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ABSTRACT

Introduction: the supplementation of branched chain amino acids (BCAA) has been widely used and stu-
died during long-term activities, however, it presents a limited number of studies elucidating the effect
of this supplementation during resistance training (RT). Objective: to evaluate the influence of BCAA in-
take, containing different concentrations of leucine, on the total number of repetitions performed during
this practice. Methods: eight participants (4 men and 4 women; age: 20 to 35 years), with experience in RT
between 3 and 18 months, performed 10 series with a load corresponding to 80% of 1RM, after ingestion
of 0.4 g/kg of BCAA body weight diluted in 250 ml water, with two different leucine concentrations: 4: 1:
1 (3 g leucine, 750 mg isoleucine and 750 mg valine) and é6: 1: 1 (4.5 g leucine, 750 mg isoleucine and 750
mg valine), in addition to the control treatment (CON), characterized by the ingestion of 250 ml water
containing a non-caloric dietary compound. Results: it was observed that the total number of repetitions
performed in the 10 series was significantly higher for the 6: 1: 1 treatment (70.0 + 9.5) when compared to
the CON treatment (59.8 + 9.9), different from the 4: 1: 1 treatment (66.8 + 7.3), which presented a statisti-
cally similar result. Conclusion: the concentration of the leucine amino acid, related to the supplemented
BCAA dose, is significant to obtain the ergogenic effects promoted by this supplement during the practice
of resistance exercise.
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RESUMO

Introducio: a suplementagio de aminoacidos de cadeia ramificada (BCAA) tem sido amplamente utili-
zada e estudada durante as atividades de longa duragio, no entanto, apresenta um ntmero restrito de
estudos elucidando o efeito desta suplementacio durante o treinamento resistido (TR). Objetivo: avaliar
a influéncia da ingestao de BCAA, contendo diferentes concentragdes de leucina, sobre o ntimero total de
repeti¢des realizadas durante essa pratica. Métodos: oito participantes (4 homens e 4 mulheres; idade: 20
a 35 anos), com experiéncia no TR entre 3 e 18 meses, realizaram 10 séries com carga referente a 80% de
1RM, apos a ingestio de 0,4 g/kg de peso corporal de BCAA diluidos em 250 ml 4gua, com duas diferentes
concentracoes de leucina: 4:1:1 (3 g leucina, 750 mg isoleucina e 750 mg valina) e 6:1:1 (4,5 g leucina, 750
mg isoleucina e 750 mg valina), além do tratamento controle (CON), caracterizado pela ingestio de 250
ml dgua contendo um composto dietético ndo caldrico. Resultados: observou-se que o numero total de
repetigoes realizadas nas 10 séries foi significativamente maior para o tratamento 6:1:1 (70,0 £ 9,5) quan-
do comparado ao tratamento CON (59,8 + 9,9), diferente do tratamento 4:1:1 (66,8 + 7,3) que apresentou
resultado estatisticamente semelhante. Conclusdo: a concentracio do aminoacido leucina, relacionada a
dose de BCAA suplementada, é significativa para obtencio dos efeitos ergogénicos promovidos por este
suplemento durante a pratica do exercicio resistido.
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Introduction

Currently, due to the growing number of scientific researches reporting the
benefits of regular physical exercise, the number of practitioners has increased subs-
tantially [1].

Concerning the places used for this practice, due to the social character, the
facilities, and amenities provided, the gyms have been gaining, mainly through resis-
tance training (RT), new followers every day [2].

Among the objectives pursued by these practitioners, there is an improve-
ment in health (in general), in physical fitness, and in the aesthetic standard of the
body, in addition to, in many cases, an evolutionary physical rehabilitation [3]. It
should be noted that related to the objectives mentioned before, the increase in mus-
cle trophism (muscle hypertrophy) is one of the most frequent morphophysiological
adaptations in practitioners of physical exercises. There are several molecular mecha-
nisms associated with the muscle hypertrophy process [4]. Some of them are even
optimized from the supplementation of specific nutrients [5].

