
INVESTIGATION OF THE VESICULAR SYSTEM OF 

THE CAPILLARY ENDOTHELIUM OF THE DIAPHRAGM 

IN VARIOUS FUNCTIONAL STATES 

Ao V .  V o l o d i n a  a n d  O. Mo P o z d n y a k o v  UDC 611.161-018.74:611.2 

Micropinoeytot ic  v e s i c l e s  in the endothelial  ce l l s  of  cap i l l a r i e s  in the d i aphragm were  counted 
during ind i rec t  repe t i t ive  s t imula t ion  of the musc le  at a frequency of 50 / sec ,  a f t e r  division of 
the phren ic  ne rve ,  and dur ing na tura l  cont rac t ion  and re laxat ion  of the musc le  during r e s p i r a -  
tion. Changes in the total n u m b e r  of  v e s i c l e s  and even m o r e  marked  changes in the ra t io  be -  
tween ve s i c l e s  fixed to the p l a s m a  m e m b r a n e s  and lying f r ee ly  in the cy top lasm of the cel ls  
were  d i s c o v e r e d  re f lec t ing  changes in t ransendothel ia l  t r a n s p o r t  of m a t e r i a l s .  The  method of 
fixation used may  affect  the s ta te  of ves i c l e  fo rmat ion .  

KEY WORDS: capi l la r ies ;  micropinocyto t ic  ves ic l e s ;  endothelium; d iaphragm.  

It is now f i rm l y  es tabl i shed that micropinocyto t ic  ve s i c l e s  a r e  p a r t  of the t r a n s p o r t  s y s t e m  of endo- 
thel ia l  ce l l s  r e spons ib le  for  t r an s cap i l l a ry  exchange [1, 3-5,  8, 12]. 

Meanwhile some worke r s  have e x p r e s s e d  the view that s ince under  ce r ta in  expe r imen ta l  conditions 
no changes can be  found in the n u m b e r  of  v e s i c l e s ,  they a r e  p e r m a n e n t  o rgane l l e s  and do not change with 
changes in the functional s ta te  of  the endothelial  ce l l s  [6, 7, 9, 10]. 

The  object  of this invest igat ion was to count the micropinocyto t ic  v e s i c l e s  in the cap i l l a ry  endothelium 
of the d i aphragm in va r ious  functional s t a tes .  

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

August albino r a t s  we re  used.  The cap i l l a r i e s  in the d i aphragm were  studied during te tanic  con t rac -  
tion induced by  supra_maximal s t imulat ion of the phren ie  n e r v e  at a f requency of 50 /sec  ( se r i es  I), during 
re laxa t ion  of the musc le  caused  by division of the phren ic  ne rve  10-20 rain be fo re  the beginning of fixation 
( se r i es  II), and dur ing na tura l  cont rac t ion  ( se r i e s  HI) and re laxat ion  ( se r i e s  IV) of the d iaphragm during 
r e sp i r a t i on .  

In the e x p e r i m e n t s  with te tanizat ion and division of the phren ic  ne rve  ma te r i a l  was fixed with f o r m o l -  
suc ro se  in si tu.  F o r  this purpose  the r a t s  were  anes thet ized with e ther ,  cold fixative was injected into the 
p leura l  and per i tonea l  cavi t ies ,  and 10 rain l a te r  the d iaphragm was r emoved  and i m m e r s e d  in the s a m e  
f ixat ive .  Te tan iza t ion  of the ne rve  began immedia t e ly  be fo re  the beginning of fixation and continued for  
s eve ra l  minutes .  

The  method of  p r e l i m i n a r y  f reez ing  [2] was used to fix the d iaphragm during natura l  contract ion and 
re laxat ion.  

In every  case  the musc le  was postf ixed in a 1% buffered solution of o s m i u m  te t roxide ,  dehydra ted ,  
and embedded in Ara ld i te .  Ul t ra thin sect ions  were  stained with uranyl  aceta te  and lead c i t r a te  by Reynold ' s  
method.  
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TABLE 1. Charac te r i s t i c s  of Ves icu la r  System in Capil lary Endothelium in Various  
Functional States (M * m) 

Functional state of muscle 
total 

Number of vesicles 

free 

bound with basal sur- 
face of capillaries 

opening forming 

bound with luminal sur- 
face of capillaries 

opening forming 

Tetanization, "pale" cells 
Division of nerve: 

"Eale" cells 
"~tark" cells 

No additional treatment 

Fixation with formol-sucrose . 

