Bicarbonate ingestion has no ergogenic effect on consecutive
all out sprint tests in BMX elite cyclists
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Abstract The aim of the present study was to examine the
effect of sodium bicarbonate ingestion on consecutive “all
out” sprint tests, analyzing the acid-base status and its
influence on performance and perceived effort. Ten elite
bicycle motocross (BMX) riders (20.7 + 1.4 years, training
experience 8-12 years) participated in this study which
consisted of two trials. Each trial consisted of three con-
secutive Wingate tests (W'T's) separated by 15 min recov-
ery. Ninety minutes prior to exercise subjects ingested
either NaHCO;™ (0.3 g kg_1 body weight) or placebo.
Blood samples were collected for the assessment of blood
acid-base status: bicarbonate concentration ((HCO3™]), pH,
base excess (BE) and blood lactate concentration ([La™]).
Performance variables of peak power (PP), mean power
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(MP), time to peak power and fatigue index were calculated
for each sprint. Significant differences (p < 0.05) were
observed in acid-base variables [pH before WT1: 7.47 +
0.05 vs. 7.41 £ 0.03; [HCO; ] before WT1: 29.08 + 2.27
vs. 22.85 4 0.24 mmol L™ (bicarbonate vs. placebo con-
ditions, respectively)], but there were not significant dif-
ferences in performance variables between trials [PP WT1:
1,610 £ 373 vs. 1,599 £ 370 W; PP WT2: 1,548 £ 460
vs. 1,570 £ 428 W; PP WT3: 1,463 4+ 361 vs. 1,519 &+
364 W.MP WT1: 809 &+ 113 vs. 812 £ 108 W; MP WT2:
799 £ 135 vs. 799 £+ 124 W; MP WT3: 762 £ 165 vs.
782 £ 118 W (bicarbonate vs. placebo conditions, res-
pectively)]. Rating of perceived effort (RPE) was not
influenced nor ratings of perceived readiness. Sodium
bicarbonate ingestion modified significantly the blood acid—
base balance, although the induced alkalosis did not
improve the Wingate test performance, RPE and perceived
readiness across three consecutive WTs in elite BMX
cyclists.
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Introduction

Bicycle motocross (BMX) is an Olympic sport since
Beijing 2008 that consists of repeated cycling trials
(approximately 350 m and ~40 s each) pedaling across an
irregular sand-track that includes curves and jumps. The
aim of the competition is to reach the finish line in the best
position of the eight riders competing together in each trial.
The competition usually involves at least three qualifica-
tion series, quarterfinals, semi-finals, and final (a minimum
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of three trials for those competitors eliminated in the
qualification series, and six trials or more depending on the
number of competitors for those that reach the final).
Between each trial there is a recovery period of 15-30 min,
more time in the first qualification series (~ 30 min) and
less in the last series (~ 15 min). So, these kinds of short
and “all out” efforts have been characterized as highly
“acid”, as well as the recoveries between them as a key
point to better perform and succeed in competitions (Zabala
et al. 2009).

