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I n  1957, one  of us  (R. A.) ca l l ed  a t t e n t i o n  to  a pecu l i a r  r e a c t i o n  of e n d o t h e l i a l  

cells. 

The central artery of the rabbit 's ear had been pierced to find out whether or not such 
an injury might elicit cell division, iNTo signs of mitosis were found, but  apparently under 
the stimulus of the lesion a very intense contraction of the artery had occurred, with a maxi- 
mum after 24 hours. The endothelial cells or at least their nuclei were "squeezed out"  from 
the grooves between the folds onto the crests where they became more numerous. After 
only 12 hours and again after 36 hours, the reaction was much less evident. Similar reactions 
but  of lesser intensity could be produced by injections of epinephrine. Piercing of the femoral 
artery in the rabbit produced no contraction of similar intensity. However, "riding" and 
"piling up"  of endothelial nuclei could readily be found under the most varied conditions in 
human and animal tissues, although not as characteristic as in the central artery of the 
rabbit 's  ear. I t  is likely that  in most of these instances the displacement of endothelial nuclei 
- -  the cytoplasma proper is not  clearly visible in routine preparations - -  is due to an agonal 
or post-mortal contraction. This passive gliding of endothelial cells has been confirmed 
later by STAUBESA~D and by VAN CITTERS et al. The latter authors mention also a columnar 
shape of endothelial ceils in contracted arteries. This, however, is most difficult to see in the 
routine preparation studied by light microscopy and is not  illustrated in their publication. 
A protrusion of endothelial cells into the lumen of the rabbit 's  contracted femoral artery is 
mentioned by BUCK. 

W e  h a v e  fo l l owed  up  t h e  e x p e r i m e n t s  on t h e  c e n t r a l  a r t e r y  of t h e  r a b b i t ' s  e a r  

b y  c o m p l e m e n t i n g  t h e  l i g h t - m i c r o s c o p i c  i n v e s t i g a t i o n  w i t h  e l e c t r o n - m i c r o s c o p y .  

T h u s  we  o b t a i n e d  r e su l t s  w h i c h  c o n f i r m e d  t h e  pa s s ive  m o v e m e n t  of e n d o t h e l i a l  

nuc le i  in  c o n t r a c t e d  a r te r ies ,  b u t  showed ,  in  a d d i t i o n ,  cons ide rab l e  changes  in  

t h e  c o n f i g u r a t i o n  of t h e  e n d o t h e l i a l  c y t o p l a s m ,  w h i c h  su rpas sed  b y  fa r  t h e  r e a c t i o n  

of e n d o t h e l i a l  cells  d e s c r i b e d  b y  BUCK for  t h e  f e m o r a l  a r t e ry .  

Material and methods 

The central artery of the ear of 22 rabbits was pierced by a clean needle. After 24 hours 
the animals were anesthetized with nembutal and a segment of the artery in the vicinity of 
the perforation removed, fixed in PAnADE'S fixative with or without sucrose, embedded in 
methyl metacrylate and cut on a Porter-Blum microtome. One ~ thick sections were lightly 
stained with iron-hematoxylin and studied by means of the light-microscope; ultra-thin 
sections were studied by means of Philips electron microscopes EM 75 and EM 100B. 

Control segments from non-injured arteries (7 specimens) were also studied, and so were 
three specimens rinsed with acetylcholine to counteract contractions and from three animals 
injected with acetylcholine prior to biopsy. 

* This work was supported by the Medical Research Council of Canada. 
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Results 

Fig. 1 and 2 a show light-microscopic pictures of the inner wall of contracted 
arteries prepared by formalin fixation and paraffin embedding. Fig. 1 shows a 
sector from a normal pulmonary artery of a rabbit, killed by injection of nembutal 
and originally studied for another purpose. One can readily distinguish the 

Fig. 1. Rabbi t .  Contrac ted  p u l m o n a r y  a r t e r y  wi th  four  endothel ial  nuclei being squeezed f rom the 
grooves be tween  the folds of the co r ruga ted  wall. I tomatoxyl in-eosin .  • 2135. Note in Fig. 1 - -4  the  

cor ruga ted  elastica in te rna  

Fig. 2. a Rabbi t .  Contrac ted  centra l  aur icular  a r te ry ,  24 hours  af ter  injury.  Note the  nuclei " r i d i n g "  
on the crests of the  folds and  the  " e m p t y "  appear ing  grooves.  I ron  hematoxyl in-eosin .  • 
b Iden t i ca l  exper imenta l  conditions as in a, bu t  f ixat ion and  embedd ing  as for electron-microscopy.  
Thickness  of section 1/~. Fa in t ly  s ta ined wi th  iron hematoxyl in .  Pho tog raphed  by  l ight-microscopy.  

