
Cheating in sport is nothing new —
only its form has changed. In ancient
Greece, athletes attempted to lay

their rivals low with curses, or simply turned
to bribery. Fines levied on those caught
were used to build bronze statues of Zeus,
which lined the entrance of the Olympic
stadium, reminding competitors of the
perils of cheating.

Today, cheats rely on chemical assistance,
using an array of banned substances to get
more from their bodies than nature and
training would otherwise provide. And
although those who are caught face lengthy
bans, the depressing truth is that pharma-
ceutically enhanced athletes are usually one
step ahead of the scientists employed to catch
them.If the International Olympic Commit-
tee (IOC) and other sports governing bodies
do not provide more funding to back their
tough words on drugs, these scientists say
they will continue to be runners-up in the
doping contest. “Drug testing costs a lot of
money and sports federations are never keen
payers,”says Mats Garle, scientific director of
the Swedish Doping Control Laboratory in
Huddinge,near Stockholm.

The latest weapon in the fight against

doping comes from Australian and French
researchers who have developed methods for
detecting abuse of erythropoietin (EPO), a
hormone that boosts the body’s production
of red blood cells. Approved by the IOC in
late August with great fanfare, these two tests
will be used at the Sydney Olympics, which
open on 15 September. But few athletes are
likely to be caught out at the games.Provided
they stop taking EPO a few days before their
events, they will probably test negative. In
fact, the tests are likely to be most useful in
out-of-competition testing, which has
already begun — but it is rumoured that the
EPO abusers are already working on ways to
dodge detection.

Meanwhile, progress towards tests for
another performance-enhancing drug,
human growth hormone (hGH), has stalled.
Although the scientists developing the tests
are confident that they could have been read-
ied in time for Sydney, the IOC refused to
sanction funding for the necessary valida-
tion studies. As a result, unscrupulous ath-
letes know that they can abuse hGH with
impunity.

Before any new drugs test is introduced,
sports governing bodies must be convinced
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that it will stand up to legal challenges. If the
doping control authorities lose a courtroom
battle, the consequences can be disastrous.In
1997, the British Athletics Federation went

What price the Olympian ideal?
Without more money for their research, antidoping scientists will continue
to be beaten into second place by pharmaceutically assisted athletes.
Alison Abbott reports from the front line of sport’s drugs war.
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Back on track: sprinter Merlene Ottey
successfully overturned a drugs-related ban.
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bankrupt, partly as a result of court costs
incurred after the middle-distance runner
Diane Modahl challenged its decision to ban
her following a positive test for testosterone.
Modahl convinced the court that bacterial
growth caused by a failure to refrigerate her
urine sample properly could have led to a
false positive result.

Hormone hunting
Given this, the IOC’s decision to adopt the
two EPO tests for the Sydney games is a
genuine milestone in antidoping science.
Recombinant EPO, a peptide of 165 amino
acids produced by genetic engineering, is
among the world’s top selling pharmaceuti-
cals. It is used to treat anaemias associated
with disorders such as kidney failure. By
boosting the production of red blood cells,
it increases the flow of oxygen to the mus-
cles. Some competitors in endurance sports
such as cycling and distance running proba-
bly started using EPO as soon as it became
available in 1987. Until now, there has been
no way to detect this abuse.

In approving one of the EPO tests, the
IOC is for the first time requiring athletes to
give blood samples for doping control.
Developed by Michael Ashenden and his col-
leagues at the Australian Institute of Sport
near Canberra, the test measures the EPO
concentration in blood as well as four other
factors affected by raised EPO levels1. Pre-
cursors of red blood cells, known as macro-
cytes and reticulocytes, are overproduced in
bone marrow when EPO levels are raised,
and they leak out into the circulation. So
Ashenden’s test measures the levels of red
blood cells and these two precursors. It also
measures the serum concentration of a pro-
tein called soluble transferrin receptor,
which is involved in iron metabolism — and
as such influences the production of the oxy-
gen-carrying haemoglobin complexes
found in red blood cells.

The other test, described earlier this year
in Nature2 by Françoise Lasne and Jacques de
Ceaurriz of the French National Anti-Dop-
ing Laboratory in Châtenay-Malabry, near
Paris, detects directly the presence of recom-
binant EPO in urine. The test is based on a
subtle difference between human EPO and
that produced in vitro for pharmaceuticals.
The recombinant EPO has the same amino-
acid sequence as the natural hormone but,
because it is produced from non-human
cells, it has a different number of sugar
residues attached to it.As a result, the electri-
cal charges on the two forms of EPO are dif-
ferent and they can be separated using an
electrophoretic technique called isoelectric
focusing.

