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spec ted  d i rec t ly  and  were somet imes  p h o t o g r a p h e d  for a 
p e r m a n e n t  record.  

Results and Discussion. The ac t ion  of low concen t r a t i ons  
of ct-lobeline in p roduc ing  axone  reflex swea t ing  was 
usual ly  faci l i ta ted by  pa raoxon ,  while h igher  concen-  
t r a t i ons  ( > 1 : 1,750000) of e-lobeline were inh ib i ted  by  
pa r aoxon  in more  t h a n  one-ha l f  t he  t r ia ls  (Table). The  
Table  gives combined  resul ts  on 1t subjec ts ,  so t h a t  dose- 
response  charac te r i s t i cs  for indiv idual  sub jec ts  t e n d  to  be 
obscured.  As a rule, the  resul ts  on each subjec ts  followed 
the  t r e n d  t h a t  low concen t r a t ions  of e-lobeline were 
fac i l i ta ted  by  pa r aoxon  and  high concen t r a t ions  inh ib i ted  
(Figure). Moreover,  e-lobeline i tself  shows the  charac te r -  
istic, previous ly  repor ted  for the  nicot inic  agents  s, of 
p roduc ing  a progress ively  d imin ish ing  axone  reflex re- 
sponse  a t  concen t r a t ions  h igher  t h a n  an op t imum.  These  
resul ts  sugges t  t h a t  endogenous  acetylchol ine ,  here  ac t ing  
add i t ive ly  wi th  a-lobeline, can  pa r t i c ipa t e  in the  in i t ia t ion 
of axone  reflex sweat ing.  W h e t h e r  in fact  th is  occurs  unde r  
physiological  condi t ions  r emains  unknown.  

Zusammen/assung. P a r a o x o n  beeinf luss t  (tie VVirkung 
yon  a-Lobel in  fiber den Axonref lex,  der  Schwi tzen  
mensch l icher  H a u t  ausl6st .  Geringe K o n z e n t r a t i o n e n  yon 
c~-Lobelin werden  du rch  Pa rao x o n  verstXrkt ,  wXhrend 
h/3here g e h e m m t  werden.  Daraus  wird gefolgert ,  dass  
endogenes  Acetylchol in  an der  Ausl6sung des Axon-  
ref lexes bete i l ig t  sein kann.  
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Qual i ta t ive  Effect  of  S t r y c h n i n e  and B r u c i n e  on  
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 e l e n -  

c e p h a l o n  

The cells of origin of t he  s p o n t a n e o u s  po ten t i a l s  f rom 
exp l an t s  * of b ra in  t issue in cu l ture  have  n o t  ye t  been  
d e t e r m i n e d .  Some evidence  as to  the i r  i d e n t i t y  can be 
ob ta ined  f rom the i r  reac t ions  to pharmacolog ica l  agen ts  
wi th  a known  effect  on bra in  tissue. The s t u d y  repor ted  
below concerns  the  reac t ion  of spon taneous  po ten t i a l s  
f rom exp lan t s  of 15 day  chick embryo  te lencepha lon  to 
the  ana lept ic  drugs  s t rychn ine  and  brucine.  

E a c h  e x p l a n t  was  t aken  in the  usual way  f rom the  
t e l encepha lon  of 15 day  chick e m b r y o s  and  placed on to  the  
uppe r  a spec t  of a piece of cellulose sponge  on a coverglass  
in such  w a y  as to  lie be tween  the  sponge  and  a 36 gauge 
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p l a t i n u m electrode.  The reference e lect rode (also of 36 
gauge p l a t inum wire) was c e m e n t e d  onto  the  side of a 
K a h n  tube  in to  which  the  eoverglass  wi th  the  sponge,  ex-  
p l an t  and  e lec t rode  were placed.  A s u p e r n a t a n t  m a d e  
f rom ba lanced  sa l t  solut ion TDL11 and  0.25% h u m a n  
se rum pro te in  a t  37°C was a d d e d  to  the  K a h n  tube  in 
such a way  as to  come half  way  up the  cellulose sponge  
and immerse  the  lower end of the  reference e lec t rode  wi th-  
out  touch ing  the  ex p l an t  i tself (except  insofar  as the  
s u p e r n a t a n t  p e r m e a t e d  the  cellulose sponge).  The K a h n  
tube  was sealed wi th  a se rum s toppe r  con ta in ing  an air 
fi l ter to p r ev en t  any  change  in the  pressure  inside the  

