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Summary
The purpose of the study was to assess the effect of sodium
bicarbonate ingestion upon repeated bouts of intensive
short duration exercise. Twenty-three subjects participated
in the investigation (8 females and 15 males, age 21.4±2.3,
mean±sd). Subjects completed six trials; three following
the ingestion of sodium bicarbonate (300 mg/kg body
weight) and three following the ingestion of a placebo (8 g
sodium chloride). Each trial consisted of ten ten-second
sprints on a cycle ergometer with 50 seconds recovery bet-
ween each sprint. 'Peak power' and 'average power output'
during each ten second sprint was measured from the
flywheel of the ergometer using a light-sensitive monitor
(Cranlea) linked to a BBC microcomputer. The power out-
puts recorded during each ten-second sprint of the bicarbo-
nate trials were then compared with those recorded during
the corresponding sprint of the placebo trials. The bicarbo-
nate trials produced higher mean 'average power' outputs
in all ten of the ten-second sprints, with the difference in
'average power' output being statistically significant in
eight of these (p < 0.05). The results also revealed that the
difference in the 'average power' outputs attained during
the bicarbonate and placebo trials increased as the number
of sprint repetitions increased (p < 0.01). 'Peak power' out-
put was also greater in the bicarbonate trials with it being
significantly higher (p < 0.001) during the final ten-second
sprint. It was concluded that during exercise consisting of
repeated, short-duration sprints, power output was en-
hanced following the ingestion of sodium bicarbonate, (300
mg/kg body weight).

Keywords: Alkalosis, (repeated) sprints, lactic acid,
sodium bicarbonate

Introduction

The fatigue experienced during intensive short-dura-
tion exercise has been attributed to lactacidosis'-8. The
resulting fall in intramuscular pH is considered to in-
hibit muscular contraction in a number of ways: limit-
ing the rate of resynthesis of ATP by inhibiting key
glycolytic enzymes, in particular phosphofruc-
tokinase' ; inhibiting the release of calcium ions from
the sarcoplasmic reticulum and the binding of these
ions to the protein troponinll2; and impairing the
neural impulse propagation"314. It has therefore been
suggested that if the fall in intramuscular pH could be
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delayed or prevented then anaerobic exercise perfor-
mance would be enhanced.
Mainwood and Worsley-Brown"5 have shown that

the efflux of H' out of frog sartorious muscle could be
accelerated by increasing the extracellular bicarbonate
buffer. Recent studies have attempted to induce this
effect by getting subjects to ingest sodium bicarbonate
and then measuring the effects upon muscle
metabolism and exercise performance. Some of these
studies have shown a significant improvement in per-
formance10",2' whilst others have not22-25.
Some studies have been criticized because the exer-

cise duration has been inappropriate, with anaerobic
metabolism only making a relatively small contribu-
tion to the energy requirements of the activity. Katz et
al26. concluded that sodium bicarbonate did not help in
sustained bouts of exercise but may help in repeated
work bouts. It was the aim of this study to examine the
effect of sodium bicarbonate ingestion upon repeated
maximal sprints with a relatively short recovery be-
tween sprints.

Materials and methods

Eight females and 15 males (age 18-28) volunteered to
act as subjects for this study. All were members of the
movement studies department and thus fit and famil-
iar with maximal exercise. In order to minimize
changes in performance due to the subject familiarity
with the trial protocol, all subjects undertook three
preliminary familiarization sessions. These followed
the exact procedures of the subsequent trials but sub-
jects were given a placebo solution for these sessions.
Subjects were not informed that these were familiari-
zation sessions and therefore participated with full
commitment.

In the investigation, subjects completed six trials;
three following the ingestion of sodium bicarbonate
(300 mg/kg body weight) and three following the in-
gestion of placebo (8 g sodium chloride), these being
administered in a random order. A double blind de-
sign was used with test solutions allocated to subjects
by an independent investigator. All test substances
were dissolved in 400 ml of a dilute blackcurrant drink
to increase the palatability and partially disguise the
slight difference in taste of the two substances. All test
solutions were split into two equal doses of 200 ml,
these being given one and two hours before the trial.
Thus the bicarbonate dosages given to the subjects in
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Table 1. Illustrating the mean 'average power' values attained during the bicarbonate and placebo trials (n = 23 subjects, 3 bicarbo-
nate trials and 3 placebo trials per subject). The standard deviations are for the whole group (n = 23)

