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Our studies of the function of the regional  arteries of 
the brain ( internal  carot id and vertebral  arteries) under 
conditions such that the flow of blood out of the brain is 
disturbed, in t raumat ic  brain edema,  and in t e rmina l con -  
ditions have shown that these vessels are of great  impor-  
tance in compensat ing for disorders of cerebral  c i rcula t ion .  

It has subsequently proved necessary to determine  
whether the regional  arteries of the brain par t ic ipa te  in 
the development  of those changes in cerebral  c i rcula t ion 
which result from a change in the d iameter  of the pia l  
ar teries,  and are connected,  in par t icular ,  with the func- 
tioning of the brain.  The answer to this question is very 
diff icult  to obtain.  It has been shown [10] that  in natural  
sleep the to ta l  blood flow to the brain (method of Kety 

and Schmidt) is not reduced,  but even increases; and on 

the other hand, during intense brain ac t iv i ty  (solving prob- 
lems in a r i thmet ic )  the blood supply to the brain does not 
increase,  although there are e lect roencephalographic  
changes typical  of intensified cor t ica l  ac t iv i ty .  

In the present invest igat ion,  we studied the state of 

the regional  arteries of the brain in those cases where con- 
siderable d i la ta t ion  of the pial  arteries supplying the ce re -  
bral cortex occurs.  

In this case the number of functioning capi l la r ies  in-  
creases, and d i la ta t ion  of these capi l la r ies  takes p lace  [ 4 ] -  
i . e . ,  the c i rculat ion in the brain is unquestionably en- 
hanced.  Similar  changes in brain c i rculat ion occur,  on 
the one hand,  during temporary occlusion of the t rachea ,  
and on the other, after local  appl ica t ion  of strychnine to 
the cerebral  cortex.  If we record the condi t ion of regional  
arteries of the brain and that of the pia l  vessels s imul tane-  
ously, we will  be able  to demonstrate  the functional con- 

nection between the mechanisms that de termine  the blood 

flow to the brain as a whole and those that de termine  the 
blood supply to small  regions of the brain.  

M E T H O D S  

Experiments were carrigd out on 16 mature  rabbits,  
anesthet ized in some instances with chloral  hydra te(0 .4  
g / k g ) .  After the operat ion the animals  were g ivenhepar in  

(0.3-0 A m l / k g ) .  The brain c i rculat ion was a l tered ei ther 
by temporary occlusion of the t rachetomy tube or by local  
appl ica t ion  of 0.5-1~ strychnine,  made isotonic by adding 

NaC1, to the surface of the brain.  
The state of the regional  arteries of the brain wasde-  

termined on the basis of simultaneous recording of ar ter ia l  

pressure in the aorta and the c i rc le  of Will is ,  which al lowed 
us to judge the magni tude of the resistance in the internal  

carotids and the vertebrals .  In some experiments a syste- 
mic ar ter ia l  pressure compensator was employed [3]. 

The condit ion of the pial  vessels was recorded by 
serial  microphotography at  intervals of five or ten seconds, 
with the t ime  of each photography being indica ted  on the 
same kymograph record as the record of ar ter ia l  pressure. 
In each frame of the f i lm,  the d iameter  of these vessels 
was measured with the ocular micrometer  of a microscope.  
When these diameters  were subsequently plot ted on the 
kymograph record,  it  was then possible to obtain an idea 
both of the state of the regional  arteries of the brain and 
of the t ime  course of changes in the d iameter  of the pia l  

vessels. 

R E S U L T S  

The di la ta t ion  of the pin1 vessels that accompanies  
occlusion of the t rachea is usually regarded as the result 
of an increase in the carbon dioxide concentrat ion in the 
btood.  Most authors [2, 7] be l ieve  that CC~ is the pr inci-  
pal  regialator of the cerebral  c i rcula t ion since,  by accumu-  
lat ing in the brain tissue when the blood supply is inade-  
quate andproducing d i la ta t ion  of the vessels, i t  quickly 
restores the correspondence between the ~needs" of the 
neuronal e lements  of the brain for an increased blood flow 
and the magni tude of the flow itself .  

The effect of increasing the CC h content  of the blood 
(hypercapnia)  on the pia l  arteries has been shown by many 
authors [2, 8], but the state of the internal  carotids and 
vertebrals under these circumstances has not been deter-  
mined.  Simultaneous recording of the ar ter ia l  pressure at 

both ends of the regional  arteries of the brain,  enabling us 
to judge the conditions of the lumen of these vessels, 
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Fig. 1. Changes in ar ter ia l  pressure in the aorta and in the c i rc le  of Willis upon 
Occlusion of the t racheotomy tube at various t imes.  The difference between the 
indica ted  pressures gives an expression of the magni tude of the resistance in the 
regional arteries of the brain ( internal  carotids and vertebrals) .  Tracings (top to 
bottom): arterial  pressure in aorta; ar ter ia l  pressure in c i rc le  of Willis; base line; 
c lamping of t racheotomy tube; t ime (5 sec).  Arrows designate t imes when 
animal  moved,  with simultaneous a l tera t ion of pressure, a) t rachea c lamped  for 
12 seconds; b) trachea c lamped for 18 seconds; c) t rachea c lamped for45 seconds. 

