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Abstract

The purpose of the present study was to investigate the ergogenic effects of 4 weeks of 3-

alanine supplementation on peak oxygen uptake (\'/O2Peak

) and force associated with \'/O2Peak
(FVOzpeak) during a tethered swimming graded exercise test, and a three-minute all-out effort
(3minaLL-ouTt) in water polo players. Twenty-two male national competitive level water polo
players were randomly assigned to receive either 4 weeks of 3-alanine (n = 11) or a placebo
(n=11) (i.e., 4.8 g-day " for 10 days, then6.4 g-day™' for 18 days, resulting in 163.2 g over
28 days). The participants performed the TSget and 3mina .oyt before and after the sup-
plementation period. There were no significant interaction effects between-groups for any
variable, however, the magnitude-based inferences analyses showed a possibly beneficial
effect (74%) of B-alanine supplementation on FVO2Peak compared to placebo treatment (A%
[post—pre] for Placebo group = -5.2%; A% [post—pre] for B-alanine group = +0.7%). Only the
B-alanine group presented a significant reduction in \'/O2peak expressed in absolute values
(PRE =3.3£0.6L-min""; POST =3.0£0.4L-min”"; p=.021). Similarly, only the B-alanine
group presented a significant increase in critical force (PRE = 51.2+10.4N; POST =56.5
1+13.1N; p=.044) and a reduction in the curvature constant parameter (W’; PRE = 2998.0
+1103.7N-s; POST = 2224.6+1058.9N-s; p =.049). Thus, we can conclude that 4 weeks

of B-alanine supplementation presented mixed results in water polo players, indicating

that this nutritional strategy may not be effective in improving parameters of the TSget and

3minaL-ouT .

Introduction

Water polo is a high-intensity intermittent team sport [1,2] that presents alternated aerobic-
anaerobic metabolic demand [3]. The repeated high-intensity efforts in water polo, which

PLOS ONE | https://doi.org/10.1371/journal.pone.0205129 October 11, 2018

1/13


http://orcid.org/0000-0001-9659-7590
http://orcid.org/0000-0003-3975-9260
http://orcid.org/0000-0003-1065-4158
https://doi.org/10.1371/journal.pone.0205129
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0205129&domain=pdf&date_stamp=2018-10-11
https://doi.org/10.1371/journal.pone.0205129
https://doi.org/10.1371/journal.pone.0205129
http://creativecommons.org/licenses/by/4.0/

®PLOS | one

Effects of B-alanine supplementation on swimming performance

decision to publish, or preparation of the
manuscript.

Competing interests: The authors have declared
that no competing interests exist.

occur several times (6.7+3.5 bouts of repeated high-intensity efforts composed of 4.6 efforts
each) during a match [2], are considered an important factor for the success of the game [2].
In fact, a muscle recovery process between efforts, such as phosphocreatine replenishment and
the removal of accumulated intracellular inorganic phosphates, which are oxygen-dependent
processes [4], is crucial for performance during repeated high-intensity efforts [4]. Therefore,
aerobic fitness is also important in water polo, evidenced through the high levels of peak oxy-
gen uptake (VOQPeak) found in elite athletes, the top four in the World Championship

(5.2 + 0.4 L-min™"), and high swimming velocity corresponding to anaerobic threshold
(1.33+0.05m-s™) [5].

Due to the importance of repeated efforts in water polo, nutritional strategies to improve
repeated effort ability have been a focus of some studies [6-8], especially ergogenic aids that
could improve the buffering capacity [6-8], since repeated efforts can promote increases in
muscular acidosis [9], which is considered an important factor to promote fatigue [10]. Ini-
tially, sodium bicarbonate supplementation was investigated [6], however no beneficial effects
were found, while more recently, some studies investigated the effects of B-alanine supplemen-
tation [7,8], showing a small but substantial beneficial effect on performance [7,8].

B-alanine is a non-essential amino acid and its availability is considered the limiting factor
for intramuscular synthesis of carnosine [11], a cytoplasmic dipeptide (synthesized by the car-
nosine synthetase enzyme) which can increase >40% after 4 weeks of B-alanine supplementa-
tion in a protocol using daily doses of 1.6-6.4 g-day ™" [12,13]. Carnosine (B-alanyl-L-histidine)
has multiple functions [e.g., antioxidant [14], anti-glycation of proteins [15], and muscle con-
tractility regulation [16], of which the main function is as an intracellular acid buffer [12] due
to a pKa of 6.83 [17]. Thus, 4 weeks of B-alanine supplementation is enough to improve muscle
buffering capacity by ~4% [11,12], which promotes high accumulations of ions H* in muscle
[10], and consequently improves high-intensity efforts that last between 1 and 4 min [10,18],
such as repeated sprints in water polo [7,8] and total work done at 110% in cycling [12],
among others.

In the way, some studies also have reported that B-alanine supplementation can improve
the time-to-exhaustion during a maximal graded test [19,20], distance covered during the Yo-
Yo Intermittent Recovery Test Level 2 [21], and even VOQPeak [20,22]. The possible mechanism
for improvement in the aerobic fitness index is that f-alanine supplementation could shift the
lactate curve to the right [19,23], delaying fatigue establishment, probably reducing muscle aci-
dosis during exercise, which can improve the time-to-exhaustion, and reducing the enzymatic
inhibition [24,25] allowing greater activity of the oxidative metabolism and possibly improving
some aerobic parameters, as shown by some studies [19,21, 18, 22].

Thus, due to the fact that aerobic fitness is important to water polo, B-alanine supplementa-
tion may be appropriate for water polo players. In an isolated study in water polo for aerobic
outcomes, Brisola et al. [8] reported that maximal distance covered during a 30-minute swim-
ming test (which has a strong relationship with the anaerobic threshold [r = 0.90] [26] did not
improve after 4 weeks of B-alanine supplementation, however this effort was performed imme-
diately after a repeated sprint ability test in an attempt to mimic the physical stress during a
game, instead of a study designed to investigate the effects of B-alanine supplementation on
aerobic parameters. Thereby, the ergogenic effects of f-alanine supplementation on aerobic
parameters require further investigation, since there are other studies that did not find
improvement in these parameters [23,27-29].

Therefore, the aim of the present study was to investigate the effects of 4 weeks of -alanine
e « (FVO

swimming graded exercise test (TSggt), and a three-minute all-out effort (3minary oyr) in

supplementation on VO, ., and force associated with V02pea apea) during a tethered
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water polo players. We hypothesized that $-alanine supplementation would improve, especially,
FVO2peak in TSggr and parameters related to endurance capacity of 3min;; our, through
improvement in the time to exhaustion due to delay in acidosis during these tests. Furthermore,
we also expected that B-alanine supplementation would improve anaerobic fitness.

