
PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 

FUNCTIONAL STATE OF THE PRECORTICAL ARTERIES 

IN EXPERIMENTAL HYPO- AND HYPERTENSION 

G. I. Mchedlishvili and D~ G. Baramidze UDC616.12-008.331.I+616.12-008~ 
331.4/- 092.9- 07:616 .I 33.33- 072.7 

Microscopic investigations of intravitally fixed intermediate vascular segments between the 
the pial arteries and the radial arteries of the cerebral cortex (the preeortieal arteries) in 
arterial hypertension produced by slow intravenous injection of noradrenalin into rabbits 
revealed marked constriction of these arteries and corresponding changes in the nuclei of 
the smooth-muscle cells in their walls. In arterial hypotension resulting from bleeding 
from the major arteries, no significant changes were found in the diameter of the lumen of 
the precortical arteries. 

New methods of investigation developed in the last decade have enabled differences in the functional 
behavior (under different conditions) of the major arteries and the pial and cortical arteries to be detected 
[3]. The possible existence of other vascular mechanisms controlling the cerebral blood supply has been 
demonstrated morphologically. In cadaver material, for example, thickening of the muscular layer and 
changes in the innervation have been found in the region where the pial arteries are continuous with the 
radial arteries. These transitional regions are called the precortieal arteries [2, 8, 9]. However, be- 
cause of the absence of suitable techniques, the functional behavior of these vessels under different condi- 
tions has not yet been studied. 

The object of the investigation described below was to determine, by experiments on animals, the 
functional state of the precortical arteries during arterial hypertension produced by slow intravenous in- 
fusion of noradrenalin, and hypotension caused by bleeding. 

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

In experiments  on 19 rabbits  the ce rebra l  vesse ls  were studied microscopica l ly  after intravital fixa- 
tion at the required moment .  For this purpose the vascular  sys tem of the brain was perfused under stan- 
dard conditions through the internal carot id a r t e ry  with fixing fluid of the following composit ion:  6% forma-  
lin solution made up in a mixture of equal par ts  of 0.85% NaC1 solution and 96 ~ ethyl alcohol. 

Tracheotomy was per formed under procaine anesthesia and the common carotid a r t e r i e s  mobilized 
bi la teral ly .  On the right, after  ligation of all b ranches  (except the internal carotid), a catheter  was in- 
ser ted in the cranial  direction for injecting the fixing fluid, and another catheter  in the thoracic  direction 
for recording  the ar te r ia l  p ressu re  and for removing blood at the end of the experiment .  A thick silk thread 
was introduced beneath the left common carotid a r t e ry  to occlude the a r te ry  during perfusion of the brain.  
A catheter was introduced into the external 3ugular vein for the injection of drugs. The skull was trephined 
in the parietal region for direct observation on the pial arteries under a binocular microscope during the 
experiment. Heparin (2000 units/kg body weight) was injected intravenously after the operation. 
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T A B L E  1. Changes  in D i a m e t e r  (in g) of  P r e e o r t i c a l  A r t e r i e s  of  a 
Rabb i t  du r ing  H y p e r t e n s i o n  and Hypo tens ion  (M • m) 

Caliber of precortical arteries 
more than 25 p under 25 p 

State externaI diameter internal diameter external diameter ~ internal diameter 

initial ] active initial active initial active 
portion [ portion portion portion portion portion i 

Control 22-+ 1,7 I8+- 1,9 14• 1,3 10• 1,5 

Hyper - 
tension 
Hypg- 
tension 

35• 2,4 3i+-2,4 

34• 2,3 20• 2,91 

38---2,8 30-+2,6 

initial active 
portion portion 

28+__ 2,2 24--- 2,4 

26• 2,1 11• 

29_+3,0 21_+2,8 

24----- 1,4 17-- + 1,4 15• 1,3 

22+-- 1,3 20--- 1,5 14• 1,5 

5----- 1,91 

11• 1,5 

* P < 0.001.  

i|JJ J ~ J ~ / J ~ )  J ~ ~ J JJ .PA 

~ CC 

J J I J ~ J / J l ] ) ]  

Fig .  1. T y p e s  of p r e c o r t i c a l  
a r t e r i e s ,  i . e . ,  r e g i o n s  of 
t r a n s i t i o n  of p i a l  a r t e r i e s  
(PA) into r a d i a l ,  e n t e r i n g  the 
c e r e b r a l  c o r t e x  (CC), and 
c h a r a c t e r  of a r r a n g e m e n t  of  
s m o o t h - m u s c l e  c e l l s  in t h e i r  
w a l l s .  

