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ABSTRACT

CROWELL, Douglas L. Influence of sodium
bicarbonate upon the performance of short-
duration maximal exerclise of trained
females. M.S. in Adult Fitness-Cardiac
Rehabilitation, 1984. 86 p. (N.K. Butts)

Fifteen trained college-aged females were studied under
alkalotic (NaHCO, ingestion) and placebo (NaCl ingestion)
conditions to de%ermine the effect of NaHCO, on power
output for 30 and 60 sec of all-out cycling. Time to
exhaustion was also measured. NaHCO, ingestion had no
sig (p<.05) effect_on power output for 30 (1245.6 vs
1225.5 kgm- 30 sec“l) and 60 sec (1972.4 vs 1925.9 kgm-:60
sec'l) of max exercise and time to exhaustion (107.8 vs
82.7 sec). These results suggested that the alteration
in blood acid-base balance (due to NaHCO, ingestion) had
little influence on muscle pH. Thus, it may be that the
pH of the muscle was not the decisive limiting factor
in max exercise of 30 or 60 sec duration. It was
concluded that the ingestion of NaHCO, prior to max
exercise of 30 cr 60 sec duration had " no ergogenic
benefit in trained females.
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CHAPTER 1I
INTRODUCTION

Fox and Mathews (1981) define an ergogenic aid as
"something which improves or is thought to improve per-
formance...'" (p. 582). An ergogenic aid may be classified
as a drug, music, warm-up, nutritional substance or even
a psychblogical alid such as hypnosis.

As a result of the intense competition that exists
between athletes today, many have found it necessary to
employ an ergogenic aid in belief that it will give them
an edge over their competitors. A majority of ergogenic
aids have been shown to cause harmful effects on the body
and many have been banned from athletic competition. How-
ever, athletes have continued to use them and many remain
under investigation as to their effects on pefformance and
their possible side effects.

Most studies involving the use of ergogenic aids have
produced inconsistent results due to individual physiologi-
cal and psychological variations. Some ergogénic aids may
help one person and not another. Also, according to Fcx
and Mathews (1981), "Certain ergogenic aids may influence
a person's endurance performance but may have little or no

effect upon activities requiring short bursts of strength



and power." (p. 582)

In recent years several investigations have been
undertaken to ascertain whether or not the ingestion of
sodium bicarbonate or baking soda will enhance an indivi-
dual's performance of high intensity, short-duration exer-
cise (Balberman & Roby, 1983; Costill, Verstappen, Kuipers,
Jansson, & Fink, 1983; Jones, Sutton, Taylor, & Toews, 1977;
Kindermann, Keul, & Huber, 1977; McCartney, Heigenhauser,

& Jones, 1983; Rupp, Bartels, Zuelzer, & Fox, 1983; Sutton,
Jones, & Toews, 1981; Wilkes, Gledhill, & Smyth, 1983).
These studies proposed that the maintenance of the intra-
muscular acid-base (pH) system during exercise would enhance
performance. A drop inintramuscular pH occurs with high
intensity exercise and this drop is associated with a number
of biochemical alterations resulting in the inability to
continue exercise (Hultman & Sahlin, 1980). Thus, these
authors have suggested that the ingestion of sodium bicar-
bonate could maintain the intramuscular acid-base system
within acceptable levels.

The above studies involving the use of sodium bicar-
bonate to maintain the intramuscular pH within acceptable
levels have produced conflicting results., It appears that
the beneficial effects of sodium bicarbonate ingestion is
dependent on factors such as the type of exercise performed,
the dosage of sodium bicarbonate given, and possibly the

metabolic profile of the working muscles determined by an



individual's fitness state. Also, studies on sodium
bicarbonate ingestion have involved only males. It would
be of interest to investigate the effects of sodium

bicarbonate ingestion on exercise for females.
Purpose

The purpose of this investigation was to ascertain
whether the ingestion of sodium bicarbonate enhanced per-
formance during short-duration maximal exercise of trained

females.

Hypothesis

The major hypothesis that was tested at the .05 level
of confidence was: the ingestion of sodium bicarbonate
will have no effect upon the performance of short-duration

maximal exercise of trained females.

Assumptions

The following assumptions were made for this study:
(1) the subjects performed each work test to the best of
their ability; (2) the subjects did not vary their diet or
daily living habits in any way between the tests to signi-
ficantly influence them; (3) the subjects were unable to
detect whether they were given sodium bicarbonate or sodium
chloride (in the drink used in the study); (4) the minimum

amount of time (72 hours between tests) was sufficient



enough to avoid undue fatigue and any residual effects
from the sodium bicarbonate ingestion; and, (4) the
Monark Bicycle Ergometer would function accurately and

consistently during each test.

Delimitations

The delimitations to this study were: (1) the
subjectsrwere healthy trained females attending the
University of Wisconsin-LaCrosse; (2) the study group
involved 15 subjects; and, (3) the subjects participated

in two 30 second tests and two tests to exhaustion.

Limitations

The limitations to this study were: (1) a possible
learning factor could have influenced the results because
the subjects had to exercise on the bicycle four times;
(2) the subjects were not randomly selected; (3) the
motivation of the subjects to complete the four exercise
tests could have influenced the results; and, (4) human

error may have existed in the measurement of power output.

Definition of Terms

Acid - a chemical compound that in solution gives up
. +
hydrogen ions (H ).
Base - a chemical compound that in solution gives up

hydroxyl ions (OH ).



Buffers - substances which react with the acids and
bases to maintain a proper acid-base balance.

Kilopond meter (kpm) - the work performed on a Monark

bicycle ergometer when a mass of one kilogram is moved a
distance of one meter against the force of gravity.

Lactic acid - the end-product of anaerobic glycolysis.

This term may be used interchangeably with lactate, which

is the dissociated form of lactic acid.

Maximal ‘Oxygen Uptake (VOZ max) - the maximal amount
of oxygen that can be taken in, transported and used by
the body during strenuous activity per unit time.

Monark Biecycle Ergometer - a stationary bicycle that

gives varying resistances through adjustment of a belt
which applies friction to the wheel, acting 1like a brake.
The resulting work is expressed in kpm.

Nicotinamide Adenine Dinucleotide (NAD) - a coenzyme,

which acts as an electron acceptor in many oxidation reac-
tions of energy metabolism and an electron donor in
reduction reactions.

pH - a measure of the acidity of a solution. The
symbol "pH" refers to the power of the hydrogen ion (H+)
and is equal to the negative log of the hydrogen ion
concentration.

Power - work divided by time and expressed as kgm- sec™ L

Sodium Bicarbonate (Nchogl - this substance acts as

a buffer in order to maintain a proper acid-base balance.



Sodium bicarbonate buffers an acid with formation of a
strong salt and a weak acid. It is expressed in chemical
symbols as NaHCO3 and is also known as '"baking soda'.

Trained - a subject is considered trained if they
engage in a continuous, aerobic activity involving large
muscle groups at a heart rate exceeding 60 percent Qf their
maximal heart rate reserve for more than 20 minutes per
exercise session, three or more times per week. This is
based on guidelines provided by the American College of
Sports Medicine (1978).

Wingate Anaerobic Test - a short-duration maximal

exercise test performed on a bicycle ergometer (Ayalon,
Inbar, & Bar-Or, 1974).

Work - force times distance and expressed in kgm.



CHAPTER I1I
REVIEW OF THE LITERATURE

Introduction

A review of the literature is necessary in order to
understand the use of sodium bicarbonate (NaHCOB) as an
ergogenic aid.  This review has been divided into:

1) anaerobic metabolism; 2) lactate accumulation; 3) pH
changes during exercise; 4) buffering systems of the
muscle; 5) lactate and H+ ion efflux from muscle; and,

6) studies investigating induced alkalosis prior to exercise.

Anaerobic Metabolism

"The physiology of muscular work and exercise is
basically a matter of transforming bound energy into
mechanical energy" (Astrand & Rodahl, 1977, p. 11). This
energy is stored in a compound called adenosine tri-
phosphate (ATP). There are three energy systems that are
used in the resynthesis of ATP: 1) the adenosine tri-
phosphate-phosphocreatine system (ATP-PC); 2) the anaerobic
glycolysis system; and, 3) the oxidative phosphorylation
system.

The energy used in short-duration exhaustive exercise




is derived in various proportions from aerobic and
anaerobic metabolic pathways (Cunningham & Faulkner, 1969).
Adenosine triphosphate (ATP) is the immediate energy source
for muscular contraction. Approximately 4 mmoles per
kilogram muscle of ATP is ready for the immediate demands
of exercise (Gollnick & Hermansen, 1973). The ATP breaks
down to adenosine diphosphate (ADP) plus inorganic
phosphaté QPi) and energy. The muscle also stores approxi-
mately 16 mmoles per kilogram muscle of phosphocreatine (PC)
(Gollnick & Hermansen, 1973). This reserve is called upon
when the immediate source of ATP is being used up. The PC
is used to rebuild the ATP molecule from ADP and P.

The maximum ATP depletion in muscle following exercise
is 40 percent of resting values (Gollnick & Hermansen, 1973).
In contrast, the PC stores are nearly depleted by exercise.

Margaria, Cerretelli, and Mangili (1964) have shown
that the PC system is depleted in less than 20 seconds and
must then be replenished. This is done through the aerobic
process or oxidative phosphorylation for which oxygen is
required. In contrast, the breakdown of PC does not require
the presence of oxygen and, therefore, is considered
anaerobic. The adenosine triphosphate-phosphocreatine
(ATP/PC) system is one of only two anaerobic means of
replenishing ATP. The other involves the breakdown of
glycogen or glucose to lactic acid.

The series of chemical reactions that cause glucose



to be broken down to lactic acid is called anaerobic
glycolysis. During this breakdown, energy is released
and, through coupled reactions, is used to resynthesize
ATP.