Materials and methods
Subjects

Twenty-two male national competitive water polo athletes participated in the study (mean
+SD: age = 18+4 yrs, body weight = 78.5+9.5 kg and height = 1.79£0.06 m), separated into two
homogenous groups: placebo (n = 11; age: 18+3 yrs, body mass: 81.4+8.8 kg, height: 1.79+0.07
m; protein intake: 2.0+0.6 g-kg'-day ™ and player positions: 4 goalkeepers; 1 center forward; 2
central defenders, and 4 field players) and B-alanine (n = 11; age: 19+5 yrs, body mass: 75.7
+9.6 kg, height: 1.79+0.06 m; protein intake: 2.0+0.5 g-kg'-day ™' and player positions: 2 goal-
keepers, 1 center forward, 2 central defenders, and 6 field players). The participants were
required to have at least 3 years of competitive experience. The team to which the athletes
belonged won the elite national water polo championship in the year the study was conducted.
When the study began, the players were in the general preparatory phase of the season, while
at the end of the study, they were in a competitive phase. The training routine was composed
of two training sessions per day and the weekly training frequency was ~5 days a week (~10
sessions a week). The training load was monitored during the study period using the session
rating of perceived exertion method [30] (i.e., multiplying the rating of perceived exertion by
total session duration in minutes) and the weekly values of total training load were: first

week = 3,723+902 arbitrary units, second week = 3,764+843 arbitrary units, third week = 4,494
+1,223 arbitrary units, and fourth week = 4,522+1,620 arbitrary units. The daily training ses-
sions were not influenced by the researchers.

Participants were instructed not to take any dietary supplements for 3 months prior to the
start of the study. Furthermore, during the study participants were not permitted to take any
dietary supplement that was not provided by the researchers (i.e., placebo or B-alanine) and
were instructed to maintain their usual diets. Participants who were repeatedly absent during
training or assessment, were injured, or dropped-out of the team, were excluded from the
study (5 participants were excluded). The participants were informed about the possible risks
and benefits of the study prior to signing an informed consent, and all procedures were con-
ducted in accordance with the Declaration of Helsinki. In case of participants under 18 years
of age, the informed consent was signed by their parents. The experimental procedures used in
the study, as well as the informed consent, were approved by the Research Ethics Committee
of the Sao Paulo State University-UNESP (Protocol number 430.916/2013).

Experimental design

The study was conducted in a double-blind, randomized, parallel, and placebo-controlled
manner.

Initially, the participants performed the (TSggr, a specific test used for determination of
VO,,.,) and (FEVO
for determination of critical force and the curvature constant parameter (W’), also in a teth-
ered swimming exercise, which correspond to endurance capacity and anaerobic work capac-
ity, respectively. These tests were part of a larger testing battery using the same participants
[8]. In the following week, the participants were randomly allocated to receive either a placebo
or B-alanine for 4 weeks. Randomization was equalized by athlete position and protein intake

speak)- T Wenty-four hours later, a 3minar1 our was performed principally
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(measured by a 3-day food recall) to ensure homogeneity between groups. After the supple-
mentation period (one day after the last dose ingested), all participants were reassessed.

Experimental procedures

The assessments and reassessments were performed in an indoor swimming pool at 27+1°C.

The TSger and 3minap; our were performed in tethered front crawl style for measurement
of force. The participants were attached by a belt to an elastic cord (Auriflex n-204, Sdo Roque,
Sao Paulo, Brazil) connected to a system for measurement of force, which was positioned on
the edge of the pool. The force measurement system used was a high frequency signal acquisi-
tion (1000 Hz), comprising a load cell (CSA/ZL-100 kg, MK Controle, Sdo Paulo, SP, Brazil)
fixed to the starting blocks, a signal conditioner (MK Controle, Sdo Paulo, SP, Brazil), an ana-
log/digital signal acquisition module (USB-6008, National Instruments, Austin, TX, USA),
and appropriate software (LabView 9—National Instruments, Signal Express, Austin, TX,
USA). Posteriorly, the acquired data was filtered by a 4™ order Butterworth filter with a 10Hz
cutoff frequency in MatLab® software (MatLab, MathWorks, Natick, MA, USA).

From their training sessions, the participants were already familiar with tethered swimming
efforts and swimming with the snorkel (AquaTrainer ™, Cosmed, Rome, Italy) used for mea-
surement of oxygen uptake (VOZ) in the TSggt. Furthermore, during the specific in-water
warm-up (about 5 min) performed before the tests, the participants were allowed to use teth-
ered swimming system in the case that they did not yet feel familiar. In addition, a warm-up
was also performed on dry-land (static and dynamic stretching) for about 5 min.

During the TSggr, the VO, was measured breath-by-breath by a portable gas analyzer
(K4b2, Cosmed, Rome, Rome, Italy) which was calibrated after 4 tests (tests were performed in
sequence and therefore, calibrated approximately once every 160 min) with ambient air sam-
ples and gas of known constituents (CO, = 3.98% and O, = 16.02%). For posterior analyses,
the VO, data were subsequently smoothed every 30 points to exclude outlier points [31].

In both tests, capillary blood (25uL) was sampled from the earlobe 3, 5, and 7 minutes after
the test for analysis of peak blood lactate ([La]eai). Capillary blood (25uL) was also collected
at rest (participants remained seated for 10 min) before the start of the 3minay;.our ([La7est-
ing). The samples were collected in heparinized capillary tubes and stored at -20°C until analy-
sis in microtubes containing 50 uL of 1% sodium fluoride. Subsequently (one month after), the
blood samples were analyzed in an electrochemical lactate analyzer YSI 2300 (YSI, Yellow
Spring Instruments, Yellow Springs, Ohio, USA) (measurement error+2%).

Tethered swimming graded exercise test (TSggr). The TSggr was adapted from Papoti
etal. [32] (Fig 1), which presented a significant relationship with free swimming performance
[32] and sensitivity to training responses [33]. The TSggr is a maximum specific test used for
determination of VOQPeak (which is considered the best predictor of cardiovascular fitness [34])
and FVO

The participants were attached to a high-frequency signal acquisition system (as described
in the experimental procedures) by an elastic cord, 3 meters long, and were required to dis-
place the cord forward to progress swimming-workload for each stage until exhaustion. Each
exercise stage of the TSggr was signaled by cones on the edge of the pool, and the increase in
exercise workload was performed by increasing the tension on the elastic cord when the partic-
ipants advanced stages. The workload for the first stage corresponded to 16.5+4.9 N, increas-
ing 11.5£1.1 N every minute to the next stage.

During each stage, the participants were instructed to keep their waistline as close as possi-
ble to the level of the cones, which were positioned on the edge of the pool every 1 m.

2peak*
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Exhaustion was considered as the impossibility of participants to maintain their waist aligned
with the cone (i.e., > 5 s swimming out of stage) or by volitional exhaustion (i.e., participants
gave up continuing the test).

The workload for each stage was considered as the average force recorded during the final

50 seconds of each stage. The VO, was taken as the highest average found in the test (con-

2peal
sidering only the final 20 s), while the FVO2Peak was equivalent to the lowest workload (force)

where the VOQP
this stage was determined using the formula of Kuipers et al. [35].

FV O, =F + ((a % 1)/b) 1)

. was attained [34]. If this stage was not completed, the force associated with

eal

«_» «__ »

where “F” is the force (N) of the final completed stage, “a” is the increment in the test (N), “n
is the duration (s) maintained in the incomplete stage, and “b” is the duration (s) of the stage.

Three-minute all-out effort (3minay; our). The 3minay; oyt was performed as
described by Kalva-Filho et al. [36], which presented a significant relationship with free swim-
ming performance and the physiological index [36,37].

