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ACCUMULATION OF OXYGEN DEBT AND CHANGES IN
OTHER SELECTED VARIABLES DURING A
STANDARDIZED RUN ON A MOTOR-

DRIVEN TREADMILL

by Richard B. Bell

The purpose of this study was to determine the pattern
of oxygen debt accumulation during a standardized sub-
maximal run on a motor-driven treadmill. In addition to
oxygen debt accumulation, the pattern of change of other
selected variables was studied. These variables included
heart rate, oxygen pulse, and oxygen uptake. The stand-
ardized run was arbitrarily chosen to be of ten-minutes
duration at a speed of ten miles per hour at zero per cent
grade.

Six trained subjects were tested on a motor-driven
treadmill over an eight-week period. The standardized ten-
minute run was divided into ten fifteen-second runs for
the first two and one-half minutes, five thirty-second runs
for the next two and one-half minutes, and five one-minute
runs for the last five minutes. These twenty separate
runs were administered in random order to each of the
subjects.

A standard fifteen-minute post-exercise recovery
period was used with all runs. This recovery period was
divided, for purposes of gas collection and analysis, into
eight fifteen-second intervals during the first two

minutes of recovery, six thirty-second intervals during
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the next three minutes, and one ten-minute interval during
the remainder of the recovery period.

Data were collected also during three five-minute
rest periods and three standard five-minute warm-up runs
at six miles per hour and zero per cent grade.

During the rest periods and warm-up runs data were
collected at one-minute intervals. Expired air was
collected during both the runs and recovery periods and
analyzed for oxygen and carbon dioxide content, volume,
and tempgrature. Means and standard deviations were cal-
culated for each interval in the run, recovery, warm-up,
and rest periods,

The total mean oxygen debt for the ten-minute stand-
ardized run was 3.096 liters. This oxygen debt was accu-
mulated, for the most part, during the initial stages of
the run and probably was due to a circulatory lag. Such
an oxygen debt is referred to as an alactacid debt. Mean
heart rate values reached a value of 186 beats per minute
during the tenth minute of exercise. For runs of less than
two minutes and thirty-seconds, the heart rate reached
near basal levels during the fifteen-minute recovery
period. The heart rate remained elevated after fifteen
minutes of recovery for runs of longer duration. Cxygen
uptake increased with exercise duration due to increased

metabolic demands. Oxygen pulse reached a mean value
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of 18.82 milliliters per beat during the tenth minute of
exercise., These values basically agreed with other values

reported in the literature.
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CHAPTER I

INTRODUCTION

The accumulation of oxygen debt occurs in submaximal
exercise as well as in maximal exercise. The amount of
oxygen debt accumulated is measured by analyzing a sample
of expired air collected during a post-exerclse recovery
period and by calculating the amount of oxygen used in
excess of basic requirements. In short bouts of strenuous
exercise, the accumulation of oxygen debt makes 1t possible
to convert stored chemical energy into usable mechanical
energy. Anaerobic energy thus supplied 1s in addition
to that supplied via the aerobic metabolic pathways. If
work intensity increases beyond the individual's aerobic
capacity, the subject must rely on anaerobic chemical
processes for much of the energy required to accomplish
the work.

The phenomenon of oxygen debt has been well documented
in the literature for many years. However, most investi-
gators have been concerned with the total oxygen debt
accumulated or with the biochemical nature of oxygen debt.
Few, apparently, have been interested in the pattern of
accumulation of oxygen debt during a given exercise period,

be it maximal or submaximal. The writer hopes this study



will add to the total knowledge of the phenomenon of oxygen

debt.

Statement of the Problem

The purpose of this investigation was to determine
the pattern of oxygen debt accumulation during a stand-
ardized, submaximal run on a motor-driven treadmill. In
addition to oxygen debt accumulation, the pattern of change
of other selected variables was also studied. These
variables included heart rate, respiratory quotient,
respiratory frequency, ventilation volume, true oxygen, and
oxygen pulse. However only oxygen debt, oxygen uptake,
oxygen pulse and heart rate are reported at this time. Raw
data for the remailning variables may be obtained from the

Human Energy Research Laboratory, Michigan State University.