Some research has reported that the depletion of the
ATP-PC system precedes anaerobic glycolysis (Margaria et
al., 1964). However, Jacobs, Tesch, Bar-Or, Karlsson, and
Dotan (1983) have suggested, based on their research, that
anaerobic glycolysis commences within a very short time
delay after the onset of muscular contraction. In any case,
anaerobic glycolysis, like the ATP-PC system, provides a
relatively rapid supply of ATP and exercises that can be
performed at a maximum rate for between one and three
minutes depend on both systems for ATP formation (Fox &
Mathews, 1981).

Anaerobic glycolysis allows exercise to continue in
the absence of oxygen. When oxygen is available the end-
product of glycolysis, pyruvic acid, is further metabolized
via the tricarboxylic acid cycle. However, in short-
duration maximal exercise, sufficient oxygen is not
available and pyruvic acid cannot be further metabolized.
Pyruvic acid will quickly dissociate into pyruvate and
H™ ions. The H+ ions combine with nicotinamide adenine
dinucleotide ions (NAD+) to form NADH and H+ ions. The
cell can only tolerate a small change in the NAD+/NADH

ratio. Thus, excessive pyruvic acid accumulation is
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impossible (Hultman & Sahlin, 1980).

Fortunately, excessive accumulation of pyruvate and
H+ ions react with each other to form lactic acid and
NAD+. Lactic acid will quickly dissociate into lactate
and H+ ions. Lactate and H+ ions can then be transported

to the blood or can accumulate within the tissue.

Lactate Accumulation during Exercise

It has been known for many years that lactate is
produéed during vigorous muscle contractions. This fact
has been based on direct evidence (i.e., measurement of
lactate in the muscle itself) and on indirect evidence

from measurements of lactate in the blood.

Intramuscular Lactate

Hultman and Sahlin (1980) have proposed that the
accumulation of lactate in working muscles is related to
the intensity of exercise. They suggested that the lactate
content will be low with workloads corresponding to 60%
of a person's maximal oxygen uptake (V02 max) and increase
to maximal levels with workloads corresponding to a person's
VO2 max and beyond that., They also reported a study by
Hultman and Bergstrom (1973) which showed that at work-
loads corresponding to 75-85% of VO2 max intramuscular

lactate values increased during the first five to
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fifteen minutes of continuous exercise (20-35 mmol:
kg—l wet muscle) then decreased toward the end of the

exercise period (13-20 mmol-kg"1

wet muscle).

Karlsson (1971) suggested that the highest muscle
lactate concentrations are found after exhaustive exer-
cise of one to seven minutes duration. He found that the
concentration of lactate in muscles at the end of maximal
work was approximately the same whether the maximal work
lasted two to three or seven minutes. Karlsson reported
muscle lactate concentrations as high as 22.0 and 24.8
mmol-kg"l wet muscle in two male subjects after maximal
exercise. This was compared with .92-1.84 mmol-kg-1 wet
muscle for the resting skeletal muscle. He also pointed
out that repeated maximal work periods do not increase
muscle lactate concentrations further.

Tesch, Sjodin, and Karlsson (1978) measured intra-
muscular lactate in ten males following 25 repeated iso-
kinetic contractions of the quadriceps. This work bout
lasted for approximately 30 seconds. The mean lactate
concentration was 18.5 mmol-kg—l wet muscle.

Tesch (1978) measured intramuscular lactate in seven
males following 60-120 seconds of intense bicycle exercise.
He reported a mean intramuscular lactate concentration of
20.8 mmol-kg—l wet muscle.

Jacobs (1981) measured intramuscular lactate in four
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males following 50 repeated isokinetic contractions of the
guadriceps. This work bout lasted for approximately 60
seconds. The mean lactate concentration was 22.3 mmol-kg°1
wet muscle.

Jacobs et al. (1983) measured intramuscular lactate
following supramaximal bicycling tests of 10 and 30
seconds. The mean lactate for 15 males after 10 and 30
seconds of supramaximal work were 10.6 and 16.9 mmol-kg"1
wet muscle, respectively.

All of the above studies suggested that high levels
of lactate can accumulate in the muscles of males very
quickly after the onset of muscular contractions in high-
intensity exercise. There has been limited data reported
regarding maximal muscle lactate values in females. Their
values for short-term high intensity exercise have appeared
to be lower than males.

Jacobs, Bar-Or, Karlsson, Dotan, Tesch, Kaiser, and
Inbar (1982) cited a study by Jacobs and Tesch (1981) who
measured intramuscular lactate in females following 30
seconds of bicycle exercise. The number of subjects was
not mentioned. The mean lactate was 12.3 mmol-kg—1 wet
muscle.

Jacobs et al. (1982) measured selected intramuscular
metabolites in nine females following a supramaximal

bicycle test of 30 seconds duration. They reported a mean

intramuscular lactate of 13.9 mmol»l«:g"l wet muscle.



In the previously cited study by Jacobs et al. (1983),
intramuscular lactate was also measured in seven females
following supramaximal bicycling tests of 10 and 30
seconds. The mean lactates for women after 10 and 30
seconds of supramaximal work were 5.7 and 10.8 mmol-kg—1
wet muscle, respectively.

Although females' intramuscular lactate values after
exhaustive exercise appear to be lower than males, lactate
will also accumulate in their muscles very quickly after
the onset of muscular contraction. Lactate is known to be

a small and easily diffusable molecule. Thus, lactate

will also accumulate in the blood.

Blood Lactate

Astrand, Hallback, Hedman, and Saltin (1963) measured
blood lactate in 18 males after a 10 kilometer race (work
time of 35 to 36 minutes), a 30 kilometer race (work time
of 1 hour 50 minutes to 1 hour 56 minutes), and a 50
kilometer race (work time of 3 hours 6 minutes to 3 hours
18 minutes). The mean blood 1actates were 15.4, 7.5, and
4.3 mmol-L_l, respectively. Thus, it appeared that blood
lactate was higher in maximal exercise of a shorter work
period.

Osnes and Hermanssen (1972) measured blood lactate in
fourteen male subjects after intermittent and continuous

bicycling or running. The intermittent protocol involved



14

one minute bouts of maximal exercise five times. The
duration of the maximal continuous test was approximately
two minutes. These investigators showed that maximal
exercise of short duration could increase the blood lactate
concentration up to values as high as 32 mmol'L_l, however,
no mean value was given. This can be compared to a resting
blood lactate value of 1.1 mmol-L‘1 as reported by Gollnick
and Hermansen (1973). The authors also mentioned that
blood lactate will be higher during maximal intermittent
exercise than during maximal continuous exercise.

Sahlin, Alvestrand, Brandt, and Hultman (1978)

measured blood lactate in three males at the end of maximal

bicycling exercise. The work load for exercise was calculated
to lead to exhaustion after six minutes. The mean total
work time for the subjects was ten minutes with a mean

blood lactate of 18.3 mmol-L T,

Fujitsuka, Yamamoto, Ohkuwa, Saito, and Miyamara
(1982) measured blood lactate in 19 males after maximal
treadmill exercise lasting for about one minute. The
mean peak blood lactate concentration was 12.9 mmol-L_l.

The authors also found that blood lactate reaches a maxi-

mum level six to nine minutes after the cessation of exer-

cise, suggesting a delay in achieving peak lactate values
in the blood. The reason for this delay will be discussed
later in this review.

Recently, Costill, Barnett, Sharp, Fink, and Katz (1983)
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measured blood lactate in six males following a tread-
mill sprint run and 400 meter. ' The mean time for the
treadmill sprint run to exhaustion was 82 seconds. The
mean time for the 400 meter run was 60.4 seconds. The
mean blood lactates for the treadmill sprint run and the
400 meter run were 11.3 and 12.3 mmol-L—l, respectively.

In the abéve study the authors noted that the subjects
appeared fatigued after each trial, but they were not
totally exhausted. The authors reasoned that in sprint
running the participant seems to terminate the exercise
before total exhaustion. They felt that this was in contrast
to exhaustive anaerobic work on a bicycle, because unlike
running, the subject's weight is supported, and exercise
can be continued to exhéustion without risk of bodily injury.
This reasoning could explain lower blood and muscle lactate
values reported:after sprint running as compared to bicycling.

There has been little data regarding blood lactate in
women following short-term exhaustive exercise. However,
blood lactates following maximal work have been documented.

Astrand (1960) measured blood lactate in women whose
ages ranged from 20 to 65. The women were divided into the
age groups of 20 to 29, 30 to 39, 40 to 49, and 50 to 65
years of age. Each woman performed an incremental bicycle
test until exhaustion. Mean blood lactates determined after
exercise for thesge age groups were 13.4, 10.8, 9.5, and

8.7 mmol~L_l, respectively. The author mentioned that
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the decrease in blood lactate with age was due to the
younger subject being able to do more work during the
bicycle test.

Hagerman, Fox, Connors, and Pompei (1974) measured
blood lactate in 12 women rowers after ergometric rowing.
The work consisted of four minutes of maximal rowing. They

1 .

found a mean blood lactate of 14.5 mmol:L~ The range

for blood lactate in their study was 12.7 to 17.0 mmol-LT.

Summary

It appears that muscle lactate concentrations can
increase very quickly after the onset of dynamic exercise,
and reach high values in only 30 seconds. Also, males have
higher values than females for short-term high intensity
exercise. According to Jacobs et al. (1983), the difference
in work performed for a specific time period may account
for the lower lactate values for females. The reason for
this could be due to a larger muscle mass in males. However,
some recent studies suggest that female skeletal muscle may
not possess as high a glycogenolytic potential as male
muscle (Komi & Karlsson, 1979; Nygaard, 1981).

