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Jim Blanchflower

‘Faster, higher, stronger’ —

the Olympic ideal still stands as a
beacon to all athletes, but how fair is
modern competition? Has modern
sport changed from a physical battle
into a pharmaceutical one?

edia interest in drug use by athletes may be

relatively recent — mainly the last few

decades — but the use of drugs by athletes

has its roots in ancient history. Some
authors reported the use of stimulants by athletes in
ancient Greece. Despite this, it seems fair to assume
that widespread use of drugs in sport probably began in
the second half of the twentieth century. Advances in
the field of pharmaceuticals allowed the manufacture of
many new drugs, including natural hormones which
are now produced by genetic engineering.

Many hormones are involved in controlling the body’s
response to exercise. Experiments have shown that
exercise alters the levels of some hormones — plasma
concentrations of growth hormone, testosterone and
insulin are all known to be affected by physical activity.
If these hormones play a part in the adaptation to
exercise, it follows that altering their concentrations
artificially may affect athletic performance.

As athletes earn more and more money, and receive
ever greater media coverage, the pressure to win
increases. This pressure can easily become an urge to
win at all costs. This is one of the factors that leads
athletes to use artificial hormones. The hormones used
by athletes fall into two main classes: peptide hormones
and steroid hormones. The latter include anabolic
steroids, probably the most widely publicised of all illicit
substances used by athletes.

The term steroid refers to a type of molecule based on a
four-ring structure (see Figure 1). Various chemical
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Figure 1
Testosterone

groups are bonded to this, providing a range of steroid
molecules with different biological activities. Testo-
sterone and oestradiol are both steroid hormones, but
they have very different effects on the body.

Testosterone

Testosterone is the most useful of the steroid hormones
as far as athletes are concerned. It is produced in the
Leydig cells of the testes in males, and in the adrenal
cortex in both males and females. Testosterone produces
both anabolic and androgenic effects.

Anabolic reactions build larger molecules from
smaller ones. Protein synthesis is an example of this
type of reaction. Enhancing protein synthesis in athletes
increases the size and strength of the muscles, as well as
increasing the speed of recovery between training
sessions. The enhancement of strength will obviously be
useful to athletes involved in lifting or throwing events,
while enhancing recovery may well be beneficial to
many other athletes, including runners and swimmers
(see Box 1).

Androgenic effects are masculinising, including
development of male secondary sexual characteristics:
facial hair, voice deepening and pubic hair growth.
These may be considered to be undesirable side-effects,
especially in female athletes.

Testosterone is sometimes used by athletes, but it
has many drawbacks. It is not orally active, and so can
only be administered by injection. It is rapidly broken
down and so is active for only a short time. Making
selective chemical changes to the structure of the testos-
terone molecule can eradicate these difficulties. This
process yields a group of drugs called the anabolic
steroids.

These steroids have anabolic effects that are virtually
identical to those of testosterone. However, they exhibit
varying degrees of the androgenic effects. The use of
anabolic steroids is banned by the International Olympic
Committee and their sale is a criminal offence in the UK.
Until recently, however, delta-5 anabolic steroids have
been available for sale as a sports supplement. These
steroids are only weakly anabolic, but they are
metabolised in the body to produce more powerfully
anabolic substances. Some of these metabolites are
capable of causing a positive result for the anabolic
steroid nandrolone if the athlete is tested for drugs. It is
possible that these readily available substances are
responsible for the recent high numbers of positive tests
for nandrolone in athletes.
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Side effects of anabolic steroids

There are many side effects of using anabolic steroids.
The masculinising effects can be particularly distressing
in women, and may lead to some permanent changes,
including deepening of the voice, enlargement of the
clitoris and facial alterations.

Potential health problems include liver damage,
heart disease and the disruption of the control of testo-
sterone concentration. Testosterone synthesis is normally
stimulated by luteinising hormone (LH) released from

Box 1 The benefits of anabolic steroids
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Figure 2 Supression of LH and testosterone production
when using anabolic steroids.

the anterior pituitary gland. Testosterone levels can
therefore be controlled homeostatically via a negative
feedback system, where LH stimulates testosterone
release, and high levels of testos-
terone inhibit LH release. This
process keeps testosterone levels
within normal body concentra-
tions. Anabolic steroids, because
they are so similar to testosterone,
inhibit LH secretion. As a result
of this, they indirectly reduce
testosterone production in the
testes (see Figure 2). LH is also
responsible for maintaining the
mass of the testes, so with lower
levels, the testes shrink. Although this side effect is not
life-threatening, it can be distressing!
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Incidence of anabolic steroid use

The use of anabolic steroids is extremely widespread,
and is not confined to competitive athletes. A recent
survey has found that they are the second most
commonly used illegal drug after cannabis. The main
consumers of anabolic steroids are gym-users attempting
to increase muscle size and improve appearance,
without any intention of competing in a sport. The

Computer graphic of human
growth hormone (hGH), which has
a molecular mass of 22 005.

drugs are purchased generally within the gym from
dealers who are also anabolic steroid users. The dealers
most commonly obtain the drugs by importing them
from countries where they can be purchased legally
(e.g. Mexico).

There are many factors that may contribute to the
high incidence of steroid use. These include social and
ethnic background, unemployment, peer group pressure
and even the relative proximity of sandy beaches! It has
been suggested that the drive to use anabolic steroids is
linked with feelings of vulnerability or inadequacy.

Peptide hormones

Peptides are chains of amino acids linked by peptide
bonds. Peptide hormones are essentially small proteins.
Like all proteins, peptide hormones are molecules with
a particular structure and, as with steroid molecules, it

_is the structure of the molecule that confers its activity.

Many different peptide hormones are used by athletes.

