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REGIONAL DIFFERENCES IN THE NORADRENERGIC 

AND CHOLINERGIC INNERVATION OF THE PIAL 

ARTERIES OF THE BRAIN 

A.  V .  S a k h a r o v a  UDC 611.133.33 : 611.839 

Cons iderable  regional  d i f ferences  in the noradrene rg tc  innervat ion of the pial  a r t e r i e s  of ra t s  
were  found h is tochemiea l ly  (by the condensation reac t ion  with glyoxal).  The distal  por t ions  of 
the a r t e r i e s  (a r te r ia l  border ing  zones) were  not innervated or  were  much less  r ichly  innerva ted  
then the p rox ima l  por t ions  (the zones of supply of the individual vesse l s ) .  F ibers  detected by 
the reac t ion  for  aee ty leho l ines te rase  were  m o r e  uniformly dis tr ibuted.  It is suggested that in- 
suff ic iency of the noradrene rg ic  i r m e r v a t i o n m a y b e  one fac tor  respons ib le  for  the lower  r e s i s t ance  
of ves se l s  of the a r t e r i a l  border ing  zones to an acute r i s e  of a r t e r i a l  p r e s s u r e .  

KEY WORDS: pial  a r t e r i e s ;  a r t e r i a l  border ing  zones; no rad rene rg tc  tnnervat ion.  

Exper iments  on animals  showed that during an acute r i s e  of a r t e r i a l  p r e s s u r e  compensa to ry  cons t r ic t ion  
of the ptal a r t e r i e s  does not a r i s e  eve rywhere -  Some a r t e r i e s  a re  pas s ive ly  dilated and show signs of fa i lure  
of the r e sponse  of autoregulat ion of the c e r e b r a l  blood flow. According to data obtained by Gannushkina and 
Shafranova [9], fa i lure  of the r e sponse  of autoregulat ion of the c e r e b r a l  blood flow followed by damage to the 
b l o o d - b r a i n b a r r i e r  (BBB) and the bra in  substance ,  takes  place  chiefly and p re fe ren t i a l ly  in zones of anas tomo-  
sis  between distal  branches  of the main  a r t e r i e s  of the brain ,  which are  known as a r t e r i a l  border ing  zones [2]. 
The hypothetical  s i tes  for  these pathological  reac t ions  a r e  ves se l s  running a s t ra ight  course ,  vesse l s  b ranch-  
ing off at an acute angle, and end- to-end  anas tomoses  [8]. To explain this uneven r e sponse  the hypothesis  of 
the role  of the "geome t ry"  of the a r t e r i e s ,  which may  de te rmine  the hemodynamics  and so affect  the in t r a -  
vascu la r  p r e s s u r e  [1], has been suggested.  Other conditions being the same ,  this may  probabiy  be the leading 
fac tor .  But a re  other  conditions the s a m e ?  In pa r t i cu la r ,  is there  no difference in the [nnervat ion of those 
por t ions  of the a r t e r i a l  s y s t e m  which di f fer  ~n the i r  r e sponses  ? Publieat ions in which regionaI  d i f ferences  
in the ad rene rg ic  innervat ton of the pial and i n t r a c e r e b r a I  vesse l s  a re  descr ibed  [4, 7, 12] do not give the an-  
swer  to this question. 

In this invest igat ion the innervat ton of a r t e r i e s  was compared  in those pa r t s  of the vascu l a r  s y s t e m  in 
which a normal  au toregula tory  r e sponse  p redomina tes  and in those pa r t s  where  the response  of autoregulat ion 
of the c e r e b r a l  btood flow is dis turbed,  i .e . ,  in a r t e r i a l  border ing  zones.  Sys tems of nerve  f ibers  revealed  
by staining for  ea techolamtnes  and for  ace ty l cho l ines t e ra se  (ACHE) were  studied. 

