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According to he results of investigations of many authors [2, 7, 9], acute  oxygen lack of the organism is ac -  
companied  by a sharp disturbance of the carbohydrate-phosphorus metabol i sm in the tissues: the reserves of glycogen 
and ATP are reduced (with the exception of the kidneys, where the amount of ATP increases during hypoxia), and the 

assimilat ion of glucose is decreased. It is known that the administrat ion of ACTH to animals  substantially increases 

their resistance to oxygen starvation [16, 18] and, to a considerable degree, prevents the changes in the carbohydrate-  

phosphorus metabol ism produced by acute  hypoxia [7, 11]. 

Most of the studies on the problem of oxygen lack  have been devoted to hypoxic hypoxia, while the disturbance 
of metabol ism during the hemic  type of hypoxia has received insufficient t reatment  in the l i terature.  

On the basis of this, a study of the influence of ACTH during heroic hypoxia on the ac t iv i ty  of the "key" en-  

zyme of g lyco lys i s - -g lucok inase - i s  of undoubted interest.* The la t ter  enzyme ca ta lyzes  the react ion of primary 
phosphorylation of glucose and, as is wel l  known, is the least  "powerful" link of glycolysis, which determines its m a x -  

imum rate [5]. 

In this work we invest igated the glucokinase ac t iv i ty  in control and "hypoxic" rats under the influence of ACTH 
and without it  in the skele ta l  muscles, testes, and brain. The investigation of the testes was undertaken in view of 
the fact  that we found no data in the l i terature,  ei ther with respect to changes in metabol ism in this organ during hy-  
poxia, although the testes are ex t remely  sensitive to oxygen lack, or with respect  to the influence of various hormones 

on the ac t iv i ty  of the test icular  glucokinase. 

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

The investigations were conducted oll white male  rats 190-250 g in weight. Acute oxygen lack  was induced by 
subcutaneous inject ion of sodium ni tr i te  in amounts of 10 mg per 100 g of weight of the animal .  Forty to 45 rain af-  
ter the in ject ion of NaNO 2, when 45-50% of the hemoglobin  had been converted to methemoglobin ,  the animals  were 
k i l led  under l ight ether narcosis. Methemoglobin was determined according to our modif icat ion of Gore's method 
[3]. We used a smal ler  dilution of the blood, which gives a larger difference between the ext inct ion of hemoglobin 
and methemoglobin  and substantially reduces the error m the determinat ion of the amount of the lat ter .  Colorimetry 
was performed on the FEK with a red filter.  The invest igated tissues were frozen and ground in l iquid oxygen. The 
glucokinase ac t iv i ty  was determined in extracts of the tissues according to the loss of glucose [17] and were expressed 
in mil l inni ts  (mi l l imicromoles  of glucose per mg of protein in the sample in 1 rnin of incubation).  Glucose was de-  
termined according to the method of Dumazert  [15], protein by the biuret method [14]. Since the lipids of the brain 

* According to the systematic  nomenclature  adopted by the Commission on Enzymes of the International Biochemi-  

cal  Congress (1961), the enzyme is ca l led  ATP:D-glucose-6-phosphotransferase.  
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Glucokmase Act ivi ty  (in Mill+units) in Tissues of White Rats under the Influence of Hypoxia,  Single and Repeated in-  

jections of ACTH 

Group of Skete ta t  musctes Testes Brain 

animals  
No. of de -  M• m No. of de te r -  M+ m No. of de ter -  M+m 
term+ha- minat ions minat ions 
tions 

Note. 