Over the past decades, numerous studies have demon-
strated that increases in the extracellular buffer concentra-
tion, via the oral ingestion of an alkaline solution such as
sodium bicarbonate (NaHCO;7) may enhance human
exercise performance (Forbes et al. 2005; Linderman and
Fahey 1991; McNaughton et al. 1997, 1999; Requena et al.
2005; Sostaric et al. 2006; Stephens et al. 2002). The sug-
gested beneficial effects of this induced an increase in
extracellular proton buffer capacity (Linderman and Fahey
1991; Street et al. 2005), increased muscle phosphofructo-
kinase, phosphorylase and pyruvate dehydrogenase activi-
ties (Hollidge-Horvat et al. 2000), enhanced muscle lactate
and hydrogen ion (H™) release from working muscles
(Mainwood and Worsley-Brown 1975) and a preservation
of membrane excitability during muscle fatigue by its effect
on potassium (K™), sodium (Na™) and chlorine (C17) fluxes
(Sostaric et al. 2006). Hydrogen ion efflux out of the muscle
cell has been reported to be inhibited by extracellular aci-
dosis and enhanced by a greater extracellular buffer con-
centration (Bishop and Claudius 2005). In general, studies
that have found an increase in exercise performance after
NaHCO;™ ingestion used intermittent or continuous exer-
cise regimens that produced a large acid-base disturbance
(Linderman and Fahey 1991; Requena et al. 2005). During
continuous dynamic exercises the performance has been
generally improved when the protocol selected exhausted
the subjects in 1-10 min (Requena et al. 2005). However,
when high-intensity exercises of shorter duration (3040 s)
were examined conflicting results were reported (Linder-
man and Fahey 1991; Requena et al. 2005). The studies that
have analyzed the effect of NaHCO;~ administration on
Wingate test (WT) performance have shown ergogenic
(Douroudos et al. 2006; Inbar et al. 1983; Zinner et al. 2011)
and non-ergogenic benefits (Parry-Billings and MacLaren
1986; Zabala et al. 2008). However, most of the above-
mentioned studies were performed in non-trained subjects
and ingesting an oral drink solution instead capsules. It is
well known that elite sprinters (100200 m) produce an
extremely high amount of H" and lactate during competi-
tions. Several studies have shown that sprint-trained ath-
letes during maximal short-term efforts present a greater
force production capacity associated with a greater systemic

acidosis in comparison with untrained or endurance trained
subjects (Johansen and Quistorff 2003).

Given the widespread use of buffers between elite ath-
letes (Requena et al. 2005) and its possible beneficial effect
on BMX performance and competition, we examine the
effect of NaHCO; ™ loading on three consecutive Wingate
tests (WTs), analyzing the acid-base status and its influ-
ence on performance and perceived effort in elite BMX
cyclists. We hypothesized that bicarbonate ingestion
improves performance across three consecutive WTs
interspersed by 15 min.

Methods
Approach to the problem

During the experiment the subjects were taking part in an
official monitoring phase with the National Team so their
eating and physical activity patterns were controlled
accurately. The experimental phase took place during the
end part of the preseason period. All the subjects visited the
laboratory on three occasions. On the first visit, subjects
were familiarized with the test procedure (FFig. 1). Exper-
imental data were collected during the subsequent two
visits. The two treatment conditions, NaHCO;™ ingestion
(NaHCO37) and placebo (PLC), were administered in a
counterbalanced, crossover, randomly assigned, double-
blind manner, with each trial separated by 4 days. Each
subject was instructed to refrain from caffeine, alcohol, and
exercise for 24 h before each trial, and studies were carried
out at the same time of day.

Participants

Ten elite BMX riders from the Spanish National Team
volunteered to participate in this study. Their mean (+£SD)
age, height and body mass were 20.7 £ 14 years,
1783 £ 2.1 cm and 779 &+ 2.1 kg, respectively. The
training experience was §—12 years. All the cyclists studied
were full time semi-professionals who trained 4-6 h per
day. Subjects were experienced in all testing procedures as
a result of their participation in previous performance
assessment (more than 10 times in the last 2 years). None
of the subjects were involved in any form of nutritional
supplementation that may have compromised the admin-
istration of the NaHCQO5;™~. Written consent was obtained
from each subject after explanation of the purposes and
associated risks of the study protocol. The experiment was
conducted in compliance with the Declaration of Helsinki
and was approved by the University Ethics Committee for
Human Studies.
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Fig. 1 Experimental protocol
Procedures

