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Taurine supplementation can increase lipolysis and affect
the contribution of energy systems during front crawl maximal
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Abstract Taurine can affect the energy system metabo-
lism, specifically the lipid metabolism, since an increase
in lipid oxidation may promote carbohydrate savings. We
hypothesized that taurine supplementation associated with
high-intensity exercise could increase levels of lipolysis,
benefiting swimmer performance. Nine male competitive
swimmers performed two 400-m front crawl maximal efforts
with a 1-week washout, and the athletes received 6 g of tau-
rine (TAU) or placebo (PLA) supplementation 120 min
before performing the effort. Oxygen consumption and the
contribution of the energy systems were analyzed post effort
using a Quark CPET gas analyzer. Blood samples were col-
lected before, and 5 min post the effort for taurine and glyc-
erol analysis. Immediately before and 3, 5, and 7 min post
the effort, blood samples from the earlobe were collected to
determine lactate levels. An increase of 159% was observed
in taurine plasma levels 120 min post ingestion. Glycerol
levels were higher in both groups post effort; however, the
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TAU condition promoted an 8% higher increase than the
PLA. No changes were observed in swimmer performance
or lactate levels; however, the percentage change in lactate
levels (A[La"]) was different (TAU: 9.36 + 2.78 mmol L™';
PLA: 11.52 + 2.19 mmol L™}, p = 0.04). Acute taurine
supplementation 120 min before performing a maximal
effort did not improve swimmer performance; however,
it increased glycerol plasma levels and reduced both the
A[La™] and lactic anaerobic system contribution.
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Introduction

To maximize athletes’ performance, researchers are seeking
nutrients that could enhance physical training (Jeukendrup
et al. 2005). Taurine is a free nitrogen compound used as a
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nutritional supplement due to its capacity to regulate calcium
ion transport into the sarcoplasmic reticulum (Schaffer et al.
2010). In addition, this ergogenic resource is also able to
increase calcium levels, promote the greater power of muscle
contraction (Bakker and Berg 2002), and regulate insulin
sensibility (Carneiro et al. 2009). Considering this hormone
plays an important role for athletes due to the regulation of
the carbohydrate metabolism, taurine supplementation could
increase glucose availability and energy production, which
in turn would stimulate glycogen resynthesis and protein
synthesis, benefiting performance.

Zhang et al. (2004) evaluated the intake of taurine (6 g)
during seven days in cyclists and observed an increase in
the maximum rate of oxygen consumption (VO,max) and
time to exhaustion. Balshaw et al. (2013) analyzed the effect
of acute taurine intake (1 g) 2 h before a 3-km running test
and verified an enhancement in performance of 1.7%, which
reinforces the use of taurine as an ergogenic aid. Further-
more, other studies reported beneficial effects of taurine on
lipid metabolism (Murakami 2015; Tsuboyama-Kasaoka
et al. 2000), as it may stimulate the gene expression related
to lipid metabolism, mitochondrial biogenesis, and respira-
tory function (Tsuboyama-Kasaoka et al. 2006).

According to Rutherford et al. (2010), acute taurine sup-
plementation before training in cyclists resulted in a higher
body fat oxidation, which suggests that this ergogenic aid
can improve energy substrates post exercise. The aforemen-
tioned taurine actions can affect performance and metabolic
system contribution, since an increase in lipid oxidation can
result in carbohydrate savings, minimizing the utilization of
glycogen stores and favoring post-training recovery.

Moreover, availability of the substrate can influence
physical performance by increasing lipolysis during exercise
and reducing muscle glycogen utilization, thereby promoting
an immediate mechanism to save glycogen storage (Carter
et al. 2001). Therefore, the lipolysis index determined by
the quantification of glycerol blood levels is an important
method used to evaluate lipid oxidation in athletes during
exercise.

