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The  administrat ion of cortisone exerts a favorable effect  upon the carbohydrate-phosphate  metabol ism in 

various diseases of man [1] and increases the period of survival of normal  and adrenalec tomized  animals  subjected 
to the influence of hypoxia [8, 11]. According to the resuks of the investigations of a number of authors [6, 13], 
acute  oxygen insufficiency of the organism is accompanied  by a reduction of the hexokinase ac t iv i ty  in the t i s sues -  
an enzyme which is the "weakest"  g lycoly t ic  link and determines  the maximum rate of glycolysis [5]. I t  is known 

that  the hexokinase react ion is the enzymat i c  step whose rate  is de termined by the influence of factors of hormonal  

regulat ion [4]. And yet ,  the question of the influence of hormones on the hexokinase ac t iv i ty  under conditions of 
hypoxia  has been insufficiently studied. 

This work presents the results of an investigation of the influence of single and mul t ip le  injections of cortisone 
ace ta te  on the hexokinase react ion in the skele ta l  muscles and brain of rats subjected to the influence of acute 

heminic  hypoxia.  

P R O C E D U R E  

The experiments  were conducted on white male  rats, 150-250 g in weight. The  hexokinase ac t iv i ty  was deter-  
mined in tissue extracts according to the decrease in glucose [14] after precipi ta t ion of the proteins with CdSO 4 in 
weakly alkal ine medium [!2] and was expressed in mil l iuni ts  (in mi l l imic romoles  of glucose per mg of protein in 

the samples in one minute of incubation). The amount of protein in the muscle and brain extracts was determined 
by the biuret  method [10] (in the brain after pre l iminary extract ion of the lipids with an a lcohol -e ther  mixture for 

1.5 h). Acute oxygen starvation of the organism was induced by subcutaneous inject ion of sodium nitrate in a dose 
of 10 mg per 100 g of weight of the animal .  Methemoglobin was determined according to the method of Gore [3], 
using a photoe,lectrocolorimeter after decap i ta t ion  of the an imal  40-45 rain from the moment  of inject ion of theNaNO 2. 

Two series of experiments  were conducted.  In the first series of experiments  we investigated the hexokinase 
ac t iv i ty  in the tissues of the control  rats and animals that had received single and repeated injections of cortisone. 
In the second series of experiments,  we s tudied the rate of the hexokinase react ion in the tissues of rats subjected to 
hypoxia and those of rats in which acute  oxygen insufficiency was induced against a background of single or repeated 
injections of cortisone. Single injections of  cortisone, in amounts of 10 mg per rat, were performed 12 h before the 
exper iment ,  and the repeated i n j e c t i o n s - i n  a dose of 2.5 mg during a 6 day period, the last inject ion being admin-  

istered 24 h before the experiment .  

R E S U L T S  

The results of the experiments  on the determinat ion  of the hexokinase ac t iv i ty  in the tissues of the control rats 
show that the rate of phosphorylation of glucose in extracts of the brain is almost six t imes as high as in extracts of 
the ske le ta l  muscles. This agrees with the genera l ly  known data  on the dominant  role of glucose as the source of 
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Variations of the Hexokinase Aci t iv i ty  (in mil l iuni ts)  in the Tissues of the Control  Rats and Rats with Hypoxia Under 
the Influence of Single and Repeated Injections of Cortisone 

Invest igated 
tissue 

Skele ta l  

muscles 

Brain 

*p<  0.01. 

p< 0.02. 

$ p> 0.05. 

Sta t i s t ica l  index 

n 

M• 
~ of ac t iv i ty  

with respect 

to control  

n 

M• 
% of ac t iv i ty  

with respect 
to control  

Control  

30 

9.13+0.52 

31 

i3.80+2.35 

First series 

C ortisone, 
single 

8 

3.52 :~ 0.54* 
38.6 

9 

55.97e 1.875 

104.0 

Experimental  conditions 

Cortisone, 
repeated 

9 

9.02+ 0.82~" 
98.8 

IO 

59.17~ 1.79:~ 

110.0 

Hypoxia 

22 

5.5t:~ 0.50" 
60.4 

21 

43.51 ~ 3.11I" 

80.3 

Second series 

Cortisone, 
single + hypoxia 

I0 

3.30+0.77* 

36.1 

II 

57.01+2.985 

106.0 

C ort is one, 

repeated + 
hypoxia 

10 

9.13~:0.99:~ 
100.0 

I0 

56.68• 1.97$ 

105.4 

nutrit ion in the energy exchange of the centra l  nervous system and with data [15] on the great aff ini ty of the brain 
hexokinase for glucose. Long [14], studying the opt imum conditions under which the ac t iv i ty  of hexokinase is mani-  
fested, showed that the ac t iv i ty  of the enzyme in the brain tissue is far higher than in 14 other tissues that  he studied. 