Scope of the Study

The sample for this study was drawn from individuals
who had participated in previous studies involving tread-
mill running. In addition, individuals participating, or
who had previously participated, in intercollegiate
athletics were selected for the study. The final sample of
six individuals included three with varsity track exper-
ience, two with varsity hockey experience, and one indi-
vidual with extensive treadmill experience. It was hoped
that such individuals would minimize the effects of

training as the study progressed.



Limitations of the Study

The small sample size and the nonrandom selection of
subjects 1limit the generality of the conclusions.

There was control over the diet or living habits of
the six subjects invovled in the study.

Individual motivation during the testing periods was
not considered.

Several Douglas Bags were in poor condition through-
out the study. This resulted in a slight loss of expired
air during some portions of the data collection.

A repeat of the runs was not posslible because of the
time involved and the laboratory schedule at the time this
study was occurring.

Individual variations in height, weight, and body

build were not considered.

Definition of Terms Used in This Study

Respiratory Quotient.--Respiratory quotient is the

ratio of carbion dioxide exhaled to oxygen extracted. It
generally 1s used for determinations of the amount of fat,
carbohydrate, and/or protein utilized during a specific
period of muscular work.

Ventilation Volume.--Ventilation volume refers to

the corrected volume of air, in liters, expired during a

specific time interval.



Oxygen Pulse.--Oxygen pulse is the amount of oxygen

removed from the blood per heart beat. It 1s determined
by dividing the oxygen uptake by the heart rate for a
specific time interval.

True Oxygen.--True oxygen 1s the amount of oxygen

extracted from the lungs during a specific time interval.

Oxygen Debt.--Oxygen debt is the amount of oxygen

required, in the post-exercise period of recovery, to
reverse the anaerobic reactions of the exercise period.

Anaerobic Work.--Anaerobic work 1is that work done

by the organism which occurs in the absence of free

oxXygen.



CHAPTER IT

LITERATURE REVIEW

In his book Physiology of Muscular Activity, Karpovich

(13, p. 57) states that if work intensity increases beyond
a certain optimal point, additional work must depend on
anaerobic chemical processes in the muscles for the neces-
sary energy to continue that work. When the concentration
of lactic acid in the blood reaches three to four per cent,
the muscles cannot continue to contract. After the work
period (exercise) is completed, the oxygen consumption
remains at a high level until the oxidation of the accumu-
lated products of exercise has been completed or, in other
words, until the oxygen debt has been paid.

Taylor (24, p. 151) claims that in submaximal
exercise the oxygen debt 1is a result of a circulatory lag
during which time the circulation is increased to the point
at which the oxygen requirement of the work is met by the
oxygen delivered to the working tissues. An oxygen debt
of this type increases in a linear manner with increasing
work intensity, but there comes a point when the circula-
tory system no longer supplies oxygen to the working
tissues at a rate which will meet the metabolic require-

ments of the working muscles. At this point, the oxygen



debt rises rapidly as the metabolic demands of the body are
being met by anaerobic chemical processes.

According to Dill and Sacktor (9, p.966), an accumula-
tion of oxygen debt always occurs in maximal exercise of short
duration. The accumulation of oxygen debt makes it
possible, in short bouts of exercise, to convert stored
chemical energy into mechanical energy in excess of the
capacity of the respiratory and cardiovascular systems
to supply oxygen to the working tissues.

