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By uni la tera l  ext i rpat ion of the spinal  ganglia at the level  C 5 - S  1 and impregnat ion  of s e c -  
tions through the adrenals  with s i lver ,  the af ferent  innervat ion of these  glands in cats  was 
studied. The resu l t s  showed that the adrenals  p o s s e s s  a mul t i segmenta l  uni la tera l  and b i -  
l a t e ra l  a f ferent  innervation,  the sources  of which are  cel ls  of the spinal  ganglia. The p e r i -  
phera l  sources  a re  afferent  neurons located in the gland i t se l f  and in the t runks  connecting 
the adrena ts  with the cent raI  nervous  sys tem.  

The p r o b l e m  of t ransplanta t ion of v i s c e r a ,  including parenchymatous  organs ,  neces s i t a t e s  the study 
of sources  of afferent  and ef ferent  innervat ion of these  organs ,  paying pa r t i cu l a r  attention to the role  of 
pe r iphe ra l  in t r ins ic  af ferent  neurons in the maintenance of viabi l i ty  of the t ransplanted  organ. 

The object  of the p r e s en t  invest igat ion was to de te rmine  the gradient  of the pr incipal  and a c c e s s o r y  
cent ra l  and pe r iphe ra l  sources  of a f fe ren t  innervat ion of the adrenals .  

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

Uni la tera l  ext i rpa t ion  (on the r ight  and left  s ides  separa te ly)  of the spinal ganglia at the level  of be -  
tween C 5 and S~ was ca r r i ed  out on 96 cats  under  genera l  e ther  anesthesia .  The animals  were  sacr i f iced  
between 24 h and 14 days a f te r  the operat ion.  Mater ia l  was t r ea ted  by the Bie l schowsky-Gros ,  Campos,  
and Rasskazova  methods.  The sources  and pathways of afferent  innervat ion of the adrenals  were  studied. 

E X P E R I M E N T A L  R E S U L T S  

The re su l t s  showed that  the adrenals  p o s s e s s  a mul t i segmenta l  uni la tera l  and b i la te ra l  a f ferent  in-  
nervat ion.  After  un i la te ra l  ext i rpat ion of the spinal ganglia f rom C5 to D3, no changes were  found in the 
nervous  s t ruc tu re s  in the adrenals .  Af ter  ext i rpa t ion  of spinal  ganglia D4_ b so l i ta ry  degenerat ing ne rve  
f ibers  and the i r  endings were  found in the ips i l a t e ra l  adrenal .  Degenera t ing  nerve  endings in the adrenal  
were  found m o r e  f requent ly  a f t e r  ext i rpa t ion  of ips i la te ra l  spinal ganglia D7_10. A sharp  inc rease  in the 
number  of degenera t ing  ne rve  f ibe r s  and endings was observed  in the adrenal  a f t e r  uni la teral  ext i rpat ion 
of spinal ganglia Dll_l~. Ext i rpat ion of spinal  ganglia Ls_ 6 resul ted  in degenera t ion  of single f iber  s and 
their  endings in the adrenal .  Af ter  r emova l  of spinal ganglia caudally to LG, no degenera t ing  nerve  f ibe r s  
were  found in the adrena l s .  

Data in the l i t e ra tu re  [1, 8, 11] indicate that between 3 and 7 different  spinal  segments  a re  con-  
ce rned  in the afferent  innervat ion of the adrenal .  The resu l t s  of the p r e sen t  invest igat ion agree  with other  
data in the l i t e r a tu re  [9] and demons t ra t e  that p r o c e s s e s  f rom cel ls  in 16 spinal ganglia (D4-L6) , located at 
dif ferent  d is tances  f rom the gland (Fig. 1), pa r t i c ipa te  in the afferent  innervat ion of the adrenals .  Hence, 
with the example  of the adrenal ,  these  invest igat ions conf i rm the prev ious  hypothesis  [2] regarding  the 
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Fig. 1 Fig. 2 

Fig. I. Sources of afferent spinal nerve fibers of the ipsilateral adrenal (cat). 
i) Cells of spinal ganglia; 2) celiac ganglion; 3) adrenal. 

