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ABSTRACT

This study examined the extent to which 10 minutes of
pricer exercise (PE) at a workload adjusted to maintain a heart rate
(HR) of 140 beats per minute could facilitate the mobilization of the
oxygaen transport system in a strenuous criterion task {(CT). The
control treatment involved completion of the CT following 10 minutes
of rest on the ergometer. Oxygen uptake was significantly higher
following PE at every stage except the secon. 30-second period of the
CT and the 60-second post-CT period. Ventilation was significantly
higher following PE at every stage except the last 30 seconds of the
CT and the 60-second post-CT period. HR was significantly higher
following PE at every stage. Oxygen pulse was significantly higher
following PE only during the 30-seconG pre-CT period and the first 30
seconds of the CT, indicating that the PE facilitated the
mobilization of stroke volume (SV) and/or atrioventricular oxygen
difference. The similar values for oxygen pulse during the last 90
seconds of the CT indicate that the higher oxygen uptake following PE
was a function of higher HR, not higher SV or atrioventricular oxygen
difference. (Authoiz/JA)
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Abstract

This study exsmained the extent to which 10 minutes of prior
exercise (PE) at & workload adjusted to maintain a heart rate (HR)
of 140 bpm could facilitate the mobilization of the Oo transpoft
system in a strenuous criterion task (CT). The interval between
the PE and CT was 3C seconds. The CT required the § to pedal for
2 ninutes at a load of 1632 kpm/min. The control treatment
involved completion of the CT following 10 minutes of rest on the
ergometer. (Comparisons Between treatmenta were made during the 3C
seconds between PE and CT, for four 30 second periods du:ing the
CT and for the 60 seconds following the CT. VO, was significa;tLy
higher foliowing PE at every stage except the second 30 second
period of the CT and the 6C second post=CT pariod. Ventilation was
significantly higher following PE at every stage except the last 30
secopds of the CT and the 60 second post-~CT period. HR was signifie
cantly higher following PE at every stage. And Oy pulse was
significantly higher following PE only Zaring the 30 second pre=CT
period and the first 30 seconds of the CT, indicating that the PE
facilitated the mobilization of stroke volume (SV) and/or AV O,
dirfference. The similar values for 0, pulse during the lest 90
seconds of the CT indicate that the higher VO, following PE wes a

function of higher HR, not higher 8V or A~V 0, difference.



At the outset of strenuous exercise, there is often a
metabolic demand for 0, vwhich is greater than the circulorespira-
tory system can immedistely supply. This oxygen deficit resulf.s
in the utilization of anserobic reserves to meet the energy demand
‘of the tasik. If the event requires total utilization of the
anaerobic reserves, as would any event longer than 6C seconds in
duration (1, p. 19), the amouvat of these reserves depleted in
meeting the initial 0, deficit might reduce the amount available
for the rest of the event. Thus, if an individual mobilizes the
circulorespiratory system prior to the event, reducing the initial
time lag and 0, deficit, he might improve his performance ir ts3ks
which exhaust the anaerobic capacity. Support for this line of
reasoning was produced by Di Prampero, et al. (6), who found that
the adjustments in 0, uptake demanded by heavy exercise were faster
when the heavy exercise was rreceded by light exercise reather than
rest, with no time elansing between the light and heavy exercise. -
Starting from light exercise also resulted in a lower lactic mcid
concentration in the blood followlng the heavy exercise.

Since in competitive situations it is often not practicable
to progress from light to heavy exercise without any intorval
between the two, this study examined the.eff'ect_v of prior exercise

(FE) on the time course of O, adjustmerc to heavy exsrcise vhen 30



seconds elapsed vetween the PE and the heavy work.

Method
Subjects
The subjects were six male volunteers ranging in age from

22 to 45 with a mean of 30. Their weights ranged from 71 to 86 kg.
with a mean of 78.

Apparatus_and Tests
Both the PE apd criterion task (CT) were performed on a

Monark bicycle ergometer. The pace of pedaling was guided by an
electronic metronome. A micro-switch was mounted so it would be
tripped with each pedal revolution azd the revolutions were
counted on an electromegnetic counter.

