MORPHOLOGICAL CIIANGES PRODUCED IN ANIMAL
ORCANS BY PROLONGED HYPODYNAMIA
AND SUBSEQUENT PHYSICAL EXERTION

V..N. Vinogradoyv, V. G. Petrukhin, UDC 612,768.2
and I. V. Fedorovy

Restriction of mohility of rats for 15 days leads 1o atrophy of skeletal muscles, an increase in welght
of the adrenals, a decrease In the glycogen reserves of the body and an Increase In succinate dehydrogenase
activity and a decrease {n alkaline phosphatase activity in the liver. The resistance of animals to physical

exertion (swimming, radial acceleration) is lowered In animals after hypodynamia, and more marked mor-
phological changes are found in the myocardium, lungs and liver than in animals under normal conditions.
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Prolonged limitation of movement gives rise to a variety of disturbances of function in man. The dan-
ger arises that during a prolonged stay under hypodynamic conditions the body may become adapted to mini-
mal expenditure of energy, and In that state would be unable to compensate for disturbances of function ari-
sing on the change from hypodynamia to physical esertion [1, 4, 7, 9]. This problem is particularly important
during space flights when man may spend a long time under conditons of welghtlessness and hypodynamia
{2, 3, &, 8}«

In this Investigation the early structural changes developing in the organs and tissuea of rats during
hypodynamia were studied,

EXPERIMENTAL METHOD

Morphological investigations were carried cut on 30 albino rats kept for 15 days in plaster casts (6 of
the animals were subsequently exposed to physieal exertion). The effcct of & prolonged stay (more than 160
days) in small eazes on ability of the anlmals to tolerate radial acceleration was studied on 12 rats and 2
dogs. After the end of the experiment the anlmals were sacrificed and the relative weights of the organs and
muscles determined. Pleces of the organs were cut {nlo sections inacryostat and fixed In varlous solutlona,
Sections were stained with hemaloxylin-eosin,

The content of lipids Grith Sudan black), cholesterel {using the polarization mleroscope), rivonucleo=
proteins {ty Kurnicke's method), glycogen {by Shabadush's method), and the sucelnate dehydrogenase actl-
vity (by Nachlaz's nitro-BT method) and alkaline phesphatase aclivity by Gomeri's methed) were determined
in the heart, skeletal museles, lver, and adrenals. Fuchsinophilie degenceration of the muscle fibers of the
myocardium was detecied by Selye's meihod, The thickness of the skeletal musele {ibers was measured and
Mstoradiography carriad out after Injection of C'¥-labeled amine acids,and the dry residue of the sheletal
muscles was determined after drylng in vacuo to constant weight,

EXPERIMENTAL RESULTS

Afier hypodyramia for 15 days the welght of the anlmals fell on the average by 20 g compared with iis
{nitial value. Falty tissue disnppeared almost complelely. The glycogen content In the sarcoplasm of the
muscle eells was consideral cod. In the lvor the succinate 6&33-&*:;5*? zuse actlvity was Ianrensed
and the atkaline phosghalas Y - degreaged {Flg, 1), Cn avloradiographs of Hvey sections e‘;’ the exe
perimental animals tere wers fower s s thais In seolions from gontrel anbmals ket undsr

normal conditions,
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Fig. 1. Succinale dehjdrogemse 5] zm:.1 ai!«miinc phos;;hatase (ﬁ) activily in Hver cells of x;ats at‘ter hypc-—
dynamia for 15 days (3) and of control rats (b). D pitro-BT by Nachals's method, 950x; I Comori's
method, 903,
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Fig. 2. Myocardlum of a rat sacrificed 3 days alle
overloading, having spent the previcus 100 days un-~
der hypodynamie conditions (hematoxylin-eosin,
425 X},
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The weight of the adrenals was increased (86.1:1.27 mg; control 29.621,04 mg; P<0.061), The coa-
tent of 1ipids and cholusiero! in the cytenlasm of cells of the zona faselpuiala was reééueed. The content of
ribonucleaproielns and succinate dehydrogenase activily were slightly increased,

The spinal muscies and muscles of the lower limbs were redder in color than in tha controls. The
welght of the groups of lower Hmb museles raiziive fo the initial w »‘za‘\? of the animal was reduced {experi~
ment 1.1820.025 g, conirel 1.68:0 061 mpy P<0.001) The muscle fikers showed well marked cross sirla-
tions. Howsover, ﬁﬁey wore reduced In Hhickness (25.72 1,44 1n t’sﬂee *&erémen&a’i and 28.8 2 1.23Inthe em&t‘as
rats; P<0.391), The dry residus of the skeletal museles was esseniially unchanged {experiment 25.5%, con-
trol 24%). The glycogen and uptake of labeled amine acids {nlo the muscla fibers were less than In the eou-
trols.
woodynamis for 15 dsys, besldes the
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confined cages the corresponding figure was 20-35 units.

These overloads caused slight morphelogical changes In the control rals, consisting mainly of redig=-
fribution of blood in the lungs, a slight decrease in the glycogen content of the liver, and lowering of the
cholesterol and lipid Ievels in the zona fasciculata of the adrenal cortex. No hemorrhages were found in
the lungs or degenerative changes In the liver, myocardium, or brain.

The overloads caused considerable structural changes In rats kept In confined ecdges. Of the 9 rats
sacrificed before the 3rd day after exposure to radial acecleration, petechial subpleural hemorrhages In
the lungs were found in 6, and focl of pncumonia combined with hemorrhages and usually developing 24 b
or later after the experiment were found in 5 animals. Vacuolation or perinuclear edema of individual
.groups of musele fibers and funchsinophilic degeneration of thelr fragments were present in the heart of ail
experimental animals sacrificed during the first three days after g?erloaziing. Three animals showed signs
of cloudy swelling, sometimes with a slight cellular reaction (Fig. 2). Crlls of the zona fascieulaia of the
adrenals in the experimental animals contained more ribonucieoproseins and less cholesierol and lipids
than in the control animals sacrificed at the same time afier exposure to overloading.

Particularly marked differencea were found in the giycogen content In the liver of animals sacrificed
30 min after overloading. In rats with restrieted mobility a few glycogen granules were present only in in-
dividual liver cells, while in the control rats glycogen had disappeared only from the cells of the peripheral
parts of the lobule. After 24 h and later the glycogen content was reslored in both the experimental and ths
control animals. The structural changes in (he brain and kidneys were identical. Precisely the same resulis
were obtained with dogs,

The changes described are in agreement with our carlier discovery of the depression of synihesis in
anlmals subjected to hypodynamia [0,
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