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Table II. Net fluid transport (Av) in jejunum and ileum. Effect of various poisoning 
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Jejunum Ileum 

AV (mlg-~h -1) (zlV2-AV~/AV1) x 100 AV(mlg-lh -1) (A V~-AV~MV1) x 100 
Mean 4- SEM Mean 4- SEM Mean 4- SEM Mean 4- SEM 

Control 0.629 ~ 0.151 (14) 0.800 4. 0.146 (15) 

Ouabain 10-4M 0.267 4. 0.087 (9) -54.2 4- 6.0 0.099 4- 0.024 (10) -82.8 4- 5.1 

Ouabain 5 x 10-4M 0.331 ~ 0.111 (8) -53.3 4- 9.5 0.089 4- 0.046 (11) -92.3 4- 2.0 

DNP 5 x 10-~M 0.016 4- 0.014 (7) -95.5 4- 4.5 0.039 -t- 0,014 (7) -88.0 4- 9.1 

Transport values are referred to 1 g dry weight. Number of experiments in parantheses. A V I represent the control value; AV~ represents the 
experimental value after drug addition. 

In  b o t h  in tes t ina l  t r ac t s  ne t  fluid t r a n s p o r t  is comple te ly  
inh ib i ted  by  D N P  5 • 10 -~ M while ouabain  causes a 
similar  decrease in the  ileum. In  je junum,  on tile cont rary ,  
only a 50% inhib i t ion  in ne t  fluid t r ans fe r  is reached  
(Table II).  I t  seems therefore  t h a t  ne t  fluid t r a n s p o r t  in 
r abb i t  j e j u n u m  is a t  least  pa r t l y  d e p e n d e n t  on a N a - K  
ATPase  sys t em which  is insens i t ive  to  the  drug.  

Moreover  the  resul ts  r epo r t ed 'on  chloride fluxes suggest  
t h a t  t he  chloride act ive  t r a n s p o r t  process  is, in b o t h  
in tes t ina l  t rac ts ,  d e p e n d e n t  on ano the r  ATPase  sys t em 
which  is also no t  ouaba in  sensit ive.  

Riassunto. I~ s ta to  s tud ia to  l ' e f fe t to  della ouaba ina  sul 
t r a spor to  di  Na, C1 e fluido in digiuno e ileo isolato d f  
coniglio. Mentre  in e n t r a m b i  i t r a t t i  in tes t inal i  il flusso 

mucosa-serosa  di Na ~ inibi to  dal  glicoside, il flusso nello 
stesso senso di C1, di cui ~ s t a t a  d i m o s t r a t a  una  c o m p o n e n t e  
a t t iva ,  non viene modif icato .  Poich~ inol t re  il t r a spo r to  di  
fluido viene inibi to dalla ouaba ina  in misura  d iversa  ill 
digiuno e in ileo, si suggerisce la p resenza  di s i s temi  
ATPasic i  non  ouabaino-sensibi l i  accan to  alla N a - K  
ATPas i  sensibi le  alia ouaba ina  che s i  a m m e t t e  essere 
responsabi le  del t r a spo r to  di Na. 
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Ionic M e c h a n i s m s  Underly ing  the Depolar izat ion of L-Glutamate  on Rat and 
H u m a n  Spinal Neurones  in T i s sue  Culture 