1 A. ~V. B. CLrNN[NGHAM, ~I. DOUGHERTV, and  B. J.  RYLANDER, 
Na tu re  186, 477 (1960). 
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Fig, 1. Simultaneous ,- ffect of mcg/cm s strychnine sulphate on the spontaneous potentials from two explants of 15 day chick embryo 
telencephalon. In both explants the section R to S represents the normal potential production from the explants. The strychnine is 
added at the point S and the section S to T represents the effect of the strychnine. The increase in magnitude of the potentials in both 
explants is obvious as is the subsequent inhibition of the potentials in Explant A. X-axis each major division represents 10 sec. Y-axis eight 

major division represents 30 [zV. 
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K a h n  tube  and  a l eng th  of Teflon t ub ing  to allow the  
i n t r o d u c t i o n  of t h e  s u p e r n a t a n t  con ta in ing  t h e  drug.  The  
s t o p p e r  was  inser ted  so as to  allow the  egress of t h e  two  
p l a t i n u m  electrodes.  The K a h n  tube  was  placed in  a 
shie lded i ncuba to r  a t  37°C and  connec ted  by  shie lded 
cables to ampli f iers  and a pape r  s t r ip  recorder .  

The exp lan t s  used had  been  in cul ture  for 48 h. The 
slow and  careful  in jec t ion  of an addi t iona l  vo lume  of 
w a r m  s u p e r n a t a n t  to cover  the  e x p l a n t  followed by  
i m m e d i a t e  w i thd rawa l  of an a m o u n t  equal  to  t h a t  j u s t  
added ,  leaving the  original  vo lume (2 cm ~) of s u p e r n a t a n t ,  
usual ly  caused  a reduc t ion  in the  ac t iv i ty  of t he  exp lan t .  
The  s t rychn ine  and  bruc ine  in so lu t ion  were  appl ied to  
t he  e x p l a n t s  in th is  way.  Since i t  was possible  t h a t  an  
e x p l a n t  m i g h t  have  been  displaced by  th is  m a n e u v e r  and  

to  ensure  t h a t  the  resul ts  to  be r epor ted  were due  to  t he  
drug,  m a n y  more  ex p l an t s  were  exposed  to  t he  drug  t h a n  
are to  be r epo r t ed  and  all ex p l an t s  had  the  same t y p e  of 
response.  Also the  same response  was  o b t a i n ed  w h e n  the  
d rug  was  appl ied  r epea t ed ly  to  the  same e x p l a n t  or  to  
o t h e r  explants .  

Results .  4 mcg /cm a s t rychn ine  su lpha te  dissolved in 
w a r m  s u p e r n a t a n t  was appl ied  s imul taneous ly  to  ex- 
p lan t s  in the  m a n n e r  descr ibed above  and  the  po ten t i a l s  
p roduced  by  the  exp lan t s  increased in magn i tude  w i t h o u t  
a p p a r e n t  increase in f requency• E x p l a n t  A (Figure 1, 
uppe r  trace)  showed the  g rea tes t  increase in m a g n i t u d e  of 
po ten t i a l  b u t  t he  effect  was  re la t ively  shor t - l ived  because  
inh ib i t ion  of t he  cell or  cells wh ich  were  ini t ia l ly s t imu-  
la ted.  The  cells were no t  dead  because  a lesser po ten t i a l  

Fig. '2. The effect of 4 mcg/cm ~ of strychnine sulphate on the spontaneous potentials from all explant of 15 day chick embryo 
telencephalon. The increase in magnitude of the potentials after addition of strychnine is obvious. X-axis each major division re- 

presents 10 sec. Y-axis eight major divisions represents 80 [~V. 

Fig. 8. The effect of 200 mcg/cm 3 brucine sulphate on the spontaneous potentials from an explant of 15 day chick embryo telence- 
phalon. The section R to S is the normal activity of the explant. The brucine is added at the point S and the section from S to T represents 
the effect of the brucine. At the point T sodium phenobarbital is added to the final concentration of 4 mcg/em ~ and its effect in 
diminishing the effect of the brucine is obvious. X-axis each major division represents 10 sec. Y-axis eight major divisions represents 30 v.V. 
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Fig. 4. The lower part of this. Figure shows a continuation of the recording front Figure 3 at one quarter the paper speed of the 
previous Figure to show the cyclic variation in the potentials. The upper recording (made at four times tile paper speed of thc lower 
one) shows the effect on an anesthetic gas, Fluomar (using air saturated with Iquomar vapor at aT°C), on the poteutials amplified 
by strychnine and then lessened by sodium phenobarbital. The anesthetic vapor is applied at A and washed out by two injections of air 
at 37°C at B. X-axis, lower recording, each major division reprcsents 40 see, upper recording, each major division represents 10 see. 

