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Edema develops in the t i ssues  of the a i r - b l o o d  b a r r i e r  of the  right lung in ra ts  24 h af te r  
lef t -s ided pneumonectomy.  E lec t ron-mic roscop ic  h is toehemical  investigations (using ru the-  
nium red - RR) showed that the l aye r  of acid museopolysacchar ides  of the suprap lasma-  
lemmal  cover ing of the a lveolar  cei ls  and endothelium is thickened, e lec t ron-dense  masses  
of reac t ion  products  with RR accumulate  on the surface of the r e s p i r a t o r y  alveoloeytes and 
endothelium, and "ves ic les , "  covered  with reac t ion  product  with RR and connected with the 
p la smalemma of the a lveolar  and endothelial  cells ,  appear.  These findings point to a role 
of the acid muscopolysacchar ides  of the surfactant  sys tem of the lungs in the accumulation 
and el imination of fluid f rom the edematous t i ssues  of the a i r - b l o o d  b a r r i e r .  
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In the ea r ly  stages a f te r  uni la tera l  pneumonectomy in rats  and dogs edema of all components of the 
a i r - b l o o d  b a r r i e r  of the alveoli of the res idual  lung develops [1, 6, 9]. At the same t ime,  in rabbits with 
pulmonary edema caused by vagotomy, both the phospholipid and the mucopolysacchar ide  components C glyco- 
calyx") Of the surfactant  sys tem of the o rgan  a re  des t royed  [8]. It is not yet  known whether  these changes 
in the surfactant  sys tem are  specific for  pulmonary edema of any pa r t i cu la r  etiology [2]. 

The object  of the present  investigation was to study the state of the mucopolysacchar ide  component 
of the surfactant  sys tem of the alveoli  of the res idual  lung in the ea r ly  per iods a f te r  uni la tera l  pneumo- 
nectomy, i .e . ,  in the initial stage of development of edema,  and to asce r ta in  its response  to changes inwa te r  
metabol ism in cel ls  of the a i r - b l o o d  b a r r i e r .  

EXPERIMENTAL METHOD 

The writers showed previously that 24 h after left-sided pneumonectomy in rats the dry weight of 
tissue of the residual right lung is altered, the thickness of the air-blood barrier of its alveoli is increased, 
and evidence of pulmonary edema appears in the cytoplasmic processes of the respiratory alveolocytes (type 
I cells) and in the capillary endothelium [4, 5]. It was therefore decided to examine the state of the "glyco- 
calyx" of the lung cells at this stage after unilateral pneumonectomy. 

Male rats (4) weighing 150-160 g, 24 h after removal of the left lung, were anesthetized with pento- 
barbital and perfused through the pulmonary artery under the pressure of 25-30 mm Hg with physiological 
saline followed by a fixing mixture consisting of glutaraldehyde, cacodylate buffer, and ruthenium red (RR). 
Fixation and subsequent processing of the lung tissue were carried out by the method of Romanova and 
Boikov [7]. The fixing mixtures were prepared by Luft's formula [10]. Two intact rats were used as the 
control. After rapid dehydration of the lung tissues in alcohols of increasing concentration and in propylene 
oxide by Morozov's method [3] the material was embedded in Ourcupan. Sections cut to a thickness of 400- 
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TABLE 1. Thickness of Electron-Dense Layer  (reaction product with RR) on Surface of C~lls of 
Ai r -Blood  Bar r i e r  of Lungs of Control and Experimental Rats 

Location of electron-dense material  

Intact animals 
On plasmalemma of alveolar cells 

Experimental animals 
On plasmalemma of respira tory alveolocytes: 

AS-a continuous layer in close contact with the 
plasmalemma 

As a layer covering the vesicles in contact with 
the cell surface 

As "masses"  in close contact with the cell 
surface 

On plasmalemma of large alveolocytes: 
As a continuous layer  in close contact with the 

plasmalemma 
As a layer covering the vesicles in contact with 

the cell surface 
On surface of alveolar epithelium as masses fn 

zones of contact between cells: 
Surface electron-dense layer  
Zone of average electron density 

On plasmalemma of endothelium: 
As a continuous layer in close contact with the 

plasmalemma 
As "masses"  in close contact with the cell 

surface 
On surface of vesicles lying freely in lumen of 

alveoli 

Thickness of electron-dense layer  (~) 

minimal maximal mean 

200 

510 

490 

1,250 

800 

1,300 

1,450 

5,000 

1,440 

1,250 

370 

375 

420 
3,010 

150 

410 

640 

1,770 
11,330 

760 

1,830 

1,045 

450 

830 

770 

2,650 

750 

725 

1,100 
7,900 

360 

825 

790 

Fig. 1. State of layer of acid mucopolysaccharides of surfaetant sys-  
tem of right lung of a rat 24 h after left-sided pneumonectomy (14,000 • 
Here and in Figs. 2 and 3: LA) lumen of alveola, LC) lumen of capillary, 
ACID large alveolocyte (type II alveolar cell), ABB) thinnest part of a i r -  
blood bar r ie r ,  EC) endothelial cell, E) edema, CPAD cytoplasmic process 
of respira tory alveolocytes (type I alveolar cell), CEC) cytoplasm of en- 
dothelial cell, V) "vesicle," RPRR) reaction product with RR. 
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Fig. 2. Accumulation of react ion product with RR between alveo-  
l a r  cells (B) and on surface of cytoplasmic p rocess  of r e sp i r a to ry  
alveoloeyte (A) (14,000• 

Fig. 3. Format ion of "ves ic les"  on surface of large alveolo- 
cyte in lung of experimental  rats (13,000 • 

500 A on the LKB ultratome were examined without fur ther  staining in the JEM-7A and JEM-100B elec t ron 
mic roscopes .  Besides the ordinary  morphological  identification of the "glycocalyx.  of the a lveolar  ceils 
an attempt was made to est imate  its thickness quantitatively (Table 1). For  this purpose,  the thickness of 
the e lec t ron-dense  layer  (reaction product  with RR) was determined in the control  and experimental  se r ies  
in photographs measur ing  18 • 24 mm (magnification 80,000 to 96,000 • every  5 mm over  the whole a rea  
of the alveolar  lining. The thickness of the e lec t ron-dense  suprap iasmalemmal  cover ing onthe endothelium 
of the pulmonary capi l lar ies  also was measured .  