To avoid the possibility of false positive

results in Sydney,sanctions will only be taken
against athletes who fail both tests. The
blood changes tested for by Ashenden’s
method linger for two to three weeks after an
athlete stops taking EPO, but the recombi-
nant EPO itself is flushed out of the body
within a few days. De Ceaurriz suspects that
the performance-enhancing effects of EPO
start to diminish three days after its last
administration. Even so, he believes athletes
can gain an advantage if they use EPO up to a
few days before their competitions, and yet
still test negative for the urine test. He says
the tests will be most valuable in out-of-
competition monitoring, where samples can
be demanded at any time.

After watching the performance of the
EPO tests in Sydney,IOC-accredited labs will
decide whether to include them in their bat-
tery of standard tests. At the moment, these
cost around 150 euros (US$131) for compe-
tition samples and 100 euros for out-of-
competition testing. The two EPO tests
could add considerably to the costs.Wilhelm
Schänzer, director of the IOC-accredited
doping control laboratory in Cologne,calcu-
lates that Ashenden’s blood test alone would
add around 25 euros, not including the costs
involved in blood collection.

The intensity of the war on doping will
always depend on money, both for carrying
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out the tests and for developing new ones. In
1998, the IOC decided to fast-track the
development of the EPO tests by investing
US$1 million. This figure was matched by
the Australian government.

A growing problem
But the IOC’s antidoping research budget is
so limited that this decision meant it had to
abandon promising research into tests for
hGH. Used to treat dwarfism, recombinant
hGH first made its appearance in the mid-
1980s. As usual, athletes recognized its fat-
burning and anabolic effects long before
the scientists. Even before the recombinant
hormone became available, a publication
called The Underground Steroid Handbook
noted that hGH was already established in
power-lifting and “within a few years will be
a commonly used drug in all strength ath-
letics”. This prediction seems to have come
true. The drug is often stolen from manu-
facturers and hospital pharmacies, and ath-
letes have been caught carrying supplies. In
February this year, 1,575 vials of hGH were
stolen from a pharmaceutical importer in
Sydney.

In the mid-1990s, the IOC and the Euro-
pean Commission co-funded a three-year
international project called GH2000 to
develop tests to detect this substance. The

s
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work of the antidoping scientists is far from
glamorous. Thousands of samples, each held in
tamper-proof bottles, must be subjected to a set
of standardized analyses. It is easy to get bored
with the routine, says Wilhelm Schänzer, who
heads the International Olympic Committee (IOC)-
accredited doping control lab in Cologne. Last
year, the 35 scientists in his lab tested 10,800
samples, 159 of which proved positive. Two-
thirds of the positives were for anabolic steroids,
most of the rest for stimulants such as ephidrine. 

Each sample is divided into two, so that a
retest can be done in the event of a positive
result. For the retest, the athlete involved, or
witnesses representing them, can attend. This is
always “uncomfortable” for the scientists, says
Jordi Segura, head of the IOC-accredited lab in
Barcelona. 

Doping control labs are also always on the
alert for biochemical clues that athletes may
have started to abuse a new compound for
which no test is available, or which may not yet
have been put on the banned list. Suspicions are
usually aroused by the presence of unknown
nitrogen-containing molecules in an athlete’s
urine. In some cases, it is possible to predict
which drugs they are likely to experiment with.
“We do try to anticipate the abuse potential of
new drugs which come onto the market,” says
Schänzer. 

What the antidoping scientists find most
frustrating is the validity of their work being
challenged by athletes’ lawyers. “A new
approach or methodology may take scientists
years to develop, yet as soon as there is a
positive test all the science is thrown into
question,” says Francesco Botrè, head of the IOC-
accredited doping control laboratory in Rome.
And if a disputed positive test ends up before an
international arbitration panel, or even in court, it
can be a harrowing experience for the scientists
on both sides. “It is not that easy being beaten for
hours by a barrister in a court-like setting,” says
John Honour, an endocrinologist at University
College London who on several occasions has
acted as an expert witness for accused athletes.

The lot of the dope police

Testing times: Schänzer says that doping
control can be a frustrating task.

