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The fight against doping in sports commenced as a
result of the death of a Danish cyclist during the
Rome Olympic Games in 1960. The International
Olympic Committee (IOC) established a Medical
Commission (IOC-MC) which had the task of design-
ing a strategy to combat the misuse of drugs in Olym-
pic Sport. Some International Sport Federations (IF)
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and National Sports Federations followed suit, but
progress was modest until the world’s best male
sprinter was found doped with anabolic steroids at the
Olympic Games in Seoul in 1988. Further progress
was made following the cessation of the cold war in
1989 and in 1999 public authorities around the world
joined the Olympic Movement in a unique partnership
by creating WADA – the ‘World Anti-Doping
Agency’. The troubled history of the anti-doping fight

from the 1960s until today is reviewed. In particular,
the development of detection methods for an ever
increasing number of drugs that can be used to dope
is described, as are the measures that have been taken
to protect the health of the athletes, including those
who may need banned substances for medical reasons.

Keywords: doping, doping in sports, mass spectrome-
try, olympic games, sports, substance abuse detection.

Introduction

Doping or taking substances for the purpose of
enhancing sports performance has a long history. In
the early era of modern sport, doping was mostly
associated with professional cycling. Although some
cyclists died from the intake of strong stimulants in
the late nineteenth and early part of the twientieth
century, sports authorities remained passive. It was
not until a Danish cyclist died in 1960 during a road
race at the Olympic Games in Rome that action was
taken [1, 2]. The Union Cycliste Internationale (UCI)
began to develop a set of rules and in 1967, the Inter-
national Olympic Committee (IOC) created a ‘Medi-
cal Commission’ (IOC-MC) to combat the misuse of
drugs in Olympic sports [3].

It became apparent that doping had been practised
for many years and involved many Olympic sports.
A giant gap needed to be closed. Although anti-
doping efforts have intensified since 1967, and the
methods for the detection of doping substances have
become increasingly sophisticated, until recently it
was generally accepted that the dopers and their
entourage were well ahead of those who endeav-
oured to curtail doping. In fact, some believed that
the dopers will always be ahead, and that the strug-
gle against doping is doomed to be a losing battle
and therefore futile.

Herein we describe the measures that have been taken
to combat doping during the last 40 years and present
evidence that the aforementioned gap has been sub-
stantially reduced. Indeed, in some respects, the anti-

doping efforts are ahead in the sense that preventive
actions are being taken against the use of potential
future doping substances and methods. The underly-
ing analytical methods, which are the fundamental
pillar of the success of the program, are supported
by peer-reviewed publications built on a growing
foundation of research. A second pillar is the thera-
peutic use exemption (TUE), an extensive program
that enables an athlete to be treated by a physician
with a prohibited substance and still compete. The
TUE program safeguards the health of the athlete and
the integrity of the anti-doping efforts.

The use of doping substances in many sports and on
all continents has become a major public health issue.
The global and universal characteristics of doping led
to the formation in 1999 of the World Anti-Doping
Agency (WADA) [4], a unique collaboration between
sports and governments. WADA is founded on equal
partnership between public authorities and Olympic
sport. Thus, the fight against doping has evolved from
a singled-handed effort of the IOC and sport federa-
tions to one that encompasses the active support of
the international political establishment.

The overall growth of testing is apparent from Fig. 1
which shows the total number of samples tested per
year from 1988–2006. The first growth spurt began in
1989, possible because of a widely publicized case of
stanozolol involving the first finisher of the 100-m
dash final at the 1988 Seoul Olympics. From 1988 to
1991, the annual increase averaged 21%. The second
spurt began in 2003. From 2003–2006 the annual
increase averaged 10.8%.
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The IOC medical commission era

The IOC-MC under the Chairman, Prince de Mérode, a
member of the IOC from Belgium, took the dauntless
task in the seventies and eighties of creating and imple-
menting anti-doping activities for the Olympic move-
ment. One of the two main tasks was to create,
maintain and circulate a list of prohibited substances
(‘the List’). Initially, the concept was that the List
should only contain drugs that laboratories can test for.
This requirement was dropped in the mid-eighties when
some Olympic cyclists were transfused with whole
blood just before the opening of the 1984 Games of
Los Angeles. Their clandestine activities were uncov-
ered and later widely reported in the media and else-
where [5]. At the time blood doping was considered
unethical but it was not formally banned for lack of a
test. Thereafter the IOC-MC prohibited drugs and dop-
ing methods even though no detection was available at
the time. The second main task was to accredit labora-
tories for doping control. After some pioneering work
by the International Amateur Athletics Federation
(IAAF – later renamed ‘International Association of

Athletic Federations’), the IOC took over the accredita-
tion programme in 1983 and developed it further. At
first, the tool for this was an IOC-MC-operated profi-
ciency program. Urine samples from volunteers treated
with doping agents were circulated and the laboratories
were required to identify any substance on the prohib-
ited list and complete their analyses within 7 days.
They knew that the samples were for proficiency testing
but they did not know what drugs they contained (open
blind samples). Later, as the number of IOC-accredited
laboratories increased, on-site visits were introduced
and the rules and regulations governing the accredita-
tion process markedly expanded. Today, the accredita-
tion of laboratories has been taken over by WADA.
There are presently 33 such laboratories around the
world.