As can be seen from the table ,  repeated inject ion of cortisone in amounts of 10 mg leads to substantial  de- 
pression of the hexokinase react ion in the muscles and does not influence the hexokinase ac t iv i ty  in the brain. Data 
analogous to those cited were obtained [9] upon the addit ion of cortisone in vitro to extracts of these tissues. In an 

invest igat ion of  the hexokinase ac t iv i ty  in the hyaloplasm and mitochondria  of normal  and regenerating liver after 
the introduction of large doses of cortisone [7], a reduction of the ac t iv i ty  of the enzyme was found in the fractions 
both of the normal  and of the regenerat ing livers. 

Repeated injections of cortisones into rats did not exert  a s ta t i s t ica l ly  re l iable  influence on the hexokinase 
ac t iv i ty  in the invest igated tissues. This,  it might  seem, is in contradict ion with the inhibit ion of the hexokinase 
ac t iv i ty  in the muscles after a single inject ion of cortisone. In a l l  probabil i ty,  repeated injections of cortisone, 

which increases the insulin requirement of the organism [2], leads to the establishment of a dynamic  equil ibr ium 

between the factors determining the ac t iv i ty  of the enzyme-g lucocor t i cos te ro ids ,  on the one hand, and insulin, on 
the other. This ev ident ly  also corresponds to main tenance  of the rate of the hexokinase react ion in the muscles of 
these animals,  equal  to that for the control  rats. 

In the second series of experiments,  the amount of methemoglobin  in the blood was pre l iminar i ly  investigated 
40-45 rnin after the in ject ion of NaNO z in intact  rats and in rats in which hypoxia had been induced against a back- 
ground of single and repeated injections of cortisone. In the animals  of a l l  three-groups,  the amount of methomo-  
globin f luctuated from 43 to 68%, without any significant difference among the individual  groups. 

Acute oxygen starvation, induced by the inject ion of NaNO 2, is accompanied ,  just as in the experiments  con- 
ducted by other authors [6, 13], in the case of hypoxic and ar ter ia l  hypoxia,  by an inhibition of the rate  of the hexo- 

kinase react ion,  both in the ske le ta l  muscles and in the brain. Oxygen insufficiency of the organism, induced against 
a background of the act ion of cortisone, exerts no influence on the hexokinase ac t iv i ty  in the muscles, inhibited as 
a result of its action. At the same t ime ,  a single inject ion of cortisone prevents the decrease in the rate of phos- 
phorylation of glucose in the brain, observed under conditions of hypoxia.  

The hexokinase ac t iv i ty  in the skele ta l  muscles and brain of rats that received injections of NaNO 2 against a 
background of repeated injections of  cortisone proved the same as in the corresponding tissues of the control  animals,  
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which did not receive cortisone. Consequently, repeated injections of cortisone normalize the incorporation of glu- 
cose into the metabolic processes in the tissues during hypoxia. This agrees with the indications in the literature of 
a favorable influence of repeated injections of ACTH, which, as is well known, stimulates the production of cortico- 
steroids, on the hexokinase activity of the skeletal muscles and heart of rats during hypoxic hypoxia [6]. 

This, a single administration of cortisone to rats in large doses substantially inhibits the hexokinase reaction in 
the skeletal rnuscles, while acute hypoxia induced against this background by the injection of NaNO 2 does not affect 
the enzyme, although it itself inhibits its activity. A single injection of cortisone prevents the depression of the 
hexokinase reaction in the brain, observed during hypoxia, and does not affect the enzymatic activity in the brains 
of the control animals. Repeated injection of cortisone does not influence the hexokinase activity in the tissues of 
the control rats and normalizes the rate of the hexokinase reaction under conditions of acute heminic hypoxia. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this per/. 

odical  l i terature may well be avai lable in Engl ish translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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