The a n i m a l  d i ed  i m m e d i a t e l y  a f t e r  the i n j ec t ion  of f ix ing f lu id .  
The b r a i n  was  i m m e r s e d  for  24 h in the s a m e  f lu id  wi thout  a l coho l .  Next ,  
u n d e r  the b i n o c u l a r  m i c r o s c o p e ,  the pin  m a t e r  con ta in ing  a l l  the b r a n c h e s  
of the p i a l  a r t e r i e s ,  t h e i r  r e g i o n s  of t r a n s i t i o n  to the r a d i a l  a r t e r i e s ,  
and the i n i t i a l  p o r t i o n s  of  the r a d i a l  a r t e r i e s  m e a s u r i n g  100-150 p,  was  
c a r e f u l l y  r e m o v e d .  These  to ta l  p r e p a r a t i o n s  w e r e  e x a m i n e d  u n d e r  the  
m i c r o s c o p e  e i t h e r  u n s t a i n e d  o r  a f t e r  s t a i n i n g  with  h e m a t o x y l i n  and e o s i n  
by  Van G i e s o n ' s  m e t h o d .  

The fo l lowing  p a r a m e t e r s  of the p r e c o r t i c a l  a r t e r i e s  w e r e  d e t e r -  
m i n e d  with  an o c u l a r  m i c r o m e t e r :  a) the  t o t a l  l eng th  of the  v e s s e l s  f r o m  
the po in t  of  t h e i r  b r a n c h i n g  f r o m  the p i a l  a r t e r i e s  to t h e i r  e n t r a n c e  into 
the b r a i n  (where  t h e r e  i s  a c h a r a c t e r i s t i c  t h i cken ing  of the a d v e n t i t i a  a t  
the p l ace  w h e r e  i t  m e r g e s  with the p i a  m a t e r ) ;  b) the c a l i b e r  of the v e s -  
s e l s ,  i . e . ,  the e x t e r n a l  d i a m e t e r  of t h e i r  i n i t i a l  p o r t i o n  [4]; c) the  e x -  
t e r n a l  d i a m e t e r  and t h i c k n e s s  of the wa l l  and the d i a m e t e r  of the l u m e n  
of d i f f e r e n t  p a r t s  of the v e s s e l ;  d) the length  and d i a m e t e r  of  the nuc le i  
of the s m o o t h - m u s c l e  c e l l s  in the v e s s e l  w a l l s .  

The 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  u n d e r  the fo l lowing c o n d i t i o n s :  
1) c o n t r o l :  the b r a i n  v e s s e l s  w e r e  f ixed  a f t e r  a s t a n d a r d  o p e r a t i o n  (e i the r  
i n t r a v i t a l l y  o r  pos t  m o r t e m ) ,  but  wi thout  any a dd i t i ona l  f o r m  of t r e a t -  
ment ;  2) h y p e r t e n s i o n :  du r ing  e l e v a t i o n  of the a r t e r i a l  p r e s s u r e  on the 
a v e r a g e  by  50-70 m m  for  7-10 ra in  fo l lowing con t inuous  i n t r a v e n o u s  in-  
fus ion  of n o r a d r e n a l i n  (1 • 10 -5) so lu t ion ;  3) h y p o t e n s i o n :  l o w e r i n g  of the 
s y s t e m a t ! c  a r t e r i a l  p r e s s u r e  on the a v e r a g e  to 35 m m  Hg for  15-20 rain 
fo l lowing the r e m o v a l  of b lood  into the r e s e r v o i r  of the c o m p e n s a t o r  [3]. 