Lactate will also accumulate in the blood, But like
muscle lactate, the amount will also be dependent upon the
intensity, duration, and type of exercise. The work of
Jorfeldt, Juhlin-Dannfelt, and Karlsson (1978) shows that

the lactate formed in the muscle during exercise 1s released
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at low and moderate workloads, but is partly accumulated
in the tissue at heavy workloads when rate of lactate
formation is high. Thus, the release of lactate into the
blood may be delayed with high intensity exercise. Also,
it appears that peak blood lactate levels occur some time
after exercise. It is noted that females tend to have
1oWer levels of lactate in their blood following maximal
exercise than do males (Fox & Mathews, 1981). This may
be due to the same reasons for differences in muscle lactate
concentrations in males and females previously discussed.
The formation of lactate during exercise is associated
with release of i ions. These H ions influence the acid-

base (pH) balance of the muscle during exercise.

pH Changes during Exercise

Many metabolic processes will affect acid-base (pH)
balance during exercise, but the major factor determining
the change in muscle pH is the accumulation of lactic acid
(Hultman & Sahlin, 1980). As previously mentioned, lactic
acid will dissociate into lactate and H+ ions and the
accumulation of H+ ions produces a metabolic acidosis (low
pH). Only a few attempts have been made to investigate
the changes in muscle pH which occur during muscular acti-
vity.

Hermansen and Osnes (1972) investigated blood and

muscle pH after continuous exercise to exhaustion and
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intermittent exercise. The exercise was performed on a
treadmill or bicycle. The maximal continuous exercise
was designed to last for approximately two minutes. For
the intermittent exercise, the subjects (2 females and 11
males) performed maximal work which exhausted them in

40 to 60 seconds. They repeated this exercise five times
with a four minute rest between tests.

The mean pH of resting muscle was 6.92 and after one
maximal continuous exercise bout to exhaustion the mean
muscle pH dropped to 6.41. The blood pH decreased from
a mean of 7.42 at rest to a mean of 7.17 immediately after
cessation of one maximal continuous exercise bout. The
blood pH continued: to fallAduring recovery from the maximal
bout and reached its lowest mean value of 7.11 approximately
four minutes after the exercise stopped. In contrast, the
pH of muscle increased rapidly during the first few minutes
of recovery (Hermansen & Osnes, 1972).

For the maximal intermittent exercise, the blood pH
decreased from a mean of 7.42 at rest to a mean of 7.25
after the first exercise bout. The blood pﬁ continued to
fall after each bout to its lowest mean of 6.94. No mean
value was given for muscle pH, but it was shown to decrease
to about the same level after each exercise period, whereas
the blood pH showed a continuous fall. Also, during the
recovery periods for the intermittent exercise, the pH of

the muscle increased rapidly, whereas blood pH continued
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to fall (Hermansen & Osnes, 1972).

The observation that after maximal intermittent work
the blood pH decreased to lower values than those observed
after one maximal continuous exercise bout led the authors
to suggest that the blood pH did not 1limit the work per-
formance of the continuous bout. Furthermore, with
intermittent exercise, the blood pH at the start of the
fifth exercise bout was much lower than at the start of the
first or second work period. The subjects, however,
performed at the same intensity during each of the five
exercise bouts.  The authors concluded that the blood pH
was not the limiting factor for maximal work of this type
(Hermansen & Osnes, 1972).

The observation that after each intermittent bout the
muscle pH decreased to about the same level led the authors
to conclude that the muscle pH might be a limiting factor
during maximal exercise of short duration. The authors
felt that the lowered muscle pH during exercise might
possibly affect the rate of anaerobic glycolysis and this
was the reason why the muscle pH did not decrease further
after each intermittent bout (Hermansen & Osnes, 1972).

In the above study the authors suggested that the muscle
pH might be a limiting factor during maximal exercise of
short duration. A relationship between muscle fatigue and
a low muscle pH has been suggested.

Hermansen and Osnes (1972) reported a study by Fuchs,
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Reddy, and Briggs (1970) which suggested that an increased
H+ ion concentration in the muscle will reduce the binding
capacity for calcium through an inactivation of the
fibrillar protein, troponin. This would lead to an
inability of the muscle to contract.

Based on a review of various studies, Hultman and
Sahlin (1980) suggested that a low muscle pPH may affect
glycolysis by inhibiting two key enzymes in the glycolytic
pathway. The two enzymes were phosphorylase and phospho-
fructokinase. If these two enzymes were inhibited, then
glycolysis would not continue. The authors also suggested
that a low pH can have an effect on muscle contraction by
requiring more calcium to maintain muscular contraction.

Sutton et al. (1981l) showed a reduced exercise per-
formance in subjects with a low muscle pH. The authors
measured muscle glycolytic intermediates in five males after
exercise and suggested that a low pH in the muscle resulted
in the inhibition of phosphofructokinase. This would lead
to the inhibition of glycolysis and the inability to main-
tain and regulate a regular supply of ATP for muscular
contraction. The authors suggested that in heavy exercise,
the production of lactate at a rate higher than lactate
removal may cause a series of events consisting of high
muscle lactate and H' ion concentrations which could lead
to the inhibition of glycolysis.

As previously mentioned, the major factor determining
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the change in muscle pH during exercise is the accumulation
of lactic acid. Sahlin, Harris, Nylind, and Hultman (1976)
have shown a linear relationship between the muscle content
of lactate and the decrease in muscle pH of muscle samples

after short-term bicycle exercise. Thus, changes in muscle
lactate and muscle pH parallel each other,

During exercise, lactate accumulates in the muscle and
the muscle pH will fall. As previously mentioned, a fall
in muscle pH can affect the homeostasis and function of
certain components and systems in the exercising muscle.
Thus, maintenance of pH is of importance if exercise is to
continue. This is determined by the buffering systems of

the muscle.

Buffering Systems of the Muscle

Hydrogen ions (H+) are released in the muscle during
strenuous exercise. These ;8 ions are the result of the
accumulation of lactic acid (94%), pyruvic acid (.3%),
malate (3%), glucose 6-P (2%), and glycerol 1-P (1%)
(Hultman & Sahlin, 1980). The pH would decrease to about
1.5 if the above H ions were added to an unbuffered
solution. However, the muscle pH can reach as low as 6.4
(Hermansen & Osnes, 1972) and the released H+ ions are
taken up by different buffering processes.

Hultman and Sahlin (1980) have classified these pro-

cesses as physico-chemical buffering and metabolic
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puffering. About 61% of the H' ion uptake in muscle

during exercise is due to physico-chemical buffering. The
remaining 39% of the H+ ion uptake is provided by metabolic
buffering processes.

The contribution of physico-chemical buffering depends
on the uptake of H+ ions by weak bases. This buffering is
done by phosphate compounds, bicarbonate (HCOB'), and amino
acids. The amino acids account for approximately half of
the buffering done by the physico-chemical processes
(Hultman & Sahlin, 1980).

The metabolic buffering processes involve the uptake
of H+ ions through certain metabolic reactions. Such
reactions include the utilization of creatine phosphate
(PC), formation of inosine monophosphate (IMP) formed from
AMP through deamination, and the oxidation of amino acids.
Other metabolic changes such as decreased tissue contents
of lactic acid and pyruvic acid absorb H+ ions. Thus, the
metabolic processes involved in the H+ ion balance are
dependent upon the overall metabolism (Hultman & Sahlin,
1980).

The measurement of chemical buffers such as HCOB_
extracellularly (i.e., the plasma) has provided information
concerning the efflux of H+ ions from the exercising
muscle. Investigations have revealed a fall of plasma
HCO, concentrations during exercise which were equivalent

3

to the rise of plasma lactate concentrations (Osnes &



Hermansen, 1972; Sahlin et al., 1978). This suggests that
+ .
lactate and H ions enter the plasma or extracellular

fluid together.

Lactate and H+ ion Efflux from Muscle

With the exception of the early phase of recovery
after exhaustive exercise, lactate and hydrogen ions
seem to move through the muscle cell membrane at the same
rate (Sahlin et gl., 1978). It is possible, therefore, to
use the measurement of lactate within muscle and blood to
gain information on the H' ion activity.

Hultman and Sahlin (1980) reported a study by Sacks
and Sacks (1937) that showed the concentration of lactate
within the muscle, even at steady state, was higher than
that in the blood. This slow translocation of lactate
was proposed to serve a physiological function by protectin
the blood from a low pH or severe acidosis.

Sahlin et al. (1976) found that after dynamic exercise
the lactate content was highly elevated in muscle and the
concentration was two to three times higher than in the
blood. This led the authors to suggest that the translo-
cation of lactate was somewhat restricted.

Jorfelat et al. (1978) found that the release of
lactate rose approximately linearly with the muscle lactate
concentration up to about 4-5 mmol/min, but then leveled

off. A further increase in muscle lactate did not increase

23

g



24

the efflux, suggesting a saturation of the lactate trans-
location process in the muscle;

The mechanisms behind lactate release are not known
in detail. Lactate is an anion, which means that a cation
must be released simultaneously to maintain stable
electrophysiological properties in the cell.' Karlsson and
Jacobs (1982) have proposed that lactate release is neither
an active transport nor a simple diffusion process. These
authors have suggested that lactate release may be a
"facilitated diffusion" (p. 191). It may also be possible
that a membrane bound fraction of the enzyme lactate dehy-
drogenase (LDH) is involved in the transport/release of
lactate, suggesting a shuttle mechanism (Karlsson & Jacobs,
1982). However, the rate of lactate efflux from muscle
has been shown to be influenced by the pH of the extra-
cellular fluid.

Mainwood, Worsley-Brown, and Paterson (1972) found
that lactate efflux from frog sartorius muscles stimulated
to fatigue was impaired at a low external bicarbonate
(HCOB_) concentration or a low pH and facilitated at a
high external HCOB— concentration or high pH. Hirche,
Hombach, Langohr, Wacker, and Busse (1975) showed that
lactate efflux from dogs' gastrocnemii was three times
higher during an extracellular acidosis, low pH. Thus,

a high extracellular HCO., concentration or low H+ ion con-

3

centration appeared to increase the efflux of lactate and
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and a low extracellular HCOS- concentration or high H
ion concentration decreased lactate efflux.

Although lactate and H+ ion efflux from the muscle
to plasma has been considered to occur at similar rates,
the entry may not be strictly equimolar (Jones & Ehrsam,
1982). It has been shown that transmembrane fluxes of H+
ions are linked to the extra- and intracellular concen-
tration of other electrolytes (Hultman & Sahlin, 1980).

