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1 5 Mary Lloyd Ireland and Craig C. McKirgan

Pertformance-Enhancing Drugs:
Ergogenic Aids

Humans have used many substances to enhance their
athletic performance. As early as 200 to 300 a.n. Greek
athletes and Nordic Berserkers ingested psvchotropic
mushrooms and herbs before competinon and com-
bat.'"’ In the 19th century, caffeine, alcohol, nitroglyc-
erin, ethyl ether, strvchnine, and opium were commonly
used by athletes.”’ Tn 1865, swimmers in a canal race in
Amsterdam were charged with using ergogenic aids. ™
Cyclists used “speedballs™ of heroine and cocaine in

+ . . -
1869.“" In the late 19th century, a mixture of coca leat

extract and wine, called vin Mariani was used by French
cyclists and a champion lacrosse team.” Amphetamines
replaced other stimulants in the competitive arena in
the 1940s and 1950s.""

In 1962, the International Olvmpic Committee
(IOC) established a committee to control the use and
abuse of drugs in athletics. In the 1968 Olvmpic
ganes, ergogenic drugs were banned and drug testing
began. The first person to be disqualified was Hans
Gunnar Lijenvall, a Swedish pentathlete who took alco-
hol to steady his trigger finger.” In the late 1960s and
early 1970s, there was an increase in the documenta-
tion of amphetamine abuse, especially in professional
sports. The use of drugs in professional baseball was
prohibited in 1971 by, then baseball commissioner,
Bowie Kuhn."” During the 1980s, human growth hor-
mone and human chorionic gonadotropin entered the
world of ergogenic aids."” During the 1983 Pan-Ameri-
can Games in Caracas, Venezuela, 19 athletes, two from
the United States, tested positive for banned sub-
stances. A number of other U.S. athletes returned
home before competition and drug testing. In 1984,
during the XXIII Olympiad in Los Angeles, four U.S.
cyclists used blood doping and won four of the team’s
nine medals.
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DRUGS IN SPORTS

The use of drugs falls into three general categories:
therapeutic, performance enhancing, and recreational.
Use of antibiotics for the treatment of an infection is an
example of a therapeutic drug. The performance-
enhancing drugs, or ergogenic aids, include drugs such
as amphetamines and anabolic steroids (Table 15-1).
Recreational drugs include alcohol, marijuana, anc
other mood-altering substances.

The term ergogenic comes from the Greek ergon (work)
and gennan (to produce). Ergogenic aids increase work
output. The American College of Sports Medicine’s
position statement in 1987 defined ergogenic aids as
“physical, mechanical, nutritional, psychological, or
pharmacological substances or treatments that either
directly improve physiological variables associated with
exercise performance or remove subjective restraint
that may limit physiological capacity.”®

The term doping originated in South Africa, wherc
dope was the name of an alcoholic beverage used by the
native population. According to the International
Olympic Committee (IOC), doping is “the administra-
tion or use of any substance foreign to the body or any
physiological substance taken in abnormal quantity or
taken by an abnormal route of entry into the body with
the sole intention of increasing in artificial and unfair
manner . . . performance in competition. When neces-
sity demands, medical treatment with any substancc
which, because of its nature, dosage or application, is
able to boost the athlete’s performance in competition
in an artificial and unfair manner, this too is regarded
by the IOC as doping.””

The IOC has divided the various types of drugs into
doping classes. It should be noted that the doping
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Performance-Enhancing Drugs

75

Drug

Mechanisms of Action

Enhancing Effects

Adverse Effects

mphemmines and
Sympa[homimetics

Caffeine

Cocaine

Nicotine (tobacco)

Beia blockers

Diuretics

Blood doping and
erytliropoietin

Nutritional
ergogenic aids:
Amino acids,
vitamin By, bee
pO“CH, sodium,
bicarbona[e,
b.aking powder,
Vitamins and
minerals

