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The effect  of  hypoxic and cytotoxic hypoxia on c rea t ine  k inase  (CK) activi ty of the blood 
p l a sma ,  the bra in ,  hea r t ,  and l iver  t i s sues ,  and the nuc lea r  and mitochondr ia l  f rac t ions  of  
the b r a i n w a s  studied.  Hypoxia causes  ma rked  changes in CK activi ty of all  the t i s sues  and 
organe l les  studied.  The  magnitude and d i rec t ion  of the changes in CK activi ty depend on the 
type and durat ion of hypoxia,  the o rgan-spec i f i c i ty  of the CK, and d is turbance  of the p e r m e -  
ability of cell  m e m b r a n e s .  
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Crea t ine  kinase  (CK) (ATP: c rea t ine  phospho t r ans fe ra se ,  EC 2.7.3.2) plays  an impor tan t  role  in the 
me tabo l i sm  of h igh-energy  phosphorus  compounds concerned with ATP re syn thes i s ,  and it pa r t i c ipa t e s  in 
the control  of mi tochondr ia l  r e sp i r a t ion  [10, 13]. In cytotoxic hypoxia CK act ivi ty in the hear t  musc le  is 
reduced but  in skele ta l  musc le  it i s  increased ;  s i m i l a r  r e s u l t s h a v e  been found also  in asphyxia  [5]. In 
expe r imen ta l  myocard ia l  infarc t ion an i n c r e a s e  in CK act ivi ty  has  been  found in hea r t  musc le  [1, 6]. 

The  effect  of cytotoxic and hypoxic hypoxia of var ied  durat ion on CK activi ty was studied in the b ra in ,  
hea r t ,  l ive r ,  and blood p l a s m a .  

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

Noninbred albino r a t s  weighing 150-250 g were  used.  Cytotoxic hypoxia was induced by subcutaneous 
inject ion of sodium ni t r i te  (25 m g / 1 0 0  g body weight), and the an imals  were decapi ta ted 25 min la te r .  Hy-  
poxic hypoxia was induced in a p r e s s u r e  cha mbe r  at an "alt i tude" of 9.5 km for  5, 15 ,120 ,  and 180 min (the 
"ascent"  and "descent"  each took 3 min).  Immedia te ly  a f te r  "descent"  the an imals  were  decapi ta ted ,  the 
mixed blood was col lected,  and the c e r e b r a l  h e m i s p h e r e s ,  l i ve r s ,  and hear t s  w e r e  r emoved .  The  t i s sues  of 
the b ra in ,  hear t ,  and l iver  were  homogenized in 10 vo lumes  of 0.25 M suc rose  with 0.005 M ir is  HC1 (at 0~ 
in a Teflon homogenizer ) .  By d i f ferent ia l  centr i fugat ion the nuc lea r  and mitochondria l  f rac t ions  were  i so -  
lated f r o m  the b ra in  homogenate .  T i s s u e  ex t r ac t s  were  obtained by centr i fugat ion of the homogenates  at 
40,000g (after  r emova l  of the mi tochondr ia  and m i e r o s o m e s )  [11]. P ro te in  was de te rmined  in the samples  
by the m i c r o b i u r e t  method [2] and the CK act ivi ty i nves t iga t ed  [11]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In hypoxic hypoxia ci~ activity was altered in all the tissues studied (Fig. I). The extent and direction 
of the change depended on the duration of hypoxia and the specificity of the enzyme. The earliest changes 
occurred in the activity of brain cytoplasmic CK and blood plasma CK. After a single "ascent-descent," 
and with a stay at a "high altitude" of not more than 1.5 min, the enzyme activity was lowered (P < 0.05). 
This was probably the result of a decrease in the creatine phosphate concentration in the brain tissue in 
hypoxia [3, 9]. The increase in enzyme activity after 15 rain of hypoxia was evidently the result of hyper- 
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Fig.  1. Effect  of hypoxic hypoxia on CK act ivi ty  in b ra in ,  
hear t ,  l iver ,  and blood p l a s m a  of ra t s :  I) blood p lasma;  II) 
brain;  HI) hea r t  muscle ;  IV) l iver ;  V, VI) nuc lear  and mi to-  
chondrial  f r ac t ions  of  brain;  r e spec t ive ly .  Durat ion of exposure  
in p r e s s u r e  chamber"  1) " a s c e n t - d e s c e n t " ;  2) 5 rain; 3) 15 min; 
4) 120 min; 5) 180 min.  Ordinate,  change in CK act ivi ty ,  in %. 
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Fig. 2. Action of oytotoxic hypoxia 
on CK act ivi ty  of ra t  b ra in ,  hear t ,  
l ive r ,  and blood p la sma:  1) bra in ;  
1I) hear t ;  III) l iver;  IV) blood p la sma;  
u  u nuclear  and mi tochondr ia l  f r a c -  
tions of bra in ,  r e spec t ive ly .  Rema inde r  
of legend as  in Fig. 1. 

adaptation. A study of the act ion of hypoxia on Na +, K+-ATPase  
also revealed  biphasic  changes in the enzyme activi ty in the 
b ra in  t i s sue  [4]: a sharp  d e c r e a s e  in the f i r s t  15 rain followed 
by an i n c r e a s e  during exposure  for  2 h. 

