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The sensory innervatton of the internal organs by 
the peripheral processes of neurones whose bodies lie 
in the spinal ganglia is now accepted beyond doubt. 
An Important part In the discovery of the spinal sensory 
innervation of the Internal organs was played by B. I, 
Lavrent'ev and his pupils, who proved experimentally 
the spinal sensory innervation of the heart [16], the 
blood vessels [3], the adrenals [9],and the urinary blad- 
der [17]. Thd spinal sensory innervation of all the In- 
ternal organs [6] and blood vessels [5, 8] was subse- 
quently demonstrated.* 

The spinal sensory fibers pass into the sympathe- 
tic trunk from the spinal nerves, via the rami communi-  
cantes, and then pass both caudally and cranially along 
the sympathetic trunk [2, 7, 20, 21]. Therefore, through 
any given segment of the sympathetic nervous system, 
spinal sensory fibers pass from the whole series of inter- 
vertebral ganglia. Pot Instance, through the greater 
splanchnie nerve and the celiac ganglion pass spinal 
sensory fibers from the lower cervical [14] and thoracic 
[?, 10, 19] lntervertebral ganglia, the bulk of them 
being derived, according to these authors, from the 
spinal ganglia D e - Dr0. Through the stellate ganglion 
pass spinal sensory fibers from intervertebral ganglion 
C~ - L~ [13]o 

We have been unable to find in the literature any 
reports giving an accurate quantitative description of 
the sources of the spinal sensory fibers passing rhrough 
the individual sympathetic ganglia. The aim of the 
present research was to make quantitative analysis of 
the segmental distribution of the spinal sensory com- 
ponent of the celiac, stellate,and superior cervical 
sympathetic ganglia. 

M E T H O D S  

In 3 series of experiments the celiac, steltate, 
and superior cervical sympathetic ganglia were ex- 
tirpated unilaterally or bilaterally in adult cats. In 
each series the extirpation was done unilaterally in 

3 animals and bilaterally in 2-5 animals. Control 
operations were also performed (under the same condi- 
tions, but the corresponding ganglfa were not removed). 
The animals were killed with ether 8-19 days after 
operation. With unilateral extirpation of the sympathe- 
tic ganglia, all the cervical, thoracic, and lumbar inter- 
vertebral ganglia on both sides were taken for examina- 
tion, and with bilateral extirpation and after the control 
operations, the same intervertebral gangIia from one 
side of the body of the animal were taken, 

In addition, the spinal ganglia of clinically healthy, 
uuoperated animals were studied. The ganglia were 
fixed in alcohol and embedded in paraffin wax. Serial 
sections of the intervertebraI ganglia were cut to a 
thickness of 8 g ,  every tenth section being retained for 
examination~ The sections were stained with tohttdine 
blue, and also with gallocyanine. 

In extirpating any sympathetic ganglion, natur- 
ally all the spinal sensory fibers passing through it were 
divided. In consequence of this, retrograde changes 
arose In the corresponding neurones of the interverte- 
bral ganglion (Pig. 1, a and b). By employing this 
phenomenon we were able to determine both the local-  
ization of the neurones whose processes passed through 
the extirpated sympathetic ganglion, and the number 
of these neurones In all the cervical, thoracic, and 
lmnbar intervertebral ganglia. The latter was done by 
counting the number of nerve cells undergoing retro- 
grade changes in the serial sections of all the inter- 
vertebral ganglia taken from the animals after unilateral 
extirpation of the sympathetic ganglia. We  estimated 
the total number of neurones undergoing retrograde 
changes separately tn the intervertebral ganglia on 
right and left sides. Then, also separately in the gang- 
lia of the right and left sides, we calculated the per- 
centage content of these neurones in each lnterverte- 

* Questions relating to the role of the DogieI Type 2 cells 
are not discussed In this paper. 
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bral ganglion. Mean values were deduced for all the 
series of experiments. 

RESULTS 
After extirpation of the celiac ganglion of the 

solar plexus, we found retrograde changes in neurones 
in all the eerebrospinal ganglia at the level of the 
segments Cs-L  4. This meant that through the celiac 
ganglion of the solar plexus passed processes from neu- 
roues whose bodies were situated in intervertebral gang- 
lia Cs -L  4 on the ipsilateral side of the animal's body. 
The bulk of these neurones (89.6 %) were concentrated 
in the Intervertehral ganglia DT-L s (Ng, 2). Through 
the celiac ganglion also passed processes from nerve 
cells of intervertebral ganglia C 6-L 4 of the contralateral 
side; these cells, however, were only one fifth as fre- 
quent as in the cerehrospinal ganglia after removal of 
the ipsilaterai celiac ganglion. These nerve ceils were 
also distributed ir~egglarly in the intervertebral ganglia 
on the contralateral side. 

Through the stellate ganglion passed processes of 
neurones whose bodies lay in intervertebral ganglia 
C2-L 4 on the ipsIlateral side of the body. These neu- 
rones were mainly in intervertebral ganglia C~-D 5 (74% 
Fig. 8). Neurones of spinal ganglia C2-L 3 of the con- 
tralateral side also sent their processes to the periphery 
through the stellate ganglion, but such neurones were 
from 2 to 2.6 times less frequent than in the cerebro- 
spinal ganglia of the ipsilateral side, although the gra- 
dient of their distribution among the spinal ganglia of 
the eontralateral side was similar to that of the ipsila- 
teral side. 

