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The study of the early stages of pathological processes is important for the understanding of the mech- 
anisms of their development and it can be undertaken mainly under experimental conditions. For instance, 
during analysis of the principles of formation of structural changes in blood vessels characteristic of arterio- 
sclerosis or phlebosclerosis, examination of the earliest changes beth in single cells of the vessel wa~l and 
in intercellular relations is extremely important. For arteries, the concept of the endothelial-muscular unit 
[3] has already been postulated for arteries, and the role of such cooperative structures in atherogenesis has 
been indicated. Meanwhile, in the case of veins the importance of endothelial-muscular relations under normal 
and pathological conditions has simply been suggested [I]. The possibility of migration of extravascular cells 
into the wall of veins with establishment of new intercellular connections has received even less study. 

In this connection an electron-microscopic study of the abdominal part of the posterior vena cava of 
rats in the early stages after experimental production of coarctation of that vessel was undertaken [2],, Special 
attention was paid to the state of the endothelium, the smooth muscle cells (SMC), the presence of platelet 
aggregates on the inner surface of the vessel, and the dynamics of migration of blood cells into the thickness 
of the venous wall. 

EXPERIMENTAL METHOD 

E~periments were carried out on 22 noninbred male rats weighing 260-300 g. Under ether anesthesia 
the posterior vena cava was constricted in 18 animals by the method described previously [2], and four rats 
whose circulation was undisturbed were used as the source of control material. Pieces of the wall of the 
vena cava were taken from all animals under deep ether anesthesia, and in the ease of animals undergoing the 
operation, every 2 h during the first 24 h after coarctation. Material was taken the first time 1.5 h afl;er the 
operation. Fixation, processing, and examiimtion of the material were carried out by the scheme tested pre- 
viously [2]. 

EXPERIMENTAL RESULTS 

Marked injury to the endothelial lining of the vein was found 1.5 h after acute disturbance of the venous 
outflow (the hemodynamic characteristics were described previously [2]). For a distance of 3-5 mm from the 
constricting ligatttre the endothelium was absent and the inner elastic ~nembrane (IEM) was exposed for a 
considerable distance (Fig. Ib). For a great distance from the site of coarctation (10-20 turn) accttmu/[ation 
of finely granular material (evidently plasma proteins) took place between the IEM and the basement mem- 
brane of the endotheliecytes; the endotheliocytes under these circumstances became irregular in shape and 
their cytoplasm showed marked osmiophilia (Fig. la). 

On the exposed surface of IEM amorphous masses of low electron density, not containing plateler.s or 
other blood cells, were deposited in places. Elsewhere such masses (most probably coagulated plasma pro- 
teins) surrounded shrunken (stellate) endotheliocytes, which had become detached from the IEM. In connection 
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Fig. i. Ultrastructure of changed endothelial barrier and SMC 
of posterior vena cava in early stages after obstruction of 
venous outflow, a) Pycnosis and desquamation of endothelio- 
cyte (ii,000 • b) "denudation" of IEM, swelling of [ntermuscu- 
lar collagen fibers (18,000• c) fungfform contact between two 
SMC, hypertrophy of nucleolus (arrow) (17,000 • d) degenera- 
tion of SMC with appearance of ribbon-like filamentous struc- 
tares (20,000 • e) degeneration of SMC with clearing of cen- 
tral zone and increased density of peripheral zone of cytoplasm 
(26,000 • E) Endotheliocyte; CF) collagen fibers. 