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

T h r e e  t y p e s  of r e g i o n s  of t r a n s i t i o n  of the p i a l  a r t e r i e s  into r a d i a l ,  i . e . ,  of p r e c o r t i c a l  a r t e r i e s  w e r e  
d i s t i n g u i s h e d  (Fig .  1). Among the 189 v e s s e l s  i n v e s t i g a t e d ,  type  I was  found in 89%, type  II in 7%, and type  
III  in 4% of  c a s e s .  The p r e c o r t i c a l  a r t e r i e s  b r a n c h e d  f r o m  p ia l  a r t e r i e s ,  whose  e x t e r n a l  d i a m e t e r  in the  
c a s e  of type  I w a s  75• 6 /~,type II 78:L 6.7/~,  and type  III  29~  5.4/~ ( a r i t h m e t i c  m e a n  v a l u e s  and conf idence  
l i m i t s  g iven  h e r e  and subsequen t ly ) .  The c a l i b e r  of  the  p r e c o r t i c a l  a r t e r i e s  v a r i e d  f r o m  16 to 70 ~, with a 
m e a n  va lue  of  33 �9 1.6 p.  The g r e a t e r  the  c a l i b e r  of the p r e c o r t i c a l  a r t e r i e s ,  the l o n g e r  the n u c l e i  of  t h e i r  
m u s c l e  f i b e r s :  in  v e s s e l s  l e s s  than 25 p in c a l i b e r  the  length  of  the  nuc l e i  was  14 • 1 p,  and t h e i r  width  
3 • 0.08 p; in v e s s e l s  l e s s  than  25 p i n  c a l i b e r  the length  of the nuc le i  was  20 ~ 1 #  (P < 0.001),  and t h e i r  
width 3 • 0.006 p.  The length  of the type  I p r e c o r t i c a l  a r t e r i e s  w a s  124 • 15 p, whi le  the a r t e r i e s  of t y p e s  
II  and III e n t e r e d  the c e r e b r a l  c o r t e x  i m m e d i a t e l y  a f t e r  b r a n c h i n g .  Musc l e  c e l l s  in the wa l l  of the p r e c o r -  
t i c a l  a r t e r i e s  of the v a r i o u s  t y p e s  w e r e  a r r a n g e d  a s  fo l lows :  in the c a s e  of a c u r v a t u r e  of a v e s s e l  (type I) 
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their nuclei lay mainly on its outer aspect  (Fig. 1); in the case of branching f rom a wide pial a r t e ry  (type 
II), thickening of the media like a sphincter (Fig. 1) was present  at the junction; in the case of a r t e r i e s  of 
type III, branching from in te ra r te r ia l  anastomoses ,  no special features distinguished the muscu la r  layer .  

The resul t s  given in Table 1 show that along the course  of the precor t ica l  a r t e r i e s  there is an active 
segment whose lumen is sharply constr ic ted during infusion of noradrenalin; in hypotensionno such con- 
str ict ion was found. P recor t i ca l  a r t e r i e s  g rea te r  than 25 p in d iameter  were more  active than the narrow 
a r t e r i e s .  At the sites of constr ict ion the smooth-muscle cells were evidently contracted,  because the 
muscle nuclei were 12• 0.8/~ long and 4.5• 0.4 ~ wide, whereas  in the control,  as mentioned above, they 
were 20 • 1.0 # long and 3 • 0.006 g wide [1]. When the precor t ica l  a r t e r i e s  contracted,  their  lumen was 
on the average 35% smal ler  than the lumen of the corresponding radial  a r te ry  (32% grea te r  in the control). 
The absence of significant changes in the width of the precor t ica l  a r t e r i e s  in hypotension indicates that 
under these conditions they are not concerned with regulation of an adequate blood supply to the cerebra l  
cortex, unlike the pial a r t e r i e s  which are  dilated [5, 6, 7]. 

The present investigation, like others published previously [3], thus shed light on the function of yet 
another active vascular mechanism, namely the precortical arteries, which are characterized by rela- 
tively independent responses and which may evidently play an important role in regulating the blood supply 
to the cerebral cortex. 
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