In any case, lactate and H+ ions can leave the intracellular
compartment of muscle and enter the plasma, however, when
the rate of lactate formation is high (i.e., during maxi-
mal exercise), lactate will partly accumulate in the muscle
(Jorfeldt et al., 1978).

Because bicarbonate (HCOS-) is an effective intra-
cellular buffer and the efflux of H+ ions from muscle is
increased by adding additional extracellular buffer, it
may be possible to delay the fall in intracellular pH
that occurs with heavy exercise. Many investigators have
attempted to enhance exercise performance by increasing

the HCOS_ reserve prior to exercise.

Studies Investigating Induced Alkalosis Prior to Exercise

In 1931, Dennig, Talbot, Edwards, and Dill reported
that inducing metabolic alkalosis in a normal male with
sodium bicarbonate prior to exercise resulted in an

improvement in performance. Their early findings have
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been supported (Costill et al,, 1983; Jones et al.,
1975, 1977; Rupp et al., 1983: Sutton et al., 1981;
Wildes et al., 1983) and conﬁradicted (Balberman &
Roby, 1983; Johnson & Black, 1953; Kindermann et al.,
1977; McCartney et al., 1983; Poulus, Docter, & Westra,

1974).

Improved Performance

In 1975, Jones and associates investigated the effects
of alkalosis and acidosis on exercise in five subjects
produced by oral administration of sodium bicarbonate
(NaHCOB) and ammonium chloride (NH4C1), respectively.

(This abstract did not include the subjects's sex.) The
oral administration was done with capsules and there was

no mention of the amount. Calcium carbonate (CaCOB) was
also given as a control procedure. Exercise was performed
on a bicycle ergometer and was continuous at 30% VOz max
for 20 minutes, 70% VOZ max for 20 minutes, and ending with
90% %02 max to exhaustion. It was shown that endurance
time to exhaustion was increased in alkalosis and decreased
during acidosis. Mean endurance times at 90% Voz max for
alkalosis, acidosis, and control trials were 7.30. 1.67,
and 4.50 minutes, respectively. No significant p value was
reported for these differences.

Jones et al. (1977) again investigated the effects of

NaHCO NH,Cl, and CaCO

3 4 on exercise performance for five

3
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healthy male subjects. The investigators used a dose of
0.3 grams per kilogram body weight (.Sg'kg_l body weight)
given in capsule form over a'period of three hours. ..The
capsules appeared identical and neither the subjects nor
the investigators knew which agent was being taken in the
study. With this dosage, the investigators noted é sig-
nificant change in resting blood pH between the three
ingestion procedures. The pre-exercise hlood pHs for
NaHCOB, NH4CI, and CaCO3 were 7.43, 7.21, and 7.38,
respectively. This suggested that an extracellular alka-
losis or acidosis had occurred. Exercise was continuous
with the subjects bicycling at 33% ﬁOz max for 20 minutes,
66% VO, max for 20 minutes, and at 95% VO, max until
exhaustion. These investigators showed that endurance
time to exhaustion was increased in the alkalotic condition
and decreased in the acidotic condition. Mean endurance

times at 95% VOZ max for NaHCO NH4C1, and CaCO3 were

3
438, 160, and 270 seconds, respectively. The authors
mentioned that these differences were significant, however,
they did not supply any p values. With respect to the
dosages of NaHCO3 and NH4C1, the authors mentioned that
although the dosages were not equimolar, preliminary studies
showed that they were the highest that could Le given with-
out leading to symptons. Ammonium chloride in higher
dosages led to gastric discomfort and NaHCO3 led to

diarrhea and vomiting.



28

In the same laboratory, Sutton et al. (1981)
repeated the same experiment on five other males with
similar results. Mean endurance times at 95% 602 max for
NaHCOB, NH4C1, and CaCO3 were 5.44, 3.13, and 4.56 minutes,
respectively. These differences were significant (p<.05)
when compared to the control (Cacog).

The previous studies were concerned with the effects
of pH on exercise performance and muscle metabolism. These

studies clearly showed that although low HCO3 levels or a

low pH inhibit performance, high HCO, 1levels or high pH

3

may improve it. Three recently published investigations

also showed that increasing HCO3

levels prior to exercise
improved performance.

Rupp et al. (1983) used the same ingestion procedure
for NaHCO3 as-in the previous two studies, however, lactose
was used as a-.control. These investigators had four male
subjects ride a bicycle ergometer for 20 minutes at 66%
VOZ max followed by 95% 602 max until exhaustion., Their
results showed NaHCO3 significantly increased (p«¢.05)
times to exhaustion when compared with the control. Mean
times to exhaustion for NaHCO3 and lactose were 287 and
214 seconds, respectively.

Costill et al. (1983) had ten males and one woman
ride a bicycle ergometer one hour after consuming either

1

.2g-kg ~ body weight of a NaHCO3 or a placebo drink, table

salt (NaCl). The NaHCO, ingestion increased the resting

3



blood pH to 7.42 which was significantly different (p<.05)
from the placebo blood pH. The subjects performed four

one minute exercise bouts at 125% %o max and a fifth

2
exercise bout was performed to exhaustion. Mean endurance

times during the fifth exercise bout for NaHCO, and NaCl

3
were 169.8 and 113.5 seconds, respectively. This 42%
‘difference was significant at the .01 level.

Wilkes et al. (1983) investigated the effects of
NaHCO3 on 800 meter racing time. These investigators had

six male track athletes ingest NaHCO, and CaCO3 (placebo)

3
in a dose of .Bg-kg_l body weight over a pericd of two
hours in capsule form. Water was given ad libitum. Three
800 meter runs for time were performed after ingesting

either NaHCO3, CaCo or no drug (control); The mean times

37
for the 800 meter run were 2:02.9, 2:05.1, 2:05.8 minutes
for NaHCOB,
time was significantly (p<.05) faster than the placebo and
control times. Thus, following NaHCO3 ingestion, the
average racing time was significantly improved by 2.9
seconds. The authors felt that this improvement in an 800
meter race could be the difference between first and last
place.

In conclusion, all of the above studies have shown
that NaHCO3 improved the performance of high intensity,

short-duration exercise. The reason for this has not

been fully confirmed.

29

CaCOB, and control, respectively. The alkalosis
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In those previous studies which measured plasma
lactate following exercise, it was shown that plasma

lactate was always higher with NaHCO, ingestion (Jones

3
et al., 1975, 1977; Rupp et al., 1983; Sutton et al.,
1981; Wilkes et al., 1983). Also, two studies showed

that there was a greater reduction in plasma HCOS'
following exercise with NaHCO3 ingestion (Rupp et al.,
1983; Wilkes et al., 1983). This evidence of an increase
in extracellular H+ ions following exercise after NaHCO3
ingestion, coupled with the observed increase of extra-—
cellular lactate, implies an augmented efflux of H+

ions and laétate from the exercising muscle. This would
result in limiting the decrease in intracellular pH and
possibly postponing muscle fatigue. However, some studies

have shown that sodium bicarbonate has no influence on

performance.

No Influence on Performance

Johnson and Black (1953) investigated the effects of
certain ergogenic aids on a 1.5 mile croés country race in
11 male high school cross country runners. For two races,
the subjects ingested 3.5 grams of Na.HCO3 four hours prior
to the race. The investigators reported that the runners
did not improve their performance after NaHCO3 ingestion.
No mention was made of racing times in their study.

Margaria et al. (1971) investigated the effects of
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induced alkalosis on supramaximal exercise. The exercise
was performed by 12 male subjects who varied in fitness
levels. These subjects ingested 3.24 grams of an alkali
solution (NaHCOS, sodium citrate, and potassium citrate)
one-half hour before a run on a treadmill. The subjects
ran at 16 kilometers per hour at an incline of 10%
involving a net energy requirement of 80 ml-kg‘l-min-l.
A few additional tests also were done after the admini-

stration of 12 grams of NaHCO, one hour before the run.

3
The investigators reported that the maximal time of per-
formance without the alkali solution ranged from a mini-

mum of 27 seconds to a maximum of 140 seconds and was

not influenced significantly by the administration of the
alkali mixture. The investigators did find, however, only
after massive doses of NaHCO3 (12 grams) did the time of
performance increase up to 5.8%, This improvement, however,
was not considered significant.

Poulus et al. (1974) investigated the influence of
NaHCO3 infusion on acid-base balance and subjective feelings
of fatigue in six trained male subjects during progressive
exercise on a bicycle ergometer. The average amount of
NaHCO3 (8%) infused was 270 ml. The infusion was done
through a superficial vein in the arm. The subjects were
also infused with NaCl (.9%) to serve as a placebo.

Exercise was performed on a bicycle ergometer with the

external load increasing every minute by 10 watts until
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exhaustion. Maximum performance ranged from 335.0 to
340.2 watts. There was no significant difference in
maximum performance between the conditions.

Kindermann et al. (1977) investigated the influence
of bicarbonate and Tris buffer infusion on the performance
of a 400 meter run. Ten males ran 400 meters twice in two
weeks. Before the second 400 meter run, six subjects were
infused with 190 mmol of 8.4% NaHCO3 and four subjects
were infused with 130 mmol of Tris buffer. Infusions were
stopped when blood pH values of greater than 7.5 were
reached. The subjects then had a 15 minute warm-up after
which they ran 400 meters. Mean running times were 62.4
seconds without buffer infusions and 62.6 seconds for
buffered infusions. The authors concluded that running
times were not improved by the buffer infusions.

In a more recent study, McCartney et al. (1983)
investigated the effects of metabolic alkalosis induced

by NaHCOB, metabolic acidosis induced by NH,Cl, and

4
respiratory acidosis induced by 5% COZ inhalation on short-
term dynamic exercise. Six healthy male subjects performed
a work test that required a maximal effort for 30 seconds
on a constant velocity ergometer at a crank velocity of

100 revolutions per minute (rpm). Prior to the work test,
the subjects ingested gelatin capsules containing a dose

NH

equivalent to .Sg-kg_l body weight of NaHCO Cl, and

3’ 4

CaCO3 (control) over a three hour period. The results
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showed small differences in total work. Mean total work,
expressed in joules (J), was 21,529, 20,482, 21,714, 19,595

joules for CaCoO NH,C1, NaHCOS, and 5% 002 inhalation,

3>
respectively. None of these small differences were signi-
ficant.

