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The mucopolysacchar ide  component  of the s u p r a p l a s m a l e m m a l  cover ing  (glycocalyx) of the 
a lveo la r  epithelial  ce l l s  was detected by e lec t ron  mic roscopy  of the lung fixed with solutions 
containing ruthenium red (RR) via the pu lmonary  a r t e ry .  This glycocalyx cons is t s  of an 
e l ec t ron-dense  l aye r  extending ove r  the whole of the a lveo la r  epithel ium on the side of the 
a lveo la r  a i r  space.  The thickness  and configurat ion of the glycocaIyx va ry  in different  cel ls  
and on the sur face  of different  s ides  of the s ame  cell .  The mucopolysacchar ide  component  
of the s u p r a p l a s m a l e m m a l  cover ing  of the type I a lveo la r  cel ls  pa r t i c ipa tes  in the act ive 
t r a n s m e m b r a n e  t r a n s f e r  of substances  through the a i r -b lood  b a r r i e r .  No hypocalyx could be 
detected on the su r face  of the a lveo la r  c a p i l l a r y  endothelium or  within the pinocytotic ves ic les  
found in the cy top lasm of these  cel ls ,  o r  on the sur face  of the p l a s m a l e m m a  of the a lveo la r  
epithel ial  cel ls  facing the i r  basa l  plate;  this was due e i ther  to its absence  or  to its exceed-  
ingly sma l l  th ickness .  

It  has been shown by a combinat ion of h i s tochemica l  methods and e lec t ron  m i c r o s c o p y  that a cover ing  
consis t ing of glycoprote ins  and mucopo lysacchar ides ,  descr ibed  by Bennet as the glycocalyx [1, 4, 7, 11, 
12], exis ts  on the p l a s m a l e m m a  of m o s t  cel ls .  

According to some w o r k e r s '  observa t ions  [8, 14], the s u p r a p l a s m a l e m m a l  cover ing  of the cel ls  lining 
the alveoli  of the m a m m a l i a n  lungs a re  complex and consis t  of two component  par t s :  1) a monomoleeu l a r  
phospholipid su r f ace -ac t i ve  film or  surfactant ,  in contact  with the gaseous medium of the a i r  space  of the 
alveoli  and determining the i r  sur face  tension; 2) a hydrophil ic  l aye r  or  hypophase,  in c lose  contact  on one 
side with the cel l  m e m b r a n e  of the a lveo la r  cei ls  and on the o ther  side with the surfac tant .  This  l aye r  is 
actual ly  the glycocalyx of the a lveo la r  cel ls  of the lung. Despite the compara t i ve ly  many  investigations of 
the e l e c t r o n - m i c r o s c o p i c  and b iochemica l  c h a r a c t e r i s t i c s  of the surfactant ,  informat ion on the l aye r  in 
d i rec t  contact  with the p l a s m a l e m m a  of the a lveo la r  cel ls  is scanty [3, 5, 6, 9, 10]. Much regarding  the 
c h a r a c t e r  of the localization,  s t ruc tu re ,  and function of this l aye r  r emains  unexplained.  

The objects  of the invest igat ion descr ibed  below were  to detect  a mucopo lysacchar ide  component  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  cel ls  of the lung and to examine its role  in t r a n s m e m b r a n e  
t r a n s p o r t  through the a i r -b lood  b a r r i e r .  

EXPERIMENTAL M E T H O D  

The dye ruthenium red (RR) is known to bind with ac id-subs t i tu ted  b iopo lymers ,  including the acid 
mucopo lysacchar ides  [11]. Admittedly,  the specif ic i ty  of the reac t ion  between RR and the acid mucopoly-  
saccha r ides  is only re la t ive ,  as was shown by a specia l  investigation of this p rob lem by Luft [11]. How- 
ever ,  the use  of additional contro ls  and p r e l i m i n a r y  t r ea tmen t  of the m a t e r i a l  with var ious  enzymes  (cho- 
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Fig. 1. Air-blood ba r r i e r .  Reaction product with RR located on 
p lasmalemma of cytoplasmic processes  of type I a lveolar  cells.  
AS) a lveolar  a i r  space; CL) capi l lary lumen, 55,000 x. 

Fig. 2. Localization of reaction product with RR on surface  of 
type II a lveolar  cell. OB) osmiophilic bodies, 18,200 x. Remain-  
der  of legend as in Fig. 1. 

lagenase,  hyaluronidase,  neuraminidase) ,  incorporated in cer ta in  investigations [7, 11, 13], demonstra te  
conclusively that the reaction product with RR is nothing more  than acid mucopolysacchar ides  with some 
contamination by sialomucin, so that this dye can be used to detect these substances during electron mi -  
c roscopy.  