Experimental protocol is illustrated in Fig. 1. In each testing
session, the subjects performed a standardized warm-up
which involved 10 min of cycle ergometry (Lode Excali-
bur, Groningen, The Netherlands) at an intensity of 100 W.
After 3 min rest the subjects performed a vertical jump test
as indicator of instantaneous power production. The vertical
jump test involved two counter-movement jumps (CMJ test;
Ergojump, Rome, Italy) interspersed by 1 min rest. Only the
best jump from each subject was used in data analysis.
Counter-movement jump test was selected based on the
high correlation found by Zabala et al. 2008, between peak
power in WT and power obtained by means of CMJ per-
formance (» = 0.91, p < 0.01). This test was followed by a
3 min rest period before the first of the three 30 s WTs
(WT1, WT2 and WT3) were undertaken. Wingate test was
performed to replicate a widely used laboratory test, as well
as a similar effort to the BMX competition (Zabala et al.
2008, 2009). All WTs were performed on the same
ergometer with 15 min passive recovery between each one.
Subjects exercised against the standard resistive load
(0.7 N/m x kg body mass). Peak and mean power (PP and
MP, respectively), time to peak power (TPP) and fatigue
index were downloaded to an on-line PC. Subjects were
given verbal encouragement throughout the tests. Immedi-
ately after each WT rating of perceived exertion (RPE) and
vertical jump height (CMJ test) were obtained. Rating of
perceived exertion was measured with the Borg 15 point
scale (RPE 6-20) (Borg et al. 1985) and with a 10-point
category-ratio (RPE CR10) (Noble et al. 1983).

Capillary blood samples (BS) were collected from a
fingertip for the assessment of blood acid—base status.
Blood samples were drawn (1) on rest (before to substances
ingestion), (2) prior to each WT (BS-Pre), (3) 3 min after
completion of each WT (BS-Post), and 4) after 15 min of
recovery. Blood was collected into heparinized capillary
tubes for subsequent determination of acid-base status
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(bicarbonate concentration: [HCO5; 7], pH and base excess:
BE) using a blood gas analyser ABL77 (Radiometer,
Copenhagen, Denmark). Blood lactate concentration
([La™]) was analyzed by enzymatic method using the YSI
1500 (Yellow Springs Instruments Co., Yellow Springs,
USA).

The value for perceived readiness (1-5 scale) (Nurmekivi
et al. 2001) was also taken prior to the next WT. This scale
determines in the grade of recovery that subjects perceived
from 1-point (“not recovered at all”) to 5-points (“com-
pletely recovered”).

Prior to all trials subjects reported to the laboratory in a
3-h post-absorptive state. For the NaHCO; ™ ingestion trial
subjects ingested an individualized number of gelatin
capsules containing NaHCO;™~ (0.3 g kg_1 body weight)
or placebo and were consumed with as much water as
required. Both substances were ingested 90 min prior to
exercise as recommended by different authors (Linderman
and Fahey 1991; McNaughton et al. 1999; Requena et al.
2005). Due to potential mild gastrointestinal discomfort
associated with ingestion of NaHCO;™, subjects were
asked throughout the pre-exercise and exercise periods to
rate their stomach comfort level and their bowel urgency
rating (subjective feeling of urge to defecate). None of the
participants reported serious gastrointestinal distractions.

Statistical analysis

All values are reported as mean + SD. Two-way analysis
of variance (ANOVA) (2 treatments x 8§ measurements)
with repeated measures were used to determine differences
between treatments at each exercise period for all the acid—
base and workload dependent variables. Two-way ANOVA
(2 treatments x 3 measurements) with repeated measures
were used to determine differences between treatments at
each exercise period for all the RPE, perceived readiness
and CMJ-dependent variables. Compound symmetry, or
sphericity, was verified by the Mauchley test. When the



assumption of sphericity was not met, the significance of
F ratios was adjusted according to the Greenhouse—Geisser
procedure. Multiple comparisons were made with the
Bonferroni post hoc test. The level of statistical signifi-
cance was set at « < 0.05 for all analyses.

Results
Acid-base variables

The ingestion of NaHCO3;~ had the expected effect on
blood acid-base status. Statistical differences were
observed between both conditions (NaHCO;  and pla-
cebo), showing that alkalosis was reached with the pro-
posed NaHCO; ™~ doses (Fig. 2).

