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cu l t i va ted  in the rose  c h a m b e r  
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Summary .  I t  w a s  s h o w n  t h a t  7 3 %  of  t h e  f u s i f o r m  cel ls  o b t a i n e d  in  s h o r t - t e r m  c u l t u r e s  of  d i s s o c i a t e d  c e r e b r a l  h e m i -  
s p h e r e s  of  t h e  c h i c k  e m b r y o  b e c o m e  o r i e n t e d  u n d e r  t h e  e f f ec t  of  a p u l s a t i n g  c u r r e n t ,  a p p l i e d  d u r i n g  t h e  f i r s t  24 h 
o f  c u l t u r e .  

V a r i o u s  a u t h o r s  i n v e s t i g a t e d  t h e  e f f ec t s  of  e l ec t r i c  cu r -  
r e n t  on  n e r v e  cells  in  c u l t u r e  d u r i n g  t h e  y e a r s  1920 t o  
1946, o b t a i n i n g  a v a r i e t y  of  r e s u l t s .  3 of  t h e  g r o u p s  f o u n d  
o r i e n t a t i o n  of n e r v e  f ib res  d u e  to  t h e  p a s s a g e  of a d i r e c t  
e l ec t r i c  c u r r e n t  t h r o u g h  t h e i r  c u l t u r e s  a-s. O t h e r  g r o u p s  
r e p o r t e d  t h a t  t h e  c u r r e n t  h a d  no  e f f ec t  a t  all6, 7, wh i l e  

W i l l i a m s  s f o u n d  t o t a l  d e s t r u c t i o n  of  t h e  ce i l s  o n  e x -  
p o s u r e  to  t h e  c u r r e n t .  O n l y  P e t e r f i  a n d  W i l l i a m s g ,  TM 

v a r i e d  t h e  c u r r e n t  i n t e n s i t y  s u f f i c i e n t l y  t o  o b t a i n  a l l  t h e  
a b o v e - m e n t i o n e d  e f fec t s .  T h e s e  a u t h o r s  f o u n d  t h a t  w h e n  
t h e  c u r r e n t  w a s  w e a k  a n d  t h e  e x p o s u r e  to  c u r r e n t  s h o r t ,  
t h e  cei ls  w e r e  u n a f f e c t e d .  H o w e v e r ,  i n c r e a s e  in  c u r r e n t  
s t r e n g t h  a n d  e x p o s u r e  t i m e  c a u s e d  t h e  a p p e a r a n c e  of  
g r a n u l e s  in  t h e  c y t o p l a s m ,  fo l l owed  b y  c y t o p l a s m i c  
m o v e m e n t  a l o n g  t h e  d i r e c t i o n  of  c u r r e n t  f low.  A t  h i g h  
c u r r e n t  i n t e n s i t i e s ,  v a c u o l e s  a p p e a r e d  in  t h e  c y t o p l a s m  
a n d  t h e  cel ls ,  a n d  t h e  cei ls  d e g e n e r a t e d .  
I n  v i e w  of t h e  c o n f l i c t i n g  r e s u l t s  a n d  t h e  l o n g  p e r i o d  of  
i n a c t i v i t y  in  t h i s  f ie ld  of  r e s e a r c h ,  i t  w a s  s u g g e s t e d  t h a t  
t h e  p r o b l e m  s h o u l d  be  r e - e x a m i n e d  11,12. W e  h a v e  s t u d i e d  
t h e  e f f ec t  of  b o t h  d i r e c t  a n d  p u l s a t i n g  c u r r e n t  o n  d e v e l o p -  
i n g  d i s s o c i a t e d  c e r e b r a l  h e m i s p h e r e  cel ls  f r o m  t h e  c h i c k  
e m b r y o .  T h e  e x p e r i m e n t s  w i t h  d i r e c t  c u r r e n t  h a v e  b e e n  
r e p o r t e d  e l s e w h e r e  is. I n  t h e  p r e s e n t  c o m m u n i c a t i o n  we  
r e p o r t  t h e  e f f ec t  of  p u l s a t i n g  s q u a r e - w a v e  c u r r e n t  o n  d i s -  
s o c i a t e d  n e r v e  cells.  
Materials and methods. D i s s o c i a t e d  c e r e b r a l  h e m i s p h e r e  
cel ls  f r o m  7 - d a y - o l d  c h i c k  e m b r y o s  we re  c u l t i v a t e d  in  
R o s e  c h a m b e r s  on  a c o l l a g e n  s u b s t r a t e ,  a c c o r d i n g  to  t h e  
m e t h o d s  d e s c r i b e d  p r e v i o u s l y  14-16. T h e  n u t r i e n t  m e d i u m  
c o n s i s t e d  of  E a g l e ' s  m i n i m a l  m e d i u m ,  2 0 %  f e t a l  ca l f  
s e r u m  a n d  500 m g  % g lucose .  T h e  cel ls  we re  k e p t  i s o l a t e d  
a n d  t h e  p r o l i f e r a t i o n  of t h e  g l ia l  cel ls  w a s  d e p r e s s e d  b y  
t h e  m e t h o d  d e s c r i b e d  e l s e w h e r e  17. T h e  e l e c t r o d e  s y s t e m  
c o n s i s t e d  of  2 go ld  e l e c t r o d e  p l a t e s  c o n s t r u c t u r e d  as  fol-  
l ows  : e a c h  of  t h e  2 e l e c t r o d e s  w a s  in  f o r m  of  a s t r i p  of  go ld  

Fig. 1. The Rose Chamber assembly. 
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Fig. 2. The direction (I) and the directional ranges (II and III) in 
which the cells were counted. 
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lq;;. 3. An example of the fllsiform ('e]l~ the oiie,tati(m of which xxa< 
stndied. ]'7 7-day-old embryo, C 1 : 1 day iu culture, lx~ngtb of 
~m~rkcr li~m 10 {• 

Fig. 4. An (xamplc of a i>ultipolar cell. F r 7-day-old embry% 
C 1 = 1 (la~ ill culture, l.ength of marker line l 0 !zm. 

