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The structural features of the canals and cells, the eommunicat ions between them, and the character 
of movement of the cerebrospinal fluid (CSF) in each of these systems were studied in an intravital exper- 
iment using a technique of injection of actively motile particles (infusorians) into the subarachnoid space of 
a dog. Communications between the canals and cells were found to be patent for infusorians in both direc- 
tions. Movement of dead infusorians with the CSF is purely passive. 

Injection of passively moving particles (emulsions, suspensions, eryth~ocytes, etc.) into the cere- 
brospinal fluid (CSF) has revealed marked differences in the pattern of CSF movement in the system of 
canals and the system of cells in the pia mater covering the cerebral hemispheres [1-5]. 

The object of the present investigation was the intravital study of communications in these systems 
by injecting motile particles (infusorians) into the CSF. It is to be expected that movement of infusorians 
will be less dependent on movement of the CSF itself, but more dependent on the structural features of 
the subarachnoid space. 

EXPERIMENTAL METHOD 

Experiments were carried out on dogs weighing 10-15 kg anesthetized with morphine and thiopental. 
A b u r r - h o l e  14 mm in d i a m e t e r  was made in the p a r i e t a l  reg ion  and the du ra  beneath  this  hole was r e -  
moved.  The b ra in  su r face  was i r r i g a t e d  with wa rm phys io log ica l  sa l ine .  A needle  connected to a m a n o -  
m e t e r  (as d e s c r i b e d  by F .  M. Lyass )  was in t roduced into the c i s t e r n a  magna,  enabling the CSF p r e s s u r e  
to be m e a s u r e d  dynamica l ly  and main ta ined  throughout the exper imen t  at 15-20 mm wate r ,  and a lso  used  
for  in ject ing the suspens ion  of in fusor ians  and solut ion of t rypan  blue into the c i s t e r n a  magna and for  the 
wi thdrawal  of s amp le s  f rom it. 

P r e l i m i n a r y  expe r imen t s  in v i t ro  showed that if in fusor ians  (Pa ramoec ium caudatum) a re  kept for  
s e v e r a l  hours  in n o r m a l  CSF the i r  movement s  a r e  not d i s tu rbed .  The in fusor ians  we re  cul t iva ted  on an 
infusion of hay, s ta ined i n t r av i t a l l y  in it with neu t ra l  r ed  (1 : 50,000), washed by cent r i fugat ion  in wa te r ,  and 
then in jec ted  into the c i s t e r n a  magna.  Movement of the infusor ians  in the subarachnoid  spaces  was ob-  
s e rved  in a s t e r e o s c o p i c  m i c r o s c o p e  in incident  l ight under  magni f ica t ions  of between 25 and 87.5 t i m e s .  
In another  modif ica t ion  the infusor ians  were  in jec ted  d i r e c t l y  into the lumen of a canal  or  into the region  
of the ce l l s  by means  of a thin needle .  At the conclusion of the e xpe r i m e n t s ,  2 ml  of a 0.2% solut ion of 
t rypan  blue was in jec ted  into the c i s t e rna .  

EXPERIMENTAL RESULTS 

From 1 to 2 rain after injection of the infusorians into the cisterna magna they appeared in the canals 
crossing the gyri of the parietal lobe. Because of the bright red color of the digestive vacuoles, they stood 
out clearly against the white background of the brain (Fig. I). 

In fixed specimens the canals resembled endothelial tubes with arteries inside their lumen. For 
considerable distances the walls of the canals contained orifices leading into cells. On intravital observa- 
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F ig .  1. Scheme of movement  of infusor ians  in subarachnoid  
space  of c e r e b r a l  h e m i s p h e r e s .  Cel l s  a r e  located between two 
canals  with a r t e r i e s  running in them. Thin a r r o w s  in canal  
on left  indicate  d i r ec t ion  of spontaneous movement  of in-  
fuso r i ans  in canal  space  and the i r  e scape  through ce r t a in  
p laces  in the canal  wal l  into sur rounding  ce l l s .  Thick a r r o w s  
in canal  on r ight  show d i rec t ion  of osc i l l a t ing  movements  of 
in fusor ians .  Ar rows  in zone of ce i l s  show movement  of in-  
fuso r i ans  through ce r t a in  points into adjacent  ce l l s  and t r a -  
j e c t o r y  of the i r  movement  through a long s e r i e s  of ce l l s .  
Smal l  a r r o w s  show i r r e g u l a r  movement  of in fusor ians  ins ide  
individual  ce l l s .  

l ions  the wal l s  of the canals  and o r i f i ce s  in them could not be d is t inguished.  The only guide to the canals  
was the posi t ion of the a r t e r i e s ,  along the cou r se  of which the infusor ians ,  in jec ted  into the CSF, we re  
sp read .  Neve r the l e s s ,  movement  of the in fusor ians  c l e a r l y  outlined the invis ib le  wal l  of the canals .  When 
they touched this  wal l  the infusor ians  changed d i rec t ion  and did not go outside the canal.  