Heart rate (HR) was obtained iy counting all ECG R waves
within a 30 second pericd and converting to bpm. The ECG was
transmitted by radiotelemitry (#Redlokardiogram 100 receiver),
using a V5 lead, recordel on a Sanborn 10C Visc Cardiette and

displayed on an oscilloscope (Electronics for Medicine).

Expired air was collected in 60 liter Jougles bags as
subjects breathed through a low resistance Ctis-McKerrow valve.
Air samples were e.na.ly,:eﬁ through & Beckman, model E2 0, Analyzer
and a Godart 0z«CO, meter. Explred volume was measured by vacuum

evacuation of the begs through an American gas meter aml corrected
to 87TPD.




A1l testlng was conducted in & climate-controlled chamber
at a temperature of 71 X 2 degree:z F and a relative hunidity of
62 X 1 per cent. Due to an electrical failure in the chamber on
one dey, the temperature was 75 degrees F and the hunidity unknown
for one subject under the mobilized condition.

The criterion task (CT) involved pedaling for two minutes
at & load of 1632 :pm/min. (58 rpm and 4 xg resistance). Pilot
work indicated that this would be & very heavy load for these
subjects with the consequence that they might not be able to
rmointain the pace for the full two mimutes. In that case, they
were to keep going as fast &s they could. The idea was t¢ require
a constant workload &t the beglnning sc that diffarences in V0o

could be atbtributed to the PB.

The indspendent varisvle was presence or zbsence of PB.
Bach subject was tested both with and without PE on different
days, with the order of the treainents counterbzlanced.

The dependent variables were VO», HR, ventilation (Ve),
Ve equivalent end O, pulse. These parameters were messured for the
30 second period between the P and *he CT, each 30 second period

ol the two mimute CT, and for 1 nminute following the CT.

Procedure
The subject reported to the laboratory in shorts and gym

shoes, the electrodes were attached, the bicycle seat helght was



adjusted and he breathed through the gas coilection system for
several minmutes to become famillarized with it.

The PE consisted of ten minutes of pedaling at 60 rpm with
the resistance constantly adjusted to meintain the HR at 140 bpm,
a value that is indicative of a V0o approximately 50-6C per cent
of maximal (1, p. 165). Very little lactate accumulation would
be expected during exercise at this intensity (9). The no PE
treatment consisted of sitting quietly on the eréometer foer ten
minutes. -

When two mimuites remeined in the PE or rest perici, the
subject began to breathe through the ¢es collection system and
continued to do so throughout the rest of the prot-oco]..

After the PE, the subject rested on the ergometer for 0
seconds and was then glven & go signal to 5egin the CT. Ges was
collected in 3C second neriods during the rest interval and CT
ual a one mimite bag was collected alter the CT. HR was counted
over the seme stages and all measures were converﬁed to minute

values.

Results
A technical error in the gas collection procedure resulted
in missing values for Vo,, Ve an& 0. pulse for one subject during
stage 4 under the PE treatment. The missing values were estimated
by the method described by Cox (4, p. 30) before proceeding with

the analyses. Astests for paired camparison and the .05 level



were used in determining the significance of mean differences.
Fipure 1 shows the stage by stage cauanges in V02 uader the
two PE conditions. VO, was significantly higher under the FE
condition at every stage except the second 30 second pelr:l.a»a of the
CT and the 6 second recovery period. Therefore, a clear cut
mobilization effect was displayed as a result of the PE. Furiher-
more, the significant difi‘érence. between the treetments during the
last steges of the CT indicates that the VO, when starting cold
314 not fully catch up even after 90 seconds of exercise. Bince
the ‘work done under the two conditions was almost identical (the
mean difference was one revolution), more of the anaerobic reserves
must have been utili:ed when starting in the cold conditien. An
estimate of the extent to which the PE reduced the initial 0o
deficit was made by assuaning that the tas:{ was maximal or supra~
maxima: awl that after the PE, the suhjects wer2 approaching
meximum VO, values towurd the end of the CT. Astrand and Saltin
(2) have shown that a suprameximal load can elicit close ¢~ maxi-
mm levels of VO, in two minutes. Then the peai value wes extended
back to the start of the CT and the 0» deficits under the two
conditions calculated and compared. When this was done, the O,
qeficit was 30.60 ml/ky efter PR and $6.57 ul/xg without PR, a
difference of 26.27 ml/xg. | Thus, the 0, deficit was 86 per ceat
higher when starting cold than when starting partislly mobilized.
0f course, since no clear-cut plateau in VO, was attained, these

0. deficits are merely rough estimates.



