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ABSTRACT

The physical activity influences specific mechanisms responsi-
ble by a reduction in the power production, and consequently on
the fatigue. It has been proposed premises to improve the physi-
cal performance, and we observed that some studies have been
focused on the reduction of the metabolites that decrease the fa-
tigue on intense physical exercising, using aminoacids known for
their properties to induce to metabolic changes, and among these,
it is the arginine. The present study had the purpose to study the
effects of the acute arginine aspartate supplement in trained healthy
individuals submitted to an exhaustion protocol on ergonomic bi-
cycle. Twelve 22.6 ± 3.5 years old trained individuals were used in
the research. After taking a single dose of arginine aspartate or a
placebo solution, they performed three 90 minute test on an ergo-
nomic bicycle to which load increments were added up to reach-
ing the exhaustion. The blood samples were obtained through bio-
chemical analysis, such as: creatinine, urea, glycosis, and lactate.
It was found no statistical differences upon the comparison of the
Maximal Heart Rate, Maximal Time and Load, and also comparing
to the previous and later results on the urea, creatinine and glyco-
sis tests. The lactate concentrations (mmol/l) presented statistical
differences compared to the pre-test values (Control: 2.2 ± 0.14;
Arginine: 2.43 ± 0.23; Placebo: 2.26 ± 0.11) to the post-test values
(Control 10.35 ± 0.57; Arginine: 12.07 ± 0.88; Placebo: 12.2 ± 0.96),
p < 0.001. The main results found in this study indicate that the
acute administration of the arginine aspartate did not show effec-
tive to increase the fatigue tolerance in the individuals evaluated
and treated in the incremental test protocol up to the exhaustion.
Thus, it can be concluded that the dosage used was not able to
increase the muscular fatigue tolerance.

INTRODUCTION

It is known that during high intensity exercising, the major ways
for the ATP supply are the phosphate creatine breakdown, and the
degradation of the muscular glycogen to the lactic acid. Thus, the
reduction in the phosphate creatine and glycogen contribute to the
decrease in the anaerobic production of the energy and in the ex-
ercise performance(1-3). It is clear that the skeletal-muscular perfor-
mance decreases during an intense physical activity, and such phe-
nomenon is known as fatigue(4,5). There is a consensus among
several researchers that the term fatigue is the decrease in the

muscular ability in keeping the power generation and the relax-
ation velocity, induction to changes in the contractile feature and in
the electrical properties that generate malfunctions in the human
neuromuscular system(5-13). The fatigue is a quite researched sub-
ject, but the precise mechanisms that lead to the changes it caus-
es are still to be clarified(14).

It is clear that the fatigue is followed by several physiological
and metabolic changes. Among them, there are indicative factors
such as hematological and immunological parameters, glycemia,
lipid level, enzymatic activity, blood urea, uric acid, and other fac-
tors(15). The nature of the physical activity performed has influence
on specific mechanisms responsible by the reduction in the ability
to produce power, and consequently the fatigue(16,17).

Two major mechanisms were described to explain the fatigue in
the skeletal muscle solely: (i) decline in the contractile power gen-
eration of the muscle through a metabolic effect in the contractile
proteins, and (ii) decrease in the Ca2+ releasing from the sarcoplas-
mic reticulum(18). Also, it is asserted that the point of fatigue during
prolonged exercising coincides with lower reserves of the muscu-
lar glycogen(19,20).

One practice used in the Exercise Physiology Laboratory is to
determine the blood lactate concentration ([La]b)(21,22). High lactate
concentrations can favor the appearance of the fatigue, as they
increase the H+ ions concentration generated by the dissociation
of the lactic acid in lactate and H+, and decrease the pH. The de-
creased pH can be associated to a reduction in the power pro-
duced by the inhibition of the glycolysis through the phosphofruc-
tokinase inhibition, and consequently, the interruption of the
energetic supply(2,7,13). The issue related to the lactate accumula-
tion into the muscle and blood in submaximal workloads is attrib-
uted to an unbalance between the supply and utilization of the O2

in the muscular work(21,23).
Another factor considered is the sarcoplasmic reticulum that

actuates as a storage spot to the Ca2+, and it still controls the cyto-
plasmatic concentrations of the Ca2+ that regulates the muscular
contractions. If the function of the sarcoplasmic reticulum is de-
creased, it can be started a critical role: the appearance of the fa-
tigue. Especially, the decreasing utilization of the Ca2+ can be re-
sponsible by the difficulty in the relaxation, as well as by a power
reduction during the fatigue(14,24-26).