122+-4,1 

106• 
119• 
110• 

74,3• 6,4 

50,0+ 6,3 
73,0• 6,8 
41,0- 3,9 

22,1• 

2I ,0• 2,2 
19,6• 1,8 
18,9• 

14,3• 

19,4• 
13,9+_ 1,5 
24,4• 2,6 

4,9• 5,8• 

9,6• 1,4 6,3• 1,5 
8,0__+ 1,6 4,6• 0,54 
ll,2• 1,8 12,8• 1,2 

Preliminary freezing 

Inspiration(contraction) I 80,6--5,9 I 23,6--3,11 39,0• 18___4,2 
Expiration (relaxation) 74,0• 5,1 24,0• 5,8 32,0• 3,2 t7• 3,5 

In each ser ies  of experiments  10 capi l lar ies ,  photographed in t r ansverse  section, each with a p e r i m -  
e ter  11-13 p in length, were  chosen and the total number  of micropinocytot ic  ves ic les ,  both free and 
bound with the p lasma  membranes ,  was counted in them. In some cases  the number  of forming and opening 
ves ic les  was counted separa te ly ,  their  differentiat ion being based on accepted morphological  c r i t e r i a  [3-6]. 

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

Data on some p a r a m e t e r s  and the u l t r a s t ruc tu re  of the capi l lar ies  during contract ion and relaxation 
of the diaphragm were published previously  [2]. 

Counting the micropinocytot ic  ves ic les  in the capi l lary endothelium showed that the total number  of 
�9 r  changes depending on the functional state of the diaphragm {Table 1), e i ther  by uniform changes in 
all groups of ves ic les  or  by a change in their  number  predominant ly  in cer tain groups.  The total number 
of ves ic les  bound with the basal  p lasma membrane  of the cells  was always g rea te r  than their number  on 
the luminal surface .  The number  of forming and opening ves ic les  on the basal  surface of the ce l l s  was 
g r ea t e r  than the number  of corresponding ves ic les  on the luminal surface.  After fixation with f o r m o l - s u -  
c ro se  in situ the total number  of ves ic les  in the endothelial cells was always g rea t e r  than af ter  fixation by 
the p re l iminary  freezing method. 

During tetanic stimulation of the d iaphragm the number  of ves ic les  in the endothelium was g rea te r  
(F : 0.05) than after  division of the phrenie  nerve ,  mainly on account of an inc rease  in the number  of f ree  
ves ic les .  Meanwhile a dec rea se  in the number  of forming ves ic les  was observed  on the basal  surface  of 
the cells and in the number  of opening ves ic les  on the luminal surface.  

Comparison of the s tate  of the ves icu la r  sys tem of the endothelial cel ls  during contraction {inspiration) 
and relaxation (expiration) of the diaphragm during natural  respira t ion showed a tendency toward[ a decrease  
in the number  of vesic les  bound with the basal  surface of the cell during relaxation of the muscle  compared 
with contraction (P -- 0.05). 

During fixation of the muscle  with f o r m o l - s u e r o s e  in situ some of the endothelial cells in the capil-  
la r ies  had increased e lectron density {"dark" eells}. The total number  of ves ic les  in these cells was grea t -  
er (P < 0.05) than in ord inary  cel ls ,  chiefly because of an increase  in the number of f ree  ves ic les .  They 
also had fewer forming ves ic les  on the basal  surface and fewer opening ves ic les  on the luminal surface,  i .e. ,  
the same tendency was shown as during tetanic contract ion of the muscle .  

The investigation thus showed that in different functional  s tates of the diaphragm, vesic le  formation 
in the capi l lary endothelium va r i e s .  Both the total number  of ves ic les  and the relat ive numbers  of f ree  
ves ic les  and ves ic les  bound with the p lasma  membrane  vary  under these c i r cums tances .  Meanwhile, it is 
difficult to judge the intensity and direct ion of endothelial t ranspor t  pure ly  on the basis  of a study of changes 
in the number  of micropinocytot ie  ves ic les .  

Changes in the state of the ves i cu la r  sys tem are also linked with the functional state of the endothelial 
cells  themse lves ,  as  shown by dif ferences  in the number  of ves ic les  and their  distr ibution in o rd inary  and 
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"dark" cells when the muscle is in the same functional state~ It is interesting to note that these cells may 
alternate in the capillary, so that different areas of the capillary wall are heterogeneous, from the stand- 
point of the functional state of the cells composing them. If, as has been postulated, the increased electron 
density of the cytoplasm is evidence of intensified synthesis in the cells and a lowering of their  "external" 
function, the increase in the total number of vesicles as the result  of an increase in the number of free 
vesicles must indicate a lowering Of the level of transendothelial exchange processes .  

Comparison of the state of the vesicular  system of the endothelium after fixation with f o r m o l - s u -  
c rose  in situ and after prel iminary freezing of the muscle indicates that the process  of vesicle formation 
can continue o r  even become intensified for some time after the beginning of aldehyde fixation. 
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