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The u l t r a s t ruc tu re  of lymphat ic  cap i l l a r i e s  of intestinal villi ,  the d iaphragm,  and the 
thorac ic  duct of rabbi ts  was invest igated.  A sy s t em of s l ing f i laments  40-110 ~ in 
d i ame te r ,  a t tached at one end to the p l a s m a l e m m a  of the endothelial  ce l l s  and at the 
other  end to s m oo t h -m us c l e  ce l l s  or  to f ibrous  e lements  of the connective t i ssue ,  was 
found in the walls of all the lymphat ics  studied. It is postulated that these  sl ing f i l a -  
ments  a re  identical with the mic ro f ib r i l s  of the ex t race l lu l a r  space .  The f i laments  d i s -  
covered  p e r f o r m  a special  function by secur ing  the endothelium of the lymphat ic  v e s s e l s  
to sur rounding  s t r u c t u r e s .  

Connections between the walls  of the lymphat ic  cap i l l a r ies  and ret icul in  and collagen f ibers  have been 
desc r ibed  [1-3, 21]. Several  inves t iga tors  have demons t ra ted  connections between thin f i laments  given off 
by re t icul in  and collagen f ibers  and the p l a s m a l e m m a  of the endothelial  ce l ls  of the lymphat ic  cap i l l a r ies  
[6, 15-17]o They have been studied in detail  in the lymphat ic  cap i l l a r ies  of the d i aph ragm of rabbi t s  and 
have been cal led "anchoring" [18] and "sl ing" f i laments  [4]~ More recent ly  s l ing f i laments  have been found 
in the lymphat ic  cap i l l a r i e s  of the rabbi t  conjuctiva [9], in the lymphat ic  cap i l l a r i e s  of the rabbit ,  monkey, 
and human lung [14], in the lacteal  s inuses  of r a t  intest inal  villi ,  and in the wall of the rabbi t  thorac ic  
duct [5]. 

The object  of the p resen t  invest igat ion was to demons t r a t e  f i laments  in the wall of the lymphat ic  
cap i l l a r i e s  of the d iaphragm,  in the lacteal  s inuses  of the villi  of the smal l  intest ine,  and in the wall of 
the thoracic  duct of rabbi t s  in o rde r  to deepen our understanding of the functions of these s t ruc tu ra l  c o m -  
ponents of the lymphat ic  ves se l  wal ls .  

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

The tendinous cen te r  of the d iaphragm,  an intestinal  vil lus,  and the thorac ic  duct were  taken f rom 
sexual ly  ma tu re  chinchil la rabbi t s  weighing 3 -3 .5  kg. The ma te r i a l  was fixed in 3% giutaraldehyde so lu -  
tion in phosphate buffer ,  pH 7.4, for  2 h, a f te r  which the t i ssue  was washed for  3-5 rain in phosphate 
buffer  and postf ixed in 1% os m i um  te t roxide solution for  1 ho After  dehydrat ion in alcohols of inc reas ing  
s t rength  in the usual manner  the ma te r i a l  was embedded in Vestopal  NA" or  Araldi te  with Epon 812 [19]. 
Ul t ra thin sect ions  were  stained with 2% aqueous solution of uranyl  aceta te  and lead c i t ra te  [22] and examined 
in the IEM-6C e lec t ron  mic roscope .  

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

The s l ing f i laments  found in the lymphat ic  cap i l l a r ies  of the rabbi t  d iaphragm lay d i rec t ly  beneath 
the epi thel ium as c lus t e r s  of dense f i lamentous s t ruc tu r e s  (Figs.  1 and 2). The f i laments  were  at tached 
at one end to the out e r  l aye r  of the e l e m e n t a r y  membrane  of the p l a s m a l e m m a  of the lymphat ic  cap i l l a ry  
endothelial  cel ls ,  and at the other  end they pene t ra ted  into the under ly ing connective t i s sue  between the 

L a b o r a t o r y  of Elec t ron  Microscopy,  Resea r ch  Institute of Human Morphology, Academy of Medical 
Sciences of the USSR, Moscow. (Presented  by Academic ian  of the Academy of Medical Sciences of the 
USSR A. P. Avtsyn.)  Trans la ted  f r o m  Byulle ten '  l~ksper imental 'noi  Biologii i Meditsiny, VOlo 73, No. 4, 
pp. 111-114, Apri l ,  1972. Original a r t i c l e  submit ted  October  11, 1971. 

�9 !972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

470 



Fig~ 1. Wall of lymphatic and 
blood capi l lar ies  of the rabbit  
diaphragm (longitudinal section): 
CEL) cytoplasm of endothelial 
cell of lymphatic capi l lary;  
CEB) Cytoplasm of endothelial 
cell of blood capi l lary;  LL) 
lumen of lymphatic capi l la ry ;  
LB) lumen of blood capi l la ry ;  
BLB) basal layer  of blood 
capi l la ry ;  SF) sl ing f i laments ;  
CF) collagen fibri ls ,  32 000 • 

collagen f ibers and connect ive- t issue cells.  The sling filaments 
were usually f rom 40 to 110 /~ in thickness.  Thin fi laments 40-60 

in d iameter  (Fig~ 1) and thick filaments 100-110 A in diameter  
{Fig. 2) could be distinguished among them. The highest con- 
centrat ion of filaments was observed in the boundary zones between 
two endothelial cells {Fig. 2). The sling fi laments can be p r e -  
sumed to be a "tying" mechanism f i rmly  attaching the wall of the 
lymphatic capi l lary  to the adjacent collagen fibrils and connective-  
t issue cells  like the slings of a parachute.  Thin fi laments are  
s imi lar  to the microf ibr i l s  of the intercel lular  substance of con-  
nective t issue f i rs t  descr ibed by Jakus [12], and also to the f i la-  
ments observed in the per ipheral  layer  of e last ic  f ibers .  