Biochemical  and  electrophysiological  s tudies  have  pro-  
v ided  m u c h  evidence t h a t  g lu t ama te  m a y  func t ion  as 
exc i t a to ry  t r a n s m i t t e r  in t he  m a m m a l i a n  spinal  cord (for 
ref. see 1,3). G lu t ama te  which  is p resen t  in h igh  concent ra -  
t ions  in t he  dorsal  roots  8,~ has been  found  to  be t a k e n  up  
by  a h igh  aff in i ty  t r a n s p o r t  sys t em into  synap tosomes  and  
slices of ra t  spinal  cord 5. Autorad iograph ic  s tudies  on ra t  
and  h u m a n  spinai  cord cul tures  have  d e m o n s t r a t e d  t h a t  
L-aH-glutamic acid is t a k e n  up in neurones  as well  as in 
glial cells 6. l~urthermore,  i t  has  been  shown t h a t  micro-  
e lec t rophore t ica l ly  admin i s t e r ed  g lu t ama te  caused  a 
depolar iza t ion  of spinal  mo toneurones  of the  ca t  1,L There  
is, however ,  l i t t le  evidence re la t ing  to  t he  ionic mecha-  
n isms t h a t  are responsible  for th is  depolar izat ion.  In  t he  
p resen t  inves t iga t ion  we have  used  the  t echn ique  of t issue 
cul ture  t o  s t u d y  ionic mechan i sms  under ly ing  the  depo-  
larizing act ion of g lu t ama te  on ra t  and h u m a n  spinal  
neurones.  

E x p l a n t s  f rom spinal  cord of h u m a n  fe tuses  (8-18 
weeks in utero) and  of newborn  and  fetal  r a t s  (18 days  in 
utero) were grown on col lagen-coated  coversl ips for 11-40 
days  in v i t ro  in t he  Max imov  assembly  (for detai ls  seeS). 

In t race l lu lar  recordings  were made  wi th  glass micro-  
e lectrodes (tip d iamete r  < i ~xm) filled wi th  3 M KC1, 
2 M K-c i t r a t e  or 1 M K-ace t a t e  b y  the  m e t h o d  descr ibed 
by  TASAKI et  al. g. The microelec t rodes  were  in t roduced  
b y  mic romanipu la to r s  f rom above  in to  the  cultures,  

which  were placed in a perfus ion c h a m b e r  lo m o u n t e d  on a 
reverse microscope.  For  more  deta i led  descr ip t ion  see 11,12. 

The record ing  electrode was  connec ted  t h ro u g h  an  
Ag-AgC1 wire to  a ca thode  follower and  po ten t ia l s  were  
d isp layed  on an oscilloscope and  on a rect i l inear  ink  
recorder.  The t e m p e r a t u r e  of t he  per fus ion  solut ion was  

1 D. R. CURTIS, A. W. DUGGAN, D. FELIX, G. A. R. JOHNSTON, 
A. K. TEB~ClS and J. C. WATKINS, Brain Res. dT, 283 (1972). 

2 j .  L. JOHNSON, Brain Res. 37, 1 (1972). 
s L. T. GRAHAM, R. P. SHANK, R. WERMAN and M. H. APRISON, J, 

Neurochem. 14, 465 (1967). 
A. W. DUGGAN and G. A. R. JOHNSTON, J. Neuroehem. 17, 1205 
(1970). 

5 W. J, LOGAN and S. H. SNYDER, Brain Res. 42, 413 (1972). 
s L. H6SLI, 2. H6sLI and P. F. ANDR/~S, Symposium on Dynamic 

Aspects of the Synapse, Boldern, Ziirich. Brain Res. 62, in press 
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ix L. H/hSLI, P. F. ANDROS and E. HSSLI, Brain Res. 34-, 399 (197I). 
12 L. H6SLI, P. F. ANDR/r-S and E. H/SSLI, Pfltigers Arch. 333, 362 

(1972). 
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36 ~ zc 1 ~ a n d  t he  p H  was kep t  a t  7.2-7.4 b y  i n t rodu -  
c ing 5 % CO2/95 % O2 in to  t he  b a t h i n g  fluid. Compos i t ion  
of t h e  b a t h i n g  f luid (Gey's  b a l a n c e d  sa l t  solut ion)  was  
( m M ) :  NaC1 137, KC1 5, CaC12 2.4, MgC12 2.2, N a 2 H P O  4 
1.0, KH~PO 4 0.18, N a H C O  s 2.9, glucose 11.1. Sodium-f ree  