In any case, whatever the intended objective, progression will only be achie-
ved if the scientific principles of physical training are obeyed. Among these, the over-
load principle stands out, understood as the basis for the progress of any capacity
that we want to improve [2,6].

The overload will be modified by manipulating the volume and/or intensi-
ty of the exercise, being inversely related to fatigue, whether central or peripheral
[1,2,6].

Central fatigue can be defined as the state in which the cognitive actions
that depend on the increase in the effort are interrupted, implying a reduction in the
activity of the central nervous system (CNS), generating the decrease of motor units
involved in the effort or their firing frequency and, as a consequence, loss of perfor-
mance [7].

On the other hand, peripheral fatigue is related to neuromuscular events that
can understand the inefficiency of the action potential through the sarcolemma, va-
riations in the excitation and contraction process, decrease in high-energy phospha-
tes in the intramuscular region, and the muscle metabolites accumulation [8,9].

As for resistance exercise, the fatigue experienced during the training session
is related to complications that occur mainly at the neuromuscular level [10].

Neuromuscular fatigue can be considered as the loss of muscle’s ability to ge-
nerate strength or maintain performance during physical exercise [11,12]. This phe-
nomenon has been widely studied in recent years, suggesting that this event is part
of a complex and integrated response between the CNS, peripheral nervous system
(PNS), neuromuscular junction, and muscle cells [13,14].

As a result of the above, branched-chain amino acids (BCAA) have become
popular in the routine of nutritional supplementation, recommended as ergogenic
resources in exercises with aerobic metabolic predominance and strength exercises.
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Therefore, BCAAs have been increasingly used as a non-pharmacological strategy in
reducing the fatigue experienced during physical exercise, as well as in promoting
muscle protein anabolism [15,16].

The concentration of amino acids in the plasma is maintained steadily after
ingestion. However, this concentration may change in metabolic conditions in which
catabolism prevails. High-intensity or long-term exercises, for example, can be consi-
dered catabolic factors that alter the concentration of circulating amino acids in the
plasma [17-19].

When the body is placed in situations of very intense or bulky efforts, these
stimuli can cause the degradation of body proteins, especially those that form the
muscular structure. Based on this principle, the use of BCAA, as an ergogenic resour-
ce, would serve as a strategy to minimize these catabolic effects that promote, among
other consequences, the decline in physical performance [20-24].

BCAAs, after ingestion, are primarily oxidized in the muscle, i.e., the uptake
and activation of the metabolic pathways of these amino acids favor muscle anabo-
lism. Karlsson et al. [25] showed that the intake of 7.5 grams of BCAA promoted a
100% increase in the concentration of amino acids in the plasma, allowing a higher
anabolic response to the placebo group.

Although most studies indicate that BCAAs can be ingested before, during,
or even after an acute training session, it is essential to note that there is still a con-
tradiction related to a possible performance gain. Studies that analyzed this type of
intervention at times presented positive results, and at other times did not point out
a significant change in physical performance [26].

Another point to be highlighted is that leucine, among BCAAs, has a higher
performance, both from an anabolic point of view [27] and reducing fatigue [28]. It
appears that the large variation in the amount of leucine used, as seen with BCAA
supplementation, has generated ambiguous results.

Therefore, the present study’s objective was to evaluate the influence of resis-
ted pre-training intake of BCAA, containing different concentrations of leucine, on
the total number of repetitions performed during this practice.

Methods

Eight healthy adult individuals (4 men and 4 women), aged between 20 and
35, were selected for the study. As an inclusion criterion, individuals should be regu-
larly practicing RT between 3 and 18 months. On the other hand, the anabolic hor-
mones use, food supplements, or anti-inflammatory drugs were considered exclusion
criteria to compose this study’s sample.

