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STIMULUS-DEPENDENT BLOCKING OF SODIUM CHANNELS IN THE RANVIER 

NODE MEMBRANE BY THE QUATERNARY ANTIARRHYTHMIC DRUG 

N-PROPYLAIMALIN (NEOGILURYTMAL) 

L. D. Zaborovskaya and B. I. Khodorov UDC 615.22.015.4:612.81 

KEY WORDS: sodium channel; Ranvier node; antiarrhythmic drugs; neogilurytmal. 

It was shown previously that the blocking action of local anesthetics (tertiary and 
quaternary amines) on sodium channels in the membrane of nerve [6, 8, i0, 14] and muscle [12] 
fibers may be reversibly potentiated by application of a series of depolarizing stimuli to 
the membrane. It was suggested that this stimulus-dependent block of the sodium channels 
plays an important role in the mechanism not only of the local anesthetic, but also of the 
antiarrhythmic action of these preparations. 

Accordingly, in the investigation described below a study was made of the action of a 
derivative of aimalin, namely neogilurytmal (NG), one of the most effective antiarrythmic 
agents for use in medical practice [5, 13], on sodium channels. 

EXPERIMENTAL METHOD 

Experiments were carried out on the Ranvier node of isolated nerve fibersof the frog 
Rana ridib~da by the voltage-clamp method [7]. The ends of the fiber were cut on either 
side of the test node in isotonic CsCI solution. Cs + ions, diffusing along the axoplasm into 
the region of the Ranvier node, completely blocked the outward potassium currents. The exper- 
iments were carried out under conditions of continuous perfusion of the test node with control 
Ringer's solution of the following compositio D (in mM): NaCI 112, KCI 2.5, NaHCO3 2, CaCI= 
2; pH 7.2, or with the same solution containing NG. The temperature varied in the different 
experiments from 12 to 15~ 

EXPERIMENTAL RESULTS 

NG has no action on resting (closed) sodium channels. This is shown by the fact that 
exposure of the node for 5-10 min in Ringer's solution containing NG caused no appreciable 
decrease in the peaks of the inward sodium current (INa) in any of the experiments (n = ii), 

A. V. Vishnevskii Institute of Surgery, Academy of Medical Sciences of the USSR, Moscow. 
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Fig. i. Effect of NG on sodium currents in Ranvier node membrane. A) First 
peak of INa obtained in control Ringer's solution. Arrow indicates time of ap- 
plication of NG in concentration of 10 -5 M. Repetitivestimulation with a fre- 
quency of 1 Hz began i0 min after application of NG to region of node. Peak 
values of INa to each fifth stimulus shown; recovery of INa after end of repet- 
itive stimulation. Holding potential (E h) was--100 mV throughout the experi- 
ment; amplitude of depolarizing stimuli (V)--I00 mV, duration 5 msec. Fiber 
tested May 21, 1979; C) current-voltage characteristics: i) in control Ringer's 
solution, 2) after repetitive stimulation of node (I0 Hz) in the presence of NG 
(I0 -s M). Fiber tested March 26, 1979. 

Fig. 2. Blocking action of NG as a function of duration and amplitude of de- 
polarizing stimuli. Top beam records INa peaks, bottom beam potential. A) Peak 
values of INa in response to depolarizing stimulus (i sec) and series lasting 5 
msec. Fiber tested May 15, 1979; B) effect of change in amplitude of depolar- 
izing stimuli in rhythmic series. Duration of pulses 5 msec. Fiber tested April 
20, 1979. 

if throughout this period the node was not subjected to testing stimulation (Fig~ IA). How- 
ever, application of a few short (3-5 msec) depolarizing stimuli to the membrane was suffi- 
cient to reveal a marked decrease in INa. In a rhythmic series this decrease in INa pro- 
gressed even if the interval between stimuli was 1 sec (Fig. IA). It is important to note 
that under these circumstances only the amplitude of INa was reduced, and the kinetics of 
its rise (activation) and fall (inactivation) was virtually unchanged. After the end of re- 
petitive stimulationINa was restored very slowly (in several tens of minutes). In the experi- 
ment whose results are illustrated in Fig. I, recovery of INa was practically complete by the 
20th minute. 

The current--voltage characteristic recorded immediately after the end of repetitive 
stimulation on the node showed neither a shift of the potential-dependence of sodium acti- 
vation nor changes in the reversal potential of INa and of the leakage current (Fig. IC). 

The fall in INa in a rhythmic series may be the result of interaction between the blocker 
and either the open [i0, 14] or the inactivated channel [i0]. To determine in which of these 
states the sodium channels are blocked by NG, the effect of short (5 msec) repeated depolar- 
izing stimuli was compared with the effect of a single pro2onged (i sec) depolarizing step. 
The experiments showed that after the end of prolonged depolarization, INa measured immediately 
after emergence of the sodium channels from the state of rapid inactivation (50 msec) was re- 
duced by 16%, and to the next short depolarizing stimulus it was reduced by 14%, whereas a 
series of short depolarizing stimuli (14 stimuli with a total duration of 70 msec) caused a 
deep decrease in I ~ (by 75%) The fact is conclusive evidence that the fraction of sodium N= 
channels blocked by NG is determined not by the total duration of depolarization of the mem- 
brane, but by the time during which the channels are in the open state. Hence it can be con- 
cluded that NG blocks only open sodium channels. In this respect the effect of NG is similar 
to the action of other quaternary ammonium compounds, both those which are insoluble in lipids 
and are therefore effective only by intra-axonal administration (QX-314, QX-222f QT) [i0, ii, 
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Fig. 3. Action of NG on sodium currents in 
Ranvier node modified by aconitine. Top 
beam records INa, bottom beam potential. 
Frequency of stimulation of node 20 Hz. 
Traces of INa to pulses i, 17, and i00 are 
shown. Concentration of aconitine i0 -~ M, 
of NG i0 -s M. Fiber tested April 2, 1979. 

