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lesterol and triglyceride levels, coronary artery
disease, and cardiomyopathy. Musculoskeletal
and cardiac effects may be irreversible.

# PROTEIN AND AMINO ACIDS

Proteins and amino acids used by athletes are
generally benign, but some may have side
effects, and their efficacy as performance-
enhancers is not proven. They have not been
banned.

Protein

Resistance exercise increases the rate of pro-
tein synthesis. Many athletes may therefore
need more than the US recommended daily
allowance (RDA) of protein, which is 0.8
g/kg/day. Most athletes ingest more than
enough protein and energy, but those on calo-
rie-restricted diets, those who make poor food
choices, and those who follow a vegetarian diet
may need protein supplementation. Athletes
who do not eat enough carbohydrates rapidly
deplete glycogen during exercise and may rely
more heavily on protein for energy.

One study suggests that even well-nour-
ished athletes may benefit from extra protein.>
In this study, athletes who usually consumed
about 1.3 g/kg/day of protein spent 4 weeks
consuming an additional 2 g/kg/day. Whole
body protein synthesis and lean body mass
both rose. However, amino-acid oxidation
also rose, suggesting that such high protein
intake exceeds what was needed for muscle
growth and was used for energy.

Athletes should be advised not to increase
protein intake by eating high-fat foods such as
red meat or whole eggs. An inexpensive and
good source of protein is dry milk powder
(casein), which provides all the necessary
amino acids at less than half the cost of most
commercial protein supplements.

Many commercial protein formulas are
effective, but those that include such ingredi-
ents as whey protein or “special enzymes” have
not been scientifically tested, so there are no
data to support the contention that they pro-
mote muscle gain.

Creatine
Creatine, an amino acid synthesized from argi-
nine and glycine in the liver, pancreas, and
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kidneys, is naturally available in meats and
fish. Creatine was brought to public attention
in 1992 after athletes reported using it at the
Barcelona Olympics. Creatine is not banned
by the IOC or the NCAA and is relatively
safe.

Creatine enhances skeletal muscle perfor-
mance by increasing the bioavailability of
phosphocreatine, which speeds the resynthesis
of the power molecule adenosine triphosphate
(ATP) to provide energy for brief spurts of
high-intensity exercise. Creatine also buffers
the intracellular hydrogen ions associated
with lactate production and muscle fatigue
during exercise. Thus, it increases the force of
muscle contraction in short-duration and
repetitive bursts of intense exercise.

How athletes use creatine. A 5-day load-
ing period of 20 g/day increases creatine avail-
ability by 20% and significantly accelerates
regeneration after intense muscle contrac-
tion.6 Unfortunately, high doses of creatine
appear to decrease endogenous production of
creatine. Ingestion with carbohydrates is
thought to aid uptake in the muscle cells.

Side effects. Increases in muscle cramps,
dizziness, and diarrthea have been reported.
Some athletes have experienced elevated cre-
atinine levels. If doses of creatine greater than
10 g/day are taken past the 5-day 20 g/day
loading dose, athletes may be susceptible to
injury to their liver and kidneys. Doses under
10 g/day appear to be tolerated by the kidneys
without any long-term effects.?.

Beta-hydroxy-beta-methylbutyrate (HMB)
Beta-hydroxy-beta-methylbutyrate (HMB) is
an amino acid metabolite that appears to sup-
press the protein breakdown that normally fol-
lows intense exercise. Although it has been
patented, HMB is a natural metabolite of
leucine and is found naturally in small
amounts in catfish, citrus fruit, and breast
milk. As a supplement, it is legal.

Supplementation with HMB may increase
muscle strength and mass. Intensively trained
athletes who use HMB supplements gain sig-
nificantly more lean mass and strength than
athletes who use a placebo.” HMB may also
accelerate fat loss from strenuous exercise. No
side effects have been reported, but little is
known about it.
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BSTANCES

How athletes use HMB. The usual
dosage is 3 g per day.

Glutamine

The amino acid glutamine is found in many
legal weight-gain supplements marketed to
athletes. It appears to be an important meta-
bolic nutrient that affects protein synthesis by
increasing cell volume and osmotic pressure.
Glutamine may also affect lymphocyte func-
tion. Research is needed to make further con-
clusions and determine effects and side effects.

L-carnitine

L-carnitine is an amino acid derivative once
thought to improve sports performance by
increasing the rate of fatty acid oxidation and
decreasing muscle lactate levels. However,
these claims have been disproved,!0 and L-car-
nitine is now considered ineffective. Its use is
legal.

¥ BETA-BLOCKERS

Beta-blockers, which calm anxiety and
enhance concentration, are prohibited in fig-
ure skating, archery, riflery, ski jumping, fenc-
ing, and diving.

These drugs depress the actions of epineph-
rine and norepinephrine, especially in the
heart. They are thought to reduce the adverse
effects of anxiety on fine motor control, steady-
ing the arm in shooting events by reducing
muscle tremors, and slowing the heart so there
is time to fire between beats.

