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ABSTRACT The rationale for the use of nutritional supplements to enhance exercise capacity is based on the
assumption that they will confer an ergogenic effect above and beyond that afforded by regular food ingestion
alone. The proposed or advertised ergogenic effect of many supplements is based on a presumptive metabolic
pathway and may not necessarily translate to quantifiable changes in a variable as broadly defined as exercise
performance. L-arginine is a conditionally essential amino acid that has received considerable attention due to
potential effects on growth hormone secretion and nitric oxide production. In some clinical circumstances (e.g.,
burn injury, sepsis) in which the demand for arginine cannot be fully met by de novo synthesis and normal dietary
intake, exogenous arginine has been shown to facilitate the maintenance of lean body mass and functional
capacity. However, the evidence that supplemental arginine may also confer an ergogenic effect in normal healthy
individuals is less compelling. In contrast to arginine, numerous studies have reported that supplementation with
the arginine metabolite creatine facilitates an increase in anaerobic work capacity and muscle mass when
accompanied by resistance training programs in both normal and patient populations. Whereas improvement in the
rate of phosphocreatine resynthesis is largely responsible for improvements in acute work capacity, the direct
effect of creatine supplementation on skeletal muscle protein synthesis is less clear. The purpose of this review is
to summarize the role of arginine and its metabolite creatine in the context of a nutrition supplement for use in

conjunction with an exercise stimulus in both healthy and patient populations.
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L-arginine is a conditionally essential amino acid. A typical
Western diet contains ~3—6 g of arginine per day, most of
which is derived from plant proteins such as soy (1). The
bioavailability of exogenous arginine is ~60% (2). In healthy
adults, arginine can be synthesized in sufficient quantities to
meet most normal physiological demands with the rate of de
novo synthesis remaining unaffected by several days of an
arginine free diet (3,4). However, during periods of rapid
growth, or in response to a traumatic or pathologic insult
(5-7), the demand for arginine may not be fully met by de
novo synthesis and normal dietary intake alone. In such in-
stances, exogenous arginine provided parenterally or as a di-
etary supplement has been shown to facilitate the mainte-
nance of lean body mass and improve functional capacity,
benefits consistent with arginine’s well documented vasodila-
tory properties and effect on growth hormone secretion. Nev-
ertheless, despite evidence of ergogenic properties in clinical
populations, it remains uncertain if supplemental arginine may
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also confer an ergogenic effect in normal healthy individuals
exposed only to the stress of physical exercise.

The metabolic pathways of arginine have been well de-
scribed. Endogenous arginine is synthesized primarily in the
kidney from L-ornithine and L-citrulline precursors (8). The
fate of arginine can be broadly accounted for by a combination
of several processes. Following ingestion, a relatively small
amount of arginine is metabolized by the enterocytes and the
liver, whereas the remainder reaches the systemic circulation.
Arginine may be converted to ornithine via the action of the
enzyme arginase. It has been reported that as much as 50% of
orally ingested arginine undergoes this fate (9). However,
perhaps the most widely explored metabolic fate of arginine is
its conversion to nitric oxide via nitric oxide synthase. The
ergogenic potential of this pathway has received considerable
attention and has wide clinical applicability. In addition to its
acute vasodilatory properties, chronic exposure to nitric oxide
also acts to slow a number of the processes associated with the
onset of atherosclerosis. These include a reduction in mono-
cyte and platelet adhesion and a reduction in smooth muscle
cell proliferation (10-15).

Potential ergogenic effects of arginine

A nutritional supplement that enhances exercise capacity is
said to have an ergogenic effect. Potential ergogenic effects of
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L-arginine fall into 2 general categories: acute effects which
result in enhanced exercise capacity after ingestion of argi-
nine, and a chronic effect resulting from the stimulation of
muscle protein synthesis and thus anabolism of muscle protein.
Whereas it is clear that exogenous amino acids stimulate
muscle protein synthesis at rest (16), following resistance
exercise (17,18) and in association with a variety of clinical
conditions including burn injury (19), sarcopenia (20,21), and
cancer cachexia (22), evidence regarding the ergogenic effects
of supplementation with individual amino acids such as argi-
nine are equivocal.

