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It is known from descriptive neuromorphology that the axons of neurones, which may be described as "the exit 
elements" of the nervous centers, give off return collaterals. 

This feature is characteristic of motoneurones of the spinal cord, of the pyramidal cells of the cerebral cortex, 
of the Purkinje cells of the cerebellum, the mitral cells of the olfactory bulbs [16], and of the pyramidal ceils of 
Ammon'shorn [3, 16] etc. 

Recently, Szentagothai [18] has described recurrent collaterals in axons of the cells of Clarke~ column. 

The recurrent collateral has attracted attention because of physiological investigations which have shown that 
it exerts an i1~dlibitory effect when the parent axon is stimulated. The time characteristic of the antidromic inhibi- 
tion of spinal motoneurones indicates that the antidromie impulses spread along the recurrenz collateral, reach an in- 
ternuncial neuro,~e, which then brings about inhibition of the mononeurone through a synaptic connection [1'/, 10]. 
In similar experiments in which the optic nerve wa~ stimulated, antidromie inhibition of the retinal ganglion cells[12] 
has been obtained, md has supported the suggestion by Polyak [15] ~hat :hc axons of the ganglion cells may give off 
recurrent collaterals. The recurrent eolIaterals of the axons of pyramidal ceils are directly reIated to the antidromic 
inhibition of the corresponding neurones as observed in experiments on the isolated pyramidal tracts [19], Finally, 
some investigators have proposed that among the nerve fibers il~ibiting the neurones of the cochlear nucleus there 
are some which have recurrent collaterals from the axom. 

It can be seen therefore that as regards the function of the recurrent collateral, little more has been done than 
to define the problem, and its solution has acquired special significance, because we arc here concerned with a gen- 
eral phenomenon involved in the structural and functional organization of the nervous system. 

The object of the present investigation has been to study the site and mode of termination of the recurrent 
collaterals of axons of certain neurones, using the methods of experimental neuromorphology. 

M E T H O D  
We applied the method of retrograde degeneration, whose essential feature is that when an axon is divided, or 

damaged in some other way, degenerative changes which may proceed as far as complete necrosis invade the corre- 
spot~ding nerve cell [3]. 

%1,: induced the retrograde degeneration of the neurones, and consequently also of their collaterals and synaptle 
endings by dividing them, or by applying pressure by means of a ligature to the appropriate nerve trunks. 

The following types of experiment were carried out: 1) ligatton of the ventral roots of the spinal cord; 2) in- 
tracrani01 division and application of a ligature (intraorbitaily) to the optic nerve; 3) division of the olfactory tract, 
to produce retrograde degeneration of the mttral ccUs of the olfactory lobes; 4) division and ligation of the vagul 
nerve (above the nodose ganglion). 

The experiments were carried out on cats and white rata. The animals were killed 12-36 days after the opera- 
tion. The material was impregnated with silver (ruing the method of Campos, Cajahl, or Gliss), which revealed nor- 
mal and degenerating nervous structures. Sectlom 5-30 tl thick were cut on a freezing microtome, stained by the 
method ,of Cajahl and Campos, and were then embedded In paraffin and stained by the method of Cajahl and GIlts. 
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RESULTS 
In eats. retrograde degeneration of the spinal motoneurones was induced by pIacing a ligature on the ventral 

roots approximal to the spinal ganglia. Next, in order to eliminate any possible stimulating effect of fl~e ligature on 
the posterior roots, ligatures were placed on both ventral and dorsal roots. The experiments lasted long enough for 
complete degeneration and disappearance of the branches of the fiber~ of the posterior roots and of their s),naptic 
terminatiom in the spinal cord. 

Fig. 1. Degeneration of the synaptic endings on internuncial 
neurones of the spinal cord (21 days after app lication of a 
ligature tothe ventralroo0, Silver impregnations. Micro ~ 
graph. Magnification: objective 40x. ocular 7 X. 

The most effective expertmems were those in which a ligature was applied to the first cervical segment, which 
in cats can be reached without opening tile vertebral canal~ 

The resulu of these experiments showed that 12-36 days after application of the ligature, a large number of 
motoneutones are to be found in various stages of degeneration ranging from ectopia of the nucleus, through various 
degrees ,of vacuolization, to complete desuuetion of a proportion of the neurones. 

