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In the sympathet ic  ganglia  of mammals  the process of synaptic transmission from preganglionic to postgang- 
l ionic neurons has in the main  been systemat ical ly  studied. The connection between the neurons of the ganglion 
themselves have rece ived  l i t t le  study, although histologists have repeatedly  described different contacts between 
these neurons. Sensory nerve cel ls  and complex networks of dendrites, connecting many neurons, are found in the 

ganglia  [2], together with axon collaterals ,  the course of which has not been traced [2, 42. The functions of these 
complex contacts are unknown, apart  from the connections between the sensory neurons, which are the morphologi-  
cal  basis for per iphera l  reflexes through the ganglia,  described for the inferior mesenter ic  ganglion [12 and the solar 
plexus [82. 

Some types of neurons have been found to be interconnected by axon col laterals  and in termedia te  neurons-  
rec iprocal  inhibit ion.  This inhibi t ion is found in the motor neurons of the spinal cord [9, 122, the neurons of the 
cerebra l  cortex [11], and the neurons of the hippocampus [10]. A single ant idromic exci ta t ion  of the neurons of the 
sympathet ic  ganglion is known to be accompanied  by strong depression of conduction of the orthodromic impulse 
through the ganglion, as a result of a towering of the exc i tab i l i ty  of the neurons in the ganglion [6-82. 

The object  of this invest igat ion was to determine if this lowering of exci tabi l i ty  is entirely an af te r -ef fec t  or 
whether it  takes p lace  with the par t ic ipat ion  of synaptic mechanisms, as in the motor neurons of the spinal cord, with 
which the neurons of the sympathet ic  gangl ia  have much in common from an ana tomica l  and physiological  point of view. 

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

Experiments were carried out on the ,s te l ta te  ganglion of cats anesthet ized with Nembutal  (50 mg/kg) .  All  the 
nerves leaving the left  ganglion.were divided to isolate i t  from central  or per ipheral  influences, and the segments of 
the nerves remaining joined to the ganglion were p laced on electrodes for s t imulat ion and for recording the act ion 
potentials .  The blood supply to the ganglion was left  intact,  and the body temperature of the an imal  and the t e m -  
perature of the ganglion were main ta ined  normal  by warming the an imal  and the wet chamber  in which the ganglion 
was placed.  The technique of the operat ion and of recording the act ion potentials was described fully ear l ier  [5, 62. 
St imulat ion was by means of rectangular  pulses, 0.5 msec in duration, supplied by an electronic  stimulator; after 
ampl i f ica t ion,  the act ion potentials  were photographed from the screen of an e lec t ron-beam oscillograph. 

If two cardiac  nerves emerged from the ganglion, the effect of s t imulat ion of each of them was invest igated 
on the ampli tude of the act ion poten t ia l  of the other in response to a single s t imulat ion of the preganglionic fibers 
of the la te ra l  sympathet ic  trunk. If the cardiac  nerve was single, but ramif ied some distance away from the ganglion,. 

the same procedure was repeated with its branches. If the single cardiac  nerve did not ramify, i t  was ar t i f ic ia l ly  
split  into two branches a short distance from the ganglion (10-15 mm).  To test further,the fibers of these branches 
were exci ted  during s t imulat ion;  the ac t ion potentials  were recorded from the cardiac nerve between the r ami f i ca -  
tion and the ganglion. 
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Fig. 1, Effect of an antidromic impulse  on synaptic transmission in neurons of the ganglion which have been exci ted 

ant idromical ly .  Recording electrodes (here and in Figs. 2 and S the lines farthest .apart) placed on the cardiac  nerve, 
and the st imulating electrodes for ant idromic exci ta t ion  l ie  on the same nerve between these electrodes and the gang-  

