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Numerous „nutritional" supplements^re 
now part of many athletes' diet: vitcnams. 
minerals and electrolytes. With the 
exception of caffeine and ephedrinesTnonü 
of these should contain banned substmrcts 
or produce a positive finding aecording ta 
the ingredients listed on the label. Sigß&f* 
1996, the Sport Nutritional Industry inmti 
USA has offered an increasing number of 
natural or legal steroids that althouc 
regulated in other countries. are eosi 
available around the world. This Situation is 
even more disturbing since with an C ^ ^ 
apparent lack of appropriate surveillwce, 
members ofthis industry distribute 
Supplements that are shown in somi 
to contain banned substances that a7£ 
either misidentified or not listed on the 
label. The author eoncludes that a worrying 
number of so-ealled „dietary" supplemenfs 
actually contain prohibited steroids that 
may or may not be listed on the labelft&ftfr 
intake will result in a positive finding/*"*^ 
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Numerous "nutritional" Supplements are 
now part of many athletes' diet; vitamins (C, 
E, A, B complex, B6, B12), minerals and elec
trolytes (Ca, Fe, Mg, Zn, Se, K), chromium 
picolinate, carbohydrates, creatine, caffeine, 
ephedrines, amino acids, 1-carnitine, gluta
mine, glucosamine, protein powders, anti
oxidants (CoQlO), fa t ty acids, hydrox-
ymethylbutyrate (HMB), herbal preparations 
(Echinacea, Ginseng, St-John*s Wort, 
Spiruline, Ginkgo biloba, Arnica, garlic) and 
shark cartilage to name just some of the 
most frequently mentioned on doping con
trol forms. 

With the exception of caffeine and 
ephedrines, none of these should contain 
banned substances or produce a positive 
finding aecording to the ingredients listed 
on the label. However, since 1996, the Sport 
Nutritional Industry in the USA has offered 
an increasing number of natural or legal 
steroids that although regulated in other 
countries, are easily available around the 
world. Oral preparations of androgens, pro-
hormones or precursors such as DHEA (dehy
droepiandrosterone), androstenedione, 
androstenediol, 19-norandrostenedione, 19-
norandrostenediol are now commercially 
available as such or in countless combina
tions. These so-called Supplements can also 
be obtained from the Internet. 

The oral administrat ion of DHEA, 
androstenedione and androstenediol was 
shown to markedly alter the urinary steroid 
profile and to increase the T/E urinary ratio 
of some individuals. Norandrostenedione, 
norandrostenediol and nandrolone (19-
nortestosterone) are metabolised and 
exereted as norandrosterone and noretio-
cholanolone. The urine samples collected 
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after the administration of these Supple
ments will definitely test positive. 

This Situation is even more disturbing since 
with an apparent lack of appropriate surveil-
lance, members of this industry distribute 
Supplements that are shown in some cases to 
contain banned substances that are either 
misidentified or not listed on the label. 

Introduction 
Testosterone and 19-nortestosterone 

(nandrolone) are potent androgenic anabolic 
steroids at the centre of known abuse in 
sport. Anabolic steroids have been banned 
in Olympic sports for more than 20 years 
and, since 1986, the exogenous steroids 
most frequently found in athletes' urine 
samples have been testosterone and nan
drolone metabolites. Now that synthetic 
anabolic agents can be efficiently detected 
with sensitive methods, athletes wishing to 
use doping agents are turning to natural 
steroids. This development was highlighted 
by the late Prof. Manfred Donike in 1992 (1). 
The use of short acting preparations to 
shorten the deteetion period of time is also 
suspected. 

It was reported (2) that in the 1980's, 
knowing that a test would soon be adopted 
to deteet the use of testosterone, scientists 
in East Germany tried to circumvent it by 
developing short acting testosterone prepa
rations and nasal sprays containing a testos
terone biosynthetic precursor, androstene
dione. 