Arginine and muscle protein synthesis

The potential roles of arginine as a precursor for muscle
protein synthesis as well as for nitric oxide (NO)* may interact
in terms of the net effect of arginine on muscle protein
synthesis. Under normal conditions sufficient arginine is pro-
duced endogenously to enable the exogenous ingestion of a
mixture of essential amino acids (excluding arginine) to effec-
tively stimulate muscle protein synthesis. In a recent study, a
balanced mixture of all the amino acids in the same propor-
tions as they appear in muscle protein was given to normal
volunteers and muscle protein synthesis was determined by
means of tracer methodology and arteriovenous sampling (23).
The exact protocol was then repeated in the same subjects,
except that only the essential amino acids (EAAs) were given
(leucine, isoleucine, valine, methionine, lysine, phenylala-
nine, threonine, histadine). The amount of amino-N deleted
from the mixture as a result of dropping the nonessential
amino acids (NEAAs) was not made up by changing the
amount of the essential amino acids given. Deletion of all
nonessential amino acids, including arginine, did not diminish
the anabolic response to the EAAs (23). Thus, under normal
conditions arginine ingestion is not necessary for the stimula-
tion of muscle protein synthesis by ingestion of EAAs. Con-
versely, ingestion of all the NEAAs that were deleted in this
experiment, including arginine, had no effect on muscle pro-
tein synthesis.

The fact that increased arginine availability neither elicits
an anabolic response in muscle nor is even required for the
acute anabolic action of EAAs means that any effect of argi-
nine on muscle protein synthesis is likely elicited by means of
an indirect action. One possibility is via stimulation of NO
synthesis. NO increases muscle blood flow, and this has been
proposed to be a mechanism responsible for stimulation of
muscle protein synthesis under certain conditions, such as
during infusion of insulin-like growth factor 1 (IGF1) (24).
However, the relation between muscle blood flow and muscle
protein synthesis is complex. It is likely that in the basal state
there is more than sufficient ATP available in muscle to supply
the energy for required protein synthesis. Thus, when femoral
blood flow to the leg was reduced 60% in the anesthetized
rabbit by clamping the femoral artery, muscle protein synthesis
was not affected (25) Thus, the delivery of substrates and
oxygen to the muscle in the basal state is in excess of that
required to maintain the basal rate of muscle protein synthesis.
It therefore follows that an increase in delivery of oxygen or
energy substrates is not required to fuel an increase in muscle
protein synthesis. Rather, it is more likely that any relation

4 Abbreviations used: AGAT, amindinotransferase; EAAs, essential amino
acids; GAMT, N-guanidino-acetate methyltransferase; MPB, muscle protein
breakdown; MPS, myofibrillar protein synthesis; mRNA, messenger RNA; NEAAs,
nonessential amino acids; NO, nitric oxide; PCr, phosphocreatine.
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between muscle blood flow and muscle protein synthesis is
related to the delivery of amino acids.

The nature of the relationship between muscle blood flow
and muscle protein synthesis is complicated by the fact that in
the basal state the concentration of EAAs is higher in the
intracellular space of muscle than in plasma [e.g., ref. (26)].
Since an increased perfusion of muscle would be expected to
narrow the concentration gradient between plasma and the
intracellular fluid, one might therefore expect an increase in
the rate of muscle blood flow in the basal state to accelerate
the efflux of intracellular EAAs into plasma. In this case the
reduction of the intracellular availability of EAAs would be
expected to decrease the rate of muscle protein synthesis
(unpublished observation, Durham, W. J. & Wolfe, R. R,,
2001). Confirmation of this notion comes from an experiment
performed in normal volunteers to determine the role of the
elevation in the rate of muscle blood flow in the response of
muscle protein synthesis to resistance exercise. Subjects were
studied during the hour following a bout of lower body resis-
tance exercise. An arterial balloon catheter was inflated in the
femoral artery of 1 leg to reduce the postexercise blood flow to
the basal (pre-exercise) rate. Blood flow was reduced ~40% by
the inflation of the balloon in the decreased-flow leg. As a
consequence, the net balance of phenylalanine across the leg,
reflecting the net balance between muscle protein synthesis
and breakdown, was significantly improved by the reduction of
flow due to a significant reduction in the efflux of amino acids
from the intracellular space. These results suggest that an
increase in muscle blood flow without a concomitant increase
in the plasma concentrations of the EAAs would likely de-
crease, rather than increase, the rate of muscle protein syn-
thesis.

