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I t  was shown by  the K o e l l e - G o m o r i  h i s t o c h e m i c a l  me thod  tha t  a r t e r i e s  of the  p ia  m a t e r  in r a b b i t s ,  
c a t s ,  and r a t s  a r e  i n n e r v a t e d  by  n e r v e  f i b e r s  con ta in ing  s p e c i f i c  c h o l i n e s t e r a s e .  The  n u m b e r  of  bun d l e s  
of  n e r v e  f i b e r s  con ta in ing  the e n z y m e  was  counted  in the p e r i a r t e r i a l  p l e x u s e s  of  p i a l  v e s s e l s  of  d i f f e r e n t  
d i a m e t e r s ,  and the p a t t e r n  of t h e i r  d i s t r i b u t i o n  i s  d e s c r i b e d .  

The  p i a l  a r t e r i e s  a r e  the p r i n c i p a l  v a s c u l a r  m e c h a n i s m  for  m a i n t a i n i n g  an adequa t e  b lood  supp ly  
to the c e r e b r a l  c o r t e x .  When the m e t a b o l i c  r e q u i r e m e n t s  of the c o r t e x  a r e  i n c r e a s e d  (for  e x a m p l e ,  d u r i n g  
a m a r k e d  i n c r e a s e  in i t s  a c t i v i t y  o r  a f t e r  i n t e r r u p t i o n  of i ts  b lood  supp ly  fo r  a s h o r t  t ime)  the  p i a l  a r t e r i e s  
r e g u l a r l y  d i l a t e ,  w h e r e a s  the  s m a l l e r  a r t e r i e s  and a r t e r i o l e s  in the  c o r t e x  a c t u a l l y  c o n s t r i c t  s l i g h t l y  [5, 6]. 
T h e r e  is  p h y s i o l o g i c a l  e v i d e n c e  of the  e x i s t e n c e  of a n e r v o u s  m e c h a n i s m  of  func t iona l  d i l a t a t i o n  of  the p i a l  
a r t e r i e s  [4], but  no h u m o r a l  m e c h a n i s m  has  ye t  b e e n  d e m o n s t r a t e d  [8]. F r o m  th i s  po in t  of  v iew i t  was  i m -  
p o r t a n t  to s tudy  the c h o l i n e r g i c  n e r v e  s t r u c t u r e s  in the  w a l l s  of the  p i a l  a r t e r i e s  which  cou ld  p o s i b l e  p a r -  
t i c i p a t e  in the  m e c h a n i s m  of t h e i r  func t iona l  v a s o d i l a t a t i o n .  

The  o b j e c t  of the p r e s e n t  i n v e s t i g a t i o n  was  to e x a m i n e  the n e r v e  p l e x u s e s  in the w a l l s  of the  p i a l  
a r t e r i e s  for  c h o l i n e s t e r a s e  and to i n v e s t i g a t e  t h e s e  n e r v e  s t r u c t u r e s  in p i a l  a r t e r i e s  q u a n t i t a t i v e l y  in r e -  
l a t ion  to l o c a t i o n  and c a l i b e r .  

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

The  m a i n  i n v e s t i g a t i o n s  w e r e  c a r r i e d  out on 15 adu l t  r a b b i t s .  F o r  c o m p a r i s o n  the p i a l  a r t e r i e s  
w e r e  s t ud i ed  in ca t s  (5 an ima l s )  and the m e s e n t e r i c  and p ia l  a r t e r i e s  in a lb ino  r a t s  (5 a n i m a l s ) .  T r u e  
( spec i f ic )  and n o n s p e c i f i c  c h o l i n e s t e r a s e  w e r e  d e m o n s t r a t e d  in the  n e r v e  s t r u c t u r e s  of the a r t e r i a l  wa l l s  
(of the b a s i l a r  and m i d d l e  and p o s t e r i o r  c e r e b r a l  s y s t e m s ) ,  m a i n l y  in to ta l  p r e p a r a t i o n s  of the  p i a .  The  
Koe l l e  h i s t o c h e m i c a l  me thod  as  m o d i f i e d  by  G o m o r i  was  used .  Con t ro l  e x p e r i m e n t s  w e r e  p e r f o r m e d  with  
b u t y r y l t h i o c h o l i n e  iod ide  and DEP [14]. To d e m o n s t r a t e  the g loba l  p a t t e r n  of i n n e r v a t i o n  of the p ia  and to 
c o m p a r e  i t  with the  h i s t o c h e m i c a l  da ta ,  the s a m e  v a s c u l a r  r e g i o n s  w e r e  s t a i n e d  with  m e t h y l e n e  b lue  by  
S h a b a d a s h ' s  me thod  [15]. 