showed that during temporary occlusion of the trachea they 

behave differently from the pial  arteries (Fig. 1). Thus, 
when the an imal  moves,  even an insignificant e levat ion 
of systemic ar ter ia l  pressure is accompanied  by a corre- 
sponding change in the pressure in the c i rc le  of Willis; 
whereas when the trachea is c lamped ,  despite a sharp e le -  
vation of systemic arter ial  pressure (the well-known reflex 
from the chemoreceptors) ,  t heb lood  pressure in the c i rc le  
of Willis actual ly  falls a l i t t le  (Fig. l a ) .  The same thing 

happens when the t racheotomy tube is c lamped for a longer 
period (Fig. lb); when the trachea was c lamped for 45 
seconds the arter ial  pressure in  the circle  of Willis rose a 
re la t ive ly  small  amount,  and the rise was delayed (Fig. l c ) .  
From this we may assume that when the trachea is c lamped ,  
and_during the subsequent hypercapnia and hypoxemia ,  the 
regional  arteries of the brain not only do  not  d i la te ,  but 
actual ly  constrict  a t  the same t ime as the systematic a r te -  
r ia l  pressure is e levated.  Apparently the internal carotid and 
vertebral  arteries,  unlike the cerebral  vessels lying peripheral  
to them, par t ic ipate  in the regulat ion of systemic ar ter ia l  
pressure. 

It is well  known that even a slight amount of hyper-  
capnia produces a sharp di latat ion of the pial  ar teries.  To 
determine the diameter  of these vessels at the same t ime  
as the state of the regional  arteries of the brain, we re- 
corded the diameter  of pial  vessels on photographic f i lm.  
An example  of such an experiment  is shown in Fig. 2. 

Because a systematic ar ter ial  pressure compensator was 
being used, the level  of ar ter ia l  pressure began to osci l la te  

while the trachea was c lamped  (for approximate ly  45 sec),  

but hardly rose at a l l ,  while the ar ter ia l  pressure in the 
c i rc le  of Willis remained constant.  At the same t ime ,  the 
pia l  arteries di la ted markedly .  Thus, while the trachea is 
c lamped and during the resulting hypercapnia the pia l  
arteries d i la te ,  while the internal carotids and vertebrals 
actual ly  constrict or keep the same d iamete r .  

In another series of experiments we examined the ef-  
fect of strychnine on the c i rculat ion in a small  region of 
the brain, When this substance is appl ied  loca l ly  to the 

cerebral  cortex,  convulsive discharges appear  in the e l ec -  
t rocardiogram, indicating that the ac t iv i ty  of cor t ica l  neu- 
rons is intensified; and di la ta t ion of pia l  vessels occurs 
simultaneously [8]. Our studies together with A.  I.  Roitbak 
have shown that these changes in the c i rcula t ion to a 
small  region of the cortex are caused~ not by a direct  act ion 

of strychnine on the wall of the arteries,  but by an effect 
exerted on the arteries by the nerve e lements  whose ac t iv -  
ity is markedly  increased.  

We found (Fig.  3) that local  appl ica t ion  of strychnine 
to the cerebral  cortex is followed by a considerabIe d i la ta -  
tion of the pial  arteries,  whereas the leve l  of ar ter ia l  pres- 
sure in the aorta and the c i rc le  of Willis remains  unchanged-  
provided,  of course, the strychnine is not appl ied  to the 
motor cortex and the an imal  does not become convulsive.  

Thus, our data ,  obtained during t racheal  occlusion and 
during the local  act ion of strychnine on the cortex,  pro- 
vide evidence that the mechanisms whereby the systemic 

arter ial  pressure and the d iameter  of regional  arteries of 
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Fig. 2. Changes in the d iameter  of the pial  

arteries and in ar ter ia l  pressure in the aorta 
and the c i rc le  of Willis during temporary 
occlusion of the t racheotomy tube. Aortic 
pressure was compensated.  I) d iameter  of 

pial  artery; II) ar ter ial  pressur e in aorta; 
III) ar ter ial  pressure in c i rc le  of Willis.  
Marker indicates t ime when trachea was 
c lamped,  as well  as t imes when micropho- 

tographs of pial  vessels were taken; t ime 
marker ,  5 sec.  

the brain are regulated do not par t ic ipate  in the di la ta t ion 
of cerebral  arteries,  and therefore can not par t ic ipate  in 
increasing the  local  circulat ion in various regions of the 
brain; under physiological  conditions this local  c i rculat ion 
is usually connected with the act ivi ty  of the nerve e le -  
ments and with their "need" for a supply of blood.  