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

The react ion product with RR on the epithelial lining of the alveoli in the experimental ser ies  con-  
sisted of a continuous e lec t ron-dense  layer  in close contact with the apical p lasmalemma of the a lveolar  
cells and following the outlines of the i r  surface exactly (Fig. 1). Small t ranslucent  a reas ,  indicating develop- 
ing postoperat ive edema of the organ,  could be seen in the cytoplasm of a few resp i ra to ry  alveolocytes.  
Collections of pinocytotic ves ic les ,  many of them containing react ion product with RR, were located in the 
thickened areas  of the cytoplasmic p rocesses  of these cei ls .  Frequently compact  e lec t ron-dense  m a s s e s  

1295 



with i r r e g u l a r  outlines and a f ibrous s t ruc ture  could be seen on the sur face  of the cy toplasmic  p r o c e s s e s  
of  the r e s p i r a t o r y  a lveolocytes  (Fig. 2A). S t ruc tures  of this sor t  were  v i r tua l ly  neve r  seen in the control .  
Here  a lso ,  Le. ,  in the thinnest  pa r t s  of the b a r r i e r ,  single "ves i c l e s "  of var ious  s izes ,  covered  with a con-  
tinuous l aye r  of  react ion  product  with RR, were  sometim.es seen (Fig. 1). The lumen of the ves i c l e s  was 
"co lo r l e s s . "  

The cytoplasm of the large a lveolocytes  (type II a lveo la r  cells)  was indistinguishable in its u l t r a -  
s t ruc tu re  f rom the cel ls  of the intact lung (Fig. 1). "Ves ic les"  consis t ing of m a s s e s  of curious shape 
(Fig. 3), were  seen on the sur face  of these  cel ls .  No such pa t te rns  were  found in the control  s e r i e s .  

Pa r t i cu l a r  attention mus t  be paid to the accumulat ion of " loose"  m a t e r i a l  of i r r e g u l a r  e lec t ron  density 
filling the in te rce l lu la r  spaces  of the a lveo la r  lining (Fig. 2B). The va r i ed  e lec t ron  density of the m a t e r i a l  
of the in te rce l lu la r  aggregat ions  is evidently due to d i f ferences  in the functional s tate of the acid muco -  
po lysacchar ides  of the surfactant  sys t em.  

The e l ec t ron-dense  l aye r  of react ion  product with RR appeared  regu la r ly  in near ly  all  cap i l l a r i e s  
in the lungs of the exper imenta l  r a t s ,  whereas  i n the  intact an imals  it was r a r e l y  seen on the surface  of 
the endothelial  lining. The e l ec t ron-dense  l aye r  was continuous and in close contact with the p l a s m a l e m m a  
of the endothelial  cel ls  and the i r  cy toplasmic  p r o c e s s e s  (Fig. 1). Somet imes  smal l  col lect ions of e l e c t r o n -  
dense m a t e r i a l  o r  single smal l  "ve s i c l e s "  could be seen  on the sur face  of individual endothelial  ce l l s .  In 
t h e i r  shape and s t ruc tu re  they r e s e m b l e d  the cor responding  format ions  on the surface  of the thin a r ea s  of 
the cy toplasmic  p r o c e s s e s  of the r e s p i r a t o r y  a lveolocytes .  

The expe r imen t s  thus showed that  24 h a f t e r  le f t - s ided  pneumonectomy the following changes took 
place against  the background of developing edema  of the a i r - b l o o d  b a r r i e r  of the res idual  lung: 1) an in-  
c r e a s e  in th ickness  of the s u p r a p l a s m a l e m m a l  cover ing  of the a lveo la r  ce l l s  and endothelium of the cap i l -  
l a r i e s  (Table 1), 2) the fo rmat ion  of e l ec t ron -dense  accumulat ions  of react ion  product  with RR on the s u r -  
face of the r e s p i r a t o r y  a lveolocytes  and endothelium, 3) the appearance  of "ves i c l e s , "  covered  with r e a c -  
t ion product  with RR and connected with the p l a s m a l e m m a  of the a lveo la r  and endothelial  cel ls ,  4) an in- 
c r e a s e  in the f requency of occu r rence  of in te rce l lu la r  m a s s e s  of react ion  product  with RR of i r r e g u l a r  e l e c -  
t ron  density.  

These  findings a re  evidence of functional s t r e s s  in the surfac tant  sys t em of the alveoli .  Acid muco-  
po lysacchar ides  can evidently accumulate  fluid f rom the cel ls  of the a i r - b l o o d  b a r r i e r  and thus par t ic ipa te  
in the regulat ion of t he i r  wa te r  me tabo l i sm.  The appearance  of ves i c l e s  bounded by acid nucopolysaccha-  
r ides  onthe sur face  of the a lveo la r  and endothelial  ce l ls  re f lec t s  the mechan i sm of e l iminat ion of fluid into 
the lumen of the alveoli  o r  cap i l l a r i e s .  

The authors  a re  gra teful  to P r o f e s s o r  V. A. Shakhlamov, Head of the Labora to ry  of Elec t ron Mic ro s -  
copy, for  providing faci l i t ies  for  this invest igat ion.  
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