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

The innervat ion of the pial a r t e r i e s  was studied in two-dimensional  p repa ra t ions  of the pia m a t e r  taken 
f r o m  20 noninbred albino r a t s .  Biogenic amines  were  detected by the condensation reac t ion  with glyoxal [13] 
in the w r i t e r ' s  modif icat ion for  membranous  t i s sue .  The ra t  bra in  was per fused  through the left  vent r ic le  with 
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Fig. 1..Innervation of pial vessels of a rat. A-F) reaction for cateeholamines and serotonin; 
G-I) reaction for ACHE. A) proximal branches of middle cerebral artery close to circle of 
Willis. Diameter about ]5, 40, and50 ~. Objective 10, ocular homal 3; B) two second-order 
branches about 20 and25#, leaving circle of Willis. Objective 40, ocular 3; C) artery about 
20-30 ~ in d iameter  f rom bordering zone supplied by anter ior  and middle ce rebra l  a r te r ies .  
Objective 10, ocular  homaI 3; D) distal par t  of vessel  f rom t e r r i t o r y  of m[ddle ce rebra l  
a r te ry ,  sol i tary  noradrenergie  f ibers .  Objective 40, ocular  homal 3; E) serotonin-conta in-  
[ng mast  cells in wall of vesse l  f rom ar te r ia l  bordering zone (arrow). Objective 40, ocular  
homal 3; F) two ar te r ia l  branches about 25 ~ in diameter  with anastomosis  20 ~ in diameter  in 
a r te r ia l  bordering zone. Objective 40, ocular  homal 3; G) proximal  portions of middle c e r e -  
bral  a r t e ry .  Objective 10, ocular  10; H) veins with nerve fibers and in t ramural  nerve cells 
(arrow). Objective 20, ocular  10; I) vessel  about 20 p in diameter  f rom ar ter ia l  border ing zone. 
Objective 40, ocular  10. 
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the incubation solut ion for  the h i s toehemica l  r eac t ion  in o r d e r  to prevent  d i sp l acemen t  of the biogenic  amines ,  
and to produce  f ixat ion of the b ra in  t i s sue ,  t he reby  fac i l i t a t ing  r e m ova l  of  the pial  membrane .  Af ter  r emova l  
of the bra in ,  a r e a s  of the pia  were  s e p a r a t e d  f rom the t e r r i t o r y  of supply of individual  a r t e r i e s  and f rom a r -  

t e r i a l  bo rde r ing  zones ,  i m m e r s e d  in incubat ion solut ion for  2-3 min,  s t ra igh tened  out on s l ides ,  d r ied  in a je t  
of w a r m  a i r  for  15-20 rain, heated in a t h e r m o s t a t  at 80~ for  10-15 rain, mounted in m i n e r a l  oil,  and again  

heated for  15 rain.  The p r e p a r a t i o n s  were  s tudied in the luminescence  m i c r o s c o p e  with a s tandard  se t  of f i l t e r s .  
AChE was detected by the r eac t ion  of Karnovsky and Roots [10]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S i O N  

Norad rene rg i c  nerve  f ibers  fo rmed  dense p lexuses  on the v e s s e l s  at the base  of the b ra in  and t h e i r  main  
b ranches  supplying the b ra in  (Fig. !A, B). With i nc rea s ing  d i s tance  f rom the c i r c l e  of Wil l i s  the in tens i ty  of 
innervat ion  g radua l ly  d iminished,  and in the mos t  d i s t a l  pa r t s  only one or  two f ibe r s  ,2ould be seen  in each, and 
in a r t e r i a l  bo rde r ing  zones nerve  f ibe r s  of this chemica l  type were  to ta l ly  absent  (Fig.  1C, E, F). Nerve 
f ibe r s  or  p lexuses  accompanied  v e s s e l s  lying both on the b ra in  su r face  and in i ts  pa renchyma .  Compar i son  
of blood v e s s e l s  of d i f ferent  d i a m e t e r s  lying in a r t e r i a l  bo rde r ing  zones and in the t e r r i t o r i e s  suppl ied by the 
main a r t e r i e s  of the b ra in  r evea led  sharp  d i f fe rences  in t he i r  n o r a d r e n e r g i c  innervat ion:  in tens ive  innervat ion  
of blood v e s s e l s  in the t e r r i t o r y  suppl ied by the main  a r t e r i e s  (Fig. 1A, C, D) and no innerva t ion  in the a r t e r i a l  
bo rde r ing  zone (Fig. 1C, E, F). Veins in the p r o x i m a l  pa r t  were  s p a r s e l y  innervated,  and in a r t e r i a l  b o r d e r -  
tug zones they were  comple te ly  uninnervated ,  although se ro ton in -con ta in ing  mas t  ce l l s  were  most  f requent ly  
p r e s e n t  on them (Fig. 1E). 