Through the superto~eeruicalganglion passed proc- 
esses of nerve celIs In intervertebral ganglia C 2 - D  4 of 
both ipsilateral and contralateral sides. The numbers of 
these nerve cell% however, were comparatively small. 
For instance, whereas through the celiac ganglion passed 
918-1204 processes of spinal sensory neurones from the 
ipsilateral side, and through the stellate ganglion 450- 
714 processe{, through the superior cervical sympathetic 
ganglion only 80-88 processes passed from the inter- 
vertebral ganglia on the ipsilateral side. In interverte- 
bral ganglia C~ and C~t the nnmber of nerve cells send- 
ing processes through the superior cervical sympathetic 
ganglion was as a rule larger (5-7 neurones in each 
ganglion) than in ganglia C4-D 4 (2-4 neurones in each 
ganglion). 

In the intervertebral ganglia of the control and 
clinically healthy animals, neurones showing retrograde 
changes were encountered extremely rarely; only in 
occasional ganglia did we find solitary nerve ceils with 
sigm of retrograde changes. 

D. M. Golub [1] showed that through any given 
ganglion of the sympathetic nervous system pass proc- 
esses from neurones of a large number of tntervertebral 
ganglia; the bulk of these neurones, however, lies in 
intervertebral ganglia situated close to tbXs particular 
area of the sympathetic nervom system, and only a 

Fig. I. Retrograde changes in a cell in cerebrospinat 
ganglion D~ on the right side 12 days after extirpation of 
the right stellate ganglion (a). Retrograde changes in a 
cell in oerebrospinal ganglion C s on the right side 16 
days after extirpation of the right superior cervlcal sym- 
pathetic ganglion (b). Alcohol. Toluidine blue. Mag- 
nification: ocular I0 x ,  objective 40 x. 
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Pig. 2. Gradient of distribution of the sources of 
the spinal sensory fibers passing through the celiac 
ganglion. 

small number of neurones is derived from more distant 
ganglia. Out findings confirmed this view and pro- 
vided more accurate quantitative details. Many re- 
ports speak of the same multisegmental principle of 
the sensory innervation of the internal organs and blood 
vessels [4, 5, 11, 18, etc,]. 

It must be considered that this multisegmentaI 
principle arose in the course of evolution. In Amphloxus 
the visceral branches leave the posterior roots metameri 
cally~ the visceral branches proceed equalty metameri-  
ta l ly  in the Cyclostomata, and in these, moreover, the 
ganglia of the sympathetic trunk are still without longi- 
tudinal lnterconnections; only in the bony fish do Iongi- 
tudlnal connections appear between the sympathetic 
ganglia [18, 22]. In Amphibia, the longitudinal con- 
nections of the sympathetic trunk are more highly de- 
veloped, but a large number of visceral branches still 
follow a metamerie path; in birds there are far fewer 
of these me tamerie visceral branches, and tn mammals 
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Fig. 3. Gradient of distribution of the sources of 
the spinal sensory fibers passing through the stel- 
late ganglion. 

and in man they are concentrated to the greatest de- 
gree in individual trunks [15]. 

The appearance of this multisegmental principle 
of the spinal sensory innervatlon of the internal organs 
and blood vessels In the course of evolution may be 
associated with the necessity for improving the nervous 
connections between the internai organs, and also be- 
tween the internal organs and the central nervous system. 
The large number of connections permits the nervous 
system to obtain better correlation of the work of the 
internal organs, and to switch the maximum load rapidly 
from some organs to others. This promotes greater sta- 
bility of the animal in the constantly changing condi- 
tions of the external environment. 

The exteroceptive tnnervation of the skin and the 
proprioceptive tnnervation of the muscles have pre- 
served their strictly segmental character, for the first 
enables localized perception of external stimuli, neces- 
sary for the organization of a purposive response reaction, 
to be Obtained, and the second provides information 
about the position of parts of the body in space, which is 
important for the accuracy and pcecision of locomotor 
acts. 

The different' trends of evolution of the sensory 
innervatton of the internal organs, on the one hand, and 
of the extemceptive innervation of the skin and the 
proprioceptive tnnervation of the muscles on the other 
hand, have thus been conditioned by different principles 
of the structural organization of these afferent systems. 

SUMMARY 

The author studied the sources of the spinal sensory 
fibers of the celiac, stellate and superior cervical sym- 
pathetic ganglia. 

These ganglia were removed in cats and in 8-19 
days all the cervical thoracic and lumbar spinz:l ganglia 
were studied in serial sections to reveal retrograde changes 
in the neurones. 

It was established that the neuron processes of the 
sgin,al ganglia C s and L 1 of the ipsilateral side pass through 
the celiac ganglion. The bulk of these neuroneslies in the 
spinal ganglia Dr-  L3. The neurone processes of the spinal 
ganglia Cz-L 4 pass through the stellate ganglion, but 
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mainly - ('.7-Ds; the neurone processes of the spinal gan- 
glia Cz-D 4 pass through the superior cervical sympathetic 
ganglion. 

The neurone processes of the spinal ganglia of the 
contralateral side pass through all the sympathetic ganglia 
mentioned. 
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