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The role of the per icytes  in the motor  innervation of the capi l lary wall is based on the follow- 
ing facts.  1) Contacts with nerve endings of the chemical  synapse type a re  found on the body 
of the per icyte .  2) Each endothelial cell is in contact with the p rocess  of a per icyte ,  and at 
the points of contact between them nervous excitation is t ransmit ted by the endothelial cells 
as in an e lec t r ica l  synapse.  3) Nervous impulses produce changes in the capi l lary lumen 
through alternation of swelling and collapse of the endothelial cells.  

The per icyte  is one of the least studied components of the capi l lary wall f rom both the s t ruc tura l  and 
functional point of view, although it is now irightly assigned to the basal  layer  [7, 12]. The noncellular compo-  
nent of the basal  layer,  surrounding the per icyte  on all ~ides, holds it f i rmly  within the cap}llary walls.  
However, locating the per icyte  within the basal  layer  does not explain its functions. The view that by con- 
t ract ing,  it causes changes in the capil lary lumen [12] has been rejected [15]. According to the author ' s  
observat ions,  the per icyte  has a role in the motor  innervation of the blood capi l lar ies .  

Existence of a sympathetic innervation of the capil lary wall has long been accepted by many investi-  
gators [2, 3, 5, 6, 10, 11, 13, 14]. F rom the wr i t e r ' s  point of view the following observations a re  par t icu-  
lar ly  important .  1) In response to st imulation of the sympathetic nerve trunk, contract ions of the capil-  
lar ies  s tar t  in the nuclei of the Rougier cel ls ,  and "each Rougier cell  is supplied by a sympathetic fiber" 
[13]. 2) During stimulation of the sympathetic nerve trunk, the change in lumen of the capi l lary is produced 
by swelling of the nuclei of the endothelial cells [19]. 3) Nervous s t ruc tures  [2], identified by the wr i te r  as 
terminal  ramificat ions of centrifugal  nerve f ibers ,  have been demonstrated on capi l lary walls by s i lver  

�9 impregnation methods.  4) Axo-angial  synapses a re  found on the wails of blood vesse ls  [1]. 

The authors cited above, because of the limitations imposed by light microscopy ,  were  unable to de-  
tect  s t ruc tures  concerned with the t ransmiss ion  of impulses f rom axon to capi l lary wall. Analysis of more 
recent  investigations, using the electron microscope ,  has shown that none of these likewise sheds light on 
this problem.  Admittedly, in a shor t  annotation to an art icle  on the contract ion of endothelial cells under 
the influence of mediators  of histamine type, Majno et al. [15], in 1969, noted that "individual per icytes  are  
probably equipped with small  nerve endings." However, as the text of this ar t ic le  and the photographs ac-  
companying it show, there  workers  observed shapes s imi lar  to axons around the per icyte  in the venule. 

The results  discussed in this communication represent  observations made during experiments  p e r -  
formed for other purposes and accumulated over a period of 8 years .  

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

The mater ia l  consisted of capil lar ies  f rom the human myocardium (biopsy mater ia l  during t ransven-  
t r i cu la r  commissurotomy) ,  f rom the dog myocard ium under normal  conditions and during hypoxia, the ra t  
myocardium during hypoxia and hyperoxia with normal  and changed a tmospher ic  p r e s su re ,  and of the normal  
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rabbit myocardium.  Intravital  observations also 
were made on capil lar ies  of the mouse mesent ry .  
Pieces of t issue for e l ec t ron-mic roscop ic  examin- 
ation were fixed by Palade 's  method and embedded 
in Araldite or a mixture of Araldite and Epon. 
Ultrathin sections were cut on the LK13 ul t ra tome,  
stained by Reynolds '  method, and studied under 
the JEM-6C electron microscope  with acce le ra t -  
ing voltage 80 kV. To study the spatial  re la t ion-  
ships between the per icytes  and neuronal s t ruc -  
tures ,  total preparat ions  of two or  three spinal 
ganglia f rom a chicken, stained with methylene 
blue in vivo by Milokhin's modification of Dogiel 's 
method [4],* were studied under the light m i c r o -  
s cope. 