The repeated measures ANOVA revealed a significant
effect on pH for treatment (p < 0.05; Fig. 2a). The pH
values measured before the start the WT1 were 7.47 +
0.05 (NaHCO;7) and 7.41 £+ 0.03 (placebo) (p < 0.05).
The pH remained reduced (p < 0.05) across experimental
protocol in the placebo condition. There was also a sig-
nificant effect on [HCO; ] for treatment (p < 0.05;
Fig. 2b). The [HCO; ] was significantly higher in the
NaHCO;™ than in the placebo condition before (Pre WT)
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Fig. 2 pH (a), bicarbonate concentration ((HCO;]) (b), base excess
(BE) (¢) and lactate concentration ([La™]) (d) for the placebo
(discontinuous line) and NaHCQO;~ (continuous line) conditions.

each WT and 3 min after (Post WT) each WT. The effect
on base excess response was significant for treatment
(p < 0.05; Fig. 2c). The base excess was significantly
higher in the NaHCO;™ (5.24 + 2.19 mmol L_l) than in
the placebo condition (—0.73 £ 1.28 mmol L") before
the start the WT1 (90 min after ingestion) and remained
elevated along the WTs. No significant differences were
found in the [La™] between both conditions (Fig. 2d), with
higher values (non-significant) in the NaHCO;™ condition.

Performance

Table 1 shows the mean values of performance for the
three WTs under NaHCO;  ingestion and placebo condi-
tions. The induced alkalosis had no effect on performance
during the three consecutives WTs. There were no signif-
icant differences in PP and TPP in any of the three WTs
between the two treatments. Moreover, no significant dif-
ferences were found in MP or fatigue index (Table 1).

No significant differences were observed in CMIJ test
after WT1 (32.16 & 2.90 vs. 32.15 + 2.33 cm), WT2
(30.14 4+ 3.26 vs. 29.72 £ 2.51 cm) and WT3 between the
NaHCO; ™ and placebo conditions, although performance
tended to be better for the NaHCO;™ condition (Post WT3:
28.66 £ 4.77 vs. 27.96 £ 4.30 cm).
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Table 1 Performance in each Wingate test (WT1, WT2 and WT3)
under NaHCO;™ and placebo conditions

WT1 WT2 WT3

PP (W)

NaHCO;™ 1,610 £ 373 1,548 £ 460 1,463 £ 361

Placebo 1,599 + 370 1,570 £ 428 1,519 + 364
TPP (s)

NaHCO;™ 444+ 03 4.6 £ 04 4.6 £ 0.7

Placebo 454+ 04 45 +£03 46+ 1.3
MP (W)

NaHCO;™ 809 £+ 113 799 £ 135 762 £ 165

Placebo 812 £+ 108 799 + 124 782 £ 118
Fatigue index (W sH

NaHCO;™ 429 + 15.6 40.1 £ 21.1 404 £ 23.6

Placebo 425+ 155 422 4+ 174 40.7 £ 15.1

Values are shown as means & SD

MP mean power, PP peak power, TPP time to peak power

Rating of perceived exertion and readiness

No significant differences were found for RPE 6-20
between conditions (Post WT1: 17.72 + 1.25 vs. 17.50 £
1.20; Post WT2: 17.89 4 1.45 vs. 17.89 & 1.29 and Post
WT3:18.44 &+ 1.13 vs. 18.33 £ 1.35, between the NaHCO;™
and placebo conditions, respectively). The same results
were obtained with the scale RPE CR10 (Post WTI:
8.83 £ 0.75 vs. 8.17 £ 0.59; Post WT2: 9.06 & 0.74 vs.
8.83 £ 0.46 and Post WT3: 10.28 £ 0.67 vs. 9.22 £ 0.52,
between the NaHCO;™ and placebo conditions, respec-
tively). There were no significant differences for perceived
readiness (1-5 scale) between the NaHCO;™ and placebo
conditions before WT2 (4.70 £ 0.33 vs. 4.85 + 0.32,
respectively), before WT3 (4.10 £ 0.62 vs. 3.70 £ 1.12,
respectively) and after WT3 (3.55 £ 0.79 vs. 3.38 +
1.19, respectively).