This research followed the rules for the tests” application on human beings
under Resolution 466/12 of the Ministry of Health. It was approved by the Ethics Com-
mittee of the Faculty of Medical and Health Sciences of PUC/SP (01985418.9.0000.5373).
The present study had the Physical Conditioning-room of the Academia Molhacao -
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Acqua e Fitness gym (Sao Roque/SP) as a research field. All participants signed the
Informed Consent Form (ICF).

The supplement used by all subjects in the sample was the Amino BCAA (Re-
cover my clinical line) in two different concentrations, enabling two experimental
treatments: BCAA 4:1:1 (intake of branched-chain amino acids containing 3 g of leu-
cine, 750 mg of isoleucine, and 750 mg of valine per 6 g of the product), and BCAA
6:1:1 (intake of branched-chain amino acids containing 4.5 g of leucine, 750 mg of
isoleucine and 750 mg of valine per 6 g of the product). It is noteworthy that the
dose used in the present study was 0.4 g BCAA/kg of body weight diluted in 250 ml
of water, similar to that used by Ratames et al. [29] in an experimental study already
published.

Regarding the control treatment (CON), the sample subjects ingested 1.6 g of
a non-caloric dietary compound FIT® (substance considered placebo, with a similar
appearance and taste to the product used in the experimental phase, containing 0.36
mg of aspartame, 0.53 mg of acesulfame potassium and 23 mg of sodium), diluted in
the same 250 ml of water used in the experimental treatments.

The administration of supplements in the experimental and control treat-
ments was carried out at random, 30 minutes before each RT session, separated by an
interval of 7 (seven) days, during which the participants were allowed to continue
only their training routine for lower limbs.

The one maximum repetition (1RM) test was used to determine the load to be
applied for the bench press exercise in the supine position, according to methods pre-
viously described by Kraemer and Fry [30]. The test started with a warm-up, consisted
of performing 2 sets of 5 to 10 repetitions of the straight supine movement, using
40-60% of the predicted load for 1RM, respecting an interval of 2 minutes between
sets. Subsequently, after a 5-minute pause, between 2 and 4 attempts were made to
determine the load equivalent to 1RM. Rest periods between attempts were 2 to 5
minutes [30].

On the days of the evaluation sessions, the individuals were submitted to 10
sets of the bench press exercise in the supine position, using a load corresponding to
80% of 1RM. The exercise started from the supine position with the torso leaning on
the bench, knees flexed, with the feet resting on the ground, elbows with moderate
flexion, shoulders adduced horizontally. The hands were positioned on the bar in a
position equivalent to twice the biacromial distance. In the concentric phase, the
shoulders” horizontal adduction and elbow extension were performed, and subse-
quently, during the eccentric phase, the return to the initial position occurred.

During the performance of the sets, individuals were encouraged to perform
as many repetitions as possible. The foot movement, loss of hip contact with the ben-
ch, upper limbs incoordination during the movement’s concentric phase, or muscle
failure were adopted as criteria for interrupting the sets.

To bring the evaluation sessions protocol closer to the reality experienced in
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the daily life of the gyms, the recovery time between these sessions sets was esta-
blished at 130" in the first three sets, at 1'45” between the 4th and é6th sets, and 2’ in
the remaining four sets.

The individuals underwent 3 evaluation sessions, one after the intake of die-
tary juice (CON) and the other two after the intake of BCAAs with concentrations
of 4:1:1 and 6:1:1. As already shown, the order of the sessions (BCAA or CON) was
carried out at random.

The workload was demonstrated from the following sums, in each evaluation
session, for further comparison and analysis of the data: 1) the number of total repe-
titions (performed in the 10 sets); 2) the number of repetitions performed in the first
5 sets; 3) the number of repetitions performed in the last 5 sets.

