HYPOXIC PHENOMENA IN MUSCLE ACTIVITY
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It has been established, in study of the dynamics of the change in the degree of oxygen saturation of arteria:
blood in man with the aid of an orimeter, that muscuiar work is often accompanied by a deterloration in the
arterialization of the blood, not only in sick persons but also {n healithy individuals {11

It has also been determined that hypoxic phenomena during muscular activity occur in untrained indfviduals
still Jacking adequate coordination for the given work [1]. In these cases = reduction in the oxygen saturation of
arterfal blood usually begins even in the first few minutes of work, during the period while the movements are
being planned, when the lack of coordination in the activity of the various systems of the body is quite pronounced.

Investigations conducted earlier showed that In

cases where deterforation {n the arterlalization of the
Rest Work Recovery blood occurs as a result of a dismption.of the correla-
tion between the aeration and the blood supply of the
T P e —— =\ various parts of the lungs, the inspiratior of oxygen
& -~ ensures full oxygen saturazion of the arterial blood,
bl 22 - v\‘ \ _l' . .
.§ Nl However, in subseguent investigations, the results
s & Y of which are set forth in this paper, we noted that
g & sometimes a drop in the oxygen saturation of the arterfal
= @ blood sets in, not at the very start of the work, but
o —~— et e . tap 2 .
0 7 & 6 8 W 7 & & 5-6 minutes later, and that it lasts until the end of the
3 10~ 10 12-minute work (Fig. 1).

Ti i
me (in minutes) During the second half of the work, {n order to

prevent the developmest of hypoxia, we supplied
oxygen to the subjects during the work in a number of

cases,

Fig. 1. Change in the degree of oxygen saturation
of the blood during work on the ergometer bicycle
for 10 minutes in subjects P. {(——} and S. {(----).
As will be seen from Fig. 2, when oxygen is
“breathed the oxygen szturation of the arterial blood
remains at the 100% level for the first 5 minutes, and then, although the subject continues to breathe oxygen,
the arterialization of the blood begins to deteriorate,

In the case shown in Fig. 2 oxygen insplration considerably reduced the drop in the oxygen saturation of the
arterial blood observed with the breathing of air, although the percentage of saration showed some decline
during the second half of the work. Thus, despite oxygen breathing, during the latter minutes of work there wer
still a "deflcit® in the oxygen saturation of the arterial blood (in Fig. 2 this deficit is shown by the hatched area).
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In cther experiments, with oxygen breathing

Rest Work Recovery the oxygen saturation of the arterfal blood was 29-100%
160 in the third and fourth minutes of work, while with
" 93 oxygen inspiration the level of oxygen saturation was
B: §7 4 only 4% in the 7th-8th minute of work,
= z e These data indicate that ¢ ~ reduction in the
13 sl degtee of oxygen saturation of arterial blood which
3 s / set in after a few minutes of work was caused not only
s & by tnsufficient oxygenation of one portion of the blood
§° §7 as & result of lack of equilibrium between the venti-
> 8 - eyt lation and blood-supply of the various groups of alveoli,
o 1236557289012345¢ but also by the fact that some porticn of the blood
Time (in minutes) passed from arteries {nto veins, bypassing the alveolar

capillaries; this may have been due to the develop~

Fig. 2. Degree of axygen saturation of the arterial ment of artery-veln anastomoses.

blood during work on the ergemeter bicycle: with We were faced with the problem of explaining
breathing of atmespheric afr (—) and with breath- the phenomena we had observed. Why, during the
Ing of cxygen (~-~) first 5-6 minutes of work, the warm-up period when

the body is becoming adapted to the work, does the
degree of oxygen saturadon of the arterial blood not change, and then, when the coordination of functions for
the given work should have been established and to some extent improved, why thould the arterialization of the
blood deteriorate ¥

It is known that some minutes after the beginning of muscular work of medium intensity the need for oxygen,
the lung ventilaton, the miinute volume of blood, etc, become fixed at a set level, at which they remain until
the end of the work, regardless of ity Juration, A "stable condition” sets in [3]. However, we found tha as the
duration of work of medfum intensity is<increased some functions do not change, while others undergo consider~
able changes (2]. The principal significance of this observation lies i the fact that it shows the conditlonal
nature of the concept *stable condition”, The fact that in our experiments the percent of oxygen saturation of
the arterial blood began to fall after a few minutes of work indicates that certain shifts began in the body, which
led to a reduction in the effectiveness of the external breathing,

The drop ‘n the oxygen saturation of the arterial blood must be considered a result of distruption of the
normal relationshipe between breathing and the blood circulation in the lesser circulatory system, It is natural
to assume that certain shifts must have commenced in breathing and the circulation which during the second haif

of the work led to a disruption of the normal inte.connections of these systems..

There aresome data in our material to support this hypothesis. Using a photoelectric pickup we recorded
the subject’s pulse during the who!e period of the work, It was shown that in the investigations in-question the
pulse rrequency increased until the end of 10- or 12-minute work (Fig. 3); in some cases the heartbeat frequency

irirreased more after the first 6 minutes than during them.

During the 10-minute work we took several readings of theblcod pressure, It was shown that during the
6th-8th minute of werk there is a 10-15 mm increase in the maximal pressure after a preceding stabilization of

the pressure at an elevated level in the 3rd-6th minute.

In a number of the Investigations a slight increase was noted in lurg ventilation as the duraton of the work
was increased; sometimes lung ventilation gradually increased from the beginning of the work, reached a steady
level in the 4th-6th minute, and then increased somewhat,

The above data show that under the conditions which we set for vur investigations there actually were
shifts {n the respiratory and uirculatory systems, fucreasing with the duration of the work; a “stable conditdon®
did not set in, although, by A. Hill"s classificadon [3] the work performed was of medium intensity; the sub-
jects were in a condition to go on with {t. It s important to note that the functional changes, mentioned earlier,
taking place as the duration of the work was extended,set in only with work of comparatively heavy intensity
(In cur cases the oxygen tequirement during the work reached 2000 mi/min). When the intensity of the work
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Fig. 3. Lung ventilation (—) and pulse frequency
(---) during light work (heavy lines) and heavy work
(thin lines) of medfum intensity, lasting ten minutes.

on the ergometer bicycle was decreased for the

satne subjects the oxysen szreratfon of the blood did
not « hanpe durlng 10-12 mi-ntes of work, while the
activity of the cardiovasenlar and respiratory systems
reached a steady level in 52 3rd-1th minute of
work, rematning pracricaliy unchanged untif the end
of work (Fig. 3).

Thus, {u speaking of work of medivm intensity,
one should dlstinquish accoriingto the body reactions
woik which {s at the barderiine of work of so-called
“submaximal intensity® which a person can perform
for only 2 to 5 minutes while meeting all his oxygen
needs during the perfod of wark.

At some level of {ntensity (different indifferent
individuals)soon after comrmencement of the
work functional shifss s_¢ &, indicating a disruption
in the corrdination cf funcyions adequate for the
performance of the work; ooz of the results of this
is the appearance of hypoxic phenomena.
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*Translated into Russian,
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