Beta-blockers decrease anxiety, tension,
and heart rate. However, they can also
decrease aerobic endurance, possibly through
their effect on epinephrine.

How athletes use beta-blockers. Beta-
blockers are usually taken 1 to 4 hours
before competition to produce calmness.

Side effects include drowsiness, fatigue,
nausea, and weakness. Fainting, hypotension,
or congestive heart failure may occur.

B BETA AGONISTS

Clenbuterol

Clenbuterol is a beta-adrenergic agonist that
acts as a smooth muscle relaxant; it also
increases lean muscle mass and decreases body
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fat. Clenbuterol has dangerous side effects and
is banned by the IOC, the USOC, and the
NCAA. Urine tests can detect the substance
up to 2 to 4 days after the last dose.

Chronic beta-agonist treatment is known
to increase lipolysis and decrease lipogenesis
dramatically in a process that increases the
availability of far for energy. In addition, it
increases glycogenolysis from the liver, which
may increase cathohydrate availability. Beta
agonists also enhance protein anabolism.

Muscle growth can be measured after 2
days of use, and muscle weight increases 10%
to 20% after 1 to 2 weeks.

How athletes use clenbuterol. Athletes
often use clenbuterol on and off in 2-day
cycles for 8 to 10 weeks, followed by a 10-to-
12 week break.

Side effects include tremor, tachycardia,
anxiety, palpitations, headache, nausea,
anorexia, and insomnia. More serious side
effects include cardiac muscle hypertrophy,
myocardial infarction, and stroke.

B STIMULANTS

Stimulants are popular for their obvious revi-
talizing effects and their ability to suppress
appetite. However, ephedrine and excess caf-
feine are banned in many sports.

Ephedrine or ma huang

Ephedrine is structurally related to ampheta-
mines and stimulates alpha- and beta-adrener-
gic receptors. It is found naturally in the plant
genus Ephedra and in preparations of the
Chinese traditional herb ma huang.

Although banned by the IOC and the
NCAA, ephedrine has several effects that ath-
letes find beneficial. It increases myocardial
contraction, cardiac output, and blood pres-
sure. A common component of diet drugs,
ephedrine decreases appetite, which may be
attractive to wrestlers trying to “cut weight.”
However, ephedrine has not been proven to
cause weight loss in nonobese people.
Ephedrine also produces a surge of energy and
decreases the feeling of fatigue, which may be
helpful for cyclists in long races.

Side effects. Ephedrine may be associated
with temperature dysregulation and heat ill-
ness.
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Caffeine
Although caffeine is commonly available and
legal, excess amounts (urinary levels > 15
mg/dL) are grounds for disqualification by the
NCAA.

Caffeine in pills or beverages increases
cardiac output, and in prolonged aerobic
endurance exercise, it may enhance perfor-
mance. Blood levels peak 30 to 60 minutes
after consumption, and caffeine’s half-life in
the body ranges from 2 to 12 hours. Caffeine
may act either directly on cell functions or
indirectly by increasing the release of epi-
nephrine from the adrenal medulla or
methylxanthines from the liver. Some have
proposed that caffeine also increases lipolysis,
increases circulating levels of free fatty acids,
and spares glycogen.

# MEASURES TO INCREASE
RED BLOOD CELL COUNT

Techniques to elevate red blood cell count are
banned but remain popular because they
increase aerobic endurance by increasing the
oxygen-carrying capacity of the blood.

Blood doping

Blood doping is the process of inducing eryth-
rocythemia through a transfusion of blood or
red blood cells. Rumors of blood doping were
first heard in the 1972 and 1976 Olympics. In
the 1984 Olympics, the United States cycling
team admitted to blood doping. Blood doping
is banned by the 10C, the USOC, and the
NCAA.

How athletes use blood doping. The pre-
ferred technique for inducing erythrocythemia
is an autologous transfusion. Athletes may
draw blood, wait for hemoglobin levels and
hematocrit to normalize, and then use the
frozen blood.

Erythropoietin

Erythropoietin is a naturally occurring peptide
hormone that induces red blood cell produc-
tion. Recombinant erythropoietin (rEpo) is
banned by most sports organizations.
However, it is difficult to detect because very
little is excreted in the urine and it has a half-
life of only 4 to 5 hours if administered intra-
venously.
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Recombinant erythropoietin is used for
anemia associated with renal failure, HIV, or
malignancy. It can increase oxygen consump-
tion (VO, max) and treadmill run time.

Side effects. The abuse of recombinant
erythropoietin poses a serious health threat. It
raises hematocrit and blood viscosity. At
hematocrit levels above 55%, the blood vis-
cosity increases exponentially, leading to the
risk of coronary or cerebral artery occlusions.
Recombinant erythropoietin was thought to
be involved in the mysterious deaths of sever-
al European cyclists between 1987 and 1990.

i VITAMINS AND MINERALS

Many athletes supplement their diets with
extra vitamins and minerals. These are legal
and probably benign, although their benefit in
many cases is not proven.