In the mid-nineties, the IOC and its doping control
laboratories came under increasing pressure from the
legal and worldwide laboratory community to harmo-
nize and standardize its anti-doping methods and
procedures. Following considerable discussion, the
IOC-MC required all laboratories to become accred-
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Fig. 1 The squares (left axis) indicate the total number of urine A samples tested by IOC- and WADA-accredited laboratories
from 1986–2007. The diamonds (right axis) indicate the percentage of those samples that was reported as containing prohibited
anabolic steroids. The percentage of the A samples reported positive will be substantially less than the percentage of the
B samples reported positive. The data through 2002 were supplied by a member of the IOC Medical Commission. The
post-2002 data were derived from the WADA website data (http://www.wada-ama.org). In 2004, WADA changed the T ⁄E
cut-off from 6 to 4 and this was a major factor in the increase in percentage in the figure. The percent positive figure increased
at 4.6% per year for the 5 years ending in 2001, whilst for the 5 years ending in 2007, the corresponding increase was 8.2%
per year.
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ited by the International Organization for Standardiza-
tion (ISO) as a prerequisite to IOC accreditation. ISO
is an international body that sets standards for a wide
variety of manufacturing processes and commercial
products [6]. Although the process was time-
consuming and expensive, ISO accreditation led to
considerable harmonization and it markedly enhanced
the quality and stature of the laboratories.

In the early days, it was generally believed that only
certain stimulants such as amphetamine, cocaine,
strychnine and ephedrine were used as doping sub-
stances. Since such drugs are taken at the time of a
competition to temporarily enhance performance, a
strategy was developed which included not only the
production of a set of rules together with information
and education about doping, but also doping control
tests at competitions. These became known as ‘in-
competition’ tests.

Small-scale tests for stimulants were introduced at the
1964 Olympic Games followed by a somewhat larger
doping control program at the 1968 Games in Mexico
City. Then the first known positive Olympic case
occurred. A Swedish modern pentathlete was found
with significant levels of ethyl alcohol. Small doses of
alcohol can improve shooting scores. It is therefore
forbidden in shooting events. This resulted in the
Swedish team losing its bronze medal. At the 1972
Munich Olympic Games, the urine samples were
tested by gas chromatography (GC) for stimulants and
narcotics. Seven positive cases were reported [3],
including one case of ephedrine that led to a wide-
ranging and long-lasting discussion of the issues
involved when commonly used therapeutic agents are
placed on the prohibited list.

It soon became apparent that the drug use by Olympi-
ans extended beyond stimulants, and the general pre-
mise developed that any drug that had the capacity to
enhance human performance would find its way into
the hands of sports persons and their entourage.
Androgenic anabolic steroids (AAS) began to be used
by athletes during the 1960s or earlier [7, 8], and by
the early 1970s, widespread use of AAS was reported
from different parts of the world [9, 10]. In 1974 the

IAAF was the first sports body to ban AAS and test-
ing was instituted at the European Athletic Champion-
ships in Rome the same year. No positive cases were
identified. By the time of the Olympic Games of
Montreal in 1976, the IOC had prohibited AAS and
conducted testing for them for the first time. In those
Games eight athletes tested positive.

The introduction of AAS posed a new problem to
sports administrators because unlike stimulants which
act immediately, the effects of AAS have a gradual
onset. This includes their ability to allow for a more
intense and efficient training. AAS users learned to
‘bulk-up’ during training and discontinue the drugs in
advance of the competition when the tests are con-
ducted. This led to ‘out-of-competition’ testing and
later to totally unannounced testing. In 1991, the
IAAF was the first international sports body to
introduce ‘out-of-competition’ testing. The decision to
proceed was difficult for the IAAF, but eventually
they prevailed. Initially, it was argued that ‘out-of-
competition’ testing is unethical and an unacceptable
intrusion into the private life of the athlete. Today,
unannounced ‘out-of-competition’ testing is regarded
as an indispensable part of any effective doping
control program. The World Anti-Doping Code [11]
even includes the responsibility of the athlete to
continuously provide his or her whereabouts so that
he or she can be contacted for unannounced testing at
any time. Failure to provide correct whereabouts
information is considered as an anti-doping rule viola-
tion and renders the athlete ineligible for competition.

The WADA era

The World Anti-Doping Agency was created for four
main reasons. First, there was a lack of harmonization
of anti-doping rules. Different IFs and national anti-
doping organizations (NADOs) had different rules
which resulted in an increasing number of doping
cases being contested in civil courts. Harmonization
of anti-doping rules became an absolute necessity.
Secondly, the use of certain doping substances, in
particular AAS, expanded beyond the sports arena
and tended to become a public health problem. The
intake of AAS has the potential to have serious
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adverse effects on the individual user and society at
large [12–16]. Thirdly, there was a need to undertake
research to keep abreast of developments within the
pharmaceutical industry. In particular, analytical meth-
ods needed to be available as new substances and
methods came on the market. Fourthly, it was essen-
tial to promote anti-doping activities both at the
national and international level, and to have those
activities monitored by a central body.

The IOC accepted that this could not be achieved by
sport alone. The support of public authorities was crit-
ical. Governments were invited by the IOC to make
joint efforts, and after considerable discussion, WADA
was created in 1999. The financial underpinning of
WADA is jointly shared by the IOC and the partici-
pating governments. By the time of the Olympic
Games in Athens in 2004, the World Anti-Doping
Code which spells out the anti-doping rules had been
prepared by WADA and accepted by the majority of
Olympic sports. In 2007 a UNESCO Convention was
ratified which lends governmental support to the Code
and WADA activities. The Code and its various sub-
sections are constantly updated and amended.

