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The effect of long-lasting environmental stress situations on the function of different 
organs differs. For instance, immediately after emotional-painful stress (EPS) a fall in Ca- 
and Na,K-ATPase activity is observed in heart muscle membranes [I, 4] accompanied by depres- 
sion of myocardial contractility [5]. Meanwhile in animals exposed to the same stress, the 
rate of formation and degree of preservation of defensive conditioned reflexes are regularly 
increased [3]. The molecular mechanisms of this last effect are not clear but it is known [2] 
that activation of lipid peroxidation (LPO) takes place after EPS both in the brain and in 
the heart. 

The aim of this investigation was to determine the effect of stress on brain Na,K-ATPase 
activity and the possible role of L~O in this process. 

EXPERIMENTAL METHOD 

Male Wistar rats weighing 180-200 g were used. Depending on the experimental conditions 
the animals were divided into four groups (eight rats in each group): i) control, 2) stress, 
3) receiving the antioxidant ionol (2,6-di-tert-butyl-4-methylphenone), and 4) receiving ionol 
followed by stress. Ionol was injected intraperitoneally in the form of a suspension in Tween- 
60, daily for 3 days before the experiment in a dose of 20 mg/kg. EPS was induced in the form 
of an anxiety neurosis by the usual method [8] in the course of 6 h. The rats were decapi- 
tated 2 h after stress. Animals exposed to stress regularly developed gastric ulcers, and 
these served as the criterion on stress injury. 

The gray matter of the brain was homogenized into five fractions with a Teflon-glass 
homogenizer in medium of the following composition: Tris-HCl 50 mM, EDTA 1 mM, sucrose 0432 
M, ratio of weight of tissue to volume of solution i:I0. The homogenate was centrifuged 
three times at 1000g for I0 min each time, the supernatant being poured off for keeping at 
0~ whereas the residue was resuspended in the same homogenizer. The supernatants were pooled 
and centrifuged for 20 min at 10,000g. The residue was diluted with 0.32 M sucrose and cen- 
trifuged under the same conditions. The resulting residue was resuspended in 6 mM Tris-HCI 
until the protein concentration was 0.5 mg/ml, and allowed to stand at 0~ after mixing for 
2 h. After hypoosmotic shock, the suspension was diluted fourfold with 50 mM Tris-HCl and 
centrifuged at 105,000g for 1 h. The residue was covered without mixing with keeping medium 
(50 mM Tris-HCl) and frozen overnight at --20~ All other operations were conducted at 4~ 
and the pH of the buffer media was 7.4, 

The resulting fraction of unpurified synaptosomes was resuspended, and to determine the 
protein concentration an aliquot of the suspension was preincubated for 20 min in 1% Na deoxy- 
cholate solution, after which protein was determined by the biuret method. Total ATPase ac- 
tivity was determined in medium consisting of: 3 mM MgCI2, 3 mM ATP, 130 mM NaCI, 20 mM 
KCI, 30 mM imidazole-HCl, pH 7.4, at 37~ Mg-ATPase activity was determined in the same 
medium, but with the addition of 1 mM ouabain. The inorganic phosphate concentration was 
determined by the method in [ii]. Na,K-ATPase activity was calculated by subtracting Mg-ATPase 
activity from total ATPase activity. 

LPO was induced in v~tro with a system of FeSO~ (i0 nmoles/mg protein) + ascorbate (0.2 
raM). The formation of carbonyl LPO products was recorded by the reaction with 2-thiobarbi- 
turic acid [103. 
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TABLE i. Effect of Stress on Activity of 
Brain Na,K- and Mg-ATPases (M • m) 

r 

Experimental Na, K-ATPase Mg-ATPase 
conditions 

Control 
Stress 
Ionol 
Ionol + stress 

12,3--+0,6 (I00) 
17,1• (t39)* 
11,8+_0,4 (104) 
12,44-0,7 (101) 

4,7+0,2 (loo) 
4,9-+-0,2 (105) 
4 ,7•  (100) 
4,9• (104) 

Legend. *P < 0.05 compared with control. 
Figures in parentheses are percentages of 
control. 
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Fig. i. Effect of induction of LPO in membrane suspension by sys- 
tem of Fe+++ ascorbate on Na,K-ATPase activity (filled circles) 
and Mg-ATPase activity (empty circles). Abscissa, incubation time 
(in min); ordinate: on left -- enzyme activity (in ~moles Pi/mg pro- 
tein /h), on right -- malonic dialdehyde concentration (in nmoles/ 
mg protein); squares indicate increase in MDA during incubation. 