Stimulate release of catecholamines
from nerve cells; displace
catecholamines from receptor
sites, allowing an increased
amount of catecholamines in the
synaptic cleft; inhibit reuptake;
act as catecholamine agonist;
inhibit catecholamine breakdown

Translocation of intracellular
calcium; increase available cAMP;
competitive antagonism of
adenosine receptors; glycogen
sparing by increasing free fatty
acid availability

Increased concentrations of
dopaminergic and noradenergic
transmitters at the neural synapse;
blocks reuptake antagonism

Stimulation of CNS at low doses,
depression of CNS (inhibition of
catecholamine release) at high
doses

Block beta receptors on end organs
B;: Heart, kidney, adipose tissue
f5: Liver, bronchi, and arteries

Types: Osmoticdiuresis; carbonic
anhydraseinhibitor; increased
concentration of Na' in urine;
inhibition ofclectrolyteresorption;
aldosterone antagonism

Increased O, delivery to skeletal

muscles via increased hemoglobin
and hematocrit

Increased alertness, increased self-
confidence, elation, euphoria
release of serum free fatty acids;
decreased reaction time, appetite;
fatigability, mood elevation

Decreased fatigue; increased
concentration and alertness,
endurance, muscle contractility,
pe_[_f()rmancc

Euphoria; sense of enhanced
mental prowess

CNS stimuladon at low doses,
decreased appelite, calming effect
at high doses

Relieving anxiety, decreased tremor
and heart ratc, improved hand-
arm steadiness

Weight reduction; dilution of drug
concentration in urine

Increased aerobic work; enhanced
thermal regutation; increased
cardiac output secondary to
increased blood volume;
increased buffering of lactic acid

Psychological benefit

Central nervous system (CNS):
Tremulousness, anxiety,
insomnia, agitation, dizziness,
irritability, headaches, psychosis,
seizures, possible cerebrovascular
accident (CVA)

Cardiovascular (CV): Arrhythmias,
hypertension, angina pectoris

Gasuointestinal (GI): Nausea,
vomiling, diarrhea, dry mouth,
hyperthermia

CNS: Anxiety, nervousness,
insomnia, delirium scizures,
coma, death

CV: Tachycardia, arrhvthmias,
hypertension

Genitounnary (GU): Diuresis

CNS: Addiction, CVA, seizures,
visual changes, insomnia,
confusion, dehirium, paranoia,
psvchosis

CV: Ventricular arrhvthmia, angina
pectoris, myocardial infarcton,
myocardius, sudden death

Other: Perforation of nasal septum,
loss of smcll, hyperthermia

CNS: Depression at high doses

Respiratory (R): Chronic
obstructive pulmonary discase,
lung cancer

CV: Hypertension, cornary artery
discase

Other: Periodontal discase

°NS: Hatlucinations, nighumares,
insomnia, depr

R Increased airway resistance

CV: Reduced blood pressure,
congestive heart failure, retarded
heart rate, atrioventricular block

Gl: Nausea, vomiting, diarrhea,
constipation

Other: Decreased endurance due 1o
reduced Vo,max; decereased
muscle blood flow, O, uptake,
and glucose concentration

on

Dehydration, electrolyie imbalance,
muscle cramps, orthostatic
hypotension: decreased muscle
strength, cardiac output, Voymax;
poor temperature regulation

Infection—viral (hepatits or HIV)
or bacterial

Immune reactions: Fever, urticaria,
hemolytic anemia, fatal
transfusion reaction

CV: Increased blood viscosity;
decreased blood flow velocity;
pulmonary emboli, deep venous
thrombuosis

Nutritional inbalance: vitaminosis;
Gl upset
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definition is based on the banning of pharmacological
classes of agents and not specific agents. The doping
method refers to blood doping as well as other pharmaco-
logical, chemical, and physical manipulation of the
urine. A third class of drugs that is subject to certain
restrictions includes alcohol, marijuana, local anesthet-
ics, corticosteroids, and beta blockers."” The doping
classes are stimulants, narcotics, anabolic agents, diuret-
ics, and peptide hormones and analogs.

