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The  Qualitat ive Effect of Anes thet i c  Gases  on 
S p o n t a n e o u s  Potent ia ls  f r o m  Explant s  of  Brain  

T i s sue  in Culture ~ 

T h e  s p o n t a n e i t y ,  d u r a t i o n ,  fo rm,  a n d  r e p e t i t i v e  p a t t e r n  
of  t h e  p o t e n t i a l s  a r i s ing  s p o n t a n e o u s l y  f r o m  a d u l t  a n d  
e m b r y o n i c  t i s sue  e x p l a n t s  of b r a i n  t i s sue  in cu l t u r e~  a re  
d i f f e r e n t  f r o m  t h e  m u l t i t u d e  of  p r e v i o u s  r e p o r t s  of  e v o k e d  
a n d  ' s p o n t a n e o u s '  p o t e n t i a l  f r o m  c e r e b r a l  t i s sues .  T h e s e  
d i f fe rences  ra ise  t h e  q u e s t i o n  as  to  t h e  cells of  o r ig in  of  t h e  
p o t e n t i a l s  a r i s ing  s p o n t a n e o u s l y  f r o m  e x p l a n t s  of b r a i n  
t i s sue  in cu l t u r e .  B y  b o t h  l igh t  a n d  e l ec t ron  m i c r o s c o p y ,  
t h e  e x p l a n t s  g iv ing  rise to  s p o n t a n e o u s  p o t e n t i a l s  in 
c u l t u r e  h a v e  a l w a y s  c o n t a i n e d  ' n o r m a l '  n e u r o n a l  cells as  
wel l  a s  t h e  o t h e r  e l e m e n t s  u s u a l l y  f o u n d  in n e r v o u s  t i s sues .  
H o w e v e r  t h e  m e r e  p h y s i c a l  p r e s e n c e  of  n e u r o n a l  cells in 
t h e  e x p l a n t s  does  n o t  n e c e s s a r i l y  m e a n  t h a t  t h e  p o t e n t i a l s  
a ro se  f r o m  t h e s e  cells. I n  a d d i t i o n  to  t h e  h i s to log ica l  
ev idence ,  o t h e r  e x p e r i m e n t a l  a p p r o a c h e s  h a v e  been  used  
to  t r y  to  d e t e r m i n e  t h e  p r o p e r t i e s  a n d  hence  t h e  n a t u r e  of  
t h e  cells r e s p o n s i b l e  for  t h e  s p o n t a n e o u s  p o t e n t i a l s .  T h e  
s t u d y  r e p o r t e d  h e r e  c o n c e r n s  t h e  gene ra l  q u a l i t a t i v e  

r e s p o n s e  of  t h e  s p o n t a n e o u s  p o t e n t i a l s  f r o m  e x p l a n t s  of  t h e  
t e l e n c e p h a l o n  of  14 d a y  ch ick  e m b r y o s  to  e x p o s u r e  t o  
a n e s t h e t i c  gases .  

T h e  e x p l a n t s  we re  m a d e  in t h e  u s u a l  w a y  o n t o  t h e  u p p e r  
a s p e c t  of  a piece of  cel lulose s p o n g e  on  a c o v e r g l a s s  in s u c h  
a w a y  as  to  lie b e t w e e n  the  s p o n g e  a n d  a 36 g a u g e  p la t i -  
n u m  e lec t rode .  T h e  r e fe rence  e l ec t rode  (also of  36 g a u g e  
p l a t i n u m  wire)  w a s  c e m e n t e d  o n t o  t h e  s ide  of  a K a h n  t u b e  
i n to  w h i c h  t h e  c o v e r g l a s s  w i t h  t h e  s p o n g e ,  e x p l a n t ,  a n d  
e l ec t rode  were  p laced .  A s u p e r n a t a n t  m a d e  f r o m  b a l a n c e d  
sa l t  s o l u t i o n  T D L 1  ~ a n d  0 .25% h u m a n  s e r u m  p r o t e i n  a t  
37°C w a s  a d d e d  to  t h e  K a h n  t u b e  in s u c h  a w a y  as to  
c o m e  ha l f  w a y  u p  t h e  cel lulose s p o n g e  a n d  i m m e r s e  t h e  
lower  end  of  t h e  re fe rence  e l ec t rode  b u t  n o t  to  t o u c h  t h e  
e x p l a n t  i tself  ( excep t  i n so fa r  as  t h e  s u p e r n a t a n t  p e r m e a t e d  
t h e  cel lu lose  sponge ) .  T h e  K a h n  t u b e  w a s  sea led  w i t h  a 
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Fig. 1. The excitatory effect of small doses of anesthetic (1/10 cm ~ of 
air saturated with di-ethyl ether vapor in 8 cm a warm air injected 
into 7 ems Kahn tube) on the spontaneous potentials from explants 
of chick embryo teleneephalon. Lower trace is a direct continuation 
of the upper one. From A to B--slow injection of anesthetic vapor. 
C start of excitatory effect. O--second injection of anesthetic vapor 
(~[z crn s of air saturated with di-ethyl ether vapor injected into 7 cm ~ 
Kahn tube). X axis--each division equals 4 see. Y axis--eight large 

divisions equals 30 ~V. 