Fig. 1. Wall of a blood capi l lary f rom a dog 's  (A, 
t3) and ra t ' s  (C) hear t .  CP) Cytoplasm of pericyte;  
CE} cytoplasm of endothelial cell; PS) per icapi l -  
la ry  space; DL) adellular  component of basal  layer;  
EP) point of contact between membranes  of pe r i -  
cyte and endothelial cell; F) f ibr i l lary s t ructures ;  
NE) nerve ending; CL) capi l lary lumen. Magnifi- 
cation: a) 43,750 • 13) 52,750 x; C) 95,000 • 

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

In its u l t r a s t ruc tu re  the perieyte resembles  
both an endothelial and a smooth-musc le  cell. 
Like the nucleus of the endothelial cell ,  the oval 
nucleus of the per icyte  differs in its orientation 
relative to the long axis of the capil lary,  but the 
per ikaryon of the per icyte  often projects  f rom 
the nucleus into the per icapi l la ry  space.  The 
e lec t ron-opt ica l ly  t ranslucent  matr ix  of the cyto-  
plasm, as well as the mitochondria and other o r -  
ganelles,  are indistinguishable f rom those of the 
endothelial cel ls .  The cytoplasm of the per icyte  
contains micropinocytot ic  vesicles  (diameter 200- 
800 and 1000-1500 A), located as a rule at the b o r -  
der  of the cytoplasm facing the per icapi l la ry  
space, although somet imes they are  found at the 
border  facing the endothelial layer  of the capil-  
lary.  The ATPase  activity in the pericyte is revealed 
mainly in the membranes  of the large vesicles  
(1000-1500 A), whereas in the endothelial cells it 
is concentrated in the membranes  of the mic ro -  
pinocytotic vesicles  up to 800/k in d iameter  [7-9]. 
The. per icyte  differs f rom the smooth-musc le  cell 
both in the shape and in the orientation of the nu- 
cleus (in smooth-musc le  cells the rod-shaped nu- 
cleus is perpendicular  t o t h e  long axis of the 
vessel) .  

The per icyte  charac te r i s t i ca l ly  possesses  
long cytoplasmic p rocesses  of complex shape, 
0.04-0.35 p in diameter ,  located perpendicular ly  
to the long axis of the capil lary,  and somet imes 
the p rocesses  contain thin fibrils [7, 12] a r ranged 

along its long axis and often c ross ing  f rom one p rocess  to another through the Cytoplasm of the perieyte;  
where these fibrils exist ,  no other  cell  components are  observed in the cytoplasm (Fig. 1A). lKost p ro -  
cesses ,  when passing through the noncellular component of the basal  layer,  approach the endothelial cells 
(Fig. 1B); the distance between the membranes  of the endothelial cell and per icyte  may reach 50-80 ~-. 

*The specimens were prepared  with the ass is tance  of S. S. Reshetnikov, and advice on their in te rpre ta -  
tion was given by A. A. Milokhin (I. P. Pavlov Institute of Physiology, Academy of Sciences of the USSR). 
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Fig .  2. S c h e m e  of  m o t o r  i n n e r v a t i o n  
of b lood  c a p i l l a r y  wal l :  NE) nuc leus  
of e n d o t h e l i a l  ce l l ;  NP) nuc leus  of  
p e r i c y t e ;  T) axon t e r m i n a l ;  A) axon; 
N) n e r v e  f i b e r .  R e m a i n d e r  of l egend  
as  in F ig .  1. 

Often the  convex  end of  the  p e r i c y t e  p r o c e s s  m e r g e s  with the 
s l i g h t l y  concave  s u r f a c e  of  an e n d o t h e l i a l  c e l l ,  f o r m i n g  a m a c -  
u l a  o c c l u d e n s .  In the  zone  of  fus ion ,  the m e m b r a n e s  of the two 
c e l l s  a r e  e q u a l l y  th ick  (70-80 /~). 

