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ABSTRACT
According to current rules of the International Olympic Committee (IOC), doping is defined as

�the use of an expedient (substance or method) which is potentially harmful to athletes� health
and capable of enhancing their performance, or the presence in the athlete�s body of a prohibited
substance or evidence of the use thereof, or evidence of the use of a prohibited method.� From
a medical point of view there are nutritional, pharmacological and physiological performance-
enhancing aids. Among them there are some prohibited substances and methods as well as
some legal ones. Before using performance-enhancing aids one has to answer several questions:
Are they safe for health? Are they effective and legal in a particular sport discipline?, Is their use
ethical? And, most of all, are there any indications for using them from a medical point of view?
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Usage of expedients that can enhance
athletes� physical and psychical condition,
and as a result boost their performance in
non-natural way, has become a very serio-
us problem in present-day sport.

What convinces athletes that it is ne-
cessary to use performance-enhancing aids
in order to obtain a competitive edge? As
we all know, human aspiration for impro-
ving one�s own physical efficiency is as
old as mankind and is connected not only
with sport. It has become a social problem
nowadays. For example, youths who are
not athletes strengthen themselves in un-
controlled ways. Some of them want to
have big muscles and be strong, so they
use anabolic-androgenic steroids and readi-
ly available over-the-counter steroid pre-

cursors. Youth also make use of other drugs
in order to forget about reality for a mo-
ment. Adults attempt to cope with the stres-
ses of the present world or to prevent the
ageing process by use of revitalization
drugs and dietary supplements.

Doping, or use of performance-enhan-
cing substances in sport has a very long
history. There are numerous reports infor-
ming us that ancient Olympic athletes used
various stimulating substances. The word
�dope� appeared in the English dictionary
in 1889 for the first time. It meant the
opium mixture used in horse racing. Ho-
wever the word �dope� does not appear to
be of English origin. It may come from the
dialect of the Kaffir tribe that lived in so-
utheast Africa. �Dop� referred to a liquid
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drug that was used in religious celebrations.
Later on all stimulating drinks were called
�dop�. �Doping� may also be derived from
the Netherlands� word �doop� that refer-
red to a liquid brew mixture of herbs and
roots enriched with gunpowder. The usage
of �doop� was called �dooping� and the
word �doop� became understood as a stu-
perous poison. The word �dop� (short ver-
sion of doop) appeared in common langu-
age and in the 20th  century was changed
into �doping�. It referred to athletes that
used different expedients to enhance their
physical and mental condition.

Doping and performance-enhancing
aids

The variety of doping expedients and
methods used by athletes, the intensive
development of modern sport, and the pro-
gress of medical science lead to �under-
standing mess� and �misinformation com-
motion� two expressions often used alter-
nately concerning doping and performan-
ce-enhancing substances (8) Exactly sta-
ting what doping is and what the perfor-
mance-enhancing aids are is nowadays
quite complicated (8). What is more, those
two expressions are often used alternately.

There have been many proposals con-
nected with doping classification during
recent years. One of them has divided do-
ping into two categories: long-term doping
(anabolic-androgenic steroids) and short-
term doping (stimulating substances). The
other has separated doping into �positive�,
which can be faked, and �negative� some-
times called �anti-doping�. We can also
distinguish mixed or combined doping,
which is the connection of pharmacologi-
cal and psychological doping. Stimulating
substances have been divided into �extra-
neous� and �endogenic�. Traditionally sub-
stances used in sport are divided into sti-
mulating poisons (typical doping substan-
ces), medicines (legal only under medical

control), and general sports preparations
(legal under no circumstances) (6, 16).

One of the ways of ordering �misinfor-
mation commotion� was to simplify exi-
sting definitions and classifications. The
classical definition of doping, according to
International Olympic Committee (IOC)
says: �it is the use of an expedient (sub-
stance or method) which is potentially
harmful to athletes� health and capable of
enhancing their performance, or the pre-
sence in the athlete�s body of a prohibited
substance or evidence of the use therefore,
or evidence of the use of a prohibited me-
thod.� However, it turned out that this de-
finition is simplified and does not corre-
spond with reality. The sports world is not
ethical and does not reflect the Greek idea
�do as good as you can using what you
have� (6, 20). Moreover, currently some
medicines, substances, and manipulations
that go beyond that classical definition are
being used. For example dehydrating me-
dicines do not enhance physical skills, so
according to the definition they should not
be treated as a doping. Of course you can
theorize that a lighter (dehydrated) person
will jump higher (it would be easier for him
to bring his center of gravity higher) assu-
ming that one won�t lose his power after
dehydrating. The matter of using desiccants
is to lower the body weight but it is strictly
connected with health damage. Body buil-
ders explain that water loss is making their
muscle sculpture more defined. Usually tho-
se excuses are the method to divert atten-
tion from the real purpose of using diure-
tics, which is to rinse away performance-
enhancing aids from one�s organism (20).