Hill, Long and Upton (11, p.996) say there are two fac-
tors involved 1n repaying the oxygen. The first factor is a
rapid component involving the removal of lactic acid from '
the working tissues. This is designated as the alactacid
component. The second factor is a slower component invol-
ving the removal of lactic acid from the blood. This is
designated as the lactacid component. However, moderate
exercise of long duration can produce fatigue without an
increase of lactic acid in the blood, and the removal of
lactic acid from the system does not run parallel to the
repayment of oxygen debt. Moderate exercise of short
duration produces no increase of lactic acid in the blood,
yet there is an oxygen debt. The evidence for no increase
in lactic acid in moderate work is found in the unchanged
concentration of lactic acid in the blood and its ready

diffusablility between the tissues and blood.
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In the experiments of Margaria et al. (15), a skilled
runner walked or ran for ten minutes at various speeds and
grades on a motor-driven treadmill. In exercise not
requiring maximal oxygen consumption, the lactic acid in
the tissues and blood reached an equiiibrium throughout
the body. For oxygen debts of three to four liters there
was no increase in lactic acid concentration, but beyond
six liters of oxygen debt the concentration of lactic
acid was a linear function of the extra oxygen consumption.
The oxygen consumption curve during recovery was a sum cf
four functions:

1. The basal oxygen consumption,

2. The oxygen consumption attributable to oxida-
tion of lactic acid,

3. Another exponential function cf time oc<cu
at a fast rate,

=
[
o
o}
o

4, Oxygen consumption decreasing slowly during
recovery.

Margaria et al. (15} aiso conciuded that tn2 alactacid

oxygen intake during exercice while the iactacid cxygen

debt began only when the work was carried cn under anaerobic
conditions. In moderate exercise, the oxygen dett could
reach a value as high as four liters without evidence of
lactic acid accumulation in the bloecd. In severe exer-
cise, however, the large oxygen debt could not be explained

by the accumulation of lactic acid alone.



In a similar manner, the work of Dill et al. (7)
showed that the initial rapid payment of the oxygen debt
in isolated muscle is not correlated with the removal of
lactic acid from the blood as the oxygen debt was produced
during the first minutes of recovery. In work such that
no lactic acid appears in the blood, the alactacid debt
may be as large as three liters. When work is of an
anaerobic nature, a debt due to the formation of lactic
acid 1s contracted. The alactacid debt may be paid off
during the first five minutes of recovery but subsequent
repayment of the lactacid component depends on the rate of
lactic acid removal. Although the lactacid and alactacid
debts are contracted concurrently, the latter is repaid
twenty times more rapidly than the former.

Margaria, Edwards and Dill (15) say there is general
agreement that the oxygen debt 1s due to delayed oxidation
of a fraction of the lactic acid produced during anaerobic
phases of muscular activity. However, this mechanism does
not explain all the processes which occur in the repayment
of the oxygen debt. In moderate work the alactacid oxygen
debt accounts for most of the lag in oxygen consumption at
the beginning of work before a steady state is reached.
Lactacid oxygen debt is not appreciable until oxygen intake
is equal to or greater than 2.5 1/02/minute. The oxygen
consumption curve during recovery results from the sum of

four functions, two of which are concerned with oxygen



debt. These are, of course, the lactacid and alactacid
components of oxygen debt previously discussed.

Probably the most significant study in this area of
interest was an unpublished study by Bailey, Orban, and
Merriman (19). The purpose of the study was to compare the
oxygen consumption, oxygen debt, and oxygen requirement
patterns of trained and untrained subjects during a five-
minute treadmill run of six miles per hour at a twenty-
five per cent grade. Partial results of their data are
shown in Figure 1. The oxygen requirement is equal to the
total oxygen intake plus the oxygen debt.

The respiratory quotient has been defined previously
as the ratio of carbon dioxide exhaled to oxygen extracted.
The primary sources of fuel for muscular activity are
carbohydrates, fats, and proteins with carbohydrates and
fats being the main sources of energy under normal circum-
stances (13, p. 46). Because of their different chemical
structures these sources of muscular energy have different
respiratory quotients. The respiratory quotient for carbo-
hydrates is 1.0, since for every molecule of oxygen used
a molecule of carbon dioxide is released. The respiratory
quotient for fat is 0.7. For protein it is approximately
0.8. However, the amount of protein oxidized during
muscular exertion is usually insignificant. During
exercise the respiratory quotient rises, providing the

exercise is not exhaustive. During recovery, however, the
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respiratory quotient may be over 1.0. This is a spurious
respiratory quotient due to over breathing following the
cessation of exercise.