The  n u m b e r  of  n e r v e  s t r u c t u r e s  of the p i a l  a r t e r i e s  in the h i s t o c h e m i c a l  p r e p a r a t i o n s  of the  r a b b i t  
p ia  was  coun ted  e v e r y  0.5 m m  along the a r t e r i e s .  In each  p r e p a r a t i o n  a l l  b r a n c h e s  of the  p i a l  a r t e r i e s  w e r e  
i n v e s t i g a t e d  excep t  when the  v e s s e l s  w e r e  w r i n k l e d .  The  n u m b e r  of long i tud ina l  and t r a n s v e r s e  bund l e s  
o f  n e r v e  f i b e r s  was  coun ted  in the  p e r i a r t e r i a l  p l e x u s e s .  Bund le s  of f i b e r s  w e r e  r e g a r d e d  as  long i tud ina l  
i f  they  i n t e r s e c t e d  the c r o s s  s e c t i o n  of the p i a l  a r t e r i e s  a t  an ang le  of b e t w e e n  0 and 45 ~ to t h e i r  a x i s ,  and 
t r a n s v e r s e  if  they  d id  so (of ten as  s e g m e n t s  not l e s s  than 20 # in length) a t  an ang le  of b e t w e e n  45 and 90 ~ 
to the ax i s .  F o r  s t a t i s t i c a l  a n a l y s i s  the i n v e s t i g a t e d  a r t e r i e s  w e r e  d iv ide d  into g roups  depend ing  on t h e i r  
d i a m e t e r :  400-700 ,  250-400,  150-250,  100-150,  60-100,  and 30-60 ~ (the d i a m e t e r  was  m e a s u r e d  by  an 
o c u l a r  m i c r o m e t e r ) .  Th i s  me thod  was  u sed  to i n v e s t i g a t e  m o r e  than 300 s e g m e n t s  of p i a l  a r t e r i e s  of d i f -  
f e r en t  c a l i b e r .  
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F i g .  1. N e r v o u s  p l exus  con ta in ing  a c t i v e  a c e t y l e h o l i n e s t e r a s e  in the  
w a l l s  of  the  p i a l  a r t e r i e s ,  a) P o s t e r i o r  c e r e b r a l  a r t e r y  o f  a r a b b i t  
600 # in d i a m e t e r  (100 x ) ;  b) m i d d l e  c e r e b r a l  a r t e r y  of  a r a b b i t  200 
tt in d i a m e t e r  ( 100x ) ;  c) p o s t e r i o r  c e r e b r a l  a r t e r y  of a r a t  400 t~ in 
d i a m e t e r  (70 x)  ; d) m e s e n t e r i c  a r t e r y  of  a r a t  200 ~ in d i a m e t e r  
f r o m  the  s a m e  e x p e r i m e n t  a s  (c): the p e r i a r t e r i a l  p l exus  does  not  
con t a in  a c t i v e  a c e t y l c h o l i n e s t e r a s e ,  which  i s  found only  in b r a n c h e s  
of  the  m e s e n t e r i c  n e r v e s  runn ing  at  the p e r i p h e r y  of  the  v e s s e l  ( 7 0 x ) .  

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

The  p i a l  a r t e r i e s  of  r a b b i t s ,  c a t s ,  and r a t s  a r e  i n n e r v a t e d  by  n e r v e  f i b e r s  p o s s e s s i n g  a l a r g e  
amoun t  of a c t i v e  s p e c i f i c  c h o l i n e s t e r a s e .  No nonspec i f i c  c h o l i n e s t e r a s e  cou ld  be  d e t e c t e d  in  t h e s e  n e r v e  
f i b e r s .  

Along  the c o u r s e  of the  m a i n  t r unks  of  the  b a s i l a r  and  p o s t e r i o r  and m i d d l e  c e r e b r a l  a r t e r i e s  two 
p l e x u s e s  w e r e  d e t e c t e d :  s u p e r f i c i a l  and d e e p .  The  m a i n  t r u n k s  of n o n m e d u l l a t e d  n e r v e  f i b e r s  con ta in ing  
a c t i v e  e n z y m e  r a n  in the s u p e r f i c i a l  l a y e r s  of  the  a d v e n t i t i a  a long the v e s s e l  wa l l .  Among  them s o l i t a r y  
m e d u l l a t e d  s e n s o r y  f i b e r s  not  p o s s e s s i n g  a c t i v e  e n z y m e  can  b e  s e e n .  The  m a i n  t r u n k s  g ive  off t h i n n e r  
bund l e s  of  n e r v e  f i b e r s  which  f o r m  a p e r i a r t e r i a l  p l e x u s .  At  the  po in t  of  d i v i s i o n  of  the  b a s i l a r  a r t e r y  
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Fig. 2. Relative numbers of 
longitudinal (1) and t ransverse 
(II) bundles of nerve f ibers 
containing aee ty lchol ines ter -  
ase in the walls of the pial 
a r t e r i e s  of different cal iber  
(branches of the middle and 
pos te r ior  ce rebra l  ar ter ies)  
of the rabbit (ari thmetical  
mean values and their  mean 
e r r o r s  a re  given). Abscissa ,  
cal iber  of a r te r ies  (in it) ; 
ordinate, number of bundles. 

