).
The study was in accordance with the Helsinki Declaration
of 1975 and all of the subjects gave their written informed
consent. Baseline urine samples were obtained before initial
administration, and subsequent spot urine samples were col-
lected over a period of 80 h after the capsule administration.
Each urine sample was divided into 20-ml flasks and stored
without additives at−20◦C until analysis.
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Fig. 1. Urinary T/E ratio of five subjects (S1–S5) before and after oral ad-
ministration of 50 mg PREG att= 0. The horizontal dashed line displays T/E
ratio = 4.

3. Results and discussion

3.1. Urine steroid profile

As shown inFig. 1, no T/E ratio values approached the
4:1 threshold that suggests testosterone abuse. This threshold
was recently adopted with the need of submitting the sam-
ple to IRMS analysis if the urinary T/E ratio value is equal
or greater than 4:1[10]. The basal T/E ratios for all sub-
jects of this study are ranging from 0.78 to 1.85, and do not
vary significantly upon PREG administration (Pmin = 0.22).
In addition, we have not observed any substantial increase of
testosterone in the urine after adjustment for specific grav-
ity [11]. The mean urinary concentration of T glucuronide
throughout the study was of 61± 17, 79± 27, 22± 6, 41± 17
and 34± 21 ng/ml for subjects S1, S2, S3, S4 and S5, re-
spectively. Although PREG is a precursor of T, our results
indicate that only a small amount of PREG is converted into
T. This agrees with a report on oral administration of de-
hydroepiandrosterone (DHEA), which originate from PREG
metabolism by the action of P450c17 in humans[12]. In this
report, it has been shown that about 1.5% DHEA is converted
into T and that a single oral dose of DHEA do not increase
the T/E ratio in a group of nine healthy males.

Similarly to the T/E ratio, oral administration of 50 mg
P nary
T
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.2. Analytical methods

The T/E ratio was determined by GC–MS according
ublished procedure[8]. The T and E calibration curves we

inear (R2 = 0.999) between 5 and 150 ng/ml.
The isotope ratio mass spectrometry (IRMS) met

nd experimental conditions for the urinaryδ13C-value
etermination of 16(5�)-androsten-3�-ol (androstenol)
�-pregnane-3�,20�-diol (pregnanediol), androsteron
tiocholanolone and 5�-androstane-3�,17�-diol (5�-
ndrostanediol) have been described[7]. For the IRMS
easurements of PREG contained in the capsule, the s
as extracted according to a published method for nutrit
upplements[9], excepted that the residue was derivat
ith 50�l of pyridine and 100�l of acetic anhydride for 1
t 60◦C. Finally, the presence of PREG in the extracts
erified by GC/MS prior to GC/C/IRMS analysis with t
xperimental conditions used for pregnanediol[7].

The urine concentration of LH was determined on a C
ore II instrument (Roche Pharma AG, Reinach, Swit

and) with the LH EIA II kit purchased from Roche (Bas
witzerland).

.3. Statistical method

Global statistical analysis for all subjects as a func
f time was carried out by MATLAB (Statistics Toolbo
ersion 3.0) using the non-parametric one-way analys
ariance (Kruskal–Wallis test). Significant increase abov
asal levels withP< 0.05 was considered.
REG has not lead to significant time changes in uri
/LH ratio (data not shown).

.2. Isotopic urinary markers of PREG administration

Isotope ratio mass spectrometry allows measuremen
light differences in the carbon isotope ratio (13C/12C) of
he exogenous and endogenous steroids[13–15]. Synthetic
teroids are generally produced from precursors derived
lants with low13C content, whereas the13C and12C con-

ent in the natural endogenous form depends on the iso
arbon composition of the food diet and is influenced by a
ional effects of human biological processing. As illustra
n Fig. 2, the δ13C-values of the investigated steroids p
o oral administration of PREG are ranging from−22.77 to
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Fig. 2. Urinaryδ13C-values of androsterone (�), etiocholanolone (�), pregnanediol (�), 5�-androstanediol (�) and androstenol (�) of five subjects (S1–S5)
before and after oral administration of 50 mg PREG att= 0. The dash lines withδ13C of −30.50‰ represent the value of the isotope ratio of PREG in the
capsule.

−24.20‰, whereas theδ13C-value of PREG in the capsule
is −30.50‰ (n= 3, S.D. = 0.13‰). Therefore, these findings
confirm the lower13C content of the exogenous steroid with
respect to endogenous compounds and show that a variation
up to 7.7‰ may be expected upon oral administration of the
capsule.