After WADA was created, experience revealed that
doping – or rather ‘an anti-doping rule violation’ –
should mean more than just the intake of a prohibited
substance or use of a prohibited method by an athlete.
The Code now states that ‘Doping is defined as the
occurrence of one or more of the anti-doping rule
violations set forth in Articles 2.1 through Article 2.8
of the Code’, meaning that not only is (i) ‘the pres-
ence of a prohibited substance or its metabolites or
markers’ banned, but also (ii) ‘use or attempted use
of a prohibited substance or a prohibited method’,
(iii) ‘refusing or failing without compelling justifica-
tion to submit to sample collection’, (iv) ‘violation of
applicable requirements regarding athlete availability
for out-of-competition testing’, (v) ‘tampering or
attempting to tamper, with any part of doping con-
trol’, (vi) ‘possession of prohibited substances and
methods’, (vii) ‘trafficking in any prohibited substance
or prohibited method’ and (viii) ‘administration or
attempted administration of a prohibited substance or
prohibited method to any athlete’.

What mechanism should decide what substances and
methods should be on the ‘Prohibited List?’ Earlier,
that decision had been the responsibility of the IOC-
MC. Once WADAwas created, its executive committee
decided that a substance or method should meet at a
minimum two out of three criteria before it could be
considered for inclusion in the List, namely, (i) the
substance or method can be performance-enhancing,
(ii) the use of the substance or the method can endanger
the athlete’s health and (iii) the use of the substance or
method is against the spirit of sport. Not one of the
criteria is compulsory meaning that, a substance or a
method can be listed without being performance-
enhancing. Therefore, the general perception that
doping means the intake of certain substances or use of
certain methods for the sole purpose of enhancing
sports performances is incorrect. The protection of the
health of the athlete is of major importance, as is the
public health aspect. Athletes should be healthy and
clean role models for young people, not drug takers
who place their health at risk. The List includes
substances that are banned only ‘in-competition’, for
example, glucocorticoids and those that are banned
at all times. The latter includes, for example, erythro-
poietin (EPO) and AAS. The reason for the distinction
is that athletes should be allowed to take medications
if they need it for medical reason in their daily life
when not competing without being forced to apply for
a TUE.

During recent decades, more and more substances
and methods have been used by athletes for the
purpose of doping, and the List has been expanded
accordingly. In addition to stimulants and AAS,
the List today contains drugs such as EPO, human
growth hormone (hGH), selective androgen receptor
modulators, immunoglobulin factor-1, insulin, anti-
oestrogens, beta-2 agonists and diuretics, and methods
such as blood doping, chemical and physical manipu-
lation of the sample and gene doping. In anticipation
of the likelihood that new doping agents will appear,
the List is non-exhaustive. This means that existing or
future drugs with similar effects are likewise banned.

The cornerstones of the anti-doping strategy are edu-
cation, information, doping control tests and research.
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The education and information parts fall outside the
scope of this paper and the doping control test sys-
tems have been outlined above. Previously, sports had
lagged behind the development of doping because of
lack of research funding. Not until WADA was cre-
ated, was there a permanent international fund for
anti-doping research. From its inception, in 1999 to
the end of 2007, WADA had allocated 31.4 million
USD to various research projects, and 26% of
WADA’s budget is presently reserved for research.
Priority is given to projects aimed at improving exist-
ing detection methods and developing new methods
when needed. Currently, it is feared that progress in
gene therapy will be put to use by unscrupulous peo-
ple for the purpose of doping. That fear is supported
by some incidents in recent years [17], although there
is no evidence that ‘gene doping’ has indeed
occurred. But before that occurs, WADA aims to have
detection methods in place. To that end, projects for
the development of such methods have received sub-
stantial support during the last few years following
the WADA gene doping symposia at Cold Spring
Harbour Laboratory in New York in 2002 and at the
Karolinska Institute in Stockholm in 2005. There are
different avenues to pursue [18]. This is an example
of attempts by WADA to stay ahead of the dopers.

Detection of doping substances and methods

Stimulants detection by gas chromatography

In the era following the death of the Danish cyclist at
the Rome Olympic Games in 1960, as sporting orga-
nizations began prohibiting stimulants and collecting
urine from athletes for testing, GC was the only ana-
lytical method with sufficient reliability to justify
using its results to penalize athletes. GC separates the
compounds present in a mixture. After the mixture is
injected into GC, the time it takes for a particular
compound to come out alone is its retention time.
Matching retention times between unknown and
authentic reference standard is one element of partial
drug identification. At the 1972 Games of Munich,
the samples were screened by GCs equipped with
nitrogen–phosphorus detectors (NPD) [19]. Most
stimulants have a nitrogen atom in their chemical
structure; therefore they are highly detectable by the
NPD detector, especially because the urine extract
contains virtually no other nitrogen-containing mole-
cules other than the target compounds. One GC–mass
spectrometry (MS) was used for confirmations and
this technology is explained below.

The 1960s also witnessed the beginning of AAS
abuse, but it took another 15 years for the first detec-
tion methods to appear. Testosterone (T) and methan-
drostenolone (Dianabol!) were the most popular AAS
at the time. The former was only available for paren-
teral administration. Dianabol! was an instant hit with
the doping community because it was potent and it
was available as an oral formulation. In fact, its use
became so popular that Ciba-Geigy eventually took it
off the market. The key difference between methan-
drostenolone and T is the 17a-methyl group that ren-
ders the former active by the oral route, and also
makes it distinguishable from T by immunoassay (IA).