According to current rules of (IOC)
doping is defined as:
1. the use of an expedient (substance or

method) which is potentially harmful to
athletes� health and capable of enhan-
cing their performance

2. the presence in the athlete�s body of a
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prohibited substances or the evidence of
their usage, or the evidence of practicing
prohibited method.
There is also a list of prohibited sub-

stances and methods, which is a comple-
ment for this definition. The list is constan-
tly renewed and completed with new ele-
ments.  The conclusion from the definition
is clear � the most important issue that de-
cides inclusion of the substance on the list
is the athletes� safety. The fact that needs
to be stressed is that the usage of pharma-
cological substances and doping methods
are harmful for health and life threatening.

Forbidden pharmacological substances
Below are listed some examples of side

effects associated with specific substances
in various categories.

A. Simulating aids: CAFFEINE causes
motion anxiety, sleeplessness, irritability,
heart-rate disorders, heart-rate acceleration,
and coma.

B. Narcotic pain-relief substances:
MORPHINE causes stupor and coma, de-
creased concentration (single-mindedness)
and physical activity, and respiratory de-
pression which may result in death.

C. Anabolic substances: ANABOLIC-
ANDROGENIC STEROIDS cause nega-
tive influences on the skeletal system, mu-
scle system, skin, water and electrolyte
equilibrium, fat metabolism, cardiovascu-
lar system, liver, kidneys, and prostate.
They also cause dyspeptic and allergic
symptoms and disorders in maturation and
changes in the reproductive system diver-
sified according to the age and sex.

D. Diuretics: FUROSEMIDUM causes
hyponatraemia, hypokalaemia, hypoma-
gnesaemia, sudden blood-pressure decre-
ase, heart-rate disorders, headaches and
dizziness.

E. Peptide and glycoprotein hormo-
nes: GROWTH HORMONE causes gigan-

tism, acromegaly, hepatosplenomegaly,
diabetes, hyperthyreosis, hypertension, and
neurological  and osteoarticular changes.
ERYTHROPOIETIN induces blood con-
centration, increases blood stickiness, ag-
gravates its rheological ability, and may
lead to thrombus and heart infarction.

Forbidden methods (8, 15, 16, 17, 20)
Blood doping: may sometimes effect

allergic reactions, infectious diseases, over-
work of circulatory system, gas embolism,
and metabolic shock.

Pharmacological (physical or chemi-
cal) methods: HES (hydroxyethyl starch)
- the increasing of plasma volume give rise
to overwork (surcharge) of cardiovascular
system.

Categories of substances being under
some restriction

A. Alcohol: overuse leads to addiction;
forbidden in disciplines in which rules re-
strict it.

B. Cannabinoids: forbidden in discipli-
nes in which rules restrict it. MARIHU-
ANA is treated as a delusive (illusory) en-
hancing substance, causes addiction, may
result in toxicological psychosis.

C. Local anesthetics: most of them
may be used as local injections and in-jo-
ints injections except COCAINE.

D. Glucocorticosteroids: may be used
topically but when administrated orally,
rectally, intravascularly, or intramuscular-
ly are prohibited without exception.

E. Beta-blockers: prohibited in disci-
plines in which rules restrict it. PROPRA-
NOLOL causes bradycardia and may lead
to heart block and spastic states of the bron-
chial pathways.

The new look at enhancing
There is an interesting proposal of or-

dering �misinformation commotion� by
Williams. He distinguished - from medical
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point of view � only nutritional, pharma-
cological and physiological enhancing sub-
stances (sometimes called ergogenic aids).
These are �the substances that are initia-
ted in order to increase physical strength,
mechanical capability, improve psycholo-
gical resistance by affecting one or more
of the processes influencing development
of the above listed characteristics� (20).

Carbohydrates, fats, vitamins, mineral
substances and water are included among
nutritional enhancing substances. Nutritional
enhancing aim is to build the mass of muscle
tissue, provide muscle energetic substrate and
accelerate energy production. Many of  the-
se substances are designed to increase physi-
cal strength. Some of them may be helpful to
improve mechanical efficiency or to heigh-
ten the psychical resistance.