Fig. 2. Sources of afferent spinal nerve fibers of the contralateral adrenal (cat). 
i) Cells of spinal ganglia; 2) celiac ganglia; 3) adrenal; 4) cross-connections. 

multisegmental  nature of the sources of afferent innervation of the internal organs. The mult isegmental  
principle does not mean that all spinal ganglia part icipate to an equal degree in the innervation of individual 
organs. On this basis  the hypothesis [3] of principal and accesso ry  sources  of spinal sensory  innervation 
of internal organs has been put forward. 

The wri ter  considers  that it is bes t  to separate  the whole group of sources  of afferent innervation of 
internal organs into central  and peripheral .  The central  sources  are cells in the dorsal  root ganglia of 
spinal nerves and corresponding ganglia of the cranial  nerves.  In accordance with D. M. Golub's t e rmino-  
logy, in this case it is possible to distinguish the principal sources,  namely spinal ganglia f rom which the 
grea tes t  number of fibers run to a p a r t i c u l a r  organ, and accessory ,  f rom which a few nerve fibers par t ic i -  
pating in the innervation of these organs arise.  

On the basis  of these resul ts ,  the central  sources  of afferent innervation of the adrenal can be sub-  
divided into principal  (Dll-D13 and L1-4) and accessory .  The la t ter  are represented by sensory  neurons 
whose bodies lie in 7 spinal ganglia (D4-DI0), cranial ly to the principal source,  and in 2 ganglia (L 5 -L6) , 
located caudally to the principal source.  

The pathways along which afferent nerve fibers reach the ipsi la teral  adrenal are the white rami com-  
municantes of the corresponding spinal nerves.  Along these rami  the nerve fibers reach the sympathetic 
trunk. They run along this trunk for varying distances and leave it to form the splanchnic nerves  or  indivi- 
dual branches to the solar  plexus. Some fibers pass  through the ganglia of the solar  plexus, and proceed to 
t~,e adrenal in branches leaving these ganglia. Other fibers,  ar is ing mainly f rom the dorsa l  lumbar  spinal 
ganglia, in their  journey to the adrenal pass  through the abdominal aort ic  and renal plexuses. 

Besides their  ipsi lateral  innervation, the adrenals also possess  a c rossed  afferent innervation [2, 7]. 
Following unilateral  extirpation of the more cranial  spinal ganglia (down to L 6 inclusive), no degenerating 
nerve fibers or receptor  endings could be found in the opposite adrenal. Subsequent extirpation of spinal 
ganglia fromD~ to D10caused a gradually increasing degree of destruct ion of nerve fibers and endings in 
the contra la tera l  adrenal. Massive degeneration of afferent nerve s t ruc tures  in the contra la teral  adrenal 
appeared following extirpation of spinal ganglia DiI_13 and I~_3. Extirpation of spinal ganglion L 4 led to 
degeneration of only a few fibers in the contra la teral  adrenal. These experiments  showed that p rocesses  
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Fig. 3. Sensory nerve cell in medulla of the right adrenal of a cat 
3 days after  extirpation of spinal ganglia D13-L 1 on the left side. 
BielschowskylGrOs, 600 x. 

f rom cells in 11 spinal ganglia par t ic ipate  in the afferent innervation of the contra la tera l  adrenal. Here 
also principal  and acces so ry  central  sources  can be distinguished The principal sources  are cells of 
spinal ganglia Dll_13 and L1- 3. The a c c e s s o r y  sources  are  located in spinal ganglia D~_ti and Lt 
(Fig. 2). 

According to data in the l i te ra ture  [2] and the wr i t e r ' s  own observations,  the pathways along which 
afferent nerve fibers reach the contra la tera l  adrenal  are  c ross  connections (commissures)  joining symme-  
t r ical ly  opposite s t ruc tures  of the autonomic nervous sys tem at the per iphery  (Fig. 2). In addition, r e -  
member ing  the findings obtained by other  workers  [10], the poss ib i l i ty  that afferent nerve fibers may cross  
to the opposite side in commissu res  located in the central  nervous sys tem likewise cannot be ruled out: 

Introduction of the t e r m  "per ipheral  sources"  (P. I. Lobko) has the advantage that it is possible to 
unify into one group the numerous afferent neurons located within the organ (intramurally),  and also in the 
autonomic ganglia, trunks,  and plexuses providing the afferent innervation of the internal organs and con- 
nections between these organs and the central  nervous system.  

