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I n v e s t i g a t i o n s  of the  p e r m e a b i l i t y  of  the  t i s s u e - b l o o d  b a r r i e r s  (TBB) and of t r a c e  e l e m e n t  
m e t a b o l i s m  a f t e r  e x t e n s i v e  r e s e c t i o n  of the  s m a l l  i n t e s t i n e  in dogs  and r a t s  showed  a c o n -  
nec t i on  b e t w e e n  changes  in the  con ten t  of t r a c e  e l e m e n t s  and d i s t u r b a n c e  of the  p e r m e a b i l -  
i ty  of the  TBB.  Changes  in t he  p e r m e a b i l i t y  of the  TBB can  be  r e g a r d e d  a s  r e f l e c t i n g  d i s -  
t u r b a n c e s  of m e t a b o l i s m ,  e s p e c i a l l y  p h o s p h o r u s  m e t a b o l i s m ,  in the  c o r r e s p o n d i n g  o r g a n s  
and t i s s u e s .  

E x p e r i m e n t a l  and c l i n i c a l  i n v e s t i g a t i o n s  have  shown tha t  e x t e n s i v e  r e s e c t i o n  of the  s m a l l  i n t e s t i n e  
i s  fo l lowed  b y  the  d e v e l o p m e n t  of a s y m p t o m - c o m p l e x  of d i s t u r b a n c e s  of t he  func t ion  of t he  d i g e s t i v e  s y s -  
t e m ,  t o g e t h e r  wi th  the  d e v e l o p m e n t  of f unc t i o na l  and s t r u c t u r a l  c h a n g e s  in s o m e  o t h e r  o r g a n s  and of p r o -  
found m e t a b o l i c  d i s t u r b a n c e s  [1, 5, 7, 12, 14, 15]. The  func t ion  of o r g a n s  and t h e i r  m e t a b o l i s m  a r e  known 
to  be  c l o s e l y  c o n n e c t e d  wi th  the  s t a t e  of t i s s u e - b l o o d  b a r r i e r s  (TBB) [8, 11, 13]. To d i s c o v e r  the  m e c h a n -  
i s m  of t h e s e  p a t h o l o g i c a l  c h a n g e s ,  i t  was  d e c i d e d  to  m a k e  a p a r a l l e l  s tudy  of  TBB func t ion  and of c e r t a i n  
c o m p o n e n t s  of m e t a b o l i s m .  

The  con ten t  of t r a c e  e l e m e n t s  ( i ron ,  c o p p e r ,  z inc ,  and coba l t )  and the  p e r m e a b i l i t y  of t he  TBB w e r e  
i n v e s t i g a t e d  a f t e r  e x p e r i m e n t a l  e x t e n s i v e  r e s e c t i o n  of the  s m a l l  i n t e s t i n e .  

T A B L E  1. D y n a m i c s  of Con ten t  of I r o n ,  C o p p e r ,  z i n c ,  and Coba l t ,  
and A c t i v i t y  of Some M e t a l l o e n z y m e s  ( c e r u l o p l a s m i n  and t r a n s f e r r i n )  
in B lood  of Dogs  a f t e r  E x t e n s i v e  R e s e c t i o n  of S m a l l  I n t e s t i n e  
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Fig. 1. Penetrat ion of p32 into various internal organs 30 days af ter  extensive 
resect ion of the small  intestine in dogs (exposure 30 rain): 1) stomach; 2) 
smal l  intestine; 3) large intestine; 4) l iver;  5) spleen; 6) kidneys; 7) left ven-  
t r ic le ;  8) right ventr icle;  9) left a t r ium; 10) right a tr ium. Here and in Fig.  2, 
unshaded columns - control,  shaded columns - experiment .  

Fig.  2. Penetrat ion of p32 into internal organs 10 days after  extensive r e s e c -  
tion of small  intestine in ra ts :  a) exposure 30 rain; b) exposure 60 rain; 1) 
s tomach;  2) smal l  intestine; 3) large intestine; 4) pancreas ;  5) l iver;  6) spleen; 
7) kidneys; 8) lungs; 9) ventr ic le .  
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Fig.  3. Changes in content of iron (a), copper (b), zinc (c), 
and cobalt (d) in various organs of dogs 30 days after ex-  
tensive resect ion of smal l  intestine and j e juno- t r ansver se  
colostomy. 1) Liver;  2) hear t  muscle;  3) spleen; 4) pan- 
creas ;  5) kidneys; 6) lungs; 7) small  intestine; 8) large in- 
test ine.  