STIMULANTS

Stimulants are the most commonly used ergogenic
aid. The most common type is amphetamines (Table-
15-2). Other stimulants include caffeine, nicotine,
cocaine, crack cocaine, and over-the-counter sympath-
omimetic agents such as ephedrine. Stimulants have
been most commonly used in events that require
endurance, such as cycling, and in sports that require
aggressiveness and explosive power.¥ The psychological
effects of stumulants include enhanced alertness,
increased ability to concentrate, decreased sensation of
fatgue, mood elevation, and increased self-confidence
and aggression. Stimulants also increase the muscu-
loskeletal system’s ability to improve muscle contractility
and increase the release into the circulation of free fatty
acids. Negative physiologic effects include anxiety, poor
judgment, excessive aggressiveness, schizophrenia-like
psychoses, increased heart rate, increased bloed pres-
sure, risk for cerebral vascular accident, cardiac arrhyth-
mias, death, and interference with timing of technical
skills.

Amphetamines

In the 1960s there was an increase in the use of
amphetamines among American professional football
players. In 1957, the American Medical Association con-
demned the use of amphetamines in athletics. A con-
trolled substance act was passed by Congress in the
1970s that severely restricted the manufacturing of

Table 15-2. Amphetamines

amphetamines and applied strict guidelines for thcir
use.'” The therapeutic uses of amphetamines have
included the treatment of obesity, narcolepsy, minimal
brain dysfunction (hyperkinesis), attention deficit disor-
der, depression, and severe menstrual cramps.(1 1)

Amphetamines, sympathomimetic agents, mimic the
endogenous catecholamines epinephrine, norepineph-
rine, and dopamine.(m Catecholamines stimulate the
central and peripheral nervous system via the alpha and
beta receptors. The stimulation of the central and
peripheral nervous system by amphetamines is by un
indirect method.""? The cardiovascular effects  of
amphetamines include increased systolic and diastolic
blood pressure, increased heart rate, and, with farger
doses, reduced positive inotropic effect (via reflex
action). Central nervous system effects of amphetamine
use include stimulation of the medullary respirator
center, the spinal cord, and the reticuloendothelial svs-
tem.""” However, the most significant effect of ampheta-
mines appears to be its psychological effects: inereascd
alertness, decreased sense of fatigue, mood elevation,
increased self-confidence, elation, and euphoria.

The ergogenic effects of amphetamines were the sub-
ject of a controlled study conducted by Smith and
Beecher in 1959.% They evaluated swimmers, runners.
and weight-throwing performers who were all trained
athletes. Each subject was given a 14 mg/kg dose of
amphetamine 2 to 3 hours before athletic performance.
Better performance was noted in 93% of the swimmers,
73% of the runners, and 85% of the weight throwers.
Although the percentage of increase in their respective
fields ranged from a low of 0.5% for swimmers to a high
of 4% difference for weight throwers, this difference
may be significant for a high-class or world-class athiectc.
Other studies have shown that amphetamines do no
produce a positive effect."'” The psychological benefi
from amphetamines appears to be the most significant
one. The numerous side effects must be weighed against
the known benefits.

The side effects of amphetamine use depend on dose
and length of use. The adverse effects on the central
nervous systemn include restlessness, insomnia, instabil-
ity, agitation, confusion, paranoia, hallucinations, con-