In a recently published abstract, Balberman and Roby
(1983) investigated the effects of induced alkalosis and
acidosis on ten male subjects exercising maximally for
one minute on a Cybex II dynamometer. The dosage employed

was .Sg-kg-l body weight of NaHCO NH,Cl, and CaCO,. Their

3’ 4 3

results showed no significant differences in total work
between trials. Total work, expressed in kilojoules (KJ),

was 728, 727, 753 kilojoules for CaCO NH,Cl, and NaHCO

3’ 4
respectively. This led the authors to state '"that any

3)

possible ergogenic effects of sodium bicarbonate are not

apparent during short intense exercise" (p. 143).
Summary

On the basis of all the studies discussed (see Tables
1 and 2), the use of NaHCO3 as an ergogenic aid seemed to
depend on three factors: 1) the dosage given prior to
exercise; 2) the type of exercise performed; and, possibly
3) the fitness levels of the subjects. It may have been
possible that in two of the studies showing no improvement
in performance, the dosage of NaH003 was not sufficient

enough to produce a substantial increase in the buffer



Table 1. Summary of studies supporting that NaHCO3 improves performance,
Study Subjects Treatment Dosage Work Protocol Results
Jones et al. 5(sex ?7) NaHCO3 ? 30% VO2 max for Time to exhaustion
(1975) CaCoO 20 min7, 70% VO2 increased with
NH4C§ max for 20 min. NaHCOB. (No p value)
90% VO, max to
exhaustion.
Jones et al. 5 males NaHCO3 .Bg'kg‘l 33% Vb max for Time to exhaustion
(1977) CaCoO body wt. 20 min?, 66% VO increased with
NH4C§ max for 20 min.] NaHCOB. (No p value)
95% VO, max to
exhaustion.
Sutton et al. 5 males NaHCO3 .3g-kg°1 33% VO max fQr Time to exhaustion
(1981) CaCO body wt. 20 min?7, 66% VO increased (p<.05)
NH4C§ max for 20 min.| with NaHCOB.
95% VO, max to
exhaustion.
Rupp et al. 4 males NaHCO .Bg-kg_l 66% VO max fqQr Time to exhaustion
(1983) LactoSe body wt. 20 min?, 95% VO increased (p<.05)
max to exhaustidn. with NaHCOS.
Costill et al. 10 males NaHCO3 .2g‘kg—1 4, 1 min. bouts at Time to exhaustion
(1983) 1 female NaCl body wt. 125% VO, max, 5th increased (p<.01)
bout at“125% VO with NaHCOB.
max to exhaustiln.
Wilkes et al. 6 males NaHCO3 .Sg-kg_l 800 meter run. Run time was faster
(1983) CaCO3 body wt. (p<.05) with NaHCOs.

ve



Table 2.

Summary of studies showing that NaHCO3 had no influence on performance.

Study Subjects Treatment Dosage Work Protocol Results
Johnson & 11 males NaHCO3 3.5 grams 1.5 mile cross Times did not
Black (1953) country race. improve with NaHCOB.
Margaria et al. 12 males An alkali 3.24 grams Treadmill run at Time of performance
(1971) solution. 16 kph and 10% did not improve
grade. with solution.
Poulus et al. 6 males NaHCO3 Infusion of 10 watts every 1 Maximal performance
(1974) NaCl 270 ml. min. until did not improve
exhaustion. with NaHCOB.
Kindermann et 10 males NaHCO3 Infusion of 400 meter run. Run time did ot
al. (1977) Tris 190 ml of improve with NaHCOS.
buffer NaHCO,, 130
ml of " Tris
buffer.
McCartney et 6 males NaHCO3 .3g~kg—1 30 second bike Total work did not
al. (1983) NH,C1l body wt. test. improve with NaHCOS.
cato,
Balberman & 10 males NaHCO3 .Sg-kg‘l 1 min. Cybex test. Total work did not
Roby (1983) NH, C1 body wt. improve with NaHCO3.
Ca603

GE




reserve (Johnson & Black, 1953; Margaria et al., 1971).

Is there an optimal or minimal dosage of NallCO, that can

3

be taken to enhance performance? Also, the type of

exercise performed in the studies varied from performing

to exhaustion, performing during a specified time period,

and performing for a specified distance. Is NaHCO3 use-

ful in exercise lasting less than two minutes? And last,

the physical fitness of the subjects varied between

studies. It has been shown that the metabolic profile of

the working muscles can be modified within an individual

by training. Will a change of blood pH therefore be

expected to produce varying effects on performance capacity?
It may be of interest to notice the lack of use of

female subjects in all the previous studies. Will females

improve their performance with fhe use of NaHCO3 prior to

exercise? As cited earlier in this review, female skeletal

muscle may not produce as high lactate levels as males.

This may be due to a lower glycogenolytic potential in

their muscle or it may also be related to the smaller

muscle mass in females as compared to males, The conse-

quences of these factors relative to the use of NaHCO3 as

an ergogenic aid to improve exercise performance have not

been investigated.



CHAPTER III

METHODOLOGY

Introduction

The purpose of this investigation was to ascertain
whether the ingestion of sodium bicarbonate enhanced per-
formance during short-duration maximal exercise of trained
females. All testing took place in the Human Performance
Laboratory at the University of Wisconsin-LaCrosse. The
procedures and. instrumentation used to obtain data for

this investigation have been described in this chapter.

Subject Selection

Fifteen female graduate and undergraduate students at
the University of Wisconsin-LaCrosse volunteered to par-
ticipate in this study. The subjects were given a self-
administered activity questionnaire to determine if they
were trained or untrained (see Appendix A). The activity
guestionnaire was based on exercise guidelines provided by
the American College of Sports Medicine (1978). A subject
was considered trained if they engaged in a continuous,
aerobic activity involving large muscle groups at a heart
rate exceeding 60 percent of their maximal heart rate reserve

for more than 20 minutes per exercise session, three or more

37
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times per week.

Prior to participation in any part of the experiment,
the purpose and design of the experiment was explained.
Also, the investigators explained the equipment and testing
procedures. Each subject was then required to read and
sign an informed consent form (see Appendix B). The subjects
were also required to participate in two practice sessions
to become familiar with the testing equipment and protocol.

The subjects were told the purpose of the study was
to determine whether sodium bicarbonate (NaHCOS) enhanced
performance during short-duration maximal exercise on a
bicycle ergometer. Also, in conjunction with another study,
blood lactate levels were also investigated. The subjects

were encouraged to give a "true' maximal effort.

Ingestion Procedures

The subjects were tested in a post-absorptive state
(i.e., fasting at least eight hours). They were asked to
ingest a drink containing 18 ounces of cold tap water with

1

either .2g-kg ~ body weight of NaHCO, or 5g of NaCl. This

3
dosage of NaHCO3 has been shown to change blood parameters
enough to place the subject in an alkalotic condition
(Costill et al., 1983). 1In a personal communication with
Fink (1983), who works with Costill at the Ball State
Laboratory, a dosage of .2g-kg_1 body weight was given

instead of .Sg-kg'l body weight because it was felt that




the subject could not tolerate
drink.

that .2g-kg_1

39

the latter dosage in a

Also, preliminary studies at Ball State showed

body weight changed the blood pH signifi-

cantly toward the alkalotic condition after 45 minutes

post ingestion and plateaued at one hour.

On this basis,

a period of 60 minutes elapsed prior to the exercise test.

In addition, sodium chloride (NaCl) was used as a placebo

in the Ball State studies simply because it dissolved in

water and was not much different in taste from NaHCOS.

The five grams of NaCl used in

this study was determined

by the investigators to sufficiently mimic the taste of

varying amounts of NaHCOB.

The subjects were informed that

a double blind situation existed in that neither the sub-

ject nor the investigators knew which treatment, NaHCO3 or

NaCl, the subject received.

Exercise

Test

The subjects participated

bicycle ergometer. Two trials

30 seconds duration 60 minutes

NaHCO, or NaCl. The remaining

3

in four trials on a Monark
involved a work test of
after ingesting either

two trials involved a work

test to exhaustion 60 minutes after ingesting either NaHCO3

or NaCl.

The trials were randomly assigned and the subjects

did not know which trial they were participating in prior

to each testing session.

The work task employed was the Wingate Anaerobic
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Test (Ayalon et al., 1974) for two trials and a modifica-
tion for the remaining two trials. The Wingate test has
involved all-out pedalling for 30 seconds against a speci-
fied resistance. In this study, two trials involved a 30
second time period and the remaining two were continued to
exhéustion. The Wingate test has been used for the evalua-
tion of the capacity for short-duration, maximal exercise.
Its reliability and usage has been described in many
studies (Ayalon et al., 1974; Inbar, Dotan, & Bar-Or,1976;
Jacobs, 1980; Inbar, Kaiser, & Tesch, 1981; Jacobs et al.,
1982; Jacobs et al., 1983; Kaiser, Rossner, & Karlsson,
1981; Rotstein, Bar-Or, & Dlin, 1982). However, only one
study was found in which the Wingate test was extended to
60 seconds (Bosco, Lutanen; & Komi, 1983),

A mechanically braked bicycle ergometer was used and
the resistance applied was standardized for all subjects.
All subjects pedalled maximally against a resistance of
.075kg x kg body weight. The work test involved all-out
pedalling at this resistance. The number of pedal revo-
lutions was electronically recorded on a chart recorder
and the number of pedal revolutions were counted for every
five-second interval during each test (éee Appendix C).
From this, the following indices were derived: power out-
put (kgm-30 seconds—l) for the 30 second tests; power out-
put for 60 seconds (kgm-60 seconds—l) of the work tests

to exhaustion if the subject reached this point; power
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output for each five-second interval (kgm-5 seconds-l)
of the 30 second tests; and power output for each five-
second interval (kgm-5 seconds-l) up to 60 seconds of
the work tests to exhaustion. The formula used to
calculate power (kgm-seconds_l) was: kilograms of
resistance X 6 meters x revolutions. Time to exhaustion

(in seconds) was also recorded.

