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Repa i r  p r o c e s s e s  in a gra f t  of mucous  m e m b r a n e  of the smal l  intest ine t r ansp lan ted  into the 
fundus of the ra t  s tomach  were  studied morphologica l ly  in the region of the gas t ro in tes t ina l  
su ture  and at a d is tance  f rom it. Epi thel izat ion of the wound su r face  by both g a s t r i c  and in-  
t es t ina l  epithel ium was obse rved  a f t e r  10-12 days.  Af te r  30-40 days the connect ive  t i s sue  in 
the region of the anas tomos i s  was comple te ly  covered  with newly fo rmed  intes t inal  and, to some 
extent, ga s t r i c  epi thel ium, s epa ra t ed  by a c l ea r ly  m a r k e d  boundary.  The ac t ive  regenera t ion  
of the intest inal  graf t ,  with a n o r m a l  s ta te  and a high degree  of di f ferent ia t ion of the intest inal  
epi thel ium 4-6 months  a f t e r  the Operation gave evidence of its viabi l i ty .  The exis tence  of 
secondary  a t rophic  changes in the mucous  m e m b r a n e  of the graf t  8-14 months  a f t e r  the o p e r a -  
tion indicated exhaustion, evidently through o v e r s t r a i n  and prolonged adaptat ion of the intest inal  
epithel ium to inadequate conditions.  No evidence of m e t a p l a s i a  of the intes t inal  g ra f t  into ep i -  
thel ium of gas t r i c  type could be found e i ther  during r epa ra t i ve  r egenera t ion  or  in the cour se  
of its: prolonged function. 

In tes t inal  epithel ium a r i s ing  in the human s tomach  under  pathological  conditions (atrophic gas t r i t i s ,  
achyl ia ,  etc.) functions normal ly ,  is capable  of contact  digestion and absorp t ion  [6, 7], and m a y  even act as 
the cause  of mal ignant  t um or s  [8]. I t  was decided to study the fate of a g ra f t  of mucous  m e m b r a n e  of the 
sma l l  intest ine t ransp lan ted  into the fundus of the s tomach  with no rma l  acidity.  

The object  of the invest igat ion was to examine the fate of such a graf t  and the poss ib i l i ty  of its m e t a -  
p las ia .  

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

Opera t ions  were  p e r f o r m e d  on 40 ra t s  weighing 180-220 g. Af ter  l apa ro tomy  the s tomach  and omen-  
turn were  brought into the operat ion wound. A graf t  m e a s u r i n g  1.0 • 0.8 cm was exc ised  f rom the region of 
the g r e a t e r  cu rva tu re ,  at  a dis tance of 3-4 m m  f rom the fo res tomach .  The opening in the s tomach  was 
covered  with a gauze towel soaked in w a r m  physiological  sal ine.  

A piece  1 cm long was excised  f rom the p rox ima l  pa r t  of the jejunum, ca re fu l ly  divided longitudinally, 
and p r e s e r v i n g  its va scu l a r  pedicle,  it was sutured in the opening made  in the s t omach  wall  by s e r o m u s c u -  
l a r  su tu res .  

Af ter  per i tonizat ion with omentum the s t o m a c h  was replaced  in the abdomen.  The  ends of the r e s e c -  
ted intest ine were  sutured end to end. The abdominal  wall  was c losed in l aye r s  without drainage.  

The s tages  of  r e p a r a t i v e  regenera t ion  of the ga s t r i c  mucous  m e m b r a n e  and the t ransp lan ted  intest ine 
were  studied in the region of the gas t ro - in t e s t i na l  su ture  and the s ta te  of the in tes t inal  g ra f t  also was s tud-  
ied at in tervals  between 24 h and 14 months a f t e r  operat ion.  The m a t e r i a l  for  tes t ing  was examined by gen-  
e r a l  morphologica l ,  h i s tochemica l ,  and e l e c t r o n - m i c r o s c o p i c  methods .  
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Fig. I Fig. 2 

Fig. 1. Alkaline phosphatase activity in epithelium covering surface of granulation tissue 
10 days after transplantation of piece of small intestine into stomach wall. Stained by 
Gormori 's  method, objective 20, homal 5. 

Fig. 2. Villi and crypts of intestinal graft near  its junction with gastric mucous membrane 
30 days after operation. FAS reaction, objective 20, homal 5. 

Fig. 3. Ultrastructure of intestinal graft 6-12 months after  t r ans -  
planatation: 1) well-marked microvilli  of plasma cells, numerous 
contours of granular ret[culum and mitochoudria, and goblet cells 
with typical structure in cytoplasm (12,000 x); b) 12 months after  
transplantation: reduced functional activity of intestinal epithelium; 
prismatic cell with modified microvilli  and reduced number of 
cytoplasmic membranous structures (35,000 • 
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EXPERIMENTAL RESULTS 

Reparative regeneration of the mucous membrane of the stomach and the intestinal graft in the 
region of the gastrointestinal suture took place by the spread of epithelium from the gastric and intestinal 
mucous membranes over the wound surface. All the principal features of normal posttraumatic regenera- 
tion characteristic of both types of epithelium were preserved [2-5]. 