Increased  CK act ivi ty in the blood p l a s m a  in pathological  
s t a t e s  i s  r ega rded  by m o s t  w o r k e r s  as  the resu l t  of a d i s tu r -  
bance  of m e m b r a n e  pe rmeab i l i t y  [14, 15]. The d e c r e a s e  in Na +, 
K + - A T P a s e  act ivi ty in the m i c r o s o m a l  f rac t ion  of b ra in  t i s sue  
and in e ry th rocy te s  during hypoxia for  15 rain [4] also points  
to cons iderable  changes in the m e m b r a n e s .  P r e s u m a b l y  the 
d e c r e a s e  in CK act ivi ty  in the hea r t  musc le  and l i ve r  during 
hypoxia for 5 and 15 min was the r e su l t  of l iberat ion of the 
enzyme into the blood. After  hypoxia for 2-3 h, CK activi ty 
in these o rgans  re turned to i ts  no rma l  level .  No inc rea se  in 
cy top lasmic  CK act ivi ty above the no rma l  level  was observed  
in the hear t  and l iver  t i s sues .  

The  d i f fe rences  between changes  in CK act iv i ty  in di f -  
fe ren t  t i s sues  during hypoxic hypoxia can p robab ly  be  explained 

by the organ specif ic i ty  of the enzyme and d i f fe rences  in the i soenzyme spec t r t tmin  different  t i s sues .  CK 
can pe rhaps  be  c lassed  as a const i tut ive enzyme [7], one which d e t e r m i n e s  the specif ic  enzyme prof i le  of 
each t issue and which r eac t s  p r e c i s e l y  to changes in the conditions of exis tence of the body ce l l s .  

A tendency toward an i n c r e a s e  in CK activi ty at  all pe r iods  of hypoxia was obse rved  in the nuc lear  
f ract ion of bra in  t i ssue {after exposu res  of 15 and 120 min this tendency became  s ta t i s t ica l ly  significant;  
P < 0.05). A dec r ea s e  in CK activi ty in the mitochondria l  f ract ion was d i scovered  a f te r  5 min of hypoxia.  
After  3 h of hypoxia the CK act ivi ty  was inc reased .  

Exper imen t s  have shown that in the mi tochondr ia  CK p re fe ren t i a l l y  ca ta lyzes  the react ion  of fo rmat ion  
of c rea t ine  phosphate  and ADP, but in the cy top lasm the fo rmat ion  of c rea t ine  and ATP [12, 16, 17]. The 
inteas i ty  of the p r o c e s s  as  a whole is  de te rmined  by the local A T P / A D P  ra t io  [8]. The  i a c r e a s e d  CK 
act ivi ty  in the mi tochondr ia  during 3 h of hypoxia may  perhaps  re f lec t  the need fo r  act ivat ion of c rea t ine  
phosphate synthes is ;  normal iza t ion  of the c rea t ine  phosphate level  in the cy top lasm leads  to normal iza t ion  
of cy top lasmic  CK act ivi ty.  

In s e v e r e  cytotoxic hypoxia a sha rp  d e c r e a s e  in CK activi ty was found in the b ra in  and hea r t  t i s sues  
and also in the nuclear  and mi tochondr ia l  f rac t ions  of the bra in  and in the blood p l a sma .  CK act ivi ty  in the 
l iver  was unchanged (Fig. 2): The  direct ion and magnitude of the changes in CK act ivi ty cor responded  on 
the whole to the p r i m a r y  changes obse rved  in hypoxic hypoxia.  The exception was CK act ivi ty in the bra in  
nuclei (which had a tendency to inc rease  in hypoxic hypoxia but was lowered in cytotoxic hypoxia) and the 
CK activi ty in the l iver  {which was lowered in hypoxic but remained unchanged in cytotoxic hypoxia)o T h e s e  
d i f fe rences  could be assoc ia ted  with the d i rec t  effect  of sodium ni t r i te .  
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Hypoxia thus causes considerable changes in CK activity of the tissues and cell organelles. 
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