into the ce rebra l  a r te r ies ,  collections of neurons evidently of p a r a -  
sympathetic nature,  r ich in active enzyme, are  found in the pia. The 
axons of these neurons part icipate in the formation of vascular  plexuses.  

Bundles of nerve f ibers of the superficial  adventitial plexus 
break up into thinner trunks and separate  f ibers,  which penetrate into 
the depth of the adventitia and form a deep plexus at the border  with the 
muscular  coat of the a r te ry .  The part icipat ion of these nerve  s t ruc tures  
in the innervation of the muscular  coat of the vessels  could not be de-  
monst ra ted  histochemical ly.  However, in preparat ions  stained with 
methylene blue the spread of very thin nerve fibrils of the terminal  
plexus among the muscle cells of the superficial  layer  of the media 
could be seen. In the adventitia of the a r t e r i e s  of large cal iber  (400- 
700 #) the network of nerve f ibers was especial ly dense (Fig. 1, a). 
With a decrease  in cal iber  of the pial vessels  (400-200 tt or less) the 
number of nerve elements in the pe r ia r t e r i a l  Plexus gradually decreases  
(Fig. 1, b). 

Counts of the number of nerve fibers exhibiting active ace ty l -  
chol ines terase  in different segments of the pial a r te r ies  of rabbits 
showed that they are  more  numerous in the pe r ia r t e r i a l  nerve plexus 
of the bas i la r  a r t e ry  than in the corresponding plexus of the middle 
and pos te r ior  ce rebra l  a r te r ies .  The later  plexuses have about equal 
numbers  of nerve s t ruc tures  innervating them. Analysis of the p r e -  
parat ions showed that a r t e r ies  of large d iameter  (over 100 #) contain 
both longitudinal and t r ansver se  bundles of nerve f i be r s .  As the cal iber  
of the vessel  dec reases ,  the number  of t r ansver se  fibers falls faster  

than the number of longitudinal, and as a resul t  the very small  pial a r t e r ies  (less than 100 it) contain mainly 
longitudinal bundles of nerve  fibers (Fig. 2). This ratio between the number of nerve s t ruc tures  of the p e r -  
ia r ter ia l  plexus and the diameter  of the vessel  is easily explained by the fact that with a decrease  in the 
diameter  of the a r te r ies  the number of muscle cells in their  wall decreases  correspondingly.  

Nerve fibers in the region of the walls of the pial a r te r ies  have been found by many histologists  [1, 
2, 16]. More recent ly  it has been shown that numerous nerve  plexuses containing noradrenalin,  i.e., ad-  
renergic  in charac te r ,  are present  in this region [9], while the present  investigation demonstra ted the p r e -  
sence of nerve fibers containing active acetylchol inesterase  (evidently cholinergic in charac ter ) .  F rom the 
standpoint of the functional significance of these adrenergic  and cholinergic nerve s t ruc tures  their numer i -  
cal ratio is important.  Considerably fewer adrenergic  f ibers are contained in the walls of the pial a r te r ies  
than in the a r t e r i e s  of other par ts  of the body, for example of the mesentery  [10, 11]. This corresponds  to 
physiological data: sympathetic control  over the pial a r te r ies  is comparat ively  weak [1, 13], while over  the 
mesenter ic  a r t e r i e s  it is welt marked [12]. So far as nerve fibers containing acetylchol ines terase  are  con-  
cerned,  under the same experimental  conditions (on the same animals,  with identical t imes of incubation, 
in the same substrate),  highly active acetylchol ines terase  was found in the per ivascu la r  plexus of the pial 
vesse ls  (Fig. 1, c) but not in the nerve s t ruc tures  in the walls of the mesenter ic  a r te r ies  (Fig. 1, d). All 
these facts cor respond to the principles governing the functional behavior  of the pial a r te r ies :  vasodi la ta-  
tion is their typical react ion under various physiological and pathological conditions and constr ict ion is ob-  
served more  r a re ly  [7]. 

The relat ive abundance of cholinergic nerve f ibers in the walls of the pial a r t e r ies  is a new fact 
giving evidence of a nervous mechanism of the functional vasodilation of these vesse ls ,  as some ear l ie r  
experiments have indicated [3, 4]. 
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