!ion. The st imulating electrodes for orthodromic exci ta t ion  are p laced  on the la te ra l  trunk below the Srd thoracic 
ramus eommunicans (the st imulat ing electrodes here and in Figs. 2 and 3 are shown by lines closest together).  Along 
the axis of absc i ssas - in te rva l  between antidromic and orthodromic stimuli (in msec), a long the axis of o r d i n a t e s - a m -  
plitude of action potential  of orthodromic impulse combined with ant idromic (in % of ampli tude of orthodromic i m -  
pulse without prel iminary antidromic) .  1) Results of three experiments;  2) resuIts of two experiments .  From top to 
bo t t om-o r thod romic  impulse after ant idromic,  separated by interval of 118 msec (a) and orthodromic impulse with-  

out prel iminary antidromic (b), obtained in one of the experiments.  
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Fig. 2. Effect of ant idromic impulses on synaptic transmission in neurons of a ganglion lying next to those exci ted  an t idromi-  
ca l ly .  A) Antidromic impulse sent via the cardiac  nerve next to that from which the recording is made;  B) antidromic impulse 

sent via one of two branches, into which the cardiac  nerve was a r t i f ic ia l ly  split, and the recording is made  from the other: a) 
orthodromic impulse 100 msec after ant idromic ; b) orthodromic impulse without ant idromic;  e) orthodromie impulse a -  
gainst the background of repeated antidromic st imulat ion (frequency 18 c ps in A and 25 cps in B); d) orthodromic impulse 
without repeated antidromic st imulat ion;  e-h) the same as a-d (and in the same order), but with recordings made from the 
nerve of branch through whichthe antidromic impulses were sent in a-d. The scale of ampl i tude  and t ime for a-d (A) is shown 
in b, and for 8-h (A) it is shown in f while for a-d (B) it is shown in e; the dimension of the scale lines is shown beneath the os - 
c i l lograms.  The st imulating electrodes for orthodromic st imulat ion are placed on the la te ra l  trunk (in A between the 2rid 
and 3rd, and in B between the 8rd and 4th thoracic rami communicantes) .  
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Pig. 3. Responses with a short (A) and a long (B) latent period in one branch of the 

cardiac nerve (or in  one cardiac nerve) to st imulation of the other branch (or of 
the other nerve of the same ganglion) compared with responses in the same branch 

(or in the same nerve) to st imulation of the preganglionic fibers of the lateral trunk 
In A) Natural ramificat ion of the cardiac nerve, in B) two cardiac nerves from one 

ganglion. A: a) response of one branch to a single; b) to repeated (frequency 50 

cps) st imulation of the other; c) response of this same branch to a single; d) to re-  

peated (at the same frequency as in b) stimulation of the preganglionie fibers of the 
lateral  trunk between the 3rd and 4th thoracic rami communicantes;  e) response of 
one branch to st imulation of the other before intravenous injection of diplacin(0.2 

ml  of a 2% solution per kg body weight); f) 20 sec after injection; g and h) the 

same as e and f, but during stimulation of the preganglionic fibers of the lateral  

trunk; B: a) response of one cardiac nerve to a single stimulation of the other car-  

diac nerve of this same ganglion; b) the same, but a 100 msec after a single st imu- 
mulat ion of the preganglionic fibers of the lateral trunk between the 2nd and 3rd 
communicantes;  c) the same as in a before intravenous inject ion of diplaein in the 

same dose as in a; d) 2 rain after injection; e and f) the same as c and d, but dur- 
ing st imulation of the preganglionic fibers of the lateral trunk between the 2nd and 
3rd thoracic r~mi communicantes.  Scale of amplitude and t ime for A is given in c 

and for B (except for B, e) is given in f; dimension of the scale lines is indicated 
beneath the oscillograms. 

