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Restriction of mobflityof rats for 15 days leads to atrophy of skeletal muscles, an increase in wclgh~ 
of the adrenals, a decrease in the glycogen reserves Of the body andan incr~se  in succinat.v dehydrogenase 
activity and a decrease in alkaline phosp.hatase activity in the liver. The resistance of animals to phyMcal 
exertion (swimming, radial acceleration) is lowered in animals after hypodynamia, and more marked mor- 
phological changes are found in the myoe.ardium, lungs and liver than in animals under normal conditions. 

@ @ @ 

l~olonged limitation of raovemcnt gives rise ~ a variety of disturbances of function in man. The dan- 
ger arises ~at  dm'ing a p~olonged stay under hy~dynamle conditions the body may become adapted to mini- 
mal expcnditvxe of energY, and in that stat~ would he unable to compensate for disturbances of func~on aN-  
sing on the change from hypod~mamia to physical exertion [i, 4, 7, ~]. This problem is pa~iculartytrnportan~ 
during space fll~L~ when nian' may spend a long time m~er eondltons of we/~hdessness and hyl~dyna~la 

In ~ t s  im'e~tI~t!on hhc early str~etvu-'al changes developing in the organ~ and tissues of rats d~ri~g 
hypo~mmia were stu~e~l. 

E X P E R I M E N T A L  M E T I I O D  

Morpho~ogical Invc~tlgaHon~ .were ca~ ied  out on ~0 albino rats kept for 15 days in p las~r  cas~  (~ o~ 
the animals ~'erc s ~ c q ~ e a t l y  c.x~sed ~o physical c• The effect of a prolonged sMy (more than 100 
days) in smaIt cages on ability af the animals to tolerate radial acceleration was stedied on 12 r a~  and 
dogs. A~ter the cad o~ the exper~men~ ~he animal~ were sacrificed and the r~iaflvc weights of lh~ organs and 
muscle~ de~crm~ne~L Pieces c~ ihcorg~n~ were cut Inh~ sections in a cryostat and fixed in var~ou~ solu~lon~. 
Sect',on.~ were stainc<l ~,i~h heraa~o.~'lin-~=D~. 

"i%e content of llpld~ (wI~h 9,~dan bhck), chMesterol (using the po~ari~i~on mtcro~co~), xoI~onuM~o- 
proteins Coy K ~ n i e ~ ' a  me!hod), #ycogen Cc~" S ~ a d a s h ' s  me~.od), and fl~.e ~cclnate dehydrogenas 0 aeH- 
v[~ (by ~ach!as's ni~-BT me~od) and alP~l~nc phespha~c acliv~Zy ~oy Gomori's meC&od) were de*crmlned 
in the hca~, ske*.e~l musele~ liver, and adrerml~. FuchMnophHic dcgc~eratlon of ~hc muscle f~bera o~ fi~ 
myocardium was detected by ~elye's rne[~d. "X~ lhlck~es~ o~ the skolola~ muscle fibers was measured and 
Mstorad~o~phy tax,.led ou~ a~er in~ecdon a~ C"*qaL~21ed amP.no acids.and fi~e dry residue of ~ e  s k e l e ~  
muscles was de:ermined after d~,Ing ia vacuo to con~aa~ wetghL 

E X P E R I M E N T A L  ~ E S U L T S  

Aflcr hyr~d~'~!~ for 15 ~ys Lh~ wr cf ~he an~rna].s fcH on the average by 20 g compared wft~ iL~ 
�9 initial value. FaRy t i ~ 2  di~-~ppeared almoa~ eo~p]ele~y. The glycogen con~n~ In the zarcopl~s~n o~ t~e 

682 



It.; " " " : ,  " i  : " + '  t -  = ' t . ' - - , ' , : - . -  , . I  : ' ; "  . - ~ - " - ,  " . - ' . ' :"  ; ; :"  : , ~ a . ~ . ,  : . . : ,  - .  . ,  , , - ,  

. . . . .  " . . . .  "~', ": " + ~ r " 'I.% . - ' ; - j ,k .~  ~,;/:.:'$. ,~','," "e.- '" "i :-. ~ - - - -  �9 
~ . . .  . . . .  , . . ~ :  ~ . .  % , . . ~ : . ~ . ~  . . . . .  ~ ' + . - , . ' , j . . : ' . " ~ . ' ! . . - ~ ' , - ; . :  . . . ~  , . . ~  ... -, , .~,: ,  
~'. - . ' -  �9 ~ "::.+, ~- - - : . i : - ~ ' - : - : ~ - ~  ~ ~ : - " - - " - ' : " ' - " " ~ " : ' - " . ,  , + t ' . , ~ .  : . : . , ,  .,~.,.:,.+, 
~,::: : . , .  " ,:,;. ' �9 "=_+; ';- i ' ~  -,% ; ' : : v . ~  ~ - ~  . . . .  "" . . . . . . .  " ' "  ""  '~ 

- ' . ' - .~ . .  -.-a.;,,,. +,~,*'.--.~ ~ , ,  ..' ~ 

. . . , . . .  . . . . . . . . . .  �9 : : ~ , :  

+ . "+ . .  ". + . , ~  . +. ++ + + ~ f  + + + - . +  ~ , . m  , . ~  . ,  . 