B Glut  100 nA 
mV 

- 4 0  

- 4 6  f 
10 sec  

G l u t  10 - 4  M 

mV 

- 6 4  

20 sec  

Fig. 1. A) Phase contrast picture of a rat spinal neurone in tissue 
culture (23 days in vitro). R, recording microelectrode; M, 4-barreI 
mieropipette for the microelectrophoretic administration of L- 
glutamate. Bar: 30 [xm. B, C) Effects of glutamate on the membrane 
potential of 2 different rat spinal neurones in tissue culture. In B) 
glutamate (Glut) was administered microelectrophoretieally with a 
current of 100 nA by means of a 4-barrel micropipette. Culture 25 
days in vitro. Time: 10 see. C) Depolarization by glutamate added to 
the bathing fluid at a concentration of 10 -4 M (Glut. 10 4 M) of 
another spinal neurone. Culture 26 days in  vitro. Time: 20 see. 
Duration of drug application is indicated by horizontal bar above 
tracings. Ordinate: membrane potential in inV. 

so lu t ions  were m a d e  b y  rep lac ing  t h e  sod ium ions b y  
chol ine  chlor ide  a n d  t r is-buf fer  (pH 7.4). The  r a t e  of 
per fus ion  was 12 m l / m i n  a n d  t he  vo lume  of t he  c h a m b e r  
2.4 ml.  L -g lu t ama te  (pH 8, 0,5 M)  was a d m i n i s t e r e d  
mic roe lec t rophore t i ca l ly  b y  m e a n s  of 4 -bar re l  micropi -  
pe t t e s  w h i c h  were p laced  close to  the  cell m e m b r a n e  
(Figure  1 A) or added  to  t h e  b a t h i n g  f luid in  c o n c e n t r a  
t ions  of 10 -a to  10 .6 M.  

The  m a j o r i t y  of mic roe lec t rode  i m p a l e m e n t s  were m a d e  
of neu rones  ly ing  in or a t  t he  edge of t he  e x p l a n t  of sp ina l  
cord  cu l tu res  a n d  on ly  a r e l a t i ve ly  smal l  n u m b e r  of 
record ings  were m a d e  f rom iso la ted  ceils loca ted  in t he  
o u t g r o w t h  zones. 

L -g lu t ama te  a d m i n i s t e r e d  mic roe lec t rophore t i ca l ly  w i t h  
c u r r e n t s  of 100-400 n A  f rom the  t ip  of m u l t i b a r r e l  micro-  
p ipe t t e s  (Figure  i A) usua l ly  caused  a depo la r i za t ion  of 
cu l t u r ed  r a t  sp ina l  neurones .  An  example  of such  a n  
e x p e r i m e n t  is i l l u s t r a t ed  in F igure  1 13. G l u t a m a t e  admi -  
n i s t e red  w i t h  a c u r r e n t  of 100 n A  f rom a 4-bar re l  micro-  
p i p e t t e  caused  a depo la r i za t ion  of a p p r o x i m a t e l y  5 m V  
on  t h i s  neurone .  As was a l r e ady  obse rved  w i t h  t h e  h y p e r  
polariza-t ion b y  g lycine  on  cu l t u r ed  r a t  sp ina l  neu rones  11 
t h e  t i m e  course  a n d  a m p l i t u d e  of t he  g l u t a m a t e  i nduced  
depo la r i za t ion  of ten  va r i ed  cons ide r ab ly  be tween  ind iv id -  
ual  cells. 