Average power output (Watts)

Sprint Bicarbonate Placebo
Repetition mean SD mean SD Difference Significance

1 864.9±173.3 857.9±158.4 7.0 n.s.
2 840.3±163.3 832.7±143.7 7.6 p < 0.05
3 811.9±153.5 804.9±147.5 7.0 p < 0.05
4 790.9±148.7 784.4±148.5 6.5 n.s.
5 774.0±148.8 764.8±132.1 9.2 p < 0.05
6 762.0±138.1 753.0±129.7 9.0 p < 0.05
7 752.2±141.3 741.5±130.2 10.7 p < 0.01
8 747.4±141.8 739.1±132.6 8.3 p < 0.001
9 743.2±141.1 732.3±132.1 10.9 p < 0.01
10 745.4±143.1 730.5±123.6 14.9 p < 0.002

this investigation were the same as those used by
others"0,825

Eight grams of table salt (NaCl) was used as the
placebo since it produced a similar taste to the sodium
bicarbonate. Previous studies have used NaCl as a
placebo in greater (Inbar et al.7, 13 grams) or lesser
amounts (Costill et al.19 and Katz et al. , 1 gram).

For the three hours prior to each trial, subjects were
requested to refrain from eating, smoking or drinking
anything other than water and the test solution. Sub-
jects did not participate if they had been ill or had un-
dertaken strenuous exercise within 24 hours of the
trials. Prior to each trial the maximal nature of the exer-
cise was stressed to the subjects. However, they were
not informed of the aims of the study or of the use of a
placebo in the investigation.
The cycle ergometer used in the trials was a Monark

864 with the seat adjusted to the appropriate height
(the seat height was kept constant for each subject
throughout all the trials). Prior to each trial subjects
had a standard warm up which was a modified form of
those used by Inbar et al7 and Parry-Billings and Mac-
Laren25. The warm up included three minutes cycling
at 50 rpm at a self selected resistance followed by a
series of static stretching exercises. Subjects then
pedalled for a further two minutes against half of the
test load, as calculated from the formula for the Win-
gate Anaerobic Power test26. During these final two
minutes, subjects completed two five second maximal
sprints at 55 and 90 seconds. They then remained sea-
ted on the ergometer for a further three minutes before
commencing the trial.
Each trial consisted of ten maximal sprints, each of

ten seconds duration with 50 seconds recovery bet-
ween each sprint. Subjects pedalled against a load cal-
culated from the formula for the Wingate Anaerobic
Power test26. A stationary start was used in accordance
with the work of Coleman et al. who found it produced
a higher peak power than a rolling start27. It also af-
forded a greater degree of consistency with the sub-
jects beginning each sprint with the pedals in the same
starting position. The power produced was measured
from the flywheel using a light sensitive monitor
(Cranlea) linked to a BBC microcomputer. This ena-
bled the recording of the 'peak power' and the 'aver-
age power' output attained during each ten second
sprint.

Subjects were given a five second verbal countdown

to the start of each sprint, verbal encouragement
throughout the sprint and verbal information on
sprint duration. All trials were carried out in the
physiological testing laboratory with only the subject
and assessor present to prevent distractions. Data was
analysed using analysis of variance and least signifi-
cant difference tests. The power outputs attained for
each sprint in the bicarbonate trials were compared
with the power outputs attained during the corres-
ponding sprint in the placebo trials.

In addition to the sodium bicarbonate and placebo
trials, a subset of the group (n = 12) indertook two
further sessions prior to which they ingested 400 ml of
the blackcurrant drink without the addition of sodium
bicarbonate or sodium chloride. This was ingested in
two 200 ml doses one and two hours before the ses-
sion, enabling assessment of any possible effect of the
placebo (NaCl) upon the subjects' power output.