The 3mina;; oyt was composed of a maximum effort of three minutes duration in tethered
swimming, where athletes were attached to a double elastic cord of 3 m and instructed to per-
form their maximum effort for 3 minutes without any strategy and without receiving feedback
time. The beginning and end of the test were always marked by a loud whistle.

The measurement of force was performed during the 3minay;_our principally to determine
critical force and the W’. The critical force was the corresponding mean value obtained in the
final 30 seconds of the all-out trial and is an alternative method for determining the upper-
limit heavy exercise domain (aerobic parameter) [38]. The W’ was assumed to be the area
under the slope for the relationship between force and time located above critical force, which
is often referred to as an index related to anaerobic work capacity [38].

In addition, the following parameters were determined: peak force, mean force, integral of
force (area under the curve), relative fatigue index (Eq 2), and absolute fatigue index (Eq 3)
during swimming.

relative fatigue index = (peak force — minimum force) x 100/peak force (2)
absolute fatigue index = (peak force x test time) — integral of force (3)
1°' Stage 2" Stage 3" Stage 4™ Stage 5S¢ i
Pool Wall 8 g g g age cont:gues
16.5+49 N 329452 N 4454854 N 53.9+6.0 N 63.316.4 N ...exhaustion
A Mo oa A A A
oA R A i i
Load
Cell T % % %
Elastic Cord >
Forward

Fig 1. Tethered swimming graded exercise test. A diagram of the cone positions at the side of the pool used as reference points for the intensities during the tethered
swimming graded exercise test (TSggr). Adapted from Papoti et al. [32].

https://doi.org/10.1371/journal.pone.0205129.9001
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Supplementation protocol. Participants received either $-alanine (99.9% pure B-alanine;
CarnoSyn, NAIL, San Marcos, California, USA) or a placebo (dextrose, Neonutri, Pogos de Cal-
das, Minas Gerais, Brazil) for 4 weeks. Both the placebo and B-alanine were powdered and
packed in gastro-resistant capsules (hidroxipropilmetilcelulose, DrCaps, Capsugel, Puebla,
Puebla, Mexico), identical in appearance (i.e., white, opaque, and size 00), which were pro-
duced in the laboratory using a manual capsule filling machine (Ideal, Aruja, Sao Paulo, Bra-
zil). The supplements were delivered as weekly doses. On the first 10 days, participants
received 4.8 g-day ', divided into six daily doses of 800 mg and on the final 18 days, partici-
pants received doses corresponding to 6.4 g-day ™, divided into four daily doses of 1600 mg. All
doses were taken with an interval of at least two hours between them and after meals to avoid
the occurrence of paresthesia [12]. If participants forgot to ingest the capsules, they were
instructed to ingest them on the following days, maintaining the pattern of ingestion. The par-
ticipants were individually monitored during the study regarding side-effects of supplementa-
tion (i.e., paresthesia) and were instructed not to comment about side-effects to other players.

Statistical analysis. The data are presented as means+SD and confidence interval of 95%
(95%CI). To compare the outcomes, between-subject factor (placebo vs. f-alanine) and
within-subject factor ’time’ (pre vs. post), a two-way repeated measure ANOVA was used for
all variables. In addition, for analysis of variance, the Mauchly sphericity test was applied and
sphericity was assumed when no significant F value was observed. In case of violation of sphe-
ricity, the Epsilon Greenhouse-Geisser correction was used. The analyses were completed with
the Bonferroni post hoc. The unpaired t-test was used to compare the percentage change in
score (A%; i.e., values post supplementation minus values pre-supplementation), between-
groups. In all cases, a 5% significance level (p<0.05) was adopted and the data were analyzed
in SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA).

In addition to conventional statistical analysis, magnitude-based inference analysis was
used for comparisons between-subject factor (placebo vs. B-alanine) [39]. The values are
expressed as the standardized mean difference (Cohen’s d+Confidence Limits of 90%) [40],
which was calculated using a pooled standard deviation as the denominator. The threshold val-
ues for Cohen’s d statistical power were considered as > 0.2 (small), >0.5 (moderate), and
>0.8 (large), and the chances of the effect being positive, trivial, or negative were calculated
based on the smallest worthwhile change (SWC = 0.2 x SD). If the probabilities of the effect
being substantially positive and negative were both > 5%, the effect was reported as unclear,
or, if not, the effect was clear. Thus, the changes were qualitatively evaluated as follows: <1% =
most unlikely; 1%-5% = very unlikely; 5%-25% = unlikely; 25%-75% = possibly; 75%-95% =
likely; 95%-99% = very likely; and >99% = most likely [41].

Results

In total 4 participants reported paresthesia during the study, of which 3 were in the f-alanine
group and 1 in the placebo group (note: all were maintained in the statistical analysis).

There were no significant interaction effects between-groups for any variable.

The results of the TSggr are shown in Table 1. The magnitude-based inference analysis
showed a possibly beneficial effect on FVOQPeak for B-alanine supplementation compared to the
placebo. There was a significant difference within-group (pre vs. post) only for the B-alanine
group in VOQPeak expressed in absolute values (Statistical Power = 85%; F = 10.2; p = 0.005; post
hoc p = 0.021) (S1 File).

The results of the 3mina;; out are shown in Table 2. There was a significant improvement
within-group only in the B-alanine group for critical force (Statistical Power = 65%; F = 6.0;

p = 0.024; post hoc p = 0.044), while the W’ dropped significantly (Statistical Power = 56%;
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Table 1. Tethered swimming graded exercise test parameters pre and post supplementation.

Placebo Group p-alanine Group Magnitude-based Inference Analysis (B-alanine Group x Placebo
Group)
Pre Post A% Pre Post A% Effect size %Chances (beneficial/ Qualitative
(Cohens’sd + 90% CL) trivial/ harmful) inference

Vozpeak 3.4+0.6 (3.1to | 3.2+0.5(2.9to |-8.2 | 3.3£0.6 (3.0 to | 3.0+0.4* (2.7 to | -9.8 -0.1+0.6 20/40/40 unclear
(L-min™") 3.7) 3.4) 3.6) 3.2)
Volpeak 41.7+8.0 (37.5 | 40.1+8.9(35.4 | -6.9 | 43.4+4.9 (40.4 | 39.9+7.9(35.8 | -8.0 0.0+0.7 28/38/34 unclear
(mL~kg’1~ to 46.4) to 44.9) to 45.9) to 44.6)
min')
F\'Iozpeak (N) | 81.7£15.4 (73.5 | 77.6+10.0 (72.2 | -5.2 75.6+£12.1 76.3+£18.0 (66.4 | 0.7 0.4+0.6 74/21/04 possibly

to 90.8) to 83.2) (68.5 to 81.9) to 85.8) beneficial
TTE (s) 429.0+£102.3 424.5+104.6 -1.1 413.8£90.9 424.3+116.0 3.5 0.1+£0.5 42/46/12 unclear

(367.3 to 486.4) | (360.0 to 482.1) (362.5 to (358.8 t0 492.4)
462.1)

[La]peax 7.7£2.5(6.4t0 | 6.6+1.7(5.7to | -8.2 | 8.5+2.5(6.6t0 | 7.3+2.1(6.2to |-12.4 0.1+0.7 44/36/20 unclear
(mmol-L") 9.1) 7.5) 9.5) 8.5)

Values expressed as Mean+SD (95%CI). F\'/OZP‘,ak = force associated with peak oxygen uptake; TTE = time to exhaustion; VO, = peak oxygen uptake; [La ]peqi = peak

peak
blood lactate. A % = percentage difference (post-pre). The quantitative chances were assessed qualitatively as follows: <1% = most unlikely; 1%-5% = very unlikely; 5%-
25% = unlikely; 25%-75% = possibly; 75%-95% = likely; 95%-99% = very likely; and >99% = most likely. If the probabilities of the effect being substantially beneficial
and harmful were both > 5%, the effect was reported as unclear.

