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Bilateral  subdiaphragmatic  vagotomy in rats  leads to development of a combination of s t ruc -  
tural  and u l t ras t ruc tu ra l  changes in the jejunal mucosa and in its epithelial cells - enterocytes 
and goblet cells. In the ea r ly  stages af ter  the operation (1 and 7 days) morphological changes 
of destruct ive cha rac t e r  p redomina te  in the organ, whereas in the late s tages (60 and 120 days) 
s t ruc tura l  changes of a compensa tory  nature become increas ingly  predominant.  
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Recent investigations have shown that division of the vagus nerves leads to the development of a combin- 
ation of s t ruc tura l  and u l t ras t ruc tu ra l  dis turbances in some digestive organs (stomach [17], pancreas [4, 11]}. 
The smal l  intestine has not been adequately studied f rom this standpoint. The few investigations so far  de- 
sc r ibed  (with one exception [15]) used the light microscope  and they were not dynamic in charac te r  [7, 9, 13- 
15], so that no c lear  idea can be obtained of the principles of the morphological  changes in the organ and its 
s t ruc tura l  components under these conditions on the basis  of the resul ts  obtained. Meanwhile the solution of 
this problem is not only of theoret ical  but also of considerable pract ica l  importance,  for  in modern clinical 
su rge ry  operat ions associa ted with total or  select ive vagotomy are widely used in the operative t reatment  of 
gas t r ic  and duodenal ulcer.  It must  also be r e m e m b e r e d  that complications affecting the small  intestine are 
among the commones t  complications after  such operations.  

The object of this investigation was to make a combined dynamic study of morphological  changes in the 
jejunal mucosa  af ter  bi la teral  subdiaphragmatic vagotomy in ra ts .  

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

Altogether 73 albino rats  (males) weighing 140-160 g were used; 35 animals underwent bilateral  subdia- 
phragmat ic  ~ragotomy and the res t  were controls .  The animals were killed in pairs  (exper iment-cont ro l )  1, 
7, 14, 19, 30, 60, and 120 days af ter  the operation. The rats  were s tarved for 24 h before sacr i f ice .  For  light- 
optical microscopy  f ragments  of the proximal  par t  of the jejunum were fixed in Carnoy ' s  fluid and embedded 
in paraff in wax; sections were  cut to a thickness of 5-7 ~. A semiquantitat ive analysis of pathohistological 
changes in the mucous membrane  and a morphomet r ic  determinat ion of the thickness of the epithelium cover -  
ing the villi were ca r r i ed  out on sections stained with hema toxy l in - eos in  and the number of intraepithelial 
lymphocytes was counted. Goblet cells  were  counted in sections stained by Culling's method, by means of 
which all their  different types can be revealed s imultaneously (cells containing acid, neutral,  or  both acid and 
neutral  mucopolysaccharides) .  For  e l ec t ron -mic roscop ic  investigation pieces of jejunum were prefixed in 
glutaraldehyde, fixed in Millonig's mixture,  and embedded in Durcupan. Sections cut on the LKB ul t ra tome 
were examined in the IEM 7A electron microscope .  
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Fig. 1o Nw~ber of gol)1etcells on vil l i  (1) ~d  in 
cryp ts  (2) of jejunal mucosa  of  vagotomized ra t s .  
Abscissa ,  t ime af ter  operat ion (in days)~ ordinate,  
number  of goblet cells  (in %). 

Fig. 2. Lymphoid infiltration of s t roma  of villi (7 days af ter  operation). Hema-  
toxy l in -eos in ,  300 • 

