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Hexokinase (HK) ac t iv i ty  in the total  homogenate and cy top lasmic  and mi tochondr ia l  f r ac t ions  
of the bra in ,  hea r t ,  and l i v e r  of newborn r a t s  was studied in r e l a t ion  to the s e v e r i t y  of expo-  
su re  to hypoxia. With a mi ld  fo rm of hypoxie hypoxia an i n c r e a s e  in the ac t iv i ty  of the mi to -  
chondr ia l -bound form of the enzyme was observed  in the b ra in  and l i ve r  t i s sue  accompanied 
by a d e c r e a s e  in cy top lasmic  HK ac t iv i ty  and, in the bra in ,  by a marked  i n c r e a s e  in the r a t e  
of glucose phosphoryla t ion.  Deep hypoxia led to a d e c r e a s e  in HK ac t iv i ty  in the total  homog- 
enate and in both subce l lu l a r  f r ac t ions  in all  t i s sues  inves t igated.  The r e s u l t s  point to a d i s -  
turbance of ce r t a in  mechan i sms  in the t i s sues  of newborn r a t s  a f te r  exposure  to a s eve re  de-  
g r ee  of hypoxia. 
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The i n c r e a s e d  in tens i ty  of g lyco lys i s  in newborn an imals  exposed to hypoxia is  r ega rded  as one of the 
most  impor tan t  mechan i sms  of adaptation. An e s sen t i a l  s tage in the maintenance of a high level  of g lyco lys i s  
i s  hexokinase (HK) act ivi ty .  Since some HK in most  t i s sues  i s  known to be bound with subce l lu l a r  p a r t i c l e s  
[3, 7, 14] and a lso  s ince  the enzyme in the form bound with mi tochondr ia  is ,  under  c e r t a i n  condit ions,  more  
ac t ive  than the cy top lasmic  fo rm [1, 9, 14]~ i t  was i n t e r e s t i ng  to study the i n t r a c e l l u l a r  d i s t r ibu t ion  of HK in 
the t i s sues  of newborn r a t s  dur ing exposure  to hypoxia. 

In this inves t iga t ion  changes in HK act iv i ty  were  studied in f rac t ions  of the bra in ,  hear t ,  and l i ve r  of 
newborn r a t s  in d i f ferent  phases  of exposure  to hypoxia. Cons ider ing  that the g lucose -6 -phospha te  level  is  one 
of the p r inc ipa l  f ac to r s  cont ro l l ing  the i n t r a c e l l u l a r  d i s t r ibu t ion  of HK [ 141, the concent ra t ions  of g l ucose -6 -  
phosphate and glucose in the t i s sues  were  de t e rmined  under  the same condit ions.  

EXPERIMENTAL METHOD 

Newborn r a t s  (1-3 days af ter  birth) were  used. The an imals  were  kept in a chamber  in which al l  the 
oxygen of the a i r  was rep laced  by ni t rogen 15 min a f te r  the beginning of the exper imen t s .  In the course  of 
8-10 min the young r a t s  developed s igns of a mild degree  of oxygen def ic iency (as shown by the r e s p i r a t i o n  
ra t e ,  ECG, and co lo r  of the skin). L a t e r  they developed a s e v e r e  degree  of hypoxia. The young r a t s  could s u r -  
vive under these conditions for 35-40 min. One group of animals was taken from the chamber 8 min and the 

other group 26 rain after the beginning of the experiment. They were quickly decapitated and the tissues re- 

moved were quickly cooled and homogenized at 0-4~ in 9 volumes of 0.25 M sucrose with 0.01 M Tris-HCl, 

pH 7.5. The fraction of mitochondria obtained by differential centrifugation (12,000g, 20 rain) was resuspended 
in 0.25 M sucrose with 0.01 M Tris-HCI and 0.5% Triton X-100, after which the supernatant obtained by cen- 
trifugation at 100,000g (30 min) was investigated. The cytoplasmic fraction was isolated by centrifuging the 

total homogenate at 100,000g (30 rain, 0-4~ The total homogenate was tested after treatment with 0.5% 
Triton X-100 and centrifugation under the conditions described above, HK activity was determined spectro- 
photometrically by reduction of NADP [12]. The concentrations of glucose-6-phosphate and glucose were de- 

termined by Lowry's method [i0]. 
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TABLE 1. HK Activity and Glucose and Glucose-6-Phosphate  Content in Tissues  of 
Newborn Rats Exposed to Hypoxia for Different Times (M + m) 

Tissue 
tested 

Brain 

Liver 

Heart 

Group of HKactivity, pmoles substrate/h/g tissue ] 

animals 

Control 
Hypoxia: 

8 min 
26 min 
Con~ol 
H~poxia: 

min 
26 min 

Control 
H~poxia: 

min 
26 rain 

totalhomo- 
genate 

182"4- 15,3 (10) 

184• 17,0 (10) 
127• 12,6' (10) 
67,22 3,06 (14) 

70,724,15 (I I) 
57,4m2,52" (12) 
299-----9,98 (I0) 

299----- 10,2 (t0) 
249• (8) 

cytoplasmic I mitochondrial i 
fraction I fraction 

59,4• 07) 35,321,03 116) 

49,8-"2,75* (11): 43,1-" t,98" (11) 
44,3• (12) 3t,6 + 1,67 (12) 
56,5~2,30 (16) 2,09• (15] 

51,6-"2,83 (16) 2,43---+0,114" (13) 
44,0~2,05" (12) 1,8520,062" (11) 
168-"9,79 (t 1) 31,8----- 1,47 (IG) 

154-"8,06 (11} 32,8-"1,68 (9) 
122210,9* (10) 23,6-"3,02" (8} 

Glucose Glucose-6-phos- 
content, phate content, 
~moles/g pmoles/kg 
tissue ~ssue 

2,4C-"0,22 (8) 

1,28-"0,17" (8) 
0,55---+0,083 * (8) 
5,~ (8) 

7,32-"0,57* {8) 
4,95-----0,55 (8) 
2,64-'-0,37 (5) 

1 ,c6~-0,20 (5) 
1, t0+0,22 * (5) 

*P < 0.05 compared with control  group. 
Legend. Number of experiments  in parentheses.  