Figure 2 shows Ve under the two conditions. The analysis
revealed that Ve was significantly higher {ollowing PB at every
gtage of the CT axcept the last 30 seconds and the 60 second
post=exerclse period.

Figure 3 shows the stage by stege changés in HR under the
two conditions. A very similar pjuttern to that seen Iur VG- and
Ve is apparent with the exception that the HR under the PE condi~
tion was significantly higher at every sta;;é of the CT a8 well as
during the one mimmte post-exercise period.

The nature of the mobilization effect was examlned further

by analysis of the O, pulse &s shown in Figure 4. Only during the
30 second rest interval ani the first 30 seconds of the CT were
the differences significant. The higher Op pulse at the first
stage of the CT impliegs that HR did not completely account for the
mobili:ation effect Oof the PE. Same contribution must be attri-
buted to stroke volume (SV) and/or the AV o, difference. Since
SV ordinarily epproaches .uximum in bicycle exercise at a HR of
110-12C bom (1, p. 164), it is likely that after PE the subjects
were worring at close to maximmm SV at the very beginning of the
CT. On the other hand, vhen starting cold, the HR over the entire
first 30 seconds of the CT was 127 bpm. Since it was rising
rapidly during this period, 1t is llkely that for part of the
period, the 8V had not approached maximal values, thereby account=

ing to sane extent for the lower O, pulse. It is not possible



from this study to determine the exten£ tovwhich shunting of blood
and other factors which might contribute to an increase in A<V 02
difference were involved in the mobili:zation effect. In any case,
the fact that O, pulge was similar under the two conditions during
the iast three stages of the CT indicates ‘thet the contribution
of SV and A=y 0o difference was lost af'ter the first 30 seconds of
the CT. From then on, the higher V0, under the PE condition was
related to the higher HR.

The Ve equivelents under the tws conditlons were signifie
cantly different only during the 30 seconds immediately prior to
‘the CT. Since it was higher ia the no PE condition, it appears
' that there was a pre-exercise anticivetory increase in Ve without
a comuensurate increase in VO,. The similar Ve equivalents
throughout the CT imply that tbe PE had no clear=cut effect on the

efficiency of respiretion.
Discussion

The resulta of this study agree with those of a recenti study
by Hermiston and O'Brien (8), who used a one minute rest interval
between the PB agd CT. The results also suport the practices of
those who utilize PE to shorten the adjustment period to exercise
(2, 5, 7). For example, Astrand and Saltin (2) found that after
ten minutes of PE at approximately 50 per cent of max VOo, subjects
could reach veex VO, in approximately two minutss of very heavy

work. In this atudy, the V0 during the last 30 seconds of the CT



was not significantly higher than that during the third stage of
the CT in either the PE or no PE condition.A This leveling does
imply that peak values were being approeched. The fact that PE

is clearly capable of reducing the initial 02 deficit would explaln
the results of Sucer (10), who found that a ten mimute period of
PE, followed by a 30 Qecond reet period before the CT, improved
performance on e ten minute endurance event.

Since 0o pulse under the two couditions vaz very similsr
during the latter stages of the CT, it esppears that this higher
peak VO, wes a result of higher HR rather than greater SV or A=V O
difference. The fact that O pulse was similar after only 30
. seconds of the CT also weaxens the hypothesis that the core tempera-
ture lncreases elicited by the xind of PE used in thia study
(approximately .2 degrees F, unpublished Gata) can harkedly
increase the speed and emount of Oz dissociation from hemoglobin (3).
f’or if this were so, thou the AV (., difference and, 28 a result,
the 0, pulse vould have been greater in the PE condition througsout
the CT.

In sunmary, ten minutes of PE at a KR of approximately 140
bpm followed after 30 séconds a3t by a two minute heavy work task
produced & movilization effect which reduced the initial O, deficiv
and enabled the subjects to achieve a higher peax V0,. During the
firgt stage of the tasi-, the higher VO, was a msuit of & higher HR
as 'wll as & pretter 8V and/or A~V 0, difference. The greater peak
VO, was related to the higher maximum HR elicited following PR.
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