Contac t  be tw e e n  the s m o o t h - m u s c l e  and e n d o t h e l i a l  c e l l s  
in the a r t e r i o l e s  [16] d i f f e r s  f r o m  c on t a c t  be tw e e n  the p e r i c y t e  
and e n d o t h e l i a l  c e l l s  in  the  c a p i l l a r i e s :  w h e r e a s  in the  a r t e r -  
i o l e s  the p r o c e s s e s  of the  e n d o t h e l i a l  c e l l s  a p p r o a c h  s m o o t h -  
m u s c l e  c e l l s ,  in the  c a p i l l a r i e s  the  s i t u a t i o n  i s  the  o p p o s i t e :  
p r o c e s s e s  of the  p e r i c y t e  a p p r o a c h  the e n d o t h e l i a l  c e l l ,  and b e -  
c a u s e  of t h e i r  length  and g r e a t  n u m b e r ,  one p e r i c y t e  m a y  be  in 
con t a c t  not  with one ,  but  wi th  s e v e r a l  e n d o t h e l i a l  c e l l s .  The  
w r i t e r  has  c o n c l u s i v e l y  d e m o n s t r a t e d  tha t  each  e n d o t h e l i a l  
c e l l  f o r m s  a c on t a c t  wi th  the  p r o c e s s  of a p e r i c y t e .  In t o t a l  
h i s t o l o g i c a l  s e c t i o n s  t h rough  the ch i cken  s p i n a l  gang l ion ,  
t e r m i n a l s  a p p r o a c h i n g  the body  of a p e r i c y t e  w e r e  o b s e r v e d ,  
and the n e r v e  f i b e r s  f r o m  which  they  a r o s e  n e v e r  gave  b r a n c h e s  
into the connec t ive  t i s s u e ,  even  at  the  a r t e r i o l a r  l eve l ,  so tha t  
t h e s e  n e r v e  f i b e r s  can  be c l a s s e d  a s  e f f e c t o r  p r e t e r m i n a l s  [3-6].  

E l e c t r o n - m i c r o s c o p i c  i n v e s t i g a t i o n  of  the  c a p i l l a r y  wa l l  
r e v e a l e d  ova l  o r  c i r c u l a r  s t r u c t u r e s ,  r e s e m b l i n g  axons  on t r a n s -  
v e r s e  s e c t i o n ,  in the i m m e d i a t e  v i c i n i t y  of the c a p i l l a r y  and,  in  
p a r t i c u l a r ,  of the  p e r i c y t e .  In  add i t ion ,  c l o s e  c on t a c t  was  ob -  
s e r v e d  be tw e e n  the m e m b r a n e s  of the  p e r i c y t e s  and t e r m i n a l  
p a r t  of the axon {Fig~ 1C)~ W h e r e  such  c o n t a c t s  took p l a c e ,  the  
a c e l l u l a r  componen t  of the b a s a l  l a y e r  was  i n t e r r u p t e d .  Often 
i nvag ina t ion  of  s h a p e s  s u r r o u n d e d  by  an e l e m e n t a r y  m e m b r a n e  
into  the c y t o p l a s m  of  the  p e r i c y t e  cou ld  be  o b s e r v e d .  T h e s e  

s t r u c t u r e s  had the s a m e  e l e c t r o n - t r a n s l u c e n t  m a t r i x  of t h e i r  c y t o p l a s m  and s t r u c t u r e  of t h e i r  m i t o c h o n d r i a  
o 

as  an  axon,  and they  con ta ined  n u m e r o u s  v e s i c l e s  of  v a r i e d  d i a m e t e r  (200-800 A),  g r a n u l a r  a t  the  p e r i -  
p h e r y ,  and e i t h e r  e l e c t r o n - o p t i c a l l y  t r a n s l u c e n t  o r  wi th  a d e n s e  c e n t e r .  T h e s e  v e s i c l e s  w e r e  v e r y  s i m i l a r  
to s y n a p t i c  v e s i c l e s  in t h e i r  u l t r a s t r u c t u r e .  The d i s t a n c e  b e t w e e n  the  m e m b r a n e s  of  the  p e r i c y t e  and the 

o 

i n v a g i n a t e d  s h a p e s  d e s c r i b e d  above  was  100-240 A.  