The specific demand determination of each sport is cru-
cial for developing optimized training models, nutritional
strategies, and ergogenic aids to maximize athletic perfor-
mance (Artioli et al. 2012). Several studies have analyzed
the fast component of excess post-exercise oxygen consump-
tion (EPOC) to determine the alactic anaerobic metabolism,
and the delta peak plasma lactate multiplied by 3 and by
the athletes’ body mass to determine the lactic anaerobic
metabolism (LAM) (Artioli et al. 2012; Zagatto et al. 2011;
Tomlin and Wenger 2001).

Considering the previously described actions of tau-
rine and knowing its peak blood concentration can be
reached 120 min after consumption (Ghandforoush-Sat-
tari et al. 2010), we verified the effects of acute taurine

@ Springer

supplementation 120 min before performing a 400-m front
crawl maximal effort on performance, lipid metabolism, and
energy system contribution. Thus, we hypothesized that tau-
rine supplementation associated with high-intensity exercise
could promote increased levels of lipolysis and benefit the
physical performance of swimmers.

Methods
Subjects

Ten male competitive swimmers with a minimum of 3 years’
experience at regional or national competition level volun-
teered to participate in the study; however, one athlete was
withdrawn before completion of the study as he did not per-
form all the measurements. The analysis was based on the
remaining nine swimmers (age 19.78 + 3.38 years; body
mass 76.29 + 8.62 kg; height 180.11 + 8.23 cm; VO,peak
60.42 + 7.70 mL kg~' min~!). The present study was
approved by the Human Subject Committee of the School of
Physical Education and Sport of Ribeirdo Preto—University
of Sao Paulo, approval number CAAE 34881914.5.0000 and
conducted in accordance with the Declaration of Helsinki.
All participants and/or their parents were informed about the
experimental procedures and risks, and both provided writ-
ten informed consent authorizing the athletes’ participation
in the study. Participants were only recruited if they were not
currently taking chronic or daily doses of nutritional supple-
ments or anti-inflammatory medication and were instructed
to avoid drinking caffeine, alcohol, and energy drinks for at
least 12 h before each measurement.

The sample size was calculated based on the results of
Brisola et al. (2015), using the data of anaerobic contribution
(MAOD) in the exercise between placebo and supplementa-
tion (Sodium bicarbonate) groups. Analysis with G*Power
software version 3.0.10 (Heinrich-Heine University, Diis-
seldorf, Germany) gave the study sample size required for
the analysis as 6 individuals, to provide a statistical power
of 80% with an alpha of 0.05.

Study design

A double-blind, crossover with 1-week washout study
design was conducted. The participants performed two
400-m front crawl maximal efforts with an interval of
1 week between efforts, and at each time point, the ath-
letes received taurine (TAU) or placebo (PLA) supple-
mentation 120 min before the swimming effort. The TAU
supplementation consisted of 6 g of taurine obtained from
Ajinomoto CO (taurine, 99% pure, Ajinomoto CO., INC.,
Limeira, SP, Brazil), and starch was used as the placebo.
All capsules were produced by the University Pharmacy
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of the University Hospital (HCFMRP USP). Before the tri-
als, a warm-up was performed consisting of approximately
1000 m front crawl stroke of low to moderate intensity,
determined subjectively by the swimmers. Performance
(time and velocity) was analyzed by the motion-analysis
software Kinovea™ (version 0.8.15, available for down-
load at http://www.kinovea.org). The tests were performed
in a 25-m swimming pool with a water temperature of
25 + 1 °C. Before the effort, the baseline oxygen con-
sumption at rest was collected and, immediately after the
effort, oxygen consumption was collected for 5 min. The
participants were requested to avoid taurine food sources
such as fish, seafood, and energy drinks in the 24 h preced-
ing the study protocol.

Dietary intake

Athletes were instructed to complete a three-day food record
to verify their energy intake. Diet Win professional 2012®
software was used to examine kcal and macronutrients. The
data were analyzed considering the dietary reference intakes
(DRISs) for healthy adults (IOM 2005). The energy require-
ment (ER) was calculated using the DRI formula, consider-
ing a high physical activity coefficient (IOM 2005).

