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New Trends in Doping Analysis

Laurent Rivier*

Abstract: New analytical techniques in sport doping detection have emerged over the last few years. Most of
them are based on instrumental advances realized in trace analysis. As new chemicals are used without waiting
for the safety analysis from the usual clinical tests, control laboratories have been forced to develop original
analytical strategies. Globally, the number of positive findings from laboratories indicates that anabolic steroids
are the most abused substances. Naturally occurring compounds are currently easily available because they
are labeled as food supplements. Even the so-called pro-hormones of the steroid type are considered as non-
therapeutic drug types in many countries. Mixtures of small doses of anabolic steroids or subcutaneous
implants for the slow release of these active substances seem to be in frequent use and are difficult to detect
in the laboratory. As a consequence, new highly sensitive instrumental strategies based on GC-C-IRMS or LC-
MS have been implemented in most official international doping laboratories. But the formal characterization
of doping offences in forensic toxicological terms is not just at the laboratory level; the legal aspects of
acceptance of these new instrumental approaches also have to be covered. The way to the successful
detection of these new chemicals is complex and the corresponding analytical and legal challenges are

important as exemplified here by the case of testosterone.
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1. Introduction

Because modern sport relies heavily
on public interest, the public ultimately
controls it. Indeed the judgment of the
High Court in the case of the anabolic
steroid doping by the Canadian Ben
Johnson following the Seoul Olympic
Games in 1992, concluded in a clear re-
sponsibility in cheating. The credibility
of the excellence of performance and un-
predictability of the outcome of acompe-
tition attract much enjoyment for the
public. If drug misuse or pharmacologi-
cal manipulations of the athletes remove
that unpredictability, the public will lose
itsinterest in those sports. For the good of
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sport and more importantly, the sport
competitors' health, drug abuse hasto be
controlled.

In sport, more and more sophisticated
pharmacological products and methods
have been used over the yearsto improve
the physical performances of athletes.
The International Olympic Committee
(10C) and International Sport Federa-
tions consider this as doping. Thus, the
1OC accredited laboratories are asked to
systematically test for stimulants, narcot-
ic analgesics, anabolic agents, diuretics,
peptide hormones, and other pharmaco-
logical agents and/or methods aimed at
atering performance in sport. The stand-
ardized analytical procedurescurrently in
use are combined gas chromatography—
mass spectrometry (GC-MS) for all small
molecules and immunoassays and elec-
trophoretic separations for peptide hor-
mones. Statistics for the |OC have shown
than more than 50% of al positive cases
reported in the past few yearsinvolve an-
abolic agents related to testosterone (T).
Because of great concerns about the
health of the athletes, specially of adoles-
cents, both male and femal e, and because
of the obscure origin of the products ad-
ministrated and the very high doses used,
because of the necessity of fair competi-

tion and the spirit of Olympic sport, there
isgreat need to improve the detection ca-
pacity of the corresponding analytical
procedures. This has been achieved by
the use of more sophisticated technology
like high selectivity GC-MSand LC-MS
as well as dynamic gas chromatography
continuous combustion mass spectromet-
ric measurements (GC-C-IRMS) of the
carbon isotopes.

This short review will be restricted to
recent developments in the detection of
testosterone and its many related endog-
enous steroids in urine. This so-caled
‘steroid profiling’ is the most advanced
doping analysisfor detecting the abuse of
anabolic agents identical to endogenous
steroids. It isbased on the analysis of sev-
eral steroids that can originate from the
endocrine system, in urine samples. This
analysis requires advanced analytical in-
strumentation and is mostly aimed at the
detection and characterization of meta-
bolites and/or precursors of testosterone.

