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The topography of the s y s t e m  of pia l  canals  and compar tmen t s  of the dog' s b ra in  was demons t r a t ed  
by in t rav i ta l  staining with t rypan  blue.  Movement  of the ce reb rosp ina l  fluid in each of th ree  s y s t e m s  was 
studied by inject ing an emuls ion  of m i ne ra l  o i l ,  p r e p a r e d  by sonication, into the c e r e b r o s p i n a l  fluid (CSF). 
In the canals  the CSF p e r f o r m s  th ree  types  of visual ly  observable  osc i l l a to ry  movemen t s ,  differ ing in the i r  
ampli tude.  P r o g r e s s i v e  osci l la t ing cu r r en t s  of CSF produced by muscu la r  fo rces  o r  by changes in the po -  
sit ion of the animal,  s body have the g r ea t e s t  ampli tude.  Under physiological  conditions they mix  the CSF 
of the ba sa l  c i s t e r n s  of the bra in  with the CSF in the canals .  In the labryinths  of the c o m p a r t m e n t s  these 
osc i l l a to ry  movemen t s  d i sappear  complete ly ,  and the CSF here  moves  ve ry  slowly in var iab le  d i rec t ions .  
As the CSF moves  through the compar tmen t s ,  the drople ts  of emuls ion  mixed in the CSF a re  t rapped in 
them and immobi l ized .  

Many w r i t e r s  have descr ibed  the subarachnoid space as a continuous gap between the arachnoid  and 
pin, and have r e p r e s e n t e d  the c i rcula t ion of c e r e b r o s p i n a l  fluid (CSF) as  a one-way flow of liquid. 

However,  s t e romorpho log ica l  studies of the pia cover ing  the c e r e b r a l  h e m i s p h e r e s  using the method 
of t achyscopy  have shown that  the subarchnoid space in fact  is  complex  in i ts  configurat ion and is d i f f e r -  
entiated into two morphologica l ly  and functionally dis t inct  sy s t ems :  the C S F - c a r r y i n g  canals  and the sub-  
arachnoid  c o m p a r t m e n t s  [2]. The question has  thus a r i s en  of the pathways of CSF c i rcula t ion  within the 
subarachnoid  space i t se l f .  

The object  of this  invest igat ion was,  ignoring the init ial  and final s tages  of CSF circulat ion,  to study 
the p r inc ip les  governing i ts  movemen t  along the s y s t e m  of canals  and in the s y s t e m  of c o m p a r t m e n t s .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on dogs weighing 10-20 kg anes thet ized with morphine  and thiopental .  
A b u r r  hole 14 m m  in d i am e t e r  was made in the skull in the t emporopa r i e t a l  region with a specia l  dri l l .  
The dura  was r emoved  beneath  the b u r r  hole, careful ly  secur ing  h e m o s t a s i s  and ensur ing  in tegr i ty  of the 
arachnoid.  In the expe r imen t s  with a he rme t i ca l ly  closed skull, a t r a n s p a r e n t  window was fixed in the 
b u r r  hole, while in the e x p e r i m e n t s  with an open skull the b ra in  in the b u r r  hole was i r r i ga t ed  with w a r m  
physiologica l  sal ine.  A needle was introduced into the c i s t e rna  magna,  and through it, a f t e r  wi thdrawal  of 
2-3 ml  of CSF, the same volume of 0.2% t rypan  blue in physiological  sal ine was injected into the c i s te rna .  
Later ,  a lso by substitution, 1-2 ml  of sonicized emuls ion of m i n e r a l  oi ls  was  introduced into the c i s t e rna .  
The emuls ion  r e m a i ned  stable throughout the exper iment .  I t  consis ted  of drople ts  about 1) # in d iamete r ,  
s t rongly r e f r ac t ing  light and readi ly  dist inguishable in the m i c r o s c o p e .  A valuable p rope r ty  of the e m u l -  
sion was  i ts  i ne r tnes s  re la t ive  to the minengeal  t i s sues .  The pin was obse rved  in a s t e r eoscop ic  m i c r o -  
scope in incident light f r o m  a powerful  lamp fitted with a heat  f i l ter .  
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Fig.  1. D i a g r a m  showing three  gyri  of the c e r e b r a l  h e m i s p h e r e s .  
S ta r - l ike  s t ruc tu r e s  a re  p r e s e n t  only in the zones of the c o m p a r t -  
ments .  A r t e r i e s  lie within the lumen of the canals  ( represen ted  
d i spropor t iona te ly  large) .  The direct ion of advance of the e m u l -  
sion in the cana ls  at  the beginning of the expe r imen t  is  indicated 
by a r r o w s  on the lower gyrus .  On the middle gyrus ,  a r r o w s  of di f -  
fe ren t  s izes  conventionally r e p r e s e n t  osc i l l a to ry  movemen t s  of the 
emuls ion  of different  ampli tude in the canals :  pu l sa tory  movements ,  
r e s p i r a t o r y  movements ,  and movemen t s  caused by m u s c u l a r  con-  
t r ac t ions .  The large a r r o w s  on the upper  gyrus  a lso  r e p r e s e n t  the 
osc i l l a to ry  movemen t  of the emuls ion  in the canals ,  while the sma l l  
arrows indicate places where emulsion leaves the canals to enterthe 
compartments. Droplets trapped in the compartments are stationary. 