wihh damage  to the endothelial  b a r r i e r ,  the liquid pa r t  of  the blood pene t ra ted  into the subs tance  of the venous 
wal l .  This  was demons t r a t ed  by the appea rance  of g r a n u l a r  o r  f ioccular  m a t e r i a l  between the SMC, and by 
widening of the spaces  between the individual myocy te s  and col lagen f ibers .  T r a n s v e r s e  sec t ions  through the 
l a t t e r  showed that  the individual f i be r s  we re  s te l la te  and di f fered  in th ickness  (pathological col lagen f ibers  
[7]) (see F ig  lb) .  The SMC appea red  re la t ive ly  intact,  with a wel l -def inedbase~nent  m e m b r a n e  (see Fig. lb) .  
The nuclei of the SMC were  c h a r a c t e r i z e d  by a diffuse distr ibution of the ch romat in  and by the p re sence  of 
l a rge ,  loosely  packed nucleol i  (Fig. lc) .  Bes ides  the contac ts  that  were  p r e s e r v e d  between the p r o c e s s e s  of 
SMC, new contacts  also appeared ,  o rgan ized  in the m a n n e r  of  fungiform pro jec t ions  (see Fig.  lc) .  

Marked  ves icula t ion  of the cy top l a sm was o b s e r v e d  6 and 8 h a f t e r  cons t r ic t ion  of the vein in the r e s i d u -  
al endothel iocytes:  the ves i c l e s  we re  smal l  and main ly  in t r acy top la smie  (closed). At  the s a m e  t i m e  the re  was 
a m a r k e d  i n c r e a s e  in the number  of  r i b o s o m e s  and po ly somes .  In s o m e  a r e a s  on the su r face  of the endothelio-  
cytes  with d is turbance  of the in tegr i ty  of  the apical  p a r t  of  the cy top lasm,  the fo rmat ion  of l a y e r s  of c o a r s e  
f ibr in  t h r eads  and p la te le t s  could be seen.  The p la te le t s  also adhered  in smal l  g roups  (of two o r  three)  to the 
undamaged endothelium and w e r e  su r rounded  by f inely g ranu la r  m a s s e s .  At this  per iod  round, amorphous  
inclusions (evidently l ipoproteins)  appea red  in the SMC close  to the nucleus,  and the basemen t  m e m b r a n e  of 
these  ce l l s  r e m a i n e d  c l ea r ly  vis ible .  Individual po lymorphs ,  loca ted  in the  subendothelial  pa r t  of the in t ima 
and in the med ia  of the venous wall ,  could be seen .  

Single SMC with modi f ied  u l t r a s t r u c t u r e  were  found 10 h a f t e r  cons t r i c t ion  of the vein. F o r  ins tance,  in 
individual SMC in the absence  of  apprec iab le  changes  in the cont rac t i l e  f i l aments ,  c i g a r - s h a p e d  long mi to -  
chondr ia  we re  obse rved .  In o the r s ,  a sha rp  i nc r ea se  in the density of the cy top lasm was found, with the ap-  

1000 



Fig.  2. Stages of  .migration of blood ce l l s  into th ickness  of  
venous wall a f t e r  obs t ruc t ion  of  venous outflow: a) genera l  
view of blood ce l l s  at  di f ferent  s tages  of penet ra t ion  into ves se l  
wall (4400 x); b) fo rmat ion  of  c lose  contact  between blood cel l  
and endothel iocyte (16,500 x); c, d, e) s tages  of  penet ra t ion  of 
.monocyte-l ike cel ls  to venous wall  (11,000, 20,000, and 
18,700 x respec t ive ly ) .  BC) Blood cell; r e m a i n d e r  of legend 
as in Fig. 1. 

