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The investigations of V. V. Zakusov and co-workers 
have established that substances which inhibit synaptic 
conduction in the central nervous system reduce the force 
and shorten the duration of after-discharges connected with 
precedent stimulation of the afferent and pyramidal tracts 
[3, 4]. 

These data and the fact that sequential processes play 
an important part in the activity of the whole nervous 
system prompted us to investigate the effect of ganglio- 
blocking substances on after-discharge in the sympathetic 
ganglia. In the literature available to us, we could find 
no investigations especially concerned with this question. 

After-discharges in the sympathetic ganglia are most 
apparent after brief (1-2 seconds) stimulation of the pre- 
ganglionic fibers by stimuli 50-130 per second in fre- 
quency. One can observe a particularly pronounced and 
prolonged after-effect with the preliminary administration 
of physostigmine [8, 9]. 

The mechanism of development of after-discharges 
in the sympathetic ganglia is a particularly interesting 
question. After-discharge in a ganglion cannot be explained 
by time dispersion, because the general route between the 
stimulating and receiving electrodes is the same for all the 
fibers, and the difference in the rates of conduction and 
synaptic lag is not great enough to explain a persistent 
after-effect. D. Bronk and M. Larrabee [7] observed after- 
discharges when action potentials were led off from single 
postganglionic fibers of the stellate ganglion. On this 
ground, one can assume that after-discharges are connected 
with changes developing in the bodies of the ganglionic 
neurons or in the presynaptic endings. In the autonomic 
ganglia, after-discharge is evidently caused by continuing 
stimulation of the ganglionic cells due to liberation of 
chemical substances (acetylcholine, potassium ions) per- 
sisting after tetanus has ceased [6, 8-10]. The increased 
frequency and duration of after-discharges following the 
use of eserine, or in the case of a surplus of potassium ions 
or a deficiency of calcium ions, or with acetylcholineper- 
fusions of the ganglion gives this theory considerable 
support. 

METHOD 
The experiments were performed on the stellate 

ganglion of cats anesthetized with chloralose (80 rag/kg 
intravenously) and urethan (0.5-1 g per animal intra- 
venously). The thoracic cavity was opened from the 1st 
to the 6th-Tth rib, under conditions of artificial respira- 
tion. The preganglionic trunk was transected at the level 
of the 5th-6th thoracic sympathetic ganglia, and stimula- 
ting electrodes were placed between the 2nd and 3rd or the 
3rd and 4th rami communicantes. The bio-electric cur- 
rents were led off from the inferior cardiac nerve, trans- 
sected 3-4 cm from the ganglion. All the other postgan- 
glionic fibers and the lst-6th ramus communicar~ were 
transected. The blood supply of the ganglion was left in- 
tact. 

The preganglionic trunk was stimulated with supra- 
maximal square-wave stimuli given at a rate of 100 per 
second to induce tetanus lasting one second. The duration 
of each stimulus was 0.1-0.5 millisecond. 

The experiments were performed on a background of 
physostigmine (2-5 rag/kg) in order to intensify and pro- 
long the after-effect. The ganglioblocking substances 
tested were tetraethylammonium (TEA), Hexonium (hexa- 
methonium), Pentamine (methyliminodiethylene bis ethyl- 
dimethyl ammonium bromide) and Mekamine. All the 
substances were introduced into the femoral vein. The 
ganglioblocking agents were used in doses of 0.5-2 rag/kg.  

RESULTS 

The experiments showed a marked decrease in the 
after-effect after the administration of TEA in a dose of 
0.5 rag/kg.  This was particularly apparent after the use 
of the substance in a dose of 1-2 mg/kg .  Figure 1, _1,for 
example, shows that tetanic stimulation of the pregangli- 
onic sympathetic trunk following the intravenous injection 
of physostigmine (3 mg/kg)  was attended by a prolonged 
after-effect. The size of the individual discharges reached 
50-60/~v. In a dose of 1 rag/kg,  TEA (see Fig. 1,2)  al- 
most completely prevented the development of the after- 
effect. At the same time, adequate conduction of nerve 
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Fig. 1. Effect of tetraethylammonium on after-discharge in the stellate ganglion. 
1) before administration of substance; 2) one minute after TEA injection (1 rag/  
kg); 3) 15 minutes after injection. Tetanus (beginning and end indicated by ar- 
rows); maximal square-wave stimuli lasting 0.5 millisecond each and given at a 
rate of 100 stimuli per second. Tetanic stimulation of the preganglionic fibers ac- 
complished in one second. Experiment ca}tied out on a background of the action of 
physostigmine (3 rag/kg) .  