The response to an increase in muscle blood flow would
likely be different when amino acids are ingested than in the
basal state. Following ingestion of amino acids, an increase in
muscle blood flow would channel a higher proportion of ab-
sorbed amino acids to the muscle. In circumstances in which
plasma EAA concentrations exceed their corresponding con-
centrations in muscle, one would expect increased delivery of
EAAs (via stimulated blood flow) resulting in an increase in
muscle uptake and an incorporation into muscle protein. This
possibility is supported by the fact that ingestion of EAAs
immediately before resistance exercise (so that they are ab-
sorbed when muscle blood flow is high during exercise) results
in a significantly greater anabolic response of muscle protein
than when the same amino acids are given after exercise when
muscle blood flow returns towards the basal rate (27). From
this observation it could be implied that the response to
arginine supplementation would likely depend on whether or
not other amino acids or protein are ingested simultaneously.
If sufficient arginine is ingested to increase muscle blood flow
as a consequence of accelerated NO production, then even
though ingestion of arginine alone may not stimulate muscle
protein synthesis, if arginine is taken in conjunction with
other amino acids, a specific effect of arginine may be ex-
pected.

In order to test the potential interaction between arginine
supplementation and the ingestion of other amino acids, mus-
cle protein kinetics were determined in 2 groups of rabbits.
One group received a commercial mixture of a blend of all 20
naturally-occurring amino acids. In the other group, the dose
of the amino acid mixture was halved and the balance of
amino acid nitrogen was made up with arginine. The same
amount of amino nitrogen was given in both groups. The
results are shown in Table 1. Whereas arginine alone had no
effect, when arginine was added to the balanced amino acid
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TABLE 1

Interaction between arginine supplementation and
the ingestion of other amino acids in rabbits

Synthesis Breakdown Net Balance

umol Phel/(kg - leg)
Travasol 429 = 0.75 8.64 096 —4.36+1.18
Travasol + Arginine 8.11 = 0.94* 9.97 +1.13 —1.86 = 0.757

1 Significantly higher. Total N equal in two groups, Infusion rate of
1638 wmol/kg - h in Travasol group and 1024 umol/kg - h in Travasol
+ Arginine. Arginine = 25% of total amino acids in Travasol + Arginine
group.

mixture, the rate of muscle protein synthesis as well as net
protein balance was significantly stimulated compared to the
balanced amino acid mixture. Neither insulin nor growth
hormone concentrations were affected in the study by the
increased proportion of arginine in the amino acid mixture
(see below). Thus, whereas arginine supplementation alone is
likely not an effective supplement to stimulate muscle protein
synthesis, it may be effective if taken in conjunction with
other amino acids or possibly with meals. This could be related
to enhanced delivery of amino acids to muscle as a result of
arginine-induced NO synthesis. Alternatively, it is possible
that arginine has a more direct effect on the process of muscle
protein synthesis that requires the concurrent elevation of
other amino acids to be reflected in an increased amount.

Arginine as a secretagogue

In addition to its role as a precursor for NO production and
protein synthesis, in some instances exogenous arginine can
act as a secretagogue, promoting growth hormone release via
an inhibitition of somatostatin secretion (28—30). In an early
study, oral administration of arginine aspartate (250 mg/kg/d)
for seven days increased nocturnal growth hormone secretion

in healthy male volunteers (20-35 yrs) by ~60% (31).

Effect of arginine on exercise performance

Arginine has been shown to improve performance-related
outcome variables. During a 5 wk progressive strength training
program, volunteers were given a placebo or supplement con-
taining 1 g arginine and 1 g ornithine each day. The results
suggest that arginine and ornithine taken in conjunction with
a high intensity strength training program can significantly
increase muscle strength and lean body mass (32). On the
other hand, a number of studies have failed to identify any
beneficial effect of arginine supplementation. In a study ex-
amining a cohort of healthy young and elderly subjects, argi-
nine failed to stimulate growth hormone secretion at rest or in
association with a bout of resistance exercise (33). Similarly,
ingestion of 15 g arginine daily for 14 d prior to a marathon did
not alter insulin, ammonia, plasma creatine kinase activity or
respiratory exchange ratio. However, supplementation did
lower the plasma concentration of several other amino acids
and increase plasma concentrations of glucagon, urea, and
somatrophic hormone.