Experimental Treatment of Procedures

The subjects were required to participate in two
practice sessions prior to the actual testing. At the
first practice session, the purpose and design of the
experiment was explained. The subject was asked to read
and sign the informed consent form and fill out the
activity questionnaire. The subject was also weighed with
clothes and shoés on and the dosage of NaHCO3 and exercise
test workload were calculated. Following these procedures,
the subjectvwas seated on the bicycle and the proper seat
height was determined. The seat height allowed for a slight
bend in the subject's knee when their leg was fully extended
on the pedal. This was considered to be the most efficient
position for bicycling. However, subject comfort was
emphasized. The feet were strapped into the pedals with
velero straps. Both practice sessions involved bicycling
for approximately five minutes at a workload of .5kp and

a speed of 15 kilometers per hour. Then the subject's
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actual test workload was applied to the bicycle wheel and
the subject was asked to pedal as quickly as they could

for approximate€ly 15 seconds. The workload was then reduced
to .5kp and the subject was to pedal lightly for a minute.
Appointments for the actual testing were made at the second
practice session.

The tests were conducted with at least 72 hours be-
tween tests. As previously stated, the exercise tests and
ingestion treatments were randomized.

On the day of each test, the subject arrived one hour
prior to the exercise test. The subject was given a drink
containing 18 ounces of cold tap water with a predetermined
dosage of NaHCO,4 (.2g-kg~1 body weight) or 5g of NaCl. The
subject was given 5 minutes to consume the drink and was
asked to remain in the laboratory for the next 55 minutes.
The subject was aliowed to void if necessary.

Fifty-five minutes after ingesting the dosage, the
subject was prepared. for the test. The seat was adjusted
to the proper height and the subject's feet were strapped
onto the pedals. Sixty minutes after ingesting the dosage,
the subject was asked to warm-up for three minutes at .5kp
resistance and a speed of 15 kilometers per hour. After
three minutes of warm-up, the subject stopped pedalling.
Before the test began, the subject was reminded to pedal
as fast and as hard as possible until instructed to stop

or until exhaustion. The subject was instructed not to
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pace herself. The subject was then instructed to slowly
increase their pedal revolutions against .5kp resistance
for five seconds at which point the predetermined work-
load was applied to the bicycle wheel and the test began.
The subjects were verbally encouraged throughout the bi-
cycle test. The test was terminated at either 30 seconds
or exhaustion. Exhaustion was defined as the inability to
complete one pedal revolution while sitting on the bicycle.
The investigators carefully observed the subject to prevent
recruitment of other muscles, such as standing or pulling
on the handle bars.

Upon- termination of the test, the workload was removed
and the subject warmed-down for three minutes at .5kp and
a comfortable speed. The subject was encouraged to walk
around after getting off the bicycle.

In conjunction with another study, blood samples were
drawn from each subject. A blood sample was drawn one-half
hour before each work test and six minutes after each work

test. The blood sample was analyzed for lactate concentration.

Statistical Treatment of Data

The means and standard deviations were calculated for
all physical characteristics and all other indices derived.
The results were analyzed to determine whether the ingestion
of sodium bicarbonate enhanced performance during short-

duration maximal exercise of trained females. A dependent
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"t test was used to examine the effect of NaHCO3 and

NaCl ingestion on: 1) power output means (kgm-30 s,econds,"1

)
for the 30 second tests; 2) power output means for 60
seconds (kgm-60 seconds'l) of the tests to exhaustion;

and, 3) mean times to exhaustion (seconds). A two-way
analysis of variance with repeated measures (BMD program)
was used to examine the effect of NaHCO3 and NaCl ingestion
on: 1) power output means (kgm-5 seconds_l) for each five-
second interval of the 30 second tests; and, 2) power out-
put means (kgm-5 seconds—l) for each five-second interval
up to 60 seconds of the tests to exhaustion. Significance

was accepted at the .05 level of confidence.



CHAPTER 1V

RESULTS AND DISCUSSION

Introduction

The basic intent of this study was to ascertain
whether the ingestion of sodium bicarbonate enhanced per-
formance during short-duration maximal exercise in trained
females. The statistical analyses of data and the findings

have been discussed in this chapter.

Results

Subjects

Data were collected on 15 female college students
who were attending the University of Wisconsin-LaCrosse.
All were screened before their acceptance as subjects.
Each subject fulfilled the requirements to be considered
aerobically trained, as outlined by the American College
of Sports Medicine (1978). Physical characteristics for
this group can be found in Table 3 with individual data
in Appendix D.

The weight of each subject was used to calculate
their NaHCO3 dosage (grams) and pedal resistance (kiloponds).

The NaHCO3 dosage for the group ranged from 10.4 to

45
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13.9 grams with a group mean of 12.3 grams. The pedal
resistance ranged from 3.9 to 5.2 kiloponds with a group
mean of 4.6 kiloponds (see Appendix E for individual data).

Table 3. Means and standard deviations for physical
Characteristics of subjects (N=15).

Age Height Weight
(yr) (cm) | (kg)
X 24.1 166.8 61.3
S.D 3.8 5.9 5.0

Power Output for 30 Second Tests

A dependent t-test comparing the effects of NaHCO, and

3
NaCl ingestion on power output for the 30 second’tests
found no significant (p<.05) difference between the mean
power output values following NaHCO3 or NaCl ingestion.
The calculated test value was 1.443 compared to the critical
value of 2.145 with 14 degrees of freedom. The individual
data can be found in Table 4.

Figure 1 shows the five-second-by-five-second mean
power output values for the 30 second tests following NaHCO3
or NaCl ingestion. An analysis of variance revealed no

significant (p<.05) difference between conditions for

each five-second interval of the 30 second tests.



Table 4. Power output values (kgm-30 Seconds_l) for
the 30 second tests.

Subject NaHCO3 Treatment NaCl Treatment
1 1108.8 1135.2
2 1267.2 1094 .4
3 | 1341.6 1279.2
4 1297.2 1297.2
5 1161.6 1161.6
6 1381.8 1381.8
7 1346.4 1377.0
8 1296.0 1324.8
9 1184.4 1159.2
10 1135.2 1082.4
11 1293.6 1234.8
12 | 1186.8 1135.8
13 1320.0 1350.0
14 1264.2 1290.0
15 1099.8 1076.4
X 1245.6 1225.3
S.D. 91.9 110.1
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Power Output for 60 Seconds of the Tests to Exhaustion

Only eight of the 15 subjects involved in the study
could reach 60 seconds of the exhaustion tests following
both NaHCO3 and NaCl ingestion. A dependent t-test

comparing the effects of NaHCO, and NaCl ingestion on

3
power output for 60 seconds of the tests to exhaustion
found no significant (p<¢.05) difference between the mean
power output values following NaHCO3 or NaCl ingestion.

The calculated test value was 1.078 compared to the
critical value of 2.365 with seven degrees of freedom.

The individual data can be found in Table 5.

Figure 2 shows the five-second-by-five-second mean
power output values for the eight subjects up to 60 seconds
of the tests to exhaustion. An analysis of wvariance
revealed no significant (p«.05) difference between con-

ditions for each five-second interval up to 60 seconds of

the tests to exhaustion.

Time to Exhaustion

A dependent t-test comparing the effects of NaHCO3
and NaCl ingestion on time to exhaustion found no signi-
ficant (p<.05) < ifference between the mean times to

exhaustion following NaHCO_, or NaCl ingestion. The

3

calculated test value was 1.231 compared to the critical

value of 2.145 with 14 degrees of freedom. The individual



Table 5. Power output values (kgm-60 seconds_l) for
60 seconds of the exhaustion tests.

Subject NaHCO3 Treatment NaCl Treatment

2 2102.4 1814.4

5 1821.6 1716.0

6 , 2199.6 2058.6

8 2102.4 2131.2

9 1814 .4 1864.8

13 2070.0 2130.0
14 1960.8 1960.8
15 1708.2 1731.6

X 1972.4 1925.9
S.D. 174.3 169.3
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data can be found in Table 6.

Discussion

Subjects

The mean values for the physical characteristics of
the subjects in the present study were similar to the
mean values obtained in other studies involving females at
the University of Wisconsin-LaCrosse (Milburn & Butts,
1983; Wilkinson, 1981). The mean values for the subjects
in this study were also similar to the mean values
obtained in studies evaluating short-duration maximal
exercise capacity of females (Jacobs et al., 1982; Jacobs
et al., 1983; Rotstein et al., 1982).

The subjects experienced no problems ingesting the
required dose of NaHCOB. However, following the tests,
some of the subjects experienced minor acute gastointestinal
distress and diarrhea.

The mean pedal resistance for this study was slightly
lower than the optimal pedal resistance for a maximal
anaerobic test on a bicycle ergometer suggested by Katch,
Weltman, Martin, and Gray (1977). However, Katch et al.
(1977) used heavier subjects (X=74.6 kilograms) in their
study and no mention v made of the subjects' sex. Also,
an all-out pedalling frequency has been shown to produce

more revolutions in 0-30 seconds and 0-60 seconds than



Table 6. Time to exhaustion (seconds) for the
tests to exhaustion.
Subject NaHCO3 Treatment NaCl Treatment

; 37 34

2 97 105

3 57 55

4 55 69

5 110 80

6 103 91

7 51 62

8 150 130

9 68 145

10 65 36
11 36 56
12 243 50
13 75 133
14 277 71
15 193 123

% 107.8 82.7
S.D. 79.3 36.5
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’

under a pacing plan (Katch, Weltman, & Traeger, 1976).
Thus, the exercise test used in this study could be

considered a maximal anaerobic test.