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

Af te r  inject ion of t rypan  blue solution into the c i s t e rna  magna,  m ic roscop i c  examinat ion  of the c e r e -  
b r a l  h e m i s p h e r e s  showed that  the dye moved p r o g r e s s i v e l y  into the canals  of the f i s su re s ,  sur rounding the 
large c e r e b r a l  a r t e r i e s  lying in them.  The next momen t  the dye moved into the canals  of the gyri ,  s u r -  
rounding a r t e r i a l  b ranches  of the sur face  of the gyr i  readi ly  vis ible  to the eye (Fig. 1). The dye sp read  
along the s y s t e m  of canals  for  1-2 rain. I t  l i t e ra l ly  overf lowed along the a r t e r i a l  b ranches ,  ma~Sng the out-  
l ines of the a r t e r i e s  i l l  defined and hiding the c r i m s o n  color  of the blood flowing in them.  No changes were  
obse rved  along the cour se  of the veins,  both la rge  and smal l ,  because  unlike the a r t e r i e s  the veins lie out-  
side the canals .  

Af te r  fil l ing the s y s t e m  of canals ,  the dye s t a r t s  to leave them for  the surrounding c o m p a r t m e n t s .  
The pale blue t rypan  blue solution, not iceably diluted with CSF, now cove r s  the whole sur face  of the h e m i -  
sphe re s .  At that  moment ,  cha rac t i s t i e  s t a r - l i k e  s t ruc tu res ,  s tained with t rypan  blue,  appea r  in the field 
of vision of the m i c r o s c o p e .  Subsequently the staining of these s t a r s  becomes  p r o g r e s s i v e l y  deeper .  Con- 
ve r se ly ,  staining of the CSF eve rywhe re  becomes  weaker ,  pa r t ly  because  of adsorpt ion of t rypan  blue on 
the s t a r s  and pa r t ly  because  of its r e m o v a l  with the CSF draining away. Staining of the CSF even in the 
canals  was no longer  vis ible  20-30 rain a f t e r  the beginning of the exper imen t .  The only sign of dye p r e -  
viously injected into the c i s t e rna  magna  was the br ight  blue s t a r s .  His tological  invest igat ion of fixed m a -  
t e r i a l  (not desc r ibed  in this paper)  showed that  the s t a r s  a r e  p laces  of contact  between walls  of adjacent  
compa r tmen t s ,  o r  mee t ing  points of the f ibe r s  fo rming  the f r a m e w o r k  of the c o m p a r t m e n t s .  The s t a r s  a r e  
si tuated in ce r t a in  zones  which co r r e spond  to groups  of c o m p a r t m e n t s .  Between these  zones a r e  bands of 
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araclmoid f ree  f rom s t a r s ,  and a r t e r i e s  can be seen agains t  the i r  background.  These  bands co r r e spond  to 
the outl ines of the canals .  Hence, by staining the s t a r s  it  is  poss ib le  to detect  the posi t ion of the canals  
and c o m p a r t m e n t s  during life, a fac tor  of e s sen t i a l  s ignif icance for  subsequent  expe r imen ta l  obse rva t ions .  

Next, the emuls ion  of m i n e r a l  oil was  injected into the c i s t e r n s  magna.  It  sp read  rapidly along the 
canals ,  and under  the mic roscope  the p r o g r e s s i v e  movement  of the s t rongly r e f r a c t o r y  drople ts  could be 
seen.  Often the movemen t  of the emuls ion  in adjacent  canals  of the s ame  gyrus  took place  in opposite d i -  
rec t ions :  f r o m  below upward in one canal and f rom above downward in the other .  As the p r e s s u r e  in the 
CSF pathways became  equalized soon a f t e r  injection of the emusl ion,  the p r o g r e s s i v e  advance of the d rop-  
lets  in the canals  slowed down and at  the same  t ime they began to osc i l la te .  Af te r  10-15 rain, the p r o -  
g r e s s i v e  movemen t  of the emuls ion  in all  the canals  had comple te ly  stopped and was rep laced  by osc i l l a to ry  
movemen t s  synchronized with r e sp i r a t i on  and the pulse .  Measu remen t s  showed that  the l a r g e r  r e s p i r a t o r y  
osci l la t ions  of the drople t s ,  with an ampli tude of about 5-8 ram, in t e r f e red  with sma l l  pu I sa to ry  m o v e m e n t s  
whose ampli tude did not exceed 1-2 ram. 

