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Cent ra l  denerva t ion  of the smal l  i n t e s t ine  causes  sharply  defined and prolonged d i s tu rbances  
of its s t r u c t u r e  and function. Re innerva t ion  reduces  the s eve r i t y  of these  d i s tu rbances  and 
has tens  the r e t u r n  to a no rma l  s tate  of the in tes t ine .  

In connect ion with the c l in ica l  use  of opera t ions  such as se lec t ive  vagotomy and sympathectomy,  and 
also with the development  of opera t ions  to t r ansp l an t  the digest ive organs ,  i n t e r e s t  in  the effects of i n t e r -  
rupt ion of cen t ra l  ne rvous  inf luences  on an organ has been aroused [2, 5, 7, 11, 15]. 

The object  of the p r e s e n t  inves t iga t ion  was to study the effects of complete d iv is ion  of the nervous  
connect ions of the smal l  in tes t ine  with the cen t ra l  nervous  sys tem on the t i s sues  of the in tes t ina l  wall ,  
i ts i n t r a m u r a l  ne rvous  sys tem,  and the ne rves  of the mesen te ry .  

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

Mongrel  dogs of both sexes,  weighing 12-25 kg, were used. In the exper imen t s  of s e r i e s  I (23 dogs) 
the cen t ra l  connect ions  of the smal l  In tes t ine  were severed  [4]. The in tes t ine  was divided in its p rox ima l  
and dis ta l  por t ions ,  and a wedge-shaped por t ion  of the me se n t e r y  and i ts  root, except for  the c r a n i a l  m e s e n -  
t e r i c  a r t e ry ,  was excised.  The a r t e ry  was carefu l ly  freed f rom advent i t ia  and the wall of the v e s s e l s  was 
t rea ted  with 5% t inc tu re  of iodine or with a sa tu ra ted  solut ion of phenol.  The cont inui ty  of the digest ive  
t r ac t  was then res to red .  In the expe r imen t s  of s e r i e s  II (16 dogs) the in tes t ine  was r e inne rva t ed  by su tur ing  
the p rev ious ly  divided ends of the c ran ia l  m e s e n t e r i c  p lexus  by a method devised by the w r i t e r s  [10]. The 
comple teness  of denerva t ion  and re i rmervat ion  of the in tes t ine  was ver i f ied  by the p r e s e n c e  of a r e c t o -  
en t e ra l  re f lex  and by t es t ing  the dura t ion  of the inhibi tory  action of the cen t r a l  chol inolyt ic  methyldiaz i l  
on movements  of the in tes t ine  [1, 3, 10, 12, 13]. 

Mater ia l  for microscopic  examina t ion  was taken 1-15 days and 1-15 months af ter  the operat ion,  e i the r  
at autopsy or  by r e sec t i on  biopsy. P ieces  were excised f rom the sma l l  in tes t ine  at the level  of loops 2-3 
and also from the mesen te ry  at d i f ferent  d is tances  f rom its root. The ma te r i a l  was fixed in 80% alcohol 
and in a 10% solution of neu t ra l  formal in .  The sect ions  were s ta ined with h e m a t o x y l i n - e o s i n  and by Van 
Gieson ' s  method. Neutral  po lysacchar ides  were detected h i s tochemica l ly ,  acid po lysacchar ides  by Steed- 
man ' s  method with a lc ian blue, RNA by Brache t ' s  method, and DNA by F e u l ge n ' s  method. To study the 
i n t r a m u r a l  nervous  sys tem of the in tes t ine ,  ma te r i a l  was fixed in Ca rnoy ' s  solut ion and in 10% neu t r a l  fo r -  
mal in,  while to detect  enzymes  the fixative used was c a l c i u m - f o r m o l  or  the f resh ma te r i a l  was frozen.  
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Fig. 1. Changes in lymphatics of mucous membrane 
of small intestine after operation: a} cysts in crypts 
and dilatation of lymphatics at the end of the f i rs t  few 
days after operation. McManus. 100 x. b} Subsidence 
of inflammatory process ,  persis tence of ectasia  of lym- 
phatics 14 days after the operation. Hematoxyl in -  
eosim 70 x. 

AuerbachVs plexus was detected by the Bie lschowsky-Gros  impregnation method, and succinate dehydro- 
genase (SDtt) activity was determined by Nachlas 's  method and acid phosphatase activity by GomorPs 
method. The function tests used were described previously [4, 8]. 

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

During the f i rs t  month after denervation of the intestine, acute catarrhal  inflammation of the organ 
without necrotic changes was observed. This was accompanied by increased desquamation of the epithelium 
of the villi, by the formation of small cysts (Fig. la}, by increased mucus formation, by marked edema of 
all layers of the intestinal wall, and by considerable ectasia  of the blood vessels  and lymphatics. In the 
second half of the month these changes subsided (Fig. lb). In late stages after the operation (3-12 months} 
the normal structure of the mucous membrane was still not restored,  and cystic dilatation of the crypts and 
flattening of the epithelium of the villi were observed. The lymphatic sinuses and vessels  remained dilated. 
Fresh recurrent  attacks of enteritis occurred periodically. 