2. History of Steroid Testing
When doping controls were started in

1967, the |OC listed sympathico-mimetic
amines and other stimulants, narcotics,
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tranquillizers and anti-depressive sub-
stances of the IMAO type. No steroids
were included at that time, even with the
introduction of the GC-NPD at the Mu-
nich Winter Games in 1972. Testing for
anabolic steroids started in 1976 with the
use of aradio immunoassay at the Mon-
treal Olympic Games. Because of the
cross-reactivity of the numerous endog-
enous and exogenous steroids metabo-
lites, this approach was found to be un-
tenable. In 1983, GC-M Swasintroduced
and since then it was used as the analyti-
cal approach for al screening samples. In
1984, for T, the T/E ratio concept was
firstintroduced (see below). Now that the
laboratories have improved their effi-
ciency in tracking traces of metabolites
of the vast mgority of known doping
agents, cheaters have immediately turned
to any possible remaining loopholes [1].
For example, the use of naturally occur-
ring steroids, such as dihydrotestosterone
(DHT), to improve athletic performance
continues to pose areal challenge to the
laboratories. Epitestosterone (E) is used
to mask any T intake and the |OC intro-
duced cut-off levels of E in 1992. How-
ever, the finding of an abnormal concen-
tration of an endogenous steroid is not
usually sufficient evidence to presume
an exogenous application of such a
substance. Several analytical strategies
based on population and individual refer-
ence ranges, as well as direct measure-
ments of the galenic form of the xeno-
biotic-like T esters in the blood, have
shown some promising results as well as
the determination of isotope ratios to
evaluate the origin of the compound [2].
Although this kind of testing has greatly
progressed, many uncertainties remain
[3], especialy in the understanding of the
metabolism of many steroid hormones.
The development or the implementation
of rapid, informative and reliable tests,
which can withstand the scrutiny of
cross-examination at court, is urgently
needed.

3. Metabolic Issues Involved in
Anabolic Steroid Detection

The determination of endogenous
steroids in plasma and urine has been
used for a number of years for the diag-
nosis of disease [2]. It is avery complex
area, as the many relevant molecules are
found inlow quantitiesin biological sam-
ples. A lot of specific knowledge has
been accumulated over the years.

Doping in sport with T was first re-
ported in the 1950s, but only in 1982 did

an effective detecting test become availa-
ble. Donike et al. [4] proposed the detec-
tion of T doping by monitoring the ratio
between T and epitestosterone (E). E is
the 17-alphaepimer of T and isgenerally
present in urine in concentrations similar
to T. These two compounds can be differ-
entiated by retention time in chromato-
graphy alone. Metabolization of T does
not produce E and the T/E ratio increases
after T administration. In 1982, the 10C
medical commission defined T/E ratios
>6:1 as the limit between the upper nor-
mal T/E values and doping with T, and
asked all accredited |aboratories to deter-
mine this ratio since 1984. The large ma-
jority of athletes have been shown to
have values lower than 4.5, and so it was
decided to consider measured ratios high-
er than 6 as suspicious for doping. Since
then, some exceptions have been demon-
strated to exist and great care is now giv-
en in the interpretation of high T/E ratio
values. In view of the various interpreta-
tions of high T/E values, severa strate-
gies have been drawn up, al of them
aimed at demonstrating an unnatural lev-
el of T in certain urine samples. Physio-
logical longitudinal studies of T/E excre-
tion values are an important issue for the
correct interpretation of suspicious cases.

4. The Availability of T and Related
Banned Substances

In many countries, it is possibleto ob-
tain preparations containing synthetic
steroids normally produced by the body
in so-called health food and drug stores
as well as pharmacies. Ampoules for in-
tra-muscular or subcutaneous injections
are available as well as low dosage
oral preparations. More recently, trans-
dermal patches have been proposed for
direct availability without the need to
present any prescription. This availabili-
ty is completed by an underground ex-
change or supplies on the Internet of
products of suspicious quality [5]. The
development of substantia traffic on the
black-market is certainly a matter of con-
cern because of the fluctuating quality
and the variability in the composition of
these products.