impulses was retained in the ganglion. This was indicated 
by the pronounced potentials of the postganglionic fibers 
which were observed during the tetanus. Under the given 
experimental conditions, it was difficult to record their 
true value, because the experiments required maximal 
amplification of the action potentials. This was necessary 
in order to study th e after-discharges, which usually ranged 
from 10 to 30 gv in value. Naturally, the potentials of the 
postganglionic fibers, which reached amplitudes of 500- 
700 tiv (with electric stimulation of the preganglionic 
trunk), often exceeded the limits of the screen. 

Fig. 1, 3 shows a tendency of the after-effect to re- 
appear. After the use of TEA, due to the brevity of its 
effect, the complete restoration of the value and duration 
of the after-discharge could be easily observed. 

Analogous results were obtained with Hexonium, Pen- 
tamine and Mekamine. In a dose of 1-2 mg/kg,  all these 
substances prevented the development of after-discharges. 
The effect lasted longer than that produced by the TEA 
injection. The most lasting effect was induced by Meka- 
mine.  With regard to duration of effect, the ability of the 
experimental ganglioblocking agents to inhibit the after- 
discharge was parallel to their inhibitory influence on the 
interneuronal conduction of nerve impulses. 

Fig. 2 shows the results of one of tile experiments with 
Mekamine. The experiment was performed on a back- 
ground of physostigmine (3 rag /kg  intravenously). The top 
oscillogram (see Fig. 2, 1) shows brief tetanus (t00 stimuli 
per second for 1 second) attended by a marked after-effect .  
Mekamine was given in two injections o f  i rag /kg  each. 
After the first injection of the substance (see Fig. 2, 2), we 
noted a sharp decrease in tile duration and amplitude of 
the after-discharges, which were observed only during the 
first 21/2-a seconds after tetanus. The second injection of 

1 m g / k g  Mekamine (see Fig. 2, 3) caused the after-dis- 
charges to decrease still further in voltage; no after-dis- 
charges were observed after the first 11/2 seconds following 
tetanus. 

As well as the ganglioblocking agents, we tested sub- 
stances from other pharmacological groups (Barbamyl and 
Novocairl). Both these compounds are known to inhibit the 
autonomic ganglia quite actively. The results of these ex- 
periments demonstrated that the effect of Barbamyl or No- 
vocain on the after-discharge is similar to that of the gan- 
glioblocking substances. We observed the decrease or com- 
plete inhibition of the after-discharges after the adminis- 
tration of 20-30 m g / k g  Novocain or 15-20 m g / k g  Bar- 
bamyl.  This effect developed considerably earlier than 
did the block of ganglionic transmission in this case. 

The results of the experiments indicate that the ex- 
perimental ganglioblocking agents reduce or completely 
prevent the development of after-discharges. This effect 
was usually attended by a decrease in the amplitude of 
the bio-electric currents in the tetanic series. Complete 
block of ganglionic transmission did not occur in this case. 
Therefore, the ganglioblocking substances primarily pre- 
vent the development of the after-effect ,  but higher doses 
are required before they can block the conduction of nerv- 
ous excitation in the ganglion with electric stimulation of 
the preganglionic fi'bers. 

The action mechanism of the experimental substances 
seems to be based on their ability to inhibit the synaptic 
apparatuses of the ganglionic neurons, at the same time in- 
creasing the !atter's threshold of sensitivity to acetylchol-  
ine. However, one should take into account the fact that 
certain substances (Novocain) can decrease the production 
of acetylcholine. It is interesting that the parameters 
characterizing the function of the neurons and of their syn- 
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Fig. 2. Effect of Mekamlne on af ter-discharge in the s te l la te  gangl ion.  1) before ad- 

ministration of substance; 2) five minutes after Mekamine inject ion (1 rag /kg) ;  
3) five minutes after second Mekamine inject ion (1 m g / k g ) ,  Other symbols the same 

as in Fig. 1. 

apt ic  formations change in about the same way under the 
influence of ganglioblocking agents.  Thus, for example ,  
we have shown that ganglioblocking substances, as wel tas  
reducing the exc i tab i l i ty  of the gangl ia ,  decrease their 
functional mobiI i ty ,  increase the t ime  of interneuronal 
conduction and, as established in this investigation,  d imin-  
ish and abbrevia te  the af ter -discharge.  