The magnitude-based inference analysis presents the percentage chance or likelihood that the true effect of the B-alanine supplementation will be beneficial, trivial, or
harmful when compared with the placebo condition.

*Significant difference from pre-supplementation (p<0.05).

https://doi.org/10.1371/journal.pone.0205129.t001

F =4.9; p = 0.039; post hoc p = 0.049) (S1 File). The magnitude-based inference analysis
showed an unclear effect for all variables of the 3mina;;_our.

Discussion

The present study investigated the effects of 4 weeks of B-alanine supplementation on VOQPmk
and FVO

the first to verify the effect of B-alanine supplementation on \'702peak in a specific-swimming

opeak from a TSger and a 3minag; oyt in water polo players. The present study was
ergometer test. The main finding of the present study was that B-alanine supplementation
demonstrated a possibly beneficial effect on FVOQPeak reached in the TSgpr and only the B-ala-
nine group improved critical force in the 3mina;;_our. On the other hand, only the B-alanine

group presented a significant reduction in VO, expressed in absolute values in the TSqgt

2peal
and in the W’ in the 3mina;; oy, Thus, 4 weeks of B-alanine supplementation presented

mixed results in water polo players, with a slight enhancement in FVO,__, in the TSggr and

2peal
critical force in the 3mina;; oyt and a slight decrease in \'/ngeak and W’.

The TSger was used in the present study mainly because it allows direct determination of
VOzpeak in a specific-swimming ergometer test, which is considered the best predictor of car-

diovascular fitness [34] and has some importance for water polo [3]. However, the results of
the present study showed no substantial effect of improvement in the B-alanine group com-
pared to the placebo group for this variable, on the contrary, only the B-alanine group showed
a significant reduction in VOQPeak when the values were expressed in absolute units.

These findings could suggest a slight worsening in aerobic fitness with -alanine supple-
mentation, which could impair the recovery between repeated high-intensity efforts. However,
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Table 2. The three-minute all-out effort parameters pre and post supplementation.

Placebo Group p-alanine Group Magnitude-based Inference Analysis (B-alanine
Group x Placebo Group)
Pre Post A% Pre Post A% Effect size %Chances Qualitative
(Cohens’sd+ 90% | (beneficial/ trivial/ inference
CL) harmful)

Peak force 139.8 £26.6 143.4+23.0 3.9 134.4+17.9 136.5+20.9 (124.8 | 2.0 -0.1+0.6 23/42/35 unclear
(N) (126.1 t0156.8) (130.3 to 155.8) (124.0 to 143.8) to 148.5)
Mean force | 70.8+10.7 (65.4 | 72.7+13.2(66.1 | 2.4 | 67.9%103(62.5 |68.910.6(629t0 | 17 -0.10.3 06/68/26 unclear
(N) to 77.2) to 80.6) to 73.3) 74.7)
Fatigue index | 12433.5£3500.2 | 12706.1£3271.8 | 8.8 | 11921.5+3009.4 | 12154.8+3898.1 | 2.8 0.0£0.8 34/33/33 unclear
(N-s) (104724 to (10816.1 to (10141.3 to (9916.8 to

14644.2) 14462.4) 13546.3) 14322.4)
Fatigue index | 71.7+9.7 (663 to | 67.7+7.4 (633 to | -4.1| 71.4+8.9 (66.5t0 | 72.3+12.1 (65.7to | 1.6 0.5+0.8 08/19/73 unclear
(%) 77.4) 71.8) 76.0) 79.3)
Integral (Ns) | 12765.9£1941.2 13087.4+2402.3 | 2.2 | 12175.1+£1859.1 12387.0+1898.4 2.1 -0.1£0.3 09/69/22 unclear

(11785.2 to (11889.5 to (11180.3 to (11315.4 to

13909.5) 14516.2) 13168.2) 13426.6)
Critical force | 56.3+12.3(49.9 | 59.6+12.0(53.7 | 7.1 | 51.2410.4(45.7 | 56.5+13.1" (49.4 | 11.2 0.240.5 45/44/11 unclear
(N) to 63.6) to 66.7) to 57.0) to 63.7)
W’ (N-s) 2891.8+753.0 2359.5+855.8 -84 2998.0+1103.7 2224.6£1058.9" | -17.1 -0.4£0.9 15/23/62 unclear

(2477.6 to (1888.3 to (2410.3 to (1675.2 to 2826.8)

3351.3) 2821.4) 3606.7)
(L suing 12404 (1.0to | 12402 (L1to | 66| 12403(1.0to | 1.3+04(l.1to | 22.1 0.440.8 66/24/10 unclear
(mmol-L'Y) 1.4) 1.3) 1.3) 1.5)
[La]pea 13.642.9 (11.8to | 12.523.4 (10.7to | -6.5 | 13.623.1 (11.9to | 12.0£2.6 (10.6to | -10.1 -0.240.7 16/34/49 unclear
(mmol-L") 15.4) 14.8) 15.5) 13.5)

Values expressed as Mean+SD (95%CI). [La]pcai = peak blood lactate; [La ] esting

= resting blood lactate; W = curvature constant parameter. A % = percentage

difference (post-pre). The quantitative chances were assessed qualitatively as follows: <1% = most unlikely; 1%-5% = very unlikely; 5%-25% = unlikely; 25%-75% =
possibly; 75%-95% = likely; 95%-99% = very likely; and >99% = most likely. If the probabilities of the effect being substantially beneficial and harmful were both > 5%,
the effect was reported as unclear.

The magnitude-based inference analysis presents the percentage chance or likelihood that the true effect of the -alanine supplementation will be beneficial, trivial, or

harmful when compared with the placebo condition.