In a state of complete  anes thes ia ,  osc i l l a tory  movements  of this type of the emuls ion  in the canals  
could be obse rved  for  hours ,  and no definite flow of CSF toward the place of i ts  depar tu re  could be de -  
tected.  However,  a s tate of anes thes ia  cannot be r ega rded  as  physiological .  F o r  that  reason ,  another  type 
of movemen t  of the CSF in the canals ,  obse rved  as  the an imal  awoke f r o m  the anesthet ic ,  and a lso  during 
changes in the posi t ion of i t s  head or  trunk, was m o r e  in teres t ing .  

During the f i r s t  m u s c u l a r  movemen t s  of the an imal  - movemen t s  of i t s  ta i l  or  l imbs,  and a lso  during 
s t rong inspirat ion,  this  "dance on the spot" of the drople ts  suspended in the CSF in the canals  stopped in-  
stantly.  The droplets  moved on f r o m  the sur face  of the h e m i s p h e r e s  along the canals  into the c i s t e rn s  at 
the base  of the b ra in .  After  the end of the muscu l a r  contract ion or  during expi ra t ion  the drople t s  re turned  
along the same  canals  in the opposite d i rec t ion  to the sur face  of the hemisphe re s ,  where  they r e s u m e d  
the i r  , dance  on the spot." Under physiological  conditions, because  of i ts  cons iderable  ampli tude,  this 
osc i l l a to ry  movemen t  plays  the role  of a fac tor  mixing the CSF of the c i s t e rn s  with the CSF of the canals .  
By compar i son ,  the impor tance  of the r e s p i r a t o r y  and pu l sa to ry  osci l la t ions  in mixing the CSF is  secondary .  

With a change in the posi t ion of the an imal '  s head or  body (rais ing the hind l imbs  to an angle of 45 ~ 
c o m p r e s s i o n  of the abdomen), a p r o g r e s s i v e  osc i l l a to ry  movemen t  of the CSF like that  obse rved  during 
muscu l a r  cont rac t ions  also developed in the canals .  I r r e g u l a r  changes in the lumen of the canals  were  often 
seen under these  c i r cum s t ances :  some became  wider ,  o thers  n a r r o w e r .  Some canals  comple te ly  col lapsed 
and drople ts  of emuls ion  d i sappeared  f rom them.  Af te r  s tabi l izat ion of the posit ion of the head or  trunk, 
the p r o g r e s s i v e  movemen t  of CSF in the canals  was slowed and rep laced  by r e s p i r a t o r y  and pu l sa to ry  
osci l la t ions .  

During movemen t  of the emuls ion  in the canal,  and espec ia l ly  if i t  was thick, the boundar ies  of the 
canal alongside the a r t e r y  were  c l ea r ly  outlined. Although the canal  wall  is  indist inguishable during life, 
i t  was  c l ea r ly  evident  that  the drople ts  of emuls ion  slid along this boundary without c ro s s ing  into the t e r -  
r i t o ry  of the c o m p a r t m e n t s .  Clear ly ,  the re fore ,  over  a g r e a t e r  pa r t  of i ts  extent,  the wall  of the canals  is 
unbroken and i m p e r m e a b l e  to drople t s  suspended in the i r  lumen. 

Meanwhile, a different  p ic ture  was obse rved  at  ce r ta in  points of the canals  lying cons iderable  d i s -  
tances  apa r t .  At these points many drople ts  c ro s sed  the b o r d e r  of the canals  and escaped  in s t r e s s  vis ible  
under  the mic roscope  into the surrounding compar tmen t s .  This  escape  of drople ts  began soon a f te r  in j ec -  
tion of the emuls ion into the c i s t e rna  magna  and did not cease  in the subsequent  s tages  of the exper iment .  
In the per iod of p r o g r e s s i v e  movemen t s  of the CSP caused by muscu l a r  cont rac t ions  or  changes in the ani -  
mal '  s posit ion, the escape  of drople ts  was inc reased ,  while during per iods  of sl ight r e s p i r a t o r y  or  p u l s a -  
to ry  movemen t s  of the CSF it dec reased .  However,  osc i l l a tory  movements  of the CSF in the canals  con-  
t inually forced  drople t s  of emuls ion  into the c o m p a r t m e n t s  at  these  points .  Consequently,  a t  these  p laces  
the re  a r e  holes  in the wall  of the canal  through which CSF with suspended p a r t i c l e s  in it  can pene t ra te .  
These  holes a re  c l ea r ly  v is ib le  in s tained his tological  p r epa ra t i ons .  