EXPERIMENTAL RESULTS 

Examination under the light microscope revealed inflammatory changes and circulatory disturbances in 

the jejunal mucosa. The "alternative" component of inflammation was manifested as disturbance of the integ- 
r i ty of the epithelium and simplification of its s t ruc ture ,  with a disturbance of the regular i ty  of orientation of 
its cells. The degenerative component was manifested as pycnosis  of the nuclei of some enterocytes and swel l -  
ing of the collagen f ibers of the submucous layer.  The exudative component of inflammation consisted of 
edema of all s t ructural  components of the mucosa  and infiltration of its tunica propr ia  with leukocytes. Dis- 
turbances of the circulat ion in the mucosa  were very  moderate and consisted of vasodilatation in the tunica 
propr ia  and the submucous layer,  with stasis  of blood. The changes described were most  marked 1, 7, and 30 
days af ter  vagotomy. The number of goblet cells on the villi was ve ry  slightly increased in the ear ly  period 
after  vagotomy (1 and 7 days), it increased substantially after  14, 19, and 30 days, then fell until 60 days, and 
rose  again 120 days af ter  the operation (Fig. 1). The number of intraepithelial  lymphocytes on the villi was 
increased 1, 7, and 30 days af ter  the operat ion (Fig. 2), was indistinguishable f rom the control after  14, 19, and 
120 days, and was slightly reduced 60 days after  the operation. 

E lec t ron-microscop ic  investigation of the epithelial cells of the jejunal mucosa af ter  vagotomy revealed 
some regular  changes of a destructive and compensatory  charac ter .  Disturbances of s t ruc tura l  organization 
common to both enterocytes  and goblet cells consisted of dilatation of the tubules and c is terns  of the cytoplasmic 
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Fig. 3. Enterocyte .  Shortening and f ragmenta t ion  of microvi l l i  of b rush  border .  
Dis turbance  of in te rna l  s t r u c t u r e  of mi tochondr ia :  t rans lucency  of the i r  m a t r i x  
and f ragmenta t ion  of c r i s t a e  (1 day a f t e r  operat ion) .  Elec t ron  m i c r o g r a p h ,  4200 x. 

Fig. 4. Goblet cell.  Marked homogenizat ion of accumulat ion of 
s ec re t i on  (1 day a f te r  operat ion).  E lec t ron  mic rograph ,  5500 • 

re t ieu lum,  d is turbance  of the a rch i t ec tu re  of the l a m e l l a r  complex  and dilatation of its c i s t e rns  and ves ic les ,  
and the appearance  of l y s o s o m e - l i k e  and mul t ives i cu la r  bodies and autophagous vacuoles  in the c.ytoplasm and 
comple te  autolys is  of  individual ce l l s .  In some  mi tochondr ia  focal  (or diffuse) t rans lucency ,  f r a g m e n -  
tation, o r  comple te  des t ruc t ion  of the c r i s t a e  was o b s e r v e d ,  w h e r e a s  in o the r s  the m a t r i x  was condensed 
and the number  of e r i s t a e  inc reased .  Specific u l t r a s t r u c t u r a l  changes in the en te rocytes  consis ted  of focal  
d is turbances  of r egu la r  or ienta t ion  of the mic rov i l l i  in the b rush  b o r d e r  and loosening (or condensation) and 
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vesicula t ion of the t e rmina l  network; the goblet  cel ls  were  c h a r a c t e r i z e d  by a p r o g r e s s i v e l y  more  homogeneous 
accumula t ion  of the s e c r e t o r y  product .  Compensa to ry  u l t r a s t r uc tu r a l  changes in the en te rocy tes  and goblet  
cel ls  we re  mani fes ted  as an i nc r ea s e  in the number  of f r ee  r i b o s o m e s  and po lysomes  in the cy top lasm and the 
appearance  of l a rge  mi tochondr ia  with many densely  packed c r i s t ae .  The submic roscop ic  changes desc r ibed  
did not affect  al l  cel ls  of the epi thel ium but were  focal  in cha rac t e r .  They were  mos t  ma rked  on the f i rs t ,  
seventh,  and 30th days a f t e r  vagotomy (Figs. 3 and 4). 