Data collection

During the trials, expired gases were collected breath-by-
breath immediately after each 400 m effort and analyzed
by a Quark CPET gas analyzer (Cosmed®, Rome, Italy).
The gas analyzers were calibrated immediately before and
verified after each test using a gravimetrically certified deter-
mined gas mixture, while the ventilometer was calibrated
pre-exercise and verified post-exercise using a 3 L syringe in
accordance with the manufacturer’s instructions. Following
removal of outliers to exclude discrepant breaths, breath-by-
breath data were interpolated to give 1 s values (OriginPro
8.0, OriginLab Corporation, Microcal, Massachusetts, USA)
to enhance the underlying response characteristics (Zagatto
et al. 2011). Blood samples were collected from an antecu-
bital vein using vacutainer tubes (Vacutainer Becton—Dick-
inson Company, Plymouth, UK) 120 min after the supple-
mentation (before the effort) and 5 min after the effort, to
analyze taurine and glycerol from the plasma. Immediately
before the maximal effort of 400 m, blood samples from
the earlobe were collected to determine lactate concentra-
tion at rest ([La™],.,). In addition, blood samples from the
earlobe were collected to determine peak blood lactate con-
centration ([La™],) at three, five, and seven minutes after
the end of the effort. The [La™] was assessed using a blood

lactate analyzer YSI-2300 (Yellow Springs Instruments®,
Ohio, USA).

Taurine assay

Plasma taurine was quantified by high-performance liquid
chromatography (Shimadzu, model LC 10AD) through the
method of Deyl et al. (1986). Taurine 99% (Sigma-Aldrich,
St. Louis, MO, USA) was used as a standard.

Markers of lipolysis

The quantification of plasma glycerol was performed
through the enzymatic method (glycerol phosphate oxy-
genase) using the Glycerol Assay Kit sigma® in a mass
spectrometer.

Oxygen consumption analysis

After the 400 m effort, the subjects were instructed to
breathe immediately into a face mask (Hans Rudolph,
Kansas City, MO, USA) connected to a breath-by-breath
gas analyses system (Quark PFT, Cosmed®, Rome, Italy)
(Bonne et al. 2014). The VO,yp.,, values were calculated
using a 30 s backward extrapolation technique described
elsewhere (Bonne et al. 2014; Latt et al. 2010). The VO,
values were transformed into logVO, and plotted against
time. Through a linear regression, the y-intercept was con-
sidered as VO,p,, (after the maximal 400 m effort).

Estimation of the contribution of the energy systems

The rectangular energetic demand (100% of the energy
spent in the maximal effort of 400 m) was calculated
through the product of VO,p,, calculated at the end of the
400 m and the effort time (VO,p,, X effort time) (Mont-
petit et al. 1981), as proposed by Jurimae et al. (2007).
The VO, baseline was also retrieved from the rectangular
energetic demand integral. The anaerobic contribution was
calculated through the sum of anaerobic alactic (Anay »)
and anaerobic lactic (Ana ) (Bertuzzi et al. 2010;
Kalva-Filho et al. 2015; Zagatto et al. 2011). Ana,; , was
assumed as the fast component of excess post-oxygen con-
sumption as used by others (Di Prampero and Margaria
1968; Margaria et al. 1933). The Ana; ,- was determined
by net lactate accumulation (i.e., the difference between
[La™] peak and rest values; A[La™]), considering a meta-
bolic equivalent of 3 mL O kg™! for each unit of lactate
elevated with maximal effort (Zamparo et al. 2011). The
aerobic contribution was determined by the difference
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between rectangular energetic demand and anaerobic
contribution (Ana,; , and Ana; ,c). These procedures
were similar to those performed by others (Bertuzzi et al.
2010; Zagatto et al. 2011), including in swimming (Kalva-
Filho et al. 2015). The contribution of the energy sys-
tems is presented in percentage (%) and kJ, considering
209kJL7! O, (Zamparo et al. 2011).

