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Activity of Na,K-ATPase and the content of Na + and K + ions in the rat brain were 
studied after administration of arecoline and benactyzine. Both drugs increased 
Na,K-ATPase activity, possibly on account of changes in the redistribution of Na + 
and K + ions in the nerve cell. Arecoline was shown to cause changes in the dis- 
tribution of electrolytes characteristic of depolarization, and benactyzine changes 
characteristic of hyperpolarization of the nerve cell membrane. 
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The central cholinolytic benactyzine is known to block M-cholinergic receptors [l], to 
interfere with the storage of mediators [9], to inhibit conditioned-reflex activity [6, i0], 
to cause changes in the EEG [4], and to disturb memory [7]. The cholinomimetic arecoline 
excites central M-cholinergic receptors and induces a characteristic tremor [2, 3], and 
causes EEG changes of excitation type [8]. Meanwhile, there is very little information on 
the mechanism of action of these substances at the biochemical level. 

In this investigation the effect of benactyzine and arecoline on activity of transport 
Na,K-ATPase and on the content of Na + and K + ions in the rat brain was studied. 

EXPERIMENTAL 

Experiments were carried out on albino rats weighing 150-200 g. Benactyzine, in doses 
of 5 and 40 mg/kg, and arecoline, in a dose of 2.5 mg/kg were injected intraperitoneally in 
a dose of 0.i ml solution/lO0 g body weight. Control animals received water. In the experi- 
ments in vitro benactyzine and arecoline were added until a final concentration of 10-3-10 -2 M 
was obtained. After a certain time the animals were decapitated and the brain removed and 
freed from as much blood as possible. 

The membrane fraction was isolated and ATPase activity determined by the method of 
Hayvashi and Auditore with certain modifications [5]. Protein was determined by Lowry's 
method [Ill. The content of electrolytes in the serum and brain tissue was determined [12] 
on a Perkin-Elmer (Sweden) flame spectrophotometer. The intracelluiar space was calculated rel- 
ative to chloride, determined by Rusznyak's conductometric titration method. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Benactyzine (5 and 40 mg/kg) in experiments in vivo caused an increase in Na,K-ATPase 
activity (Table i). The duration of the blocking action of benactyzine on cholinergic media- 
tion is known to depend on the dose of the drug given [7]. In a dose of i mg/kg, for in- 
stance, benactyzine has a M-cholinolytic action for less than 30 min, whereas in a dose of 40 
mg/kg the effect lasts 4 h. The results showed that the enzyme remained in an activated state 
for about the same length of time. 

Arecoline, like benactyzine, also increased Na,K-ATPase activity (Table i). Considering 
that benactyzine and arecoline had a similar action on Na,K-ATPase activity but had opposite 
effects on M-cholinergic receptors, it was postulated that the action of these compounds on 
Na,K-ATPase is indirect. 
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TABLE i. 
Brain following Administration of Arecoline and Benactyzine (M • m) 

Changes in Na,K-ATPase Activity (in ~g Pi/mg protein/30 min) of Rat 

Substance and dose 

Arecolinr 
(2,5 mg/kg) 

Benacty- 
zinc (5 mg/kg) 

Con=ol 
Experiment 
% of changes 
P 
Control 
Experiment 
~ of changes 

Control 
Experiment 
% of changes 
P 

Time after injection of drugs 

i0 min 

17,4 ~- 1,4 (8) 
22,6-----0,8 (8) 

130 
<0,05 

10,0-+0,7 (8) 
15,1----- 1,4 (8) 

151 
<0,05 

12,6 +-- 1,2 (7) 
13,6----- 1,8 (7) 

108 
>0,5 

30 rain 

16,0 + 1,0 (12) 
20,2• 1,6 (12) 

126 
<0,05 

12,5---+0,5 (8) 
14,8-+-0,6 (8) 

118 
<0,05 

t6,0~ 1,3 (8) 
20,4-*- 1,0 (8) 

128 
<0,05 

l h  

18,5-'- 1,2 (8) 
17,5"+-0,9 (8) 

95 
>0,5 

14,6~1,I (7) 
15,5~1,2 (7) 

106 
>0,5 

19,4----- I,l (8) 
22,6--. 1,o (8) 

l l 6  
<0,05 

Benacty- 
zine (40 mg/kg) 

4 h  

17,5----- 1,5 
19,t+1,6 

109 
<0,5 

Note. Number of experiments in parentheses. 

TABLE 2. Effect of Arecoline and Benactyzine on Na,K-ATPase Activity (in ~g 
Pi/mg protein/30 min) in vitro (M +- m) 

I Atecoline Benactyzine 

Control lO_S M I IO-4M IO-'M lO-SM lO--4M I ,O--'M 

Note. 8 control and 4 experimental investigations were made. 

A deoxycholate extract of the membrane fraction isolated from rat brain was preincubated 
for 5 min at 37~ in the medium used to determine Na,K-ATPase activity, Different concentra- 
tions of benactyzine and arecoline were then added and the mixture was incubated for 30 min. 
Arecoline was found to have no effect on ATPase activity (Table 2). Benactyzine, in a con- 
centration of 10 -3 M, reduced the activity of the enzyme but had no effect in lower concen- 
trations. The concentrations of benactyzine and arecoline tested in the experiments in vitro 
were much higher than their possible concentrations in the brain after intraperitoneal in- 
jection; by rough calculation it was 40 ~g/g for benaotyzine and 2.5 ~g/g for arecoline. These 
results emphasized that activation of Na,K-ATPase in vivo could not have been the result of 
the direct action of benactyzine or arecoline on this enzyme. 