Pharmacological enhancing substances
are the agents, which have effects similar
to hormones and neurotransmitters in hu-
man body. They can heighten mechanical
power by influencing metabolism, impro-
ve physiological processes engaged in ener-
gy production, and increase psychological
resistance (20).

Physiological enhancing aids are the
substances or techniques whose main role
is to intensify the tempo of natural physio-
logical processes generating physical
strength (20).

Among nutritional, pharmacological
and physiological enhancing aids are to be
found some doping agents. It has to be
stressed that most of performance-enhan-
cing substances (according to Williams)
used to elevate strength have been enume-
rated by IOC on the list of prohibited sub-
stances and methods (15, 20).

Criteria for selecting enhancing aids
From a sports and medical point of view

we should think about the effectiveness of
legal enhancing substances. In practice ef-
fectiveness should be estimated according

to the results arising from scientific rese-
arches obeying recommended methodolo-
gical requirements. Those requirements
are:
· reason for using the substance
· subject of the research
· proper experimental methods
· well conducted pilot research
· properly selected group randomly assi-

gned to experimental and placebo gro-
ups and use of a double-blind protocol

· proper control of environmental factors
and well prepared statistics.
The best sources of information are re-

view articles and meta-analyses by outstan-
ding researchers published in reputable,
peer-reviewed journals, not single experi-
ments, which can often be incompatible (3,
20).

In the final decision to use legal enhan-
cing aids, the athlete�s health and the re-
ason for using the aids have to be taken
into account. One has to remember that
every substance affecting the living or-
ganism can be toxic if used in excess, ir-
regardless of use for medical, social or en-
hancing reasons.  Aids that are used are
not always properly tested regarding toxic
reactions, especially overuse by individu-
als who are in extreme environmental con-
ditions. Though all people are anatomical-
ly and physiologically similar every human
being possesses  individual biological cha-
racteristics derived from inherited differen-
ces and environmental influences. That is
the reason why the reactions after using
various substances may be so varied. Re-
actions may be even opposite to the inten-
ded, and in some cases may be harmful.

Another problem is a positive test re-
sult for the presence of prohibited substan-
ces in the body after using nutritional sup-
plements containing substances such as
ephedrine, pseudoephedrine, strychnine,
caffeine or dehydroepiandrosterone and
other prohormones.
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Some nutritional supplements may he-
ighten the proportion of testosterone com-
pared to epitestosterone or lead to a positi-
ve test for nandrolon metabolites. Atten-
tion should be paid to many supplements
marketed to athletes, such as guarana, Ma
Huang or other multiple �anabolic nu-
trients� and plant prohormones, which
when metabolized can change into meta-
bolites of prohibited substances. Moreover
an analysis of 16 commercial substances
DHEA revealed that only in half of them
was the composition compatible with dec-
lared contents. The composition of the
others was very different from that defi-
ned on the package (1, 20).

When one decides to use any kind of
performance-enhancing substance, he sho-
uld take all these remarks into considera-
tion. The reliability of some companies and
nutritional products are suspect, particular-
ly regarding the purification level of com-
ponents and quality control. That is why
the safest products are controlled by a
Medicine Committee (or Drug Commis-
sion) and registered by it as medicines.

Brief overview of legal enhancing aids
The most common substances used by

athletes are: sodium bicarbonate, creatine,
carnitine, HMB, vitamins, minerals, and
caffeine in proper amounts. Some of those
substances seem to be effective and relati-
vely safe.

Sodium bicarbonate (12, 14, 20)
- effectiveness: causes an increase in sys-

temic buffering capacity, helpful in re-
moving hydrogen ions, delays the ap-
pearance of fatigue

- safety of usage: relatively safe in recom-
mended amounts

- sports and physicians comments: propo-
sed to athletes carrying out repeated in-
tensive efforts lasting 45 seconds to 6
minutes.

Creatine (4, 7, 1, 12, 18, 20)
- effectiveness: may be useful in impro-

ving processes connected with ATP-CP
energetic system. It is suggested that it
works as a buffer in muscles and decre-
ases the level of lactic acid in their struc-
ture. Lately conducted meta-analysis
does not confirm its efficiency.

- safety of usage: the newest facts in this
topic are alarming � it increases musc-
les cramping and the risk of liver and
kidney damages. It may be harmful for
athletes� of endurance disciplines le-
ading to a predisposition to hot-related
illness.