Power Output for 30 Second Tests

The result of the present study that NaHCO3 ingestion
prior to exercise had no significant (p€.05) effect on
power output for the 30 second tests is in agreement with
the work of McCartney et al. (1983) who reported small,
non-significant differences in power output for a 30
second work test following NaHCO NH

Cl, CaCO, ingestion,

3’ 4 3
and CO2 inhalation in males. They felt that the most likely
explanation for their results was that the alteration in
blood acid-base balance had little influence on muscle pH.
The result of the present study is in contrast with
the findings of many other investigators who reported that
NaHCO3 improved performance (Costill et al., 1983; Jones
et al., 1975, 1977; Rupp et al., 1983; Sutton et al., 1981).
These investigators had their subjects exercise at various
intensities prior to an endurance test. This subsequent
exercise could have lowered muscle pH enough to affect per-
formance by the mechanisms previously discussed in Chapter
II of this paper. These mechanisms were related to the
contraction process of the muscle and the inhibition of

glycolysis. In the above studies, NaHCO, ingestion

3
improved performance by possibly delaying a further

’
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’

reduction in muscle pH by promoting the efflux bf lactate
from the muscle.

Blood lactates were measured in the present study in
conjunction with another project. Following 30 seconds
of maximal bicycle exercise, mean blood lactate values for
the NaHCO, and NaCl treatment were 8.1 and 6.8 mmol.L™%
blood, respectively (p<.05). This result suggested that
NaHCO3 ingestion promoted the efflux of lactate across the
muscle cell membrane. This finding is in contrast with the
work of McCartaney et al. (1983) who reported no significant
difference in blood lactate wvalues with NaHCO3 ingestion
when compared to the control following 30 seconds of maxi-
mal bicycle exercise. The reason for the difference
between McCartney et al. (1983) and the present study is
not clear. It may be related to the larger number subjects
used in the present study or differences in lactate
analysis.

In summary, it appeared that NaHCO3 ingestion did not
improve performance of the 30 second work test despite
a significant difference between blood lactate values. A
possible reason for this was that the alteration in blood

acid-base balance (due to NaHCO, ingestion) had little

3
influence on muscle pH. The measurement of muscle pH and
muscle lactate in this study could have provided additional

information concerning this statement.
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Power Output for 60 Seconds of the Tests to Exhaustion

The result of the present study that NaHCO3 ingestion
prior to exercise had no significant (p<.05) effect on
power output for 60 seconds of the tests to exhaustion
is in agreement with the work of other investigators who
found no improvement in performance lasting approximately
60 seconds following induced alkalosis (Balberman & Roby,
1983; Kindermann et al., 1977; Margaria et al., 1970).
Balberman and Roby (1983) found a slightly higher mean
value for total work following NaHCO3 ingestion in males
who performed 60 seconds of maximal isokinetic contractions
of the quadriceps and hamstrings. This was not significant
when compared to the control. These investigators also
reported a higher mean blood lactate value with NaHCO3
ingestion, however, it was not considered significant when
compared to the control. Blood lactate was not measured
following 60 seconds of exercise in the present study.

Kindermann et al. (1977) showed no improvement in
performance times for a 400 meter run following bicarbonate
infusion. This event lasted approximately 60 seconds in
their study. They also found similar mean blood lactate
values between the infusion condition and control, which
led them to conclude that the pH of the muscle was not
the limiting factor in exercise of this duration.

Margaria et al. (1970) showed no improvement in the

-

performance of a supramaximal treadmill run in males
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following the ingestion of an-alkali mixture. However, the
dosage employed in their study was less than half the dosage
used in the present study. The dosage used in the present
study was the same used by Costill et al. (1983), who
showed an improvement in performance with NaHCO3 ingestion.

The result of the present study is in contrast with
the findings of many other inﬁestigators who reported that
NaHCO3 improved performance (Costill et al., 1983; Jones
et al., 1975, 1977; Rupp et al., 1983; Sutton et al., 1981).
The reason for the differences between these studies and
the present study may be that the alteration in blood acid-
base balance had little influence on muscle pH in the
present study.

Wilkes et al. (1983) showed that NaHCO, ingestion

3
improved performance times in a 800 meter run. This event
lasted approximately two minutes in their study. This is
in contrast to the present study which showed no improve-
ment in performance for maximal exercise lasting 60 seconds.
Based on these results, it may be of value in future
studies to measure muscle pH to determine if there is a
critical pH level at which performance is impaired and if
NaHCO3 ingestion could help maintain the muscle pH within
non-critical levels.

In summary, it appeared that NaHCO3 ingestion did

not improve performance for 60 seconds of the tests to

exhaustion. A possible reason for this may be that the
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pH of the muscle was not the decisive limiting factor
in maximal exercise of this duration. Thus, the alteration
in blood acid-base balance would have had little influence

on muscle pH.

Time to Exhaustion

The result of the present study that NaHCO, ingestion

3
prior to exercise had no significant (p<£.05) effect on time
to exhaustion is in contrast with the findings of many
other investigators who reported that NaHCO3 increased time
to exhaustion (Costill et al., 1983; Jones et al., 1975,
1977; Rupp et al.; 1983; Sutton et al., 1981). However,
the results of the present study should be regarded with
discretion. Although the mean value for time to exhaustion

appeared to be higher following NaHCO, ingestion compared

3
to NaCl (107.8 versus 82.7 seconds), the standard deviations
were also much higher for the NaHCO3 treatment compared to
NaCl, suggesting a larger variation in those scores. After
careful scrutiny of the data, it appeared that a learning
factor could have influenced the results even though prac-
tice sessions were required prior to data collection. The
subjects were interviewed following the study to see if

they felt that there was a learning factor. The subjects
that performed longer on the second exhaustion test, whether

they were given NaHCO3 or NaCl, felt that they may have

stopped too early on the first test (see Appendix F for
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discussion on the use of the Wingate Test for short-

duration maximal exercise).

Summary

Based on the data obtained in this study, it was
concluded that NaHCO3 ingestion prior to exercise had no
significant (p<.05) effect on<power output for 30 and 60
seconds of maximal exercise. One reason for this may be
that the alteration in blood acid-base balance (due to
NaHCO3 ingestion) had little influence on muscle pH.
Another reason may be that the pH of the muscle was not the
decisive limiting factor in maximal exercise of this
duration.

It was also found that NaHCO3 ingestion prior to
exercise had no significant (p<.05) effect on time to
exhaustion. However, this data must be regarded with dis-
cretion, because it appeared that a learning factor was

involved when working to exhaustion.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary

The purpose of this inveétigation was to ascertain
whether the ingestion of NaHCO3 enhanced performance during
short-duration maximal exercise of trained females. The
subjects in the investigation were 15 trained female
volunteers from the University of Wisconsin-LaCrosse.

After two practice sessions, each subject participated
in four trials on a Monark bicycle ergometer. Two trials
involved a work test of 30 seconds duration, 60 minutes
after ingesting a drink containing either .Zg-kg-l body
weight of NaHCO3 or 5 grams of NaCl. The other two trials
involved a work test to exhaustion 60 minutes after ingesting

either NaHCO, or NaCl.

3
The number of pedal revolutions were counted during
each test and from this the following indices were derived;
power output (kgm-30 seconds_l) for the 30 second tests,
power output for 60 seconds (kgm-60 seconds—l) of the tests
to exhaustion; and, power output for each five-second inter-

val (kgm-*5 seconds"l) of the 30 second tests and up to 60

seconds of the tests to exhaustion. Time to exhaustion

Al

60
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was also recorded.

Dependent "t'" tests were used to analyze the effect
of NaHCO3 and NaCl ingestion on power output for the 30
second tests, power output for 60 seconds of the tests to
exhaustion and time to exhaustion. An analysis of variance

was used to analyze the effect of NaHCO, and NaCl ingestion

3
on the power output for each five—second interval of the
30 second tests and up to 60 seconds of the tests to

exhaustion.

Conclusions

Within the limitations of this study and based on the
statistical analysis-of the data, the following conclusion
was made: the null hypothesis, stating that the ingestion
of sodium bicarbonate will have no significant effect upon
the performance of short-duration maximal exercise of
trained females,; was accepted. These additional conclusions
were also made:

1) There was no significant (p<.05) difference between
mean power outputs (kgm-30 seconds_l) for the 30 second
tests following NaHCO3 or NaCl ingestion.

2) There was no significant (p<.05) difference between
mean power outputs (kgm-60 seconds_l) for 60 seconds of the
tests to exhaustion following NaHCO3 or NaCl ingestion.

3) There was no significant (p<.05) difference between

1

mean times to exhaustion for the tests to exhaustion
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following NaHCO3 or NaCl ingestion.

4) There was no significant (p<.05) difference between
conditions for each five-second interval (kgm-5 seconds_l)
of the 30 second tests.

5) There was no significant (p«<.05) difference between
conditions for each five—second interval (kgm-5 seconds_l)
up to 60 seconds of the tests to exhaustion.

6) A possible reason for the result that NaHCO3
ingestion did not improve the performance of short-duration
maximal exercise in this study may be that the alteration
in blood acid-base balance (due to NaHCO3 ingestion) had
little influence on muscle pH.

7) Another possible reason for the result that NaHCO3
ingestion did not improve the performance of short-duration
maximal exercise in this study may be that the pH of the
muscle was not the decisive limiting factor in maximal
exercise of 30 or 60 seconds duration.

8) The ingestion of NaHCO, prior to maximal exercise

3
of 30 or 60 seconds duration had no ergogenic benefit in

trained females.

Recommendations for Further Study

It is recommended that the following factors be
incorporated in future studies: an aerobically trained

male population; anaerobically trained subjects, male and

female; untrained subjects, male and female; muscle and
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blood lactate measurements; muscle and blood pH measure-
ments; standard bicarbonate concentration and base excess
measurements in the blood. ‘

It may be difficult to apply the results from the
present study to other activities that last from zero to
60 seconds. Thus, it is further recommended that
additional studies, which invélve the efféct of NaHCO3
ingestion on shbrt—duration exercise, incorporate the
specific event in the study to which the results can be

applied.
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Activity Questionnaire

Name

Date

Height

Weight

Age

Telephone

1. Are you presently engaged in some form of regular
exercise or activity?(3 times per week)

2. If yes, have you engaged in it regularly for the last
3 weeks?

3. Were you active in the last 3 months?(prior to the
last 3 weeks)

4, How frequently and how intensely do you engage in the
following activities?