In  order  to  s t u d y  t he  effects of g l u t a m a t e  on t he  m e m  
b r a n e  p o t e n t i a l  in  def ined concen t ra t ions ,  t he  a m i n o  acid 
(10 .3 to  10 .6 M) was added  to t he  pe r fus ing  solut ion.  
(Figures 1C a n d  2A) A l t h o u g h  t h e r e  were some t imes  
cons iderab le  differences  in  t h e  a m p l i t u d e  of t he  depolari~ 
za t ions  be tween  i n d i v i d u a l  cells w h e n  us ing  t he  same 
c o n c e n t r a t i o n s  of g lu t ama te ,  t he re  was a clear  dose-res-  
ponse  r e l a t i onsh ip  be tween  t h e  m a g n i t u d e  of effects  a n d  
t he  c o n c e n t r a t i o n  of g l u t a m a t e .  W i t h  g l u t a m a t e  concen-  
t r a t i o n s  of 10 -3 a n d  10 4 M depo la r i za t ions  of up  to  
30 m V  were recorded  (Figure 2A) whereas  c o n c e n t r a t i o n s  
of 10-6M usua l ly  caused  on ly  smal l  depo la r i za t ions  
(1-3 mV).  A few insens i t ive  ceils were also observed .  

The  o b s e r v a t i o n  t h a t  g l u t a m a t e  depola r ized  neu rones  
in t h e  e x p l a n t  of t h e  cu l tu re  as well  as i so la ted  neu rones  
in t he  o u t g r o w t h  zone suggests  t h a t  b o t h  t y p e s  of ceils 
h a v e  g l u t a m a t e  recep tors  a l t h o u g h  e lec t ronmicroscop ic  
s tud ies  1~ h a v e  shown  t h a t  neu rones  in t he  o u t g r o w t h  zone 
h a v e  on ly  v e r y  few or no  synapses .  However ,  a cons ider -  
able  n u m b e r  of synapses  has  been  found  on  neu rones  in 
a n d  a t  t he  edge of t he  e x p l a n t  where  m o s t  of our  record  
ings were made .  

On 4 cells t h e  ac t ion  of g l u t a m a t e  (10 .4 M)  was t e s t e d  
on  t he  a m p l i t u d e  of hype rpo l a r i z i ng  squa re  pulses passed  
t h r o u g h  t he  record ing  electrode.  As was  observed  in  
sp ina l  m o t o n e u r o n e s  in s i tu  7 t h e r e  was a decrease  in 
m e m b r a n e  res i s t ance  b y  g l u t a m a t e  a l t h o u g h  only  to  a 
smal l  ex ten t .  

There  is ev idence  f rom recen t  s tud ies  b y  TAtCEUCm and  
ONODERA 14 a t  t he  c ray f i sh  n e u r o m u s c u l a r  j u n c t i o n  t h a t  
t h e  cu r r en t s  p roduc ing  t h e  e x c i t a t o r y  j u n c t i o n a l  p o t e n t i a l  
a n d  t h e  g l u t a m a t e  depoIa r i za t ion  are  m a i n l y  ca r r ied  b y  so- 
d i u m  ions: I n  t h e  p r e sen t  - invest igat ion we h a v e  s tud ied  
t h e  effect  of a l t e r ing  t he  e x t e r n a l  c o n c e n t r a t i o n  of sod ium 
ions on  t he  response  of g l u t a m a t e  on  cu l t u r ed  h u m a n  
a n d  r a t  sp ina l  neurones .  R e m o v a l  of sod ium ions f rom the  
b a t h i n g  f luid r eve r s ib ly  r educed  or abo l i shed  t h e  de- 
po l a r i z a t i on  b y  g l u t a m a t e  on 17 neu rones  tes ted .  An  
example  of such  an  e x p e r i m e n t  is i l l u s t r a t ed  in F igure  2 
on  a h u m a n  sp ina l  neurone .  G l u t a m a t e  (10-42VI) h a d  no  