Discussion

The main finding of the present study was that NaHCO;™
ingestion altered significantly the blood acid-base balance,
although the induced alkalosis did not improve the per-
formance across three consecutive WTs in elite BMX
cyclists. The NaHCO;™ ingestion resulted in an elevated
blood buffering status prior to the first Wingate test, with
that elevation being sustained throughout the following
WTs. The results of the present study, in agreement with
other investigations (Parry-Billings and MacLaren 1986;
Stephens et al. 2002; Vanhatalo et al. 2010; Zabala et al.
2008), demonstrate no ergogenic effect of sodium bicar-
bonate ingestion on high-intensity exercise performance,

despite significant blood alkalosis. Other studies have
reported performance improvements, due to an ergogenic
benefit of NaHCO;™ supplementation during multiple
bouts of high-intensity exercise (Bishop and Claudius
2005; Bishop et al. 2004; Douroudos et al. 2006; Price
et al. 2003).

The induced blood alkalosis may improve H* efflux out
of the muscle cell and thereby limiting the effects of the
reduced intracellular pH (pH;) determined by strenuous
exercise (Bishop et al. 2004; Linderman and Fahey 1991;
Requena et al. 2005; Street et al. 2005). It is generally
accepted that a decreasing pH; during exercise induces
allosteric inhibition of the rate-limiting enzymes phos-
phofructokinase and glycogen phosphorylase, decreases
release of Ca® from the sarcoplasmatic reticulum, and
reduces the number and force of muscle cross-bridge
activations (Linderman and Fahey 1991). Anaerobic gly-
colysis is associated with the intracellular accumulation of
H*, which have been implicated as a cause of muscular
fatigue (Spriet et al. 1985) and previous results report that
administration of alkalotic agents may improve perfor-
mance during high-intensity exercise by reducing the
decline in pH (Hollidge-Horvat et al. 2000).

A key point could be that, although we did not measure
pHi, other studies have reported that induced alkalosis does
not affect pH; until blood pH is above 7.5 (Bishop et al.
2004) so skeletal muscle’s properties would not be changed
to produce a gain in performance. If pH; would not be
different between conditions, this could explain why we did
not find differences on performance, despite blood lactate
concentration being greater in bicarbonate condition
(14.07 + 1.35 mmol L~! Post WT1) in contrast with pla-
cebo condition (12.93 4+ 1.52 mmol L~! Post WT1). It has
been suggested that lactate efflux from muscle is higher as a
result of extracellular alkalosis (Mainwood and Worsley-
Brown 1975), thus in our study it is not likely an increased
muscle glycogen use, although we did not measure muscle
lactate concentration. The mechanism that may explain the
greater [La™] in bicarbonate condition in the present study
is a higher efflux of H* and lactate due to the increased
activity of the lactate/H" transporter (Bishop and Claudius
2005) rather than a higher anaerobic energy contribution.
This is in agreement with the lack of effect on performance.
In contrast, other authors have reported an increase in
muscle lactate accumulation with induced alkalosis (Bishop
et al. 2004; Bouissou et al. 1988) increasing anaerobic
energy contribution and improving repeated-sprint ability
(Bishop and Claudius 2005; Bishop et al. 2004).

The failure of alkalosis to increase WT performance
may be explained because of the duration and nature of the
effort developed in the test: (1) by an insufficient time
during the exercise to allow a significant difference in H*
efflux from the muscle fibers or an inability to generate a