By its turn, the lactate significantly inhibits the Ca2+ channels
activation. So, the contraction-excitatory coupling process, and the
Ca2+ releasing inhibition in the sarcoplasmic reticulum can be the
only responsible factor by the decreasing performance, but such
disturbance in the Ca2+ transition contributes to the muscular fa-
tigue(18,27).

Recent studies indicate that there is an increase in the blood
flowing whenever there is a reduction in the blood pH(28). Such
metabolic vasodilation increases the Oxygen and nutrients supply
as a response to the tissular demand(12,29).
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Thus, the concern on the improvement in the physical perfor-
mance using several resources has been proposed in the last few
years(30,31). This way, we observed that studies are more focused
in the reduction of the metabolite accumulations that decrease and/
or induce the fatigue during physical exercising using aminoacid
supplements known for their property to induce to beneficial met-
abolic changes(31-35). Among these aminoacids, the L-arginine, which
is essential to the child’s growth and a substrate for different and
important enzymes, such as the arginase, the NO synthase (NOS),
decarboxylase arginine, etc. The arginase is a classical catabolizing
enzyme of the arginine in the Urea Cycle, and the decarboxylase
arginine catalyzes the change of the L-arginine to the agmatine, an
endogenous agonist of the α2-adrenoceptors that can have a role
in the antihypertensive effect of the L-arginine. In healthy humans
and in some animals, the L-arginine has been elucidated by being
able to induce hypotension caused by the stimulation of the nitric
oxide (NO) through the L-arginine-NO way(13,36-42). The arginine’s
biochemistry is complex, and it involves several metabolic ways
and organic systems. Arginine has an important role in the urea,
protein, high energy compounds (creatine and phosphate creat-
ine), polyamine, and nitric oxide synthesis(42-48).

The vasodilation of the muscle-skeletal arteriole as a response
to the exercising increases the nutrient and oxygen supply to the
muscles that are requested during the movement. Studies con-
ducted with mouse and the action of the L-arginine supplement as
determinant of the ability to perform a specific physical activity
have showed an improvement in the ability to perform the activity
due to the systemic increase in the production of the nitric oxide
derived from the endothelium(49). Some studies have already point-
ed out that the arginine supplements helped to reduce the physio-
logical fatigue through the reduction of the ammonia a few time
after the oral ingestion(50).

The present study had the purpose to study the effects of the
acute arginine aspartate supplement in trained healthy individuals
submitted to an exhaustion protocol on an ergometric bicycle.

METHODOLOGY

The sequence of the arginine aspartate administration for each
volunteer was based on a randomized schedule previously approved
by the Committee of Ethics in Human Researches under the num-
ber A020/2003/CEP.

To perform this study it was used tablets containing 1,5 g of
arginine aspartate, commercially known as TARGIFOR® produces
by the company Aventispharma, batch number 300971, and expi-
ration date 02/2006. Volunteers received orally 4,5 g (3 tablets) of
arginine aspartate in a sole dose diluted in mineral water (250 ml)
containing a non-energetic dye. The placebo group received only
dyed mineral water (250 ml).

It was used twelve healthy male individuals with ages from 22.6
± 3.5 years.

Volunteers were submitted to a fatigue-inducing protocol orga-
nized as follows: all volunteers were evaluated, in order to obtain
the controlling values. Later, they passed through the below de-
scribed two experimental phases (FI and FII):

FI: 4,5 g administration of the arginine aspartate to volunteers I,
II, IV, VII, IX, and XII.

FII: 4,5 g administration of the arginine aspartate to volunteers
III, V, VI, VIII, X, and XI.

The fatigue-inducing protocol was performed 90 minutes after
the administration of the arginine aspartate or the placebo solu-
tion, when volunteers were oriented to be positioned in one ergo-
nomic bicycle (LifeFitness).

Pedaling at a 60 rpm frequency and after a two minute period at
38 watt it increased approximately 25 watts every two minutes
except in the sixth minute (50 Watts) up to reaching the fatigue
using a frequency meter to record the heart rate.

Each volunteer performed four times the same fatigue-induc-
ing protocol (adaptation, control, arginine, and placebo) always
using the same criteria(adapted 13).