One of the first hormonal Supplements 
that became commercially available in the 
USA was DHEA around 1996. The list steadi
ly expanded and now includes testosterone 
precursors, DHEA, androst-4-en-3I17-dioneI 

androst-4-en-3,17-diol, androst-5-en-3 Il7-
diol as well as 19-nortestosterone precur
sors, 19-norandrost-4-en-3,17-dione and 
19-norandrost-4-en-3,l 7-diol. These come 
in various combinations or "Stacks" with 
other substances touted to possess very spe
cific performance-enhancing properties and 
are presented as being supported by scientif
ic research. The following extract from an 
Internet advertisement sets the tone (3): 

Stacking recommendations : it is probably 
most effect ive to Stack Nor-
Androstenedione with Androdiol, Saw pal-
metto, and Chrysin. Saw palmetto is sug
gested to help side-effects associated with 
DHT from androgens. Chrysin is thought to 
have anti-aromatase properties. To aid the 
enzymatic conversion process, the following 
Supplements may also help : Zinc, Pyruvate, 
and Phosphates... 

Warning to everyone : we are not aware 
of any studies condueted on the effects 
(good or bad) of Nor-Androstenedione sup
plementation for muscle growth or strength 
increases. This is definitely new territory. 
Use at your own risk! 

Special warning to tested competitors : 
Nor-Androstenedione may cause a positive 
showing on a steroid test for Nandrolone. 
Just as is the case wi th Androdiol and 
Androstenedione, it increases the epitestos-
terone/testosterone ratio which is frequently 
used to indicate steroid use. 

The use of these steroids has always been 
prohibited in sport as they are related to 
testosterone and 19-nortestosterone. Since 
they are legally available in USA , the IOC 
and the Sport Authorities listed them by 
name as banned anabolic agents (4). 

Despite repeated warnings from many 
sport authorities, a growing number of 
diversified dietary Supplements are reported 
by athletes on doping control forms filled 
during sample collections. 

Doping controls 
Five years ago, the administration of oral 

precursors of testosterone and 19-nortestos
terone was not a real issue in athletic drug 
testing because there was no such prepara
tion easily available. Intensive work has had 
to be done in recent years to eharacterise 
the urinary metabolites and to study the 
effects of their administration on the urinary 
steroid profile. 

Deteetion of 19-nortestosterone, 19-
norandrostenedione and 19 -noran-
drostenediol administration 

These steroids are chemically related as 
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shown in figure 1, possessing functionality 
of different Oxidation level (ketone or 
hydroxyl groups) in position C-3 and C-17. 

The oral administration of the nutritional 
Supplements of 19-norandrostenedione and 
19-norandrostenediol also results in the pres-

B 

Figure 1 : Chemical structures and exeretion of 19-norsteroids 
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The intra-muscular administration of 
pharmaeeutical oil-based preparations of 
19-nortestosterone long-chain esters has 
been known for more than forty years and 
has been shown by several groups to be 
exereted mainly as 19-norandrosterone and 
also as 19-noretiocholanolone and 19-
norepiandrosterone. These metabolites are 
found in the human urine as the glueuro-
and/or sulfoconjugates. With 19-
norepiandrosterone being sulfoconjugated, 
19-norandrosterone and 19-noret io
cholanolone glueuronides are the metabo
lites detected and identified by GC/MS in 
doping control analysis (5). Following the 
administration of 19-nortestosterone, 19-
norandrosterone glucuronide has been 
found in higher amounts than 19-noretio-
cholanolone(6). 

ence of 19-norandrosterone and 19-noretio
cholanolone in the urine samples (7-8). 

Deteetion of androst^-en-S.W-dione 
and DHEA oral administration 

Androstenedione and DHEA are biosyn
thetic precursors of testosterone (9). The 
chemical structures of the three steroids 
that are shown in figure 2 are similar, vary
ing by the Oxidation level of the groups in 
position C-3, C-17 or by the position of the 
double bond in C-4 or C-5. Androstenedione 
in itself is considered as a weak androgen 
and DHEA is marketed by the pharmaeeuti
cal industry as an androgen (Prasterone). 

The administration of testosterone is first 
detected in human urine by the GC/MS mea
surement of a testosterone/epitestosterone 
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(T/E) value higher than 6 that is caused by 
the relative increase of exereted testosterone 
glucuronide (10). 

