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Despite much progress in the study of all aspects of acute intestinal obstruction (AIO) 
mortality from this disease remains high [4], due to the irreversibility of the pathological 
changes in the internal organs, leading to severe disturbances of activity of the internal 
organs. As the writers showed previously [i, 3], considerable changes in membrane perme- 
ability of erythrocytes and lysosomes take place even in the initial stages of AIO. 

In order to shed light on the possible causes of these disturbances, it was decided to 
study the protein component of erythrocyte membranes during the development of experimental 
AIO. 

EXPERIMENTAL METHOD 

A model of AIO was creadted on noninbred albino rats under ether anesthesia. A loop of 
small intestine 4 cm away from Treitz' ligament was twisted through 360~ and the base of 
the loop was then fixed with a silk ligature. The rats were decapitated 2, 12, and 24 h 
after the operation. The results of the investigations were compared with an intact group 
and with a group of animals undergoing laparotomy only under ether anesthesia. All groups 
consisted of eight to i0 animals. 

Erythrocyte membranes were isolated by the method described in [6]. Membrane proteins 
were obtained by the method of Wherret and Tower [i0]. Amino-acid analysis of the proteins 
was carried out on a Hitachi KLA-3B automatic amino-acid analyzer after hydrolysis in6 N HCI. 
Protein was determined by Lowry's method [8]. 
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TABLE i. Amino Acid Composition of Erythocyte Membrane Proteins (moles %) 
Development of AIO 

Basic 

Acidic 

Neutral 

Hydrophobic 

Amino 
acids 

! T ysine " 
histidine 
a=gfln.lne 
aspar~ate 
gl~/~te 
threonine 
serine 
!Drol!ine ! 
glycine 
alanine 
methionine 
va~e 
isoleucine 
leucine 
! tyrosine 
phe~ylalani,e 

Control 

7,7-}-0,5 
7,4-4-0,8 
2,34-0,3 
9,6-+-0,5 
7,4-+0,I 
5,84-0,4 
7,04-0,8 
9,64-0,9 

I0,64-0,8 
9,4-+-1,4 
l ,l 4-0,08 
9,84-I ,6 
2,0:s 

12,0=hi ,0 
2,1-}.0,3 
6,5-}-0,8 

2 h a f t e r  
iapar0tomy 

8,8-}-0,5 
7,24-0,4 
1,64-0,09 
9,9:s 
5,8-}-0,6* 
6,94-1, I 
3,7-}-0,6 
7,9-}-0,5 

10,14-1,0 
4,1:s 
1,44-0,2 

13,54-0,?* 
1,24-0,1" 
8,94-0,3 
1,5-4-0,02 
4,1 -}.0,8 

After AIO 
for 2 h  

8,3-}-0,2 
6,5=I=0,5 
1,74-0,3 
9,5-}-0,3 
4,54-0,06"* 
6,54-0,6 
4,1:s 
7,2:s 

11,8-}-0,4 
3,8-+0,5 
l ,84-0,03" 

14,7-}-0,2"* 
1,84-0,08"* 
9,5-}-0,05** 
1,84-0,03 
4,64-0,2 

12 h after 
laparot0mY 

6,84-0,6 
9,34-1,0 
1,94-0,2 
8,3-}.1,0 
5,04-0,3 
3,54-0,3 
4,94-0,3 
7,24-O,8 

12,54-I ,8 
5,94-0,3 
1,54-0,3 

10,54-0,7 
3,74-1,1 
6,74-0,3" 
1,34-0,1" 
3,84-0,3* 

After AIO: 
for:12 h 

6,5+0,3" 
5,2+0,4** 
2,0• 
7,7,},-0,1" 
5,24-0,5 
3,54-0,08" 
5,0:s 
4,94-0,4"* 

13,5=h0,8" 
5,14-0,3" 
1,5-}-0,2 

l1,14-0,3 
3,94-0,8 

13,14-0,8"* 
1,44-0,5 
4,44-0,5 

i 

24" h after 
laparotomy 

8,5+I ,8 
7,2+1,1 
2,74-0,3 
9,5+0,8 
7,7+O,7 
5,04-0,4 
7,14-0,1 
9,84-0,8 

10,54-0,4 
l l  , l+1,4  
1,3~=0,3 
7,8~-0,2 
2,3• 

11,1-},1::0,8 
2,44-0,5 
7,14-0,9 

d u r i n g  

After AIO 
for  24 h 

8,84-0,6 
7,24-1,0 
3,0+0,4 
8 ,5•  
8,1 +0,7  
4,7+0,3" 
6 A+0 ,3  *~ 
8 ,3•  *~ 

12,0~-0,6"* 
8,4=%0,2** 
1,8::h0,5 
5,0• 
5,14-1,8 ** 
9,24-0,2" 
2,1-}.0,2 
6 ,2+0,9  

*) Changes compared with control are significant, **)changes relative to, 
value after laparotomy are significant. 