F i b e r s  giving a r eac t ion  for  ACHE, l ike n o r a d r e n e r g i c  nerve  f i be r s ,  fo rmed  p lexuses  cons is t ing  of s ix  
bundles on the main  a r t e r i e s  of the bra in .  As the v e s s e l s  branched the bundles broke up and some f ibe r s  f rom 
the t h i cke r  bundles  could be t r aced  along v e s s e l s  of subsequent  o r d e r s .  This pa t t e rn  was r epea t ed  m a n y t i m e s ,  
and a r t e r i e s  mos t  d i s tan t  f rom the sou rces  contained one or  two f i be r s .  On v e s s e l s  located in a r t e r i a l  b o r d e r -  
ing zones innervat ion  a lso  was p re sen t ,  for  s ingle  f ibe r s  or  thin p lexuses  of f ibe r s  were  found along both a r -  
t e r i a l  and venous b ranches ,  and a lso  on a n a s t o m o s e s  connecting branches  of a r t e r i e s  of d i f fe ren t  t e r r i t o r i e s ,  
and on a r t e r i a l  and venous b ranches  of the s m a l l e s t  c a l i b e r  (Fig. 1G, H, I). 

This  inves t iga t ion  r evea led  cons ide rab l e  d i f f e rences  in the in tens i ty  of the n o r a d r e n e r g i c  innervat ion  of 
the p rox ima l  and d i s t a l  por t ions  of the pial  a r t e r i e s .  The in tens i ty  of innerva t ion  was found to depend not so 
much on the d i a m e t e r  of the vesse l ,  as was h i ther to  cons ide red ,  as  on i ts  r e m o t e n e s s  f rom the c i r c l e  of Wi l l i s .  
The a r t e r i a l  neighbor ing zones - the mos t  d i s t a l  por t ions  of each of the main a r t e r i e s  of the b ra in  - had the 
s can t i e s t  n o r a d r e n e r g i e  innervat ion .  The quest ion posed at  the beginning of this paper ,  namely  whether  o ther  
condit ions a r e  the same,  can thus be answered  by saying that  using the n o r a d r e n e r g i c  innervat ion  as a sign, 
the condit ions a r e  not the same  in the s ca l e  of the a r t e r i a l  s y s t e m  of the whole su r face  of the brain,  whereas  
d i f ferent  a r e a s  within a r t e r i a l  bo rde r ing  zones a r e  under  r e l a t i v e l y  ident ica l  condi t ions .  

F i b e r s  giving a r eac t ion  for  AChE were  found on v e s s e l s  in a r t e r i a l  bo rde r ing  zones and on the p r o x i m a l  
por t ion  of v e s s e l s .  

The n o r a d r e n e r g i c  and cho l tne rg ie  innerva t ion  is the s o u r e r  of opposi te  (cons t r i c to r  and di la tor)  influ- 
ences on the tone of the m u s c u l a r  wall  of the b ra in  a r t e r i e s  [6, 11]. C o n s t r i c t o r  r e s p o n s e s  to an acute r i s e  in 
a r t e r i a l  p r e s s u r e  a r e  a imed  at  s tab i l i z ing  the c e r e b r a l  blood flow and mainta ining the in tegr i ty  of the vesse l  
wal l .  The fact  that f a i lu re  of the r e s p o n s e  of au toregula t ion  and damage to the BBB takes  p lace  p r i m a r i l y  in 
a r t e r i a l  bo rde r ing  zones in r e sponse  to an acute r i s e  of a r t e r i a l  p r e s s u r e  can be explained by the absence or  
def ic iency  of the loca l  source  of v a s o c o n s t r i c t o r  subs tance  (noradrenal in) ,  which is p r e s e n t  on a r t e r i e s  of 
s i m i l a r  d i a m e t e r  in the p rox ima l  por t ions .  The def ic iency of the no r a d r e ne r g i  c innervat ion  of the a r t e r i e s  
in a r t e r i a l  bo rde r ing  zones can thus be r e g a r d e d  as  an addi t ional  fac tor ,  bes ides  the hemodynamie  fac tor ,  
r e spons ib l e  for  the lower  r e s i s t a n c e  of the ve s se l  wall  to an i n c r e a s e  in i n t r a v a s c u l a r  p r e s s u r e .  