The oral intake of androstenedione and 
DHEA was shown to increase the exereted 
T/E values in females and in some male vol-

produets they are purchasing do not have to 
pass the stringent quality controls imposed 
on approved medications. Their claimed 
actions, efficiency or potency have not been 
thoroughly investigated by controlled clini
cal studies and remain for the most part 

Figure 2: Chemical structure and biosynthesis of testosterone, androstenedione and 
DHEA 
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unteers (8,11). Other alterations of the uri
nary steroid profile, such as the presence of 
characteristic hydroxylated metabolites and 
of abnormally high concentrat ions of 
androsterone and etiocholanolone, are also 
used to prove the administration of these 
precursors. The GC/C/IRMS is also a very 
powerful complementary technique to 
demonstrate the synthetic or natural nature 
of the urinary androgens. 

Analysis of the content of some "nutri
tional" Supplements 

The customers of hormonal "nutritional" 
Supplements should be made aware that the 

aneedotal. The potentially serious adverse 
effects from the self-administration of 
nutritional and steroids Supplements are not 
fully known (12). 

It was pointed out in a study published in 
1998 by a group of American scientists that 
the hormonal so-called dietary Supplements 
available for self-administration are not 
evaluated by the USA Food and Drug 
Administration (FDA) for their safety and 
efficaey (13). Their production and manu-
facturing do not have to be made in compli
ance with the regulations of the FDA, nei
ther do they have to meet the Standards of 
quality. 
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The authors reported the results of the 
analysis they made of sixteen different DHEA 
preparations in different dosages. They 
found that the actual content of this steroid 
ranged from 0% to 150% of the dosage 
indicated on the label. 

This is however not the only concern that 
one should have about so-called dietary Sup
plements. It was shown from different IOC 
Accredited Laboratories that the labelling 
of some preparations may not refleet their 
actual content (14). In Sweden, some Sup
plements supposed to contain androstene
d io l , alone or in combinat ion w i th 
androstenedione, that were seized at eus-
toms were shown instead to contain testos
terone, a regulated substance. In Montreal, 
we have purehased with the authorisation 
of Health Canada some hormonal Supple
ments advertised on the Internet and have 
analysed their content. In two preparations 
labelled as androstenedione and 
androstenedione + DHEA "complex" we 
found the presence of minor amounts of 
testosterone. The preparat ion of 
androstenediol was instead composed prin
cipally of testosterone with other steroids 
such as androstandiol, androstenolone and 
even epitestosterone present in lower 
amounts. Two Supplements of 19-noran
drostenedione and 19-norandrostenediol 
were also supposed to contain proges
terone but it was found in only one of the 
two Supplements. 

In 1999, the Cologne IOC Accredited 
Laboratory reported to the IOC Medical 
Commission and to the IAAF Anti-Doping 
Commission that two sport dietary Supple
ments manufactured in USA contained 
steroids not listed on the label and that the 
intake of these contaminated preparations 
would have caused a positive finding to 
anabolic agents. These non-hormonal 
preparations of Chrysin and Tribulus touted 
to possess respectively anti-aromatase 
activity and stimulating effects on testos
terone secretion should not have produeed 
positive results after a doping control test. 
They were found to contain prohibited sub
stances not labelled such as androstene

dione, androstenediol, 19-norandrostene
dione and 19-norandrostenediol. The 
administrat ion of these contaminated 
produets was shown to produce positive 
findings of norandrosterone and noretio-
cholanolone, both metabolites of the 19-
norsteroids, increased T/E values and 
altered steroid profiles. 

Conclusion 
Athletes are targeted by the Sport 

Nutritional Industry. It is often believed that 
preparations that are sold legally as Supple
ments cannot be harmfui or contain banned 
substances. Athletes were warned years ago 
about the presence of stimulants such as the 
ephedrines in herbal preparations, particu
larly those containing Ma Huang. A worrying 
number of so-called "dietary" Supplements 
actually contain prohibited steroids that may 
or may not be listed on the label. Their 
intake will result in a positive finding. This 
should not however be our only concern. The 
self-administration of hormonal "Supple
ments" that have not been submitted to 
stringent clinical trials may have detrimental 
health effects and their performance-
enhancing properties may be over estimated. 
The heads of the IOC accredited laboratories 
stated their concern in October 1999 in a 
public Statement: 

»_-_____g_ 

"In spite of athletes' strict liability, 
governmental authorities are 
strongly advised to take measures 
to prohibit the sale. manufacture. 
and importation of unlicensed 
preparations of nutritional Supple
ments containing prohibited sub
stances whether labelled or not" 
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