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EFFECT OF ARECOLINE AND MUSCARINIC AND NICOTINIC CHOLINOLYTICS ON 

=2Na INCORPORATION INTO RAT BRAIN NEURONS 

E. V. Semenov UDC 612.822.014.462.1.014.46:[615.217.32+615.217.34 

KEY WORDS: ==Na incorporation; muscarinic and nicotinic choiinolytics; cholino- 
mimetics; rat brain. 

Among the numerous effects of atropine-like substances in experimental animals, the 
appearance of slow-amplitude potentials similar to the waves found during natural sleep has 
been found on the EEG, and has been described as an EEG of "sleep" type [8, 9, 12]. However, 
the animals' behavior is characterized by wakefulness and increased motor activity. The 
reason for these effects may be that muscarinic cholinolytics disturb relations between ex- 
citation and inhibition among neurons, with the result that brain functions are disorganized= 
possibly because of a disturbance of ionic permeability of the neuron membranes. 

The writer showed previously [4] that muscarinic cholinolytics and cholinomimetics 
modify the permeability of nerve cell membranes for monovalent cations. 

In the present investigation the action of the cholinomimetic arecoline and of muscar- 
inic and nicotinic cholinolytics on nerve cell membrane permeability was studied in different 
parts of the rat brain. 

EXPERIMENTAL METHOD 

Experiments were carried out on male albino rats weighing 150-250 g, which receivo~ 
intraperitoneal injections of benactyzine (40 mg/kg), glypin (i0 mg/kg), tropazine (40 mg/kg), 
adiphenine (40 mg/kg), and arecoline (2.5 mg/kg) made up in a volume of 0.i ml solution/100 g 
body weight. Control animals received injections of water. An injection of =2Na (5 ~Ci) 
was given to the rats 30 min before sacrifice. The animals were decapitated after definite 
time intervals and the brain was removed and placed in a dish with ice. Separate parts of 
the brain were taken (hypothalamus, medulla and midbrain, basal ganglia, cortex) and hydro- 
lyzed in IN NaOH (0.7 ml) at 60~ for 30 min. The digest was neutralized with 1 ml of 0.67 N 
HCI. Incorporation of 22Na was determined by mixing 1 ml of the digest with i0 ml SM-7 
scintillation solution in a liquid counter (from Packard, England) with a counting efficiency 
of 80%. The degree of incorporation of the isotope was estimated in cpm/mg protein. Pro- 
tein was determined by the method of Lowry et al. [i0]. 

EXPERIMENTAL RESULTS 

After injection of benactyzine incorporation of 22Na into hypothalamic neurons was in- 
creased (Table i), but into neurons of the medulla--midbrain and cortex it was reduced. In- 
corporation of 22NA into nerve cells of the basal ganglia was increased a little after 1 h. 
Glypin increased 22Na incorporation into nerve cells of the basal ganglia but considerably 
reduced neuron membrane permeability in the cortex (by 39%) and in the medulla and midbrain 
(by 35% after i0 min). 

Institute of Toxicology, Ministry of Health of the USSR, Leningrad. (Presented by 
Academician ~f the Academy of Medical Sciences of the USSR S. N. Gilikov.) Translated from 
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The changes in neuron membrane function in response to benactyzine and glypin, noted 
above, were to some extent similar. Both these drugs increased 22Na incorporation into 
neurons of the hypothalamus and basal ganglia~ i.e., structures in which mainly catechola- 
minergic neurons are distributed [i, 2, 13], and they reduced neuron membrane permeability in 
the cortex. Meanwhile, there were differences between the action of benactyzine and glycin: 
,The activating action of benactyzine was shifted toward structures containing predominantly 
noradrenergic neruons, whereas that of glypin was shifted toward structures with predominantly 
dopaminergic neurons. 

Under the influence of the nicotinic cyolinolytics adiphenine and tropazine no signif- 
icant differences were found in the changes in neuron membrane permeability for =2Na in the 
brain regions tested during the first I0 min. Incorporation of 2=Na into cortical neurons 
was inhibited 1 h after injection of these drugs, and in hypothalamic neurons also after in- 
jection of adiphenine. The results indicate that the action of nicotinic cholinolytics is 
delayed compared with that of muscarinic~ and is manifested 1 h after injection. The fact 
must be emphasized that whereas injection of muscarinic cholinolytics had opposite effects 
on 22Na incorporation into neurons of the cortex~ hypothalamus, and basal ganglia, the nico- 
tinic cholinolytics had no, such effect. Nicotinic cholinolytics inhibited permeability to 
=2Na in cortical neurons but had virtually no effect on neuron membrane permeability in other 
structures, except for a decrease in 22Na incorporation into hypothalamic neurons following 
injection of adiphenine. 

The cholinomimetic arecoline stimulated =2Na incorporation into neurons of the cortex 
(by 130%) and medulla and midbrain (by 38%) and by a lesser degree in the basal ganglia (by 
17%) during the first i0 min after injection, but 22Na incorporation into the hypothalamus 
was reduced by 13%. The effect of arecoline, 60 min after injection, on neuron membrane per- 
meability was significantly reduced in the various brain structures. Arecoline activates 
permeability in structures with predominantly cholinergic mediation but has virtually no 
effect on structures containing predominantly biogenic amines. Muscarinic cholinolytics 
affect structures of both types, and under these circumstances neuron membrane permeability 
is inhibited in structures with cholinergic mediation but activated in structures containing 
biogenic amines. After injection of nicotinic cholinolytics neuron membrane permeability 
was inhibited in the cortex and hypothalamus but unaffected in other structures. 

Changes in neuron membrane permeability following injection of muscarinic cholinolytics 
and the cholinomimetic arecoline are largely the result of activation of Na+~ K+-ATPase, as 
previous investigations showed [4]. However, the possible exchange of 22Na for intraceliular 
Na + cannot be completely ruled out, especially in structures in which incorporation of 2=Na 
is increased. 

The writer suggests that the results indicate changes in membrane permeability of brain 
neurons but not of glial cells, for the neuroglia is known to be selectively permeable to 
K + but not Na + ions [6~ 7]. In this case the glial cells play the role of regulator of the 
K + concentration in the extracellular space and synaptic chain [3]. 
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