�9 :+. - - ,  .~:~ n ++;~, .+_+. + . _ +  +-~'- ~+ + +:'+ ' +  +,+ + , + + .  ~ , . .  + - . + . .  . . . .  , , . . . ~  , . ~ + ~ +  + ~ ~  

F~,g. 1 '  8 u c c l a a t e  d e h y d r o g e n a s e  ( 9  ar~I a l k a l i n e  p t m s p h a L a s a  (ID a c t i v i t y  In l i v e r  c e i l s  o f  r a t s  a f t e r  h y + -  
d y n a m l a  f o r  1S d a y s  (a) a n d  o f  c o n t r o l  r a t s  (b) .  D ~ R r o - B T  b y  N a c h a l s ' s  m e t h o d .  90:<; II) G o m o r t ' s  
m e t h o d ,  9 9 x .  

~:.;-.-~." -: . . . .  ",:',.~+ �9 ~ ~e~ . . ' ~+ . , .> :  ~, ,~ .  - "-' Fig, 2, Myocardlv_m o f a  r n t ~  3day~ after 
overloadh~g, having ~pent the prcvlous 100 days ~n- 
der hypcdynamlc conditlona {homatoxyltn-eosln~ 
4 2 5  • 

The we|ght of the. aclrenaIs was i ~ c r ~ s e d  (3~,1~1.~7 m ~  control 29,6~I,~)4 m~,, P<G.001). The c o , -  
tent of Hpld~ and cholesterol la the c y t ~ r a  oZ calla os the zone f~sc~cul;~U~ was reduced, Was conten~ e~ 
ribcnncleopro~cins and s~cctn~te dehyd~c~e~ae act~vi~ were, slightly i ~ r ~  

The splm~l mus~le,~ ~ l  musclca d ~ lower llmbz wer~ rod~er l.a color than In th~ controls+ '11,,~ 
weight of th~ gToup~ o~ lower Hr}~b mu~cle~ re.~ati~'e ~o ~he lultial w e t ~  Of tho animal waz rcd~ced (e',v.~erio 
moat 1.I~+02~ ~0 control 1.6&~-~.0~l ~i~; P<0.00I). The re,sole fi~r~ showed well marked crone s%H~- 
tion~, Ho~vover~ they were rcd~eed ~a ~ m e ~ s  (25o7 ~ IA4 Ln the e~y-z,r~mcntal aral 28.3 ~ 1.23 ~nthc c0n~rol 
rats;  P<0,~l~ .  The dry re~lduc o~ the eke!e~2 ~ c ~ e ~  wa~ e~w~,~l~y wcha~gcd (e~cr~raent 2 ~ . ~  coa-- 
t ~ I  2,~),  2~e ~!yco~,ea ar~i ~ta',~e of l ~ e d  nralnv ac~d~. Ia~z~ the m~scle fiber~ were !css than in %h~ c~a-- 
L~Iz, 
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confined cages the cocr.esponding flguro was ~0-~5 units. 

These overloads caused slight morphological changes In the eonlrol rats,  consisting mainly of r e d i s -  
tribution of blood in the lung~, a slight decrease In the glycogen content of the l iver,  and lowering of the 
cholesterol and lipid levels In the zona faseiculata of the adrenal cortex. No hemorrhages were found in 
the lungs or  degenerative changes In the liver, myoeardlum, or  brain. 

The overloads caused considerable structural c.'mnges in rats  kept in confined cages. O~ h%e 9 ra t s  
sacrificed before the 3rd day after exposure to radial acceleration, petechtal subpleural hemorrhages in 
the lungs were found in 6, and feel of pneumonia combined wlth hemorrhages and usually developing 24 h 
or  IateF after the e.x~eriment were found in 5 ardmala. Vacuo~aflon or pcrlnuc!ear edema of individual 

.groups of muscle fibers and fuachsinophillc dcgeneraHon os their f r a ~ c n t s  were  present in the hear~ of all 
experimental animaI.~ sacrificed d0rlng the f l r ~  three days after overloading. "tga'ee animals showed signs 
of clouc?y swelling, ~ometimes with a slight c e l ~ r  reaction (Fig: 2). C~Is  of the zo~.~a fascietflata of the 
adrenals in the e:~erlmental ~nlmals contained more  rlbonucleopro~eins and less  eholes~?rol and lipids 
than in the control animals sacrificed at fl:e same time a~ier exposure to overloading. 

Particularly marked difeerence~ were found in ~he gb'co~en content in the l iver of animals sacrif iced 
30 rain after overloading. In rats ~dth re s t r l e~d  mobHi~ a fe~" glycogen g ran~es  were present onty ir~ in-  
divfdual liver cells,  while In ~ho Control rats glycogen had disappeared ordy from the cells  ot the periphera~ 
parts of the lobule. After 24 h and later the glycogen eo,~Aent wa~ restored ~n b o ~  the experimental and the 
control anhnmls. The structural changes In the. brzin a.,xt kldneys were identical. Precisely the san~e resul ts  
w e r e  obtained with dog3, 

The changes de~ertbefl a re  In agrcemen~ ~2 our ear l ie r  discovery of the depression o~ s-fa~esi~ in 
aatmals sub~ected to hypodynamia [~o 
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