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The length of the free surface of the capi l lary endothelium in the soleus muscle of rats whose 
mobility was res t r ic ted  for between 1 and 60 days was studied on electron micrographs of 
t r ansverse  sections through the capi l lar ies .  On the f i rs t  day of the experiment  the length of 
the free surface of the endothelial cells was increased by 1o6-1o8 times over  the control.  On 
the 30th-60th day of limited movement  these changes were  no longer significant~ 
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It is generally considered that the membranes  bounding cell surfaces  as a rule possess  low p e r m e -  
ability~ In the living organ ism this p roper ty  of the cell membranes is overcome by various anatomical de-  
vices ,  one of which is increas ing the surface a rea  through the formation of multiple p rocesses  [2]. The 
plasma membrane of the endotheJial cells of blood vessels under normal conditions forms small invagina- 
tions and villi on its free (inner) surface [310 Depending on the functional state, the character of metabo- 
lism, or the action of pathogenic factors on the surface of the endothelial cells, many cytoplasmic out- 
growths and inva#nations may be formed, so that the area of contact between the blood and the cell is in- 
creased and the intensity of the exchange of materials between the cell and the blood is altered [6]. A 
quantitative assessment of the increase in the area of the cell surface can thus be used as a criterion of 
the functional state of the vessel. It is assumed that the ratio between the length of the inner and outer 
surfaces of the endothelial lining of the capillary or other type of vessel, expressed numerically, can re-  
flect the state of transcellular transport systemso 

Line and point methods are nowadays widely used for quantif~ative analysis in morphology in order 

to determine the number and volume of cells and their components [I]o 

A method of determining the ratio between the length of the inner cell membrane, measured plani- 
metrically, and the length of the circumference drawn at the level of the epithelial lining of the vessel 
without allowing for outgrowth and 4nvaginations of the cytoplasm (K), is accordingly suggested. 

EXPERIMENTAL METHOD 

Transverse  sections of blood vesse ls  were photographed in the electron microscope under low power 
(6000-8000)o The length of the free surface of the capi l lary  endothelium (10) and the length of their inner 
(l t) and outer (/z) c i rcumferences  were measured on enlarged project ions.  The c i rcumferences  It and l 2 
were drawn a rb i t r a r i ly  at the outer and inner borders  of the p lasma membrane on the free surface of the 
capi l lar ies ,  cutting off the outgrowths and invagtnations of the cytoplasm of the endothelial cel ls .  The 
mean between 71 and 12 was calculated as the length of the free surface of the capi l lary unde# normal con-  
ditions. The length of the free surface of each capi l lary and c i rcumference  was measured 3 or  4 t imes 
and the mean calculated. The numerical  value of K was calculated by the equation 
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The suggested method was tested by analyzing the state of the blood 
vessels  (capillaries) of the soleus muscle of rats kept in a state of severe  
hypokinesia, attained by keeping the animals in small  cages for periods 
of between 1 and 60 days.  

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

During exposure to hypokinesia, s t ruc tura l  changes in the vascular  
wall and , in  par t icu lar ,  in the endothelium appeared and developed in the 
red soleus muscle.  By the end of the f i rs t  day of the experiment  the cyto-  
p lasm formed numerous outgrowths and invaginations, with a consequent 
substantial  increase in the area  of endothelium facing the lumen of the 
vesse l .  In the cytoplasm of the endothelial cells numerous pinocytotic 
ves ic les ,  e l ec t ron- t ransparen t  vacuoles,  and cavities were found~ Later  
these manifestations of edema subsided and the s t ruc tura l  organization 
of the cytoplasm changed: the number of pinocytotic vesicles and vacuoles 
fell sharply.  The outlines of the lumen of the vessels  were less indented 
in appearance.  In the la ter  stages of observat ion the number of pinocyto- 
tie vesicles  in the mdothelial ceils and the charac te r  of the outlines of 
the capi l lary lumen likewise did not remain  unchanged. A few pinocytotic 
vesicles were found in the cytoplasm of the endothelial cells and the out- 
lines of the lumen of the blood vesse ls  appeared smooth, s imi la r  to those 
in the control animals [4, 5]. 

Measurement  of the length of the free surface of the endothelium in 
t ransverse  sections through the capil laries showed (Table 1) that on the 
1st day of hypokinesia K was between 1~ and 1.8; in other  words ,  a s ig-  
nificant (P < 0.05) increase  was found in the relative length of the free 
surface of the capil lary endothelium of 1o6-1.8 times compared with the 
control animals~ On the 3rd day of the exper iment  K = 1o37. On the l~th 
day the relative length of the free surface of the capi l lary endothelium 
was increased by 1.2 t imes in the experimental  animals.  On the 30th- 
60th day of the exper iment  the changes were not significant and the length 
was only 1o12-1o15 times grea te r  than in the control ra ts .  

T h e  results  of the quantitative analysis of capi l lary endothelial 
cells of the soleus muscle of rats exposed to hypokinesia thus demon-  
s t ra te  an increase  in the length of the free surface of the capil lar ies  be-  
tween the 1st and 60th day of res t r ic ted mobility. Significant differences 
in the values of the coefficient K under normal  conditions and on the 1st 
day of hypokinesia evidently indicate a marked increase  in the exchange 
of mater ia ls  between the endothelial cell and the per icapi l la ry  tissue e le-  
ments and also between the endothelial cell and the blood plasma in the 
ear ly  stages of hypokinesia. The results  are in full agreement  with those 
of previous morphological  investigations [4, 5]. 
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