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GLUCOSE TRANSPORT IN THE SMALL INTESTINE 

OF THE BILIAIRY-PANCREATIC DUCT IN RATS 

G. I. Loginov 

AFTER LIGATION 

UDC 612.015.32-06.[612.343+612.357.2 

Muco-serosa l  glucose t ranspor t  along and against the concentrat ion gradient  (the modified 
"ever ted  sac" method) was de termined in six segments  of small  intest ine of ra t s  on the 4th, 
7th, 14th and 28th days af ter  ligation of the combined b i l i a ry -pancrea t i c  duct. The dynamics 
of modification to the t r anspor t  sys tems  in each segment  of the intest ine differed according 
to the i r  dependence on the sources  of energy. In the ear ly  per iod af ter  the operat ion t r an s -  
por t  along the concentrat ion gradient  was mainly intensified, but in the l a t e r  stages t r an s -  
por t  against this gradient  was intensified. 

KEY WORDS: smal l  intestine; glucose t ransport ;  ligation of b i l i a ry-pancrea t ic  duct. 

Adaptive and compensa tory  react ions  in different  physiological sys tems evidently obey cer ta in  general  
ru les  [5, 7, 10]. Attempts have recent ly  been made to extend ideas regarding methods of regulat ion to the 
metabolic level [1, 2]. These views must be taken into considerat ion when adaptations in sys tems of membrane  
hydrolys is  and t ranspor t  a re  studied, fo r  the metabolic p roper t i e s  of the enterocytes  va ry  along the course  of 
the small  intest ine [3, 8, 11]. Glucose t ranspor t  in enterocytes  is known to take place by severa l  mechanisms 
[6, 12, 13]. With different  d ie tary  intakes the p roper t i es  of the t ranspor t  sys tem may vary  differently along 
(TCG) or  against (TACG) the concentra t ion gradients .  No compar i son  between these two sys tems  of t r anspor t  
under pathological conditions has been ca r r i ed  out until recent ly .  Ugolev [8] has postulated that against the 
background of adaptive and compensa tory  s t ruc tura l  changes in the small  intest ine the p roper t i e s  of t r anspor t  
sys tems  cha rac te r i zed  by unequal dependence on sources  of energy may va ry  differently.  

In this investigation this problem was studied in re la t ion to glucose by comparing TCG and TACG in all 
par t s  of the small  intestine of ra t s  a f te r  ligation of the b i l i a ry-pancrea t ic  duct. 

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

Exper iments  were  ca r r i ed  out on 25 adult albino r a t s  kept on a mixed diet and s tarved for 18 h before  
being used. The ra t s  were  decapitated on the 4th-28th day af te r  ligation of the b i l i a ry-panerea t ic  duct; the 
small  intestine (without the duodenum} was removed  and divided into six equal segments.  Muco-serosa l  glu- 
cose  t ranspor t  was studied by a modified "ever ted  sac"  method [4, 12]. Two lengths (about 5 cm) were  i so-  
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TABLE 1. Muco-Serosa l  Glucose T r a n s p o r t  by Different  Segments of Rat Smal l  Intest ine 
a f t e r  Ligation of B i l i a r y - P a n c r e a t i c  Duct (incubation in 11.1 mM glucose solution for  30 
m i n n = 5 ,  M + m )  

Day 
after 
operation 

Segments of small intestine 

I l n t - - I I I  t IV ] v t vI 
I A IB A IB A A A 

Control 
4-th 
7-th 

14-th 
28-th 

Control 
4.th 
7.th 

14-th 
28-th 

Legend. 

8,8-" 0,9 
12.3-----2.0 
16,1-"2,6" 
11,7-"2,2 
8.1-"0,2 

t6,6-" 1,5 
17,1-"0,6 
24,7-"2,2* 
22,2-" 1,4 
17,8-" 1,3 

Transport along concen~atio: gradient 

100] 9,1-----1,5 100] 11,1-'-1,2 1001 8,5+1,0 
139~ 12,2--t,9 133 t 11.9-"2,l I07~ 10,8----1,8 
1831 16,6-'-2,4" 181[ 11,9-----2,2 107/ 15,5--2,1" 
133/ 12,2-"1,5 133 14,4+1,3 t30 t 18,0----2,3" 
921 7,3----1,2 79 10,3----- 1,1 93] 12,0 +-I,9 
Transport against concentration gradient 

100 15,2+'1,9 100 16,0• 100 15,9-"2,1 
1051 17,1+1,0 115[ 17,3-----1,2 107 17,2• 

154j 20,8-"1,3 131 i 26,1-"3,0" 148 23,4-"2,3* 
134 23,4-"2,1" 154] 24,6-----2,5* 154 24,4+-1,6 * 
107 20,9-*2,2 1381 22,6-"1,2" 142 26,0-"2,3* 

100 6,8+-0,9 
127 t 8,5+0,7 
t82 t 9,1m 1,3 
211 11,9-"2,0" 
140 10,0-"2,4 

1001 4,0-"0,8 
1241 3,9-"0,8 
t33 t 3,6~0,3 
1741 3,3--0,3 
146', 4,3-" 1,5 

I00 
97 
89 
82 

107 

I00] 16,4+1,3 
107} 17,2-" 0,6 
164[ 21,1-"---1,9 
153[ 18,0----1,1 
1631 20,t-" 0,8' 

100 11,3-"1,2 
104] 13,6--"0,5 
1281 13,1-"0,9 
110 13,0-"0,3 
125 15,6-" 1,3" 

I00 
120 
117 
I16 
136 

1. A) Level  of t r a n s p o r t  in mM; B) Level  of t r a n s p o r t  in % of control .  2) Values 
differ ing signif icantly f r o m  control  (P < 0. 05) ma rked  by as te r i sk .  

