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The p r e s s u r e  in the ao r t a ,  the v e s s e l s  of the c i rc le  of Willis,  and the venous s inuses  of the 
bra in ,  the par t ia l  oxygen p r e s s u r e  in the b ra in  t i s sue  (pO2), and cor t ica l  e l ec t r i ca l  a c -  
t ivi ty were  r eco rded  in expe r imen t s  on dogs.  The r e s i s t a n c e  to the blood flow in the 
main  a r t e r i e s  of the b ra in  (Rm) and in the s m a l l e r  a r t e r i e s  lying pe r iphe ra l ly  to the 
c i rc le  of Willis (Rp) was calcula ted mathemat ica l ly .  During pa roxysma l  act ivi ty  induced 
by i n t r a - a r t e r i a l  injection of s t rychnine ,Rp was reduced,  the c e r e b r a l  blood flow was in- 
c r ea sed ,  and pO 2 was inc reased  a f t e r  a sl ight d e c r e a s e .  By con t ras t ,  Rm was inc reased ,  
evidently as  a r e s u l t  of compensa to ry  vasocons t r i c t ion  of the main a r t e r i e s ,  a imed  at  reduc-  
ing the excess ive  hype remia  of the b ra in .  

In r e c e n t  y e a r s  d i f fe rences  have been obse rved  in the functional behav ior  of different  pa r t s  of the 
b ra in  vascu l a r  s y s t e m  during p a r o x y s m a l  act ivi ty .  For  instance,  the main  a r t e r i e s  of the b ra in  do not r e -  
ac t  to local  appl icat ion of s t rychnine to the c e r e b r a l  cor tex ,  the pial a r t e r i e s  a r e  r egu l a r ly  dilated (espe- 
c ia l ly  the sma l l  ve s se l s ) ,  while the cor t i ca l  a r t e r i e s  a re  p r o g r e s s i v e l y  cons t r ic ted  [4]. The total  r e s i s t a n c e  
of the b r a in  va sc u l a r  s y s t e m  has been  es t ima ted  f rom m e a s u r e m e n t s  of the intensity- of the blood flow [1, 
10, 11, 13], bu t i t s  changes in different  pa r t s  of the va scu l a r  s y s t e m  have not ye t  been  studied.  

The object  of this invest igat ion was to de te rmine  changes in the hydraul ic  r e s i s t a n c e  in the main  
a r t e r i e s  of the b r a in  (Rm) and in the s m a l l e r  a r t e r i e s  of the b ra in  lying pe r iphera l ly  to the c i r c l e  of Willis 
(Rp) during p a r o x y s m a l  act ivi ty .  

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

The invest igat ion was c a r r i e d  out with the aid of a recent ly  introduced ma themat i ca l  method cons is t -  
ing of the solution of a s y s t e m  of two equations:  the f i r s t  equation was obtained f rom exper imen ta l  data and 
desc r ibed  the hemodynamic  p rope r t i e s  of the c e r e b r a l  va scu l a r  s y s t e m  as an ave raged  curve {regress ion  
line), while the second equation e x p r e s s e d  the pr inciple  of continuity of the blood flow [2, 6]. The equations 
were  solved by compute r ,  and the or iginal  informat ion  consis ted  of the p r e s s u r e  in the ao r t a  (Pa), in the 
c i r c l e  of Willis (Pcw), and in the venous s inuses  of the b ra in  (Ps), r eco rded  exper imenta l ly .  Changes in 
va scu l a r  r e s i s t a n c e  r a t h e r  than its absolute values can be  de te rmined  f r o m  these r e su l t s .  

Al together  17 expe r imen t s  were  c a r r i e d  out on dogs of d i f ferent  b r eeds ,  anes the t ized  with pentobar -  
bi ta l  (0.04 g/kg, in t raper i toneal ly) .  The s y s t emic  a r t e r i a l  p r e s s u r e  and the p r e s s u r e  in the c i rc le  of Willis 
were  r e c o r d e d  through ca the te r s  inser ted  into the r ight  common carot id  a r t e r y  in the aor t i c  and crania l  di- 
rec t ions  a f t e r  l igat ion of the cor responding  branches ;  the venous p r e s s u r e  in the b r a in  s inuses  was r e -  
corded through a ca the te r  introduced in the r e t r o g r a d e  d i rec t ion  into the left  ex terna l  jugular  vein a f te r  l iga-  
t ion of the cor responding  b ranches .  The surg ica l  exposure  of the ves se l s  for  inser t ion of the cafl~eters was 
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Fig. 1. Dynamics of indices of circula- 
tion and pO 2 in the brain during paroxys- 
mal activity. EEG) Electroencephalo- 
grams; Pa) systemic ar ter ia l  pressure;  
Pcw ) pressure in circle of Willis; Ps) 
pressure  in venous sinuses of the brain; 
R~ hemodynamic resistance in vessels 
peripherally to circle of Willis; Rm) 
hemodynamic resistance in main ar te r ies  
of the brain (internal carotid and verte-  
bral); V) volume velocity of blood flow in  
brain; pO 2) partial pressure  of oxygen in 
brain tissue. Abscissa, time (in sec). 