The per iphera l  sources  of afferent innervation of the adrenals  are  sensory  neurons of var ied s t ruc-  
ture,  located in the substance of the adrenal gland, in ganglia of the ext ramural  adrenal plexus, or  in t he  
ganglia and nerve trunks along the pathway f rom the central  nervous sys tem to the adrenals.  The presence  
of such neurons in the ganglia and plexuses of cer ta in  divisions of the autonomic nervous sys tem has been 
demonstrated [4-6]. 

In the study of mater ia l  obtained f rom the experimental  animals, sensory  neurons were found in the 
adrenals themselves.  A sensory  bipolar  nerve cell with its p rocesses  close together,  found in the medulla 
of the right adrenal of a cat 3 days after extirpation of spinal ganglia D13 and L 1 on the left, is i l lustrated 
in Fig. 3. The body of the neuron and one of its p roces ses  is strongly impregnated,  and along the course  of 
the p rocess ,  pools of neuroplasm can be seen. The second p roces s  is normal  in s t ructure .  This observed 
react ivi ty of the sensory  neuron lying in the substance of the adrenal is evidently s imi lar  in charac te r  to the 
re t rograde  react ive changes in response to division of the process  running to the central  nervous sys tem in 
the dorsal  root of spinal nerves D13 or L t. Such changes in the s t ructure  of afferent neurons lying within 
the adrenal after extirpation of spinal ganglia o r  division of the corresponding autonomic trunks is evidence 
of a d i rec t  connection between the in t ramural  sensory  neurons and the central  nervous sys tem or  of the in- 
fluence of p rocesses  of cells in the spinal ganglia on the s t ruc ture  of per ipheral  afferent neurons. 

Per iphera l  sources ,  like central ,  can evidently be divided into principal  and accessory .  The pr inc i -  
pal sources  are most  frequently single afferent neurons or  groups of neurons; they constitute the int ra-  
mural  nervous apparatus of the internal organs (adrenals). Accesso ry  sources  include sensory  nerve cells 
sca t tered  along the course  of the conducting pathways. 
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The pathways connecting per ipheral  neurons with the central  nervous sys tem evidently run in the 
nerve trunks and plexuses through which the adrenals are  connected with the spinal cord and brain. P r o -  
cesses  of per ipheral  sensory  neurons running to the central  nervous sys tem can also run a c rossed  course.  
These c ross -communica t ions  may take place both in intraspinal  commissures  and in fibers connecting sym-  
metr ica l  opposite s t ruc tures  of the autonomic nervous sys tem at the periphery.  Crossed  central  p roces ses  
of per ipheral  afferent neurons of the adrenals  in such cases  enter  the central  nervous sys tem along the 
vagus nerves  and dorsal  routes of the spinal nerves on the opposite side. 

The results  given in this paper  may be important  for cybernet ics .  This example of the afferent inner-  
vation of the adrenal  demonst ra tes ,  on the one hand, the reliabili ty of information based on the exces -  
sive charac te r  of organization of the nervous sys tem (the multisegmental  principle). On the other hand, it 
i l lus t ra tes  the multiplicity of channels of communicat ion between an organ and the central  nervous system. 

The presence  of sensory  neurons in the adrenals,  and their  d ispers ion in the per ipheral  port ion of the 
conducting pathways, plus the centra l  (spinal) sources  of afferent innervation of the adrenals  i l lustrate  the 
excessive charac te r  of organization of the nervous sys tem which, by forming multiple channels of communi-  
cation with the central  nervous system, ensures  a smooth and reliable sys tem of compensatory and adaptive 
mechanisms in the activity of the nervous sys tem and in the receptor  innervation of internal  organs.  
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