*Significant difference from pre-supplementation (p<0.05).

https://doi.org/10.1371/journal.pone.0205129.1002

the study of Brisola et al. [8] with water polo players showed that 4 weeks of -alanine supple-
mentation slightly improved repeated sprint ability in specific-protocol testing. Furthermore,
some studies also did not find significant changes in V02peak after supplementation with B-ala-
nine [19,23,42], indicating that B-alanine supplementation may have little or no influence on
this physiological variable. In addition, the only study [27] in the literature that found a signifi-
cant reduction in VOQPeak with B-alanine supplementation did not use pure -alanine and the
authors considered the reduction as an unexpected effect. Thus, the significant reduction in
VO
phase of the team, as both groups presented a reduction in A% (Table 1), low effect sizes (ES =
-0.1£0.6) and the magnitude-based inference analyzes showed that these differences between
groups are unclear. In a study with team sports athletes (in this case, rugby players), Taylor

speak fOUNd in the present study appears to be more associated with the seasonal training

et al. [43] showed that maximal oxygen uptake (VO,, ) can be decreased after 6 weeks of

in-season training. Furthermore, the study of Taylor et al. [43] also showed a curvilinear

relationship between training load and changes in VO, , demonstrating that high weekly

2max’

training load can decrease the VO,,__ . Therefore, the decrease in VOQPeak after B-alanine sup-

2max*

plementation found in the present study should be analyzed with caution and further studies
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are needed to confirm if there is a possible deleterious effect of B-alanine supplementation on
VO,

In addition, a small indication of a beneficial effect (74% beneficial effect) was found in
FVO2p€ak in the TSggr compared to the placebo group. Previous studies have found improve-
ment in performance parameters with B-alanine supplementation in a maximal graded test,
such as an increase in time to exhaustion on a cycle ergometer [19,20], which indicates a
slightly positive effect of B-alanine supplementation on delayed acidosis and improved time to
exhaustion. However, in the present study this improvement between groups shown by the
magnitude-based inference analysis may be more due to deterioration in FVO2Peak in the pla-
cebo group (-5.2%) and therefore, the supplementation of f-alanine showed a marginal effect
of improvement.

The 3mina; 1 our was used in the present study as it enables assessment of aerobic, anaero-
bic, and high-intensity performance parameters in a specific swimming test [36]. The only
improvement found with B-alanine supplementation in the 3mina;; ourwas in critical force,
which is a parameter representative of the aerobic metabolism (intensity of which could theo-
retically be endlessly maintained without the occurrence of exhaustion) [38]. The relevance of
this parameter determined in the 3minay;_our was shown by Kalva-Filho et al. [36], who
found a strong correlation between critical force (r = 0.80) and the workload of swimming cor-
responding to the lactate minimum. Therefore, this slight improvement in critical force could
represent a slight improvement in endurance capacity of the athletes. Since water polo players
cover long distances in a match (~1600 m) [1], composed of several repeated high-intensity
effort bouts [2], endurance capacity could have an important role in phosphocreatine replen-
ishment and removal of metabolites during the intermittent high-intensity efforts [4]. How-
ever, caution is required in any statement due to the mixed results found in aerobic fitness
(i.e., reduction in VO2peak). The previous study showed that -alanine supplementation was
not able to improve the endurance capacity in a 30-minute swimming test, however, this effort
was performed immediately after an RSA to simulate the metabolic demand of the water polo
game, instead of a study designed to investigate the effects of B-alanine supplementation on
aerobic parameters. On the other hand, in studies performed on a cycle ergometer, improve-
ments in endurance capacity such as ventilatory threshold and lactate threshold were found
[19,23].

Contrary to a slight enhancement in critical force, the present study found a significant
reduction in W’ only for the B-alanine group in the 3mina;; our. The W’ is a mathematically
derived-parameter that represents the amount of work performed above the critical force to
exhaustion and could give an estimative of anaerobic reserve [38], which in this case would be
reduced. The importance of anaerobic reserve for water polo is evidenced by high lactate val-
ues found in-game (~7.0 mmol-L™") [1], which sustains the high-intensity efforts during the
match [1]. Furthermore, Kontic et al. [44] showed that anaerobic lactate endurance is a signifi-
cant predictor of offensive and defensive agility for water polo.

This finding regarding the reduction in the anaerobic reserve is different from Bellinger
and Minahan [45] who observed an increase in anaerobic capacity after 28 days of B-alanine
supplementation measured by a metabolic method on a cycle ergometer. In fact, since acidosis
impairs the functioning of non-oxidative enzymes [24,25], B-alanine supplementation could
improve the functioning of enzymes and increase anaerobic capacity, different to the findings
of the present study. Additionally, the present study demonstrated no change in [La’] at any
time, showing that at least glycolytic activity did not deteriorate. Furthermore, the magnitude-
based inference analyzes showed that the supposed detrimental effect of -alanine supplemen-
tation on W’ is unclear, so probably has no substantial effect. Thus, this reduction in W’ could
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be a matter of the modeling, which forced W’ to reduce as critical force increased with no
changes in peak force, mean force, or integral of force during the test. Therefore, the decrease
in W’ seems to be a relationship with a fragile interpretation of these parameters in the 3min-
arL-our, rather than a decrease in the anaerobic activity of athletes. In addition, despite some
authors assuming the W’ from a critical power model as a valid parameter to estimate the
anaerobic work capacity, there are other studies reporting that the W’ is not valid for this pur-
pose [46-48].

A possible explanation for the mixed findings may be due to the athletes of the present
study being responders and non-responders to the effects of f-alanine supplementation cannot
be disregarded. In fact, Baguet et al. [49] found a high range of increases in intramuscular car-
nosine content (15% to 55%) in individuals that received the same daily dose of B-alanine (4.8
g-day ). Similarly, Saunders et al. [50] showed increases in carnosine content ranging from
17.13 mmol-kg 'dm to 41.32 mmol-kg 'dm between active individuals after 24 weeks of B-ala-
nine supplementation. Furthermore, Saunders et al. [50] demonstrated that the time to reach
maximum carnosine content with B-alanine supplementation is from 4 to 24weeks. Thus, the
high range in responses to p-alanine supplementation could have influenced the present
results.

A more accurate explanation about this topic could have been given if the present study
had measured the intramuscular carnosine content. Indeed, the other limitation of the present
study was the lack of pH (blood or intramuscular) measurement and the lack of a metabolic
method to estimate the anaerobic capacity of the athletes, such as the maximal accumulated
oxygen deficit method. Thus, future studies are encouraged to investigate the effects of B-ala-
nine supplementation on maximal accumulated oxygen deficit.

Conclusion

Therefore, 4 weeks of B-alanine supplementation presented mixed results in water polo play-
ers, indicating that this nutritional strategy may not be effective in improving parameters of
the TSGET and 3minALL_OUT'

Supporting information

S1 File. DATA SET .xlIsx. Individual data set for the tethered swimming graded exercise test
and three-minute all-out effort.
(XLSX)

Acknowledgments

The authors would like to thank the water polo coaches and athletes of the Social Service of the
Industry (SESI).

Author Contributions
Conceptualization: Marcelo Papoti, Alessandro Moura Zagatto.

Data curation: Gabriel Motta Pinheiro Brisola, Paulo Eduardo Redkva, Dalton Muller Pessoa
Filho.

Formal analysis: Gabriel Motta Pinheiro Brisola, Paulo Eduardo Redkva, Marcelo Papoti,
Alessandro Moura Zagatto.

Funding acquisition: Alessandro Moura Zagatto.

PLOS ONE | https://doi.org/10.1371/journal.pone.0205129 October 11, 2018 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205129.s001
https://doi.org/10.1371/journal.pone.0205129

®PLOS | one

Effects of B-alanine supplementation on swimming performance

Investigation: Gabriel Motta Pinheiro Brisola, Paulo Eduardo Redkva.

Methodology: Marcelo Papoti.

Supervision: Alessandro Moura Zagatto.

Writing - original draft: Gabriel Motta Pinheiro Brisola.

Writing - review & editing: Dalton Muller Pess6a Filho, Marcelo Papoti, Alessandro Moura

Zagatto.