The lung t i ssues  of four noninbred male rats weighing 150-180 g were t rea ted  success ive ly  with so-  
lutions of glutaraldehyde with RR (mixture No. 1) and OsO 4 with RR (mixture No. 2), p repared  by Luft 's  
formula [11]. Two different methods of fixation were tested. 1) Under deep pentobarbital  anesthesia the 
hear t - lung prepara t ion was isolated. Pieces of lung t issue measur ing  1-2 mm were fixed in accordance 
with Luft 's  scheme [11]. The t issue was dehydrated in alcohols of increasing concentrat ion and propylene 
oxide. Rapid embedding of the mater ia l  in Durcupan was ca r r i ed  out by Morozov ' s  method [2]. 

2) According to Luft RR does not penetrate  through theundamaged  cell p lasmalemma.  Knowing the 
size of the RR molecule (11.3 ;~), i twas  decided to use it as an appropriate  m a r k e r  for  determining the 
permeabi l i ty  of the membranous  s t ruc tures  of the a i r -blood b a r r i e r  of the normal  lung. To test  whether 
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Fig. 3. Localization of react ion product with RR in pinocytotic 
vesicles  and invaginations of p lasmalemma of type I a lveolar  cells 
on surface of two neighboring cells.  Osmiophilic body in lumen of 
alveolus. Legend as in Fig. 1, 48,400 x. 

RR could pass through the intact membranous  components of the b a r r i e r  it was injected into the blood 
s t r eam of the organ. In animals anesthetized with pentobarbital and with the t rachea  ligated in inspiration, 
mixture  No. 1 was injected through the vesse ls  of the pulmonary a r t e r i a l  sys tem under a p r e s su re  of 25- 
35 cm gg for 10 rain. From 20-25 ml of the fixative was used to perfuse the lungs of each animal. The 
hear t - lung preparat ion was then immersed  for 45-50 min in mixture No. 1 at room tempera ture .  Pieces 
of t issue (1-2 ram) of these lungs were t reated and embedded in Durcupan in the same way as during fixa- 
tion by the f i rs t  method. Sections 400-500 ~ in thickness were cut on a Re icher t ' s  mic ro tome  and examined 
without staining in UEMV-100V electron microscope .  

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

Elect ron microscopy  of the lung t issue fixed in pieces,  i.e., by the f i rs t  method, revealed the r eac -  
tion product with RR only in a few sections, close to the surface of the block, because of the comparat ively  
shallow penetration of RR into the t issue.  Consequently, the ordinary method of fixation of the lung when 
t rea ted  with RR for  e lectron mic roscopy  has cer ta in  limitations, and these must  be taken into account if 
it is used. 

After  perfusion of the lung with fixing solutions containing RRithe reaction product with it could be 
c lear ly  seen over  the whole extent of the a lveolar  epithelium as an e lec t ron-dense  layer  lying immediately 
on the surface of the plasma membrane  of the types I and II a lveolar  cells.  The configuration and thickness 
of this layer  differed in different parts  of the alveolar  epithelium. 

On the p lasmalemma of the type I a lveolar  cells and their  cytoplasmic p rocesses ,  facing the lumen 
of the alveoli, except at the points of intercel lular  contact, the outlines of the e lec t ron-dense  layer  were 
ei ther  smooth o r  wavelike; i.e., they reflected the cha rac te r  of the outlines of the p lasmalemma of those 
cells.  At sites of invagination of the p lasmalemma and in the pinocytotic vesicles  in contact with it or  
lying freely in the cytoplasm of the type I a lveolar  cells a substance reacting with RR also was present  
(Fig. 1). Sometimes single round vacuoles,  surrounded by a double membrane  and an adjacent e lec t ron-  
dense layer,  were found direct ly  on the surface of the type I a lveolar  ceils in the lumen of the alveolus. 
As a rule the connection between this layer  and the main e lec t ron-dense  layer  covering the p lasmalemma 
of the cells  could be identified. There is therefore  good reason to suppose that the vacuoles observed are  
nothing more  than t r ansve r se  or  oblique sections through the cytoplasmic processes  of the type I a lveolar  
cells.  