The results of the different sessions were expressed as means and standard
deviations. The data normality was verified by the Kolmogorov-Smirnov’s test. To
compare the individuals’ means in the sessions with different supplements, the va-
riance analysis for parametric data was used (one-way ANOVA). To indicate possible
differences, Tukey’s posthoc test was used. For all cases of analysis, a significance
level of p < 0.05 was adopted. The indication of the sample number was based on the
studies by Ratames et al. [29], Kraemer et al. [31], Sharp and Pearson [32], and Van
Dusseldorp et al. [33].

The statistical analysis was performed with the aid of the GraphPad Prism 8.0
software.

Results

Currently, the number of RT practitioners has been increasing significantly,
and, in association, the search for improving physical fitness and performance has
also grown exponentially. In this context, the BCAA supplementation strategy has
been increasingly used for optimizing the performance during the resisted exercise
execution. However, the studies presented are controversial regarding the use of this
resource [24,26].

To investigate the BCAA efficiency on the practitioners’ performance, the pre-
sent study simulated the volume of training used in gyms (between 9 and 12 sets per
muscle group) and assessed the number of repetitions performed during the execu-
tion of 10 sets performed with 80% of 1RM.

As main results, it is possible to observe in Figure 1 that it occur-
red, related to the sum of the total number of repetitions of the strai-
ght supine movement in the 10 sets performed, a significant differen-
ce between the treatment with BCAA 6:1:1 and the CON treatment (p < 0.05).
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Figure 1 - Average of the sum of the total number of repetitions performed during the 10 sets in the
treatments CON (59.8 + 9.9), BCAA 4:1:1 (66.8 + 7.3), and BCAA 6:1:1 (70.0 +9.5)

Other interesting answers were found when the results referring to the first 5
and the last 5 sets performed were analyzed separately. The average of the sum of the
total number of repetitions performed in the first 5 sets did not show any significant
difference between treatments (Figure 2).
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Figure 2 - Average of the sum of the total number of repetitions performed in the first 5 sets of treat-
ments CON (39.8 + 5.6), BCAA 4:1:1 (42.6 + 3.7), and BCAA 6:1:1 (43.2 £5.2)

However, when analyzing the average sum of the total number of repetitions
performed in the last 5 sets in the different treatments (Figure 3), a significantly hi-
gher result was observed in the treatments with BCAA supplementation when com-
pared to the CON treatment. It was also observed that the treatment related to the
ingestion of a higher concentration of leucine (BCAA 6:1:1) provided a higher sta-
tistical difference (p < 0.02) about the treatment related to a lower concentration of
leucine (p < 0.03) when compared to the CON treatment.
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*Statistical difference (p < 0.03) concerning the CON; **Statistical difference (p < 0.02) concerning the
CON

Figure 3 - Average of the sum of the total number of repetitions performed in the last 5 series of treat-
ments CON (20.0 +5.0), BCAA 4:1:1 (24.2 + 4.8), and BCAA 6: 1: 1 (26.7 + 4.8)
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Discussion

Regarding BCAA supplementation, most studies show concern for analyzing
the effects of these amino acids on muscle anabolism and catabolism [25]. Relating
the effects of BCAAs with performance and muscle fatigue, some studies have been
found, although, generally, methodologically designed using exercises with a predo-
minance of aerobic metabolism [34]. Seeking to propose another scenario, the pre-
sent study was conceived using the relationship between BCAA supplementation vs.
resistance training vs. muscle fatigue.

It was observed, in the present study, that the pre-RT supplementation with
0.4 g BCAA/kg in a concentration of 6:1:1 (leucine, isoleucine, and valine, respecti-
vely) resulted in a higher sum of repetitions performed during the execution of 10
sets in the bench press exercise on the horizontal bench when compared to the CON
treatment. However, it is noteworthy that several studies that analyzed the effects of
BCAA supplementation on performance during the performance of RT showed a lot
of contradiction in the results [26].

Fujita et al. [35] evaluated the effects of BCAA intake, containing 1 g leucine
at a dose of 0.35 g BCAA/kg of body weight, on biochemical markers after performing
10 sets of 10RM in the leg extension exercise, not observing changes in the fatigue.
In another study, Sharp and Pearson [32] also found no difference in performance
among the group supplemented with BCAA (supplementation twice a day, with the
following concentration: leucine: 1800 mg; isoleucine: 750 mg; valine: 750 mg) and
the control group.