In these preparations, there were also degenerative chan~es of the synaptic terminatiom of some of the inter- 
nuncial ncurones lying among the motoneurone$. 

In some cases, the internuncial neuroncs showing degenerative changes lay in the immediate neighborhood of 
the degenerating motoncuroncs (Fig. 1). It is important to note that in these cases the main mass of the synaptie 
endings or; the cell bodies of the motoncuroncs show no changes ~vhich could be regarded as degenerative. In one of 
the preparations we were al~o able to observe direct contact of an outgrowth of an internuncial neurone with the body 
of  a motoi le t l rone .  

In cross and tangcntial sections of eat retinae examined 15-18-~0 days after a ligature had been applied to the 
optic nerve, retrograde degeneration could be seen in some of the ganglion ceils; N. G. Feldman observed similar 
changes [7] after intrao~bital division of the optic nerve on rabbits and dogs. In the internal granular layer, fine de- 
generating nerve fibers could be seen, some of which ended on the bodies and outgrowths of the amaerine cells as 
fine terminal threads. 

As has been pointed out prcvioudy [~]. rctult= obtained in experiments in which the ligature is applied to the 
optic nerve give convincing evidence that the axom of the ganglion cells give off return collaterals. 

l~r to the results we obtained, the latter form synaptie connection with the amacrine cell~of the retina, 

3"hm. all the evidence tt that the effect of anttdromtr inhibition of the ganglion cells, as observed by Granlt 
[12]. is brought about by structures tesembling those which are affected by antidromie stimulation of motoneuronc$~ 

The retrograde degeneration of the miLtal cells of the olfactory bulb in white rats was produced by complete 
ot partial unilateral division of the olfactory tract at the point where it leaves the olfactory bulb. 
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At a t~me 16-18 days after division by frontal ~nd ~agittat sections of the olfactory bulbs, a large number of 

mitral cells could be found in various stages of degeneration. There wcre also dcgen~rating finc nerve fibers in the 
~ranular layer of the bulbs, In many cases it could be seen that these fibers terminated as homogenous intensely 
stained swcllings on the bodies of small ncurones lying at the base of tim layer of mitral cells (Fig. 2). In some pre- 
parations,, fragments of degenerating terminal thrcads wcrc also found in the olfactory gl.omerult. 

Thus, in these experiments we obtained evidence that in this region, the return collaterals of the axons of neu- 
tones whi.ch are "exi t  elements" (mitral celh)  cnter into synaptie contact with the internuncial neurones. 

It is pertinent to enquire whether axons of  neurones such as those of the vagal motor nucleus, which rcpreseut 
"exi t  elcmeots" also have return collaterals. 

To find the answer we used material obtained in experiments in which a ligature had been applied to the vagus 
nerve above the nodose ganglion. 
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Fig. q. Degeneration of the syuaptic endings on the 
cells of the granular layer of an olfactory bulb (18 days 
after division of the olfactory tract). Silver impreg- 
nations. Micrograph, Magnification: objective 40 x, 
ocular 7 X .  
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Fig. 3. Degeneration of synaptic endings on ncutones 
of the medulla (28 da).s after division of the vagus 

- nerve above the nodose ganglion). Silver impregnations, 
Micrograph. Magaification: objective 40 X, ocular 

In sections of the medulla oblongata, It was also possible to observe retrograde degeneration of the neurones of 
the vagaI motor nucleus, and of the synaptic endings on small neurones lying as a rule at the periphery of the nu- 
c lem,  

The similarity of the appearance observed in the spinal cord and in the medulla, in the corresponding experi- 
ments, allows us to assert that the axons of the afferent ncurones of the vagus also give off return collaterals which 
enter into synaptic conncction with the internuncial neurones, 

It must however be pointed out that in the medulla, the degenerating synaptic endings were found also much 
mote frequently on the bodies of large neurones than was the case in either the cord or Ihe olfactory bulbs. Figure 3 
illustrates this point, and shows tim tendency for such synapscs to occur at the part of the neurone where the axon 
takes origin. 