The reaction product with RR located on the surface of the type II a lveolar  ceils reproduced exactly 
the course  of the p lasmalemma of these cells,  reflecting the outlines of t r ansve r se ly  and obliquely cut 
microvi l l i  which are  numerous on these cells (Fig. 2). The osmiophilic lamel lar  bodies located both in 
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the cy toplasm of the type II a lveo la r  cel ls  and in the lumen of the alveoli  had a dis t inct ive appearance:  
only the outlines of the pa r t i c l e s  r emained  and the i r  cha rac t e r i s t i c  osmiophi l ic  l amel lae  were  absent;  
within the pa r t i c les  only shapeless  zones of an amorphous  substance  of low e lec t ron  densi ty remained .  
These  findings indicate that the sa tu ra ted  phospholipids,  the pr inc ipa l  component  of the lamel lae  of the 
osmiophi l ic  bodies,  were  e luted by fixation under  the conditions adopted. 

The local izat ion of the react ion  product  with irR in the in te rce l lu la r  spaces  of the a lveo la r  epi thel ium 
c l ea r ly  re f lec ted  the configurat ion of these zones, the pat tern  of which s o m e t i m e s  r e sembled  a network of 
merg ing  cy toplasmic  p r o c e s s e s  of the type I a lveo la r  cel ls  or  mic rov i l l i  of two adjacent  type II a lveo la r  
cei ls .  A tangential  sect ion through the mic rov i l l i  of type II a lveo la r  cei ls ,  the number  of which is s o m e -  
what inc reased  in the region of in te rce l lu la r  contact,  is i l lus t ra ted  in Fig. 3. As a rule the e l ec t ron -dense  
m a s s e s  did not r each  the basa l  plate in the region of two neighboring cel ls  of the a lveo l a r  epithelium, sug-  
gest ing that the glycocalyx is absent  on the p l a s m a l e m m a  of the basa l  por t ions  of the l a te ra l  su r faces  of 
these  cel ls .  

No reac t ion  product with Rir could be detected on the p l a s m a l e m m a  of the a lveo la r  cap i l l a ry  endo- 
thel ium, inside the pinocytotic ves ic les  p resen t  in the cy toplasm of these  ce l l s ,  o r  on the su r face  of the 
a lveo l a r  epithel ial  cel ls  facing the i r  basa l  plate.  

Fixation of the lung by perfusion through the pulmonary  a r t e r i a l  sy s t em with solutions containing RR, 
in conjunction with e lec t ron  mic roscopy ,  thus provides  a sufficiently comple te  p ic ture  of the topography of 
the react ion  product  with this dye and revea l s  a mucopo lysacchar ide  component  (glycocalyx) on the su r face  
of the p l a s m a l e m m a  of the a lveo la r  c e l l s .  The continuity of the glycocalyx o v e r  the whole extent of the 
a lveo l a r  epithelium on the side of the a lveo la r  a i r  space  is evidence that RIR molecu les  can diffuse through 
the intact membranous  s t ruc tu r e s  of the a i r -b lood  b a r r i e r .  Consider ing that RR is a hexavalent  cation 
which diffuses with difficulty through the pores  of the cy top lasmic  m e m b r a n e , w h i c h  c a r r y  a negative charge ,  
i ts  act ive t r a n s p o r t  through al l  the m e m b r a n o u s  components  of the b a r r i e r  can be postulated.  

The th ickness  of the glycocalyx on the su r face  of the a lveo la r  epithel ial  ce i l s  v a r i e s  f rom 200 to 600 
A, its predominant  th ickness  being about 300-400 ~. It  can differ  on the su r face  of different  s ides of the 
s a m e  cell .  These  observa t ions  agree  with those made by other  worke r s  [8, 12, 13]. 

Under high power  of the m i c r o s c o p e  three  zones composing  the glycocalyx of the a lveo la r  epi thel ial  
ce l l s  can be distinguished: 1) an e l ec t ron -dense  homogeneous l aye r  lying next to the p l a s m a l e m m a  (30-40 
~);  2) an e l ec t ron-dense  g ranu la r  l aye r  (~150-180 ~), and 3) an amorphous  l aye r  of ave rage  e lec t ron  den-  
s i ty (~120-150 ~). 

The appearance  of the reac t ion  product  with RR in pinocytotie ves i c l e s  of the type I a lveo la r  cel ls  
and its absence  f rom the pinocytotic ves ic les  of the endothelium of the lung cap i l l a r i e s  suggest  the s e l e c -  
t ive role  of the s u p r a p l a s m a l e m m a l  mucopo lysacchar ides  in t r a n s m e m b r a n e  t r a n s p o r t ,  the degree  of which 
is evidently de te rmined  p r i m a r i l y  by the specif ic  functional fea tures  of the organ,  the his tophysiological  
c h a r a c t e r i s t i c s  of its cel ls ,  and the phys ieochemica l  p rope r t i e s  of the subs tance  which has to pass  through 
the p l a s m a l e m m a  into the cell .  
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