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Introduction

Dehydroepiandrosterone (DHEA) and its sulphate form (DHEA-S) are weak androgens
mainly produced by the adrenal glands. Both can be converted in peripheral tissues to
androstenedione, testosterone and Sc-dihydrotestosterone (So-DHT) and both are aromatized to
estrogens [1]. It is estimated that 30 to 50 % of total androgens in men and 75 % in pre-
menopausal women are synthesised in peripheral intracrine tissues from DHEA and DHEA-S.
The gonads would produce the balance [2-4]. Considered as dietary supplements, androgen
precursors such as DHEA are available over the counter in the USA although in many other
countries, its distribution and importation are illegal being regulated substances. Athletes may
use these products mainly to increase their levels of testosterone and 5a-DHT. DHEA is related
to testosterone and as such its use was not permitted in Olympic Sports. Since it may be
purchased legally in the USA, in January 1997, the medical commission of the International
Olympic Committee (I0C) listed by name DHEA in the class of prohibited anabolic agents.

In the last two years, only few research groups have studied effects of the oral
administration of DHEA in human on the steroid profile. Three studies described no increase of
the T/E ratio to levels above 6:1 when 50 mg of DHEA was given [5-7]. On the other hand,
Bowers observed an important increase of the T/E ratio, from 2.4 to 8.1, also following a 50 mg
dose [8]. Two probes were proposed to detect the administration of DHEA. According to
Dehennin et al, a urinary concentration of DHEA glucuronide exceeding a level of 300 ng/mL,
corrected to a specific gravity of 1.020, would indicate its administration [5] while, Ueki et al

suggested to use the ratio of the concentration of DHEA over terahydrocortisol (THC) and
tetrahydrocortisone (THE) [9].
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The main objectives of our study are to evaluate the effects of oral administration of
DHEA supplements on the common steroid profile, to locate and identify characteristic C;903

metabolites and ultimately, to propose an approach fdr the detection of DHEA abuses.

Experimental

A 200 mg dose of DHEA from “ Ultimate Nutrition ® “ was given to 3 males of 23, 25
and 33 years old and to 1 female of 32 years old. Urine samples were collected over 48 hours.
The usual procedure was used to isolate the free and glucuronide fractions [10]. For the
hydrolysis of the sulphate fraction, we used 1 ml of THF and 2 pl of 4M H,SO;4 as a solvolysis

mixture. The solution was heated at 50°C for 1 hour. All samples were derivatized as TMS-enol

TMS-ether and analysed by GC/MS.

Results and Discussion

Different changes in the steroid profile were observed following the oral administration of
a 200 mg dose of DHEA. We noticed first, that the variation of the T/E values depended on the
initial or basal ratio of the male subject involved. For our subject A, which had a normal T/E
value of 0.25, only a slight increase of the T/E ratio was observed after the single dose. For the
second male subject, the initial ratio of 1.8 increased to 3.5 14 hours following the administration.
In both cases, the T/E ratios did not break the 6:1 limit. From an initial value of 2.5, the T/E ratio
of our third male volunteer rose to 7.5 in about 15 hours and got back to normal 20 hours after the
dose. This increase is related to high levels of testosterone glucuronide. For our three male
volunteers, we can conclude that the magnitude of the increase depends on the initial T/E values.
A subject having a naturally elevated ratio will have a more important increase then someone
with a ratio under 0.5. This statement is not applicable for females. From an initial value of 1.3,

the T/E ratios of our only female subject increased to 12 in 10 hours and got back to normal
within 20 hours.

The variations of the androsterone (A) and etiocholanolone (Et) concentrations and of the
A/Et ratio were similar to those reported previously by Kazlauskas [7]. Following the
administration of DHEA, the A/Et ratio increased and then felt below the initial value during the
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first 48 hours. The decrease of the A/Et ratio was caused by a second peak in etiocholanolone
glucuronide excretion that occurred between 10 and 20 hours following the administration while
the levels of androsterone remained normal. In a punctual viewpoint, the ratio A/Et is not
informative enough to be used as a probe. On the other hand, the urinary concentration of
androsterone and etiocholanolone glucuronides are quite interesting. Elevated levels exceeding
those observed in the male athletes’ population were maintained during 24 hours for androsterone
and more than 48 hours for etiocholanolone. Therefore, the first alteration noticed during the
GC/MS screeﬁjng of a urine sample, is the high levels of androsterone and etiocholanolone,

metabolites of the androgens. This should be the signal prompting investigation.