30 
22 

7 
6 

10 

8 

9.13+0.52 
5.51+0.50" 
3.84+0.66* 
3.43:k 0.62* 
7.74• 0.60 
8.45+ 0.73 

23 

16 

6 
5 

12 

14 

15.80+0.52 

12.05+ 0.95$ 
15.48+ 1.42 

10.92+ 1.385 
Ii.88+ 1.06J" 

13.11+0.765 

31 
21 

7 
6 

10 
13 

53.80• 
42.51+3.115 

47.21+3.25 
52.35+2.94 
51.40~ 2.20 

44.23~: 2.69$ 

The asterisks indicate  s ta t i s t ica l ly  re l iable  reductions of the glucokinase ac t iv i ty  (* --P< 0.01, T P< 0.02, :~ -- 
--P< 0.05) in comparison with the control animals,  

and testes, changing the l ight  absorption, interfere with the determinat ion of protein by this method,  their extract ion 
after precipi ta t ion of the protein was performed with an a lcohol -e ther  mixture (2:1) in a period of 1.5 h. 

Six groups of animals  were investigated: the 1st contained the control  rats, not subjected to any influences,  
the 2rid the rats that  received injections of NaNOa, the 3rd the rats that received a single in ject ion of ACTH, the 4th 

the rats in which methemoglob inemia  was induced against a background of ACTH action; the 5th the rats that r e - ,  
ce ived repeated injections of ACTH, and the 6th the rats in which acute  oxygen lack was induced after repeated pre-  
l iminary  injections of ACTH. 

The animals  of the 3rd and 4th groups received subcutaneous inject ions of 2 units of ACTH, 2 h before the ex -  
periment .  The animals  of the 5th and 6th groups rece ived  ACTH for a period of 6 days in amounts of 2 units per day. 
The rats were taken for the exper iment  24 h after the last inject ion.  

The data obtained were t reated s tat is t ical ly .  

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

As can be seen from the data presented in the table,  acute  oxygen lack of the organism, induced by the i n j ec -  
tion of NaNOz, leads to a reduction of the glucokinase act ivi ty  in a l l  the invest igated tissues. This reduction of the 
enzyme ac t iv i ty  is s ta t is t ical ly  re l iab le  and is the most pronounced in the muscles (39.6%), to a lesser degree in the 
testes (23.7~ and brain (19.7~ The results of the experiments  agree with the l i terature  data of most authors [6, 8], 
which give evidence of an inhibit ion of the glucokinase ac t iv i ty  in the tissues in other forms of hypoxia.  The inhib i -  
tion of the rate  of the glucokinase react ion detected in our investigations indicates a reduction of the incorporation of 
glucose into the metabo l ic  processes [19] and is one of the causes of the dece lera t ion  of glycogen synthesis frorn glu-  
cose in the tissues during hypoxia [9]. The mechanism of the inhibit ion of the glucokinase ac t iv i ty  may  di f fer  in d i f -  
ferent tissues. Apparent ly the inhibi t ion of the glucokinase ac t iv i ty  in the muscle  tissue occurs under the act ion of the 
hormones of the adrenal  cortex, the intensified production of which during hypoxia has been established by cer ta in  
authors [12]. 

In contrast to the muscie  glucokinase,  the brain glucokinase is not inhibi ted in vitro by preparations of the ster-  
oid hormones [13]. In view of this, the reduction of the rate of the glucokinase react ion in the brain can be explained 

by the increase in the amount of g lucose-6-phosphate  observed in it during hypoxia [10], since, even in smal l  concen-  
trations, i t  strongly inhibits the glucokinase ac t iv i ty  of the brain in experiments  in vitro [20]. 

The mechanism of the inhibit ion of glucokinase of the testes remains unclear.  Apparently, the cause of the in-  
hibit ion is not intensified production of cortieosteroids, since 2-2.5 h after subcutaneous in jec t ion  of 2 units of ACTH 
in rats (3rd group of animals) ,  the glucokinase ac t iv i ty  in the testes does not differ from its ac t iv i ty  in the control  
animals,  while the muscle glucokinase is inhibited an average of 57.9% during this period. In the brain, just as in 
the testes, the glucokinase ac t iv i ty  is unchanged 2-2.5 h after the in ject ion of ACTH. 