Sling fi laments in the lymphatic capi l lar ies  of the rabbit 
intestinal villus also were 40-110 ,~ in diameter ,  and in longitu- 
dinal sections the thick fi laments consisted of thread-l ike s t ruc -  
tures  with a hollow c ros s - s ec t i on  (Fig. 3), On the side of the 
endothelial cells facing the connective t issue small project ions of 
cytoplasm were frequently observed.  The impress ion  was obtained 
that these were the origin of the sling filaments,  the other end of 
which was attached to corresponding project ions on the smooth" 
muscle  cells covered by the basement  membrane  ; these fi laments 
ran perpendicular ly  to the p lasmalemma of the endothelial cel ls .  
The collagen f ibers  in the wall of the lymphatic capil lar ies  were 
always separated f rom the endothelial cells by sling f i laments.  

Investigation of the u l t ras t ruc ture  of the thoracic  duct* also 
revealed sling fi laments attached at one end to the endothelial 
cells and at the other end to the basement  membrane  of the smooth-  
muscle cells in the duct wall. At the same time s imilar  f i laments 
were found around the elast ic  elements  and between the smooth-  
muscle  cells~ 

Leak and Burke [18] put forward 3 suggestions regard ing  the 
origin of the sl ing {"anchoring") f i laments.  F i rs t ,  their  p r e c u r s o r s  
may be synthesized by the endothelial cells  themselves ;  second, 
they may be per ipheral  f ibri ls  of elast ic  f ibers  ; third, the poss ib i l -  
ity cannot be ruled out that they are microf ib r i l s  of the ex t r a -  

cel lular  space~ Connections between these microf ibr i l s  and elast ic  elements have been descr ibed [10, 13, 
23]3 the opinion has been expressed  that the microf ib r i l s  are  p r e c u r s o r s  of collagen and elast ic f ibers [20], 
while Haust [11] defined them as the "common denominator"  of the connect ive- t issue f ibers .  The present  
wr i t e r s  are  inclined to regard  the sling fi laments as identical with the microf ibr i l s  and they consider  that 
both the endothelial cells and the ground substance of the surrounding connective t issue take par t  in their  
formation.  

Casley-Smith [7] found rupture of the f i laments attached to the wall of the lymphatic capi l lar ies  af ter  
t reatment  of the mater ia l  with hyaluronidase,  thereby proving that they contain acid mucopolysaccharides  ; 
the collapse of the lymphatic capi l lar ies  observed under these conditions proves  that these fi laments have a 
fixing function. Another fact of great  importance to the function of the lymphatic capi l lary  walls is that the 
sling fi laments are  attached as a rule to the boundary region between adjacent endothelial cells or  to their  
cytoplasmic p roces se s .  This feature plays an important  role in regulat ing the size of the gap between the 
two neighboring cells,  so that if neces sa ry  it can be increased,  and, ff edema is present ,  the excess  of 
fluid can be quickly moved f rom the connective t issue into the lumen of the lymphatic capi l lar ies .  In ter -  
es t ing resul ts  f rom this standpoint have been obtained by Collin [9], who studied the u l t ras t ruc ture  of the 
rabbit conjunctiva under normal  conditions and in edema. He found that whereas  under normal  conditions 
the sling f i laments weave into the p lasmalemma of the endothelial cells of the lymphatic capi l lar ies  at an 
acute angle, during edema this angle becomes a r ight angle. Collin concludes from this fact that the sling 
fi laments somehow prevent collapse of the lymphatic capi l lar ies  in tissue edema.  

*For a detailed descr ipt ion see Vestnik Akado 1V[ed. Nauk SSSR, No, 10 (1971). 
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Fig. 2 Fig. 3 

Fig. 2. Wail of lymphatic capi l lary  f rom villus of the rabbit  
small  intestine: CE) cytoplasm of endothelial cel l ;  MV) m i c r o -  
pinocytotic ves ic les  ; SF) sling f i laments ; CF) collagen f ibri ls  ; 
SI~IC) smooth-muscle  cel l ;  CH) cylomierons  in capi l lary  lumen, 
40 000 x. 

Fig~ 3~ Boundaries between 2 endothelial cel ls  f rom lymphatic 
capi l lary  of the rabbit  diaphragm: CE cytoplasm of endothelial 
cell  ; SF) sling f i laments in t r ansve r se  and longitudinal sect ions ; 
CF) collagen f ibr i ls  in t r ansve r se  section, 30 000 • 

Because of the absence of a basal  layer  in the lymphatic capi l lar ies  and because of the weak develop-  
ment of that l aye r  in the wall of the lymphatic vesse l s  (up to and including the thorac ic  duct), the f i laments 
d iscovered  near  the lymphatic capi l lar ies  and vesse l s  thus pe r fo rm a special function, support ing the wails 
of the lymphatic vesse l s  like the slings of a parachute .  

The authors r ega rd  sling f i laments  as constant s t ruc tu res  cha rac te r i s t i c  of the vesse l  walls of the 
lymphatic sys tem and playing an important  role  in thei r  function. 
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