In a spin: the 1998 Tour de France was reduced to
chaos (left) after drugs were found in the
possession of Willy Voet, a Festina team employee.
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Until last year, few people — apart from scientific
specialists and those associated with top-level
sport — had heard of nandrolone. But in the run-
up to the Sydney games, this anabolic steroid has
repeatedly hit the headlines following the
revelation that some of track and field’s biggest
names have tested positive for the drug — among
them Linford Christie, 100-metres sprint champion
at the 1992 Barcelona Olympics (pictured). 

The resulting controversy has seen the
accused athletes and their lawyers question the

work of the antidoping scientists and has set
Britain’s athletics federation against its

international parent body. It has also
drawn attention to the nutritional

supplements consumed by top
athletes, some of which

contain traces of nandrolone — even though it is
not mentioned on the labelling.

Nandrolone is just one of many synthetic
anabolic steroids used in medicine. But they can
also be used by athletes, and nandrolone has long
been on the International Olympic Committee’s list
of banned substances. The test used to identify
the cheats uses mass spectrometry to detect the
main metabolite of nandrolone, 19-
norandrosterone, in athletes’ urine. 

Human urine can contain tiny quantities of
naturally produced 19-norandrosterone. So the
IOC-accredited scientists who devised the
nandrolone test conducted validation studies to
determine threshold levels of the compound above
which an individual can reliably be assumed to
have taken the drug or one of its precursors.
These have been set at 2 nanograms per millilitre
for men, and 5 ng ml11 for non-pregnant women.
The current controversy centres on the validity of
these thresholds, with accused athletes — and
UK Athletics, which took over as the sport’s
governing body in Britain after the British
Athletics Federation went bankrupt — arguing
that individuals could record results above the
thresholds without taking any banned
substance.

Some athletes have appealed
successfully against positive nandrolone

tests. In July, the Jamaican sprinter
Merlene Ottey was cleared by an

International Amateur Athletic
Federation (IAAF) arbitration

panel after questions were
raised about the way her

positive test was done. In
particular, it emerged that

Ottey was dehydrated
when she gave her
sample — which
would have elevated
the concentration of
19-norandrosterone in
her urine — and this
had not been taken into
account.

Appeals that seek
to undermine the basis
for the thresholds are
much more ambitious.
But that is what
Christie and two other
British athletes,
European 200-metres
champion Dougie
Walker and 400-
metres hurdler Gary
Cadogan, tried to do
last month, when their
cases were heard by
an IAAF arbitration
panel. All three had

tested above the threshold for 19-norandrosterone:
Cadogan at 10.6 ng ml11; Walker at 12.6 ng ml11;
and Christie at 200 ng ml11. With the backing of UK
Athletics, which had cleared them of nandrolone
abuse, the athletes’ arguments rested on
unpublished research conducted by Ron Maughan,
a physiologist at the University of Aberdeen and a
nutritionist for the British Olympic team.

In a project commissioned by UK Athletics and
the IAAF, Maughan studied several athletes who
had tested positive for nandrolone and a group of
physically active, healthy volunteers. The subjects
were not monitored continuously, and Maughan
does not place too much emphasis on the results
from the athletes — who may have had a vested
interest in the study’s results. More important, he
says, are the findings from the healthy volunteers
who consumed large quantities of the sort of food
supplements used by athletes. First, Maughan
tested three volunteers and found that the one who
had exercised that day tested above the threshold
for the nandrolone tests. In a follow-up study, in
which ten volunteers were given supplements and
told to exercise, five tested above the threshold. 

Maughan stresses that his results are
preliminary. “This is at a very early stage and we
recognize we need more information,” he says.
Given this, and questions surrounding the precise
methods used, the IAAF panel rejected the British
athletes’ appeal. Wilhelm Schänzer, director of the
IOC-accredited doping control lab in Cologne,
which conducted Christie’s positive test, argues
that the nandrolone test threshold has been
subject to extensive validation. “We have data
from hundreds of thousands of samples,” he says.
These data have not been published, but Schänzer
adds that a French study on 30 healthy men5

found a maximum urinary concentration of 19-
norandrosterone of 0.32 ng ml11. 

Some positive nandrolone tests could be the
result of athletes buying contaminated nutritional
supplements. Maughan could find no trace of
nandrolone or related compounds in the
supplements his volunteers consumed. But several
antidoping laboratories, including Schänzer’s, have
analysed such supplements, procured from
athletes or from suppliers advertising on the
Internet, and found traces of nandrolone or its
precursors not mentioned on the labelling. “We
informed the IOC and the doping control officials of
the different sports federations, but so far only the
international cycling federation has responded by
formally advising its members against using
nutritional supplements,” says Schänzer. 