Oxygen pulse increases during exercise as the heart
rate increases. Values of 11.0 ml to 17.0 ml at heart
rates of 130 to 140 beats per minute have been reported
(13, p. 135); but with further acceleration of the heart
rate, oxygen pulse may, in fact, tend to decrease.
Following cessation of exercise, the oxygen pulse value
may return to the pre-exercise level faster than the heart
rate. This 1is due to a diminished venous return which
reduces the amount of blood passing through the lungs. A
smaller amount of oxygen is therefore absorbed from the
lungs.

When exercise begins, pulse rate increases rapidly
with the largest increase occurring within the first
minute. However, pulse rate changes are dependent on the
individual (13, p. 167). The time required for the pulse
rate to return to normal after exercise depends on two
factors: (1) the intensity of the exercise, and (2) the
condition of the individual. Post-exercise pulse rates
may even fall below the pre-exercise level. However, the
pre-exercise pulse rate level 1s subject to some criticism
as it may be easily influenced by several psychological

and environmental factors.



CHAPTER III

RESEARCH METHODS

The purpose of this investigation was to determine the
pattern of accumulation of oxygen debt and the changes that
occur in other selected variables during a standardized run
on a motor-driven treadmill. The variables studied were
oxygen debt, oxygen pulse, heart rate, and oxygen uptake.
Means and standard deviations were caulculated for each
part of the ten-minute run. The results were also recorded

graphically.

Sampling Procedure

Nine subjects were originally chosen for this exper-
iment. To qualify as a subject, an individual had to be a
varsity athlete and/or have had previous treadmill exper-
ience, and be in good physical condition. It was necessary
'to eliminate three of the subjects at the beginning of data
collection because of the time required for data collection
on each subject. Of the six subjects retained, five were
varsity athletes with previous treadmill experience while
the sixth had only previous treadmill experience but was
judged to be in good physical condition. The ages of the

subjects ranged from eighteen to twenty-one years.

12
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Experimental Design

- For this experiment, the standard run was arbitrarily
chosen to be of ten-minutes duration at a speed of ten miles
per hour at zero per cent grade. In order to determine, as
accurately as possible, the rate of oxygen debt accumulation
during the run, the standardized ten-minute run was divided
into ten fifteen-second runs for the first two and one-half
minutes, five thirty-second runs for the next two and one-half
minutes, and five one-minute runs for the last five minutes.
The ten-minute run thus was divided into twenty components.
Each component was administered as a separate run and each
was followed by a standard fifteen-minute recovery period.
In addition, three five-minute sitting rest periods, during
which data were collected at one-minute intervals, were
included in the testing schedule since base levels for the
varlables under consideration were required. Three five-
minute warm-up runs at six mlles per hour, zero per cent
grade, followed by a fifteen-minute warm-up recovery period
also were included in the testing schedule. Thus each subject
had to complete twenty-six test periods, and each testing
schedule was randomlzed for each of the six subjects. The
subjects were not aware of their daily aésignment until data
collection was to begin for that day.

Each fifteen-minute recovery period was divided for
purposes of gas collection and analysis. The recovery

period consisted of eight fifteen-second intervals during
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the first two minutes of recovery, six thirty-second inter-
vals during the next three minutes of recovery, and one
ten-minute 1interval during the remainder of the recovery.
Data were collected five days per week over a period of
eight weeks. Each subject came to the laboratory at the
same time every day he was to be tested in an attempt

N

to reduce the diurnal effects on exercise.

Testing Procedures

FEach day, on reporting for testing, each subject
first had the recording electrodes attached. Three zinc
electrodes were used, two being chest leads and one being
a ground lead placed on the lower back. These electrodes
were securely attached by adhesive as well as masking tape.