described ear l ie r  [4]. The partial oxygen pressure (pO 2) 
was recorded quantitatively by means of a combined polaro-  
graphic electrode as designed by L~ibbers [9], placed on the 
brain surface (a burr-hole was drilled in the left parietal 
region). The EEG was recorded using electrodes screwed 
into the cranial bones at the margins of the burr-hole. The 
blood pressure  levels (Pa, Pcw, Ps) were recorded by elec- 
t romanometers  simultaneously with pO 2 and the EEG on an 
eight-channel Mingograph-81 apparatus (Elema-Schenander, 
Sweden). 

Paroxysmal activity in the brain was evoked by injec- 
tion of 15 mg strychnine through a catheter inserted in a 
re t rograde direction into the left anter ior  thyroid ar te ry  as 
far as the carotid a r te ry ,  all branches of which except the 
internal carotid had been previously ligated. To abolish the 
convulsions, which prevented normal recording of the phys- 
iological parameters ,  the animal received an intravenous 
injection of the curar i form agent diplacin (5 ml of the 2% 
solution), af ter  which the lungs were artificially ventilated 
by the AM-1 apparatus. 

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

After in t ra-ar ter ia l  injection of strychnine paroxysmal 
discharges appeared on the EEG and could easily be distin- 
guished against the background of the spontaneous activity 
(Fig. 1). Groups of spikes (over 200 pV in amplitude), 25- 
50 sec in duration, appeared periodically at intervals of 
about 40 sec. Under these circumstances Pa at f i rs t  

fell slightly and then usually rose,  Pcw followed the changes in Pa more or less,  while Ps usually 
rose slightly. 

The changes in the vascular resis tances calculated by the above method were as follows: during the 
periods of appearance of paroxysmal discharges RP as a rule fell while Rm either remained unchanged or 
increased (Fig. 1). The blood flow in the brain (V), changes in which were obtained by the formula 

V ~-~ Paw ' -  Ps 
Rp ' 

in the periods of paroxysmal activity were considerably increased, just as in previous investigations when 
measured by the clearance of radioactive krypton and other methods [1, 10, 12]. The increase in the cere-  
bral  blood flow undoubtedly depended on the decrease in Rp (more especially because in many experiments 
R m was actually increased). The decrease in Rp depended in turn ondilatationofthe pial a r te r ies  [3, 7],and 
this was not prevented by the constriction of the lumen of the cortical ar ter ies  which developed under these 

conditions [5]. 

During the period when spikes appeared on the EEG,pO 2 at f i rs t  fell (evidently because of a marked 
decrease in the oxygen consumption of the brain tissue s tructures  [8, 11, 13]), but then increased (Fig. 1). 
This increase could be explained only by an excessive increase in the blood flow and by the supplying of so 
much oxygen that it could not be absorbed by the cerebral  cortex. 

By contrast  with local application of strychnine, when the main ar ter ies  of the brain did not respond 
[3], after  in t ra -a r te r ia l  injection of strychnine in these experiments Rm was frequently increased. This 
could not be explained by the direct  vasoconstrictor action of strychnine on the main a r te r ies  of the brain, 
for the vasoconstriction did not take place during the period of strychnine administration, but it appeared 
periodically, simultaneously with the paroxysmal discharge on the EEG (Fig. 1). Consequently, constric- 
tion of the main ar ter ies  of the brain took place under the influence of impulses arising in the brain at the 
time of appearance of the paroxysmal discharges,  t>resumably this constriction of the main ar ter ies  of 
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the b ra in  was re f lex  in or igin  as the r e s u l t  of excess ive  dilatation of the pial a r t e r i e s  and congest ion of the 
b ra in  with the blood, as has  been obse rved  in pos t i schemic  h y p e r e m i a  and venous s t a s i s  in the b ra in  [4]. 

During p a r o x y s m a l  act ivi ty in the b r a i n  d i f fe rences  a re  thus found in the functional behavior  of dif- 
fe ren t  pa r t s  of its va s cu l a r  s y s t em ,  each of which has its own pa r t i cu l a r  function to p e r f o r m ,  despite  the 
fact  that  this may  exe r t  a mutual ly opposite effect  on the overa l l  c e r e b r o v a s c u l a r  r e s i s t a n c e .  
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