Arginine supplementation in healthy and
patient populations

Whereas the results of studies assessing the ergogenic prop-
erties of arginine in healthy subjects are equivocal, subject
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populations whose health and ability to exercise was compro-
mised by underlying pathology have apparently benefited from
arginine supplementation. Thus, anti-atherogenic and vasodi-
latory properties of arginine appear to improve exercise toler-
ance in patient populations via an improvement in coronary
and/or peripheral blood flow (34). In patients with cardiovas-
cular disease, intravenous and oral arginine administration
have been shown to support endothelial function by enhanc-
ing vasodilation and reducing monocyte adhesion (10—15). In
individuals with stable angina pectoris, a key factor contrib-
uting to exercise intolerance is an inability to meet myocardial
O, demands due to impaired coronary blood flow. In these
patients, ingestion of 6 g of arginine per day for 3 d has been
shown to improve exercise workload during a treadmill stress
test (6,35). In such instances, the vasodilatory properties of
arginine may facilitate an increase in O, delivery, which helps
meet the increased demands caused by physical activity. Ar-
ginine supplementation may also play a beneficial role follow-
ing burn injury. Using an animal model, improved immune
function and survival have been noted when arginine inges-
tion reached 2% of total dietary energy intake (5,36,37). This
nutrition strategy has also been extended to the treatment of
human burn patients although additional research is warranted

(38,39).

Creatine

Creatine (a-methyl guandino-acetic acid) is an amino acid
derivative synthesized from arginine, glycine, and methionine
(Fig. 1) in the kidneys, liver, and pancreas. The synthesis rate
is about 1-2 g/d (40). Creatine can also be obtained through
the diet, mainly from meat and fish. The average person
consumes about 1 g creatine each day from a regular diet.
Creatine is degraded into creatinine and excreted in the urine
at a rate of about 2 g/d.

About 90-95% of the body’s creatine is found in skeletal
muscle. Of this, approximately one-third is free creatine,
whereas two-thirds exist as phosphocreatine (PCr). The up-
take from circulation is an active process facilitated by a
Na*-dependent transporter against a concentration gradient
(41). PCr serves a major role in energy metabolism. When
energy demands increase, PCr donates its phosphate to ADP
to produce ATP. The ATP-PCr system can provide energy at
high rates, but only for a few (10—15) seconds before the PCr
store is emptied. Thus, creatine is involved in temporal energy

H,N—CH — COOH )
| + Glycine = Ornithine + Guanidinoacetic acid
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FIGURE 1 Pathway of creatine synthesis.
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buffering, and also in spatial energy buffering, proton buffer-
ing, and glycolysis regulation (42). Because PCr is a limiting
factor in maintaining ATP resynthesis during maximal short-
term exercise, an increased PCr concentration should theoret-
ically increase the energy reserve for such exercise. Therefore,
it has been suggested that creatine loading will improve per-
formance during short-term maximal exercise, analogous to
the effect of glycogen loading before endurance exercise.

The normal concentration of total creatine in skeletal
muscle is about 120 mmol/kg (dry mass) (43,44), whereas the
upper limit appears to be about 150-160 mmol/kg. It has
repeatedly been shown that the muscle concentration of total
creatine can indeed be increased by oral creatine supplemen-
tation. The supplementation protocols typically involve a
loading phase of ~20 g creatine monohydrate for 4-6 d,
followed by a maintenance dose of about 5 g daily for 2-3 wk
(43,44). This regimen will theoretically increase the blood
concentration of creatine to a level optimal for uptake in the
muscle. Ingestion above this amount will likely lead to excess
creatine wasted in the urine. Lower dose supplementation of
2-3 g/d will also elevate muscle creatine, but the increase
occurs gradually over several weeks, rather than days.

The increase in muscle creatine content with supplemen-
tation is usually greatest in subjects with low initial concen-
tration, whereas subjects with higher starting concentration
may experience little or no increase (43,44). Hence, it has
been shown that vegetarians typically are more responsive to
creatine supplementation, since their initial levels are low
from a diet that contains little creatine (45). Still the initial
creatine content cannot fully explain the large intersubject
variability in response to supplementation, suggesting that
there are “responders” and “nonresponders” (46).

An increased inward creatine transport has been found
when creatine is ingested together with carbohydrates (47,48)
or a carbohydrate/protein mixture (49). This seems to be
caused by an insulin effect on the uptake (50,51). Ingestion of
creatine and 1 g glucose/kg body mass twice per day increased
total muscle creatine by 9% vs. creatine intake alone (48).

Effects of creatine on exercise performance

The possible ergogenic effect of creatine has led to a wide-
spread use of supplementation in sport (52-57). It has been
estimated that 80% of the athletes competing in the 1996
Olympic Games were probably using, or had been using, cre-
atine and the 1998 sale was estimated at $100 million in the
United States alone (58). Many athletes ingest creatine over
long periods of time, and not only in connection with special
events (57,59). Often it is used during training periods aimed
to increase strength and body mass (59).