Anabolic steroid detection by immunoassay

In the early 1970s, AAS could not be tested for by GC
and MS and were not amenable to large-scale routine
testings. This led to the development of IA screening
tests even though the use of IA for exogenous, pharma-
ceutical AAS detection is a challenge because human

Fig. 2 Chemical structure of the di-trimethylsilyl (TMS)
derivative of norbolethone shown above the mass spectrum
of a norbolethone reference standard.
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urine is full of endogenous AAS such as T and a cas-
cade of its metabolites. If an IA is responsive only to
synthetic AAS whose chemical structure is substan-
tially different, such as the 17a-methyl analogues of T,
it will miss the synthetic AAS that is similar, such as
boldenone. If on the contrary, an IA is responsive to
boldenone, it will cross-react with T and other endoge-
nous hormones, and correctly indicate the presence of
AAS in all samples, which would render the screen use-
less. Yet AAS screening began with IA for 17a-methyl
steroids at the 1974 European Athletics Championships
in Rome and later at the 1976 Summer Olympics in
Montreal. IA could detect many, if not all synthetic ste-
roids that were popular at the time [20], however, the
GC–MS methods were not yet practical for immediate
confirmation of IA results. Therefore, the eight IA posi-
tives in Montreal were confirmed by GC–MS a few
weeks after the Games.

Gas chromatography–mass spectrometry and liquid
chromatography–mass spectrometry

As an alternative to the NPD, an MS is another type
of detector that can be coupled to a GC. The com-
bined instrument is known as GC–MS. An MS com-
prises an ion source where the sample is bombarded
with electrons to scare off one electron from the mol-
ecule, leaving behind an ionized molecular ion, which
fragments into smaller ions; a way to separate ions
according to their mass—often a quadrupole; and a
detector to record the abundance of ions of each
mass. The mass spectrum is a graph of ion abundance
as a function of the mass ⁄ charge ratio or m ⁄ z
(Fig. 2). A given chemical will always fragment in
the same, reproducible way; therefore the mass spec-
trum is characteristic of the compound. Matching
mass spectra between an unknown and a reference
standard is key element of identification. Matching
only three diagnostic ions (e.g. 301, 445, 460) and
their abundance relative to the most intense of the
three (e.g. 301) is broadly considered a sufficient
proof of identification.

In the GC–MS, compounds separated by the GC go
into the MS and the MS continuously records mass
spectrum scan after scan. Substances are identified by

matching chromatographic retention time and mass
spectra between unknown and authentic reference
standard. The standard may be the pure chemical or a
urine sample from a research subject known to have
taken the drug. GC–MS makes it possible to identify
chemicals unambiguously. GC–MS is the gold stan-
dard in small molecule identification, therefore by
1976 the use of GC–MS for confirmation was
required by the IOC.

As an alternative to GC, liquid chromatography (LC)
achieves compound separation in the liquid phase and
there is no heat involved. Therefore, thermolabile
compounds can survive LC, whereas they cannot be
analysed by GC. The combined instrument, LC–MS,
has many advantages over GC–MS and is becoming
the analytical method of choice even though it is not
well-suited for detecting certain AAS. Except for gly-
copeptide and peptide hormones such as EPO and
hGH, most of the substances prohibited in sports are
now identified by GC–MS or LC–MS.

Detection of testosterone and other endogenous steroids

No positive doping cases were reported during the
1980 Summer Olympic Games in Moscow; however,
rumours of AAS use were circulating. As doping con-
trol tests improved at identifying synthetic steroids,
users moved on to T and other endogenous steroids.
Unfortunately, neither GC–MS nor LC–MS can dis-
tinguish endogenous T made by the human body from
exogenous T from the pharmacy or the black market.
Between the Games of Moscow and Los Angeles,
extensive studies of the urine steroid profile were
conducted. It was found that human urine contains a
T isomer with no known biological function, epites-
tosterone (E). The median ratio of urinary T to E
(T ⁄E ratio) is approximately 1 : 1 and increases upon
T administration [21, 22]. Donike proposed that the
T ⁄E ratio be used to detect T administration [21]. At
first the IOC-MC set the cut-off at 6 : 1. As the T ⁄E
ratio could only be determined by GC–MS, in 1984,
for the first time all Olympic samples (n = 1510) were
screened for AAS by GC–MS [23]. Sixteen were
reported positive for AAS (nine nandrolone metabo-
lites, five T ⁄E, two methenolone) but only 11 of these
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were documented and acted on during the Games.
The other positive steroid cases were lost because of
‘accidental’ shredding of the codes. Later, the IOC-
MC increased the T ⁄E cut-off to 10 : 1, and then
back to 6 : 1. Now the WADA defines an adverse
analytical finding as having a T ⁄E greater than four.

One problem with T ⁄E is that drug-free individuals
can have a naturally elevated T ⁄E. Another problem
is that T ⁄E never exceeds four in some users, either
because their T ⁄E does not change much upon admin-
istration for genetic reasons [24] or because they use
microdoses to titrate themselves. One approach to
resolve such ambiguous cases is longitudinal profil-
ing, which consists in plotting T ⁄E and other urinary
androgen concentrations and ratios over time. Drug-
free individuals are expected to have stable values
whereas users are expected to show abrupt variations
correlating with drug use [22]. In the late 1990s, a
new approach was introduced: isotope ratio MS
(IRMS) [25].

Isotope ratio mass spectrometry

Most of the carbon in the natural world is carbon-12,
with six neutrons and six protons in the nucleus of
the atom. Approximately 1% of all carbon, however,
is carbon-13, with seven neutrons instead. Fortunately
for anti-doping scientists, exogenous, pharmaceutical
T contains slightly less carbon-13 than endogenous,
natural T. Pharmaceutical T is manufactured by semi-
synthesis from plant starting materials; natural T arises
from biosynthesis from cholesterol, which comes from
endogenous or dietary sources. The carbon in all of
these compounds and all living things originates
from atmospheric CO2, fixed by plants during
photosynthesis. Because the pathways between
atmospheric CO2 and each T of interest differ, the
resulting carbon-13 content differs between endoge-
nous and exogenous T, and this difference is measur-
able with a GC-combustion-IRMS. In practical terms,
it means that the carbon isotope ratio value for a
urinary steroid determines if the steroid is natural or
synthetic. The WADA Technical Document on report-
ing and evaluation guidance for testosterone, epites-
tosterone, T ⁄E ratio and other endogenous steroids,

recommends that a urine sample in which any one of
certain criteria such as T ⁄E greater than four, is met
during the screening procedure, it will be routinely
submitted to the IRMS analysis [26]. IRMS analysis
in sports doping control is commonly referred to as a
carbon isotope ratio. In addition, the sports authority
may request IRMS analysis on samples of its choice
selected by a targeting approach. The IRMS test is
not required to identify the actual substance that was
taken. In many cases, that substance is simply not
known.