x3 j .  R. WOLFF, E. HOSLI and L. H6sLI, in preparation. 
14 A. TAKEUCHI and K. ONODERA, Nature New Biol. 242, 124 (1973}. 
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effect  on the  m e m b r a n e  po ten t i a l  of th is  neurone  in 
sodium-free  (Na+-free) ba th ing  solution.  Dur ing  perfus ion 
w i t h  normal  ba th ing  fluid (Na + 137 raM) g lu t ama te  
caused a marked  depolar iza t ion  of t he  celI membrane .  
Re tu rn ing  to  sodium-free  solution,  g lu tamate  again had  
a lmost  no depolar iz ing act ion.  On some cells t he  depolari-  
zat ion by  g lu t ama te  was no t  comple te ly  abol ished af ter  
r emoving  sodium ions. The remain ing  small  depolar iza t ion 
observed in sodium-free  solut ion (see also Figure  2A, 
3rd g lu t ama te  appl icat ion)  could be due to  the  presence 
of some residual  sod ium ions a round  the  p repara t ion  as 
suggested by  KERKOT et al. 15 or to  t he  poss ibi l i ty  t h a t  a 
small  p a r t  of g lu t ama te  cur ren t  could be carr ied by  
calcium ions as r epor ted  by  TAKEUCHI and  ONODERA 1~ 
a t  t he  crayf ish  neuromuscula r  junct ion.  

Our resul ts  suggest  t h a t  the  depolar iz ing act ion of 
g lu t ama te  on m a m m a l i a n  spinal  i leurones is main ly  

dependen t  on an increase of the  m e m b r a n e  pe rmeab i l i t y  
to sodium ions. Fur the rmore ,  t h e y  show t h a t  t he  t echn ique  
of t issue cul ture  provides  a unique  poss ibi l i ty  to  s t u d y  
ionic mechan i sms  under ly ing  t r a n s m i t t e r  ac t ions  by  
al ter ing the  extracel lular  ion concen t ra t ion  on neurones  
of t he  m a m m a l i a n  cent ra l  ne rvous  sys tem.  The observa-  
t ions  also indica te  t h a t  g lu tamate ,  which  is l ikely to  be 
an exc i t a to ry  t r a n s m i t t e r  in t he  spinal  cord, has  a similar  
ac t ion on cui tured  h u m a n  as well as on ra t  and  ca t  spinal  
neurones  in v i t ro  and  in vivo 1, 7. 

15 G. A. KERKUT, R. M. PITMAN and R. J. WALKER, Comp. Biochem. 
Physiol. 31, 611 (1969). 

18 For details on the effects of different solutions on the tip potential 
see: R. H. ADRIAN, J. Physiol., Lond. ]33, 631 (1956). 
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Fig. 2. Effects of removing external sodium ions on the response to glutamate (Glut 10 -4 M) on a human spinal neurone in tissue culture 
(16 days in vitro, fetus 9 weeks in utero). Perfnsion with sodium-free (Na+-free) solution was started approximately 3 mid before impale- 
rnent of the cellby the microelectrode (1 M K-acetate). A) Effects of glutamate (10 -4 M) on the membrane potential in sodium-free 
(Na+-free) and in normal (137 mM Na +) bathing solution. The progressive increase in membrane potentiM is probably due to a 'sealing-in' 
of the recording electrode. B) Effects of normM and sodium-free bathing solutions were tested after withdrawal of the recording 
electrode from the cell is. Ordinate: membrane potential in inV. Time: 30 sec. 
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Zusammen/assung. Die W i r k u n g  yon  G l u t a m a t  wurde  
au f  das  M e m b r a n p o t e n t i a l  yon  R f i c k e n m a r k l l e u r o n e n  des 
M e n s c h e n  u n d  der  R a t t e  in  G e w e b e k u l t u r  u n t e r s u c h t .  
E n t f e r n u n g  der  N a t r i u m i o n e l l  aus  dcr  ext razel lu lXren 
Flf iss igkei t  f t ih r t  zu e inem V e r s c h w i n d e n  der  d u r c h  Glu-  
t a l n a t  e r zeug ten  Depola r i sa t ion .  Diese Be funde  weisen 
d a r a u f  bin,  dass  G l u t a m a t ,  welches  eille v e r m u t l i c h e  
tdber t r /~gersubsta l lz  im R i i c k e n m a r k  ist, die Permeabili t~Lt 
de r  N e u r o l l e n m e m b r a n  ftir N a t r i u m i o n e l l  e rh6h t .  Die 
Versuche  zeigen ferner ,  dass  die G e w e b e k u l t u r  ein aus-  