New galenic preparations of T have
been produced which can be effectively
used to mask T administration. For exam-
ple, oral formulationslike T cyclodextrin
as well as gels or trans-derma patches
have been recently made available. These
low-dose preparations should provide an
enhancement of physical performance on
along-term basis.
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5. State of Laboratory Practice

Doping with endogenous steroids is
actually one of the most serious issues
facing sport today, as they are difficult to
detect when cleverly administered. In of-
ficial doping controls, urine has been and
still is the sample of choice. Blood sam-
pling is currently considered to be usable
just for indirect peptide hormone detec-
tion. Only limited amounts of urine sam-
ples (70 ml total) are available from
athletes for the detection of abused drugs
including the so-called steroid profile.
The presence of banned drugs or their
metabolites are identified unequivocally
by one of the most selective and sensitive
instrumental techniques available so far,
namely GC-MS. With mass spectrome-
try, presentation of the positive resultsto
the court is sought to stand the scrutiny of
any expert. The actual analytical criteria
for reporting positive findings for low
levels of banned anabolic steroids are the
following [6]:

1. At a minimum, the analysis should
consist of two steps, namely, screen-
ing the A sample and performing an
A-sample confirmation;

2. The sequence recommended for in-
jection into the analytical instrument
for confirmation analysis is. @) rea-
gent blank, if pertinent, b) negative
control urine, ¢) sample being con-
firmed, d) negative control urine, and
€) positive control urine;

3. For chromatography, the retention
time (RT) or relative retention time
(RRT) of theanalyte shall not differ by
more than 1% from that of the same
substance in the positive control urine
analyzed in the same batch (see above);

4. For mass spectrometry in the low-res-
olution mode, evaluation of the scan
must include consideration of amini-
mum of three diagnostic ions. Thisis
also applicableto Select lon Monitor-
ing either on the high-resolution or
the low-resolution modes. If three
such ions are not available, a second
derivative shall be prepared, or a sec-
ond ionization or fragmentation tech-
nique shall be used. In any case, a
minimum of two diagnostic ions is
mandatory in each mass spectrum.
The signal-to-noise ratio of the diag-
nostic ions must be greater than 3:1.
The relative abundance of any of the
ions shall not differ by more than 5%
(absolute) to 20% (relative), whichev-
er isthe greater, from that of the posi-
tive control urine; values of zero and
less are not valid, i.e. an expected ion
must be present;
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5. For MS/MS and related techniques,
there must be also three diagnostic
ions that may this time include the
precursor ion. This precursor ion must
have an abundance equal to or greater
than 5% of that of the most intense di-
agnostic ion of the MS/M S spectrum.
Three ions must be considered with a
signal-to-noise ratio greater than 3:1
and the relative abundance of any of
the ions shall not differ by more than
10% (absolute) or 25% (relative),
whichever is the greater, from that of
the positive control urine; values of
zero and less are not valid, i.e. an ex-
pected ion must be present.

As an extension, one may wonder if
these detailed criteria have to be aso ap-
plied to any forbidden compound aswell.
Naturally, itisup to each accredited labo-
ratory to elaborate such reporting policy
and, according to the ISO 17025 require-
ments, make it known to their respective
clients.

6. Testosterone Levels Homeostasis

The average male produces 6-10 mg
of T per day, of which only approx. 1%is
eliminated in urine. T urine concentration
increases briefly after T administration,
however T has a very short half-life
(approx. 1 h) and its concentration falls
rapidly. Esters of T can increase T in
blood for longer times, but do not cause
obvious increase in urine T. Androster-
one and etiocholanolone, which are the
main metabolites of T, cannot be used as
many other endogenous steroids are me-
tabolized to these two compounds.

6.1. The Value of the T/E Ratio

In contrast to the detection of xenobi-
oticsin urine where aqualitative analysis
is required, any suspicion of endogenous
hormone supply has to rely on precise
guantification. Establishment of refer-
ence levels on sufficiently large normal
populations of athletes is mandatory.
Thus, based on several tens of thousands
of determinations, thenormal T/Eratioin
athletes is now believed to average
around 1.5. Any exogenous supply of T
will modify this ratio as E production in
the body is not related to T. But a high
T/E ratio can also be the consequence of a
naturally high production of T with anor-
mal excretion of E or anormal excretion
of T with asmall production of E without
any treatment with either T, E or any oth-
er androgens.