In addition to moving on to endogenous steroids,
users also moved on to smaller doses of exogenous
steroids and cocktails, because it was increasingly dif-
ficult for the laboratories to detect the smaller
amounts of AAS in the urine and most laboratories
did not have research grade specialized MS. However,
costly high resolution MS (HRMS) or trap MS, had
the increased sensitivity that made it possible to find
long-lasting metabolites in lower amounts [27]. At the
Games of Atlanta in 1996, HRMS was used for the
first time at an Olympics to screen all samples. Sev-
eral samples were found to contain long-lasting
metabolites and low concentration of AAS, however,
these cases were administratively dropped when dis-
agreements arose regarding some of the findings.

Erythropoietins

Meanwhile in 1989, recombinant human EPO (rHu-
EPO) became available for patients and was soon
misused by sportspersons. In the late 1980s, there
were a number of unexplained deaths amongst young,
healthy, elite male European cyclists. The prevailing
hypothesis is that they had overdosed on rHuEPO
[28]. Sport first attempted to cope with EPO by insti-
tuting indirect tests on blood. The simplest indirect
test consists of measuring the haematocrit or haemo-
globin. Some sports organizations conduct ‘health
tests’ shortly before the start of races, for example,
the UCI rules define a maximum haematocrit of 50%
for men and 47% for women, above which an athlete
is not allowed to compete because exercise-induced
dehydration and the resulting increase in haematocrit
results in a greater risk of thromboembolic event [29].
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Such a finding would not be an adverse analytical
finding (or ‘positive case’ in common language), nor
would it lead to any sanction or disqualification.
Instead it is an ‘Atypical Value’ which leads to declar-
ing the athlete ‘unfit’ to compete. The difference in
language is designed to lower the risk of legal action.

Combining blood parameters in a mathematical formula
also makes it possible to calculate an on-score or off-
score which indicates whether the individual is on a
recombinant EPO or recently stopped using one. The
off-score has a retrospectivity of about 2 weeks [30].
These blood tests are indirect tests because they do not
detect the presence of recombinant EPO, only the foot-
prints of use.

In contrast the direct test detects rHuEPO itself. Endog-
enous human EPO is a peptide hormone consisting of a
family of isoforms, which differ from each other not by
the peptide sequence, but by its degree of glycosyla-
tion. This family of isoforms is different for recombi-
nant EPO and natural EPO, in other words, the two
types of EPO carry different charges and can be sepa-
rated by electrophoresis. Although electrophoresis had
practical limitations, it demonstrated conclusively that
the isoform pattern of urinary endogenous EPO differs
from the pattern of urinary rHuEPO, and it was the first
successful attempt to develop a direct test for urinary
rHuEPO [31].

A significant improvement occurred in 2000 when
Lasne and de Ceaurriz [32] described a method based
on isoelectric focusing (IEF) with immunoblotting plus
one novel and critical step: a second blot (‘double-
blotting’) [33]. After the isoforms of rHuEPO are sep-
arated by IEF, the first blot transfers the proteins to a
first membrane, which is incubated with anti-EPO
antibody. The second blot transfers only the anti-EPO
antibodies to a second membrane, which is incubated
with a second antibody directed against the first anti-
body. This step markedly reduces nonspecific binding
and yields clear isoform patterns. Finally, chemilumi-
nescence produces an image of the gel.

The electropherogram contains one lane per sample,
standard, or quality control sample. In each lane, the

isoform pattern consists of bands. The pattern (num-
ber of bands, positions, relative intensities) allows
identification. At the 2002 Olympic Games of Salt
Lake City, the IEF test with double blotting was suc-
cessfully used to detect darbepoetin alpha, a long-act-
ing form of rHuEPO, which had been released in US
just 4 months before the Games [34]. Darbepoetin
alpha has additional negative charges which cause the
bands to migrate to the more negative portion of the
IEF gel, therefore darbepoetin alpha can readily be
distinguished from rHuEPO based on different iso-
form band patterns. The IEF detected darbepoetin
alpha in the urine of three athletes who had won eight
medals during the Games.

Flow cytometry to detect blood transfusion

The past few Olympic Games have seen the intro-
duction of blood testing. At the 2004 Athens Olym-
pics, flow cytometry was used to detect blood
transfusions [35]. No adverse analytical findings
were reported during the Games, because of a sam-
ple handling mishap, however, 2 weeks after the
Games another sample from the same athlete had
evidence for two populations of red cells in his cir-
culation [36].