Human growth hormone (hGH)

Human growth hormone is produced by the anterior
pituitary gland and is secreted into the blood. Secretion
is not constant — a variety of stimuli cause hGH release,
including sleep, exercise and fasting. hGH controls
aspects of physiology throughout life, but its actions are
different in children and adults. In the growing child or
adolescent, hGH is the most important hormone
governing increases in length of the bones. Insufficient
hGH results in limited growth and a particular type of
dwarfism — hypopituitary dwarfism. By the same
token, over-secretion of hGH in children leads to exces-
sive growth or gigantism.

In adults, the long bones are not able to increase in
length. Over-secretion of hGH leads to increases in
the size of the jaw, brow, nose, hands and feet. This
condition is known as acromegaly. In addition, there are
other metabolic changes, most importantly concerning
the metabolism of glucose. There is no syndrome
associated with under-secretion of hGH in adults.

At the tissue level, hGH causes cells to take up
glucose and amino acids, promotes protein synthesis
and increases the breakdown of fats for energy. Most of
these effects are actually due to an intermediate
compound called insulin-like growth factor (IGF). hGH
stimulates the manufacture and release of IGF from the
liver and skeletal muscles.

The actions of hGH result in increases in muscle
mass and reduction in body fat levels. It is not hard, in
the light of this, to understand why hGH is popular with
athletes, particularly bodybuilders. The side-effects of
hGH are essentially the same as those of acromegaly
(enlargement of the hands, feet etc.) and increased
incidence of diabetes mellitus — the result of the
interference with glucose metabolism.

Despite the increases in muscle mass, there is no
evidence to support the idea that hGH increases
strength, speed or any other marker of athletic perfor-
mance. The increases in muscle mass and decreases in
body fat will ‘improve the appearance’ of bodybuilders,
and it is possible that this is one of the prime motivating
factors for hGH use in other athletes. Increased media
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[image: image4.jpg]coverage of sports puts top athletes more and more in
the limelight. This may lead many to worry about their
physical appearance. Also, the ‘better-looking” athletes
often win more lucrative deals in terms of sponsorship
and advertising work.

Artificial hGH is taken by injection. It is less readily
available than anabolic steroids and is much more
expensive on the black market. Although the Interna-
tional Olympic Committee has banned its use, there is
currently no effective test for hGH use in athletes.

Insulin

Insulin, which is normally produced in the pancreas, is
an extremely anabolic hormone (see pp. 30-35). It has
become popular in the USA due to changes in the laws
surrounding anabolic steroids which have made them
more difficult to obtain. Injectable insulin is always
readily available due to the large numbers of insulin-
dependent diabetics.

In addition to its role in promoting the uptake of
glucose by cells and the conversion of glucose to stored
glycogen in the liver and muscles, insulin also promotes
amino acid uptake and protein synthesis. This has led
athletes to believe that insulin may increase strength
and muscle size and therefore produce some of the same
benefits as anabolic steroids. However, despite the fact
that insulin certainly helps athletes to gain weight, much
of this is in the form of increased fat, which may not be
beneficial to performance.

Insulin is probably the most dangerous of the
hormones used by athletes. It causes cells to take up
glucose. This leads to a fall in blood glucose. When
insulin is produced naturally, a fall in blood glucose
concentration results in inhibition of insulin release.
This prevents blood glucose levels from becoming too
low. Insulin administered by injection is not subject to
these controls, and so blood glucose levels can fall
dangerously low, resulting in coma or even death.

Human chorionic gonadotrophin (hCG)

This hormone is produced by the placenta of pregnant
women. It is similar enough to luteinising hormone to
produce the same effects on the testes, stimulating
testosterone release. hCG is commonly used following a
period of anabolic steroid use. It helps to restart the
synthesis of testosterone, and reduces the degree of
testicular shrinkage associated with anabolic steroid use.

Erythropoietin (Epo)

This hormone is normally produced by the kidneys. It
stimulates the bone marrow to produce more red blood
cells. Increasing the numbers of red blood cells can
enhance performance in endurance sports by increasing
the oxygen-carrying capacity of the blood and helping
to delay the onset of anaerobic respiration in exercising
muscles. Since Epo is now produced in relatively large
amounts by genetic engineering, it has been used by
many athletes, particularly cyclists.

The main side-effect of the use of Epo is that of
increasing the viscosity of the blood. As the blood
becomes thicker due to the larger number of cells, it
becomes harder for the heart to pump around the circu-
lation. This effect is heightened by the loss of fluid from
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the blood that occurs from dehydration due to sweating.
This phenomenon has led to cardiac failure in some
cyclists.

Future trends

The development of gene therapy may be exploited by
future generations of athletes. Gene therapy involves
the use of specialised carrier viruses to deliver the genes
into human cells. Some viruses have the ability to
implant their own genetic information into that of the
host cell. This is the technique by which viruses
normally replicate, since the implanted DNA redirects
the components of the cell to manufacture more viruses
instead of continuing their normal metabolic processes.
In the same way, these viruses can be used as a shuttle
system to implant desired genes into the cells.

Animal studies have already shown that it is possible
to implant the genes for production of Epo and the
anabolic hormone insulin-like growth factor (IGF) into
cells. This form of genetic engineering would be
extremely difficult to detect.

Things to do

¥ Discuss any other hormones that you believe may be
attractive as drugs of abuse for athletes.

» Explain what you think may be the possible prob-
lems associated with obtaining drugs from black
market sources.

Jim Blanchflower is a Lecturer in Physiology, Nutrition
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He also competes as a powerlifter at elite level.

Testing for illegal
drugs in sport.
This laboratory
handles up to 60
urine samples
per day.
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