If the subject was to be tested during a five-minute
rest period or during the standard five-minute warm—up.run
(six miles per hour at zero per cent grade) followed by the
fifteen-minute warm-up recovery period, he was 1mmediately
fitted with an adjustable head gear holding the triple-J,
low resistance, valve. If the subject was to be tested
during one of the twenty component runs, he completed the
standard warm-up and warm-up recovery before being fitted
with the head gear. The outlet of the triple-J valve was
connected to a Franz Mueller four-way valve via a short
section of non-collapsible rubber tubing. The Franz Mueller
valve was manually operated and was switched to the next

Douglas Bag as close to the completion of a specific time
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interval as possible. All switches between Douglas Bags
were made at end inspiration to provide for gas collection
over a number of respiratory cycles. Expired air was
collected in fifty-liter Douglas Bags during each rest
period, each run, and during the first five minutes of each
recovery period. A three-hundred-liter Douglas Bag was
used during the last ten minutes of the recovery period.
Expired air was collected only for the first twenty seconds
during all one-minute intervals because of the limiting
size of the fifty-liter Douglas Bags. (These twenty-
second volumes were corrected to one-minute ﬁalues.)

Heart rate was recorded on a Sanborn model 60-1300 recorder.
At the completion of each time interval, a Douglas Bag
containing expired air was removed from the Franz Mueller
valve, stoppered, and immediately analyzed. On completion
of a run, the treadmill was stopped, and the subject

sat down immediately for the fifteen-minute recovery
period.

The explired air was analyzed with a Beckman Model E2
oxygen analyzer and a Beckman Model 15A L/B infrared carbon
dioxide analyzer. Next, each Douglas Bag was evacuated
using a Kafranyil volume meter in order to determine both
the volume and the temperature of the expired air. A
correction factor to account for the alir extracted by the
Ooxygen and carbon dioxide analyzers was added to each

Volume obtained via the Kafranyil meter.
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Following data collection, a chartl was used to
convert the carbon dioxide valves to percentage carbon
dioxide. Respiratory quotient and true oxygen values were
obtained from a nomogram using percentage carbon dioxide
and percentage oxygen as guidelines. A typical data sheet
is shown in the Appendix.

For each testing period, percentage carbon dioxide,
percentage oxygen, respiratory quotient, true oxygen,
corrected ventilation, and oxygen uptake (0z/liter/minute)
were calculated for each time interval of the rest, warm-
up, the exercise, and recovery periods. The Bastat Cont/
Data 3600 computer program was used to calculate mean
values and standard deviations for each time interval for
the six subjects. Thus, a mean value for each time interval
of the exercise, recovery, warm up, and rest periods was
obtained. These mean values were used to plot the data
graphically.

Oxygen debt for each component run was calculated
by subtracting the resting oxygen uptake value from the
recovery oxygen uptake value. (The resting value was
multiplied by fifteen as the recovery period was of

fifteen minutes duration.)

lLaboratory Conversion Chart.



CHAPTER IV
PRESENTATION AND DISCUSSION OF DATA

The purpose of this investigation was to determine
the pattern of oxygen debt accumulation during a stand-
ardized sub-maximal run on a motor-driven treadmill. In
addition to oxygen debt, the pattern of heart rate, oxygen
uptake and oxygen pulse were also studled. The sub-
maximal run was arbitrarily selected to be of ten-minutes
duration. It was divided into ten fifteen-second inter-
vals, five thirty-second intervals, and five one-minute
intervals in order to accurately determine the pattern of
change for each variable. Mean values for each time

interval of each variable were plotted graphically.

Heart Rate

Mean heart rate values follow the expected pattern
during the ten-minute exercise period. From a mean resting
value of 64.5 beats per minute (see Fig. 2) the heart rate
rises to a mean peak value of 186 beats per minute at the
conclusion of the exercise (see Fig. 4). This would
indicate that the exercise is of an intense nature although
certainly not exhaustive.