sufficient difference in HY gradient to produce a difference
between trials (Forbes et al. 2005; Linderman and Fahey
1991; Mainwood and Worsley-Brown 1975; Marx et al.
2002; McCartney et al. 1983; Street et al. 2005) and, in the
same way, (2) the fact that the test was continuous and not
involving maximal intermittent efforts as other authors
successfully tested (Bishop and Claudius 2005; Bishop
et al. 2004; Price et al. 2003). Both of these could result in
no significant differences in pH;, in which case muscle
performance would be expected to be similar (Hollidge-
Horvat et al. 2000; Marx et al. 2002). Several in situ and in
vivo 31P-MRS studies have demonstrated a strong corre-
lation between a decline in pH; and force production
(Forbes et al. 2005; Pedersen et al. 2005), although the role
of intramuscular acidosis on muscle fatigue is controver-
sial, especially when other factors that change during
intense exercise may interact with elevated H" to impair
exercise performance (Cairns 2006). Sostaric et al. (2006)
have proposed that the major beneficial effect of alkalosis
on muscle performance might be the preservation of
muscle membrane excitability by its integrated effects on
K", Nat, CI™ and lactate homeostasis. The correlations
observed between decreased muscle force and increased
intracellular concentrations of lactate may be considerably
overestimated and other beneficial effects have been pos-
sibly overlooked (Allen et al. 2008; Robergs et al. 2004) as
in example centrally in the brain. In fact, different authors
(Cairns 2006; Lamb and Stephenson 2006; Prakash 2008;
Robergs 2008) recently defend that lactate per se is not a
problem in exercise and fatigue, and may even be useful
during exercise as a fuel. Similarly, it is not clear which
mechanisms explain the enhancement in performance after
bicarbonate intake observed in several studies. In sum-
mary, induction of a metabolic alkalosis may result in a
complex series of metabolic effects as a lower intramus-
cular acidosis (Forbes et al. 2005; Stephens et al. 2002),
changes in the activity of key regulatory enzymes and fuel
utilization (Forbes et al. 2005; Hollidge-Horvat et al.
2000), a preservation of muscle cell membrane excitability
(Sostaric et al. 2006), or a central effect in the brain as
some authors have recently studied (Yamanaka et al
2010), that may permit under certain conditions of exercise
intensity and duration increase the muscle performance.
Other studies have analyzed the effect of sodium
bicarbonate administration prior to one WT (Douroudos
et al. 2006; Inbar et al. 1983; Parry-Billings and MacLaren
1986; Zabala et al. 2008) with no ergogenic effect. Only
Inbar et al. (1983) and Douroudos et al. (2006) observed a
significant increase in mean power following alkaline
treatment but showing no effect on other performance
variables measured. Douroudos et al. (2006) suggested that
the improvement in performance depends on the dose used
and the high dose is the most effective (0.5 g kg™' body

weight). In contrast, McNaughton (1992) tested five dif-
ferent doses of sodium bicarbonate (from 0.1 to 0.5 g kg_1
body weight) and found that performance was improved
with increasing the dose to 0.3 g kg_1 body weight.
Moreover, the highest value of cycling work and peak
power were achieved with that dose. For the present
investigation we chose a dose of 0.3 g kg™' body weight,
extensively used previously (Requena et al. 2005; Siegler
and Hirscher 2010; Stephens et al. 2002; Vanhatalo et al.
2010; Zabala et al. 2008) and proposed to be the optimal
amount to be ergogenic (Hollidge-Horvat et al. 2000;
Linderman and Fahey 1991; McNaughton et al. 2008;
Stephens et al. 2002) and the most appropriate to obtain a
blood alkalosis in human without side effects (i.e., gas-
trointestinal distress) (Vanhatalo et al. 2010). Thus, the
observed lack of improvement in WT performance in the
present study may consequently not be due to the sodium
bicarbonate administration protocol used, and perhaps the
improvements observed in other studies (Douroudos et al.
2006; Price et al. 2003; Siegler and Hirscher 2010) may be
partly due to the type of ingestion (drink solution). In
our study, subjects ingested an individualized number of
gelatin capsules containing NaHCO;~ (0.3 g kg_1 body
weight) or placebo, used by other authors (Bishop and
Claudius 2005; Bishop et al. 2004), instead of dissolved in
water or juice. Although in some cases subjects reported
similar taste of the experimental and placebo treatment
solutions (Price et al. 2003), we tasted NaHCO;~ com-
pared with NaCl (0.05 g kg_1 body weight) solutions in
previous studies (Zabala et al. 2008) and found their taste
completely different, so athletes could know they were
different substances (worse and harder the taste of
NaHCO3;7). McClung and Collins (2007) compared the
performance contribution made by expectancy alone, with
the improvements of NaHCO;™ ingestion, and their results
suggests that some of the documented benefits may be
achieved through psychologically based expectancy effect
alone (Beedie and Foad 2009; Trojian and Beedie 2008).
Subjects’ belief in the efficacy of a placebo treatment
might significantly influence findings in experimental
research (McClung and Collins 2007; Trojian and Beedie
2008). Finally, the occurrence of gastrointestinal distress
associated with ingestion of NaHCO;™ may increase the
subjects’ belief in what they have ingested (Trojian and
Beedie 2008). In our study, the subjects did not experience
gastrointestinal annoyances or abdominal discomfort, so
this had no influence on performance.