The time course of urinary isotopic values of 16(5�)-
androsten-3�-ol (androstenol) together with 5�-pregnane-
3�,20�-diol (pregnanediol) and three testosterone metabo-
lites: androsterone, etiocholanolone, 5�-androstane-3�,17�-
diol (5�-androstanediol) for all subjects are shown inFig. 2.
The spot urines were selected for IRMS analyses to have
similar excretion time among the subjects (S.D.max= 2.5 h).

Global statistical analysis for all subjects as a function of time
displays no significant changes for androsterone after oral
administration of 50 mg PREG, whereas 5�-androstanediol
and etiocholanolone were found to significantly change from
4 to 31 h and from 6 to 12 h post-administration, respectively.
Similarly to 5�-androstanediol, the isotopic ratio change of
androstenol was significant for more than 25 h after PREG
administration (from 6 to 34 h post-administration).

Despite the significance of the isotopic ratio changes as
a function of time, it should be emphasized that the stan-
dard deviation on the measurement is of about 0.4‰[7] and
that the differences with the mean basal values are less than
2.5, 1.1 and 1.9‰ for 5�-androstanediol, etiocholanolone
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and androstenol, respectively. As previously observed[7,16],
the δ13C-values of pregnanediol are strongly affected by
administration of PREG. Differences with the mean basal
values higher than 4.0‰ were detected at about 10 h post-
administration. Subject 1 displays the largest variation for
the δ13C-values of pregnanediol with a minimum value of
−29.6‰ (Fig. 2). As theδ13C-value of PREG in the capsule
is of −30.50‰, the results obtained with subject S1 tend to
demonstrate that pregnanediol contained in the urines from
17 to 25 h post-administration originates almost completely
from the bio-transformation of the exogenous steroid. For the
other subjects, it is likely that both exogenous and endoge-
nous PREG with different ratio have been metabolized into
pregnanediol.

The use of pregnanediol as an endogenous reference com-
pound (ERC) for IRMS analysis is worth discussing. Al-
though administration of steroids such as DHEA, testos-
terone, androstenedione and DHT will not affect the isotopic
ratio of this endogenous reference compound[7,13,17], our
findings demonstrate that administration of PREG leads to
significant changes of theδ13C-values of pregnanediol. Thus,
the use of pregnanediol and most likely of 5�-pregnane-
3�,17�,20�-triol (metabolite of 17-hydroxyprogesterone) as
ERC will be seriously compromised if PREG has been orally
ingested. In such instance, the use of androstenol as ERC may
b pared
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subjects (Fig. 2). However, it is conceivable that concomi-
tant oral intakes of PREG and sex steroids (testosterone,
androstenedione, DHT) or DHEA would strongly affect the
isotopic ratios of pregnanediol together with all T metabo-
lites[7,16,18], with limited changes for androstenol. Indeed,
testosterone and other compounds, including epitestosterone
and DHEA, may be excluded as precursors of androstenol
[19,20]. It has been shown recently that androstenol is syn-
thesized from PREG through the 16-ene steroids pathway
by utilizing P450c17 and the enzymes of the steroidogenic
pathway[19,21].

4. Conclusion

Both T/E and T/LH ratios failed to be sensitive markers
of oral administration of PREG. A reliable urinary marker
of doping with this compound is obtained by applying a
GC/C/IRMS method[7]. The difference between the carbon
isotopic values (δ13C-values) of androstenol and pregnane-
diol is found to clearly indicate exogenous PREG administra-
tion and is likely to specifically detect doping with PREG in
the case of concomitant intakes of PREG and a sex steroid or
DHEA. The positivity window of this urinary marker shows
interindividual variability, but is at least 10 h for the dose
i
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e suggested since smaller isotopic ratio variations com
o pregnanediol are observed (Fig. 2). Therefore, the larg
ariation of pregnanediol isotopic ratios after PREG adm
stration has been potentialized by determining the differ
etween theδ13C-values of androstenol and pregnanedio
urinary marker of doping with PREG.Fig. 3shows that a

ubjects would be reported as consistent with the admin
ion of PREG over a period of about 10 h, since the13C/12C
alue measured for the metabolite differs significantly,
y 3.0‰ or more from that of the urinary reference ste
hosen[10]. For subjects S1 and S3, the detection win
or positivity extends over 40 h. Using androsterone as
ould provide best evidence of PREG administration, s
ndrostenol is found to vary by more than 1.5‰ in so

ig. 3. Difference between androstenol and pregnanediolδ13C-values
�δ13C-values) of five subjects (S1–S5) after oral administration of 5
REG att= 0. The dashed box includes the�δ13C-values ranging from 3

o 5.0‰.
ngested.
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