Antioxidants
Antioxidants most commonly used by athletes
are vitamin C (ascorbic acid), vitamin E
(alpha-tocopherol), and the vitamin A precur-
sor beta-carotene. These vitamins may bolster
antioxidant defenses and help prevent muscle
and tissue damage during strenuous aerobic
endurance training. However, they have not
been shown to enhance sports performance.
How athletes use antioxidants. Doses
vary, but 50,000 IU of beta-carotene, 2000 to
3000 mg of vitamin C, and 1,200 IU of vita-
min E may provide a protective antioxidant
effect.

Chromium
Chromium is an essential trace mineral present
in various foods including mushrooms, prunes,
and nuts. A normal diet includes only 50% to
60% of the US RDA of chromium. Although
chromium supplementation is not banned by
sports organizations, it is not recommended
because of anecdotal reports of serious adverse
effects, including anemia, chromosome dam-
age, and interstitial nephritis.10

Chromium seems to function as a cofactor
to enhance the action of insulin. Some studies
have associated chromium supplements with a
decreased percentage of body fat and increased
lean mass among college athletes and stu-
dents, whereas other studies do not.11
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How athletes use chromium. The dosage
for chromium supplementation is 200 to 400
ug/day for several months; to promote gas-
trointestinal absorption, chromium is bound
to picolinate.

Vanadium

Vanadium is a nonessential mineral. Some
people believe that it may produce insulin-
like effects on glucose and protein metabo-
lism, inhibiting protein degradation during
exercise. It is thought to increase muscle mass.
However, very little data are available on any
sports-enhancing effects. Users report a strong
cosmetic effect, saying that vanadium causes
glycogen to be absorbed by the muscles, mak-
ing them harder and bigger, and producing a
“pumped” appearance.

How athletes use vanadium. Vanadium
sulfate is taken for 12 weeks at a dose of 60 to
100 mg per day, although there is no RDA.
Vanadium is legal.

Side effects. Users report gastrointestinal
distress, primarily diarrhea.12

i OTHER SUBSTANCES

Bicarbonate loading

Bicarbonate loading, “soda loading,” or
“buffer boosting” is the taking of sodium bicar-
bonate to counteract buildup of lactic acid.
Although bicarbonate loading is not specifi-
cally addressed in sports regulations, the [OC
considers it blood doping.

Ingesting bicarbonate can increase the
rate at which lactic acid is removed from mus-
cle cells. Taking the equivalent of 11 Alka
Seltzer tablets has been shown to prolong the
time during which athletes can exercise before
becoming exhausted.!3

Side effects. The most common side
effect is diarrhea several hours after ingestion.
Adverse effects from chronic use are hypercal-
cemia, alkalosis, and nephrolithiasis. With
increased alkalosis, oxygen may become less
available to tissue.

Glycerol

Glycerol is a sweet, syrupy, alcoholic liquid
derived commercially by hydrolyzing fats. It is
thought to produce hyperhydration, which
may help sports performance by increasing
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blood volume and improving resistance to
dehydration in stressful environmental condi-
tions. It is also believed to increase exercise
endurance and improve thermoregulation.!4
[t was approved by the IOC in 1997 after
being reviewed by the USOC.

No studies show side effects with oral
doses under 2.2 g/kg/day for less than 50 days.
However, if glycerol is used intravenously,
adverse reactions include hemolysis, renal
damage, and hyperglycemia.l5

Ginseng
Ginseng, prepared from the root of varieties of
the ginseng plant grown in America and Asia,
is used in traditional medicine as a purported
energy booster and aphrodisiac. Current
research does not support the effectiveness of
ginseng in improving sports performance.!l6
However, many athletes believe that ginseng
permits more intense training, reduces fatigue,
and increases stamina. It has been proposed
that ginseng activates the hypothalamic-pitu-
itary-adrenal cortex axis, sustains muscle cre-
atine phosphate during strenuous exercise,
decreases lactic acid levels during exercise,
and improves nitrogen and protein balance.
Side effects. Heavy and prolonged use of
ginseng can produce side effects similar to
those of corticosteroid poisoning: hyperten-
sion, hypotension, skin eruptions and acne,
nervous disorders, tranquilizing effects, insom-
nia, edema, diarrhea, pounding sensation in
the head, and ringing in the ears.

Ginseng is legal and is not banned by the
USOC or the IOC.

& DRUG TESTING

Both the USOC and the NCAA have devel-
oped drug testing and drug education pro-
grams to try to ensure safe and fair competi-
tion. Since 1968, drug testing has been
mandatory at the international Olympic
games. Most drug screens are performed on
urine. Testing techniques include thin-layer
chromatography, immunoassay, and high-per-
formance liquid chromatography. Gas chro-
matography with mass spectrometry is the
most precise testing method, but it is also the
most expensive and is therefore generally used
only for confirmation. 2
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