Human growth hormone

Anti-doping scientists have been working on a
method to detect the use of recombinant hGH
(r-hGH) for over 10 years. At this time the two
leading contenders are an indirect test based on a
medley of markers [37, 38], and an antibody test
based on the ratio of 22 k hGH immunoactivity to
that of the total immuno-hGH activity in serum [39].
Following the administration of 22 k hGH, immuno-
activity increases whilst the denominator decreases.
The ratio test was deployed at the Games of Athens
and Torino. There were no reports of adverse
findings. The retrospectivity of the ratio test is not
clear but should be in the order of one to several
days. The marker test is an indirect test that measures
a number of variables that change when hGH is
administered [37, 38]. It has not yet been validated
for the purpose of doping control analysis.
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Profiling of blood or urine: longitudinal testing, passports
and volunteer programs

Monitoring clinical parameters is common in medi-
cine and in everyday activities of the practicing physi-
cian. Changes in parameters may be sensitive
indicators of disease or doping. The first data point is
compared with population norms and subsequent
points to the patient’s baseline. This is exactly how
the urinary T ⁄E is first compared indirectly with pop-
ulation statistics by way of the cut-off and then to the
individual’s other values. A spike indicates T use
[22]. On the other hand, a marked reduction in the
concentrations of endogenous urinary steroids reflects
the shut down of endogenous androgen production
because of use of potent AAS. Concentrations and
ratios of urinary androgens are powerful indicators of
doping with any androgen. Monitoring has been
expanded from urine to blood.

For example, the UCI biological passport concept con-
sists of maintaining athletes’ individual records of
urine and blood test results and profiles. Doping would
be detected indirectly without identifying the sub-
stance taken, by assessing significant variations, which
would suffice to open disciplinary proceedings.

A revolutionary concept is the Volunteer Program,
scientifically similar, but with a goal exactly opposite.
Far from punishing drug users, this program would
merely deny them the privilege of its benefits, and
instead focus on rewarding drug-free athletes. The sit-
uation with doping in sports needs to be turned
around, so why not do it literally? [40].

Dietary supplements

Later phases in the steroid abuse saga include
dietary supplements, specifically those containing
anabolic steroid prohormones, designed to be con-
verted in the body to hormones such as T [41]. In
1998, a reporter spotted a bottle of ‘Andro’ (andro-
stenedione, the immediate precursor of T in the
body) in the locker of an American baseball star.
Worldwide sales sky-rocketed overnight. At the time,
Andro was not prohibited by any sports organization.

At first, it was not clear if Andro had significant
anabolic properties; nevertheless, in 1998 the IOC-
MC placed it and a number of other endogenous ste-
roids on the Prohibited List. This necessitated divid-
ing the List of prohibited steroids into two
categories: endogenous and exogenous. Gradually,
evidence had been accumulating that Andro is ana-
bolic. Although unequivocal and convincing evi-
dence of increased strength has not yet been
demonstrated, evidence is accumulating. For exam-
ple, in young men, it was found that 300 mg per
day for 7 days increases serum T [42].

Many prohormones, natural hormones and related ste-
roids can be ordered directly from internet sources.
Federal authorities in the US try to control this activity,
however, sites are continually popping up on the inter-
net. Often the products masquerade as dietary supple-
ments, although they are typically clearly advertised as
anabolic, but legal. Some US agencies have made
efforts to get some of these products off the market but
they can still be purchased without much difficulty.

For athletes, beyond the risk of adverse effects, there
is a risk of an adverse analytical finding for an ana-
bolic agent, because either the main ingredient is a
supplement (assuming it is even present in the bottle)
or more likely, an impurity from sloppy synthesis or
an unclean mixing vat. In several infamous cases,
athletes have been punished or kept from going to the
Olympics allegedly because of a supplement contami-
nant. The analysis of numerous dietary supplements
by a number of WADA-accredited laboratories world-
wide has shown that the bottle may contain what it
says on the label in the amount stated on the label, or
more, or less, or none, or a different steroid alto-
gether, including one that is a controlled substance in
US [41, 43].

Designer anabolic androgenic steroids

In the latest phase in AAS abuse, designer steroids
surfaced. For decades, anti-doping scientists had sus-
pected the existence of a clandestine industry,
designing doping agents and doping regimens and
discovering ways to beat the official tests and make
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a fortune. The first proof of concept came under the
form of norbolethone, a pharmaceutical drug long
abandoned by the industry, yet found in the urine
of one athlete in 2002, only because diligent drug
testers noticed a suppressed endogenous steroid pro-
file, a tell-tale sign of exogenous steroid use. It took
far more diligence to identify the steroid in use
because it was not routinely monitored by anti-dop-
ing laboratories. Eventually, the norbolethone in the
athlete’s urine sample could be matched against a
reference sample of norbolethone from the history
vaults of Wyeth [44]. A year later, an anonymous
coach mailed to US Anti-Doping Agency, a spent
syringe allegedly containing a secret, an undetect-
able steroid. Two months later, Compound X had
been identified as tetrahydrogestrinone (THG) by
eight researchers [45]. THG is the most notorious
designer steroid—designed, synthesized, and distrib-
uted only to beat the test—but it was not the first
or the last.

Tetrahydrogestrinone marked the beginning of the
BALCO affair, a wide-ranging sport drug scandal that
continues today. BALCO was an American company
that masqueraded as a food supplement provider whilst
it distributed performance-enhancing drugs to athletes
in several Olympic and professional sports. The scandal
involved many high profile athletes, a chemist who
synthesized hard-to-detect drugs, a drug distribution
system and laboratory testing. Until that time the
dominant testing method was GC ⁄MS, however, THG
disintegrated in the GC. Because LC–MS is the best
way to screen for THG, all WADA-accredited labora-
tories now screen urine samples by LC–MS, but THG
has never been found again. The LC–MS screen, how-
ever, is more sensitive than GC–MS for several other
AAS, and as a result epidemics of positive cases for
some of those steroids have been recorded.

Rapidly deployed proactive methods

A cardinal feature of doping is that some athletes will
experiment with any new substance that might
improve performance. They do not wait for regulatory
approvals. If they can obtain a supply they will try it.
Therefore the WADA laboratories strive to anticipate

and develop tests even before the misuse of a sub-
stance as a doping agent is reported.