84,0~5.7 (8) 

47,C-"3,4" (8) 
66,8-" 12,4 (8) 
272+---34 (8} 

231"*-37 (8} 
146-----45" (8) 
156~-8.3 {5} 

143~- 12.0 ([} 
o4..,0~_1 t.0" {5} 

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

The total HK activity after  exposure to hypoxia for  8 min was unchanged in all the t issues tested. An 
increase  in the activity of mitochondrial-bound HK by 22% was found in the brain t issue, whereas  the activity 
of the cytoplasmic form of the enzyme was reduced by 17%. In the l iver the decrease  in content of cytoplasmic 
HK was not significant but the activity of the mitochondrial  enzyme was increased  by 16% (Table 1). In the 
initial stage of hypoxia par t  of the enzyme in these t issues was probably converted f rom the soluble into the 
bound form. Since only a small  proport ion of the HK in the liver is bound with the mitochondria,  this r ed i s t r i -  
bution must  necessa r i ly  have a substantial effect on the mean value of the HK activity in the cytoplasmic f r ac -  
tion. 

Meanwhile a considerable lowering of the glucose (by 47%) and glucose-6-phosphate  (by 44%) levels was 
observed in the brain tissue. In the l iver,  on the other hand, the glucose content was increased (by 23%) 
whereas the glucose-6-phosphate  content was unchanged. 

The lower level of glucose in the brain of the newborn rats  reflected its more rapid utilization. The 
increase  in the rate of phosphorylation of glucose was evidently the resul t  of the fall in the level of g lucose-6-  
phosphate, which inhibits HK, and the increase  in the proportion of bound enzyme, which is more active than 
the cytoplasmic when the substrate  is deficient [1].  The int racel lular  redistr ibution of HK could in turn be due 
to the fall in the glucose-6-phosphate  level. The decrease  in the glucose-6-phosphate  content observed on ac-  
celerat ion of the hexokinase react ion indicates an increase  in the velocity of the final s tages of its utilization 
and, consequently, an intensification of glycolysis  in the brain of the newborn rats .  

The increase  in the glucose concentrat ion in the l iver t issue in stage I of hypoxia was evidently the r e -  
sult of its formation f rom glycogen, large quantities of which are present  in the liver of newborn rats  [2, 13]. 
Evidence of the ability of the l iver in young ra ts  to conver t  glycogen into glucose is given by the fact that their 
g lucose-6-phosphatase  activity is high [6, 11]. Conversion of par t  of the l iver  glycogen into glucose evidently 
maintains the glucose level in t issues that do not possess  large r e s e r v e s  of this carbohydrate ,  especial ly the 
brain. It can be postulated on the basis of this increase  in the activity of the relat ively more  active form of 
HK, bound with the mitochondria,  that the rate  of phosphorylation of glucose in the l iver  t issue is increased in 
stage I of hypoxia. 

During the fur ther  development of hypoxia (26 rain) HK activity fell in the total homogenate of the brain, 
heart ,  and liver. An even more marked decrease  in activity of the cytoplasmic fract ion of HK was observed in 
the brain tissue. Activity of the mitochondrial-bound enzyme fell considerably compared with the initial stage 
of hypoxia, to a lower value than in the control.  The glucose content in the brain was reduced by 77% compared 
with the control.  In the hear t  and l iver a decrease  in HK activity was observed in both the subcellular  f r ac -  
tions, together with a decrease  in the glucose and glucose-6-phosphate  content compared with the initial stage 
of hypoxia. 

The lowering of mitochondrial-bound HK activity was probably caused by a disturbance of the s t ruc tura l  
organizat ion of the mitochondrial  membranes  taking place in the t issues of the newborn animals during exposure 
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to severe  hypoxia [4, 5], and conversion of the enzyme into the soluble form. The reduction in cytoplasmic 
HK activity could be due to inactivation of the enzyme molecule during the change in the in t racel lu lar  pH which 
takes place in the t issues at a time of severe  hypoxia and leads to inhibition of glycolysis  [ 8]. 

The decrease  in HK activity in the total homogenate and, in par t icular ,  in the mitochondrial fraction 
signifies a worsening of the conditions for glucose phosphorylation and can be regarded as a disturbance of 
adaptation to hypoxia. This applies to a g rea te r  degree to the brain tissue, in which glucose is the main sub- 
s t ra te  for energy react ions  during hypoxia. A decrease  in the ability of brain t issue to phosphorylate glucose, 
together with a sharp fall in its level during exposure to a severe  degree of hypoxia, could be among the main 
causes of the great  vulnerability of the brain of newborn ra ts  exposed to hypoxia. 

The resul t s  of these experiments  thus showed that mild, brief hypoxia is accompanied by adaptive 
changes in the HK distribution in the brain t issue of newborn rats ,  as a resul t  of which the phosphorylation of 
glucose and its utilization in glycolysis  takes place more rapidly. A severe  degree of hypoxia leads to dis-  

t u r b a n c e  of adaptation in this stage of energy react ions.  
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