Infact, any T/E ratio higher than 6 has
to be confirmed before condemning it as

an act of doping. Thisisaccomplished by
additional steroid measurementsin urine
in view to assess the personal profile of
the athlete steroid homeostasis and to
find out any values outside the intra-
individual range of normal physiological
variations[7][8]. One can understand the
importance of accurate quantification

9.

6.2. Naturally Occurring Steroids

Although much progress has been
made in detecting synthetic steroid use,
detecting the use of naturally occurring
steroids (e.g. T, DHT and dehydroepian-
drosterone (DHEA)) is much more com-
plex as it requires precise quantification.
Although the T/E ratio >6 has been used
for someyearsto detect T abuse, the ana-
Iytical process is quite complicated and
very often, it isdifficult to conclude with
certitude that T was administered. Lack
in the understanding of the regulation of
T and E production and excretion in
healthy individuals like athletes is the
main reason. Apart from the circadian
pulses, many external factors can influ-
ence the excretion of T in urine: nutri-
tional regimes and alcohol intake are just
two examples. Additional information
have however recently emerged from the
measurements of additional steroids
which are normally not detected in the
usual steroid procedure: Dehennin [10]
has suggested that many cases of what
was named ‘naturally elevated’ T/E can
be attributed to the excretion of substan-
tial amounts of epitestosterone sulphate.
Bowersand co-workers have developed a
method for directly detecting the sulphate
and glucuronide conjugates of steroid
metabolites by using HPLC/MSMS
[11]. It is expected that the direct detec-
tion of the steroid conjugates should offer
a much accurate view of endogenous
steroid metabolism and excretion.

Time profiling of selected steroidsin-
cluding T/E ratios (e.g. longitudina stud-
ies) isfrequently used for managing indi-
vidual cases of suspicion of T doping. If
the athlete has never been tested before,
the laboratory should obtain at least two
additional samples at three to six weeks
intervals, with as short notice to the ath-
lete as possible. Next, mean T/E ratios,
SD and CV are calculated: if stable T/E
values are obtained, the situation is com-
patible with physiological or natural in-
creases of T/E. On the other hands, de-
creasing T/E valuesindicate that the high
result reflected T administration. Many
mal es show aremarkably stable T/E ratio
over several years[12]. Therole of quan-
tification of T and E is thus important as
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well as analytical and instrumental fac-
tors.

7. Current Technical Progress

7.1. Sample Preparation

The use of urine has been advocated
for obtaining the profile of steroid con-
centrations, in part due to the higher lev-
els of steroid conjugates found in urine
compared to blood. Most steroids are
excreted with their hydroxyl function
substituted with either beta-glucuronide
or sulphate. Measurements of steroid
hormones excreted in urine are currently
performed after hydrolysis of their conju-
gates. Most of the time, they are hydro-
lyzed under acidic conditions or, better,
released after enzymatic digestion. Un-
fortunately, we know that enzymatic
treatments can be incomplete or that
chemical hydrolysis may produce new
artefactual compounds. The resulting
guantitative picture is not an accurate re-
flection of the true situation and difficul-
ties in the interpretation of the data have
resulted. Even with very pure enzymatic
preparation, the reaction has been shown
to be not totally specific. Further, batch-
to-batch variations in similar enzyme
preparations make comparisons between
experiments rather hazardous.

At present, urine is extracted by a
complex procedureinvolving solid phase
pre-purification of the urine, enzymatic
hydrolysis, liquid-iquid partitioning and
O-TM Sderivatization beforeinjecting an
aliquot of the extract into the GC-MS
[13]. This allows the measurement of
both the T and E gluco-conjugated frac-
tion only, as sulpho-conjugates are not
hydrolyzed in this way. Dehennin et al.
[14] have proposed in 1994 an extended
protocol for the quantification of both
sulpho- and gluco-conjugates. However,
matrix effects have been reported in the
determination of T and E by GC-MS
[15].