Generic Name Trade Name Street Name
Amphetamine Benzedrine Uppers, bennies, peaches,
greenies
Dextroamphetamine Dexedrine Dexies, oranges, greenies,
orange heart caplets
Methamphetamine Desoxynmethempex Meth, crystal, whites, speed
Dextroamphetamine and Biphetamine Footballs, black beauties

amphetamine

(Brill H., and Hirose, T.: The rise and fall of a methamphctamine epidemic: Japan
1945-55. Seminars in Psychiatry. 1(2):179, 1969. Laties, V.G., and Weiss, B.: The
amphetamine margin in sports. Fed. Proc. 40:2689, 1981.)
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vulsions, coma, and even death. Cardiovascular effects
include headaches, chills, flushing, palpitations, angina,
atrial or ventricular arrhythmias, hypertension, hypoten-
sion, bradycardia, tachycardia, cardiovascular collapse,
necrotizing vasculitis, subarachnoid hemorrhage, and
cerebral hemorrhage in doses as low as 20 mg. Gastroin-
restinal effects include gastrointestinal  discomfort,
weight loss, nausea, vomiting, abdominal pain, and
decreased appetite. The sudden withdrawal from
amphctamines, especially from long-term use, can result
in chronic fatigue, lethargy, hypersomnia, hyperphagia,
and depression.

Caffeine

Caffeine is one of the most commonly used drugs in
the United States and Europe. Caffeine is a methylated
xanthine similar to theophylline and theobromine.'?
Caffeine is found in the raw fruit of the coffee plant (Cof-
Jea arabica) as well as in 60 other species of plants, includ-
ing tea leaves and coconuts. Today, caffeine is found
principallv in beverages such as coffee, tea, and soft
drinks, and in some over-the-counter analgesics, cold
medications, and antisomnolence drugs. The concentra-
tion of caffeine in an 8-ounce cup of coffee is roughly 100
to 150 mg. Tea has approximately 60 to 70 mg of caffeine
per Sounce, coladrinks 40 1o 60 mgin 12 ounce.!'""'?

Historically, caffeine was reported in France to cure
smallpox, gout, and scurvy and in England to cure vene-
real disease and the common cold.!'? Today, the princi-
pal use of caffeine as an ergogenic aid is to increase
endurance and increase alertness.'? Some studies sub-
stantiate the hypothesis that the ingestion of caffeine
mav spare muscle glycogen use by mobilizing serum-free
fariv acids. "™ The glvcogen stores are then available
for use later. There has also been evidence of an
Increase in muscle contractility associated with doses of
caffeine.™ Another primary effect of caffeine is its cen-
tral nervous system stimulation, which may improve
endurance, especially if an athlete is already fatigued.
Studies of Voumax, an indicator of aerobic capacity,
have shown no great cffects after catfeine ingestion.

Because of conflicting reports about the ergogenic
effects of caffeine, the [OC has changed its ban on caf-
feine and now allows it to be ingested in small amounts.
The IOC banned the use of caffeine until 1972. At that
tme, any caffeine found in the urine was considered a
banned substance. Just before the 1972 Olympics caf-
feine was removed from the banned list. This action
reflected conflicting findings and the ubiquitous nature
of caffeine. In the 1984 Olympic games in Los Angeles,
lh(‘ IOC returned caffeine to the “banned substance
]1_-\!," but only restricted the permissible level. Concentra-
bons of caffeine greater than 15 pg/ml of urine were
bgnntrd. In 1986, the 1OC lowered the permissible caf-
fgme level in the urine to less than 12 pg/m].((‘” The
NCAA banned caffeine in urine concentrations greater
than 15 ng/ml. %" To reach a 12 pg/ml level, a person
would have 1o drink six to eight cups of coffee over a
short time and be tested within 2 or 3 hours.

y “—

The central nervous system effects of caffeine include
anxiety, nervousness, insomnia, delirium, seizures,
coma, and in larger doses, death. Withdrawal from long-
term caffeine use can result in headaches, drowsiness,
lethargy, rhinorrhea, irritability, nervousness, and
depression. Cardiovascular side effects of increased caf-
feine ingestion include palpitations, hypertension, and
arrhythmias (supraventricular and ventricular). Another
complication is that the mild diuretic effect of caffeine
could offset the performance-enhancing effect for
endurance athletes.""” Heat problems can occur with
the reduced plasma volume and increased basal meta-
bolic rate. Mild gastrointestinal irritation can also occur
with excessive doses of caffeine.