The question then remains whether creatine has any ergo-
genic effects. A large number of studies have been performed
to test the effect of creatine on exercise performance. These
have been summarized in several previous reviews on this topic
(46,60—66). A short summary is given below.

From controlled laboratory tests, it can be concluded that
creatine supplementation appears to improve performance on
repeated sprints (<30 s), whereas the effect on single sprints
and on muscle strength is less conclusive (61,66). Thus, the
major advantage of creatine may derive from improved train-
ing capacity. Also, the effect on performance during longer
exercise (>90 s) is unclear. This is not surprising, since the
contribution of the PCr-ATP system decreases as the exercise
duration increases. No effect has been found in longer-dura-
tion aerobic type exercise (65,67—69). Even though creatine
supplementation did not increase the performance during the
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endurance part of prolonged cycling, it did, however, increase
sprint performance within and after this phase (70,71).

The results from more recent field studies are wvariable,
probably caused by factors such as intake of meat in the
placebo group, sample size, and type and duration of exercise
(62). In meta-analyses of the effect of creatine on exercise
performance, the conclusions are also somewhat variable (72).
Nevertheless, taken together, it is suggested that creatine
supplementation is of benefit to exercise lasting 30 s or less.

Effects of creatine on muscle mass

As mentioned, many athletes use creatine in connection
with resistance training as an aid to increase the training effect
on muscle mass and strength. Meta-analyses have shown an
effect of creatine supplementation on body composition and
muscular strength in resistance training program (72,73).
Twelve weeks of resistance training combined with creatine
supplementation increased muscle fiber diameter by 35% in
both Type 1 and 2 muscle fibers in men vs. 6-15% in placebo-
supplemented resistance trained subjects (74).

The effect on body mass may result from supplemented
subjects training on higher workloads than the placebo control
subjects, since higher creatine and PCr stores in the muscle
would theoretically improve work capacity during this kind of
exercise. Thus, athletes should be able to perform more repe-
titions and recover faster between sets compared to nonsupple-
mented controls (75). In accordance with this notion, no
difference in strength and weight lifting performance was
found between creatine and placebo groups during an 8-wk
resistance training program, when the training volume was
constant between groups (76). Thus, the beneficial effects of
creatine on muscular strength and body composition probably
occur by the following sequence: increased muscle creatine,
increased training intensity, greater training stimulus, and
enhanced physiological adaptations to training.

Creatine supplementation is also associated with an imme-
diate increase in body mass. Typically this amounts to about
1-2 kg in 4-7 d (75,77,78). The mechanism responsible for
this appears to be an increase in total body water (43,44).
Hultman et al. (44) reported that creatine markedly reduced
urinary volume during the initial days of supplementation,
suggesting that the increased body weight primarily was water
retention. It must be pointed out that this increase in body
weight makes a blinding of studies difficult.

Another possibility is that part of the increased body weight
is caused by increased protein synthesis, conceivably stimu-
lated by the cell swelling (79,80). Cell swelling has been
shown to act as an anabolic signal stimulating protein synthe-
sis and net protein deposition (81). In agreement with this, a
stimulating effect of creatine on protein synthesis in animal
cardiac and skeletal muscle in vitro has been found (73,82,83),
although there are also studies that do not confirm this
(84,85).

Recently, the effect of creatine on protein synthesis in
human skeletal muscle has been studied more directly. Parise
et al. (86) determined the effect of creatine intake (20 g/d for
5 d followed by 5 g/d for 3—4 d) on indices of protein metab-
olism. [1-"*CJleucine was infused before and after the supple-
mentation period. Creatine had no effect on mixed muscle
protein fractional synthetic rate (m. vastus lateralis). In men,
but not in women, reduced leucine oxidation and rate of
appearance of plasma leucine (estimate of whole body protein
breakdown) were observed. Total body mass or fat free mass
was not affected. The author concluded that short-term sup-
plementation may have some anticatabolic action in some
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protein in men, but does not increase whole-body or mixed-
muscle protein synthesis.

Louis et al. (87) tested the effect of creatine supplementa-
tion on myofibrillar protein synthesis (MPS; measured as in-
corporation of [1-"’Clleucine in the quadriceps muscle) and
muscle protein breakdown (MPB; measured as dilution of
[1-"°Clleucine or [*Hs]phenylalanine across the forearm). In
this study, 6 men were tested twice, before and after creatine
ingestion (21 g/d for 5 d). In each study the subjects were
tested both before (fasted) and after intake of maltodextrin
and protein (postabsorptive). Feeding led to a doubling of
MPS, and a ~40% depression of MPB, but no effect of
creatine was found on these parameters either in the fed or
fasted states.