Immuno-affinity chromatography and
HPLC fraction collection have been re-
cently used to remove the biological
background most often seen in GC-MS
detection and together with GC-HRMS
was used successfully to improve signifi-
cantly the detection limit of severa an-
drogenic steroids [16]. However, these
techniques still await validation for quan-
tification.
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7.2. Detection

Recent advances in LC-MS interface
technology have allowed the detection of
specific steroids involved in sport dop-
ing. The high polarity of the conjugates
eliminated in urine limited the use of GC-
MS or GC-MS/MS to the hydrolyzed
samples only [17]. Such measurements
offer rather imprecise measurements of
each individua moiety.

Thus, direct LC-MS measurement of
steroid conjugates without any sample
pre-treatment should be useful in under-
standing basic issues about steroid me-
tabolism and excretion. However, simple
LC-MS might not offer the required
selectivity. Improved specificity can be
achieved with LC-MS/MS. One of the
major advantages of liquid introduction
in MS over other methods s that biologi-
cal sample preparation can be greatly
simplified. Sometimes, direct injection of
the biological sample is possible. A first
step forward has been made by Bowers
and Sanaullah [11] who achieved good
separation of steroid 17-OH and 5-H
epimers conjugated either with glucuro-
nide or sulphate using HPLC-MS and
gradient elution. Even though the mole-
culeswereintroduced without derivatiza-
tion, full structural information was
obtained with MS/MS in the positive
ionization mode and the limit of detec-
tion achieved with spiked urine samples
was 25 pg using a packed capillary col-
umn. With such direct measurements of
conjugates and free steroids within the
same extract, data reflecting the real en-
dogenous situation might be expected.
LC-MSand LC-MS/MS, even when used
on spiked urine samples, have thus dem-
onstrated great potential [8].

Fig. 2. Reconstructed base peak chromato-
gram of corticosteroids. Standard mixture of
11 corticosteroids (1 pg/ml) with IS (5 pg/ml)
spiked in blank urine (adapted from [21]).
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Fig. 1. Schematic extraction procedure for LC-

The newest MS instrumentation —
such as fast ion trap or triple quadrupole
tandem mass spectrometers — are able to
provide better specificity inasimilar way
to high-resolution mass spectrometers —
either magnetic sector or time-of-flight
instruments [17-19]. The use of other
newly developed LC-MS interfaces of-
fers soft ionization procedures such as at-
mospheric pressure ionization (API) or
electro-spray ionization (ESI) together
with high-resolution capillary LC [20].

MS corticosteroids screening and confirmation

However, astheseinstruments are costly,
the use of such approaches is till not
widespread as the need for developing
reliable, efficient and low cost LC-MS
protocols is important. A practicable ex-
ample has been published recently: Elev-
en corticosteroids in urine are easily
screened routinely (Fig. 1 and 2) and
confirmed with good sensitivity (Table 1)
by LC-ESI-MS [21]. Many new applica-
tions of LC-MS can be expected in the
near future.
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Substance Ret.time LOD
[min] [ng/ml]
Triamcinolone 3.0 5
Prednisolone 4.2 1
Hydrocortisone 4.4 n.d.
Prednisone 4.4 1
Cortisone 4.8 n.d.
60-Methylprednisolone 5.7 1
Betamethasone 6.4 1
Dexamethasone 6.6 1
Flumethasone 7.1 1
Fluoxymesterone (IS) 7.4 n.d.
Triamcinolone acetonide 8.3 1
Flunisolide 9.0 1

8. New Technology: GC-C-IRMS

Pharmaceutical T and natural T mass
spectraareidentical when measured with
ordinary mass selective detectors. In re-
cent years, GC-C-IRMS has been devel-
oped as a complementary technique for
T administration detection by GC-MS.
This technique made it possible to dis-
criminate exogenous T from endogenous
T by measuring the 13C/*2C ratio of the
steroid. Eluted compounds from the cap-
illary GC are combusted in a catalytic
furnace to N, and CO,. For the carbon
isotope ratio measurements, masses 44
and 45 are determined with great preci-

Source Product
Plants Mean
Triticum spp

Beta vulgaris

Zea mays
Saccharum spp.