A probable explanation for the result found in the present study lies in the
dose used in BCAA treatments. After reviewing the literature on the effects of BCAA
supplementation on performance during RT, it was observed that the study by Rata-
mes et al. [29], whose objective was to verify the influence of BCAA supplementation
(with a dose of 0.4 g BCAA/kg of body weight) on performance during RT, demons-
trated an increase in performance in the bench press and barbell squat exercises.

To verify BCAA supplementation influence on the training volume, the sum
of the repetitions number, performed during the first 5 and 5 last sets, was analyzed
separately. Regarding the sum of the first 5 sets, it was observed that the CON treat-
ment obtained an average of repetitions like the two treatments with BCAA. On the
other hand, when analyzing the sum of the number of repetitions performed during
the last 5 sets, the results indicate that both BCAA treatments performed a higher
number of repetitions when compared to the CON treatment, although the BCAA
6:1:1 treatment presented a higher difference (p < 0.02) than the BCAA treatment 4:1:1
(p < 0.03) in these comparisons. This can be explained because the factors related to
muscle fatigue do not impair performance until a specific volume of training is per-
formed [17-19,36].

A possible explanation for the increase in the number of repetitions perfor-
med, especially during the last 5 sets, is the fact that BCAAs can be metabolized and
converted into Acetyl-coenzyme A (Acetyl-CoA) groups; being sent subsequently to
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the Tricarboxylic Acid Cycle (TCA cycle) [37]. In this way, the BCAA could complement
the release of energy necessary for the quantitatively more adequate resynthesis of
Adenosine Triphosphate (ATP) at that exact moment of the exercise. As described by
Gastin [38], during recovery intervals, a part of the resynthesized ATP is cleaved to
provide energy for the reconstruction of Creatine Phosphate (CP). Therefore, we can
raise the hypothesis that the increase in the supply of Acetyl-CoA to TCA cycle, ori-
ginating from BCAA, could also increase the rate of resynthesis of ATP between the
sets performed, accelerating the resynthesis of CP stocks and allowing the individual,
consequently, a greater work capacity in the subsequent sets.

Another fact that deserves attention is that the greater resynthesis of CP be-
tween the sets would result in greater participation of this energetic substrate in the
execution of the subsequent sets and, according to Robergs, Ghiasvand & Parker [39],
the cleavage of the CP would assist in the buffering of H+ protons released during
ATP hydrolysis, thereby reducing the chance of intracellular pH imbalance (metabo-
lic acidosis), minimizing muscle fatigue.

It is worth mentioning that the present study used a sample number of 8
individuals, which could limit, in part, the results and conclusions presented here.
However, the sample number of the experimental group of other studies carried out
with the same intention [29,31-33], that is, evaluating the effects of supplementation
with BCAA, was like the one used here.

Conclusion

This study aimed to evaluate the influence of BCAA intake, containing dif-
ferent concentrations of leucine, on the total number of repetitions performed in
resistance training.

Based on the results obtained, it is concluded that BCAA supplementation,
with a 6:1:1 concentration, is associated with an increase in the total number of repe-
titions performed when compared to the control treatment, emphasizing that, in the
second half of the training session (last 5 sets), this increase, about the control group,
was also observed in the treatment with the concentration 4:1:1. Therefore, BCAA
supplementation, especially with a higher leucine concentration, seems to have a re-
levant effect in reducing muscle fatigue during the resistance training practice, opti-
mizing performance, especially concerning the training volume-dependent (number
of sets performed).

However, it is worth noting that this group of authors understands the need
for further studies to elucidate this topic, including using different doses of BCAA
with other concentrations of the amino acid leucine in populations with diverse le-
vels of physical fitness and age group.
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