Fig. 2, Effect of detergent Triton X-100 on Na,K-ATPase (i) and Mg- 
ATPase (2) activity in brain synaptosomes. Abscissa, concentration 
of Triton X-100 (in mg/mg protein); ordinate, enzyme activity (in 
~moles Pi/mg protein/h). 

EXPERImeNTAL RESULTS 

Stress caused significant activation of Na,K-ATPase of the synaptosomal membranes, but 
Mg-ATPase activity was virtually unchanged (Table i). In rats receiving the LPO inhibitor 
ionol before exposure to stress, activation of Na,K-ATPase did not take place. Activation 
of LPO in the brain during stress is also known to be prevented by ionol [2]. It can ac- 
cordingly be concluded that the increase in Na,K-ATPase activity in the brain during stress 
is caused by LP0. 

Meanwhile, modeling the phenomena observed in vivo by the use of LPO activation in vitro 
in isolated synaptosomal membranes from the brain of control animals revealed a picture which 
was not analogous to that in vivo. In the course of ascorbate-dependent LPO, Na,K-ATPase 
was not activated but, on the contrary, it was rapidly inhibited in the presence of only a 
slight change in Mg-ATPase activity (Fig. I), This difference between the findings in vivo 
and in vitro can explained by several causes. 

First, inhibition of Na,K-ATPase during LPO in vitro was evidently connected with oxida- 
tion of an unidentified group in the active center of the enzyme. In the experiments in vivo, 
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components of the cytoplasm may have a stabilizing action on the enzyme, preserving its 
reduced form. 

Second, the orientation of the enzyme in the membrane must be taken into consideration. 
In V~Vo, for instance, the active center of Na,K-ATPase is always oriented toward the source 
of ATP inside the cell, whereas after isolation part of the membrane preserves its original 
"correct" orientation with the active center inside the vesicles, and part is everted, with 
the active center of the enzyme facing outward. In that case permeability of the membrane 
for ATP assumes great importance. If it is increased, the fraction of "correctly" oriented 
vesicles also is involved in hydrolytic activity; in the absence of permeability for ATP, 
only the "inside out" vesicles exhibit activity for ATP. A similar effect of demasking of 
Na,K-ATPase by detergents is well known [7] and was reproduced on the fraction which we iso- 
lated with Triton X-100 (Fig. 2). Activation of Na,K-ATPase after stress may thus be ap- 
parent, due to an increase in permeability for ATP, whereas true activity of the enzyme may 
remain unchanged, or it may actually be less than in the control. 

Third, activation of Na,K-ATPase may take place through loosening of the lipid micro- 
environment of the protein on the appearance of polar LPO products (more especially lipid 
hydroperoxides). The effect of activation of the enzymes during LPO has been demonstrated 
on several biological membranes [6, 9]; intensification of LPO in the membrane, moreover, is 
accompanied by a switch from activation to inhibition of the enzyme [i]. This state of af- 
fairs must be taken into account when the results of the experiments in u~vo are analyzed. 
For instance, activation of LPO in the heart during stress, as was shown previously [i], is 
expressed to a higher degree than in the brain and, correspondingly, it leads no longer to 
activation, but to inhibition of Na,K-ATPase. 

The principal fact in this account is that Na,K-ATPase plays an important role in main- 
taining the membrane potential of brain neurons and in realizing their physiological function. 
There are thus grounds for considering that the increase in the activity of this enzyme re- 
vealed by these experiments may play a role in the mechanism responsible for increasing the 
rate of formation and degree of preservation of conditioned reflexes in animals exposed to 
stress. 
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