The sun) total of  the evidence here presented leads to the conclusion that "exi t  elements" of the nervous centers 
in different parts of the nervous systcnt arc represented by a characteristic neurone circuit, as follows: neurone 
return collateral of the axon --- internuncial neurone -', neurone, and we will refer to this arra~!gcment as a mictoo 
anatomical  c lement  of the structural organization of the central nervous system (as distinct from a histological c l e -  
ment )  [6 ,  7], 

There is howcvet evidcnco that the return collaterals of the axons of the cortical ncurones may tcrmlnate cither 

on internuncial neuroncs ot on dcndrltes ot thc pazcnt neurone. [lore wc must not neglect the great importance attri* 

butcd to activation of the dcndrltes in changcs of cxcitability of the ncuroncs with respect to Impulses reaching them 
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directly, a N  in the development of ncuronal inhibition [1, 2, 9], There arc indications ~hat the return collateral of 
an axon terminating on its own dendrites exerts a modulating influence upon it [13], 

According to Ramon and Ca jab1 [15], the return collateral from an axon of  a pyramidal ceil  of the cerebral 
cortex may terminate on the initial segment of the axon of the same or of a closely adjacent neurone, This observa- 
tion is important in connection with the theory of inhibition [11] whose morphological basis is the presence of a 
synaptic apparatus on the initial segment of the neurone, and has been described for file Mauthncr's cells of fl2e lower 
vertebrates. 

In other words, the circuit representing an exit c lement  may apparently be formed without the involvement of  
an internuncial neurone, a conclusion which is in line with our invcstiga:ions on the vagat motor nucleus. 

Here it is important to note that in all cases of the possible action of a return collateral onto a neurone (through 
dendrites, or through the initial segment of the axon) we are concerned with additional stimuli converging with or- 
thodromic impulses received by the neurone in question. Therefore, the ultimate effect of the action on the neurone 
will in all cases be of the same kind. 

There arc however observations which suggest that the return collaterals exert a qualitatively different effect 
on neurones according to whcther they terminate directly upon it, or are connected via an internuncial neurone. For 
example, it has been shown that antidromic impulses may enhance the excitability of adjacent motoneurones to or- 
thodromic impulses [4, 20], and may also activate pyramidal cells [14]. 

Further investigations are required into the physiological significance of the neurone circuit as representing an 
cxat element, but already we can see that it must be of significance in connection with the physiology and pathology 
of disturbances of reflex regulation. For example, in hypertensive desease, the extent of the dependence of vascular 
tone on nervous influences may be determined not only by functional disturbances of the afferent systems at the june- 
tions at ~h~ch impulses meet in the neuronal circuit, but also by functional disturbances of the exit elements of the 
vasomotor center, which is also represented by a neuronal circuit responsible for the nature of the efferent stimulus 
to the vessels, 

S U M M A R Y  
Experiments were performed on eats and albino rats to investigate the synaptic connecl2ons of recurrent colla- 

terals of the axons of neurones representing "exit elements" of the nerve centers. The method was to cause a retro- 
grade degeneration of the ncurones, and therefore also of their axon collaterals by section of the corresponding ner- 
vous pathways. 

From the results obtained it could be deduced that collaterals of the motoneurone axons of the spinal cord form 
synaptic connections with Rcmhaw cells. The axons of the ganglion cells of the retina also have collaterals which 
form a connection with the amacrine ceils. Recurrent collaterals of the mitral cell axons of the olfactory bulbs are 
connected with the small cells lying at the basis of the mitral cell layer. Axons of the cells of the vagal motor nu- 
cleus also possess collaterals which form a connection with small cells of the nucleus. However. they may terminate 
on the cell bodies of the effector neurones, The combined evidence from these experiments and those te|x)tted in 
the literature lcad to the conclusion that the "exit element" u:  :. nzr;ous center is a peculiar neurone circuit  involv- 
ing the recurrent collateral. Its significance is still unknown, and remaim to be studied. 
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