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The metabol ic  action of hypoxia on the enzyme sys t ems  of active ion t r a n s p o r t  depends 
on the duration of exposure .  The act ivi ty of  Na, K - A T P a s e  is sharp ly  reduced during 
shor t  per iods  of hypoxia (15 rain) in the m i c r o s o m e s  of the brain and in the e ry th roey te s .  
With an inc rease  in the exposure  to hypoxia an inc rease  in Na, K - A T P a s e  activi ty is ob-  
se rved  (in the e ry th rocy te s  a f t e r  an exposure  of 1.5 h in the p r e s s u r e  chamber ,  in the 
m i c r o s o m e s  a f t e r  2 h). The resu l t s  a re  evidence of cons iderable  functional changes in 
the cel l  m e m b r a n e s  during exposure  to acute hypoxic hypoxia.  
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In hypoxia, toge ther  with m a r k e d  changes in energy  metabo l i sm,  des t ruc t ive  changes in cel l  co mp o -  
nents a r e  found re la t ive ly  ear ly :  d isorganiza t ion  of membranous  s t ruc tu res ,  swelling of the mi tochondr ia ,  
loss  of the r egu la r  m o l e c u l a r  heterogenei ty  of  the cytoplasm,  and so on [1, 3-5,  10, 15]. The evident cause  
of these  changes is a redis t r ibut ion  of e l ec t ro ly tes  in the t i s sues  which, in turn,  is responsib le  for  the d i s -  
turbance  of active energy-dependent  ion t r a n s p o r t  through the m e m b r a n o u s  s t ruc tu re s  of the cell  [4, 15]. 
The wr i t e r s  prev ious ly  showed a change in the Na, K - A T P a s e  act ivi ty in a homogenate of b ra in  t i ssue  and 
in e ry th roey te s  [4] during hypoxic hypoxia. 

In the investigation descr ibed  below changes in ATPase  act ivi ty were  studied in brain m i c r o s o m e s  and 
in e ry th rocy te s  during hypoxia las t ing for  different per iods  of t ime .  

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

Exper iments  were  c a r r i e d  out on noninbred ra t s  weighing 150-200 g. The animals  were  kept under  
fa i r ly  r igorous  conditions of hypoxia (~ascent" in a p r e s s u r e  chambe r  to 9.5 km) for  5, 15, 90, 120, and 180 
min~ Immedia te ly  a f t e r  "descent  ~ the an imals  were  decapitated,  mixed blood was taken for  analys is ,  the 
c e r e b r a l  hemisphe re s  were  quickly r emoved  and the t i s sue  homogenized at 0-4~ in 20 volumes of 0.25 M 
sucrose  with 0.005 M t r is -HC1,  pH 7.6 (in a Teflon homogenizer) .  

�9 The f rac t ion  of heavy m i c r o s o m e s  obtained by different ia l  centr i fugat ion (40,000 g, 2 h) was r e s u s -  
pended in 0.2 M tr is -HC1,  pH 7.6, and f rozen and thawed once. The pro te in  content was de te rmined  by the 
mic rob iu re t  method [2]. E ry th rocy te s  were twice washed with 4 volumes  of 0.14 M NaC1 and f rozen and 
thawed once; the protein content was de te rmined  by Gornal l , s  method [13] with modif icat ions [12]. 

Na, K - A T P a s e  act ivi ty  was de te rmined  f rom the difference between the total  ATPase  act ivi ty  and 
act ivi ty a f t e r  inhibition by strophanthin K (4 �9 10 -4 M). The composi t ion of the incubation medium (1 ml),  
in mi l l imoles ,  was as follows: A T P - N a  2 3, MgC12 3, NaC1 100, KC1 20, t r is -HC1,  pH 7.6, 20, 200-400 pg 
m i c r o s o m a l  prote in  o r  10 +2 mg  e ry th roey te  prote in .  Af ter  incubation at 37~ (20 min for  m i c r o s o m e s ,  
40 min  for  e ry th rocy tes )  the reac t ion  was stopped with 50% TCA (0.2 : 1). The concentrat ion of inorganic 
phosphate (Pi) was de te rmined  by the method of Fiske and Subbarow [ l l l .  The resu l t s  were  subjected to 
s ta t i s t i ca l  analys is  by Student 's  method.  
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Fig. 1. Dynamics  of changes in ATPase  act ivi ty of m i c r o s o m a l  f ract ional  of brain  in hypoxic 
hypoxia.  I) " A s c e n t - d e s c e n t ; "  II) 5 min; III) 15 min; IV) 90 min; V) 120 min; VI) 180 min in 
p r e s s u r e  chamber .  Activi ty of  enzymes  in intact an imals  taken as 100%: for  Mg-ATPase  
5 .77"  0.33 pmoles  P i / m g  p ro t e in /h  and for  Na, K - A T P a s e  3.65 �9 0.23 pmoles  P i /mg p ro te in /  
h. 

Fig. 2. Dynamics  of changes in ATPase  act ivi ty of e ry th rocy te s  in hypoxie hypoxia. Legend 
as in Fig.  1. Activi ty under  n o r m a l  conditions: M g - A T P a s e  0.126 ~0.006 #moles  P i / m g  p r o -  
te in /h ;  Na, K - A T P a s e  0.073 ~-0.005#moles P i / m g ~ r o t e i n / h .  