Statistical analysis

Data normality was tested and confirmed by the Shap-
iro—Wilk test, permitting the use of parametric statistics.
Data are presented as the mean and standard deviation
(SD). To compare the placebo and taurine condition, the
Student ¢ test for paired samples was used. In all cases, a
significance of 5% was adopted. The program utilized to
perform the graphics was Origin.

Table 1 Requirements and intake of total energy, carbohydrate, pro-
tein and lipid of swimmers

Requirements® Intake
Energy (kcal) 3.684 3.448 + 344
Carbohydrate (% TCI) 45-65 4987+ 6
Protein (% TCI) 10-35 2032+ 2
Lipid (%TCI) 20-35 2841 +5

% TCI percentage of total calorie intake

#According to dietary reference intake

*
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Results

The food intake and energy expenditure quantifications
(Table 1) showed that the energy intake of the swimmers
was similar to their energy requirements for carbohydrates,
proteins, and lipids.

Regarding the taurine plasma levels 120 min after inges-
tion, we observed an increase of 159% when compared with
the placebo baseline levels (p = 0.001). Individual taurine
plasma levels PRE and POST maximal effort of 400 m for
TAU and PLA conditions can be observed in Fig. 1.

Furthermore, taurine plasma levels after the maxi-
mal effort of 400 m in the placebo condition were sig-
nificantly higher in comparison with the pre situa-
tion (mean values of taurine plasma levels in TAU
condition PRE: 1192.08 + 278.89 umol L~'; POST
1299.09 + 330.91 umol L, p =0.19; PLA condition PRE:
484.82 + 89.36 umol L™!; POST 601.29 + 81.31 pumol L™,
p = 0.01). Even if the taurine supplementation promoted
higher plasma taurine levels before the exercise protocol in
the TAU PRE condition, these levels remained higher post-
exercise (689.8 umol L™! higher than PLA POST), and no
significant changes were observed (p = 0.07) when compar-
ing the delta of variation of taurine plasma levels between
pre and post for either condition (TAU and PLA).

The glycerol levels presented an increase in both groups
post effort (TAU condition PRE 0.76 + 0.15; POST
1.34 + 0.21 uM, p = 0.01; PLA condition PRE 0.73 + 0.09;
POST 1.13 + 0.18 uM, p = 0.01). Individual glycerol levels

2000 1 (b)
1800

1600 -

1400 -

1200 -

1000 -

800 -

PRE

POST

Fig. 1 Taurine levels (pmol.L") for TAU (a) and PLA (b) conditions between PRE and POST maximal effort of 400m. *Significant higher in

relation to PLA condition (p = 0.011)
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Table 2 Individual glycerol levels PRE and POST maximum effort for both conditions (n = 9)
Athlete TAU PLA
PRE (pM) POST (pM) A (%) PRE (pM) POST (uM) A (%)
1 0.9 1.32 31.8 0.68 0.86 20.9
2 0.78 1.33 414 0.7 1.27 449
3 0.87 1.34 35.1 0.6 0.94 36.2
4 0.75 1.47 49.0 0.6 0.96 37.5
5 0.87 1.23 29.3 0.78 1.24 37.1
6 0.77 1.74 55.7 0.8 1.25 36.0
7 0.52 1.03 49.5 0.83 1.37 39.4
8 0.9 1.47 38.8 0.8 1.04 23.1
9 0.51 1.12 54.5 0.8 1.2 33.3
Mean + SD 0.75+0.15 1.32+0.21 43.24 +9.4° 0.73 £ 0.09 1.13 +£0.17 353479

TAU taurine condition, PLA placebo condition, PRE before maximum effort, POST after maximum effort, A delta of variation between PRE and

POST in percent
“Different from the placebo condition

(a) 60

50
40
30
20

10

Delta percent of changes in glycerol levels (M)

PLA TAU

(b)

15 *

13

11

w w ~ (]

Delta percent of changes in lactate levels (mmol/dL)
-

Fig. 2 Percentage of change in glycerol (a) and lactate (b) levels between PRE and POST maximal effort of 400 m for TAU and PLA condi-

tions. *Significant increase in relation to PLA condition (p < 0.05)

PRE and POST maximum effort for both conditions can
be observed in Table 2. However, the delta of variation of
the glycerol levels was 8% higher for the TAU condition
in comparison with the PLA condition (p = 0.04) (Fig. 2).
Figure 2a shows the glycerol percentage change between
PRE and POST 400 m maximal effort for both conditions.