Biochemical Analysis: blood collection: 5 ml before and 5 ml
after the protocol, in order to perform the biochemical analysis such
as: creatinine, urea, glycemia, and lactate. All biochemical analysis
were made using Laborlab® diagnostic kits (Guarulhos/São Paulo,
Brazil) through the non-kinetic methodology at 37oC in a Shimadzu
UV-1650 PC spectrophotometer. The plasmatic lactate was ana-
lyzed before and after the fatigue-inducing protocol using an Ac-
cusport® equipment, and stripes for the BM-Lactate analysis (Roche
Diagnostics, Manheim, Germany).

Statistical Analysis: It was used the variance analysis (ANOVA)
followed by the Tukey test for independent sampling. The signifi-
cance level lower than 5% (p < 0.05) was adopted.

RESULTS

The data below presented are the Mean ± Standard Error of the
Mean (SEM). The Maximal Heart Rate (HRmax) was recorded in
beatings/minute (bpm) immediately after performing the fatigue-
inducing protocol, and compared to the three groups, and it was
found no statistically significant difference: Control (185 ± 4) vs.
Arginine (184 ± 3), and Placebo (185 ± 4).

The Maximal Time (Tmax) obtained in the fatigue-inducing proto-
col for different groups did not present statistical significance where
it was verified the Control (17.86 ± 0.78) vs. Arginine (18.87 ±
0.71), and Placebo (18.31 ± 0.72).

No statistical difference could be observed in response to the
Maximal Load (Loadmax) obtained in Watts (W) after performing the
fatigue-inducing protocol, with the following results: Control (266.08
± 9.20) vs. Arginine (285.36 ± 8.23), and Placebo (276.67 ± 7.94).

The Lactate concentration (mmol/L) in trained volunteers was
previously determined just after the conclusion of the fatigue-in-
ducing protocol. Graphic 1 shows the plasmatic concentration of
the pre-protocol Lactate, where it can be observed no difference
between the experimental groups: Pre-Control (2.2 ± 0.14) vs. Pre-
Arginine (2.43 ± 0.23), and Pre-Placebo (2.26 ± 0.11). The post-
protocol plasmatic concentration, Post-Control (10.35 ± 0.57) vs.
Post-Arginine (12.07 ± 0.88), and Post-Placebo (12.2 ± 0.96) did
not present any statistical difference. Upon the comparison of the
post-protocol concentration ([La]b) before and after the fatigue-in-
ducing protocol in the different phases, it was observed statistical
differences. The Pre-Control (2.2 ± 0.14) vs. Post-Control (10.35 ±
0.57); Pre-Arginine (2.43 ± 0.23) vs. Post-Arginine (12.07 ± 0.88);
Pre-Placebo (2.26 ± 0.11) vs. Post-Placebo (12.2 ± 0.96), p < 0.001.
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Graphic 1 – Mean Plasmatic Concentration of the Lactate obtained in 12
trained volunteers before and after performing the fatigue-inducing proto-
col in the different experimental groups. Data represent the mean ± S.E.M.,
n = 12. * P < 0.001.

Pre-control
Post-control
Pre-arginine
Post-arginine
Pre-placebo
Post-placebo

(PRE AND POST) LACTATE

It was observed no statistical difference related to the Urea,
Creatinine, and Glycosis concentrations, and the results were: Urea:
Pre-control (41.67 ± 3.4), Pre-Arginine (42.56 ± 2.58), and Pre-Pla-
cebo (42.54 ± 3.25); Post-Control (45.06 ± 3.58), Post-Arginine
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(44.44 ± 2.59), and Post-Placebo (43.08 ± 2.94). Creatinine: Pre-
Control (1.68 ± 0.29), Pre-Arginine (2.19 ± 0.31), and Pre-Placebo
(2.49 ± 0.40); Post-Control (2.38 ± 0.33) Post-Arginine (2.55 ± 0.30),
and Post-Placebo (2.82 ± 0.29), and Glycosis: Pre-control (74.48 ±
4.19), Pre-Arginine (78.70 ± 3.91), and Pre-Placebo (73.60 ± 4.31);
Post-Control (85.53 ± 5.04), Post-Arginine (79.28 ± 3.95), and Post-
Placebo (70.83 ± 4.63).

DISCUSSION

It have been performed a great number of researches with the
purpose to identify more effective ergogenic substances to im-
prove the athletic performance, always focusing the demanded
energy in all sports range, and in the control of the dietetic con-
sumption(31). The oral L-arginine supplement has shown both pos-
itive and negative results. The discrepancies between the clinic
observations that in some cases, the L-arginine can increase the
nitric oxide formation, added to the expectation that this could be
the basis for the L-arginine’s kinetics to the NO reaction is called
“the arginine paradox”. Theories related to the arginine paradox
have focused the possibility that high doses of the L-arginine would
provide the required effects(42), since if there will be an increase in
the blood flowing, this would allow a higher lactate and ion releas-
ing of the muscle, thus promoting a higher removal in the circula-
tion due to the blood distribution(51).