14], and also those soluble in lipids (QX-572) [i0, ii] and, therefore, effective by both 
extra- and intra-axonal application. Judging from the fact that NG, when acting on the outer 
side of the membrane, can induce INa blockade, this quaternary ammonium compound may belong 
to the lipid soluble group. 

The higher the amplitude of the depolarizing step, the more marked the blocking of the 
open sodium channels by NG during repetitive stimulation of the node. This is clear from 
Fig. 2B, in which the fall in the INa peak to the testing stimulus (up to E = 0 mV) is com- 
pared after nine conditioning pulses with amplitudes of up to E = + 5 mVand E = +85 mV. The 
fact should be noted that strengthening of the block tookplace within the zone of potentials 
in which all sodium channels were in the open state. In special experiments a change in the 
external (to 30 mM) or inter-axonal (approximately 30 mM) Na + ion concentration did not 
affect the blocking action of NG. This suggests that potentiation of the blocking of INa in 
response to an increase in the depolarizing step is associated with the direct effect of the 
electric field of the membrane on charged NG molecules or on the NG "receptor" in the mem- 
brane. 

To study the role of inactivation in the mechanism of stimulus-dependent INa bl0ckade 
induced by NG, experiments were carried out with aconitine, which abolishes inactivation of 
sodium channels and, at the same time, causes a change in their activation'[l, 3], ionic 
selectivity, and sensitivity to local anesthetics [2]. Two populations of sodium channels 
were found in the Ranvier node treated with aconitine: i) modified channels, without inac- 
tivation, and activated at a potential as little as E =--85 mV; 2) normal channels, acti- 
vated at E =--50 mV. Traces of INa obtained during repetitive stimulation of the node by 
paired depolarizing pulses (the first with an amplitude of up to E = 0 mV, the second E = 
--55 mV) in the presence of NG are illustrated in Fig. 3. In response to the first stimulus 
a combined inward INa (normal + modified) appeared, in response to the second, only the modi- 
fied current. As Fig. 3 shows, during repetitive stimulation the inactivated INa fell pro- 
gressively, whereas the modified INa was virtually unchanged. These data are evidence of 
the important role of the inactivation mechanism in the development of stimulus-dependent 
blockade of sodium channels by NG. 

In the writers' view these results are interesting on account of the light they shed on 
the mechanism of the antiarrhythmic action of NG, for sodium channels in the Ranvier node 
membrane are similar in their biophysical and pharmacological properties to the sodium 
channels of myocardial cells [4, 9]. 

The authors are g~ateful to the firm Giulini Pharma (West Germany) for providing the 
neogilurytmal, and to E. M. Peganov for help with the work. 
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Habituation to therapeutic preparations has been observed for a long time [i], including 
to drugs with central cholinolytic properties [2, 3]. It is also known that a state of pas- 
sive tolerance can be created, to morphine for example, by injecting blood serum [4] or brain 
homogenate [5] obtained from animals actively tolerant to this drug, into intact animals. 

The object of this investigation was to attempt to create passive tolerance to the cho- 
linolytic glypine by injecting blood plasma from a tolerant animal into an intact recipient. 

EXPERIMENTAL METHOD 

Six male baboons (Papio h~a~yas) were used. The mean age of the baboons was about 7 
years and their mean weight about 20 kg. Before the experiments the animals were kept in a 
group. 

Tolerance was produced in two monkeys by daily intramuscular injection of glypine in a 
dose of 0.05 mg/kg. The experimental scheme is shown in Fig. i. 

The possibility of creation of passive tolerance was studied in two intact monkeys after 
injection of plasma from tolerant animals into them. Blood was taken from tolerant monkeys 
24 h after the last injection of glypine by total exsanguination of the animal under hexo- 
barbital anesthesia. The blood cells were removed by centrifugation. The plasma was in- 
jected without further treatment on the same day, intravenously into intact monkeys in a dose 
of i0 ml/kg body weight. Glypine in a dose of 0.05 mg/kg was injected into the animals 30 
min later and the magnitude of the effect of this cholinolytic, if present~ was determined. 
Parallel experiments on two intact monkeys served as the control for the action of glypine. 
Observations on the animals' behavior continued for 6 h. 

Because of the extremely small number of monkeys available, experiments could not be 
carried out with preliminary injection of intact plasma into control animals. However, sim- 
ilar experiments performed previously on dogs showed that preliminary injection of intact 
plasma into the animals does not alter their response to subsequent injection of the cho- 
linolytic. 

Leningrad. (Presented by Academician of the Academy of Medical Sciences of the USSR 
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