On the b a s i s  of the a v a i l a b l e  f a c t s ,  the  fo l lowing s c h e m e  of the m o t o r  i n n e r v a t i o n  of  the b lood  c a p i l -  
l a r i e s  can be  p o s t u l a t e d  (F ig .  2). Endings  of s y m p a t h e t i c  n e r v e  axons ,  a p p r o a c h i n g  a p e r i c y t e ,  s u r r o u n d e d  
by the a c e l l u l a r  c o m p o n e n t  of the b a s a l  l a y e r ,  p e r f o r a t e d  and b e c o m e  i n v a g i n a t e d  into  the  body  of  the p e r i -  
c y t e ,  f o r m i n g  a s n y a p s e - l i k e  con t ac t  wi th  i t s  p l a s m a l e m m a ,  wi th  v e s i c l e s  in the p r e s y n a p t i c  a x o p l a s m  r e -  
s e m b l i n g  t y p i c a l  s y n a p t i c  v e s i c l e s ,  and s o m e t i m e s  with  s p e c i a l i z e d  p r e -  and  p o s t s y n a p t i c  t h i cken ings  of  
the  m e m b r a n e .  As  many  as  1 to 3 of  t h e s e  c o n t a c t s  m a y  be p r e s e n t  on the s a m e  p e r i c y t e .  T h e s e  s y n a p s e s  
can  be  c a l l e d  a x o - a n g i a l  ( a f t e r  D o l g o - S a b u r o v ) .  I t  is  c l e a r  f r o m  the u l t r a s t r u c t u r a l  p r o p e r t i e s  of th is  c o n -  
t a c t  tha t  con t ac t  b e t w e e n  the p e r i c y t e  and n e r v e  ending  i s  m o s t  l i ke ly  to be  tha t  of a c h e m i c a l  s y n a p s e  (as 
d e s c r i b e d  b y  de R o b e r t i s  e t  a l .  [18])o The d i s t a n c e  be tw e e n  the m e m b r a n e s  of  the  p e r i c y t e  and the ending  
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of  the axon is  about  200 A,  so tha t  i t  cannot  p r e v e n t  c h e m i c a l  t r a n s m i s s i o n  of  the  i m p u l s e  [17]. I t  c an  b e  
p o s t u l a t e d  tha t  i m p u l s e s  a r e  t r a n s f o r m e d  in the c y t o p l a s m  of  the  p e r i c y t e  (in s o m e  m a n n e r  a s  y e t  un -  
known),  and a r e  t r a n s m i t t e d  th rough  the p r o c e s s e s  of the p e r i c y t e  to an e n d o t h e l i a l  c e l l ,  p o s s i b l y  not w i t h -  
out the  p a r t i c i p a t i o n  of  the f i b r i l s  so  f r e q u e n t l y  o b s e r v e d  in the  c y t o p l a s m  of t h e s e  p r o c e s s e s .  A s p e c i a l  
r o l e  in  i m p u l s e  t r a n s m i s s i o n  m a y  b e l o n g  to the  m a c u l a e  o c c l u d e n t e s ,  wh ich  a r e  known to p o s s e s s  low 
r e s i s t a n c e  [12, 18]. The n e r v o u s  i m p u l s e ,  r e a c h i n g  the e n d o t h e l i a l  c e l l ,  d e p o l a r i z e s  i t s  p l a s m a l e m m a ,  thus  
f a c i l i t a t i n g  the l o s s  o r  a c c u m u l a t i o n  of f lu id  by  the c e l l ,  in a l l  p r o b a b i l i t y  by  p e n e t r a t i o n  th rough  the  m i c r o -  
p o r e s  in  the  p l a s m a l e m m a  [7, 8]. Swol len  e n d o t h e l i a l  c e l l s ,  c o m p l e t e l y  occ lud ing  the  l umen  of the  c a p i l -  
l a r y ,  could  be  o b s e r v e d  in  e l e c t r o n  m i c r o g r a p h s  and on i n t r a v i t a l  o b s e r v a t i o n  [10]. In v ivo ,  a few s e c o n d s  
a f t e r  s w e l l i n g  of  the  e n d o t h e l i a l  c e l l ,  i t  cou ld  be  s een  to c o l l a p s e .  Th i s  p e r i o d i c i t y ,  l e ad ing  in  the f i r s t  
c a s e  to c o n s t r i c t i o n  of  the  l umen  of the c a p i l l a r y ,  and in the  s e c o n d  c a s e  to i ts  open ing  for  the  m o v e m e n t  
of b lood ,  i s  p h y s i o l o g i c a l l y  j u s t i f i e d  and cannot  t ake  p l a c e  wi thout  the  p a r t i c i p a t i o n  of  the n e r v o u s  s y s t e m .  
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