EXPERIMENTAL RESULTS 

The amino acid composition of the membrane proteins is shown in Table i. After AIO for 
2 h there was a very small rise of the level of some hydrophobic amino acids (on average by 
11%) and a fall in the glutamate level (by 22%) compared with the values of these parameters 
after laparotomy. Changes in levels of neutral amino acids were due entirely to the anes- 
thesia and operative trauma. The ratio of hydrophilic amino acids (basic + acid + threonine 
+ serine) to hydrophobic fell from 1.44 to 1.23, of total charged to nonpolar (valine + 
leucine + isoleucine + phenylalanine) from 1.21 to 1.02, and the coefficient of polarity [5] 
from 40.9 to 39.4. Subsequent development of the pathological process was accompanied by 
lowering of the level of basic amino acids on average by 24% and by an increase in concen- 
tration of hydrophobic amino acids by 29% compared with the corresponding values after 
laparotomy. The greatest changes were observed with histidine (a decrease of 44%) and leucine 
(an increase of 96%). Concentrations of neutral and acidic amino acids showed no signif- 
icant chan~e. The ratio of basic to acidic amino acids fell from 1.35 to 1.06, of total 
charged to nonpolar amino acids from 1.27 to 0.82, and of hydrophilic to hydrophobic from 
1.44 to 0.92; the coefficient of polarity fell from 37.8 to 35.7. The concentration of 
neutral amino acids 24 h after creation of AIO had fallen by 8%, with the exception of his- 
tidine, whose level was raised by 14%. The concentration of hydrophobic amino acids on 
average did not change significantly, but the valine level fell by 36% and the isoleucine 
level rose by 122%. The coefficient of polarity in this case was unchanged. The ratio of 
total charged to nonpolar amino acids rose from 1.26 to 1.40. 

The results are evidence that in the early stages of development of AIO the greatest 
changes are found in concentrations of hydrophobic and acidic amino acids, but in the later 
stages, in basic and neutral amino acids. One cause of the change in amino acid concentra- 
tions of membrane proteins could be changes in the distribution of proteins among the frac- 
tions. 

The writers showed previously that the development of AIO is accompanied in time by a 
sharp change in the electrophoretic spectrum of erythrocyte membrane proteins: additional 
protein zones (29-32 in AIO compared with 20 on fractionation of erythrocyte membrane pro- 
teins from intact animals) appeared in the disk-electrophoretic spectrum. At the same time 
the protein concentration fell by 25-35% in the zones of migration of polypeptide with mol. 
wt. of over 90 kD and the protein concentration rose by 65% in zones of migration of poly- 
peptides with mol. wt. of under 90 kD. 

Thus during the development of AIO not only was the number of protein fractions in- 
creased, but so also was the fraction of low-molecular-weight proteins, and this was accom- 
panied by a parallel decrease in the content of high-molecular-weight polypeptides. 

The increase in concentrations of some amino acids (leucine, isoleucine, glycine) during 
AIO lasting 12 h and, more especially, 24 h may have been connected with a relative rise of 
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the level of low-molecular-weight membrane protein fractions, in which the concentrations of 
these amino acids are considerably higher than in the low-molecular-weight fraction [2], and 
also with an increase in the relative concentration of proteins in the membrane character- 
ized by strong electrostatic and hydrophobic interactions with the lipid bilayer~ In the 
later stages of development of AIO, when compensatory processes are weaker and intensification 
of lipid peroxidation (LPO) takes place [3], destruction of functional groups of several 
amino acids, sensitive to LPO products, may develop [7, 9]. The decrease in the concentra- 
tions of certain amino acids may also be connected with a disturbance of protein-lipid 
interactions and the more intensive solubilization of proteins from themembranes, and with 
destruction of the surface proteins by peptide hydrolases, whose activity is considerably 
increased in AIO [i]. The appearance of new protein zones and changes in amino-acid compo- 
sition may be due to interaction of the surface of the erythrocyte membranes with blood 
plasma proteins [2]. Another cause of the observed disturbance may be changes in the rela- 
tive proportions of erythrocytes of different ages, due to intensification of hemolysis, 
which the writers demonstrated previously during the development of AIO [4], or an increase 
in the fraction of damaged erythrocytes. 

The changes observed in the structure of erythrocyte membrane proteins are evidently 
one cause of disturbance of the permeability of the membranes and, together with changes in 
peptide hydrolase activity, they play a pathogenetic role in the development of the irre- 
versible disturbances associated with intestinal obstruction. The results indicate the need 
to use membrane protectors and antienzyme preparations for rational therapy in the postoper- 
ative period.)( 
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