Stimulation of mitotic division of the cervical and crypt cells at the edge of the wound, an increase, 
in their number, and growth of young connective tissue over the surface of the wound led to complete epi- 
thelization of the wound surface after 10-12 days. Since at this time more marked regeneration of the in- 
testinal graft was observed, most epithelization of the connective tissue took place on account of the intes- 
tinal epithelium. This was confirmed by the presence of prismatic cells with high alkaline phosphatase 
activi ty and of goblet cei ls  in the epithelium covering the wound sur face  (Fig. 1). 

Prol i fera t ion  of the crypt  epithelium at the bo rde r  of the f o r m e r  defect,  its invagination into the un-  
derlying connective t i ssue,  and its differentiat ion into pr i smat ic  b r u s h - b o r d e r  epithelium led to the fo rma-  
tion of short ,  i r r egu la r ly  a r ranged  and  badly or iented villi  and crypts ,  with the cha rac t e r i s t i c  localizat ion 
of mucopolysacchar ides ,  nucleic acids,  and alkaline phosphatase activity,  30-40 days a f t e r  t ransplantat ion 
(Fig. 2). Macroscopica l ly  at this t ime the intest inal  graf t  could be seen to be a l i t t le  l a r g e r  than originally.  
A c l ea r  boundary was formed between the intest inal  and gas t r ic  epithelia.  

The active p rocess  of healing of the intestinal  graf t  in the gas t r ic  mucosa  of  the fundat par t  of the 
s tomach observed  under  these conditions was important  evidence of its viabili ty.  

The resul ts  of h is tochemical  and u l t r a s t ruc tu ra l  analysis of the graf t  3-6 months l a t e r  demonst ra ted  
its s tate  of active function (Fig. 3a). The high alkaline phosphatase act ivi ty and the increased  content of 
neut ra l  and acid mucopolysacchar ides  [1] were  important  evidence of the normal  functioning of the mucous 
membrane  of the intestinal  graft .  

A study of the state of the intestinal graf t  a f te r  10-14 months revealed  the p re sence  of secondary  
atrophic changes, evidently due to a dis turbance of the course  of physiological  r egenera t ion  (disturbances 
of the stages of prol i fera t ion,  differentiat ion,  and rejection),  which led to changes in the functional act ivi ty 
of the highly different iated p r i smat ic  and goblet cel ls  (Fig. 3b). 

The shortening of the villi ,  widening of the crypts ,  and the p resence  of la rge  numbers  of mic roo rgan -  
i sms  in the i r  lumen, some of which penet ra ted  into the  cytoplasm of the goblet cel ls  at the moment of ex t ru -  
sion, and the dec rease  in different iat ion of the b ru sh -b o rd e r  cel ls  of the villi were  evidence of exhaustion 
developing as a resul t  of the ove r s t r a in  and prolonged adaptation of the intestinal  graf t  to its unusual con-  
dit[ons - to a s tay in an environment  with increased  acidity. 

However,  despite the phenomena of secondary  atrophy, no evidence of metap las ia  of the intest inal  
epithelium into gas t r ic ,  whether  in the cou r se  of repara t ive  regenera t ion  o r  during healing and prolonged 
functioning of the intestinal  graft ,  could be observed.  

1. 

2. 

3. 

4. 

5. 

6. 
7. 

LITERATURE CITED 

L. I. Aruin, The Pathomorphology of the Stomach and Small Intestine in Postresection Syndromes, 
Doctoral Dissertation, Moscow (1971). 
P. V. Dunaev and A. M. Zhelnina, in- Morphogenesis and Regeneration [in Russian], Tyumen' (1970), 
p. 165. 
K. A. Zufarov and I~. M. Baibekova, Regeneration of the Gastric Mucous Membrane after Whole- 
Body Gamma-Ray  I r radia t ion  [in Russian], Tashkent  (1969). 
K. A. Zufarov and ~. M. Baibekova, in: Proceedings  of a Conference to Ce lebra te  the Centenary of 
the Department  of Histology of the S. M. Kirov Mil i tary  Medical Academy [in Russian],  Leningrad 
(1968), p. 92. 
V. A. Samsonov, in: Problems in Histotopography and the Special Pathology of the Stomach [in Rus-  
sianl, Pe t rozavodsk  (1971), p. 35. 
N. C. Klin, M. H. Sleis inger ,  and E. Weser ,  Gastroenterology,  52, 1137 (1967). 
R. Lev, Lab. Invest. ,  14, 2080 (1965). 

183 