E X P E R I M E N T A L  R ES U LTS  

Altogether seven experiments were carried out, in four of which the cardiac nerve was art if icially split into 
two parts, one was performed on two cardiac nerves, and in two the cardiac nerve branched naturally (the two last 
types of structure are rare). The intervals between the antidromic and the orthodromic stimulus were of 60 and 100 
msec; during these intervals the antidromic impulse in the nerve from which the recording was made caused de-  
pression of the amplitude of the response to the orthodromic stimulus by 30-60% (Fig. 1). In the case of antidromic 

st imulation through the neighboring nerve or through the neighboring branch, no consistent changes took placed in 
the amplitude of the response to the orthodromic stimulus outside the limits of the insignificant spontaneous var ia-  

�9 tions, as shown in Fig. 2. 
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According to Renshaw [!2], during rec iprocal  inhibit ion the conduction of the orthodromic impulse in the 
spinal cord may cease almost comple te ly .  In the sympathet ic  ganglion, on the other hand, in the influence of an t i -  

dromic s t imulat ion on synoptic transmission in the nerve next to that s t imulated was absent; i t  l ikewise was not 
found when the orthodromic stimulus was appl ied  against  the background of repeated antidromic s t imuli  (frequency 
15-25 cps; Fig. 2) or i t  was weakened. Hence, a prolonged (up to 400 msec) lowering of the exc i tab i l i ty  of the 
neurons of the ganglion, accompanying their ant idromic exci ta t ion (Fig. 1) was not rec iprocal  inhibit ion like the in-  
hibi t ion of the spinal cord, bur was evident ly  an a f te r -e f fec t  of subnormality of the neurons. The rec iprocal  synoptic 
connections of each neuron which possesses them involve too few of the neighboring neurons to be revealed by the 
onset of inhibit ion in these neurons or by fac i l i t a t ion  against the background of the exci ta t ion  of a l l  the surrounding 
neurons. 

It is interesting that s t imulat ion of one of the two branches (or one of the nerves) caused responses in the other 
branch (or in the other nerve). The ampl i tude  of these responses was much smal ler  than the ampl i tude  of the re -  
sponse to st imulat ion of the preganglionic fibers in the same branch. From their  la tent  period, these responses may 
be divided into two g roups -wi th  a short and a long latent  period. The former (3-4 msec, Fig. 3A, a) were observed 
in nearly a l l  the experiments.  Their threshold either corresponded to the threshold of exci ta t ion of the postgang- 
l ionic fibers of the s t imulated branch or it  was slightly below it. The labi l i ty  of these responses was above 25 cps, 
and in some cases it was above 50 cps (Fig. 8A, a, b) ,which is much higher than the labi l i ty  of the synapses of the 
ganglion, which does not exceed 28 cps (Fig. 3A, c, d). If such responses were found in one of the branches, they 
were also observed in the other, i .e. ,  exc i ta t ion  was conducted in both directions. D i p l a c i n - a  curare- l ike  subs t ance -  
had no effect  on these responses (Fig. 3A, e, f) whereas the synoptic transmission from the preganglionic fibers to the 
postganglionic fibers of that par t icular  branch was suppressed (Fig. 3A, g, h), 

These facts show that  responses with a short la ten tper iod  are the result of direct  s t imulat ion of those fibers 
from which the recording was made.  Evidently few of the postganglionic fibers ramify, and the branches of the same 
fiber are found in different branches of the nerve (postganglionic axon reflex).  

In the case of the responses with a long la tent  period (15-18 msec) the labi l i ty  was always below 25 cps, and 
sometimes below 10 cps, while the threshold of the production of these responses was much lower than the threshold 
of exci ta t ion of the postganglionic fibers of the s t imulated branch. The ampli tude of these responses was less than 

the ampli tude of the responses of the first group. The number of responses with a long la tent  period fe l l  sharply if 
they were observed immed ia t e ly  after synoptic transmission from the preganglionic fibers to the postganglionic fibers 
of the branch lying on the recording electrodes (Fig. 3B, a, b). Diplacin suppressed these responses just like the re -  

sponses to s t imulat ion of the preganglionic fibers (Fig. 3B, c-f) .  In most cases responses with a long latent  period 

were observed only in one of the branches. 

Because of these differences, the responses with a long latent  period may be regarded as the result of synaptic 
transmission in the ganglion. This may be ei ther  in the form of per ipheral  reflexes or of axon reflexes (pregang- 
l ionic).  Further experiments are required to explain  the mechanism of these reflexes.  
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