la ted f r o m  each segment ;  the f i r s t  length was used to de te rmine  TCG, the second to de te rmine  TACG. The 
lengths of intest ine were  incubated in 25 ml  of glucose sal ine (11.1 mM). To de te rmine  TCG, the in terna l  
cavi ty  of the length of intest ine ( s e rosa l  surface)  was filled with R inge r ' s  solution, but to de te rmine  TACG it 
was fil led with glucose sal ine solution. Incubation continued fo r  30 min at 37~ with constant  aerat ion.  At the 
end of incubation the concentra t ion  of reducing sugars  was de te rmined  in the liquid bathing the ae rosa l  s u r -  
face by a modified Nelson ' s  method [9]. T r a n s p o r t  act ivi ty in r a t s  with an intact  external  sec re t ion  of pan-  
c rea t i c  juice and bile (control) was  de te rmined  on tbe fourth day a f t e r  laparotomy.  

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

After  d is turbance  of the excre t ion  of pancrea t i c  juice and bi le  the glucose t r a n s p o r t  s y s t e m s  were  a l t e red  
and the dynamics  of the change in TCG and TACG differed in each segment  of the intest ine (Table 1). The ra t e  
of onse t  of the changes and the i r  intensi ty in the ea r ly  per iods  a f te r  the opera t ion were  as a rule  much g r e a t e r  
for  TCG than fo r  TACG. The exception was segment  HI, in which TCG was a lmos t  unchanged during the f i r s t  
week of observa t ion ,  and segment  VI, where  there  was a tendency for  TCG to be slowed. In the l a te r  per iods  
of observat ion ,  on the other  hand, TACG inc reased  compared  with the control  by a g r e a t e r  degree  than TCG. 
The exception in this case  was segment  V, where  the i nc rea se  in act ive glucose t r anspo r t  was not significant.  
However,  even in this p a r t  of the intest ine,  TCG was slowed (by a lmos t  30%) between the 14th and 28th days,  
whe reas  TACG showed a tendency to take place  a l i t t le  f a s t e r .  

In this pathology the t empora l  dynamics  of s t ruc tu ra l  changes in the two glucose t r a n s p o r t  s y s t e m s  
c h a r a c t e r i z e d  by low and high dependence r e spec t ive ly  on metabol ic  energy  is different.  The re la t ionship  
between the reac t ions  of these  two s y s t e m s  dif fered in di f ferent  segments  of the intest ine,  indicating tha t these  
reac t ions  may  be dependent upon the p r o p e r t i e s  of the enterocyte  populations. 
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R E G I O N A L  R E D I S T R I B U T I O N  OF B L O O D  

R A T S  A F T E R  B L O O D  L O S S  

O. A.  K o v a l e v ,  A.  I. G u r b a n o v a ,  
S. K. S h e r e m e t e v s k a y a ,  a n d  O. N. 

IN U N A N E S T H E T I Z E D  

N e p o c h a t o v  
UDC 616.151.1-02:616-005.1-036. 
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Relative changes in local blood volume in 46 vascular  regions of the body after  moderate  and 
severe  blood loss are  described.  Moderate blood loss caused a redistr ibution of blood f rom 
the skin of the chest  and hind l imbs, mos t  organs of the abdomen and pelvis,  the muscu la r  and 
bony t issues of the abdomen, pelvis, and limbs to the brain, heart ,  lungs, kidneys, s tomach 
and to the muscles  of the head and neck. After severe  blood loss the changes were s imi lar  
but the blood volume in the kidneys and stomach was reduced; a relative increase  in the blood 
volume in the muscular  and bony t issues  of the thorax also was observed.  The intensity of the 
redistr ibut ive response to severe  blood loss was less than to a moderate  blood loss.  

KEY WORDS: regional  redis tr ibut ion of blood; in t ravascular  blood reserve ;  blood loss. 

Changes in the general  and regional circulat ion play an important  role af ter  blood loss [5, 6, 9]. F luc-  
tuations in regional  blood volume are determined mainly by changes in the lumen of the capacitive levels and 
they ref lec t  the functioning of the dynamic in t ravascular  blood r e se rve  [3, 7, 10, 12]. To detect mobilization 
of the in t ravascular  blood r e s e r v e  it is c lear ly  necessa ry  to r ecord  changes in the relat ive blood volume in 
many different par ts  of the vascular  sys tem simultaneously. The response will be manifested more  c lear ly  
if the mechanisms of regulation of the circulat ion are  unchanged by anesthesia or  by forcible fixation. 

The regional  redistr ibut ion of blood after  blood loss was studied in this investigation with allowance 
made for the demands mentioned above. 

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

Four days before the experiments  were ca r r i ed  out on male ra ts  weighing 190-240 g, a polyethylene 
catheter  was inser ted into their  external  jugular  vein and its end was brought out onto the head. Twice a day 
the catheter  was washed out with physiological saline containing heparin so that at the beginning of the exper i -  
ment the animals were accustomed to the manipulations; food was taken away f rom the cages for  18-20 h be-  
fore  the experiment.  Blood was taken f rom an incision in the tall  in a volume equivalent to 18.0 • 1.82% of the 
total circulat ing blood volume (CBV) over  a period of 5-7 min (moderate blood loss) o r  to 38.1 �9 1.91% of the 
CBV over  a period of 7-12 min (severe blood loss). A mixture of red blood cells tagged with SlCr and of al-  
bumin- lslI was injected through the catheter  20 min after  bleeding and, after  they had become uniformly mixed 
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