E X P E R I M F N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Hypoxia of the seve r i ty  c rea ted  under  the expe r imen ta l  conditions used caused m a r k e d  changes in the 
Na, K - A T P a s e  of the bra in  m i c r o s o m e s  (Fig. 1). Af ter  exposure  for  5 min to a "high alt i tude" the dec rease  
in the act ivi ty of this enzyme s ys t em  was s ta t i s t i ca l ly  significant .  The g rea t e s t  dec rease  in Na, K - A T P a s e  
act ivi ty  was obse rved  a f t e r  hypoxia for  15 min.  During a fu r ther  per iod in a r a re f i ed  a tmosphere  an in- 
c r e a s e  in the act ivi ty of this enzyme was observed .  Af ter  a s tay of 2 h at the specif ied alti tude, Na, K-  
ATPase  act ivi ty was 1.5 t imes  h igher  than the control .  A fu r the r  inc rease  in the p e r i o d o f  hypoxia led to 
r e s to ra t ion  of the no rm a l  Na ,K-ATPase  act ivi ty.  

M g - A T P a s e  act ivi ty fell  gradual ly  (by 25%) with an inc rease  in the per iod of hypoxia.  As the con-  
t ro l ,  the effect  of p r e s s u r e  dropped in the p r e s s u r e  c h a m b e r  during "ascen t"  and "descent"  (760-215-760 
m m  Hg) without exposure  to a "high alt i tude" was invest igated.  The r e su l t s  showed that " a s c e n t - d e s c e n t "  
had no effect  on the ATP as e  act ivi ty of  the ra t  b ra in  m i c r o s o m e s .  Consequently,  the obse rved  changes in 
ATPase  act ivi ty  did not depend on drops of p r e s s u r e ,  but were  caused by oxygen deficiency.  

Na, K - A T P a s e  act ivi ty  of the e ry th rocy te  m e m b r a n e s  showed p rac t i ca l ly  the same changes under  
the influence of hypoxia as in the expe r imen t s  with the bra in  m i c r o s o m e s .  The init ial  phase  of inhibition 
of Na, K - A T P a s e  act ivi ty of the e r y t h r o c y t e s  was rep laced  a f t e r  hypoxia for  90-120 min by a phase  of ac t i -  
vat ion,  which in turn  was followed by a r e t u r n  to n o r m a l  (Fig. 2). Control  t e s t s  ( " a s c e n t - d e s c e n t " )  caused 
no change in Na, K - A T P a s e  act ivi ty of the e ry th rocy t e s .  P r e s s u r e  drop act ivated Mg-ATPase  cons ide r -  
ably.  This  r e sponse  of Mg-ATPase  act ivi ty can be r ega rded  as a manifes ta t ion  of a nonspecif ic  r e sponse  
of the e ry th rocy te  m e m b r a n e s  to p r e s s e r  action. 

The r e su l t s  of these  expe r imen t s  thus indicate a cons iderable  change in the act ivi ty of the t r a n s -  
por t  Na, K - A T P a s e  of the bra in  and e r y t h r o c y t e s .  The rapid (5 min a f t e r  the beginning of hypoxia) dec rea se  
in act ivi ty  of Na, K - A T P a s e  of the bra in  m i c r o s o m e s  is in good ag reemen t  with observa t ions  of other  
worke r s  on ea r ly  changes in metabol ic  p r o c e s s e s  in the t i s sues  in hypoxia [6, 8]. The subsequent  inc rease  
in act ivi ty  of the enzyme s y s t e m  (after  90 min) was evidently a sign of the act ivat ion of adaptive mechan i sms ,  
leading l a te r  (after  120 min) to hypercompensa t ion .  The resu l t s  showing act ivat ion of Na, K - A T P a s e  of the 
b ra in  during hypoxia for  2 h agree  with his tological  observa t ions  [3, 7, 9] indicating cons iderable  changes 
in the u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of nerve  t i s sue  in hypoxic hypoxia las t ing 2 h. The authors  cited ob-  
s e rved  an increased  number  of f ree  and membrane -bound  r i b o s o m e s  in the cy top lasm of neurons toge ther  
with swelling of the mi tochondr ia ,  while the c r i s t a e  r emained  intact.  These  changes,  in these worke r s ,  
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opinion, are not pathological and they regard them as a morphological feature of increased functional 
activity of these organ,  lies and of a strain on the energy resources of the nerve cells. The reduced ac- 
tivity of brain Na, K-ATPase in the later  stages (after hypoxia for 3 h) must probably be regarded as in- 
dicating collapse of the compensatory mechanisms. There is alternative evidence in support of this view - 
after exposure of rats to the degree of hypoxia used in the present experiments for 4 h, 90%of the animals 
died. Electron-microscopic investigations [3, 7] of the brain tissues of animals exposed to hypoxia for 
4 h showed a decrease in the features of physiological neuronal activity, an increase in the number of lyso- 
somes, and vacuolation of the cytoplasm on account of swelling of the cisterns of the endoplasmic reticu- 
lum. 

Active transport  of Na + and K + ions in erythrocytes is known to be maintained by glycolytic ATP 
resynthesis [14, 16]. This evidently explains the later  inhibition of ATPase of the erythrocyte membranes 
and the more marked supercompensation of its activity. 
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