References

1.

10.

11.

12.

13.

14.

15.

16.

Melchiorri G, Castagna C, Sorge R. Game activity and blood lactate in men’s elite water-polo players. J
Strength Cond Res. 2010; 24: 2647—-2651. https://doi.org/10.1519/JSC.0b013e3181e3486b PMID:
20844456

Tan F, Polglaze T, Dawson B. Activity profiles and physical demands of elite women'’s water polo match
play. J Sports Sci. 2009; 27: 1095—1104. https://doi.org/10.1080/02640410903207416 PMID:
19847693

Smith HK. Applied physiology of water polo. Sport Med. 1998; 26: 317-334. https://doi.org/10.2165/
00007256-199826050-00003

Glaister M. Multiple sprint work: Physiological responses, mechanisms of fatigue and the influence of
aerobic fitness. Sport Med. 2005; 35: 757-777. https://doi.org/10.2165/00007256-200535090-00003

Tsekouras YE, Kavouras SA, Campagna A, Kotsis YP, Syntosi SS, Papazoglou K, et al. The anthropo-
metrical and physiological characteristics of elite water polo players. Eur J Appl Physiol. 2005; 95: 35—
41. https://doi.org/10.1007/s00421-005-1388-2 PMID: 15976998

Tan F, Polglaze T, Cox G, Dawson B, Mujika I, Clark S. Effects of induced alkalosis on simulated match
performance in elite female water polo players. Int J Sport Nutr Exerc Metab. 2010; 20: 198—205. PMID:
20601737

Claus GM, Redkva PE, Brisola GMP, Malta ES, de Poli R de AB, Miyagi WE, et al. Beta-Alanine Supple-
mentation Improves Throwing Velocities in Repeated Sprint Ability and 200-m Swimming Performance
in Young Water Polo Players. Pediatr Exerc Sci. Human Kinetics; 2017; 29: 1-27. https://doi.org/10.
1123/pes.2016-0176 PMID: 28121265

Brisola GMP, Artioli GG, Papoti M, Zagatto AM. Effects of Four Weeks of -Alanine Supplementation
on Repeated Sprint Ability in Water Polo Players. PLoS One. 2016; 11: e0167968. https://doi.org/10.
1371/journal.pone.0167968 PMID: 27930743

Bishop D, Edge J, Davis C, Goodman C. Induced Metabolic Alkalosis Affects Muscle Metabolism and
Repeated-Sprint Ability. Med Sci Sports Exerc. 2004; 36: 807—-813. https://doi.org/10.1249/01.MSS.
0000126392.20025.17 PMID: 15126714

Hobson RM, Saunders B, Ball G, Harris RC, Sale C. Effects of -alanine supplementation on exercise
performance: A meta-analysis. Amino Acids. 2012; 43: 25-37. https://doi.org/10.1007/s00726-011-
1200-z PMID: 22270875

Harris RC, Tallon MJ, Dunnett M, Boobis L, Coakley J, Kim HJ, et al. The absorption of orally supplied
-alanine and its effect on muscle carnosine synthesis in human vastus lateralis. Amino Acids. 2006;
30: 279-289. https://doi.org/10.1007/s00726-006-0299-9 PMID: 16554972

Hill CA, Harris RC, Kim HJ, Harris BD, Sale C, Boobis LH, et al. Influence of 3-alanine supplementation
on skeletal muscle carnosine concentrations and high intensity cycling capacity. Amino Acids. 2007; 32:
225-233. https://doi.org/10.1007/s00726-006-0364-4 PMID: 16868650

Stellingwerff T, Decombaz J, Harris RC, Boesch C. Optimizing human in vivo dosing and delivery of -
alanine supplements for muscle carnosine synthesis. Amino Acids. 2012; 43: 57-65. https://doi.org/10.
1007/s00726-012-1245-7 PMID: 22358258

Boldyrev AA, Aldini G, Derave W. Physiology and pathophysiology of carnosine. Physiol Rev. 2013; 93:
1803—-45. https://doi.org/10.1152/physrev.00039.2012 PMID: 24137022

Hipkiss AR, Michaelis J, Syrris P. Non-enzymatic glycosylation of the dipeptide |-carnosine, a potential
anti-protein-cross-linking agent. FEBS Lett. 1995; 371: 81-85. https://doi.org/10.1016/0014-5793(95)
00849-5 PMID: 7664889

Dutka TL, Lamb GD. Effect of carnosine on excitation-contraction coupling in mechanically-skinned rat
skeletal muscle. J Muscle Res Cell Motil. 2004; 25: 203-213. https://doi.org/10.1023/B:JURE.
0000038265.37022.c5 PMID: 15467383

PLOS ONE | https://doi.org/10.1371/journal.pone.0205129 October 11, 2018 11/13


https://doi.org/10.1519/JSC.0b013e3181e3486b
http://www.ncbi.nlm.nih.gov/pubmed/20844456
https://doi.org/10.1080/02640410903207416
http://www.ncbi.nlm.nih.gov/pubmed/19847693
https://doi.org/10.2165/00007256-199826050-00003
https://doi.org/10.2165/00007256-199826050-00003
https://doi.org/10.2165/00007256-200535090-00003
https://doi.org/10.1007/s00421-005-1388-2
http://www.ncbi.nlm.nih.gov/pubmed/15976998
http://www.ncbi.nlm.nih.gov/pubmed/20601737
https://doi.org/10.1123/pes.2016-0176
https://doi.org/10.1123/pes.2016-0176
http://www.ncbi.nlm.nih.gov/pubmed/28121265
https://doi.org/10.1371/journal.pone.0167968
https://doi.org/10.1371/journal.pone.0167968
http://www.ncbi.nlm.nih.gov/pubmed/27930743
https://doi.org/10.1249/01.MSS.0000126392.20025.17
https://doi.org/10.1249/01.MSS.0000126392.20025.17
http://www.ncbi.nlm.nih.gov/pubmed/15126714
https://doi.org/10.1007/s00726-011-1200-z
https://doi.org/10.1007/s00726-011-1200-z
http://www.ncbi.nlm.nih.gov/pubmed/22270875
https://doi.org/10.1007/s00726-006-0299-9
http://www.ncbi.nlm.nih.gov/pubmed/16554972
https://doi.org/10.1007/s00726-006-0364-4
http://www.ncbi.nlm.nih.gov/pubmed/16868650
https://doi.org/10.1007/s00726-012-1245-7
https://doi.org/10.1007/s00726-012-1245-7
http://www.ncbi.nlm.nih.gov/pubmed/22358258
https://doi.org/10.1152/physrev.00039.2012
http://www.ncbi.nlm.nih.gov/pubmed/24137022
https://doi.org/10.1016/0014-5793(95)00849-5
https://doi.org/10.1016/0014-5793(95)00849-5
http://www.ncbi.nlm.nih.gov/pubmed/7664889
https://doi.org/10.1023/B:JURE.0000038265.37022.c5
https://doi.org/10.1023/B:JURE.0000038265.37022.c5
http://www.ncbi.nlm.nih.gov/pubmed/15467383
https://doi.org/10.1371/journal.pone.0205129