At f i r s t  the drople ts  could be seen only in a few c o m p a r t m e n t s  lying next to the canal .  La te r  they 
sp read  f r o m  one c o m p a r t m e n t  to another  through numerous  holes  in the i r  contiguous wal ls ,  which a lso  
a re  c l ea r ly  dis t inguishable on his tological  p r epa ra t i ons .  An impor tan t  observa t ion  was made : a f t e r  p e n e -  
t ra t ion  of the drople ts  into the t e r r i t o r y  of the compar tmen t s ,  the i r  osc i l l a to ry  movemen t s  rapidly  d i sap -  
pea r ed  and eventually the drople ts  became  s ta t ionary .  In the ea r ly  stage of the expe r imen t  some c o m p a r t -  

1392 



ments  were  densely  packed with drople ts ,  while in o thers  they were  few in number .  La te r  the emuls ion  
filled mos t  of the c o m p a r t m e n t s .  However,  throughout  the exper iment ,  drople ts  t rapped in the c o m p a r t -  
ments  s tayed mot ion less .  This  was in sharp  con t ra s t  with the unceasing osc i l l a to ry  movemen t  of the same 
drople ts  s imul taneous ly  obse rved  in the lumen of the canals .  

This descr ip t ion  of the movemen t  of emuls ion with the CSF of the canals  and the CSF of the c o m p a r t -  
ments  was identical  whether  the skull  was  h e r m e t i c a l l y  closed or  open. 

At a t ime  when nothing was known of the exis tence  of canals  and compar tmen t s ,  expe r imen t s  were  
c a r r i e d  out in the au tho r ' s  l abora to ry  which revea led  two types of movemen t  of the CSF; a ve ry  slow, 
s teady c i rcu la t ion  f r o m  the ven t r ic les  to the b ra in  sur face ,  f r o m  which the CSF was dra ined through the 
arachnoid,  and a compara t i ve ly  m o r e  vigorous  r e s p i r a t o r y  and pu l sa to ry  osc i l l a to ry  movement ,  mixing 
the CSF [1]. These two types  of CSF movemen t  we re  conf i rmed by e l e c t r o m a n o m e t r i c  m e a s u r e m e n t  [5]. 
However,  o ther  w o r k e r s  a re  of the opinion that  only r e s p i r a t o r y  and pu l sa to ry  movemen t s  of the CSF in fact  
ex is t  [6]. Observa t ions  have a lso  been made showing that  CSF may  flow in two opposite d i rec t ions  on the 
outer  sur face  of the c e r e b r a l  h e m i s p h e r e s  in dogs [8]. 

The p r e sen t  invest igat ion showed that under  physiological  conditions, during cont rac t ions  of musc les  
or  changes in the posi t ion of the head, p r o g r e s s i v e  osc i l l a to ry  movemen t s  of CSF a r i s e  in the Subarachnoid 
space,  the ampli tude of which is f a r  g r e a t e r  than the ampli tude of i ts  r e s p i r a t o r y  and pu l sa to ry  movements .  
In the c e r e b r a l  h e m i s p h e r e s ,  osc i l l a to ry  movemen t s  of the CSF occur  only in the canals .  These  have no 
va lves  and a re  adapted for  movemen t s  of the CSF in opposite d i rec t ions .  At the same  t ime,  a c i rcula t ion 
of CSF takes  place along the canal,  i .e . ,  it is  de l ivered  to the arachnoid  and flows away into the subdural  
space  [3]. In groups of c o m p a r t m e n t s  r e s e m b l i n g  a finely porous  sponge, the osc i l l a tory  movemen t  d i s -  
appea r s  on the fall  in p r e s s u r e  in adjacent  canals .  In the course  of movemen t  of the CSF throug]h the l a -  
br inth  of compa r t m en t s ,  foreign m a t t e r  suspended in the CSF is held up within them, jus t  as  in t]he case  of 
movemen t  of lymph through the s inuses  of the lymph gland. This is  a ve ry  impor tan t  fac tor  under  pa th -  
ological  conditions, espec ia l ly  during me ta s t a s i za t ion  of tumor  cel ls  via the CSF and a f t e r  subarachnoid 
h e m o r r h a g e s ,  when blood ce l l s  en te r  the CSF [4]. 
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