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There are  at least  three types of exchange of Ca ++ ions in the nerve endings of the brain: a) exchange of 
Ca ++ connected with activation of Ca-activated,  Mg-dependent ATPase  or  active t ranspor t  of Ca ++ ions through 
the membrane ,  b) C a - C a  exchange, and c) N a - C a  exchange. The significance and role of these p rocesses  in 
the mechanism of action of pharmacological  compounds are  not yet c lear .  Investigations [1, 4, 5] have shown 
that cholinolytics can exert  an action on cell membranes  s imi lar  to the effects of Ca ++ ions (the Ca-like aetion 
of choIinolytics).  However, previous investigations [2] by the present  wr i te r  showed that this action is not the 
resu l t  of rep lacement  of Ca ++ ions by the cholinolytie, but is connected with intensified mobilization of Ca ++ 
from the t issue depots and with increased permeabi l i ty  of the nerve ceil membranes  for these ions. On the 
basis of the resul ts  of experiments  in vitro with isolated synaptosomes from the ra t  brain it has been suggested 
that benactyzine act ivates  the Ca-channels and inactivates the Na and K-channels of the membranes  of nerve 
endings [3]. 

The object of the present  investigation was to study the role of N a -  Ca exchange in the mechanism of 
action of the centra l  cholinolytic benactyzine and the eholinomimetic areeoline.  

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

Exper iments  were ca r r i ed  out on male albino ra ts  weighing 150-250 g into which benactyzine was injected 
intraperi toneal ly in a dose of 40 mN/kg and arecol ine was injected s imiIar ly  in a dose of 2.5 mg/kg  (equivalent 
to 0.1 mI of solution/100 g body weight). Water was injected into control  animaIs.  In all eases 45Ca (10 >Ci) 
or  22Na (5 pCi) was injected into the rats  30 rain before sacr i f ice .  The animals were decapitated at known i n  
tervals ,  the brain was removed,  and freed as far  as possible f rom blood. The fraction of nerve endings (syn- 
aptosomes) was isolated in a sucrose  density gradient [10]. The fraction of synaptosomes was separa ted  and 

TABLE 1. Incorporat ion of ~SCa and 22Na into Rat Brain Synapto- 
somes (in c p m / m g  protein) after  Administrat ion of Benactyzine and 
Arecol ine  (M ~: m; n =6) 

Drug 

Benactyzine 

Arecoline 

Experimen- Incorporation of isotopes after injection of drug 
tal condi- 10 rain 60 rain 
tions 

Control 
Experiment 

P 

Control 
Experiment 

P 

*$Ca 

93,25=5,4 
I03,85=7,0 

<0,25 

Z2Na 

123 5=2,1 
98,45=6,5 
<0,05 

a, Ca 

51,15=4,8 
70,95=4,3 

<0,05 

98,25=5,2 
67,15=1,5 
<0,05 

1425=3, 5 
2645=15,4 
<0,05 

54,25=4,1 
46,05=2,1 

>o,1 

I .2N a 

1375=4,3 
1485=8,5 
<0,3 

1055=4,0 
136,55=7,8 

<0,05 

(P r e s en t edby  Academician of the Academy of Medical Sciences of the USSR S. N. Golikov.) Translated 
f rom Byulleten' Eksper imenta l 'no i  Biologii i Meditsiny, Vol. 89, No. 7, pp. 33-35, July, 1980. Original  ar t ic le  
submitted July 10, 1979. 
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Fig. 1o Effect of benactyzine on uptake of 
45Ca (1) and 22Na (2) by ra t  brain synaptosomes.  
Absc i ssa ,  incubation time of synaptosomes 
with isotopes (in sec); ordinate, deviation (in 
%) of indices f rom control,  taken as 100%. 

sedimented in 0.32 M sucrose  (15 ml), after  which it was centrifuged for 20 rain at 10,000g. The residue was 
hydrolyzed i n l  Nb~aOH (0.7 ml) at 60~ for 30 rain. The digest  was neutralized with 1 ml 0.67 lv HC1. Incor-  
poration of 45Ca and 22Na into synaptosomes was determined by mixing 1 ml of the digest  with 10 ml of scinti l la-  
tion solution (50 g naphthalene, 6 g 2,5-diphenyloxazole,  0,5 g 1 ,4-d i -5-phenyl-2-oxazoly l ,  dioxane up to 1 liter) 
in a "Packard"  scintil lation counter.  In the exper iments  in vitro the synaptosomes were prepared as described 
in [9]. Benactyzine or  arecol ine was added to 1 ml of the resul t ing suspension in a final concentration of 
1.1-10 -6 and 1.6"10 -6 M respect ively .  The samples were preincubated for  15 rain at 30~ after which 45Ca 
(0.5 #Ci) o r  22Na (1 #Ci) was added and the samples  were  incubated for  different periods of t ime. Uptake of 
45Ca was stopped by addition of 0.3 ml of a solution containing 30 mM EGTA [ethylene-glycol-bis(3- /3-amino-  
ethyl e s t e r ) -F , l v ' - t e t r a - ace t i c  acid] and 120 mM I~aC1, pH 7.4, and 4 ml of a cooled solution containing 132 mM 
IVaC1, 5 mM KC1, 1.2 mM NaH21~)4, 0.1 mM glucose, 20 mM Tris-HC1,  pH 7.4, and 1.2 mM CaC12 (solution No. 
1), to the incubation medium. Ai ter  incubation with 22~a the samples were placed m a dmh with me for  3 mln, 
af ter  which 4 ml of cold solution No. 1, not containing CaC12, was added, and the samples were then centrifuged 
at 4~ for 5 mm at l l ,000g.  The res idues  were washed twine and then hydrolyzed as described above. The m- 
corpora tmn and degree  ol uptake ot the ~sotopes were est imated as the number o4 counts per minute per mi l l i -  
g ram protein. Protein was determined by Lowry ' s  method [6]. 