Swimmer performance in the maximal effort of 400 m
was not significantly different between the conditions (TAU
condition: 282.74 + 18.09 s and 1.42 + 0.09 m s™'; PLA
condition 280.71 + 17.41 s and 1.43 + 0.08 m s™'). Table 3
presents rest and peak (POST maximal effort of 400 m) lac-
tate levels for both conditions.

Additionally, the [La7],,, (TAU condi-
tion: 2.01 + 0.38 mmol L™'; PLA condition:
1.81 + 0.42 mmol L™') and [La™] e (TAU con-
dition: 11.37 + 2.84 mmol L™'; PLA condition:
13.33 + 2.28 mmol L™!) were not significantly differ-
ent between the conditions; however, the A[La™] (TAU
condition: 9.36 + 2.78 mmol L™!; PLA condition:
11.52 + 2.19 mmol L™') was significantly different
(p = 0.04). Figure 2b shows the percentage change in
lactate levels between PRE and POST maximal effort of
400 m for both conditions. Consequently, the contribution
of the lactic anaerobic metabolism for the TAU condi-
tion was significantly lower in comparison with the PLA
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Table 3 Individual lactate levels PRE and POST maximum effort for both conditions (n = 9)

Athlete TAU PLA

Rest (mmol L) Peak (mmol L") A (%) Rest (mmol L") Peak (mmol L") A (%)
1 2.20 10.86 8.66 1.20 12.42 11.22
2 2.23 13.95 11.72 2.26 15.17 12.91
3 1.65 14.31 12.66 1.71 14.79 13.08
4 1.92 15.27 13.35 1.92 14.66 12.74
5 1.83 7.79 5.96 1.52 10.16 8.63
6 2.87 11.85 8.98 2.38 10.04 7.66
7 1.90 10.22 8.31 1.43 12.21 10.78
8 1.61 6.96 5.35 1.63 13.91 12.27
9 1.88 11.12 9.24 227 16.62 14.35
Mean + SD 2.01 +0.38 1137 +2.84 9.36 +2.78 1.81 +0.42 13.33 +£2.28 1152 +2.19

TAU taurine condition, PLA placebo condition, Rest before maximum effort, Peak after maximum effort, A delta of variation between resting and

peak in percent. No statistical changes were observed

mmm Alactic
mmm Lactic
=1 aerobic
100
90 —E
80 —E
& 70
g =
@ 60
g 3
T 50
L 3
© 40
2 3
2 307
o =
20 14.243.5%
NE 11.445.3% *
105
3 11.2£1.9% 9.9+3.1%
0 o

PLA TAU

Fig. 3 Contribution of the energy systems on the taurine and placebo
conditions. *Significant lower in relation to PLA condition (p = 0.04)

condition (p = 0.04). Figure 3 shows the contribution of
the energy systems to the maximum effort of 400 m.

Discussion

The main purpose of this study was to verify the effects of
acute taurine supplementation 120 min before performing
a 400-m front crawl maximal effort on performance, lipid
metabolism, and energy system contribution. Although our
results showed that the ingestion of 6 g of taurine increased
lipolysis (i.e., free glycerol levels) and reduced the con-
tribution of the lactic anaerobic metabolism for maximal
efforts of 400 m, athlete performance was not affected.
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Inappropriate food intake can directly affect the metabolism
and performance (Kerksick et al. 2008); however, our data
verified that all swimmers reached the energy intake require-
ments according to the dietary reference intake (ACSM
2016), which means that nutritional status did not influence
their performance.