®PLOS | one

Effects of B-alanine supplementation on swimming performance

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Smith BE. The buffering of muscle in rigor ; protein, phosphate and carnosine. J Physiol. 1938; 92: 336—
343. https://doi.org/10.1113/jphysiol. 1938.sp003605 PMID: 16994977

Saunders B, Elliott-Sale K, Artioli GG, Swinton PA, Dolan E, Roschel H, et al. -Alanine supplementa-
tion to improve exercise capacity and performance: A systematic review and meta-Analysis. Br J Sports
Med. 2017; 51: 658—669. https://doi.org/10.1136/bjsports-2016-096396 PMID: 27797728

Stout JR, Cramer JT, Zoeller RF, Torok D, Costa P, Hoffman JR, et al. Effects of ??-alanine supplemen-
tation on the onset of neuromuscular fatigue and ventilatory threshold in women. Amino Acids. 2007;
32: 381-386. https://doi.org/10.1007/s00726-006-0474-z PMID: 17136505

Smith AE, Walter AA, Graef JL, Kendall KL, Moon JR, Lockwood CM, et al. Effects of beta-alanine sup-
plementation and high-intensity interval training on endurance performance and body composition in
men; a double-blind trial. J Int Soc Sport Nutr. 2009; 6: 5. https://doi.org/10.1186/1550-2783-6-5 PMID:
19210788

Saunders B, Sunderland CD, Harris RC, Sale C. -alanine supplementation improves YoYo intermittent
recovery test performance. J Int Soc Sports Nutr. 2012; 9: 39. https://doi.org/10.1186/1550-2783-9-39
PMID: 22928989

Ghiasvand R, Askari G, Malekzadeh J, Hajishafiee M, Daneshvar P, Akbari F, et al. Effects of six weeks
of B-alanine administration on VO2 max, time to exhaustion and lactate concentrations in physical edu-
cation students. Int J Prev Med. 2012; 3: 559-563. PMID: 22973486

Zoeller RF, Stout JR, O’Kroy JA, Torok DJ, Mielke M. Effects of 28 days of beta-alanine and creatine
monohydrate supplementation on aerobic power, ventilatory and lactate thresholds, and time to
exhaustion. Amino Acids. 2007; 33: 505-510. https://doi.org/10.1007/s00726-006-0399-6 PMID:
16953366

Harris RC, Edwards RHT, Hultman E, Nordesjo LO, Nylind B, Sahlin K. The time course of phosphoryl-
creatine resynthesis during recovery of the quadriceps muscle in man. Pfltigers Arch Eur J Physiol.
1976; 367: 137—-142. https://doi.org/10.1007/BF00585149

Parolin ML, Chesley a, Matsos MP, Spriet LL, Jones NL, Heigenhauser GJ. Regulation of skeletal mus-
cle glycogen phosphorylase and PDH during maximal intermittent exercise. Am J Physiol. 1999; 277:
E890-E900. https://doi.org/10.1152/ajpendo0.1999.277.5.E890 PMID: 10567017

Deminice R, Papoti M, Zagatto AM, Prado Junior MV do. Validade do teste de 30 minutos (T-30) na
determinagéo da capacidade aerdbia, parametros de bragada e performance aerdbia de nadadores
treinados. Rev Bras Med Esporte. 2007; 13: 195-199.

Jordan T, Lukaszuk J, Misic M, Umoren J. Effect of beta-alanine supplementation on the onset of blood
lactate accumulation (OBLA) during treadmill running: Pre/post 2 treatment experimental design. J Int
Soc Sports Nutr. 2010; 7: 20. https://doi.org/10.1186/1550-2783-7-20 PMID: 20482881

Walter AA, Smith AE, Kendall KL, Stout JR, Cramer JT. Six weeks of high-intensity interval training with
and without beta-alanine supplementation for improving cardiovascular fitness in women. J Strength
Cond Res. 2010; 24: 1199-1207. https://doi.org/10.1519/JSC.0b013e3181d82f8b PMID: 20386120

Milioni F, Redkva PE, Barbieri FA, Zagatto AM. Six weeks of 3-alanine supplementation did not
enhance repeated-sprint ability or technical performances in young elite basketball players. Nutr Health.
SAGE Publications; 2017; 260106017700436. https://doi.org/10.1177/0260106017700436 PMID:
28349727

Foster C. Monitoring training in athletes with reference to overtraining syndrome. Med Sci Sport Exerc.
1998; 30: 1164—1168. https://doi.org/10.1097/00005768-199807000-00023

Ozyener F, Rossiter HB, Ward S a, Whipp BJ. Influence of exercise intensity on the on- and off-transient
kinetics of pulmonary oxygen uptake in humans. J Physiol. 2001; 533: 891-902. https://doi.org/10.
1111/j.1469-7793.2001.t01-1-00891.x PMID: 11410644

Papoti M, Da Silva ASR, Araujo GG, Santiago V, Martins LEB, Cunha SA, et al. Aerobic and anaerobic
performances in tethered swimming. Int J Sports Med. 2013; 34: 712-719. https://doi.org/10.1055/s-
0031-1291250 PMID: 23382009

Papoti M, Da Silva ASR, Kalva-Filho CA, Araujo GG, Santiago V, Martins LEB, et al. Tethered Swim-
ming for the Evaluation and Prescription of Resistance Training in Young Swimmers. Int J Sports Med.
2017; 38: 125—-1383. https://doi.org/10.1055/s-0042-105017 PMID: 28173605

Billat L V, Koralsztein JP. Significance of the velocity at VO2max and time to exhaustion at this velocity.
Sport Med. 1996; 22: 90-108. https://doi.org/10.2165/00007256-199622020-00004

Kuipers H, Verstappen FT, Keizer HA, Geurten P, van Kranenburg G. Variability of aerobic performance
in the laboratory and its physiologic correlates. Int J Sports Med. 1985; 6: 197—201. https://doi.org/10.
1055/5-2008-1025839 PMID: 4044103

Kalva-Filho CA, Zagatto AM, Araujo MIC, Santiago PRP, Da Silva ASR, Gobatto CA, et al. Relationship
between aerobic and anaerobic parameters from 3-minute all-out tethered swimming and 400-m