geze ichnetes  Modell  i s t  zur  Abkl/~rung y o n  iona len  Me- 
chan i smen ,  welche der  W i r k u n g  y o n  ~ b e r t r ~ g e r s u b -  
s t a n z e n  im Z e l l t r a l n e r v e n s y s t e m  zug runde  liegen. 

L. H6SLI, P. F. ANDRAS a n d  ELISABETH H6SLI 

Department o/Neurophysiology, 
Neurological Clinic o/the University of Basel, 
Socinstrasse 55, CH-d057 Basel (Switzerland), 
23 July  7973. 

D e c r e a s e  in the  S y m p a t h o - I n h i b i t o r y  Ac t ion  of Clonid ine  after D e s t r u c t i o n  of the  
S y m p a t h o - I n h i b i t o r y  Area  

There  is COllSiderable ev idence  for a c en t r a l l y  m e d i a t e d  
decrease  in t he  s y m p a t h e t i c  tone  b y  c lonidine  1-6. The  
m a i n  s i te  of ac t ion  has  been  local ized in t be  medu l l a  
o b l o n g a t a  b y  t r a n s e c t i o n  e x p e r i m e n t s  T, s a n d  in jec t ion  
in to  t he  cepha l ic  a r te r ies  3, o,n. P i p e r o x a n  lo, n and  
y o h i m b i n e  n a n t a g o n i z e d  t h i s  effect. There fore  a n  
a c t i v a t i o n  of c en t r a l  a ad reno recep to r s  has  been  pro-  
posed ~6,n as t he  cause  of t h e  s y m p a t h o - i n h i b i t o r y  
effect. A no rad rene rg i c  m e c h a n i s m  i n h i b i t i n g  t he  sym-  
p a t h e t i c  t one  ha s  been  sugges ted  to  be  local ized in t h e  
medu l l a  o b l o n g a t a  16,11. 

Clonidine  ha s  a m u c h  tess r educ ing  effect  on t he  
increase  in t h e  s y m p a t h e t i c  tone  b r o u g h t  a b o u t  b y  
cen t r a l  s t i m u l a t i o n  t h a n  i t  h a s  on  t he  s p o n t a n e o u s  
s y m p a t h e t i c  t one  s,12. Clonid ine  r educed  t h e  effect  of 
s u b m a x i m a l  s t i m u l a t i o n s  b u t  d id  n o t  change  or even  
increase  t h e  effects of s u p r a - m a x i m a l  s t imu la t ions .  
WAITE 12 h y p o t h e s i z e d  a s u m m a t i o n  of t h e  effects  of 
c lonid ine  on  cen t r a l  m e c h a n i s m s  w i t h  t he  in f luence  of 
t h e  ba ro recep to r s  f ibres  on  cen t r a l  s y m p a t h e t i c  tone.  
At  s u b m a x i m a l  s t imu la t i on ,  t he  inf luences  coming  
f rom the  b a r o r e c e p t o r  p a t h w a y  are also s u b m a x i l n a l  
a n d  t h e i r  s y m p a t h o - i n h i b i t o r y  effect  could s u m m a t e  
w i t h  t he  effects of sma l l  doses of c lonidine.  For  supra -  
m a x i m a l  s t imula t ions ,  t he  s y m p a t h o - i n h i b i t o r y  mecha -  
n i sms  are m a x i m a l l y  a c t i v a t e d  a n d  a s u m m a t i o n  is 
no t  possible.  There fore  t he  increase  in t h e  s y m p a t h e t i c  
t one  induced  b y  cen t r a l  s t i m u l a t i o n s  is unopposed .  
On t he  o t h e r  hand ,  t h e  f i rs t  synapse  of t h e  b a r o r e c e p t o r  
p a t h w a y  was local ized in to  t he  nuc leus  t r a c t u s  sol i ta-  
ri i  ~a, ~4 a n d  t h e  nuc leus  re t i cu la r i s  pa ramed ia l i s  15, 
two  regions where  noradre l l a l ine -co l l t a in ing  neu rons  
were found1% A norad rene rg i c  l ink  in th i s  p a t h w a y  
was the re fo re  p roposed  ~6,11 