• 
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contracted elastica interna and four nuclei of endothelial cells being squeezed 
from the grooves formed in the contracting wall. In Fig. 2 a, from apparently a 
later stage of contraction, in this ease following injury to the central auricular 
artery, the "riding" of nuclei on the crest of the folds and the lack of nnelei 
inside the groove is quite distinct. In Fig. 2b, also from a pierced central auricular 
artery of a rabbit, the picture shows the cytoplasm of the endothelium protruding 
into the lumen, a feature practically missing in the first two figures. The reason 
for this must be sought, we believe, in the different fixation and embedding 

Fig.  3. Rabb i t .  Cont rac ted  cen t ra l  aur icu la r  a r t e ry ,  24 hours  a f t e r  i n ju ry .  F ixed  and  e m b e d d e d  as  
in  Fig .  2b, bu t  u l t r a - th in  section.  E lec t ron  mic rograph .  ~/iagnifieation b y  electron microscope :  x 2500 

technic. Although Fig. 2 b allows no fine study of the endothelium as one expects 
it today from electron microscopy, it demonstrates clearly the disadvantage and 
unreliability of formalin fixation and paraffin embedding. 

By using the electron microscope, one is able to establish quite readily tha t  
the endothelial cytoplasma is protruding into the lumen to a considerable height, 
it being sometimes separated in its upper aspects from the neighboring cells, 
sometimes not only not losing contact with them but coming into a more 
intimate and extensive eontact with neighboring endothelial cells (Fig. 3). 
I t  is noteworthy that  the minute vesicles pithing the surface of the eytoplasma 
towards the lumen and towards the base do not disappear during this "stretching 
process" and remain preserved where the eytoplasma is bordering neighboring 
cells (Fig. 4). The part  of the cytoplasm which remains in the grooves appears 
darker, i.e., it has a higher electron density and represents apparently a condensa- 
tion of the cytoplasma due to compression. 
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In  several instances other cells appear in the endothelial layer, with their 
nuclei closer to the elastic membrane than the nuclei of endothelial cells. Some- 
times it is possible to find a nucleus in the gap ("fenestra") of the elastica showing 
an hour glass configuration and belonging likely to a cell wandering into the lining. 
As to the nature of the cells which migrate apparently from the media into the 
endothelial layer, some of them are smooth muscle cells, some seem to be histio- 
cytes and a few are white blood cells. Whether the last have immigrated from the 
media or from the lumen could, so far, not be established. 

Fig.  4. Same condit ions as  in  Fig .  3. Note  mi tochondr ia ,  and  vesicles o~ the  cell m e m b r a n e s  which 
face ne ighbor ing  cells. Elec t ron microscopic  magn i f i ca t i on :  • 35000 (reduced to 19/20) 

We have also studied under the electron microscope the appearance of endo- 
thelial cells in controls from uninjured central arteries of the rabbit 's ear. However 
with the technic required for electron microscopy, the trauma of biopsy is suf- 
ficient to cause contraction of the artery with corrugation of the elastica. Thus 
the endothelial cells showed also in these specimens a certain increase in height, 
although it did not reach the degree seen in the vicinity of the injury. Injections 
of acetylcholine as used by VAX CImT~S et al. did not inhibit this traumatic 
contraction but rinsing the artery with acetyleholine lessened it and the endo- 
thelium appeared flat. Unfortunately, this ehemieal treatment prior to fixation 
damages the cytoplasm of the endothelium and interferes with a meticulous 
reproduction by electron microscopy. 