Fig. 2. The effect of chloroform vapor (1 cm ~ of air saturated with 
chloroform vapor at 37°C injected into 7 cm s Kahn tube) on spon- 
taneous potentials from an explant of chick embryo telencephalon. 
A--point  of injection of chloroform vapor. B and C--points of in- 
jection of warm air to 'wash out' chloroform vapor. X axis--each 
division equals 8 sec. Y axis--eight large divisions equals 30 ixV. 
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Fig. 3. The effect of di-ethyt ether vapor on the spontaneous po- 
tentials from explants of chick embryo teleneephakm. Lower trace is 
the direct contimlation of the upper one. A--normal series of 
potentials, B--1 ems of 1/5 di-etbyt ether vapor (air saturated with 
anesthetic vapor at 37°C diluted with more air) administered at the 
arrow of this series, C--point at which di-ethyl ether vapor displaced 
hy warm air, D series of potentials still showing s o m e  ' e x e i t e n l e n t ' .  

At the end of this series (indicated by arrow) 1 cm 31/2 di-ethyl ether 
vapor was administered. X axis--each division equals 4 see. Y axis-- 

eight large divisions equals ~lt) ~V. 
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Fig. 4. The effects of di-vinyl ether vapor (1 cm s of air saturated with 
di-vilwl ether vapor at 37°C injected into 7 cm 3 Kahn tube) on 
spontaneous potentials froul explants of chick telencephalon. 
A -  point of administratiolt of anesthetic vapor, B -  start of injection 
of warnl air to displace anesthetic vapor, C reconnnencement of 
spontaneous potentials. X axis--each division equals 4 sec. Y axis-- 

eight large divisions equals 30 [~V. 
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Fig. 5. The effect of halothane vapor on spontaneous potentials from an explant of chick embryo telencephalic tissue in culture. 
The lower trace is a direct continuation of the upper trace. A and B are normal series of potentials. At the arrow at C, a dose 
of halothane vapor (1 em a air saturated with halothane vapor at 37°C) is administered and then washed out repeatedly with 
warm air at D, E, and F. G is the point of return of the spontaneous potentials. X axis -- each division equals I see. 

Y axis -- eight large divisions equals 30 ~V. 

se rum s toppe r  con ta in ing  an air  fi l ter (to p r e v e n t  a n y  
change  in the  pressure  inside the  K a h n  tube) and  a l eng th  
of Teflon t ub ing  to  allow the  i n t roduc t i on  of t he  an-  
es the t i c  gases. The s toppe r  was inse r ted  so as to allow the  
egress of t he  two p l a t i n u m  electrodes.  The K a h n  t u b e  was  
placed in a shielded i ncuba to r  a t  37°C and  connec ted  by  
shielded cables to  ampli f iers  and  a pape r  s t r ip  recorder .  

An in jec t ion  of a vo lume  of w a r m  air s imilar  to  t h a t  
a l ready  in the  K a h n  tube  caused only  a t r ans i en t  inci- 
den ta l  electr ical  d i s tu rbance  as can  be seen at  the  t ime  of 
in jec t ion  in any  of the  i l lus t ra t ions .  The anes the t i c  gas to 
be used was f i rs t ly  careful ly  w a r m e d  to 37°C before in- 
jec t ion  by  syr inge in to  the  ou te r  end of a piece of Teflon 
tubing.  The anes the t i c s  used were : Chloroform (Figure 2), 
d i -e thy l  e the r  (Figure 3), d iv inyl  e the r  (Figure 4), and  
H a l o t h a n e  (Figure 5). E a c h  of t he  anes the t i c s  h a d  the  
same general  effect.  They  caused  an ini t ial  shor t  per iod of 
increased f r equency  of po ten t i a l  p r o d u c t i o n - - a  s tage  of 
' e x c i t e m e n t '  which  is bes t  sedn in F igure  1 where  low 
concen t r a t i ons  of anes the t i c s  were used. I t  is also visible 
in t he  t races  seen a f te r  the  i n t roduc t ion  of some of t he  
anes the t i c s  (Figure 3 and  4). Af te r  th is  e x c i t e m e n t  phase ,  
the  po ten t i a l s  were  d imin i shed  or  suppressed  by  the  
presence  of anes the t ic .  

This  effect  can  be reversed  if t he  anes the t i c  is washed  
ou t  wi th  w a r m  air  or  when  a low concen t r a t i on  of an-  
e s the t i c  is used the  e x p l a n t  will s lowly recover  a c t i v i t y  
wi th  t he  passage  of t ime  even  if the  anes the t i c  is no t  
phys ica l ly  washed  out .  High  concen t r a t i ons  of anes the t i c  
will cause p e r m a n e n t  suppress ion  of t he  po ten t i a l s  if the  
anes the t i c  is n o t  r e m o v e d  rap id ly  b y  t h e  i m m e d i a t e  and  
r epea t ed  r e p l a c e m e n t  by  w a r m  air. Af te r  a dose of an-  
es the t i c  had  been  washed  ou t  w i th  w a r m  air, the  e x p l a n t  

was t h e n  suscept ib le  to fu r the r  doses of the  same or o the r  
anes the t ics .  