In the canals  the in fusor ians  combined the i r  spontaneous movement  with the osc i l l a t ing  movement  
of the CSF. The spontaneous movement  took place in d i f ferent  d i r ec t ions  along the lumen of the canal :  
the in fusor ians  d e s c r i b e d  c i r c l e s  and s p i r a l s  around the a r t e r y ,  moved f rom one wal l  of the canal  to the 
o ther ,  moved along the canal ,  and so on. Since each infusor ian  is Covered by about 2500 c i l ia ,  they move 
at cons ide rab le  speed.  Pus l a to ry ,  and even m o r e  m a r k e d  r e s p i r a t o r y  osc i l l a t ions  of the CSF had no effect 
on movement  of the infusor ians  in the ful ly  anes the t ized  animal .  Only when the an ima l s  awoke f rom the 
anes the t ic  and gave a m u s c u l a r  cont rac t ion ,  a forced  r e s p i r a t i o n ,  or  changed the posi t ion of i ts body were  
the powerful  o s c i l l a t o r y  c u r r e n t s  of CSF, much g r e a t e r  in ampli tude than the r e s p i r a t o r y  and pu l sa to ry  
osc i l l a t ions ,  suff icient  to affect  the infusor ians  and c a r r y  them along the canals  into the c i s t e r n s  at the 
base  of the b ra in ,  a f te r  which they r e tu rned  along the s ame  path to the su r face  of the c e r e b r a l  h e m i s p h e r e s .  
Spontaneous movement  of the in fusor ians  was then r e s u m e d  in the canals .  

The whole space on the gyr i  of the h e m i s p h e r e s  located between adjacent  canals  ( a r t e r i e s )  is oc-  
cupied by ce l l s .  In t r av i t a l  obse rva t ions  l ikewise  fai l  to r e v e a l  ce l l  wal l s  in this  region,  or  the o r i f i ce s  
in these  wal l s ,  which a r e  c l e a r l y  v i s ib l e  in h i s to log ica l  spec imens .  As a l r e a dy  mentioned,  infusor ians  
in i t ia l ly  appeared  in the canals  only, and over  the g r e a t e r  par t  of the i r  course  did not e scape  into the ce l l s .  
La te r ,  p laces  we re  found in the wal l  of the canals  through which the infusor ians  pene t ra ted  into the ce l l s  
and where ,  consequently,  o r i f i c e s  w e r e  p resen t  connecting the canals  with the ce i l s .  

Movement of the infusor ians  in the ce l l  zone showed a number  of d i s t inc t ive  f ea tu res .  

1. No o s c i l l a t o r y  movement s  of in fusor ians  we re  obse rved  the re  in the cour se  of m u s c u l a r  con-  
t r ac t i ons ,  fo rced  r e s p i r a t i o n ,  or  changes in the body posit ion.  Whereas  in the canals  o s c i l l a t o r y  cu r r en t s  
of CSF swept the infusor ians  in opposi te  d i r ec t ions  a l t e rna te ly ,  in the ce l l s  t he i r  movement  was en t i r e ly  
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spontaneous. 2. In contract  to suspensions,  e ry throcytes ,  and s imi lar  part icles ,  infusorians were  not 
immobil ized and were not trapped in the cells,  thanks to the activity of their  cilia. 3. The overwhelming 
major i ty  of infusorians penetrating into the cells moved i r r egu la r ly  in small,  c lear ly  defined spaces.  On 
str iking the wall of the cells they turned and descr ibed a curve inside these spaces.  However, some in- 
fusorians,  having escaped through cer ta in  points in the cell  walls, r e sumed  their  i r r egu la r  movement  in 
neighboring smal l  spaces.  Here also, at these points, were  communicat ions connecting adjacent cells.  
4. In cases  when a large number of infusorians ar r ived along a canal, many of them could be seen to 
escape through cer tain points in the canal wall and to move through a ser ies  of cells along a definite t r a -  
jectory.  These infusorians moved in single file like a row of t rucks ,  readi ly visible against the background 
of the i r r egu la r  movement  of the great  major i ty  of infusorians.  

In the other modification of the experiments,  infusorians were  injected through a fine needle di rect ly  
into canals or  cells.  In the f i rs t  case the picture of mass  escape of infusorians through definite places in 
the canal wall into the cells was observed.  In the second case, when infusorians were injected into the 
cells,  they moved along them revealing the position of communications between the cells.  Under these 
conditions, because of the large number of infusorians in the cells,  movement of some of them could be 
detected in the direct ion of the canals, followed by escape into their  lumen. The infusorians could thus 
pass through communicat ions between the canals and cells in either direction. 

In the final stage of the experiment a solution of t rypan blue was injected into the c i s te rna  magna. 
This dye select ively stains the stellate collagen s t ruc tures  which mark  the junction between the walls of 
adjacent cells,  thus great ly  increas ing the accuracy  of intravital  observations of the topography of the two 
pial sys tems.  During the 7-10 rain after  injection of t rypan blue, the pattern of movement  of the infusorians 
as descr ibed above continued to be observed,  in this case with exceptional clari ty.  Staining of the " s ta r s"  
made movement of the infusorians along the constant t r a jec to r ies  through a long se r ies  of cells par t icu-  
lar ly  demonstrat ive.  Later ,  however,  the dye began to have a toxic effect and the infusorians were  im-  
mobilized. Dead infusorians moved with the CSF Iike "floats" and their  movement was now indistir/guish- 
able f rom that of suspensions,  e ry throcytes ,  and so on. In the canals they gave only osc i l la tory  move-  
ments:  pulsatory,  r e sp i r a to ry  movements  and movements  synchronized with muscular  contract ions,  
which in te r fe r red  with each other.  In the cells all the infusorians remained motionless .  Microscopic  ex- 
amination of CSF withdrawn f rom the c i s te rna  magna showed that dead infusorians were ca r r i ed  suspended 
in the CSF in the canals.  So far  as the infusorians trapped in the cells are  concerned, they could not be 
withdrawn by this method. They remained f i rmly  fixed in the cells and did not escape into the canals.  
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