Three examples of rapid development and implemen-
tation of a test are the tests for RSR13 (efaproxiral),
hydroxyethyl starch (HES) and the haemoglobin-
based oxygen carriers (HBOCs). In the case of
RSR13 (efaproxiral), an assay was developed whilst it
was still in clinical trials. The pharmaceutical com-
pany that was developing RSR13 recognized that as it
was an allosteric modifier of haemoglobin and had
been shown to increase maximum oxygen uptake
(VO2max) in animal models, it was a potential doping
agent. In addition, there were unconfirmed reports that
RSR13 was confiscated at a sporting event. This led
to proactive collaboration and a test was developed
and implemented even before the RSR13 trials were
complete [46].

In January 2000, HBOCs such as Hemopure and
plasma volume expanders such as HES were placed on
the Prohibited List. A few months later, a test for HES
was described [47] and shortly thereafter, it was used to
detect doping in athletes competing in the 2001 World
Nordic Ski Championships in Lahti, Finland. Similarly
in anticipation of the misuse of HBOCs, a method for
detection was developed and deployed [48].

Doping controls at olympic games

At the Olympic Games, urine and blood samples are
collected by staff members of the Local Organizing
Committee and the laboratory analyses are performed
at an accredited laboratory which is normally located
in the host city. The laboratory is staffed by experts
from the host nation plus senior and highly experi-
enced experts from other WADA-accredited laborato-
ries. The members of the IOC-MC supervise the work
both at the venues where the sampling takes place
and in the laboratory. The laboratory is staffed and
equipped to provide the results of the screening analy-
ses within 24 h of receiving the samples. The result
management is the responsibility of the IOC-MC.
Any decision related to positive samples or any other
alleged anti-doping rule violation is taken by the IOC
Executive Board.
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In the eighties and nineties, the Olympic samples
were collected at the completion of the competition
and tested only for the ‘in-competition’ menu, how-
ever, for the past few Olympic Games, the ‘Olympic
period’ or the period of time that an athlete may be
tested, has greatly expanded as has the number and
types of testing performed. The ‘Olympic period’
now extends from the opening of the Olympic Village
2 weeks before the start of the Games to the close of
the Games about 16 days later. During this period of
about 1 month, every athlete is available for blood
and ⁄or urine sampling whether residing in or outside
the Olympic Village. In addition, NADOs usually
increase the intensity of testing in the weeks immedi-
ately before the Games. In-competition tests are con-
ducted after each final and typically include samples
from the gold, silver and bronze medalists and a ran-
dom selection of the remainder. In addition, samples
are collected at random also after preliminary rounds.

The quality and quantity of the Games-time control
program has steadily increased since the Olympic
Games of Munich in 1972 when 7121 athletes partici-
pated and 2079 urine samples were analysed by GC
for stimulants and narcotics [3]. At the 2004 Games
of Athens, 10563 athletes participated and 2863 urine
samples were analysed by the sophisticated methods
described above. In addition, 416 blood samples were
analysed for hGH and 263 blood samples were analy-
sed for evidence of blood transfusion and HBOCs. In
Beijing 2008, the number of participating athletes will
be about the same as in Athens, but the doping con-
trol program will expand to include about 4500 urine
samples. The number of blood samples collected will
be about the same as in Athens but the number of
tests per sample will increase.

Therapeutic use of prohibited substances

Initially, this was termed permitted use of prohibited
substances and abbreviated to ‘permitted use’. In
1999–2001, the term ‘therapeutic use’ or ‘TUE’ was
introduced gradually and the process is known as
‘therapeutic use exemption’ or ‘TUE’. However, as
expected, global recognition and acceptance of this
procedure was slow.

The List was developed first to prevent drug-induced
enhancement of sports performance and secondly to
protect the health of athletes. It was not intended to pre-
vent doctors from prescribing the correct medical treat-
ment to their athlete spatients. In 1985, the inclusion on
the List of three new classes, diuretics, beta-blockers
and systemic glucocorticosteroids, put some athletes
and their doctors at a disadvantage. Their inability to
administer any drugs in these three categories had the
potential to result in either suboptimal treatment or
aggravation of an athlete’s medical condition if the drug
had to be discontinued. In 1988, in Calgary, the IOC-
MC permitted an athlete to continue to take oral corti-
costeroids for biopsy-proven inflammatory bowel dis-
ease and compete at the Games, whilst later that year in
Seoul, an athlete with biopsy-proven nephrotic syn-
drome was permitted to take oral furosemide. About
the same time, exemptions were being granted in a sev-
eral countries (including Sweden and Australia) to a
few national level athletes who had presented an incon-
testable need to administer a prohibited substance to
treat a genuine medical illness or condition. Such
approvals were valid only in that country.

In 1989, a 19-year-old Australian athlete with neona-
tal torsion of both testes, who had been prescribed
cyclic replacement T injections since puberty, sought
national approval and indicated that he hoped to com-
pete internationally in the near future. The IOC-MC
undertook studies on urine samples of the athlete’s
urine after T administration. There were discussions
of recommending replacement T therapy, however,
the proposal received little support and was dropped.
In 1991, the IOC-MC established a small committee
of the three members, A Ljungqvist, D Catlin and
K Fitch (secretary) termed the Medication Advisory
Committee (MAC) to examine the problem of TUE.

The MAC established criteria that had to be met
before an athlete could be granted permission to
administer a prohibited substance and compete and
guidelines as to how this approval process should be
managed. Criteria were:

1 the athlete would experience significant impairment
of health if the prohibited medication was withheld;
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2 no enhancement of performance could result from
the administration of the prohibited substance as med-
ically prescribed;

3 the athlete would not be denied the drug if he ⁄ she
was not a competing athlete;

4 no available or practical alternative can be substi-
tuted; and

5 retrospective permission would not be granted.