To the authors knowledge only two studies have
reported the effect of NaHCO;™ ingestion on multiple
WTs. Parry-Billings and MacLaren (1986) proposed a
series of 3 WTs separated by 6 min recovery periods. The
effect on WT performance was small and non-significant.
These results are in agreement with those observed in the



present study. However, a direct comparison between
studies is difficult, since the present study used 15 min
recovery between WTSs in simulating a BMX final series. In
a previous work our research group (Zabala et al. 2008)
examined the effect of NaHCO;™ ingestion on perfor-
mance of three WTs separated by 30 min recovery (sim-
ulating first qualification series) and obtained similar
results; none had effect on performance and RPE. Taking
into account these studies and the present one, we could
argue that the recovery time used does not influence the
performance, and the key point could be the type of
exercise (intermittent vs. continuous). So for future
research we suggest the use of a more specific test based in
the field conditions during BMX competitions (free-
wheeling whilst cornering or jumping), that is an all-out
intermittent exercise of 45 s of duration approximately.

In the present study changes in CMJ performance
immediately after each WT was taken as an indirect indi-
cator of the fatigue in the lower body fast motor units. CMJ
performance was not significantly improved, although
tended to be better after WT3 during the bicarbonate
condition in comparison with placebo (Post WT3:
28.66 £ 4.77 vs. 27.96 &+ 430 cm). This improvement
could reflect a faster recovery process in those motor units
recruited (Zabala et al. 2008).

Acid-base balance has been shown by several studies to
mediate the intensity of subjective perception of exertion
(RPE) during high-intensity as well as intermittent arm and
leg exercise (Robertson et al. 1986; Swank and Robertson
2002). Rating of perceived exertion was related with pH
and strongly related with bicarbonate concentration (Price
et al. 2003). In this regard, Robertson et al. (1986) sug-
gested that the mechanism underlying the relationship
between acid-base balance and RPE during exercise may
involve deleterious effects of accumulation of intracellular
H" on muscle fatigue. The results of the present study
show that RPE measured immediately after each WT, using
two scales (6-20 and CR10), was not affected by bicar-
bonate ingestion. These results disagree with those pub-
lished previously (Robertson et al. 1986; Swank and
Robertson 2002) showing a lower RPE under alkalotic
condition. However, other studies have published similar
RPE between conditions, showing no effect on perceived
exertion (Artioli et al. 2007; Price et al. 2003; Siegler and
Hirscher 2010; Zabala et al. 2008). This discrepancy may
be related with difference in the metabolic demands of the
exercise task chosen (Zabala et al. 2008). In the same way,
we did not observe improvements on perceived readiness,
in contrast with the results obtained by other authors
(Swank and Robertson 2002; Zabala et al. 2008), although
these improvements could be related with the placebo
effect discussed above because of the drink solution used
instead of gelatin capsules. It could be argued that similar

to the lack of effect in pH; could happen in the brain to alter
perception of effort or readiness, as we did not find any
effect in RPE values between each condition at the time
blood pH was altered but not above 7.5 (Bishop et al.
2004).

In summary, sodium bicarbonate ingestion modified
significantly the blood acid-base balance, although the
induced alkalosis did not improve the Wingate test per-
formance, CMJ, RPE and perceived readiness across three
consecutive WTs in elite BMX cyclists. These results show
that bicarbonate ingestion has no effect on performance, at
least in the conditions of the present study.
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