- sports and physicians comments: usage
may be recommended in very short-term
efforts in some sport disciplines.

Carnitine (4, 12, 20)
- effectiveness: theoretically it should save

glycogen, but it is not yet proven
- safety of usage: seems to be safe
- sports and physicians comments: is not

recommended because of its doubtful ca-
pability

HMB (12, 20)
- effectiveness: may built up muscles mass

and stops their collapse after effort
- safety of usage: seems to be safe (till

now)
- sports and physicians comments: can be

taken to increase body mass and musc-
les strength control.

Vitamins (2, 4, 5, 9, 10, 16, 20)
-effectiveness: according to scientific

studies usage of vitamins does not heigh-
ten endurance abilities in majority of ath-
letes
- safety of usage: if taken strictly as re-

commended appear to be safe. Some vi-
tamins when overdosed can be harmful
for health

- sports and physicians comments: their
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usage is reasoned with athletes who:
consume a limited diet, train in sport di-
sciplines in which body mass control is
needed and are vegetarians. Some vita-
mins may be applied for prevention of
oxidant stress.

NaCl supplementation (16, 19)
- effectiveness: boost physical performan-

ce
- safety of usage: may be in conflict with

hypertension prevention
- sports and physicians comments: limi-

ted supplementation time.

Plant extracts (1, 20, 21)
- effectiveness: suggested skepticism to-

wards questionable �innovations�
- safety of usage and sports and physi-

cians comments: only those whose sa-
fety has been tested in training condi-
tions substances should be used.

Caffeine (1, 16, 20)
- effectiveness: improves psychological

processes, used in proper amounts sho-
uld upgrade metabolic processes which
can enhance lipid utilization; caffeine ap-
plication is advised in endurance disci-
plines in order to save glycogen

- safety of usage: fairly safe for healthy
people, overuse leads to addiction to caf-
feine with side effects

- sports and physicians comments: its usa-
ge is controversial and lowering of per-
mitted amounts has been recommended
by some scientists.

As the above list shows, the usage of
legal enhancing aids by athletes is based
on the effectiveness of the aid. However,
although the usage of some substances is
legal (because they aren�t on the list of pro-
hibited substances), their use may be in
contradiction with the classical definition
of doping and fair play rules.

Physicians recommendations towards
use of permissible aids should be based on
reasonable enhancement connected with
individual needs. There are two questio-
nable opinions regarding this subject. One
is the statement of nutritionists, who belie-
ve that a properly composed diet is able to
assure the organism all necessary nutrients.
Others think that the increased effort of
sport  requires multiple supplementation
(before, during and after the stress) in or-
der to help maintain the individual�s ho-
meostasis (2, 9, 10, 11, 16, 20, 22).

The most important thing is to protect
the health and safety of the athlete. That is
why both opinions should be taken into
consideration. Nutrition and hydration have
an essential role for endurance abilities. A
special training diet determines the indivi-
dual�s strain ability. Physicians� sugge-
stions for reasonable enhancement with
vitamins, macro- and microelements or
energetic substances should be individu-
alized in relation to one�s state of health,
potency, trained sport discipline, charge of
training, training cycles and the season of
the year (2, 16, 22).

Attention should be paid to proposals
that may decrease the amount of positive
doping test results. Trainers, athletes, co-
operating scientists and physicians should
be educated in that matter. All products
used by athletes should be of high quality,
come from well-known producers and have
proper information about its consistency.
It has to be reiterated that optimization of
the training process is the best way to pro-
vide a performance edge. Training is all
about increasing physical power, biome-
chanical efficiency and physical resistan-
ce. Unfortunately many athletes connect
the ability to improve sports efficiency with
the usage of doping, which in their opinion
can replace proper training. That is why
attempts of trying different ways of bo-
osting the above listed characteristics of
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physical efficiency constantly meet with
success. We think that acquainting athle-
tes, coaches, physicians and all people en-
gaged in training processes with the fact
of present opinion about performance-en-
hancing substances is essential in order to
avoid health loss and unnecessary acci-
dents, to shatter illusory hopes of coaches,
and to refute myths about �mysterious
aids�.

To sum up, it must be said that from a
sports and medical point of view we di-
stinguish prohibited and legal enhancement
substances. The legal one is not about its
capability, but most of all about its medi-
cal reason. Before applying any kind of
enhancing aid the athlete has to ask him-
self some questions about it: if it is effecti-
ve, safe, legal and ethical, and above all
ask his physician if its usage is recommen-
ded from a medical point of view.
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