As previously described by other investigations (Ghand-
foroush-Sattari et al. 2010; Zhang et al. 2004), the dose of
6 g of taurine was sufficient to increase its plasma level.
Interestingly, only the PLA condition presented a signifi-
cant increase in the absolute values of plasma taurine when
comparing pre and post maximal effort of 400 m. However,
the delta of variation of the taurine plasma levels was not
different in either condition (i.e., PLA vs. TAU), which sug-
gests that taurine plasma levels immediately post-exercise
were affected by training. In this way, the increase in taurine
levels observed in the placebo condition could be associ-
ated with taurine release from muscles (Ward et al. 1999;
Cuisinier et al. 2001).

Differently from these findings, Galloway et al. (2008) did
not show differences in taurine plasma levels when compar-
ing pre and post exercise for the placebo condition. Never-
theless, these studies used efforts with low intensity, while
we used a maximal effort of 400 m. Thus, our findings sug-
gest that high-intensity exercise may affect blood taurine lev-
els. According to Ward et al. (1999) changes in the plasma
amino acid content can be observed only immediately after
the cessation of exercise and return to appropriate reference
ranges 10 h after completion of the exercise. Furthermore,
the researchers suggested that the speed performed, referred
to as the intensity, rather than the duration of the exercise,
is strongly correlated with elevated taurine levels and pos-
sibly demonstrates its release from muscle fibers (Ward et al.
1999).
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However, the sources of taurine that can increase plasma
content post-exercise are still unclear, and some studies
suggest that higher taurine levels may reflect muscle dam-
age and muscle fatigue, as well as changes in electrophysi-
cal properties of the muscle membrane, or an adaptation
to changes in blood osmolarity such as the co-release with
water to maintain plasma volume and calcium homeostasis
(Ward et al. 1999, 2016; Spriet and Whitfield 2015).

Herein, taurine supplementation increased the glycerol
plasma levels after the effort, indicating an enhancement
in lipid oxidation. It is well described in the literature that
lipid may be used as fuel during exercise, specifically tria-
cylglycerol (TAG). In fact, when the exercise is initiated, the
lipolysis rate and fatty acid release from the adipose tissue
are increased due to B-adrenergic stimulation (Jeukendrup
2002). The breakdown of TAG results in the release of free
fatty acids and glycerol (Saponaro et al. 2015). According
to Pitsiladis et al. (1999), free glycerol cannot be re-esteri-
fied to adipose tissue due to the absence of glycerol kinase
enzyme. Therefore, blood glycerol levels can be considered
as an indirect measure of lipolysis in the human body (Jeu-
kendrup et al. 1998), as it remains in circulation for a longer
period than free fatty acids before being used in the glyco-
lytic pathway or the liver gluconeogenesis (Maughan et al.
2010).

Since taurine can increase lipolysis, free fatty acid
transport across the mitochondrial membranes, and pos-
sibly metabolism in the B-oxidation pathway (Kim et al.
2016; Rutherford et al. 2010), it may increase the aerobic
energetic demand during exercise. However, manipulation of
the skeletal muscle mitochondrial volume, which determines
the overall capacity to oxidize fat, might also be considered
an overarching control point (VanLoon et al. 2001).

Rutherford et al. (2010) demonstrated that acute supple-
mentation of 1.66 g of taurine with a low-calorie drink 1 h
before a prolonged cycling exercise increased by 16% in
athletes’ body fat oxidation when compared with the pla-
cebo group. The authors suggested that taurine improved fat
oxidation during the effort through activation of adenylate
cyclase and cyclic adenosine monophosphate (AMPc).