An increase in the intracellular concentration of Na + ions in the brain (without brain 
stem) tissue was observed i0 min after injection of arecoline, and the intracellular concen- 
tration of K + ions was reduced after 30 min (Table 3). This change in the concentrations of 
Na + and K + ions is characteristic of the state of depolarization of the nerve cell. Toward 
i h after injection of arecoline the distribution of the electrolytes was similar in the 
experimental and control animals. 

Durin~ the first 30 min of the action of benactyzine in a dose of 5 mg/kg the concentra- 
tion of Na' and K + ions in the extracellular and intracellular space changed in a manner 
similar to that during the action of arecoline, but the changes were less marked. By the 
end of the first hour the intracellular concentration of these ions increased, after which 
it returned to the control level. During the action of benactyzine in a dose of 40 mg/kg 
the intracellular concentration of K + ions fell and the concentration of Na + ions was un- 
changed. This change in the ~elative concentration of Na + and K + electrolytes is character- 
istic of hyperpolarization of the nerve cell membrane. The concentration of Na + and K + ions 
30 min after administration of benactyzine did not differ significantly from their concentra- 
tions in the control animals, but after 1 h their intracellular concentration was increased, 
to return to the initial values after 4 h. 

During the first few minites after administration of benactyzine (5 mg/kg) the changes 
in the concentration of Na + and K + ions were in the same direction as those produced by are- 
coline, and only later did changes characteristic of hyperpolarization of the nerve cell 
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TABLE 3. Concentration of Extracellular and Intracellular Electrolytes in Rat 
Brain after Administration of Arecoline and Benactyzine (M • m) 

Substance 
and dose 

Arecoline 
[2,5 mg/kg) 

enactyzine 

(5 mg/kg) 

BenacWzine 
(40 mg / kg3 

Note. 

Electrolytes 

Control 
Na+ 

Experiment 

Control 
K+ 

Experiment 

Control 
Na+ 

Experiment 

Con=ol 
K+ 

Experiment 

Control 
Na+ 

Experiment 

Control 
N+ 

Experiment 

Localization of 
electrolytes 

Extracellular 
Intraeellular 
Extracellular 
Ir~acellular  
Extracellular 
Intraeellular 
Extracellular 
Intracellular 

! Extracellular 
Intracellular 
Extracellular 
Intracellular 
Extracellular 
Intracellular 
Ex'trace.l.lular 
Intraeellttr 

Concentration of ions (in meq) after injection of dru$ 

o min ao rain I 

37,7-+0,35 
1,77-+0,04 
37,7-+0,8 
1,63-+'0,03 * 
2,0-+0,18 

29,1-+ 1,3 
2,3-+0,05 

26,0-+0,5" 

31,4-+0,58 
1,48-+0,07 
30,0-+0,4 
1,92-+0,0" 
2,54-+0,22 
16,3--"0,56 
2,38-+0,15 
16,8-+0,45 

31,4-+0,58 
1,48-+0,07 
31,2-+0,5 
1,69• 0,22" 
2,54-+0,22 
16,3-+0,56 
2,54-+0,16 
16,3~0,7 

37,7---+0,35 
1,77--+-0,04 
38,4-+ 1,2 
1,76-+0,07 
2,0-+-0,18 

29,1-+1,3 
2,1-+0,15 

27,7-+-0,9 

34,4-----0,6 
1,4-+0,04 

33,3-+ 1,6 
1,44-+0,08 
2,04~0,11 
16,3--+0,4 
1,63-+0,14 
17,5-+0,9 

Extracellular 
Inlzacellular 
Exlxacellular 
Intracellular 
Extracellular 
Inlxacellular 
Exl~aoellular 
Intracellular 

l h  

33,7--+0,8 
1,67-+0,12 
33,8-----0,34 
1,69-+0,07 
2,58-+ O, 11 
20,7-+0,34 
2,79+---0,22 
20,8-+0,56 

33,7-+0,8 
1,67-+0,12 
33,6----- 1,0 

1,8-+0,16 
2,58---+0,11 
20,7-+0,34 
2,48~0,16 
21,5~ 1,4 

27,2----.0,5 
1,64-----0,1 
25,0-+0,2* 
1,96-+0,14" 
1,79-----0,12 
17,1-----1,6 

1,4+0,2 
21,7-- + 1,0" 

27,7-+0,6 
1,48-+0,03 

27,3-+-0,4 
1,35-+0,03 
1,54-+0,16 
24,4-+ 1,2 
1,43-+0,08 
24,7----- 0,8 

27,7-+0,6 
1,48~0,08 
27,5-+0,9 
1,66-+0,04 
1,5-----0,1 

24,4----- 1,2 
1,43----- 0,09 
26,8+--0,5 

23,6-+0,7 
0,94-+0,0 
24,6-+0,38 
0,92-+-0,07 
1,08----- 0,04 
16,3+--0,6 
1,16--0,04 
14,7-----0,4" 

!) P < 0.05, 2) Number of experiments = 8. 

4 h  

30,5--+0,8 
1,4---+0,04 

31,9• 
1,42--0,02 
2,0------0,1 

19,0-+0,9 
2,14-----0,2 
18,3-+0,4 

arise. After administration of benactyzine in a dose of 40 mg/kg the period of depolariza- 
tion did not occur and the hyperpolarizing action of the compound was manifested immediately. 
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