Results

In a pilot study ten second sprints were shown to be
appropriate in causing fatigue and in all trials there
was a steady decline in 'peak power' and 'average
power output' as the trial progressed from sprint re-
petition 1 to 10. The work of Sutton et al. would
suggest that fatigue experienced by subjects in this in-
vestigation could be attributed to lactic acid build up
and the concurrent decrease in muscle pH. The pro-
gressive decline in power output could be due to the 50
seconds passive recovery between each sprint being
insufficient to allow a return to pre-exercise muscle pH
and lactate levels28,29.
The results of the bicarbonate and placebo trials

were compared using two-way analysis of variance
tests-the data obtained from sprint 1 in the bicarbo-
nate trials being compared with the data obtained for
sprint 1 in the placebo trials etc. Thus a total of 20
analysis of variance tests were applied, ten for 'aver-
age power, (one for each sprint repetition) and ten for
peak power' (one for each sprint repetition). Analysis
of the 'average power' data revealed that for each
sprint repetition a higher 'average power' was ob-
tained in the bicarbonate trials, with the difference
being statistically significant (p < 0.05) in eight of the
ten sprints (Table 1 and Figure 1).

Further analysis of the data using a Spearman rank
order correlation test revealed that the difference bet-
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Table 2. Illustrating the mean 'peak power' values attained during the bicarbonate and placebo trials (n = 23 subjects, 3 bicarbonate
trials and 3 placebo trials per subject). The standard deviations are for the whole group (n = 23)

Peak power output (Watts)
Sprint Bicarbonate Placebo

Repetition mean SD mean SD Difference Significance
1 974.1±184.7 963.6±182.0 10.5 n.s.
2 953.3±179.6 944.3±162.6 9.0 p < 0.02
3 928.7±170.2 922.6±173.7 6.0 n.s.
4 910.5±165.3 901.3±181.4 9.2 n.s.
5 893.2±166.2 886.7±158.0 6.6 n.s.
6 877.4± 153.5 872.2±146.5 5.2 n.s.
7 867.2±170.1 857.9±154.0 9.3 n.s.
8 862.5±159.6 855.8±156.2 6.7 n.s.
9 857.6±165.0 852.0±158.8 5.6 n.s.
10 858.8±170.1 841.5±158.7 17.3 p < 0.001

Discussions and conclusions900r
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Figure 1. 'Average power' output for ten sp
(mean values for 23 subjects, 3 bicarbonate 0 2
o trials per subject)

ween the 'average power' output attaine(
bonate trials and placebo trials incre
number of sprint repetitions increase
r = 0.821).
A similar analysis conducted upon the

data comparing each 'bicarbonate sprir
with the corresponding 'placebo sprint r
vealed that higher 'peak power' values a
in the bicarbonate trials. However, in on
sprint repetitions were these difference:
significant (Table 2).
The results of the three placebo trial

compared (two-way analysis of variance
suIts of the two sessions where only the
(without the addition of sodium bic
placebo) had been drunk. The results shc
placebo trials produced significantly hig
power' outputs in sprint repetitions 7
0.05), and significantly higher 'peak po
in repetitions 6, 7 and 8 (p < 0.05).

A comparison between bicarbonate and placebo trials
revealed that for each sprint repetition bicarbonate
produced a higher 'average power' output, the differ-
ence being statistically significant in eight of the ten
sprint repetitions. This observed difference could be
attributed to the increased bicarbonate buffer",', ac-
celerating the efflux of H' from muscle fibres, thereby
reducing the fall in intramuscular pH"0 17"18'30.
The data also revealed increasing differences bet-

ween 'average power' outputs attained as the trials
continued. This may be because the results from each
trial indicate that the 50 seconds passive recovery bet-
ween sprints was not sufficient to provide a complete
recovery. This is likely to result in a progressive de-
crease in muscle pH and an accumulation of lactate as

Is each trial progressed".
8 9 10 However, in the bicarbonate trials the enhanced

r bicarbonate buffer would enable a greater efflux of H'
rint repetitions from the muscle thereby returning the muscle pH
and 3 placebo closer to its pre-exercise level than in the correspond-

ing sprint of the placebo trial. This would therefore re-
sult in a more complete recovery between each sprint
repetition during the bicarbonate trials. Therefore, the
progressive fall in muscle pH that would occur during
all trials would not only be reduced in the bicarbonate