Intensity
Strenuous 60% of max HRR (max HR=220-age)

(max HRR=max HR-RHR)
Moderate 50-60% max HRR (THR=max HRR x ?% + RHR)
Light 0-50% max HRR
Activity days/week min./session intensity

aerobic dance

basketball

bicycling(outdoor)
bicycling(stationary) .
bowling

calisthenics

x-country skiing

down-hill skiing

golf




Activity days/week min./session
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intensity

gymnastics

handball

hiking

ice skating

Jjogging

racketball

rebounding

rollerskating

rowing

running

snowshoeing

softball

swimming

sguash

tennis

volleyball

walking

weightlifting

other

Have you had a max VOZ test? when?
Was it done on the treadmill or bicycle?
What was your value? ml-kg"1~min—1

Are you presently lifting weights? How often?
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INFORMED CONSENT FOR SODIUM BICARBONATE STUDY

I, , being of sound mind and years of
age, volunteer to be a subject in a study to determine the
effects of sodium bicarbonate on power output and blood
lactate levels during short-duration maximal exercise. I
understand participation in this project will require that
I ingest either sodium bicarbonate (baking soda), or sodium
chloride (table salt) prior to riding on a bicycle ergometer
for a specified period of time.

I will be asked to participate in four trials on a Monark
bicycle ergometer.: Two trials will involve a work test of
30 seconds following ingestion of either sodium bicarbonate
or sodium chloride. Two trials will involve a work test

to exhaustion following ingestion of either sodium bicar-
bonate or sodium chloride. The workload on the bicycle
will be determined based on my body weight. I will then
pedal at an all-out rate for the required time.

One hour prior to each ride I will be required to consume
either .2g-kg-1 body weight of sodium bicarbonate or 5 grams
of sodium chloride dissolved in a drink with 18 ounces of
water. I will not be informed which drink I have consumed.
I will then exercise maximally at my individually calculated
workload. Prior to this exercise I agree to abstain from
food, drink,; and aspirin at least 8 hours and will attempt
to keep my diet the same for the 72 hours between tests.

I also understand that preceeding and following each bi-
cycle test I will have 4ml of blood drawn from the ante-
cubital vein in my arm.  The area will be sterilized with
alcohol preceeding the draw and the blood will be drawn
by a trained phlebotimist. Since there are 4 bicycle
tests, a total of 8 draws will be taken. This blood will
be analyzed for lactate content.

As with any exercise, there exists the possibility of ad-
verse changes occurring (staggering, difficulty in
breathing, dizziness, etc.) during the tests. In addition,
I will feel tired at the end of the exercises. If any
abnormal observations are noted the test will be imme-
diately terminated. Also, the dosage of sodium bicar-
bonate has been determined to be well within safe levels,
however, there may exist the possibility of some slight
gastric discomfort immediately following the exercise.
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The tests will be conducted by Doug Crowell and Ellen
Brewster. These individuals are graduate students in the
Adult Fitness-Cardiac Rehabilitation graduate program at
UW-LaCrosse, and will be under the supervision of

N.K. Butts, Ph.D., Professor of Physical Education.

I consider myself to be in good health and to my knowledge
I am not infected with a contagious disease or have any
limiting physical condition or disability, especially with
respect to my heart, that would preclude my participation
in the tests described.

I have read and I understand the above document and under-
stand the procedure. Any questions which may have occurred
to me have been answered to my satisfaction. I have been
fully advised of the nature, the possible risks, and compli-
cations involved in it, all of which risks and complications
I hereby assume voluntarily.

I hereby acknowledge that no representations, warranties,
guarantees or assurances of any kind pertaining to this
project have been made to me by the University of Wisconsin-
LaCrosse, the officers, administration, employees or by
anyone on behalf of any of them.

I understand that I may withdraw from the study at any
time. o

Signed this day of s
19 , inthe presence of the witnesses whose signatures
appear opposite my signature.

Witnessed by:

(subject)
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NAME:

SEAT HEIGHT:

WORKLOAD kp.

rev,

TRIAL 1

LACTATE VALUES:

TRIAL 2

LACTATE VALUES:

TRIAL 3

LACTATE VALUES:

TRIAL 4

LACTATE VALUES:

TREATMENT: TRIAL 1:

NaHCO

5 sec. 10

3 gms.,

AGE: yrs. HT. in.

EXERCISE ACTIVITY:

15 20 25

NaCl gms.

1bs. kg. POST ABSORP, hrs.

FEMALE:

55 60

70

75 80 85

TOTAL REV.

105 110 115 120

post-ex.

post-ex.

post-ex.

post-ex.

or NaCl

or NaCl

(circle one)

or NaCl 3:

NaHCO, or NaCl

3

LL
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Physical Characteristics of Subjects

Subject Age(yrs.) Height(cm.) Weight(kg.)

1 32 163.8 59.1

2 24 170.8 63.6

3 21 180.9 69.5

4 20 170.2 60.9

5 27 160.0 58.9

6 22 162.6 63.1

T 20 170.8 68.0

8 20 165.7 64.2

9 21 163.2 55.5

10 28 167.6 59.1
11 24 171.4 64.8
12 25 167.6 57.8
12 22 165.7 66.8
14 29 185.7 56.6
15 27 1585.6 51.8

X 24.1 166.8 61.3

D 3.8 5.9 5.0
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Dosage and Pedal Resistance for Subjects

Subject Dosage(gms. ) Resistance(kp.)
1 11.8 4.4
2 12.7 4.8
3 13.9 5.2
4 12.2 4.6
8 11.8 4.4
6 12.6 4.7
7 13.6 5.1
8 12.8 4.8
9 e W B 4.2
10 1.8 4.4
11 13.0 4.9
12 11.5 4.3
13 13.4 5,0
14 11.3 4.3
15 10.4 3.8
X 18.3 4.6
8.D. 1.0 .37
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The Use of the Wingate Test for Short-

Duration Maximal Exercise

The Wingate Test has consisted of all-out pedalling
for 30 seconds against a specified resistance. In the
present study, this test was extended to exhaustion for
two trials in order that the subjects would give an all-
out performancé through 60 seconds and minimize any pacing
that might have occurred. However, only one study was
found in which the Wingate Test had been extended to 60
seconds (Bosco et al., 1983). This was done with male
basketball players. All of them completed the test suc-
cessfully.

In the present study, only eight of the 15 female
subjects reached 60 éeconds both times during the tests
to exhaustion. The reason for this was not clear.

Jacobs et al. (1983) used the 30 second test in a
study which involved both male and female subjects. They
found that males generated more power than females in the
30 second test, although this may not have been the case
had power output been expressed relative to leg mass. Leg
mass measurements were not performed in all the subjects
in their study.

Leg mass may have been oné reason that only eight of

the 15 female subjects in the present study reached 60

seconds both times during the tests to exhaustion. Leg

83
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mass may also have been one reason fof the large variation
in the time to exhaustion scores in the present study.
There may have been other factors that influenced the
results of the present study.

Inbar et al. (1981) have shown a significant positive
correlation between the percent of fast-twitch muscle
fibers and power decrease of the 30 second Wingate Test
for males. Fast-twitch muscle fibers are known to have a
high anaerobic capacity, which is useful in sprint-like
activities (Karlsson, 1979).

Komi and Karlsson (1978) reported a positive corre-
lation between the distribution of fast—twitéh fibers and
sprint capacity for males, but not for females. In a
later study (1979), these same authors suggested that
female skeletal muscle may not possess as high a glycolytic
potential as male muscle.

The variability in performance of the females in the
present study may have been due to the combination of a
smaller leg mass, 'a lower distribution of fast-twitch fibers,
and a lower glycolytic potential. The measurement of leg
mass and the distribution and potential of muscle fiber
types should be included in future studieé involving work
tests similar to the one in the present study.

Because of the variability in performance of the sub-

jects in the tests to exhaustion, a test-retest reliability
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was done on a group of males and females not involved in
the present study. The group consisted of three males
and three females (N=6). They were asked to pedal to
exhaustion twice against a resistance of .075kg x kg
body weight. They were told not to pace themselves and
to continue until they were at exhaustion. This was the
same protocol used in the pfesent study. A period of

72 hours existed between the two tests and two practice
sessions were done using the same protocol as in the
present study.

Correlations of 0.97, 0.97, and 0.74 were found for
power output - values of 30 seconds, power output values at
60 seconds and time to exhaustion, respectively. The 30
and 60 second values were significant (p<.05) but the time
to exhaustion was not. Five of these subjects reached
60 seconds both times and one of the females did not reach
60 seconds both times.

The high correlation (r=.97) found for 30 seconds is
supported by the work of Ayalon et al. (1974), who found
a correlation of 0.91 for the test-retest reliagbility for
the 30 second Wingate Test. The correlation of 0.97 did
support its usage in the present study and the data
obtained from it. -

No data could be found on test-retest reliability for
60 seconds and time to exhaustion. Only one study was found

that extended the Wingate Test to 60 seconds (Bosco et al.,
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1983) and they did not report any test-retest reliability
data. However, a correlation of 0.97 did support the
extension of the Wingate Test to 60 seconds in the present
study and the data obtained from it. The correlation of
0.74 obtained for time to exhaustion did not support the
extension of the Wingate Test to exhaustion in the present
study and the data obtained from it must be considered
unreliable.

As a point of interest, the practice sessions that
were done for each subject prior to the present study did
not involve pedalling to exhaustion. This researcher asked
six of the original subjects to participate in two more
tests to exhaustion foilowing the study. This was done to
observe if a learning factor had existed in the study. A
correlation of 0.99 (p<¢.05) was found for a test-retest
reliability for time to exhaustion with these six subjects.
Thus, if the practice sessions in the present study involved
the subjects to pedal to exhaustion, the learning factor

that appeared might have been eliminated.



