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Hormones activating the genetic apparatus of the cell affect excitability, permeability, 
and energy-yielding processes [5]. 

The role of Na,K-ATPase in cell metabolism and excitability is responsible for interest 
in the study of the action of hormones on this enzyme. However, the results of a study of 
this action are few in number and contradictory in nature. Some workers state that for insu- 
lin to exert its i~fluence on Na,K-ATPase activity, integrity of the cell is an essential fac- 
tor [13, 14]. Other workers have observed changes in activity of the Na-pump in plasma mem- 
brane in the presence of insulin [7, 15]. 

The small number of investigations so far undertaken on brain plasma membranes justified 
a study of the effect of different doses~and durations of incubation of insulin on Na,K-ATPase 
activity zn v~t~j and the investigation described below was undertaken for this purpose. 

EXPERIMENTAL METHOD 

Experiments were carried out on the brain microsomal fraction obtained from Wistar rats 
by differential centrifugation. Na,K-ATPase activity, inhibited by strophanthin K (10-a), 
was determined by the method in [I0], and protein was estimated by Lowry's method [6]. Bovine 
insulin (Darnitsa Pharmaceutical CHemical Combine) was added to the incubation medium in doses 
of 10.18and 0.36 U/ml. Simultaneous incubation with the hormone and strophanthin lasted i0 
and 30 min, preincubation of the enzyme with insulin 5 min, and combined incubation with the 
hormone and strophanthin another 5 min. 

The experimental results were subjected to statistical analysis by the Wilcoxon-Mann-- 
Whitney method [3]. 

EXPERIMENTAL RESULTS 

The experiments of series I showed (Table i) that addition of insulin to the incubation 
medium in a dose of 0.18 U/ml did not lead to any significant change in Na,K-ATPase activity, 
whereas in a dose of 0.36 U/ml insulin reduced it by 59%. Prolonging incubation to 30 min 
had no significant effect on activity the Na-pump compared with that after incubation for 

i0 min. 

Preincubation of the rat brain microsomal fraction for 5 min with insulin (0.36 U/ml) 
significantly increased (P < 0.01) Na,K-ATPase activity from 21.81 ~g Pi/mg protein/h (n = 
13) to 29.75 ~g Pi/mg protein/h (n = i0). 

The experimental results thus showed that Na,K-ATPase activity depends both on the 
experimental donditions and on the dose of insulin added to the incubation medium. Most 
investigations into the effect:of insulin on the Na-pump have been conducted on muscle fibers, 
liver cells, kidneys, and isolated dog's heart [8, Ii, 13]. They have shown an increase 
in ouabain binding by 41-113% [8]. It has been suggested that this effect is the result of 
the direct action of the hormones on the Na-pump [9]. 
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TABLE i. Na,K-ATPase Activity (~g Pi/mg 
protein/h) of Rat Brain Microsomal Frac- 
tion depending on Dose of Insulin and In- 
cubation Time 

S tatistic a] 
index 

M 
n 

P 

Con~ol 

Incubation 
Incubation for I0 rain for30 rain 

dose of insulin, U/ml 

0.36 0,18 0,36 

26,16 14,15 
8 8 

>0.05 <0.005 

13,59 
6 

0,005 

The response to addition of the hormone ~as consistently activating regardless of dose, 
which varied in different experiments from 0.01 to i00 U/mol [9, 13]. The duration of incuba- 
tion (2 min to 4 h) likewise had no significant influence on the trend of the observed effect 
[8, 13], for binding of the hormone with the cells is considered to take place after 2 min, 
and this level of binding thereafter persists for 90 min [12]. Only in one or two publica- 
tions was the effect observed to depend on dose and on duration of incubation of the hormone 
[n]. 

In some of the investigations mentioned above it is suggested that for the effect of in- 
sulin on Na,K-ATPase activity to be revealed, integrity of the cell is essential, for it is 
impossible to obtain any effect in homogenized tissue or isolated preparations of Na,K-ATPase 
[13, 14]. Some workers, however, observed changes in activity of the Na-pump in the presence 
of insulin in plasma membranes from bovine, pig, and rat liver [II, 15]. 