Human population Mean
American
Australian
Asian

European

Mean
Schering
Serva
Sigma
From Japan

From China
40 years old sample
from USA

Synthetic T products

From 4 Czech
underground sources

From 2 Russian
underground sources

S/N LOQ Corr.coeff. RSD
[ng/ml] [%]
> 8 20 0.998 11
>4 2-5 0.999 7
n.d. n.d. n.d. n.d.
>8 5 0.992 6
n.d. n.d. n.d. n.d.
>9 2-5 0.998 4
>9 2-5 0.999 5
>9 5 0.999 6
>19 5 0.999 &
n.d. n.d. n.d. n.d.
>9 2-5 1.000 6
> 8 5 0.998 8

sion and accuracy, and the measured car-
bon isotoperatio is compared to the inter-
national fossil carbonate standard ‘Pee
Dee Belemite' or PDB in delta %o0. In
their excretion study, Becchi and his col-
leagues[22] determined the delta 13C %0
of urinary T to be not greater than —27
whereas the delta 13C of nine urine sam-
ples from T excretion studies included
values higher than —27 %o0. This differ-
ence was explained by the different ori-
gin of natural and synthetic T. Plant spe-
cies have different 13C levels and endo-
genous T originates from cholesterol of
plant material and meat through human
diet. Synthetically derived T as well as

Delta Value
around -26

—28

-14

-24 to -27.5

around -30
-28.14
-28.75
-28.82
-30.41

-30.40
-33.18

—-29.08 to — 29.45

-30.11 to -30.34
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Table 1: Chromatographic and quantitative data
of six blank urine samples spiked with eleven
corticosteroids standard mixtures (1pug/ml)and
Fluoxymesterone used as IS (5 pg/ml) and
extracted for LC-ESI-MS (adapted from [21]).

androgens for pharmaceutical use, on the
other hand, are not synthesized de novo.
They are obtained by hemi-synthesis
from starting materials such as diosgenin
and stigmasterol, derived mostly from
soy and compounds derived from petrol,
which have a relatively low 13C content
(see Table 2). Determination of exoge-
nous T with GC-C-IRMS was possible
for more than twice aslong than with T/E
measurements by GC-M S [23].

Since the 1998 Olympic Winter
Games in Nagano, the use of GC-C-
IRMS has been accepted as a confirma-
tion method for T abuse. However, a
relatively large volume of urine (approx.
25 ml) isextracted and atime-consuming
cleanup procedure is needed to obtain the
necessary highly purified steroid frac-
tions. The method has been improved by
focusing on the urinary diolsrelated to T.
The IOC Salt Lake City 2002 Winter
Games doping laboratory will now be us-
ing it in screening as its performance
characteristics have now been fully es-
tablished [24]. It remains to be set how
and when the other IOC doping control
laboratories will be also able to replicate
such a procedure on aroutine basis.

Table 2. Deltavalues from various T and related
natural anabolic steroids sources (adapted
from [22]). When the experimental settings are
carefully set, delta values can be obtained with
high accuracy and precision (CV <4%) and itis
possible to differentiate close lying values such
as -28.5and -30 .
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9. Inter- and Intra-laboratory
Variation

Only recently, a collaborative study
was done between six international dop-
ing laboratories to determine the inter-
and intra-laboratory variances for T/E
determinations [25]. As such determina-
tions are rather complex, some of the
experimental parameters were left un-
controlled. Every laboratory analyzed the
same urine (four samples) in triplicate.
The intra-laboratory variation was 8.3%,
lower than the 11.7% of the inter-labora-
tory variation. This limited study indi-
cates that more attention should be given
to standardization of the methods. Matrix
problems are known during calibration.
Better results can be obtained by the sys-
tematic use of good quality deuterium-
labeled internal standards. For example,
hydrolysis can be controlled by the use of
artificial blank urine and the application
of deuterium-labeled androsterone glu-
curonide [26].