pea rance  of shor t ,  dense  s t r u c t u r e s  of  " r ibbon"  type [6] (Fig. ld).  In a th i rd  group of SIVIC a sha rp  but ho- 
mogeneous  i nc rea se  in the densi ty of the pa r t  of the cell  beneath the plas.male.m.ma was observed ,  whereas  
the cen t ra l  pa r t  was l e s s  dense and had los t  i ts  s t r u c t u r e  (Fig. le) .  At this s ame  period,  but espec ia l ly  14-16 
h a f t e r  cons t r ic t ion  of the vein, .marked mig ra t ion  of blood cel ls  r e s e m b l i n g  .monocytes into the venous wall 
was obse rved .  In the lumen of the vein these  ce l l s  had a round cy top lasm and nucleus,  but when they adhered  
to the endothelium (Fig. 2a, b) they became  elongated in shape,  with an oval  o r  gob le t - shaped  nucleus (Fig. 
2b-e) .  The cy top lasm of these  ce i l s  was dense and f inely g ranu la r ,  and contained few o rgane l l e s .  During 
penet ra t ion  into the wall of  the vein these  ce l l s  s p r e a d  out on the apical  su r face  of the endothel iocytes ,  with 
which they f o r m e d  c lose  contac ts  (Fig. 2b). These  ce l l s  then p a s s e d  into the subendothelial  space  [through the 
g r ea t l y  thinned cy top lasm of the endothel iocyte  (Fig. 2c) o r  in the zone of in terendothel ia l  junctions].  The 
IEM was evidently an obs tac le  to t he i r  .migration into the depth of  the wall,  and the .monocyte-l ike ce l l s  at 
f i r s t  s p r e a d  out on the IEM (Fig.  2c), but l a t e r  they succeeded  in penet ra t ing  into the depth of the wall of  the 
vein.  Under these  c i r c u m s t a n c e s  these  ce l l s  had .microvil l i  f i l led with cytoplas.m, These  .migrating cel ls  
were  not found c lose  to SMC sur rounded  by a ba semen t  .me.mhrane, but they could be in c lose  p rox imi ty  to the 
base.merit .membrane  of e f fe ren t  axons (Fig. 2e). Some of the .monocyte-l ike cel ls  we re  conver ted  into m a c r o -  
phages  in the subs tance  of the wall of the vein; phagosornes  in such c a s e s  were  fo rmed  evidently through 
phagocytos i s  o f  p a r t s  o f  the degenera t ing  ce l l s  of the v e s s e l  wall .  However ,  m o s t  such ce l l s ,  judging fro.m the 
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previous study of the ul t ras t ructure  of the venous wall on the 2nd or  3rd day after obstruction to the venous 
outflow, and from light-optical data, move out into the perivenous connective tissue. 

This investigation thus showed that the endothelial lining of the venous wall is a readily vulnerable com- 
ponent of this vessel.  The most  marked injuries to the endothelial ba r r i e r  coincided in topography with the 
region of formation of au intimal f ibromuscular thickening during coarctation of the vein [2]~ The changes in 
SMC which were discovered and described in that paper, and which should more  correc t ly  be regarded as 
a manifestation of i r revers ib le  dystrophic changes, also were found in this same region. Since these changes 
in SMC appeared a few hours la ter  than de-endothelization, they can be connected with disturbance of the in- 
tegri ty of the endothelial ba r r i e r  and, evidently, with the plasmorrhagia accompanying this process.  Some- 
times directly, sometimes indirectly through injury to SMC, de-endothelization in the veins presents as the 
basic factor determining migration of SMC into the intima and the formation of the intimal venous plaque. 
Such a situation, as we know, occurs  in a r te r ies  also during ar te r iosc leros is  [4]. The question of the possible 
importance of factors whose source is the aggregates of platelets, for the formation of intimal thickenings, 
must  be considered. Such factors in tissue culture stimulate growth of SMC [5]. In the model now used, no 
s t r ic t  topographic correct ion could be discovered between the formation of platelet aggregates and the intimal 
f ibromuscular  thickenings. This question requires  further  study. In our view the most important resul t  is the 
discovery of intensive migration of blood cells into the venous wall. It is not just a question that single clone- 
forming cells may be present  among them. A more  important aspect is that, at a certain stage of acute dis- 
turbance to the venous outflow, marked changes took place in the composition and structure of the cell system, 
with the formation of new, not previously existing intercel lular  connections. 

The study of the ul t ras t ructure  of the early phase of the process thus showed that disturbance of the 
venous outflow does not simply give r i se  to diapedesis of leukocytes, as can be seen in the light microscope,  
but causes complex systemic reactions,  which must be taken into account during analysis of the mechanisms 
of structural changes in the vessel walls in pathology. 
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