Cocaine

Cocaine comes from the coca bush (Erythroxylon coca),
an indigenous plant in the Peruvian Andes. The coca
leaf was originally chewed by the Incas. It was used for
religious purposes and later became an abused drug. Its
benefits were to fight off fatigue and suppress
hunger, *#2#% Sigmund Freud also performed studies
using cocaine on himself and felt exhilarated and at
ease.''"*" Cocaine was also used by Angelo Mariani, a
Corsican chemist, who added it to wine (“vin Mariani”),
which was widely used by cyclists. In the United Siates,

John Smythe Pemberton used cocaine in the original

formula of Coca-Cola; however, it was removed from the
formulation in 1903.%% In 1986, cocaine caused the
deaths of professional football player Don Rogers, of the
Cleveland Browns, and amateur basketball player Len
Bias, from the University of Maryland.'"

Cocaine and crack cocaine use by athletes has been
princil(a(ql}y recreational rather than for ergogenic
effect.”>*” In the general population, one in every six
high school seniors has admitted to trying cocaine, one
in 18 students has tried crack cocaine, and nearly 40%
of adults in their late 20s have used cocaine.®” A study
in 1985 showed that nearly 20% of professional baseball
players and 75% of professional basketball plavers have
used cocaine.®™™ A 1986 National Football Lcague
(NFL) Players Association survey found that half of the
respondents considered cocaine the most commonly
abused drug in the NFL.*”

The principal medical use for cocane today is as an
anesthetic. It is used principally in ear, nose, and throat
procedures. The methods of use of cocaine include
sniffing (snorting), smoking, chewing, and intravenous
injection. The drug is usually snorted by illicit users.''"
Cocaine works primarily by blocking reuptake of neuro-
transmitters. The effects of cocaine are short lived.
Since the exhilarating effects Jast only 5 to 15 minutes, it
is not uncommon for users to take multiple doses dur-
ing the day. Because of its short-lived action, cocaine 1s a
poor ergogenic aid.'" Unfortunately, cocaine is a very
addictive drug. It is no longer considered “the safe
drug.” Side effects of cocaine include ulceration and
perforations of the nasal septum, rhinitis, sinusits, bron-
chitis, hyperthermia, agitation, restlessness, insomnia,
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anxiety, toxic psychoses, hallucinations, cardiac arrhyth-
mias, sudden death, angina pectoris, myocardial infarc-
tion, and many others.

Nicotine

Nicotine, the addictive drug found in tobacco, has
been used by humans for centuries. Tobacco can be
smoked or used in smokeless forms. Smokeless tobacco
can be further divided into loose leaf tobacco (chewing
tobacco) and snuff. The use of smoking tobacco in the
general population in the United States has bcen
reported at approximately 31.5% of adult men and
25.7% of the adult women.*” Nicotine use in the athlete
population is principally by smokeless tobacco, usually by
baseball players. It is hoped the current educational pro-~
grams and rule changes will reduce the use of chewing
tobacco during competition. It has been estimated that
34 to 39% of the U.S. professional baseball players in
major and minor leagues use smokeless tobacco. 3

Nicotine is a potent alkaloid that works on both the
central and the peripheral nervous system. It also acts as
both a depressant and a stimulant. The effect is dose
dependent. At low doses, in the peripheral nervous sys-
tem, stimulation occurs at the autonomic ganglia. At
high doses, ganglionic depression occurs. Also at high
doses, nicotine causes inhibition of catecholamine
release from the adrenal medulla. In the central nervous
system, norepinephrine and dopamine release occurs
after nicotine administration. Tobacco appears to have
paradoxical calming and stimulating effects because of
the aforementioned dose-related effects of nicotine. "

The athlete uses nicotine for the stimulatory effect,
calming effect, or appetite controt."” The overwhelm-
ing side effects of the nicotine in tobacco far outweigh
the benefits. The side effects of tobacco include pul-
monary diseases, including various carcinomas; cardio-
vascular disease, including hypertension and coronary
artery disease; gastrointestinal disease; and periodontal
diseases, including leukoplakia and the risk of squamous
cell carcinoma and others.

