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This article presents the results of an experiment which studied clianp
in oxygen balance under conditions of hypokinesia in rats.

The experimental method used and results obtained are discussed.
In summary, the effect of the stress during hypokinesia is expressed

most clearly in the ckianges of general gas exQhange, and in the intensity
of liver and myocardial tissue respiration.
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Z. V. Lorya

Changes	 in Gas LchanEe, Tissue R;spiration and Glycol sis

In Rats During Hypokinesia

Extreme restriction of man e s kinetic activity causes changes

in oxygen balance of the organism, which basically brings about

a lowering of oxygen consumption. There are published reports of

a decrease in oxygen consumption and basic metabolism of healthy
men bedridden for 15-20 days /4, 6, 16/ 9 70 days /10/, and 120

days /11/. Howes3er, there are conflicting reports describing a
57% increase iii oxygen consumption of sportsmen's organisms fol-

lowing a 10-day hyrokinesia /1/.

The reports of gas exchange studies in animals under condi-

tion of experimental hy-ookinesia are even more conflicting. On

one hand., it was observed that a 30-day, and a 60-day restriction

of locomotion in rats did not bring about appreciable changes in

the overall gas exchange /12, 14/, or blood composition /8/. 'On

the other hand, a 36% /13/, and a 50% /3/ increase iz, oxygen con-

sumption after a 30-day hypokines.a has been reported.

It follows from the published data that a pro ioigged hypoki-

nesia causes a change in the organism o s metabolism. However,

the nature of these alterations needs clarification. The dura-

tion of the g.ao exchange studies in animals varies between 30

and 120 days of hypokinesia in the reports of other authors.

However, there is no description of gas exchange dynamics during

the first month of restricted mobility.

We have studied oxygen consumption of the entire organism,

and also tissue respiration and glycolysis in the myocardium,

skeletal muscle and liver of rats 4, 8, 16 and 30 days after the

commencement of hypokinesia. 	 l
*Numbers in margin indicate pagination of
foreign text.
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Ecr__ erimenta^nods	 L

Experiments were performed with 233 white, non-inured rats of

both sexes with initial body weight 130-180 g. In order to create

conditions of hyaokines,ia, animals were placed in specially con-

structed individual cages which drastically	 reduced

locomotive activity. Control rats were ke pt in the same room, in

cages of an ordinary vivarian type. ,Animals were fed an ordinary

rat food. The dynamics of animal body weight was observed.

Oxygen consumption was determined according to the Tnrocedure

of Kalabukhov /5/ on days 4, 8 9 16 and 30 of hypokinesia. The in-

tensity of tissue res piration and g.ycolysis were studied in the

Warburg apparatus at the same intervals.

.Results and .Discussion

Experiments have demonstrated that wavelike variations oc-

curred in the general gas exchange in the rat durint^ the 30-day

hypokinesia. It can be seen in the Table that the mean value of

oxygen consumption on day four of restricted mobility increased

from the initial. value of 0.159 ± 0.0079 L/100 g/hr to 0.186

0.0127 L/100 g/hr (p = 0.05) which represents a 16.98% increase.

During; days 8 and 16 of the experiment, oxygen consumption was

somewhat reduced, relative to the initial level, and during day

30 it went up. However, these variations proved not to be sig-

nificant.

Table, Oxygen consumption (M ± m) by the organism of rats during
a 30-day hypokinesia (in L/100 g body weight/hr)

Day of Experimen

conditions

Initial values

after
Hypokinesia

p

2

4
	

8
	

16
	

30

0.159±0.0079 0.183±0.0097 J.177 ±0.0161 0.138+_0,0123

0.186±o.0127 0.169±0.0114 0.155±0.0198 0.164±0.0094

=0.05	 >0.05	 >0.05	 >0.05



Similarly, wavelike but better defined changes in oxygen

consumption were found when the intensity of tiss,ze respiration.

was studied in the individual 'tissues (Figure 1). The most sig-

nificant elevation in oxygen consumption from 3.00 ± 0.309 to

4.52 ±  0.295 /L 0 2/mg dry tissue/30 min (p<  0.01) occurred in the

liver during the fourth day of hypokinesia. Later, a tendency

for the normalizatior of liver tissue respiration was observed,

with an insignificant increase during; day 30. Oxygen consumption

increased in the myocardium from 1.96 ± 0.176 to 2.53 ± 0.185

PL 0 2/mE dry tissue/30 min (p < 0.01) on day 16 of hypokinesia.

Luring day 30 of the experiment, myocardial tissue respiration

decreased to values below the initial ones (1.76 1 
0.135 ,pL 0211119

dry tissue/30 min; p > 0.05). During the initial 16 days of hy-

pakinesia there were insignificant variations of oxygen consump-

tion values for the skeletal muscle. However, a, lowering of tis-

sue respiratory intensity from 1.63 ±0.094 to 1.13 ± 0.106 PL

02/mg dry tissue/30 min (p < 0.01) took place by day 30 of the

experiment.

Changes in glycolysis were of a different nature: its in -

tensity was gradually decreasing during hypokinesia in all ex-

perimental tissues (Figure 2). A definite decrease in the in-

tensity of glycolysis on day four of the experiment was observed

only in the myocardium (from 2.41 + 0.225 to 1.81 i 0.100IAL

CO 2/mg dry tissue/30 min; p < 0.02). Myocardial glycolysis de-

creased even more to 1.55 ± 0.082 (p < 0.001) during day eight,

and on day 30 it reached 1.33 ± 0.121 ^L CO 2 /mg dry tissue/30 min

(p < 0.002). In the liver and in the skeletal muscle, a definite	 #'

lowering of glycolitic activity began on day eight of h;°ookinesia
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in agreement with observations of Farba.shova /2/ 9 and are another

indication of the condition of a harsh stress durin,; this period.

Portuga.lov et al. /15/ have .noticed that tine endocrine glands of

uL02/mg/30 min

7	
^a^..t
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Fig. 1. Changes in the inten-
sity of tissue respiration during
a 30-day hynokinesi a. Vertical
:axis, jiL 0 /mg dry tissue /30 min;
abscissa, gays of hypokinesia. a,
liver; b, heart; c, skeletal
muscle.

uLCO2/mg/30 min

ab
4	 14	 :4

Fib;. 2. Changes in
the intensity of tissue
glycolysi s during 30-day
hypokinesia. Vertical
axis,L 002/"Dg dry tissue
per 3ewin. Abscissa,
days of hypokinesia..

the organism work with maximal intensity during;	 fi.rot five

days, followed by a period of adaptation to the new condition.

Kovalenko et a.l./7/, studying the system adrenal cortex - hybo-

physis during hypokinesia concluded that changes during the ini-

tial period are the result of the emotional tension. Furthermore,

the restriction of mobility becomes evident at the end of the

second week.

In summary, the effect of the emotional stress during the

initial period of hy pokinesia, is expressed most clearly in the

changes of general gry s exchange, and in the intensity of liver

and myocardial tissue res piration. Changes in the metabolism

of the skeietal muscle were of somewhat different nature. There

5
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was no evidence of wavelike alterations; a lowering in the in-

tensity of tissue respiration was detected only on day 30. How-

ever, lowered glycolysis was observed in this tissue much earlier.

beginning on day eight of nynoKinesia.
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