Although it might seem harsh to take
sanctions against those who may have
inadvertently consumed a banned substance, the
rules state that it is the responsibility of athletes to
ensure that they remain clean. The antidoping
scientists’ job, says Schänzer, “is to say whether
or not certain substances are in the body, not how
they might have come to get there”.

A storm over steroids
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project, which concluded at the end of 1998,
was led by Peter Sonksen,an endocrinologist
at St Thomas’Hospital in London.

The GH2000 consortium delivered its
report to the IOC in January 1999. It had
developed a series of blood markers that
could be used to test for elevated hGH levels,
including insulin-like growth factors and
proteins that bind to them3.“We have found
a very credible test for exogenous hGH,”says
Sonksen.“It only needs to be tested out more
broadly, in a range of ethnic and hormonal
backgrounds,and in other conditions.”

Weighing the odds
Working independently of GH2000,
researchers led by Christian Strasburger at
the Ludwig-Maximilian University in
Munich have developed a direct test for
recombinant hGH4. This relies on the fact
that hGH exists in different molecular forms,
the two major fractions of which have mole-
cular masses of 22 kilodaltons and 20 kDa.
Although only half of the body’s own hGH is
in the heavier form, for recombinant hGH
the figure is 95%. The test uses antibodies to
identify the two forms, and so allows any
shift in the natural ratio to be spotted.

Sonksen costed validation studies for
the GH2000 and Munich tests at around
US$5 million, and requested continued
funding.The consortium also responded to a
formal call for proposals for research issued
by the IOC in August 1999, but was turned
down. Sonksen still has thousands of sam-
ples available for analysis in his freezer.“Now
GH2000 is in cold storage both literally and
metaphorically,”he says.

The IOC argues that Sonksen’s cost
estimates were too high, and had not
been convincingly justified.“We won’t do it at
this price,” says Patrick Schamasch, medical
director of the IOC, based at its headquarters

in Lausanne,Switzerland.But Sonksen rejects
this criticism. He maintains that his experi-
ence with GH2000 allowed him to give precise
estimates for the development needed to
bring the tests up to a court-proof standard.

The German Sports Research Institute in
Cologne is now supporting further work to
validate the Munich test,drawing on some of
the GH2000 samples. Strasburger hopes that
the newly created World Anti-Doping
Agency (WADA), based in Lausanne, will
follow through on statements that tackling
hGH abuse will be its top priority, and pro-
vide the money needed to bring the test into
general use. When it is fully established,
WADA is supposed to take over doping con-
trol from the IOC. But the IOC and national
sports federations will provide most of the
agency’s funding. And some scientists claim
that if these bodies were committed to

clamping down on drug abuse, they would
divert much more money into promising
new detection methods. “If they were really
serious,they would be well-advised to at least
support the development of new scientifical-
ly validated analytical tests,”says Strasburger.

That view received strong support in
a report from the US National Commission
on Sports and Substance Abuse, commis-
sioned by the White House Office of Nation-
al Drug Policy and released on 8 September.
It criticized the IOC’s “seeming lack of will”
to tackle the doping problem,and called for a
five-year research programme, costing up to
US$100 million, to give the antidoping labs
the tools they need.

As soon as any new test is introduced,
cheating athletes will seek ways to avoid detec-
tion, or find other performance-enhancing
drugs for which there are no tests. Some
cyclists are already believed to be experiment-
ing with EPO precursors,and oxygen-carriers
such as perfluorocarbons and oxyhaemoglo-
bin. Drugs that increase the production of
blood plasma, meanwhile, could be used to
dilute out EPO before the blood tests.And if a
source of recombinant EPO from a human
cell-line becomes available, the urine test for
EPO would immediately become ineffective.

Given the determination of their oppo-
nents,antidoping scientists realize that it will
always be tough to keep pace with the drug
cheats. But if they are not given a larger share
of the huge sums of money circulating with-
in the world of sport, their task will almost
certainly be hopeless. n

Alison Abbott is Nature’s Senior European Correspondent.
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Fallen hero: sprinter Ben Johnson lost his gold at the 1988 Seoul Olympics after failing a dope test.

Under siege: Schamasch (right) and Olympic medical chairman Prince Alexandre de Merode.
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