(15 X 40 ram) evapora ted  onto  the  coversl ip (40 X 40 mm) 
t h a t  was to serve as the  b o t t o m  coversl ip in the  Rose 
c h a m b e r  assembly  (figure 1). There  was a 5 m m  wide str ip 
of the  coverslip surface left non-covered  by  the  gold be- 
tween  the  2 electrode strips.  The cells grew on this  s tr ip 
t h a t  was p repa red  for cul t iva t ion  by using collagen, sub- 
s t ra te .  The cu r ren t  passed be tween  the  2 e lect rodes  was 
pulsa t ing  squarewave  cur ren t  p rovided  by  a physio-  
logical s t imula tor  of low output impedance .  The fre- 
quency  of the  cur ren t  was 1 I-{z, the  pulse dura t ion  1 msec 
and  the  in t ens i ty  of the  cu r ren t  var ied be tween  50 and 
300 ExA/mm e. This range of cur ren t  in t ens i ty  was chosen 
on  the  basis of p re l imina ry  exper iments ,  showing t h a t  in- 
tensi t ies  below 50 BA/mm 2 were ineffect ive and those  
above  300 ~zA/mm 2 des t ruc t ive  in a w a y  similar to t h a t  
r epor ted  earlier 13. The exposure  to the  cur ren t  las ted for 
24 h, s t a r t ing  at  0, 1 and 2 days  of cul ture  t ime.  Abou t  
150 cul tures  were p repa red  including the  p re l iminary  ex- 
per iments .  The cul tures  were observed by  phase  con t r a s t  
microscopy af ter  1, 2 and 4 days  of incubat ion.  Orien- 
t a t ion  was de t e rmined  by  coun t ing  the  n u m b e r  of cells 
hav ing  the i r  longi tudinal  axes in p r ede t e rmined  direct ions  
or direct ional  ranges (figure 2). These included the  direc- 
t ion  joining the  electrodes,  the  90 ~ range wi th  45 ~ on 
e i ther  side of t he  line joining the  electrodes,  and the  90 ~ 
range wi th  45 ~ on e i ther  side of the  pe rpend icu la r  to the  
line joining the  electrodes.  Control  cul tures  were p repa red  
in ident ical  chamber s  and  under  ident ical  condi t ions  for 
each exper iment .  

Resztlts.  Isola ted  neurons  f rom dissociated cerebral  hemi-  
spheres of the  7-day-old chick embryo  develop on a col- 
lagen subs t r a t e  in cul ture as follows 17. The ceils se t t le  on 
the  subs t ra te  af ter  abou t  2-3 h and s t a r t  to grow pro-  
cesses a t  abou t  16 h in culture.  F i r s t  tile cells are b ipolar  
(figure 3) and la ter  become mul t ipo lar  (figure 4). W h e n  
the  cu r ren t  was passed s ta r t ing  at  the  t ime  of culture,  an 
or ien ta t ion  was observed af ter  24 h in cul ture d e m o n s t r a t -  
ing t h a t  72.9% of the  ceils had the i r  axes a t  an angle less 
t h a n  45 ~ wi th  the  line joining the  electrodes and 27.1% of 
the  cells more  t h a n  45 ~ . Of the  cells in the  first  group 
abou t  58% took  up posi t ions  wi th  their  longi tudinal  axes 
in t he  same direct ion as the  line joining the  electrodes.  
Only abou t  2% of the  to ta l  cells were found lying per-  
pendicular  to the  above direction.  As mos t  of the  cells 
t r ans fo rmed  into mul t ipo la r  cells a f ter  abou t  2 days  in 
culture,  no fu r the r  or ien ta t ion  was observed at  th is  stage.  
Similar ly  there  was no o r i en ta t ion  in any  of the  control  
cul tures.  
Discuss ion .  F r o m  the  above  results,  it  is clear tha t ,  
a l though  the  electr ical  cur ren t  does no t  cause comple te  
o r ien ta t ion  of the  bipolar  ceils, i t  cer ta in ly  influences i t  to 
a grea t  ex ten t .  The effect  is on the  or ien ta t ion  of t he  
longi tudina l  axis of the  cell body  and no t  in the  d i rec t ion  
of the  neuri tes .  In  fact  when  mul t ipo la r  d i f fe ren t ia t ion  
begins to  t ake  place, the  cellular processes lie in all 
directions.  This  seems to indicate  t h a t  the  electric cu r r en t  
influences the  di rect ion of m o v e m e n t  of the  fusiform cells. 
The exac t  mechan i sm still needs to be elucidated.  


