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We know that the smal l  intestine, l ike the other internal organs, receives sensory fibers from the sensory spinal 
ganglia. Previous exper imenta l  work has shown [4, 5] that neurons of the spinal ganglia in the thoracic and lumbar 
regions take part in the sensory innervation of the smal l  intestine. The largest number of sensory fibers to the smal l  
intestine arise from the spinal ganglia D8-D12. 

In her studies of the reactions of organs and tissues to removal  of their afferent innervation, T. A. Grigor 'eva 
[3] showed that  the sensory neurons play an important role in the maintenance  of the structural integri ty and an ad-  
equate level  of differentiation of  the parts of the body which they supply. 

The removal  of its afferent connections from an organ or tissue leads, on the one hand, to di lat ion of the 
blood vessels in the denervated areas, to the accumulat ion of polymorphonuclear  leukocytes in the vessels, and to 
edema and infil tration of the tissues by these leukocytes, and on the other hand, to the dedifferentiation of the cells 
and tissues of the denervated organ. 

There fs some evidence in the l i terature that the organs of the a l imenta ry  tract  react  to loss of theft sensory 
innervation in a manner common to al l  organs so t reated [1, 2, 4, 6, 7, 8]. The tissue changes arising in the wall  of 
the smal l  intestine after a purely sensory denervation, i .e . ,  after removal  of the sensory spinal ganglia,  have not been 
investigate d. 

In the present research our purpose was to study the pattern of the  changes in the tissue components of the wal l  
of the smal l  intestine, especia l ly  of its mucous membrane,  after removal  of the corresponding sensory spinal ganglia. 

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

As exper imenta l  animaIs we used heal thy fully grown cats, which were sacrif iced by narcosis with ether at in- 
tervals of from 1 day to 3 months after the operation. The afferent nerve supply of the smalI  intestine was removed 
by the one-stage extirpation of from 3 to 6 adjacent  sensory spinal ganglia  in the region of the middle and lower 
thoracic segments, uni la tera l ly  or bi la teral ly .  Altogether 18 cats were subjected to the operation. 

The animals were kept in ident ica l  conditions; they were sacrif iced at the same t ime after taking a standard 
meal .  The conclusion regarding the tissue changes in the wail  of the smal l  intestine was made after comparison 
with the controls. 

The severity of the postoperative course after removal  of the spinal  ganglia was determined by the t rauma to the 
bones of the vertebral  column. Usually the animals were kept in recumbency during the first 24 hr after the opera t ion ,  
after which they moved about with difficulty. However, starting on the 3rd or 4th day, their movements gradually 
became freer. Subsequently, starting with the end of the first week after operation,  no further disturbances of the an- 
imals '  movements were found. No suppuration or other postoperative complicat ions were observed in the exper imenta l  
animals.  In the course of t ime,  however, they developed slight wasting, despite their high standard of feeding and 
care. External signs of digestive disorders (l iquid stools) were observed ex t remely  rarely. 

When the animals  were examined  post mortem,  the state of their  organs was examined.  Marked hyperemia of 
the smal l  intestine was always present, espec ia l ly  after the b i l a t e ra l  operation. Sometimes petechia l  hemorrhages, 
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Fig. 1. Changes in the epithel ium of a 
villus 24 hr after removal  of  the spinal 
ganglia of segments D10-D12 on both 
sides, Eye-piece 10, object ive 100. 

Fig. 2. Edge of a villus of the small  in-  
testine 3 months after removal  of the 
spinal ganglia of segments D12-D13 on 
both sides. Eye-piece 10, object ive  48. 

or even small  hematomas,  appeared in the intestinal  mucosa. The 

same areas of the proximal,  middle,  and distal thirds of the small  in-  
testine were always investigated his tological ly.  The small  intestine 
was incised along the border opposite the a t tachment  of the mesentery. 
The excised fragments were spread out on paraffin wax, fixed in a 12% 
solution of neutral formalin and Zenker 's  fluid, embedded in paraffin 
wax, and stained by the usual histological  methods. 

E X P E R I M E N T A L  R E S U L T S  
Examination of the histological  specimens revealed that the 

changes arising after sensory denervation affected a l l  the tissues of 
the walt of the small  intestine, including the intramural  nerve plexuses. 

