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The functional and morpholog ica l  s ta te  of the wall  of the smal l  intest ine was studied in dogs 
with s table  por ta l  hyper tens ion .  Dis turbance  of the por ta l  c i rcu la t ion  was shown to lead to 
morpholog ica l  changes  in the wall  of the sma l l  intes t ine and to a d e c r e a s e  in its r e s o r p t i v e  
capac i ty  for  l ipids,  c a rbohydra t e s ,  and p ro te ins .  
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The d i s tu rbances  of digest ion and absorp t ion  in por ta l  hyper tens ion  have not ye t  been  fully inve ~ i g a t e d  
[3, 4]. 

It  was t h e r e f o r e  decided to study the r e s o r p t i v e  capaci ty  of the smal l  intes t ine for  p ro te ins ,  l ipids,  
and ca rbohyd ra t e s  and a lso  morpholog ica l  changes in its wall  during s table  por ta l  hyper tens ion .  

E X P E R I M E N T A L  M E T H  OD 

In each of a s e r i e s  of chronic  e x p e r i m e n t s  on 16 dogs absorp t ion  in the basa l  s ta te  was f i r s t  in- 
ves t iga ted;  por ta l  hyper tens ion  was then produced su rg ica l ly  and absorp t ion  again  invest igated.  At the end 
of the expe r imen t s  l a p a r o t o m y  was p e r f o r m e d ,  the por ta l  p r e s s u r e  was m e a s u r e d ,  and a p iece  of the sma l l  
intes t ine was taken for  h is to logical  ana lys i s .  The ex t rahepa t ic  fo rm of por ta l  hyper tens ion  was produced 
by one - s t age  pa r t i a l  occlusion of the t runk of the por ta l  vein with the aid of a Lavsan  graf t .  The  venous 
p r e s s u r e  was t he reby  i n c r e a s e d  f r o m  40-100 to 280-380 m m  wate r .  To study the r e s o r p t i v e  capac i ty  of the 
sma l l  intest ine t e s t s  with oleic  acid,  g lyce ry l  t r io lea te ,  and II~l-labeled albumin,  and a l so  with g lucose  and 
D-xy lose  were  used.  Absorp t ion  of the labeled compounds was judged f rom the level  of r ad ioac t iv i ty  of 
s amp le s  of venous blood taken ~ o m  a vein of  the hind l imb 1, 3, 4, 5, 6, and 9 h a f t e r  inject ion of the p r ep -  
a ra t ion ;  the r ad ioac t iv i ty  of the 24-h s am p l e  of ur ine and of the s tools  col lec ted  for  72 h a lso  was m e a s u r e d .  
The r a t e  of absorp t ion  of ca rbohydra t e s  was e s t ima ted  f rom the i nc r ea se  in the blood sugar  15 min  a f te r  
g lucose loading [1], The blood sugar  was m e a s u r e d  by the orthotoluidine method.  By the t e s t  with D-xy lose  
the quantity of m o n o s a c c h a r i d e  abs o rbed  could be  e s t ima ted  f rom the level  of its excre t ion  with the ur ine  
during the 5 h a f t e r  inject ion of 25 g pentose  in 250 ml  wate r .  The  concent ra t ion  of D-xy lose  in the ur ine  
was de te rmined  by the orc ine  method [2]. 

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

During the f i r s t  48 h a f t e r  the  opera t ion  the dogs were  le tharg ic ,  the i r  gait  was unsteady,  and they 
r e fu sed  to eat.  All  the dogs per iod ica l ly  produced liquid s tools .  The body weight of the an ima l s  gradual ly  
dec reased .  The wall  of the sma l l  in tes t ine  was edematous  and cyano t i c ,  and the blood v e s s e l s  w e r e  dilated 
and tor tuous .  
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Fig. 1. Morphological  changes in the walFof  the smal l  intest ine in 
d ~ s  with dis turbance of the portal  c i rcula t ion  by extrahepat ic  oc- 
clusion of the portal  vein: a) shortening and thickening of villi,  thin- 
ning and loss  of definition of the brush  bo rde r  (hematoxy l in -eos in ,  
80x); b) i nc rease  in number  of goblet cel ls  (mucicarmine;  140• c) 
edema of subepithelial  l ayer ,  cover ing epithelium detached (hema- 
t o x y l i n - e o s i n ;  200• d) ma rked  venous s tas i s  in submucosa  (hema- 
t o x y l i n -  eosin; 120 x). 

Changes in the mucosa  and submucosa consis ted of shortening and thickening of the villi, thinning of 
the b rush  borde r ,  and a loss  of c la r i ty  of the in te rce l lu la r  boundar ies  (i~ig. la) ,  together  with an increase  
in the number  of goblet cel ls  (Fig. lb).  The subeptthelial  layer  of the villi  was edematous and the covering 
epi thel ium eas i ly  detached (Fig. l c ) .  Fea tu re s  of s c l e ros i s  and venous s tas i s  appeared  in the submucosa 
(Fig. ld) .  