There are two stages in cardiac acceleration during

muscular exercise. These are the increase in rate which

17
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Figure 3.--Mean heart rate values (beats per minute)
for the actual ten-minute run and the composite ten-minute
run.
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Figure U4.--Mean heart rate values (beats per minute)
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occurs immediately upon commencement of the exercise and
that which develops more gradually. The immediate acceler-
atlion of the pulse rate at the ‘onset of exercise occurs too
promptly to be a result of the Bainbridge reflex and
probably is due to impulses arising in the motor areas of
the cortex overflowing to the cardio-inhibitory center

(1, p. 247). However, after the initial stages of work

the 1ncreased acceleratory tone contributes to the increased
heart rate. The important factof in the delayed heart rate
increase is the rise in venous pressure and the elicitation
of the Bainbridge reflex. In the athlete, however, an
increased cardiac output is due to an increase in stroke
volume and the heart rate increase plays a lesser role.

The recovery of the heart rate also followed a
predictable pattern. For runs shorter than two minutes and
thirty seconds the heart rate was returned to near basal
values during the measured fifteen-minute recovery period.
In fact basal levels were reached before two minutes of
recovery had passed. Runs of longer duration were charac-
terized by an elevated heart rate at the completion of the

recovery period.

Oxygen Uptake

The expected pattern for rate of oxygen consumption
during a period of exercise is a steady rise after the onset
of exercise followed either by a leveling off 1f the exer-

cise 1s of moderate intensity or a secondary rise if the
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Figure 7.--Mean oxygen uptake values (liters per minute)
for the five-minute rest, the five-minute warm-up run at
six miles per hour zero per cent grade, and the fifteen-
minute warm-up recovery period.
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Figure 9.--Mean oxygen uptake values (liters/min.)
for all six subjects, the two best subjects, and the two
worst subjects for the actual ten-minute run.
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Figure 1l.--Mean recovery oxygen uptake values
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run, and the ten-minute run.
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exercise is moderately severe. The results of this exper-
iment indicated an exercise priod of moderate severity.
During muscular exercise oxygen consumption is increased
several fold. There are only two ways by which the tissues
can be supplied with the extra oxygen they require. These
are an increased circulatory rate or a greater coefficient
of oxygen extraction (i.e., removal of more oxygen from
each unit of blood) (1, p. 246). With moaerately severe
exercise the coefflcient of oxygen utilization is usually
doubled while the cardiac output 1is increased up to four-
fold. This would permit an eight-fold increase in oxygen
consumption. This rise in oxygen utilization during
muscular exercise is attributed to the diversion of a
larger proportion of the total blood volume through the
contracting muscles. The rate of oxygen consumption is
said to represent the physiological cost of the exercise
(23, p. 27).

In any given individual there is a linear relation-
ship between oxygen uptake and heart rate during sub-
maximal work. The slope of the line however changes with
the state of physical fitness of the individual. Indi-
vidual differences in oxygen consumption are explained on
a basis of greater circulatory reserve. Circulatory
reserve depends on the heart rate, the stroke volume, and
the arterio-venous oxygen difference. The increase in
stroke volume 1s lowest for non-athletes but it is quite

pronounced for competitive athletes.
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The pattern of oxygen uptake 1is somewhat erratic

after the five-minute mark of the ten-minute run. This

is probably due to the individual differences in physical
conditioning of the subjects involved and/or to the small
sample size. Two of our subjects were in superior condi-
tion (one was competing in cross country) and thus required
less oxygen to sustain muscular effort. By way of con-
trast, the two individuals with varsity hockey experience

were in relatively poorer physical condition.