In the early stages (1-2 days) after removal  of the sensory spinal 
ganglia,  dilation of the blood vessels of the whole wall of the s m a l l i n -  
testine was observed. Polymorphonuclear leukocytes were col lected in 
the di la ted vessels, engorged with blood, with a tendency toward pave-  
meriting of the leukocytes. In the later stages after the operation, t h e .  
leukocytes from the di lated vessels began to penetrate into the surround- 
ing tissue, ilfcludtng the nerve ganglia.  During the first days after the 
operations the moderate  total  number of leukocytes in the di la ted blood 
vessels corresponded to their moderate  escape into the tissues. From 10 
to 12 days after removal  of the lower thoracic spinal ganglia,  leukocytes 
from the arteries, veins, and capil laries,  overfi l led with these cells, 
began to penetrate into surrounding tissue intensively and in l a rgenum-  
bers, often infi l trat ing it to a considerable extent. 

It should be noted that dilation and congestion of the blood ves- 
sels, teukocytosis, and infil tration by neutrophits lasted throughout the 
exper imenta l  period (in our case up to 3 months). In association with 
the general  changes (vascular reaction, neutrophilic inf i l t rat ion)in al l  
layers of the intest inal  wall,  changes also arose in the mucous membrane.  

The cuticular  epi thel ium (Fig. 1) showed very marked changes. 
Its ceils  were greatly swollen, the borders between them were obl i ter -  
ated, the cuticles of many ceils had disappeared, their oval nuclei  had 
become round and enlarged and their outlines irregular and wrinkled, 
nuclear  membranes were thickened, and staining properties of the nu- 
clei  were diminished. In some areas the cuticular epi thel ium had 
liquefied, Leukocytes, and also ceils from the base of the mucous 
membrane,  penetrated into these areas in greater numbers. A m o n g  
the lat ter  cells, forms resembling plasma ceils were numerous. The 
pattern of microscopic changes described above is characterist ic  of 
areas of ulceration. 

After removal  of the afferent innervation, increased mucus for- 
mat ion was observed in the epi thel ium and the number of goblet ceils 
increased. This increased mucus secretion led to the formation of a 
thick layer of mucus on the surface of the epi the l ia l  layer (Fig. 2). 

The epi the l ia l  cells in the crypts of the small  intestine showed 
an increase in the number of karyokinetic divisions. 

At the base of" the mucous membrane,  changes in the ret icular tissue could be seen only 24 hr after the opera-  
tion (Fig. 3): these cells were much more numerous and many of them were freed from their usual syncytial  connec-  
tions. The ret ieulum cells became rounded, their cytoplasm was more basophilic,  and the ehromatin in their nuclei  
was arranged in large granules or masses. The nucleus was eccentr ica l ly  situated. Near it  in the cytoplasm, a more 
l ightly stained area appeared.  These cells resembled plasma cells (Fig. 4). They began to migrate  into the lumen 
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Fig. 3. Cellular  e lements  of base of mucous membrane  of the small  
intestine 24 hr after removal  of spinal gangiia  of segments Dg-D13 
bi la tera l ly .  Eye-piece  10, object ive  10. 

Fig. 4. Base of mucous membrane  of the 
sinai1 intestine 3 months after removal  of 

spinal ganglia of segments D8-D12 b i -  
la tera l ly .  

of the intestine and, as mentioned above, were seen in large numbers in the cuticular epithelium (Fig. !). They could 

also be seen in the lumen of the intest ine between the vi l l i  and in the depth of the crypts. Many of the p l a s m a - l i k e  
cel ls  were in a state of mi to t ic  division. 

To sum up, we must point out that the sensory denervation of the small  intestine is always accompanied  by in -  
f lammation,  which does not p roceedbeyond  the destructive phase, by dedifferentiat ion of the epi thel ium,  and by the 
appearance of tiny ulcers. 

At present we can do no more than draw attention to a new phenomenon - the p lasmat iza t ion  of ret iculum cel ls  
and the replacement  of the specific cut ieular  epi thel ium by cel ls  producing an abundance of mucus. Further invest i -  
gations are needed to reveal  the nature of these phenomena.  

S U M M A R Y  
A study was made  of the changes occurring in the small  intestine at various periods after uni-  or b i la te ra l  ex 

cision of the spinal cord ganglia  of the med ia l  and inferior thoracic segments. Loss of the sensory innervation by the 
small  intestine is accompanied  by inf lammat ion,  which is l imi ted  to a destructive phase, and by dedifferentiat ion of  
the tissue elements.  Reticular ceils  are transformed into e e l k  of the p lasmat ic  type. 
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