I in the bicar- trials but would also occur at a slower rate. This would
based as the therefore result in a less acidic muscle pH at the start of
!d (p < 0.01, each 'bicarbonate' sprint when compared to the mus-

cle pH in the corresponding 'placebo' sprint, with the
'peak power' muscle pH in the placebo sprints becoming more
ait repetition' acidic at a faster rate during each trial.
'epetition' re- It would follow that in repeated short duration
vere attained sprints, the effect of sodium bicarbonate ingestion
ly two of the would become more pronounced as the number of
s statistically sprint repetitions increased. Indeed, Costill et al.`9

suggested that single short duration sprints may be
Is were then too short for the enhanced buffering capacity (induced
) with the re- by the ingestion of the sodium bicarbonate) to be effec-
blackcurrant tive, whereas longer duration sprints (1.75-2.0 minutes)
-arbonate or might facilitate H' efflux from muscle increase effec-
)wed that the tiveness'9. In this investigation, although the sprints
rher 'average were only of ten seconds duration, the repetitive na-
and 10 (p < ture of the exercise effectively made it an intermittent
wer' outputs form of exercise lasting ten minutes. Therefore, the re-

sults observed appear to support the suggestions of
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Costill et al. confirming their suggestion that the dura-
tion of the exercise is important if the enhanced bicar-
bonate buffer is to be most effective.
Although the 'peak power' data indicated that the

bicarbonate trials produced higher 'peak power' out-
puts than the placebo trials, the difference in 'peak
power' output was only statistically significant in two
of the sprint repetitions. Thus findings are in some ag-
reement with Inbar et al."7 who found 'peak power'
output unaffected by bicarbonate ingestion when as-
sessed using a single 30 second sprint (Wingate
Anaerobic Power test). However, data for the final
sprint repetition in this investigation revealed a highly
significant (p < 0.001) difference in 'peak power' out-
put between the bicarbonate and placebo trials.

This makes it possible to speculate that the higher
'peak power' output attained in the bicarbonate trials
was due to the increased bicarbonate buffer and
psychological factors. It is suggested that during the
final sprint repetition subjects were more highly moti-
vated and that this factor coupled with the additional
bicarbonate buffer resulted in a greater 'peak power'
output being obtained. It is also possible to speculate
that the partial conflict between the findings of this in-
vestigation and those of Inbar et al.17 were due to the
repetitive nature of the sprints in this investigation
compared with the single 30 second sprint used in
their study.
When the results of the placebo trials were com-

pared with those where only the blackcurrant was
drunk (without the addition of sodium bicarbonate or
placebo) small inconsistent differences in power out-
put were observed. Where these results were statisti-
cally significant (p < 0.05) the power output was al-
ways higher in the placebo trials. It is difficult to
suggest a physiological basis for these observed differ-
ences in power output and therefore it is suggested
that they were primarily due to the ingestion of the
placebo providing some psychological benefit to the
subjects. The findings that the power outputs were
not significantly lower in the placebo trials than in the
trials where only blackcurrant was drunk enabled the
investigators to conclude that the observed differences
in power outputs between the placebo and bicarbo-
nate trials were indeed due to an enhancement in
power output during the bicarbonate trials, and not
due to an impairment in power output during the
placebo trials.
The results obtained in this study therefore support

the findings of Sutton et al.10, Inbar et al.7, Wilkes et
al.18, Costill et al.9, and Goldfinch et al.21, who con-
cluded that the ingestion of sodium bicarbonate could
improve performance in intensive short-duration
exercise. In addition to this it can also be concluded
that the ingestion of sodium bicarbonate can signifi-
cantly increase power output during repeated maxi-
mal sprints with its effects becoming more pro-
nounced as the number of repetitions increase.
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DUTCH MEDICAL JOGGERS ASSOCIATION

The Dutch Medical Joggers Association is organizing the
first international Medical Marathon in September 1989.
They seek contact with all interested medical running
groups to whom they will send full details of the event.
The Marathon Medical Symposium will be held on

Friday 15 September, and the full Marathon as well as a
Half-Marathon Race and a 10km Race will take place on
Saturday 16 September 1989.

All races are open to running doctors, dentists,
veterinarians and physiotherapists.
Venue: all events take place at the National Sports

Centre, Papendahl, Arnhem, Netherlands. There is
accommodation available at the centre itself.

Full details from: Dr Jacob A. Du Boeuff, President, Dutch
Medical Joggers Association, PO Box 8153, NL-3503 RD, Utrecht
Netherlands.
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