Tsuboyama-Kasaoka et al. (2006) supplemented rats with
5% taurine and observed an increase in the gene expression
of the co-activator factor PGC-1a and of the peroxisome
proliferator-activated receptor (PPAR) in their white adi-
pose tissue. While PGC-1a and PPAR can increase energy
expenditure and mitochondrial biogenesis, PGC-1a can also
increase lipid substrates (Murakami 2015). In addition, tau-
rine can increase the gene expression of lipoprotein lipase,
acyl-CoA oxidase, acyl-CoA synthase, and acyl-CoA dehy-
drogenase, which are related to regulation of the oxidation of
lipid substrates (Murakami 2015). In addition, higher taurine
availability can modulate the respiratory chain and improve
fatty acid metabolism by activating complex I generating

adenosine triphosphate (ATP) (Schaffer et al. 2016). Thus,
improvement in the electron transport chain can decrease
lactate accumulation.

The improvements in lactate levels and performance
can be explained by an interaction between taurine and the
muscle membrane, by enhanced mitochondrial buffering, or
by improvement in force production mediated through the
increased calcium release to the contractile filament (Hansen
et al. 2006; Dutka et al. 2014). Furthermore, as previously
mentioned, higher taurine levels may reflect changes in mus-
cle membrane or blood osmolarity and calcium homeostasis
(Ward et al. 1999, 2016; Spriet and Whitfield 2015). Accord-
ing to Nakada et al. (1991), taurine can improve lactic acid
buffering in brain cells and intramuscularly in rats. However,
in human exercise performance studies, post-exercise plasma
lactate remained largely unaltered by taurine supplementa-
tion (Lee et al. 2003; Rutherford et al. 2010), even in the
presence of an improvement in performance (Balshaw et al.
2013).

Since taurine can increase lipid oxidation (Murakami
2015; Tsuboyama-Kasaoka et al. 2006) and the peak con-
centration of plasma taurine can be reached between 1.5
to 6 h post administration (Ghandforoush-Sattari et al.
2010), in the current investigation, the maximal effort of
400 m was performed within the period of peak taurine (i.e.,
120 min post intake) and this higher availability of taurine
in the blood during exercise promoted an additional effect
on lipid metabolism. Regarding the relationship between
taurine supplementation and performance improvement,
one of the proposed theories indicated that this ergogenic
resource can decrease blood lactate accumulation during
exercise (Imagawa et al. 2009), which would influence the
amount of energy provided by the glycolytic pathway dur-
ing high-intensity exercise and, thereby, anaerobic capacity
(Milioni et al. 2016).

Our data are partially consistent with the theory above,
since the A[La™] of the TAU condition was significantly
lower compared to the PLA condition. However, we did not
observe significant differences in the 400 m performance
between the two conditions. The reduction in the lactic
anaerobic system contribution during the maximal effort
of 400 m for the TAU condition may be explained by the
higher availability of glycerol, which possibly reduced gly-
colysis activation and increased the aerobic contribution.
Interestingly, the aerobic contribution in the TAU condition
was approximately 12% higher (not statistically significant)
compared to the PLA condition. Thus, we consider that the
participation of the oxidative metabolism in the ATP resyn-
thesis for the TAU condition was higher than the PLA condi-
tion, which may be considered as an indicator of metabolic
efficiency improvement.

This possible higher participation of the oxidative metab-
olism in the ATP resynthesis for the TAU condition would
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allow a higher swimming economy (i.e., the response of
the oxygen consumption to the same submaximal intensity)
compared to the PLA condition. However, high-level swim-
ming performance can be achieved with either low economy
and high maximal oxygen consumption or high economy and
lower maximal oxygen consumption (Unnithan et al. 2009;
Termin and Pendergast 2001). Therefore, the higher partici-
pation of the oxidative metabolism in the ATP resynthesis for
the TAU condition (i.e., an indicator of metabolic efficiency
that would probably improve the swimming economy) does
not necessarily imply in the improvement of maximal swim-
ming performance (i.e., the maximal effort of 400 m). In
accordance with our data, Rutherford et al. (2010) verified
that an acute dose of taurine increased an indicator of meta-
bolic efficiency improvement (i.e., total fat oxidation) with-
out significant improvement in the maximal performance of
well-trained cyclists. Future studies are necessary to verify
whether this supplementation strategy may be more effective
for high-intensity exercises with duration longer than 5 min.
Furthermore, the VO,max did not change between taurine
and placebo condition (TAU: 61.56 + 3.30 mL kg~! min™';
PLA: 59.28 + 1.66 mL kg! min~'; p = 0.50) and the ener-
getic cost was not different between the conditions (TAU:
19.84 + 1.24 L; PLA: 18.73 £ 0.85 L: p = 0.35).