Oxygen Debt

Oxygen debt, as calculated from oxygen uptake values
ranged from a mean value of 1.419 liters for the fifteen-
second run to a mean value of 3.227 liters for the ten-
minute run. The mean rate of net oxygen debt accumulation
(Fig. 12) was determined by dividing the mean oxygen debt
for each component run by the run time. The results indi-
cated an oxygen debt accumulation which was highest during
the initial stages of the run. Such an oxygen debt would
be due, primarily, to a circulatory lag which occurred
at the beginning of the exercise period. 1In addition, the
oxygen debt thus accumulated would be rapidly repaid during
the recovery period and would be defined as the alactacid
portion of the total oxygen debt as defined by Hill et al.
(11). Oxygen debt for work loads below the point at which
lactic acid would be detectable in the blood stream is paid

off within four minutes after the completion of exercise.
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Figure 13.--Mean net oxygen debt accumulation (liters)
during the ten-minute composite run for all six subjects,
the two best subjects, and the two worst subjects.
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Oxygen consumption during recovery is considered to be a
sum of four functions. These functions are a basal oxygen
consumption, an oxygen consumption attributable to the
oxidation of lactic acid (this is a slow process and is
referred to as the lactacid component of oxygen debt), a
fast component referred to as the alactacid component of
oxygen debt, and lastly an oxygen consumption decreasing
very slowly during the recovery period.

The erratic pattern of the oxygen debt graphs may
be attributed to differences in physical condition of the
subjects and/or to the small number of subjects used in
the experiment. This erratic pattern limits the conclu-
sions which could be drawn regarding the possible repay-

ment of oxygen debt during the run.

Oxygen Pulse

Oxygen pulse is defined as the amount of oxygen
removed from the blood per heart beat. In this experiment
oXygen pulse rose from a mean value of 8.76 milliliters for
the fifteen-second run to 18.82 milliliters for the ten-
minute run. These figures generally agreed with other
values reported in the literature (21, p. 167). The oxygen
pulse measured during the five-minute rest averaged 5.042
milliliters which also agreed with values reported in the
literature. Oxygen pulse measurements are said to be a
good index of the output of the heart. Oxygen pulse values

rose rapidly to 20.57 milliliters during the one-minute
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thirty-second component of the ten minute run and then
leveled orff. This was the general pattern of both the
mean heart rate and the mean oxygen uptake during the run.
An increased heart rate and/or a greater coefficient of
oxygen utilization as work intensity is increased are the
two factors involved in this increase.

The cardiopulmonary system of a healthy young adult
at rest need only supply 250 milliliters of oxygen to the
body tissues each minute. At rest the subjects in this
experiment required an average of 325.08 milliliters of
oxygen each minute. The difference is probably due to some
degree of nervous anticipation prior to the exercise period
or to the failure of the subjects to be in a fully rested,
quiet state before data were collected during the five
minute rest period. During vigorous exercise the cardio-
pulmcnary system must supply as much as 5,500 milliliters
of oxygen per minute or a twenty-two fold increase. During
the tenth minute of exercise the six subjects in this
experiment required an average of 3517.26 milliliters of
oxygen. This 1ncreased supply of oxygen is provided by a
great increase 1in cardiac output per minute and by an
increase 1n alveolar ventilation.

Increased activity of skeletal muscles lowers tissue
POz, raises tissue PC02, increases tissue temperature, and
lowers tissue pH. This favors dissociation of HbO2 and the

delivery of oxygen to the working tissue. During mcderate
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Figure 17.--Mean oxygen pulse values (mls. per heart
beat) for the actual ten-minute run and the ten-minute
composite run.
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exercise there 1s no significant change in arterial POZ’

PCO or pH. The factors responsible for an increase in

29
ventilation during moderate exercise are not known but it

is likely that multiple factors are involved.

Rest and Warm-Up Data

Three five-minute rest periods and three five-minute
warm-up runs at six miles per hour and zero per cent
grade were included in the experimental design. Both the
rest period and the warm-up run were divided into five
cne-minute intervals and samples of expired air were tadken
during the first twenty seconds of each minute. The data
indicate that no basal trend was established for heart
rate, oxygen uptake, and oxygen pulse during the five-
minute rest. It would seem that either a longer resting
period 1is necessary or the subjects be in a completely
rested state before data are collected in order to achieve
values as close to a basal level as possible. Oxygen
pulse and oxygen uptake values returned to apparent basal
values during the fifteen-minute recovery pericd follcwing
the five-minute warm-up run. Heart rate, however, remained
slightly elevated although close to basal levels as
measured by the five-minute rest.

