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Electrical Responses of Astrocytic Glia from the 
Mammalian Central Nervous System Cultivated 

in v i t r o  I 

During  the  pas t  years  m e t h o d s  for the  cu l t iva t ion  of 
var ious  areas  of t h e  m a m m a l i a n  cen t ra l  ne rvous  s y s t e m  
have  been  deve lopedK In  add i t i on  to  neurons  these  ex-  
p l an t s  p rov ide  large quan t i t i e s  of glial cells w h i c h  be-  
come,  in the  course of cul t iva t ion ,  more  or less isolated so 
t h a t  t h e y  can easi ly be observed  wi th  phase  c o n t r a s t  
microscopy.  Time lapse c inema tog raph ic  records  revea led  
t h a t  such as t rocy tes  can exh ib i t  slow r h y t h m i c a l  move-  
m e n t s  ~ similar  to  those  of amoeba~ or slime molds.  Fo r  t he  
p re sen t  s tudy ,  a s t rocy tes  f rom the  midb ra in  and  f rom the  
cerebe l lum of the  k i t t en  were used which  were cu l t i va t ed  
according  to  our  s t a n d a r d  m e t h o d s  on 12 × 50 m m  cover  
slips in roller tubes .  The cul tures  were kep t  in the  incuba-  
t o r  a t  37°C for 30 to  50 days  before t h e y  were  used for 
e lec t rophysiological  expe r imen t s .  By  th is  t ime  the  as t ro-  
cy tes  were sepa ra ted  f rom one a n o t h e r  to  such  a degree  
t h a t  single e lements  could be easily d i s t inguished  (Fig. 1). 

The cul tures  were m o u n t e d  in a c h a m b e r  a p p r o x i m a t e l y  
4 m m  deep.  The  b o t t o m  of th i s  c h a m b e r  cons is ted  of a 
microscopic  slide cu t  to  a p p r o x i m a t e l y  I2 m m  ill w i d t h  
a n d  i ts  roof  was  fo rmed  b y  t h e  cover  slip on which  the  
cu l tures  were  grown. Af te r  t he  c h a m b e r  was  filled w i t h  
Gey ' s  ba l anced  sa l t  so lut ion the  cells were  obse rved  wi th  
Zeiss phase  c o n t r a s t  opt ics  a t  a magn i f i ca t ion  of approx i -  
ma t e ly  6 0 0 × ,  while t he  recording  and  s t i m u l a t i n g  
e lec t rodes  were  i n t roduced  f rom below t h r o u g h  the  open  
sides of t he  c h a m b e r  a t  an angle  of 10 to 30 degrees  wi th  
t he  aid of a modif ied  Lei tz  mic romanipu la to r .  The  place- 
m e n t  of the  e lec t rodes  in and  near  the  cells was m a d e  
unde r  visual  control .  The recording  microelec t rodes  were 
filled wi th  3 M KCl-solut ion and had  a t ip  d i a m e t e r  of 
less t h a n  0.5/~ and  a d i rec t  cu r r en t  res is tance  be tween  10 
and  25 M~2. The s t imula t ing  e lec t rodes  cons i s ted  of a pa i r  
of glass capil laries filled wi th  Gey ' s  ba lanced  sal t  solut ion.  
The one close to  t he  cell h a d  a t ip  d i ame te r  be tween  5 and  
15 /~, whereas  the  o the r  one which  was  immer sed  some 
d is tance  away  in the  c h a m b e r  fluid was a plain glass 
t ub ing  of a b o u t  1 m m  in d iameter .  

S t imula t ing  pulses were ob t a ined  f rom a Grass s t imu-  
la tor  used in con junc t ion  wi th  an isolat ion unit .  The  pulse 
du ra t ion  was a p p r o x i m a t e l y  1 ms. In t race l lu la r  po ten t i a l s  
were  recorded  wi th  a un i ty -ga in  preampl i f ie r  des igned  
and  cons t ruc t ed  b y  BAK 4. The  inpu t  capac i ty  of th is  
ampl i f ier  was  of t he  order  of 0.3 p F  and  the  grid cu r r en t  
could be a d j u s t e d  to  zero a t  or nea r  the  work ing  i n p u t  
vol tage.  A D u M o n t  osci l lograph was  used for record ing  
and  the  records  were  p h o t o g r a p h e d  wi th  a Grass  camera .  
In  t h e  a t t e m p t  to  pierce single a s t rocy te s  w i th  t he  record-  
ing microe lec t rodes  in m a n y  cases cons iderable  di f f icul ty  
was encoun te red  due  to  the  p l a sma  clot  in which  the  cells 
were  e m b e d d e d .  The p l a sma  clot  made  i t  diff icul t  to  
achieve  clean p e n e t r a t i o n  of the  cell body  which,  in such  
cases, was in jured  to  such  a degree  t h a t  precise records  
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could no t  be ob ta ined .  Similar  difficult ies were reported 
by  CRAIN 5 in his e x p e r i m e n t s  wi th  chicken e m b r y o  spinal 
ganglia  i n  vitro.  Only in areas  where  clot  l iquefac t ion  had 
t aken  place could clean pene t r a t i ons  of glia celt bodies  be 
p e r f o r m e d .  

Fig. la and b. Photomicrographs showing representative astrocytes 
in the living state and the position of the electrodes during the 
recording time. a Field close to the center of the culture where the 
cells have retained their original netlike connections. A recording 
microelectrode (R) is introduced in one astrocyte whereas a larger 
stimulating electrode (S) is located near the cell. At times the stimu- 
lating electrode was used as an injection pipette by means of which a 
limited anlount of isotonic KC1 solution could be placed in the im- 
mediate vicinity of the cell. b A flatly spread out astrocyte somewhat 
isolated in the outer zone of outgrowth. The recording electrode (R) 
is introduced into the cell whereas a small stimulating electrode (S) is 
placed very close to the surface membrane of the cell. The outline of 
the nuclear membrane lies outside the plane of focus. Thirty-five day 
old cultures, phase contrast. The magnification is indicated by a bar 

in a. 

On pene t r a t i on  of an a s t rocy te  there  was a sudden  shift 
in the  recorded  d i rec t  cu r r en t  po ten t i a l  of usual ly less than 
50 mV,  the  recording  t ip  be ing nega t ive  to  the  potential  
of the  su r round ing  fluid med ium.  On few occasions the 
po ten t i a l  shif t  was as large as 70 mV. W h e n  a small 
a m o u n t  of an  isotonic KC1 solut ion was in t roduced  by 
means  of a small  in jec t ion  p ipe t t e  p laced  in the  im- 
med ia t e  v ic in i ty  of t he  cell unde r  inves t iga t ion ,  the  nega- 
t i v i t y  of the  in t racel lu lar  po ten t i a l  decreased rapidly.  On 
cessa t ion  of the  out f low of t he  KC1 solut ion f rom the in- 
jec t ion  p ipe t t e  the  nega t iv i ty  r e t u rn ed  t o w ard  the  original 
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