The absorpt ion of lipids was s eve re ly  dis turbed.  After  loading with I131-glyceryl t r io lea te  the r ad io -  
act ivi ty of the blood in all t e s t s  was much lower than initially. Whereas  in healthy dogs the radioact iv i ty  
of the blood reached  a maximum af ter  5 h (8.49 * 0.32% of the injected dose), in the same dogs af te r  the 
c rea t ion  of portal  hyper tens ion  the maximum of radioact iv i ty  was observed  l a t e r  {after 6 h) and it was 
lower (4.73 ~- 0.38%; P < 0.05). The rad ioac t iv i ty  of the 24-h sample of ur ine  f rom the dogs before  the 
operat ion was 48.00 , 0.82% of the injected dose, but af ter  the operat ion it fell  to 34 .40 ,0 .46% (P < 0.05). 
The rad ioac t iv i ty  of the stools r o se  af te r  the operat ion f rom 3.0 * 0.25 (in the healthy animals)  to 10.20 -~ 
0.53% of the injected dose. 

The  rad ioac t iv i ty  of the blood of the animals  with portal  hyper tens ion af te r  loading with I131-oleic 
acid also was lower than init ially.  Whereas  in the healthy dogs a maximum of 8.77 * 0.39 %was reached  af- 
t e r  4 h, a f te r  the development  of por ta l  hyper tens ion  it r eached  5.69 * 0.39% af ter  5 h (P < 0.05). In this 
case  the rad ioac t iv i ty  of the 24-h sample of ur ine  fel l  f rom 54.2 * 2.17 to 40.4* 1.92% of the injected dose 
(P < 0.05). The rad ioac t iv i ty  of the stools,  however ,  r o s e  once more  f rom 2 . 0 5 , 0 . 3 0  to 8.19 * 0.97% of the 
injected dose. 

These  observat ions  show that  a dis turbance of the blood flow in the portal  vein not only causes  m o r -  
phological changes in the wall of the smal l  intestine,  but also dis turbs  the absorpt ion of fat ty acids and of 
the hydrolys is  products  of neut ra l  fat. 

The  r a t e  of absorpt ion of glucose In the dogs with por ta l  hyper tens ion  also was considerably  reduced.  
In healthy dogs 15 mtn af te r  loading the increase  in the blood sugar was 35.0 * 6.4 mg%; af ter  the crea t ion  
of por ta l  hyper tens ion  it was only 13.5 * 3.4 mg% (P < 0.05). 

The excre t ion  of D-xylose  with the ur ine  col lected during the 5 h before  the operat ion was 3.79 * 0.20, 
but a f te r  the operat ion it  fel l  to 2.12 * 0.44 g (P < 0.05). 
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The absorpt ion of ca rbohydra tes  thus also was reduced  in the dogs with portal  hyper tension.  

In the healthy dogs 1 h a f te r  adminis t ra t ion of I131-albumin maximal  radioact iv i ty  of the blood was ob- 
served:  9.44:~ 0.35% of the injected dose. By 9 h af te r  the beginning of the investigation the radioact iv i ty  
of the blood was only 2.65 �9 0.21%. The elimination of radioact iv i ty  with the 24-h sample  of ur ine  was 
62.0~ 1.51%, and its e l iminat ion with the stools was 1.04~ 0.11% of the injected dose. 

After  the development of portal  hyper tens ion  maximal  radioact iv i ty  of the blood was observed  only 
4 h af ter  the injection of the preparat ion,  when its level  was 7.10 ~: 0.52% of the injected dose (P < 0.05). 
La te r  the cha rac t e r  of the changes in radioact iv i ty  of the blood was the same as be fore  the operat ion.  The 
elimination of radioact iv i ty  with the 24-h sample of ur ine  af ter  the operat ion fel l  to 49.4~ 1.57% (P < 0.05). 
The el imination of radioact iv i ty  with the stools of the dogs af te r  the operat ion was higher  than in the p re -  
operat ive  period:  3.43 :~ 0.20%. 

Dis turbance of the por ta l  c i rcula t ion thus had a significant effect  on the morphological  s tate  of the 
wall of the smal l  intest ine,  causing venous s tas is  in the mucosa and submucosa.  These  changes and, pe r -  
haps, the d i rec t  d is turbances  of the blood flow in the sys tem of the portal  vein have a marked  effect  on the 
biological  p roper t i e s  of the intest ine and, in par t i cu la r ,  on its r e so rp t i v e  capacity.  
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