The peripheral  (or locai)  c i rculat ion in al l  organs 
possesses a regulatory mechanism that is re la t ive ly  inde- 
pendent of the central  (or systemic) c irculat ion [6]. The 
mechanisms that regutate the cerebrai  c i rculat ion aIso 

show this i n d e p e n d e n c e - i . e .  , the circulat ion of the blood 
in the brain can Change even when the central  c i rculat ion,  
specif ical ly  the systemic ar ter ia l  pressure, remains un- 
changed [1, 2, and our own studies]. On the other hand, 

changes in the central  c i rculat ion may have no effect on 
the cerebral  c i rculat ion,  since it is common knowledge 
[9] that when arter ial  pressure is e levated in hypertension, 
or Iowered in diabet ic  coma,  the cerebral  blood flow may 
not change.  

Our studies have shown that in the regulat ion of cere-  

bral c i rculat ion the regional arteries of the brain (internal 
carotids and vertebrals) are very important ,  since they com-  
pensate for cer tain disorders of cerebral  c i rcula t ion.  I thas 
been established that when the outflow of blood from a re-  
gion of the brain is disturbed, constriCtion of the regional 
arteries of the brain occurs, and this prevents the develop-  
ment of stasis in the brain during the period before the 
col la terals  begin to ensure the outflow of venous blood from 
the brain.  When cerebral  edema develops,  the regional 

Fig. 3. Changes in the diameter  of pial  arteries,  and in arterial  pressure in the aorta 
and c i rc le  o f  Willis following local  appl ica t ion  of 0.5% strychnine to the cortex.  
I) d iameter  of pial  artery; II) ar ter ial  pressure in aorta; III) arterial  pressure in c i rc le  
of Willis.  Marker indicates t ime of appl icat ion of strychnine, as well as times when 

microphotographs of pial  vessels were taken.  Time marker,  5 sec. 
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arteries of the brain constrict ,  causing a drop in pressure in 
the brain capi l la r ies ,  so that the transudation of fluid into 
the tissue is reduced and the development  of edema is re- 
tarded.  In te rminal  conditions the regional  arteries com-  
ple te ly  isolate the arter ial  system of the brain from the 
other arteries of the organism, so that when the systemic 
ar ter ia l  pressure falls to zero, blood continues in the cortex 
for several minutes.  

Under conditions where disorders of the cerebral  c i r -  
culat ion are compensated,  we have in several  instances 
observed a comple te ly  coordinated response of the regional  
arteries of the brain and the pia l  ar ter ies .  Thus ,  when the 
outflow of blood from the cranial  cavi ty  is disturbed, or in 
t raumatic  edema of the brain, when increased flow of blood 
to the capi l la r ies  of the brain may be injurious, the p ia l  
arteries constrict  along with the regional  arteries.  In ter-  
minal  states, after a marked constriction of the regional  

arteries of the brain,  a slow peris ta l t ic  wave of contrac-  

tion develops in the pial  arteries,  causing blood to flow in 
the right direct ion in the brain capi l la r ies  after it has stopped 
in other organs. But in  other c a s e s - e . g . ,  when the vi ta l  
functions of the organism are restored after the animal  has 
passed through the  agonal state and c l in ica l  d e a t h - w h e n  

brain edema develops and the pia l  arteries are markedly  
d i la ted ,  the regional  arteries of the brain constrict  strongly, 
compensat ing for the changes ment ioned,  which would 
damage the brain.  

"Ihe experiments described in this paper have shown 
that the local  enhancement  of cerebral  c i rcula t ion,  caused 
by an increase in the content of CC h in the blood or by in-  
tensified functional ac t iv i ty  of the cor t ica l  neurons, may 

be brought about through the agency of the pial  and other 
smal l  cerebral  arteries without the par t ic ipat ion of the in-  
ternal  carotids or the vertebrals .  

All  of this indicates that two independent mechanisms 

exist for the regulation of the cerebra l  c i rcu la t ion .  On the 
one hand, we have the mechanism of the  regional  arteries 
of the brain,  which determines the intensity of the blood 

flow to the cerebrum as a whole,  and takes an ac t ive  part 
in the compensat ion of cer ta in  disorders of cerebra l  c i rcu-  
la t ion.  On the other hand, we have the mechanism of the 
smal ler  arteries located on the surface of the brain or in- 
side i t ,  which determine  the blood flow to re la t ive ly  smal l  
regions of the central  nervous system. The second mech-  
anism is apparent ly of great  importance in those changes 

of cerebral  c i rcula t ion which are connected with the level  
of the functional ac t iv i ty  of neuronal e lements  of the brain.  
We reported on this as far back as 1957 [5]. 

S U M M A R Y  

The author es t imated the resistance in the internal 
carotid and vertebral  arteries from measurements of 
ar ter ia l  blood pressure in the aorta and the c i rc le  of Wil l is .  
These arteries become constricted when the t racheotomy 
tube is temporar i ly  occluded.  Under these conditions the 
pia l  arteries may d i la te  independently of the r eg iona la r t e -  
ries of the brain,  while the ar ter ia l  pressure in the aorta 
and the c i rc le  of Willis remains unchanged. The s a m e  

changes occur in response to local  appl ica t ion  of strych- 
nine to the surface of the brain.  Thus, the mechanism 
controll ing the diameters  of the pia l  arteries are inde-  
pendent of the mechanism regulat ing the state of the re-  
gional  arteries of the brain ( internal  carotids and vertebrals).  
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