This brings up the question of how these functional 
characterist ics  would change under the influence of other 

substances capable  of inhibiting ganglionic transmission 
by various mechanisms of act ion.  We used Barbamyl and 

Novocain for purposes of comparison.  It was found that 
both substances caused the same changes in the exc i tab i l -  
i ty ,  l ab i l i ty ,  la tent  period and after-discharges of the 

sympathet ic  ganglia as did the exper imenta l  gangl ioblock-  
ing agents.  

On the basis of these data,  one can assume that other 
substances which inhibit  synaptic conduction in the auto-  
nomic ganglia  ought to induce analogous effects.  How- 
ever,  in evaluat ing the common principles of ac t ion of 
ganglioblocking agents, one should remember  that the 
changes which lead to disturbance of ganglionic transmis-  
sion may be brought about by very different mechanisms.  
This also applies to the anatomical  loca l iza t ion  of the 
effect of ganglioblocking agents and to the influence of 
these substances on the b iochemica l  processes important  to 
the transmission of nervous exci ta t ion .  For example ,  Z .  
Zaimis  and co-workers [5] be l ieve  Mekamine and Hexon- 
ium to have different mechanisms of act ion.  These authors 
associate Mekamine 's  blocking effect with its in t racel lular  
action; Hexonium, on the other hand, affects the synaptic 
formations of the ganglionic neurons. 

N. V. Vysotskaya [1, 2] established in our laboratory 
essential differences as to the type of effect exerted by 
ganglioblocking agents on cer ta in  aspects of metabol i sm.  
Investigation of the metabolism of the phosphorus groups 

in the superior cerv ica l  gangl ion showed that n icot ine ,  
pachycarpine ,  TEA and Pentamine reduce the content  of 
adenosine triphosphoric acid (ATP) in the ganglion; Hexon- 
ium is not ac t ive  in this respect .  The fact that ATP re-  
stores conduction of s t imulat ion in the ganglion if the con- 
duction has been inhibited by nicot ine,  pachycarpine ,  TEA 
or Pentamine indicates that the change in the ATP con- 
tent plays an important part in the act ion mechanism of 
most of the exper imenta l  gangl ioblocking agents.  The 
blocking effect of Hexonium does not change under the 
influence of ATP. One must therefore suppose that  the 
mechanism of Hexonium's blocking effect  differs from that 
of Pentamine and TEA. According to the classif icat ion of 
W. Paton, W. Perry and co-workers,  however,  these sub- 
stances all belong to the comlmt i t ive ly  ac t ing groups of  
compounds [11, 12]. 

Therefore, with the a id  of the physiological  pa rame-  
ters character iz ing the interneuronal transmission of nerv- 
ous s t imulat ion,  we were able to obtain an idea of the 
general  outlines of the act ion of gangl ioblocking agents.  
To gain a more in t imate  understanding of the mechanism 
of their depriming effect ,  the b iochemica l  or physico-  
chemica l  changes of the synaptic formations and of the 
nerve cei ls  as a whole should evidently be invest igated.  

S U M M A R Y  

The author studied the effect of tetraethylammonium, 
Hex0nium, Pentamine,  Mekamine,  Barbamyl and Novocain 
onthe after-discharges in the ca t ' s  s te l la te  gangl ion.  As 
demonstrated by the exper imenta l  results, al l  these sub- 
stances reduce or comple te ly  inhibit  the development  of 

after-discharges.  This act ion is accompanied  by a decrease 
in the ampl i tude  of the act ion potentials in the te tanic  

series during e lect r ic  s t imulat ion of the preganglionic fi- 
bers; but comple te  block of the ganglionic transmission 
does not occur.  
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