Y-axis eight major divisions represents 30 ~tV. 

c o n t i n u e d  to arise.  E x p l a n t  B (F igure  1, lower t race)  
s h o w e d  a lesser  inc rease  in m a g n i t u d e .  T h i s  inc reased  
a c t i v i t y  c o n t i n u e d  u n t i l  t h e  c u l t u r e  was  a b a n d o n e d ,  
a b o u t  48 h later .  A f u r t h e r  e x a m p l e  of t he  s t i m u l a t o r y  
effect  of s t r y c h n i n e  on a t e l encepha l i c  e x p l a n t  can  be 
seen  in F igu re  2. 

T h e  effect  of b ruc ine  s u l p h a t e  on t e l encepha l i c  e x p l a n t s  
is seen  in F igu res  3 a n d  4. I t  is s imi la r  to t h a t  of s t r y c h n i n e  
b u t  f i f ty  t i m e s  t h e  c o n c e n t r a t i o n  of b ruc ine  was  needed  
for a s imi la r  ac t i v i t y .  The  ef fec t  of  b ruc ine  was  r educed  
by  s o d i u m  p h e n o b a r b i t a l  a n d  abo l i shed  b y  a n e s t h e t i c  
v a p o r  (air s a t u r a t e d  wi th  F l u o m a r  Vapo r  a t  37°C) whose  
effect  was  pa r t i a l l y  r eve r sed  w h e n  t h e  v a p o r  was  w a s h e d  
o u t  w i t h  w a r m  a i r  a t  37°C. 

Discussion. F r o m  t h e  a b o v e  r e su l t s  i t  can  be seen t h a t  
t h e  e x p l a n t s  r e ac t  to  s t r y c h n i n e  a n d  b ruc ine  in t h e  s a m e  
m a n n e r  as h a s  been  r epo r t ed  for t he  n e r v o u s  s y s t e m s  of 
i n t a c t  a n i m a l s  a n d  for cells of the  cen t r a l  n e r v o u s  s y s t e m  
(in p a r t i c u l a r  t h e  n e rv e  cell bodies  a n d  axons2) .  The  
p r o p o r t i o n a t e  s t r e n g t h s  of s t r y c h n i n e  a n d  b ruc ine  neces-  
s a r y  for e q u i v a l e n t  ac t ion  on t h e  e x p l a n t s  is t h e  s a m e  as  
is needed  in t h e  l iv ing  a n i m a l  a. T h e  m u t u a l  a n t a g o n i s t i c  
e f fec t  of b ruc ine  a n d  b a r b i t u r a t e  is t h e  s a m e  as  t h a t  en-  
c o u n t e r e d  in t h e  whole  a n i m a l  a n d  a t t r i b u t e d  to a c t i ons  
on  t h e  ac t ive  e l e m e n t s  of t he  cen t r a l  n e r v o u s  s y s t e m .  T h e  
s u p p r e s s i v e  effect  of an  a n e s t h e t i c  gas  on  t he  p o t e n t i a l s  
wh ich  h a v e  been  e x a g g e r a t e d  b y  t he  ac t ion  of b ruc ine  is 

t he  s a m e  as  e n c o u n t e r e d  in t he  l iving a n i m a l  a n d  also c a n  
be r e g a r d e d  as ev idence  t h a t  the  po t e n t i a l s  were a r i s ing  
f rom the  e x p l a n t  a nd  were no t  a r t e fac t s .  In  br ief  t he  
r e sponses  of t he  e x p l a n t s  to these  p h a r m a c o l o g i c a l  a g e n t s  
are  the  s a m e  as those  on the  i n t a c t  cen t r a l  n e r v o u s  s y s t e m  
a n d  on  ne rve  cells a n d  the i r  a x o n s  ~. 

Zusammen/assung. Bruc in  a nd  S t r y c h n i n  e rgeben  Ver-  
g r 6 s s e r u n g  der  s p o n t a n e n  Po t e n t i a l e  a u s  T e l e n c e p h a l u s -  
Gewebe  (in vitro), l)ie P o t e n t i a l z u n a h m e  n i m m t  bei Zu-  
sa t z  von  N a t r i u m p h e n o b a r b i t a l  a b  u n d  wird d u t c h  Be- 
t g u b u n g s m i t t e l  a u f g e h o b e n .  Die R e a k t i o n  des  E x p l a n t s  
a u f  P h a r m a k a  s t i m m t  m i t  de r j e n ige n  des  i n t a k t e n  Zen-  
t r a l n e r v e n s y s t e m s ,  de r  Ne rvenze l l en  u n d  ihrer  A x o n e  
iiberein. 
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