Although the benefits as an ergogenic aid to perfor-
mance are small, the long-term risks of ill health far out-
weigh any possible benefit from nicotine. Nicotine is
classed as a stimulant. It is not specifically listed in the
IOC banned substance list. The rules of the NCAA and
professional baseball are becoming more restrictive on
the use of tobacco.

Sympathomimetics

Sympathomimetic amines are another group of agents
that are principally stimulants. The sympathomimetics
stimulate the sympathetic nervous system via 04~ Or Oy
and P;- or Byreceptor stimulation. Examples of the sym-
pathomimetic amines include phenylpropanolamine,
ephedrine, and pseudoephedrine. These agents are com-
monly found in over-the-counter cold, decongestant, and
asthma preparations (Table 15-3). The more selective
the specific agent is for either alpha or beta stimulation,

the more specific is the therapeutic benefit gained. For
example, the By agonists salbutamol and terbutaline are
the only approved B, agonists for the treatment of
asthma in the inhaled form."”” Not only are these the
only two B, agonists approved by the United States
Olympic Committee (USOC) and 10C, but prior written
notification of the use of these agents must be received
by the USOC and the IOC.” Because of the ubiquitous
nature of these agents in common cold remedies,
appetite suppressants, and nasal decongestants, the usc
of sympathomimetic amines is common. Although there
have been no specific studies that show an obvious er-
gogenic benefit for the sympathomimetics like ephed-
rine or phenylpropanolamine, the potential effects are
still a concern.®Y The adverse cardiovascular effects in-
clude increased blood pressure (including life-threaten-
ing hypertensive episodes), cardiac arrhythmias, palpita-
tions, and myocardial infarction. Central nervous system
elfects of these agents include nervousness, irritability,
insommnia, dizziness, cephalgia, anorexia, agitation, con-
{usion, paranoia, mania, hallucinations, stroke, cerebral
vasculitis, and cercbral hemorrhage.

B-ADRENERGIC BLOCKING AGENTS
“Beta blockers” are therapeutic agents for hyperten-

sion, angina, and specific cardiac arrhythmias. Other

Table 15-3.
Preparations

USOC/10C-Banned Cold and Asthma

Generic Name

Example

Ephedrine Tedral, Bronkotabs, Rynatuss, Primatene,
Bronkaid, Nyquil Nighttime Cold
Medicine, herbal teas and medicines
containing Ma Huang (Chinese

Ephedra) and refated compounds

Actifed, Afrin tablets, Afrinol, Co-Tylenol.
Deconamine, Novafed, Sudafed, Chlor-
Trimeton-DC, Drixoral and related
compounds

Pseudoephedrine

Phenylephrine Dristan, Neo-Synephrine, Sinex, and

related compounds

Desoxyephedrine Vicks inhaler and related compounds

Alka-Selwizer Plus, Allerest, Contact
Dexatrim, Dietac, Sine-Aid, Sine-Off’
Sinutab, Triaminic, Sucrets Cold
Decongestant, and related compounds

Phenylpropanolamine

Bronkosol, Bronkometer, Numotac,
Dilabron, and related compounds

Isoetharine HCI

Isoproterenol Isuprel, Norisodrine, Metithaler-ISO, and
related compounds

Metaproterenol Alupent, Metaprel, and related
compounds

Methoxyphenamine Ritalin, Orthoxicol cough syrup, and

related compounds

Methylphenidate HCI Ritalin and related compounds

(Gilman, A. G., Goodman, L. S., Rall, T. W, et al. (eds.): Goodman
and Gilman’s The Pharmacological Basis of Therapeutics. 7th ed. New
York: Macmillan, 1985.)