PLOS ONE | https://doi.org/10.1371/journal.pone.0205129 October 11, 2018 12/13


https://doi.org/10.1113/jphysiol.1938.sp003605
http://www.ncbi.nlm.nih.gov/pubmed/16994977
https://doi.org/10.1136/bjsports-2016-096396
http://www.ncbi.nlm.nih.gov/pubmed/27797728
https://doi.org/10.1007/s00726-006-0474-z
http://www.ncbi.nlm.nih.gov/pubmed/17136505
https://doi.org/10.1186/1550-2783-6-5
http://www.ncbi.nlm.nih.gov/pubmed/19210788
https://doi.org/10.1186/1550-2783-9-39
http://www.ncbi.nlm.nih.gov/pubmed/22928989
http://www.ncbi.nlm.nih.gov/pubmed/22973486
https://doi.org/10.1007/s00726-006-0399-6
http://www.ncbi.nlm.nih.gov/pubmed/16953366
https://doi.org/10.1007/BF00585149
https://doi.org/10.1152/ajpendo.1999.277.5.E890
http://www.ncbi.nlm.nih.gov/pubmed/10567017
https://doi.org/10.1186/1550-2783-7-20
http://www.ncbi.nlm.nih.gov/pubmed/20482881
https://doi.org/10.1519/JSC.0b013e3181d82f8b
http://www.ncbi.nlm.nih.gov/pubmed/20386120
https://doi.org/10.1177/0260106017700436
http://www.ncbi.nlm.nih.gov/pubmed/28349727
https://doi.org/10.1097/00005768-199807000-00023
https://doi.org/10.1111/j.1469-7793.2001.t01-1-00891.x
https://doi.org/10.1111/j.1469-7793.2001.t01-1-00891.x
http://www.ncbi.nlm.nih.gov/pubmed/11410644
https://doi.org/10.1055/s-0031-1291250
https://doi.org/10.1055/s-0031-1291250
http://www.ncbi.nlm.nih.gov/pubmed/23382009
https://doi.org/10.1055/s-0042-105017
http://www.ncbi.nlm.nih.gov/pubmed/28173605
https://doi.org/10.2165/00007256-199622020-00004
https://doi.org/10.1055/s-2008-1025839
https://doi.org/10.1055/s-2008-1025839
http://www.ncbi.nlm.nih.gov/pubmed/4044103
https://doi.org/10.1371/journal.pone.0205129

®PLOS | one

Effects of B-alanine supplementation on swimming performance

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

maximal front crawl effort. J Strength Cond Res. 2015; 29: 238-245. https://doi.org/10.1519/JSC.
0000000000000592 PMID: 24979061

Kalva-Filho CA, Zagatto AM, Da Silva ASR, Castanho MY, Gobbi RB, Gobatto CA, et al. Relationships
among the Tethered 3-min All-Out Test, MAOD and Swimming Performance. Int J Sports Med. 2017;
38: 353-358. https://doi.org/10.1055/s-0043-101914 PMID: 28486734

Vanhatalo A, Doust JH, Burnley M. Determination of critical power using a 3-min all-out cycling test.
Med Sci Sports Exerc. 2007; 39: 548-555. https://doi.org/10.1249/mss.0b013e31802dd3e6 PMID:
17473782

Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J Sports Physiol
Perform. 2006; 1: 50-57. doi: STAT0006 PMID: 19114737

Cohen J. Statistical power analysis for the behavioral sciences. Statistical Power Analysis for the
Behavioral Sciences. 1988. p. 567. https://doi.org/10.1234/12345678

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine
and exercise science. Med Sci Sports Exerc. 2009; 41 3—12. https://doi.org/10.1249/MSS.
0b013e31818ch278 PMID: 19092709

Glenn JM, Gray M, Stewart R, Moyen NE, Kavouras SA, Dibrezzo R, et al. Incremental effects of 28
days of beta-alanine supplementation on high-intensity cycling performance and blood lactate in mas-
ters female cyclists. Amino Acids. 2015; 47: 2593-2600. https://doi.org/10.1007/s00726-015-2050-x
PMID: 26255281

Taylor RJ, Sanders D, Myers T, Abt G, Taylor CA, Akubat |. The dose-response relationship between
training load and aerobic fitness in academy rugby union players. Int J Sports Physiol Perform. 2018;
13: 163-169. https://doi.org/10.1123/ijspp.2017-0121 PMID: 28530450

Kontic D, Zenic N, Uljevic O, Sekulic D, Lesnik B. Evidencing the association between swimming capac-
ities and performance indicators in water polo: a multiple regression study. J Sports Med Phys Fitness.
2017; 57: 734-743. https://doi.org/10.23736/S0022-4707.16.06361-1 PMID: 27074436

Bellinger PM, Minahan CL. Metabolic consequences of -alanine supplementation during exhaustive
supramaximal cycling and 4000-m time-trial performance. Appl Physiol Nutr Metab. 2016; 41: 864-871.
https://doi.org/10.1139/apnm-2016-0095 PMID: 27467218

Zagatto AM, Gobatto CA. Relationship between anaerobic parameters provided from Maod and critical
power model in specific table tennis test. Int J Sports Med. 2012; 33: 613-620. https://doi.org/10.1055/
s-0032-1304648 PMID: 22562729

Zagatto AM, Papoti M, Gobatto CA. Anaerobic capacity may not be determined by critical power model
in elite table tennis players. J Sports Sci Med. 2008; 7: 54—9. PMID: 24150134

Zagatto AM, Kalva-Filho CA, Loures JP, Kaminagakura El, Redkva PE, Papoti M. Anaerobic running
capacity determined from the critical velocity model is not significantly associated with maximal accu-
mulated oxygen deficit in army runners. Sci Sport. 2013;28. https://doi.org/10.1016/j.scispo.2013.083.
001

Baguet A, Reyngoudt H, Pottier A, Everaert |, Callens S, Achten E, et al. Carnosine loading and wash-
out in human skeletal muscles. J Appl Physiol. 2009; 106: 837-842. https://doi.org/10.1152/
japplphysiol.91357.2008 PMID: 19131472

Saunders B, De Salles Painelli V, De Oliveira LF, Da Eira Silva V, Da Silva RP, Riani L, et al. Twenty-
four Weeks of 3-Alanine Supplementation on Carnosine Content, Related Genes, and Exercise. Med
Sci Sports Exerc. 2017; 49: 896-9086. https://doi.org/10.1249/MSS.0000000000001173 PMID:
28157726

PLOS ONE | https://doi.org/10.1371/journal.pone.0205129 October 11, 2018 13/13


https://doi.org/10.1519/JSC.0000000000000592
https://doi.org/10.1519/JSC.0000000000000592
http://www.ncbi.nlm.nih.gov/pubmed/24979061
https://doi.org/10.1055/s-0043-101914
http://www.ncbi.nlm.nih.gov/pubmed/28486734
https://doi.org/10.1249/mss.0b013e31802dd3e6
http://www.ncbi.nlm.nih.gov/pubmed/17473782
http://www.ncbi.nlm.nih.gov/pubmed/19114737
https://doi.org/10.1234/12345678
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1007/s00726-015-2050-x
http://www.ncbi.nlm.nih.gov/pubmed/26255281
https://doi.org/10.1123/ijspp.2017-0121
http://www.ncbi.nlm.nih.gov/pubmed/28530450
https://doi.org/10.23736/S0022-4707.16.06361-1
http://www.ncbi.nlm.nih.gov/pubmed/27074436
https://doi.org/10.1139/apnm-2016-0095
http://www.ncbi.nlm.nih.gov/pubmed/27467218
https://doi.org/10.1055/s-0032-1304648
https://doi.org/10.1055/s-0032-1304648
http://www.ncbi.nlm.nih.gov/pubmed/22562729
http://www.ncbi.nlm.nih.gov/pubmed/24150134
https://doi.org/10.1016/j.scispo.2013.03.001
https://doi.org/10.1016/j.scispo.2013.03.001
https://doi.org/10.1152/japplphysiol.91357.2008
https://doi.org/10.1152/japplphysiol.91357.2008
http://www.ncbi.nlm.nih.gov/pubmed/19131472
https://doi.org/10.1249/MSS.0000000000001173
http://www.ncbi.nlm.nih.gov/pubmed/28157726
https://doi.org/10.1371/journal.pone.0205129