The increase in f r equency  of po ten t i a l  p roduc t ion  or 
' e x c i t e m e n t  phase '  is of in teres t .  I t  is no tab le  t h a t  in sp i te  
of the  second dose of anes the t i c  being five t imes  t h a t  of 
the  first  (Figure 1) the  in te rva l  b e t w een  the  end  of in- 
jec t ion  and  onse t  of exc i t a t ion  is 80 sec in each  case. 
Poss ib ly  th is  is because  the  v a p o r  had  to  p e n e t r a t e  t h r o u g h  
the  same th ickness  of ex p l an t  to reach the  ac t ive  focus in 
each occasion. Unless  an inh ib i to ry  effect  by  some of t he  
cells in the  ex p l an t  is p re sen t  and  r emo v ed  by  anes the t i c  
act ion,  th is  ' e x c i t e m e n t  phase '  m u s t  be due to  d i rec t  
s t imula t ion  by  the  anes the t ic .  This  suggests  t h a t  the  ex- 
c i t e m e n t  s tage encoun te r ed  in h u m a n s  and  an imals  dur ing  
induc t ion  wi th  anes the t i c s  m a y  also be due  to  d i rec t  
s t imula t ion  of cor t ical  cells and  no t  to  para lys is  of in- 
h ib i to ry  act ion.  

Z u s a m m e n / a s s u n g .  Die s p o n t a n e n  Po ten t i a l e  von  Tel- 
e n c e p h a l o n - E x p l a n t a t e n  i n  v i v o  werden  du rch  ani is the-  
t i sche Gase nach  anf~ngl ichem Po ten t i a l ans t i eg  ve rmin-  
d e r t  bzw. g e h e m m t .  Die Po ten t i a l e  k o m m e n  in ihrer  ur-  
spr i ingl ichen Form nach  E n t f e r n u n g  des Bet~iubungs- 
mi t t e l s  mi t  w a rmer  Luf t  wieder  zurtick, und  die E x p l a n t a t e  
s ind d a n n  wieder  d u r c h  dasse lbe  oder  andere  BetSmbungs-  
mi t t e l  beeinf lussbar .  
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The  Effect of P u r o m y c i n  on  Prote in  M e t a b o l i s m  
and Cell Div i s ion  in Fert i l ized Sea  Urchin  E g g s  1 

I t  has  recen t ly  been  shown t h a t  p u r o m y c i n  is a specific 
inh ib i to r  of p ro te in  me tabo l i sm  a t  the  S -RNA-r ibosome  
level2, a. P r e l im ina ry  e x p e r i m e n t s  on the  effects  of th is  
d rug  on ear ly  sea urchin  d e v e l o p m e n t  ind ica ted  t h a t  i t  
inh ib i t s  the  mi to t i c  ac t iv i ty  of fert i l ized eggs in a v e r y  
charac te r i s t i c  way.  W h e n  p u r o m y c i n  was  added  to the  
eggs some m inu t e s  before fer t i l iza t ion a t  concen t r a t i ons  
above  1 0 - 4 M ,  ac t iva t ion  and  ear ly  d e v e l o p m e n t  pro-  
ceeded in a seemingly  no rma l  w a y  unt i l  t he  'c lear  s t r eak '  
s tage,  b u t  t h e n  d e v e l o p m e n t  came to  a s tandst i l l ,  The  
'clear  s t r eak '  a t t a i ned  a r igid appea rance  wi th  abno rma l ly  
sha rp  borders .  The nucleus g radua l ly  swelled, bu t  no 
spindle  was  observed  and  no cell divis ions occurred.  The  
p resen t  r epor t  deals  w i th  an a t t e m p t  to corre la te  th is  ant i -  
mi to t ic  effect  of p u r o m y c i n  wi th  i ts  i nh ib i to ry  ac t ion  on 

the  incorpora t ion  of labeled amino  acids in to  p ro te in  b y  
the  same eggs, i n  v i v o  and  i n  v i t ro .  

E x p e r i m e n t a l .  P u r o m y c i n  (Lederle Labora to r i e s  Divi-  
sion) a t  var ied  concen t r a t i ons  was  added  to  unfer t i l ized 
eggs of t he  sea u rch in  P a r a c e n t r o t u s  l i v i d u s  (LM), 10 min  
before fer t i l izat ion.  At  var ious  in terva ls  a f te r  fert i l izat ion,  
equal  egg samples  ( app rox ima te ly  10 mg  prote in)  were  
w i t h d r a w n  f rom the  egg suspensions .  Af te r  s e d i m e n t a t i o n  
of the  eggs, the  vo lume of the  m e d i u m  was  r educed  to  
4 ml, and  75 mtxM of z4C-L-valine (6.53 m c / m M )  was 
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