During the f i rs t  few days after denervation strong argyrophilia of all the neurons and neuroglial cells 
of the intramural nervous system could be seen. This reached a maximum by the seventh day. Activity of 
SDH and acid phosphatase fell (Fig. 2). Starting on the 10th day, recovery of the structural  and enzymic 
organization of the neurons was observed. Two months after the operation it was difficult to distinguish the 
intramural  nervous system of the denervated intestine from normal. 
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Fig. 2. Neurons of Auerbach ' s  plexus of the smal l  
in tes t ine  6 days af ter  operat ion:  dec rease  in SDH (a) 
and acid phosphatase  (b) activity, a) Method of Nach- 
las  et al.; b) G o m o r i ' s  method. 400 x. 

At va r ious  per iods  af ter  the opera t ion  sl ight  d i s tu rbances  of the s t ruc tu re  of ne rve  f ibe rs  in the 
m e s e n t e r y  were found. By the 10th-11th day, s igns  of des t ruc t ion  of ne rve  f ibers  were accompanied  by the 
appearance  of bulbs  of growth close to the root of the mesen te ry .  Thi r ty  days af ter  opera t ion  they were 
also found at the  edge of the in tes t ine .  At l a t e r  per iods  af ter  the operat ion,  as a ru le  no subs tan t ia l  changes 
were found in  the n e r v e s  of the mesen te ry .  

In the expe r imen t s  in which r e inne rva t ion  was brought  about surg ica l ly ,  the degree  of e c t a s i a  of the 
lymphat ics  was less .  Bulbs of growth could be detected in  the ne rves  at the root of the m e s e n t e r y  2-5 days 
la ter ,  and nea r  the in tes t ine  2 weeks la ter .  

Inves t iga t ions  of the s e c r e t o r y  and e v a c u a t o r y - m o t o r  act ivi ty of the sma l l  in tes t ine  af ter  i so la t ion  
f rom the cen t ra l  nervous  sys t em showed that, s t a r t ing  f rom the f i r s t  2-3 weeks, an i n c r e a s e  took place in 
the sec re t ion  of in tes t ina l  ju ice  with a reduced content  of solids,  the per iodic  component  of the motor  ac t i -  
vi ty was inhibited,  the tonic component  was sharp ly  inc reased ,  evacuat ion  of food was acce lera ted ,  and the 
stools were liquid and frequent .  The in tens i ty  of these  changes gradual ly  d iminished,  but  the n o r m a l  s ta te  
was not r e s to r ed  even 15 months af ter  the operat ion.  In the expe r imen t s  of s e r i e s  If, the same changes in 
the s t ruc tu re  and function of the sma l l  in tes t ine  were  observed in the ea r ly  per iods  as in  s e r i e s  I, bu t  
these  changes were l e s s  severe  and they d isappeared  sooner.  After  the second week the sec re to ry ,  and 
af ter  the 4th-6th week the evacuatory,  functions gradual ly  r e tu rned  to no rma l ,  which they reached by 6 
months (Fig. 3), at the same t ime as the nervous  connect ions  of the in tes t ine  with the cen t ra l  ne rvous  s y s -  
t em were  r e s to r ed  [8, 9]. 
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Fig. 3. Resu l t s  of inves t iga t ion  of the s e c r e t o r y  and evacua-  
t o r y - m o t o r  funct ions of the smal l  in tes t ine  (M ± a): a) total  
volume of in tes t ina l  ju ice  sec re t ed  in 3 h; b) sol ids  in juice,  
in%; c) t ime  of passage  of food along smal l  in tes t ine .  1) Cen-  
t r a l  denerva t ion;  2) cen t ra l  denerva t ion  followed by surg ica l  
r e innerva t ion .  Shaded a rea  and b roken  l ine r e p r e s e n t  control  
(healthy animals) .  

Acute en te r i t i s  is  observed  not only af ter  i so la t ion  of the smal l  in tes t ine  f rom the cen t ra l  ne rvous  
sys tem,  but also af ter  other  p rocedure s ,  such as t e m p o r a r y  anemiza t ion  of the smal l  in tes t ine  [7, 8, 13]. 
However, after  denerva t ion  the d i s tu rbances  were more  marked  and they d isappeared  more  slowly. This 
conf i rms  the view that i n t e r rup t ion  of the cen t ra l  nervous  connect ions  is the seve res t  fo rm of t r a u m a  so 
fa r  as the in tes t ine  is  concerned  [4]. The p e r s i s t e n t  lymphangiec tas ia ,  the cyst ic  d i la ta t ion of the crypts ,  
and the f la t tening of the ep i the l ium of the v i l l i  a re  evident ly  c h a r a c t e r i s t i c  of cen t ra l  denerva t ion  itself.  
Desympathiza t ion  of v e s s e l s  is  known to cause them to di late [5, 6], and this produces  a d i s tu rbance  of the 
sec re t ion  of mucus and ce r t a i n  d i so rde r s  of the s ec re t i on  of in tes t ina l  juice [14], and it  obs t ruc t s  the o r i -  
f ices  of the crypts ,  thus leading to cyst ic  di la ta t ion of the crypts .  

Despite r e s t o r a t i on  of the n o r m a l  s t ruc tu re  of the e x t r a m u r a l  and i n t r a m u r a l  nervous  sys tem of the 
smal l  in tes t ine  in the late s tages after denervat ion,  the functional  d i s tu rbances  pe r s i s t ed  unt i l  r e s to ra t i on  
of cen t ra l  ne rvous  inf luences  on the sma l l  in tes t ine .  The opt imal  condit ions for  r e s to ra t i on  of the s t ruc tu re  
and function of the in tes t ine  were  c rea ted  as a r e su l t  of su rg ica l  r e innerva t ion .  
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