Guidelines included the need to submit full medical
details including laboratory and imaging investiga-
tions, confirmation of the necessity to administer the
prohibited drug by a consultant or specialist in
the appropriate medical discipline and information on
the sports discipline and specific role of the athlete.

Although that committee’s report was presented and
approved in October 1991, the MAC was not permitted
to commence its role for the 1992 Winter Olympics. At
those Games, an ice hockey player, whose dermatitis
was a direct consequence of wearing a mandatory pro-
tective device, was permitted by the IOC-MC to take a
small daily dose of oral corticosteroid because every
time he discontinued such treatment, his condition
relapsed. The MAC, which operated in strict medical
confidence, commenced to function prior to the 1992
Barcelona Olympic Games and provided permission
for a number of athletes to take prohibited substances
and compete at those and subsequent Olympic Games.
It has also rejected a number of applications because
they failed to fulfil the established criteria.

However, the concept was not formally approved by
the IOC Executive Board nor permitted to be publicized
because the Chair of the IOC-MC was concerned that a
plethora of applications for TUEs may follow. During
the next 8 years, the MAC provided advice to 11
National Olympic Committees (NOCs) and 15 IFs who
sought assistance for athletes who may have warranted
a TUE. The MAC’s advice was always accepted.

Attempts to recognize the concept of TUE continued
and during 1998, a member of the MAC addressed the

IOC Juridical Commission, the members expressing
surprise that the principle of TUE had been not been
generally disclosed and later, another MAC member
explained in writing to the Juridical Commission the
concept and the need for its recognition. In February
1999, at the World Conference on Doping in Sport in
Lausanne, the MAC pleaded that the concept be sup-
ported. However, in August 1999, when the Medical
Code of the Olympic Movement was released by the
IOC Juridical Commission, there was no mention of
TUE. In December 1999, the MAC again appeared
before the Juridical Commission and requested that
they include TUE in the IOC Medical Code and in an
addendum that was issued in January 2000, a single
sentence mentioning that the concept was included.
By that time, a number of NOCs including Sweden
and Australia had TUE Committees operating and
providing national exemptions for many years.

During the Sydney Olympic Games, Australia’s TUE
Committee organized a conference on TUE. This was
well attended by both NOCs and IFs. The meeting
resolved that protocols of TUEs i.e. detailed require-
ments necessary to confirm the athlete’s medical con-
dition, treatment with a prohibited drug and any
conditions attached to an approval be compiled and
circulated. This task was undertaken and completed in
January 2001.

As WADA commenced in 2000 to assume responsi-
bility for doping matters, TUE was discussed at a
WADA meeting in Stockholm in May 2001
attended by two members of the MAC and a repre-
sentative from the Paralympic Body. These proto-
cols were discussed and modified. When the World
Anti-Doping Code was approved in March 2003,
the concept of TUE was included. Following this, a
WADA Committee chaired by a member of the
MAC developed an International Standard for TUE
which was approved by WADA’s Executive Com-
mittee in September 2003.

Currently, the WADA website [49] contains the Inter-
national Standard for TUE, guidelines for a TUE and
an application form to formally apply for a TUEs. The
WADA criteria that must be met to grant a TUE are:
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1 the athlete would experience significant health
problems without taking the prohibited substance or
method;

2 the therapeutic use of the substance would not pro-
duce significant enhancement of performance, and

3 there is no reasonable therapeutic alternative to the
use of the otherwise prohibited substance or method.

In December 2006, the German NADO and WADA
conducted a symposium on TUE attended by repre-
sentatives of 23 NADOs and 15 IFs which resulted in
WADA preparing and in 2007, inserting on their web-
site ‘Medical Information to Support Decisions of
TUE Committees [50] which has superceded the 2001
protocols.

Some examples of TUEs that may be granted include:

1 oral corticosteroids for inflammatory bowel disease
and severe asthma;

2 diuretics for cardiovascular and renal conditions;

3 stimulant medication for attention deficit hyper-
active disorder in children and adolescents and for
narcolepsy; and

4 insulin for type 1 diabetes.

Because of the high likelihood of improving perfor-
mance, T for documented primary or secondary hyp-
ogonadism remains the most contentious and difficult
TUE, necessitating an independent referee’s opinion
and strict monitoring. The athlete’s sport and his role
in that sport are sometimes relevant. No synthetic
AAS can be prescribed except danazol for C-1 ester-
ase deficiency for hereditary angioneurotic oedema.
AAS can never be approved for the diagnosis of age-
related hypogonadism (‘andropause’) and is never per-
mitted to be administered to female athletes.

Currently, the concept of TUE has wide acceptance
by NOCs, IFs and Organizing Committees of major
Games. Mutual recognition is required by the WADA

Code but there are occasional pitfalls because some
TUE Committees of small NOCs and IFs have little
or no experience and err at times, mostly in the ath-
lete’s favour, which does have the potential to disad-
vantage their opponents.

Conclusions

During the last 40 years, remarkable advances in ana-
lytical chemistry have allowed initially the IOC and
IFs and recently WADA the capacity to identify and
sanction athletes who have misused a wide range of
pharmaceutical products, the vast majority of which
were developed to treat diseases. Recently, drugs
designed especially for athletes to enhance perfor-
mance have been produced, used, and athletes pun-
ished. The administration of prohibited substances to
athletes with an indisputable clinical need is now pos-
sible under strict regulations. While great progress has
been achieved to catch up with the dopers and their
rogue scientific advisors, many challenges remain in
the future, not the least of which will be the necessity
to prevent gene doping from damaging sport.
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