Discussion 

A columnar type of endothelium has been described as early as 1881 by I~n~AUT 
in the fibrous tissue of the corium, in interfascicular connective tissue of nerves 
and in lymphatic tissue. Under pathological conditions the size of endothelial cells 



Endothelium in Contracted Arteries 387 

in renal vessels is said to increase (BELL) and protrude into the lumen (KA~TRO- 
WITZ and KLEN~'ERER). Also in small vessels of the human uterine mucosa and 
in the uterus of bats  a columnar endothelium has been described (see ALTSC•VL 
1954). More recently, HIBBs et al. have found by  electron microscopy a high 
endothelium in the capillaries of the skin, thus confirming Rn~-AvT's s tatements 
from 1881. However the height of the cells in their preparations is much less than  
tha t  of endothelial cells in the contracted central ar tery of the rabbi t ' s  ear and 
apparent ly not due to contraction. 

Wha t  we wish to point out is the following: in our case of contracted arteries 
of the rabbi t ' s  ear, it is not correct to use the te rm columnar for the endothelial 
cells, because it appears tha t  the endothelium is extended parallel to the axis 
of the vessel and therefore rather  leaf-like. Moreover the height differs consider- 
ably before, during and after the contraction and therefore such a classification 
of the endothelinm appears to be futile. In  view of the mechanical impact  on the 
endothelial cells caused by  contraction, and their subsequent movement  and 
change of shape, one is led to ponder about possible consequences of such events. 
On one hand, one should assume tha t  endothelial cells in contracted arteries after 
becoming very tall and protruding into the lumen, may  become desquamated. 
As a mat te r  of fact, desquamation of endothelial cells has been reported repeatedly 
but  its occurrence has also quite often been denied (for the extensive literature, 
see ALTSCgVL 1954). I f  such desquamation occurs, the replacement remains to 
be explained because there are no signs of mitosis. The possibilities of amitotic 
division, of replacement by  underlying cells or by monocytes from the blood have 
been envisaged but not proven. I t  is indeed hard to understand tha t  endothelial 
cells subjected to the impacts  of blood pressure, contraction and compression by  
external forces should last throughout  life without replacement. However if 
one considers the mechanical forces acting on and in smooth muscle cells--as 
clearly illustrated by  the contorted nucleus of a smooth muscle cell in Fig. 1--one 
hesitates to assess the seriousness of the just mentioned impacts. 

Summary 
In  contracted arteries the position and form of endothelial cells undergo 

considerable changes. The cells are "squeezed" from tile grooves onto the crests 
of the folds formed by contraction of the elastiea interna and of the media. The 
cytoplasm becomes very high and, in relation to the width of the artery, very 
narrow. During this process much of the luminal and of the basal surface of the 
raised cell comes into contact with the luminal and basal surface of the neighbor- 
ing endothelial cell thus losing for the duration of the contraction contact with 
blood. However, the vesicles which are found on the luminal and on the basal 
surface of the flat endothelium do not disappear during these changes. By pre- 
parat ion of the tissues for light-microscopy, the cytoplasm becomes so shrunken 
and faint  tha t  its changes during contraction are only indicated or not detectable 
at  all. 

Das Endothelverhalten in kontrahierten Arterien 

Zusammen~assung 
In kontrahierten Arterien /tndern sieh Anordnung und Form der Endothel- 

zellen betr~chtlich als Folge der l~altung der Elastica und Media. Die Zellen 
werden sehr hoch und ein groBer Teil der in den nicht kontrahierten Arterien das 
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Lumen  auskleidenden Zel lmembran  grenzt  wghrend der K o n t r a k t i o n  an benaeh- 
bar te  Endothelzel len  u n d  verl iert  dadureh  K o n t a k t  mi t  dem Blur. Trotz der 
meehanischen Krgfte,  die auf die Ze l lmembran  einwirken, verschwinden die im 
elektronenmikroskopischen Bfld fests te l lbaren Grfibchen u n d  Blgsehen nicht .  
Die s l thergebrachte  Behand lung  der Gewebe f/Jr l iehtmiksoskopische Unter-  
suchungen sehgdigt die Zellen derart ,  dab die cytopl~smatisehen Formvergndernn-  
gen entweder nu r  angedente t  s ind oder sich n ich t  feststellen lassen. 
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