The resu l t s  of this invest igat ion can be summed  up by saying that definite posi t ive  co r r e l a t i on  was ob-  
s e rved  between the resu l t s  obtained by l ight -opt ica l  and e lec t ron  microscopy .  F o r  instance,  the t imes  a f t e r  
vagotomy when marked  in f l ammato ry  changes were  found with the light mic roscope  in the jejunal  muco sa  (1, 
7, and 30 days) Coincided with the t imes  when the e lec t ron  mic roscope  revea led  cons iderable  d is turbances  of 
u l t r a s t ruc tu r a l  organizat ion of the pr incipal  cel l  f o r m s  of the intest inal  epithelium. Pa ra l l e l  with subsidence 
of the in f l ammatory  changes in the mucosa ,  the intensi ty of the des t ruc t ive  p r o c e s s e s  in i ts  epithel ial  ce l ls  
dec rea sed  and the re la t ive  contribution of compensa to ry  changes in the i r  u l t r a s t r uc tu r e  increased .  These  ob- 
se rva t ions  were  suppor ted  b y  m e a s u r e m e n t  of the thickness  of the epithel ial  l a y e r  on the vil l i  (an impor tan t  
index of its morphological  and functional state):  The g r e a t e s t  dec r ea se  in thickness  of the intest inal  epithel ium 
was found 1 and 30 days a f te r  vagotomy.  It is in te res t ing  to compare  the dynamics  of the s t ruc tu ra l  and u l t r a -  
s t ruc tu ra l  changes in the jejunal  mucosa  and in the epi thel ial  cel ls  with changes in the number  of in t raepi the-  
lial lymphocytes .  The i r  number  was g r e a t e s t  7 and 30 days af ter  the opera t ion when, as was s ta ted  above, the 
i n f l ammato ry  changes in the mucosa  and des t ruc t ive  changes in its epithel ial  cel ls  we re  c l ea r ly  defined. This 
fact  can be taken as evidence of the impor tan t  contr ibut ion of autoimmune reac t ions  (especial ly of the s y s t e m  
of ce l lu la r  immunity) to the development  of the neurodegenera t ive  changes in the sma l l  intestine.  The i nc rea se  
in number  of goblet  cel ls  obse rved  14, 19, 30, and 120 days a f te r  vagotomy was pe rhaps  a manifes ta t ion  of the 
compensa to ry  reac t ion  of the intest inal  epi thel ium, a imed at  intensifying mucous product ion and so pro tec t ing  
the inner su r face  of the jejunttm when in a "weakened"  (because of its d is turbed innervation) s ta te  against  the 
action of agg re s s ive  f ac to r s  in the chyme.  

Compar i son  of the r e su l t s  of this morphologica l  analys is  of the jejunal mucosa  a f t e r  vagotomy and the 
resu l t s  of invest igat ions of the morphology of this organ a f te r  o ther  types of denervat ion (central  denervat ion 
[8]) r evea l s  the i r  evident s imi l a r i ty .  It can accordingly  be concluded that the combination of s t ruc tu ra l  changes 
in the jejunum descr ibed  above is not specif ic  for  vagotomy.  In addition, morphologica l  changes ve ry  s i m i l a r  
in c h a r a c t e r  have been found in the sma l l  intestine in many other  pathological  s ta tes :  in cho le ra  [16], acute 
dysentery  [20], enterocol i t i s  and sa lmone l l i a s i s  [1], v i rus  hepat i t i s  [19], nontropical  sp rue  [18], and a f t e r  p a r -  
tial r e sec t ion  of the smal l  intest ine [12]; it can the re fo re  be concluded that this combinat ion of s t ruc tu ra l  
changes is not in genera l  specif ic  fo r  denervat ion.  Finally,  its s imi l a r i t y  to morphologica l  changes a r i s ing  in 
ce r ta in  organs  a f t e r  exposure  to fac to r s  of widely different  nature  (the l i ve r  to toxic agents [2, 3], the panc reas  
to ex t r ema l  influences [6], the hea r t  [10] and the kidney [5] to inc reased  functional loads) indicates that  this 
pa r t i cu l a r  combinat ion of s t ruc tu ra l  changes in the sma l l  intest ine is l ikewise not o rgan-spec i f ic .  
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