The Maximal Heart Rate (HRmax) obtained in the tests during the
phases clarifies the high intensity developed by volunteers, ob-
serving that the arginine aspartate supplement did not change the
heart rate (bpm) of individuals along the test after the administra-
tion.

Another characteristic where it was obtained no changes was
the Maximal Time (Tmax) of the performance in different phases of
the fatigue-inducing protocol, showing that the final performance
was not changed by the administration of the 4,5 g of the arginine
aspartate.

Upon the evaluation of the Maximal Load produced on the ergo-
nomic bicycle when it was performed the fatigue-inducing proto-
col in the different phases of the administration, it was kept with-
out any change, and this is certainly in conformity that the
supplement used does not exert any effect on the obtainment of
heavier workloads when using such fatigue-inducing protocol.

The measurement of the blood lactate concentration is a stan-
dard procedure to set the physical exercise intensity. The absolute
value of the lactate concentration is used in certain groups of indi-
viduals, in order to make an objective estimate of the exercise or
as a maximal exhaustion criterion(52). In this study, these concepts
were used to determine the exercise intensity, and when the val-
ues found in the post-protocol were checked, it was determined
that volunteers attained their maximal exhaustion, that was con-
sidered the point of fatigue. The lactate accumulation during the
execution of a high intensity exercise protocol means that the lac-
tate production exceeds the amount it is removed. The lactate ac-
cumulation is an indicative of the glycogen depletion, and this gives
sense to the finding of the high lactate concentrations at point of
fatigue, in conformity with the reports made by other authors(18-

20,51).
Thus, we observed the significant amount of the ([La]b) when

comparing the pre- and the post-protocol. So, it can be asserted
that the rising in the plasmatic concentration of the lactate existed
in face of the high intensity of the exercises proposed, and there is
no differentiation due to the presence of the arginine aspartate
supplement.

It is known that the surplus of the aminoacids is metabolized
within the cycle of the urea, and it is excreted into the urine. The
supplement surplus can lead to renal damage. So, analyzing the
urea and creatinine concentrations, it is observed the effects on
the renal function(35). In a study accomplished in 1994, it was veri-

fied that the acute oral administration of 20 g arginine induced an
increased ureagenesis and cellular ATP concentration(50). But as to
the urea concentrations, our results did not change after the acute
oral administration of 4,5 g of arginine aspartate, reassuring that
the oral dose suggested in studies was not sufficient to induce the
increase in the ureagenegis(13).

The creatinine alone has been used to determine the renal abil-
ity and/or overload after an ingestion of aminoacids. By its turn,
the arginine induces the endogen synthesis of the creatine, gener-
ating an additional source of the creatinine to be excreted. Regard-
ing to this, the arginine together with the glycine and S-adenosyl-
methionine are the precursor aminoacids of the creatine, what in
our study could be an additional energy to improve the performance,
and this did not happen. The increase in the creatine synthesis
demands a complex process that includes the captation of the argi-
nine by the synthesizer organs of the creatine, to form phosphate
creatine and to the dephosphorylation of the creatine, and conse-
quently, the circulation(53).

Results related to the glycosis did not change along the test in
the different phases, and this can explain the absence of an in-
crease in the arginine-mediated flowing to the formation of the
NO, as several authors have already shown the fundamental role
of the formation way to the NO in the skeletal-muscle system as
to the glycosis transport(47). Thus, we point out the inefficiency of
the supplement used in our research.

Despite the study has suggested that the oral administration of
4 to 5 g of arginine could bring benefits such as reduction in the
lactate and ammonia concentrations and maybe an improvement
in the performance, our results suggest that studies with other
dosages and other administration schedule would be further per-
formed maybe trying to attain an increase in the tolerance to the
fatigue(13).

Finally, this study had the purpose to study the effect of the
acute supplement of the arginine aspartate in trained healthy indi-
viduals submitted to an exhaustion protocol in an ergometric bicy-
cle. But in face of the results attained, it can be concluded that the
acute supplement of the arginine aspartate in the 4,5 g dosage it
was impossible to increase the physical performance, characteriz-
ing the fact it did not help in the tolerance to the muscular fatigue.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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