Many reactions are involved in the metabolism of steroids such as DHEA. Reduction,
oxidation, hydroxylation and conjugation are the main ones. In the past few years, we paid more
attention to hydroxylated metabolites of natural steroids such as DHEA, androstenedione and
androstenediol. We observed that natural precursors of testosterone have important effects on the
profile of the C,;50; steroids. In the case of the DHEA, its administration generated an important
increase of the excretion of C-7 hydroxylated metabolites: 7o and 7B-OH-DHEA. These two
products are naturally present in the urine. They would be formed in several tissues from dog,
rat, mouse and human [11-14]. Because both metabolites possess 3[-hydroxy-groups, they are

mainly excreted as sulfoconjugated steroids. The administration of DHEA caused major

variations in the Cy90s sulphate steroid profile.

We observed that five major C,40; steroids were naturally present in the sulphate fraction
of a male urine: the 16a-OH-DHEA ( m/z 520, 505, 415 and 147 ), the 16a-OH-androsterone (
m/z 522, 507, 417 and 147 ), the 16a.-OH-etiocholanolone ( m/z 522, 507, 417 and 147 ), the 7p3-
OH-DHEA ( m/z 520, 430, 415, 325 and 169 ) and the 7a-OH-DHEA ( m/z 520, 430, 415, 325
and 169 ). The structure of all these products was confirmed by the comparison of the TMS-enol
TMS-ether and TMS-ether mass spectra and with the retention time of authentic standards. The
mass spectra of 7p-OH-DHEA and 16a-OH-androsterone are presented at figures 1A and 1B. In
a “normal” C,40; sulphate steroid profile, 16a-OH-DHEA and 16a-OH-androsterone are the
most abundant steroids and the area ratio between the ion at m/z 430 of 73-OH-DHEA and the

ion at m/z 507 of the 160-OH-androsterone seemed to be lower than 1 in the subjects we studied
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so far ( Figure 2A ). After a 200 mg dose of DHEA, important qualitative variations in the C,40;

steroid profile were observed ( Figure 2B ):

1. Increased levels of 7a-and 73-OH-DHEA
2. Suppression of the C-16a hydroxylated steroids
3. Presence of 46-OH-DHEA( proposed structure ) (m/z 520, 430, 391, 301, 325, 340)

During more than three hours after the administration of DHEA, the ion at m/z 430 of 7(3-
OH-DHEA was nearly ten times more abundant than the ion at m/z 507 of 16a-OH-androsterone.
The time-period during which the ratio 7B-OH-DHEA to 16a-OH-androsterone seemed altered
varied between 12 to 23 hours for our male subjects. This ratio was not measured for our female
volunteer. Therefore, we think that the 7B-OH-DHEA/16a-OH-androsterone ratio is an
interesting probe for the detection of DHEA oral administration. This conclusion being drawn

after qualitative analysis of the profiles, further studies are needed to definitely estimate the

efficiency of this ratio.

Conclusion

Since the T/E ratio is not always modified by the administration of DHEA, it cannot be
used as a universal probe. The increase of the ratio seems to be directly related to its initial value.
The first signal of DHEA use is given during the GC/MS analysis by the measurement of high
urinary concentrations of androsterone and etiocholanolone glucuronides. When these exceed the
concentration usually observed in the male or female athletes’ populations, it would be
interesting to look at the C;905 sulphate steroid profile for the presence of DHEA characteristic
metabolites ( 7o and 73-OH-DHEA ), signs of suppression of the C-16a hydroxylated steroids

and an elevate 7B-OH-DHEA/16a-OH-androsterone ratio if further studies confirm its
usefulness.

An important point that we must keep in mind is that stress can affect substantially the

excretion of DHEA. Spiteller and his team evaluated that 10 to 20 % of the population would
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have high excretion levels of DHEA [15, 16]. The effects of stress on the C190s-steroid profile

still haven’t been evaluated.
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Figure 1: Mass spectra of the TMS-enol TMS-ether derivatives of

7B8-OH-DHEA (A) and of 16a~OH-androsterone (B).
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Figure 2: Profiles of the C,,O; sulfate steroids before (A) and

3h35 after (B) the oral administration of DHEA to a male
subject (#2).
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