EXPERIMENTAL RESULTS 

Incorporatlon ot 45Ca into rat brain nerve endings was increased i0 mm after mjecnon o5 benactyzme by 
II% and60 min after injection by 39% compared with the control (Table I). Incorporation of 22Na under these 
circumstances was reduced by 20% after i0 rain, but after 60 rain it was 8% higher than in the control (Table i). 
Arecoline inhibited incorporation of 45Ca into synaptosomes by 32 and 12% after i0 and 60 rain respectively but 
activated incorporation of 22Na by 85 and 300/o. The results show that benactyzine and arecoline have opposite 
effects on the ability of Ca ++ and Na + ions to penetrate into synapses. Areeoline, a depolarizing agent, signif- 
icantly increased permeability to Na + and prevented incorporation of Ca ++. Benaetyzine, on the other hand, 
led to accumulation of Ca ++ ions in the nerve endings and significantly reduced (I0 rain after injection) the Na ~- 
concentration, after which slight but not significant (P > 0.05) accumulation of these ions in the synaptosomes 

was observed. 

The dynamics of the action of benactyzine and arecoline on uptake of ~5Ca and 22Na by isolated synaptosomes 
was studied in experiments in vitr6. During incubation of the synaptosomes with benactyzine an initial fall in 
45Ca uptake was observed, followed by accumulation of the isotope with maximal effect after incubation for 2 
rain, whereas 22Na uptake was reduced at that time (Fig. I). A relationship of reciprocity was observed between 
these processes with a coefficient of correlationof-0.68 (P < 0.01). Arecoline caused a significant increase in 
22Na uptake by synaptosomes (Fig. 2) and, in the first 30 sec, an increase also in the uptake of 45Ca, the concen- 
tration of which subsequently was virtually indistinguishable from the control. The coefficient of correlation 
between these processes under the influence of arecoline was 0.83 (P < 0.01). 

The results show that benactyzine inhibits uptake of 22Na and promotes accumulation of 45Ca in synapto- 
somes. Under the influence of arecoline, a brief increase in 45Ca uptake is accompanied by a well-marked and 
prolonged increase  in 22Na uptake. 
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Fig.  2. Effect  of a recol ine  on uptake of 45Ca 
(1) and 22Na (2) by ra t  bra in  synap tosomes .  
Legend as  in Fig. 1. 

The wr i t e r '  s e a r l i e r  suggestion that  benaetyzine inact ivates  sodium channels in nerve  ending m e m b r a n e s  
was thus conf i rmed by the r e su l t s  of the p resen t  investigation,  It is cons idered  [7, 8] that the ionophores for 
Na + and K + a r e  t h ree -d imens iona l ly  linked with aeetylchol ine r e c e p t o r s .  It can accordingly  be suggested that 
the eholinolytie benaetyzine ,  sumul taneously  with blocking aeetylehol ine r e c e p t o r s ,  inhibits sodium channels 
and reduces  the flow of Na + ions into the neurons.  Under these c i r c u m s t a n c e s  the ca lc ium channels  t hemse lves  
begin to be act ivated and this leads to accumulat ion of Ca ++ ions in the nerve endings. Areeol ine ,  which exci tes  
aeetylchol ine r e c e p t o r s ,  i nc reases  m e m b r a n e  pe rmeab i l i ty  for  Na + ions and may also perhaps  inc rease  the 
pe rmeab i l i ty  of the sodium channels very  br ie f ly  for  Ca ++ ions, although in expe r imen t s  in vivo a dec r ea se  in 
incorpora t ion  of the the la t te r  into nerve endings was obse rved  as ea r ly  as a f te r  10 min.  During t r ansmis s ion  
of the nervous impulse,  the possibi l i ty  that Ca ++ ions may  penet ra te  into the neuron through sodium channels 
evidently cannot be ruled out, although this pathway for  t r a n s p o r t  of Ca ++ ions mus t  lose its impor tance  under 
the influence of pha rmaco log ica l  agents capable of in te r fer ing  with m e c h a n i s m s  of pe rmeab i l i t y  of cell  m e m -  
b ranes .  
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