Our own results also showed that insulin can affect enzyme activity in plasma membrane 
of rat brain in vitro. 

When undertaking experiments of this kind we set out from the following propositions. 
First, Na,K-ATPase is distributed exclusively in plasma membranes and is one of a group of 
membrane-bound enzymes [2, 4]. Glycoside acceptors and K+-binding groups of the enzyme lie 
on the outer surface of the plasma membrane, the substrate site on its inner surface. Second, 
the existence of "reserves" of enzyme molecules in the membrane has been demonstrated [I]. 
Third, there is evidence that insulin activates pre-existing enzymes and does not include Na, 
K-ATPase synthesis de noVo [13]. The presence of galactose, an essential component of the 
insulin binding site [2, 16], in the ~-suhunit of the enzyme also provides a basis for inter- 
action of the hommone with it. 

Our experiments showed that the effect depends on dose of the hormone and sequence of 
incubation. Small doses (0.18 U/ml) were insufficient to reveal significant changes in Na, 
K-ATPase activity. Doubling the dose of the hormone led to a decrease in enzyme activity in 
the case of simultaneous incubation with strophanthin K and insulin, and to an increase activ- 
ity in the case of preincubation of the enzyme with insulin. 

Dependence of the results on the conditions of incubation have been demonstrated else- 
where [9, 14]. Oubain (strophanthin), for instance, can prevent the insulin effect or, con- 
versely, insulin inh~bits the effect of ouabain. 

Strophanthin K is known to inhibit the ATPase reaction at the dephosphorylation stage~ 
preventing removal of phosphate from the enzyme protein and thereby leading to accumulation 
of an inactive form of the enzyme [2, 4]. Inhibition of enzyme activity by strophanthin is 
accompanied by changes in the conformational properties of this enzyme,~.with the result that 
its affinity for insulin is reduced [16]. This may probably explain the decrease in Na,K- 
A~Pase activity in the case of simultaneous incubation of the enzyme with strophanthin K 
and insulin. 

Pre~ncubation of the enzyme with insulin stimulates phosph~rylation [17]. Activation 
of the phosphokinase stage of the reaction promotes the formation of a strophanthin-sensitive 
phospho-form [4] and an increase in Na,K-ATPase activity under the influence of the hormone. 
The change in enzyme activity probably takes �9 through conversion of existing molecules 
into the activated state, for in experiments on microsomes, synthesis can be virtually dis- 
regarded. 
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The investigations thus showed that insulin can influence Na,K-ATPase activity of the 
microsomal fraction of rat brain ~n u~tmo. The results depend both on the dose of hormone 
added to the incubation medium and on the experimental conditions. 
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One of the most urgent problems in modern neurology is that of the demyelinating diseases. 
The etiology and pathogenesis of this group of diseases, which includes multiple sclerosis, 
multifocal leukoencephalopath, etc., have not yet been completely explained. 

However, opportunities for the intravital s~udy of pathologicalchanges in the nerve 
tissue of human patients are limited. Because of this, it is particularly valuable to study 
experimental models of the demyelinating process in animals. Accumulation of data on the 
possible role of viral infection in the genesis of demyelination [i, 2, I0] had led to the 
development of adequate experimental viral models. 

One such model is encephalomyelitis caused by the neurotropic ghm strain of murine hepa- 
titis coronaviruses (EMIl). These viruses, it has been suggested, cause destruction of oligo- 
dendrocytes and the appearance of demyelinated regions in ~ne white matter of the brain and 
spinal cord [2, I0]. Considering that lipids are the main structural component of myelin 
sheaths, which are the main structure destroyed during demyelination, their study in EMH 
would seem to be particularly important. There are no data in the literature on biochemical 
~hanges taking place in nerve tissue in this disease. 
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