From the table  i t  can also be seen that acute  hypoxia does not inf luence muscle  glucokinase inhibi ted as a 
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result of pre l iminary inject ion of ACTH. This may be explained by the fact  that the influence of hypoxia does not 

give rise to any essential new increase in the manufacture of corticosteroids, which might  lead to a further reduction 
of the glucokinase ac t iv i ty  in the muscle tissue, against  a background of inhibit ion of the glucokinase act ivi ty  by the 

corticosteroids, which sets in after the inject ion of ACTH. Moreover, a single pre l iminary  inject ion of ACTH does 
not influence the rate of glucose phosphorylation in the testes, inhibi ted under conditions of hypoxia. It is interesting 
to note that a single in ject ion of ACTH in rats ent i re ly  prevents the reduction of the glucokinase act ivi ty  in the brain, 
observed under conditions of hypoxia. The mechanism of the normal iz ing influence of a single inject ion of ACTH re-  

mains unclear.  

In a study of the influence of repeated pre l iminary injections of ACTH on th e glucokinase act ivi ty  in the tissues 

of the control rats (5th group), it  was found that they exert  no s ta t is t ical ly  re l iab le  inf luence on the rate of the gluco-  
kinase react ion in the muscles and brain. The glucokinase act ivi ty  in the testes is dist inctly reduced in the rats of 

this group. 

Acute oxygen starvation of the organism in rats that have received pre l iminary  repeated injections of ACTH is 
not accompanied  by any decrease in the glucokinase ac t iv i ty  in the muscles, but produces the same decrease in the 
glucokinase ac t iv i ty  in the brain and testes as in "hypoxic" rats that have not received ACTH. The explanat ion of the 
normal iz ing influence of prel iminary repeated inject ions of ACTH on the glucokinase ac t iv i ty  in the muscles during 

hypoxia should evident ly  be sought in the fact that repeated injections of ACTH, which increase the need of the or- 
ganism for insulin [1], evident ly  promote an intensified manufacture of insulin, which counteracts the inhibi t ing influ-  

ence of the eorticosteroids on the glucokinase ac t iv i ty  [4]. 

Our investigations show that acute hypoxia, induced by the inject ion of sodium nitrate,  leads to a reduction of 
the rate of the glucokinase react ion in a l l  the invest igated tissues. Repeated administrat ion of ACTH to rats inhibits 
the glucokinase ac t iv i ty  in the muscles and does not influence the act ivi ty  of this enzyme in the brain and testes. At 
the same t ime,  repeated inject ion of ACTH exerts a normal iz ing influence on the glncokinase ac t iv i ty  in the brain un-  
der conditions of acute  oxygen lack. Repeated pre l iminary  injections of ACTH do not influence the glucokinase ac t iv -  
ity in the muscles and brain, but inhibit  the ac t iv i ty  of this enzyme in the testes. Repeated pre l iminary  injections of 

ACTH prevent the reduction of the glucokinase ac t iv i ty  in the muscles that arises during hypoxia.  

S U M M A R Y  

Acute hypoxia induced by the administrat ion of sodium ni t r i te  was found to result in the reduction of glucokin-  
ase ac t iv i ty  in the tissue. Single ACTH administrat ion in a dose of 2 units depressed the glueokinase ac t iv i ty  in the 
muscles, without affecting the ac t iv i ty  of the enzyme in the brain and the testes. Prel iminary single ACTH admin i -  
stration prevented the inhibit ion of glucokinase ac t iv i ty  in the brain as observed in hypoxia. Repeated prel iminary 
ACTH injections (2 units dai ly for 6 days) did not affect  the rate of glucokinase react ion in the muscles and the brain, 

and reduced the glucokinase act ivi ty  in the testes; the injections also normal ized  the muscle  glucokinase act ivi ty  in-  

hibi ted in conditions of 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  o f  a t l  o I  t h i s  per i -  

od i ca l  l i t e ra ture  m ay  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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