An interesting study developed by Dutka et al. (2014)
used mechanically skinned segments of human vastus lat-
eralis muscle fibers to verify the effects of taurine on sarco-
plasmic reticulum (SR) calcium (Ca*") accumulation and
contractile apparatus properties in type I and II fibers. The
authors observed that myoplasmic exposure to taurine dur-
ing approximately 10 min led to a substantial increase in
the Ca®* accumulation rate by the SR in fibers type I and II,
which may improve both contractile function and metabolic
efficiency. The relationship between taurine and Ca** sensi-
tivity of myofibrillar proteins is not limited to skeletal mus-
cle cells. In an elegant investigation, Ramila et al. (2015)
verified that taurine transporter knockout (TauTKO) mice
hearts exhibited elevated protein phosphatase 1 activity
as well as reduced calcium calmodulin-dependent protein
kinase II autophosphorylation and phospholamban phos-
phorylation, which were responsible for the reduction in
the SR Ca?* ATPase activity. In addition, TauTKO mice
hearts displayed a rightward shift in the Ca>* dependence of
the myofibrillar Ca>* ATPase, a property connected to the
upregulation of troponin I phosphorylation. Taken together,
these data reinforced the observation that TauTKO mice
hearts exhibited both systolic and diastolic impairs, which
were related to SR Ca** ATPase activity reduction.

While Dutka et al. (2014) evaluated the direct effects of
taurine in skeletal muscle samples, we used oral taurine
supplementation. In fact, to guarantee that the 400-m front
crawl maximal effort was performed with the peak levels
of plasma taurine, our protocol was based on the results of
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Ghandforoush-Sattari et al. (2010). Therefore, it is important
to point out that the availability of taurine for the muscle
cells depends on the digestion process and nutrient metabo-
lism, which may have influenced on the lack of performance
improvement between TAU and PLA conditions. Recently,
Milioni et al. (2016) also investigated whether the use of 6 g
of taurine would improve the performance in high-intensity
running and positively affect the anaerobic capacity meas-
ured by the method proposed by Bertuzzi et al. (2010). The
authors did not verify significant improvements in running
performance and showed an unclear effect on anaerobic
capacity (Milioni et al. 2016). However, the improvements
in performance can be explained by an interaction between
taurine and the muscle membrane, by enhanced mitochon-
drial buffering, or by an improvement in force production
mediated through the increased calcium release to the con-
tractile filament (Hansen et al. 2006; Dutka et al. 2014).

Furthermore, according to Nakada et al. (1991) tau-
rine can improve lactic acid buffering in brain cells and
intramuscularly in rats. However, in human exercise per-
formance studies, post-exercise plasma lactate remained
largely unaltered by taurine supplementation (Lee et al.
2003; Rutherford et al. 2010), even in the presence of an
observed improvement in performance (Balshaw et al.
2013). Despite the methodological limitations of the studies
involving athletes and nutrition (i.e., reduced sample size,
competition schedule, difficulty to perform invasive assess-
ments), evaluation of the nutritional efficacy of ergogenic
resources on performance and metabolic participation in
sports is fundamental.

In conclusion, acute supplementation of 6 g of taurine
120 min before performing a 400-m front crawl maxi-
mal effort did not improve athlete performance; however,
it increased glycerol plasma levels and reduced both the
A[La™] and lactic anaerobic system contribution. Therefore,
this taurine dose seems to be an interesting supplementation
strategy for high-intensity efforts as the increase in glycerol
plasma levels may save muscle glycogen stores, increasing
the recoverability of athletes for subsequent efforts.
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