The p r e s e n c e  of a chol inerg tc  tnnervat ion in the a r t e r i a l  bo rde r ing  zone evident ly  does not ensure  more  
favorable  condit ions when the a r t e r i a l  p r e s s u r e  fa l l s ,  for  in r e sponse  to a fal l  in a r t e r i a l  p r e s s u r e  fa i lu re  of 
the r e s p o n s e  of au toregula t ion  and damage to the BBB a l so  a r i s e  in the a r t e r i a l  bo rde r ing  zone [1]. in th is  
ease  the pathologica l  r eac t ion  can be explained on the ground that  ace ty lcho l ine  ac ts  as a vasod i l a to r  only in 
the p r e s e n c e  of adequate  tone of the smooth musc les  of the v e s s e l s  [14], which is act  the ease  when the p r e s -  
su re  f a l l s .  

The n o r a d r e n e r g i c  and cho l ine rg ie  innerva t ion  is only p a r t  of the chemica l ly  spec i f ic  innervat ion  s y s -  
tem pa r t i c ipa t ing  in the fo rmat ion  of v a s c u l a r  tone known at  the p r e s e n t  t ime [3], and a fu r the r  study of r e -  
gional  d i f fe rences  in the innervat ion  of the c e r e b r a l  v e s s e l s  must  include the i r  h i s toehemica l  ident i f ica t ion.  
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U L T R A S T R U C T U R A L  A N D  F U N C T I O N A L  C H A N G E S  I N  R A T  

B R A I N  S Y N A P T O S O M E S  D U R I N G  E L E C T R I C A L  

S T I M U L A T I O N  I N  V I T R O  

V.  I .  R o d i n a ,  L .  K .  S a l a t a ,  
V .  V .  R o z h a n e t s ,  O .  M. P o z d n y a k o v ,  
a n d  R .  N. G l e b o v  

UDC 612.823.5.014.424 

E lec t r i ca l  s t imulat ion of a suspens ion of r a t  b ra in  synaptosomes  leads to s ignif icant  Ca +§ 
dependent l ibera t ion  of endogenous noradrena l in  and to a Ca++-dependent i nc rease  in its con- 
cent ra t ion  in the synap tosomes  themse lves .  Cyclic nucleotide phosphodies te rase  act ivi ty  is 
lowered s ignif icant ly  under these same  conditions.  No dis turbance of synaptosomal  u l t r a s t ruc -  
ture  is found during s t imulat ion.  An inc rease  in the number  of e l ec t ron -dense  synaptosomes  
is observed .  

KEY WORDS: u l t r a s t r u e t u r e  of synap tosomes ;  e lec t r i ca l  s t imulat ion;  sec re t ion  of no rad ren -  
alin; phosphod ies te rase .  

Synaptosomes  (isolated nerve  endings), i sola ted f r o m  different  pa r t s  of the CNS of animals ,  a re  con- 
venient  objects  for  the neurochemica l  study of synaptic  p r o c e s s e s .  During depolar iz ing p rocedu re s  in vi t ro - 
e l ec t r i ca l  s t imula t ion  (ES), an i nc rea se  in the K + concentrat ion,  addition of ve ra t r i ne  and ouabain - b iochemi-  
cal changes assoc ia ted  with the Ca++-dependent  l ibera t ion  of n e u r o t r a n s m i t t e r s  contained in the synaptosomes  
take place  [1, 6]. 

The objeet  of this invest igat ion was to study the effect  of ES of a suspension of synap tosomes  on the i r  
u l t r a s t r u c t u r e  and a lso  on functional indices such as the ra te  of Ca++-dependent l ibera t ion  of noradrenal in  
(NA) and cycl ic  nucleotide phosphod ies te rase  (PDE) act ivi ty .  

EXPERIMENTAL METHOD 

Synaptosomes were  isolated f r o m  ra t  b ra in  without the ce r ebe l l um by the method descr ibed  prev ious ly  
[3]. Af ter  sedimenta t ion  in modified K r e b s - R i n g e r  solution (104 mM NaC1, 5 mM KC1, 1.2 mM CaC12, 1.3 mM 
MgC12, 1.2 mM NaH2PO4, 10 mM glucose,  20 mM Tr is -HC1 buffer,  pH 7.6, at  37~ the synaptosomes  were  
suspended in a f r e sh  por t ion  of the s a m e  solution (1-3 mg p r o t e i n / m l  and pre incubated  (15 min, 37~ with 
agi tat ion by means  of a magnet ic  s t i r r e r .  P a r t o f  the suspens ion was left  under  the s ame  conditions during 
ES (control), the r e s t  was subjected to ES by means  of pla t inum ring e lec t rodes  at 37~ and with constant  
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