Because of an inconsistent pattern during the five-
minute rest, basal values for all variables were determined

by taking the mean of only the last three minutes of the
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five-minute rest period. Rest and warm-up graphs are
included with graphs of each parameter studied in order to

make the total picture of each parameter more meaningful.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study was to determine the
pattern of oxygen-debt accumulation during a standardized,
sub-maximal run on a motor-driven treadmill. In addition
to oxygen debt, the pattern of other selected variables
also was studied. These variables included heart rate,
oxygen pulse, and oxygen uptake (liters/minute).

Six subJects were tested five days per week on a
motor-driven treadmill for a period of eight weeks. A
standardized run of ten miles per hour at zero per cent
grade was divided into ten fifteen-second runs for the first
two and one-half minutes, five thirty-second runs for the
next two and one-half minutes, and five one-minute runs for
the remaining five minutes. A fifteen-minute recovery period
was also divided into eight fifteen-second intervals for the
first two minutes, six thirty-second intervals for the next
three minutes and one ten-minute interval for the remaining
ten minutes of recovery. In addition, three five-minute rest
periods, during which data were collected at one-minute inter-
vals, were included in the testing schedule since basal levels
for the variables under consideration were required. Three
five-minute warm-up runs at six miles per hour, zero per

cent grade, followed by the standard fifteen-minute

Ly
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recovery period, were also included in the testing schedule.
Thus each subject had to complete twenty-six test periods.
Each testing schedule was completely randomized for each of
the six subjects. Data were collected on heart rate,

oxygen pulse, oxygen debt, and oxygen uptake (liters/
minute). Means and standard deviations for each interval

of each variable were calculated and plotted graphically.

Conclusions

1. The mean total oxygen debt for a ten-minute
standard run at ten miles per hour and zero per cent grade
was 3.096 liters. The largest portion of this debt was
accumulated during the initial stages of the run and may be
referred to as the alactacid portion of the oxygen debt.
The large initial debt was due to a circulatory lag at the
beginning of the exercise period.

2. During this experiment, oxygen debt was not
accumulated to a greater degree as the duration of work
increased. Mean net oxygen debt accumulation appeared to
level off after the two-minute and thirty-second run
(Fig. 14).

3. Heart rate increased with work duration to a mean
maximal value of 186 beats per minute during the tenth
minute of exercise. This would seem to indicate the work

was of an intense nature although certainly not exhaustive.
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k. Oxygen consumption increased with work duration
up to an optimal point. After this point, anaerobic
mechanisms supplied the energy and an oxygen debt was
accumulated. Oxygen requirement (Fig.l5 ) increased with
the duration of work through the ten-minute run.
5. Oxygen pulse values increased with work duration
only during the initial stages of work (Fig. 17). Following -
the initial stages of exercise, oxygen pulse values tended
to level off as work duration increased indicating, further, A
an increasing dependence on the anaerobic mechanisms for
the needed energy requirements.
6. A five-minute rest period was not of sufficient
length to establish accurate basal levels of any of the
parameters considered in this experiment. The final three
minutes of the five-minute rest period appeared to yield a
truer indication of basal levels and was used to calculate

the resting levels of all of the parameters.

Recommendations

1. This study should be repeated with several modi-
fications in the experimental design. Repeats of each run
should be conducted in order to make use of more sophisti-
cated methods of statistical analysis. This would result
in better interpretations of the results.

2. Larger Douglas Bags should be used to collect

expired air during the thirty-second and one-minute runs.
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3. A larger, more random sample should be used.

4. Collection of blood samples during each run
should be considered in order to determine blood lactate
concentrations during both the run and the recovery periods.

5. A slower treadmill speed should be considered in
order to clearly differentiate between an exhaustive and a
sub-maximal run.

6. A longer rest period is needed in order to
achieve more nearly basal levels.

7. Body temperature should be taken during the

exercise periods.
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