The same authors (88) also examined the possible stimu-
latory effect of creatine in conjunction with acute resistance
exercise. Seven healthy men performed 20 X 10 repetitions of
leg extension-flexion at 75% of 1-repetition maximum in 1
leg, before and after creatine intake (same dose as in previous
study). The subjects were studied both in fasted and fed state,
and again no effect of creatine was found on the synthetic rates
of myofibrillar and sarcoplasmic proteins or MPB in any state,
whereas exercise increased the synthetic rates of proteins by
2-3 fold. In fact, the rate of MPS in the exercised leg in the
creatine supplemented subjects was about 60% lower than in
the placebo group, but this failed to reach significance (P
< 0.08). The authors suggested that this may be an indication
that creatine feeding acutely inhibits the postexercise increase
in MPS, possibly by blunting any stimulus of MPS that de-
pends on lowering of energy status during the exercise bout.

Hence, any effect of creatine on translation of pre-existing
messenger RNA (mRNA) seems unlikely. However, it cannot
be ruled out that creatine (in combination with resistance
exercise) can change transcription or activate satellite cells.
Clearly, both exercise in itself and food are much stronger

stimuli for protein synthesis than creatine intake in healthy
individuals (89).

Creatine supplementation in patient groups

Most studies of the response to creatine supplementation
have assessed exercise performance in healthy subjects. How-
ever, there are some indications that supplementation may be
useful in the treatment of certain diseases, such as muscle
fatigue secondary to impaired energy production and diseases
resulting in muscle atrophy (90). The mechanisms underlying
the effect of creatine in these circumstances are largely un-
known, but may be due to the increased energy in the form of
PCr, increased muscle accretion, and stabilization of mem-
branes, as discussed by Persky and Brazeau (90).

Inborn errors of energy metabolism have been identified in
3 of the main steps in creatine metabolism: arginine:glycine
amindinotransferase (AGAT), S-adenosyl-L-methionine:N-
guanidino-acetate methyltransferase (GAMT) and the cre-
atine transporter. Oral creatine has been shown to improve
the clinical symptoms in both AGAT and GAMT deficiency,
but not in the creatine transporter deficiency (91). Supple-
mentation has also been shown to have neuroprotective effects
in several animal models of neurological diseases, e.g., Hun-
tington’s disease, Parkinson’s disease, and amyotropic lateral
sclerosis (91). However, this has to be confirmed in clinical
studies in humans.

Side effects of creatine

Potential side effects of long-term use of creatine are un-
known. Since the majority of the creatine ingested is removed
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from the plasma by the kidneys and excreted in the urine,
concerns have particularly been related to a possible effect on
renal function, and especially in subjects with impaired renal
capacity. However, Poortmans and Francaux (92) did not find
any effect of creatine supplementation on kidney function in
healthy athletes.

Further concerns are the possibility for muscle dysfunction
and the association between supplementation and heat illness,
because creatine may increase intracellular water and dilute
electrolytes. However, increased prevalence of muscle injury
and cramping (93,94) or heat illness (95) has not been re-
ported in creatine users vs. nonusers, but long-terms studies are
lacking.

Because creatine affects fluid balance, users should be ad-
vised to pay attention to fluid need in hot climates. Further,
because commercially marketed creatine products do not meet
the same quality control standards as pharmaceuticals, there is
always a concern of impurities or doses higher or lower than
those on the labeling. Intake of large doses of creatine can
reduce endogenous synthesis, probably via feedback regula-
tion, but the enzymes involved in creatine synthesis seem to be
reactivated when supplementation is discontinued. Finally,
despite the fact that creatine is normally found in cardiac
muscle, brain, and testes, these areas remain essentially un-
studied with respect to oral creatine supplementation. The
effect on these organ systems also needs to be included in
long-term, randomized, controlled studies.

Summanry

The primary mechanism explaining the acute ergogenic
effect of creatine is enlargement of the phosphagen pool avail-
able for rapid resynthesis of ATP during periods of maximal
ATP turnover. Thus, the depletion of PCr and associated
reduction in the ability to produce force is delayed, especially
in fast muscle fibers. An enhanced rate of PCr resynthesis
during recovery periods allows for a higher PCr level at the
start of a subsequent bout, when intermittent work is per-
formed. No direct effect of creatine supplementation on mus-
cle protein synthesis has been found.
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