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

Ten dogs and 2 2  rats  were used, and seven-eighths of the length of the small  intestine was resec ted  
in five dogs and 11 rats .  The remaining animals did not undergo operation and acted as controls .  After 
resect ion,  continuity of the intestine was re s to red  by j e juno- t ransverse  colostomy in the dogs and by entero-  
en teros tomy in the ra ts .  The length of the segment of smal l  intestine resec ted  was 230-390 cm in the dogs 
and 40-45 cm in the ra t s .  Observations on the dogs continued for one month and on the ra ts  for  10 days. 
The content of t r ace  elements in the blood and organs was determined co lor imet r ica l ly  [3, 4]. 

Permeabi l i ty  of the TBB was studied by an isotope method, using radioact ive phosphorus as indicator.  
The indicator was injected intravenously as Na2HP3204 in a dose of 50 #Ci /kg  body weight. The dogs were 
killed by air  embolism 30 min after injection of the indicator,  and the rats  were decapitated 30 and 60 min 
after  its injection. The radioact ivi ty  of the organs  was determined on a B-3 instrument.  The resul ts  were 
expressed as percentages  of activity of the blood (relative activity). 
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EXPERIMENTAL RESULTS 

In the expe r imen t s  on dogs, 30 days a f t e r  extens ive  resec t ion  of the smal l  intest ine the intensi ty of 
incorpora t ion  of rad ioac t ive  phosphorus  into the t i s sues  of the wall  of the sma l l  and large  intes t ines ,  spleen,  
and kidney was reduced (Fig. 1). The incorpora t ion  of rad ioac t ive  phosphorus into the t i s sues  of the l iver ,  
s tomach ,  lungs, pancreas ,  and different  pa r t s  of the hear t  musc l e  showed a tendency to d e c r e a s e .  

Ten days a f te r  r e sec t ion  of the sma l l  intest ine,  changes in the penetra t ion of rad ioac t ive  phosphorus 
into the t i s sues  of mos t  organs  of the r a t s  were  the s ame  as in the dogs.  The re  was a pa r t i cu la r ly  ma rk ed  
d e c r e a s e  in the re la t ive  act ivi ty  of the t i s sues  of the sma l l  and large  intest ine,  and a lso  of the kidney, m e a -  
su red  60 min a f t e r  in jec t ionof the  isotope.  In the l ive r  and spleen,  on the other  hand, the content of r ad io -  
act ive  phosphorus  was higher  than in the control  an imals  (Fig. 2). 

Bes ides  changes in the pe rmeab i l i t y  of the TBB of the individual organs  to rad ioac t ive  phosphorus ,  
the content of e s sen t i a l  t r a c e  e lements  such as iron,  copper ,  zinc, and cobalt  in these  organs  also showed 
cons iderable  changes (Fig. 3). The content of these  t r a c e  e lements  in the blood, as Table  1 shows, fel l  
p r o g r e s s i v e l y .  The act ivi ty  of the me ta l loenzymes  ce ru lop lasmin  and t r a n s f e r r i n ,  coupled with copper  and 
iron ions, in the blood s e r u m  also changed. 

Since the blood is the in ternal  medium of the body, changes in the content of t r a c e  e lements  in the 
blood a re  evidently the r e su l t  of changes taking place  in the organs  and t i s sues .  The speci f ic i ty  of d i s tu rb -  
ance of the m e t a b o l i s m  of each t r a c e  e lement  is known to depend on its biological  ro le  and the intensi ty of 
o ther  b iochemica l  changes during the per iod concerned [2, 6]. 

The r e su l t s  desc r ibed  show that  extens ive  r e sec t ion  of the sma l l  intest ine leads not only to the patho-  
logical  changes a l ready  f am i l i a r  [3, 4], but a lso  to d is turbance  of the pe rmeab i l i ty  of the TBB of individual 
organs  to rad ioac t ive  phosphorus  and to changes in the i r  content of i ron,  copper ,  zinc, and cobalt  ions.  

The re  is r e a s o n  to suppose that functions of the TBB a re  c lose ly  interconnected with the content of 
t r a c e  e lements .  One r eason  for  the changes in the content of t r a c e  e lements  could be a d is turbance  of the 
p r o p e r t y  of the TBB to keep the content of me t a l s  in the t i s sues  and fluids at the opt imal  level .  At the s ame  
t ime ,  changes in the content of t r a c e  e lements  which ac t iva te  impor tan t  enzymic  reac t ions ,  and thus in-  
f luence va r ious  aspec ts  of me tabo l i sm,  mus t  in turn  affect  function of the TBB. 
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