10. Hair Analysis of Testosterone
and Other Androgenic Steroids

Hair analysis was developed in the
forensic sciences to detect drugs of abuse
and recently the use of GC-HRMS has
also been applied to detect anabolic ster-
oids post-mortem in a bodybuilder [27].
A clear distinction could aso be made
between T in child or female hair (both
<10 pmol/g) and male hair (10-80 pmol/g).
For these analyses, 50 mg of hair were
necessary [28]. Although hair analysis
alone cannot be useful for screening pur-
poses, it could become in future a possi-
ble useful technique for obtaining addi-
tional information on long-term T and re-
lated steroid abuse.

11. Legal Challenges

The necessity to present the analytical
results of any doping control in adefensi-
ble way means that laboratories have to
rely on recognized analytical strategies.
Where do these come from? Methods in
pier-reviewed articles published in inter-
nationally recognized scientific journals
are only afirst step. When imported into
routine work within each laboratory,
such procedures have to be validated
carefully following international quality
standard requirements like 1SO 17025.
When not available, specific require-
ments might be made public when some
kind of consensus in harmonization be-
tween rather large circles of specialistsin

analytical toxicology has been reached
and published. Recent examples are the
‘Analytical criteriafor reporting low con-
centrations of anabolic steroids' [6] and
the ‘Statement by the Society of Hair
Analysis [29]. More will certainly fol-
low in the near future.

12. Conclusions

Thereisgreat temptation and pressure
for those involved in competitive sport-
ing activitiesto use anabolic agentsin or-
der to try to improve their performance.
Recent studies have unfortunately shown
that up to 5% of teenage schoolchildren
are aso abusing these substances not
only to enhance sporting performances
but also to improve their physical appear-
ance and self-confidence. These anabalic
agents are associated with a considerable
incidence of serious side-effects includ-
ing the induction of psychosis and ex-
tremely violent behavior towards others,
thus posing a serious risk to the health of
the community.

The last years have seen a shift from
the use of the now classical synthetic
steroidal anabolic agents to the adminis-
tration of endogenous hormones. Testo-
sterone and its precursors are readily
available to sport athletes. This new situ-
ation is still a matter of concern from an
ethical, sociological and medical point of
view. Their useis likely to become more
widespread as these compounds become
more freely available and less expensive.
Supra-physiological doses of endogenous
hormones aso carry significant health
risks. The sport authorities are fighting
against the misuse of these doping agents
with the help of their accredited analyti-
cal laboratories, the efficacy of whichis
limited by the techniques used [30] and
the content’ s quality of the list of prohib-
ited substances and methods [31].

The recent implementation of
complex techniques like GC-HRMS,
GC-MS/MS, LC-MS, LC-MS/MS and
GC-C-IRM Sfor the detection of synthet-
ic or natural anabolic steroids and their
abuse has already increased the deterrent
effect on the abuse of these substances by
athletes. The example of testosterone and
its related metabolites has shown that
each new instrumental approach when
properly implemented in the internation-
a accredited doping control |aboratories
can provide significant longer detection
time and better confidencein sample pos-
itivity. Regular inter-laboratory compari-
sons should be organized to define more
precisely the practical limitation of such
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methodologies. All |OC accredited labo-
ratories should rapidly integrate the latest
analytical developments in full for an
homogenous and fair treatment of all
doping control samples. Better standardi-
zation of the analytical procedures and
greater level in harmonization would
probably add more confidence in the re-
aults. In the future, electrospray HPLC-
MS will most probably gain importance
as areliable and more robust method to
detect and quantify endogenous steroids
and related compounds as well as new
polar xenobiatics.
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