I n  these  hypo theses ,  c lonidine  was sugges ted  to  mimic  
or to  a c t i v a t e  s y m p a t h o i n h i b i t o r y  m e c h a n i s m s  in t he  
medu l l a  ob longa ta .  To check  th i s  suppos i t ion ,  des t ruc-  
t i on  in t h e  b u l b a r  depressor  a rea  were pe r fo rmed  a n d  
t h e i r  possible  inf luence  on  t he  s y m p a t h o - i n h i b i t o r y  
effect  of c lonidine  was inves t iga ted .  

3/Iethods. Cats  of e i the r  sex weigh ing  2-3.5 kg were 
a n a e s t h e t i z e d  i.v. w i t h  a m i x t u r e  of chloralose (0.050 g/ 
kg) a n d  u r e t h a n e  (0.250 g/kg). T h e y  were t r a c h e o t o -  
mized  b u t  a l lowed  to  b r e a t h e  spon taneous ly .  Caro t id  
b lood pressure  was recorded  b y  m e a n s  of a S t a t h a m  
P 23 D b  pressure  t r a n s d u c e r  on  a S a n ' E l  V i s ig r aph  
a n d  on  a b e a m  of a ca thod ic  oscilloscope T e k t r o n i x  
502 A us ing  t he  D.C. channe l .  

The  sp lanchn ic  n e r v e  was i so la ted  b y  a p a r a v e r t e b r a l  
incis ion r e t r o p e r i t o n e a l l y  a t  i ts  ex i t  of t he  d i a p h r a g m .  
The  ne rve  was s t r i pped  of i t s  s h e a t h  a n d  a b u n d l e  of 

f ibres  was  p laced  on  a pa i r  of p l a t i n u m  electrodes.  The  
ne rve  was  cu t  d is ta l ly .  The  splanchlliC discharges  were 
ampl i f i ed  b y  a T e k t r o n i x  122 p reampl i f i e r  us ing  t he  
f requencies  be tween  80-1000 Hz. The  d ischarges  were 
exposed  on  t he  second b e a m  of t h e  oscilloscope. The  
d ischarges  were p icked  up  a t  t h e  o u t p u t  of t he  p r e a m -  
plifier,  fu l ly  rec t i f ied  a n d  s m o o t h e d  b y  m e a n s  of a n  
ope ra t i ona l  ampl i f i e r  us ing  a R. C. n e t w o r k  of a 0.2 
second t i m e  cons t an t .  The  s m o o t h e d  d ischarges  were 
exposed on  a c h a n n e l  of t h e  Vis igraph.  The  a m p l i t u d e  
of t he  s m o o t h e d  s ignal  was  a p p r o x i m a t e l y  p r o p o r t i o n a l  
to  t he  a m p l i t u d e  a n d  f requencies  of t h e  i n p u t  po ten t i a l .  
The  va lue  of the  s m o o t h e d  s ignal  before  t h e  a d m i n i s t r a -  
t i on  of cloll idine was t a k e n  as 100% a n d  t he  zero was 
d e t e r m i n e d  a f t e r  t h e  d e a t h  of t he  an imal .  

To expose t he  medu l l a  ob longa ta ,  t h e  head  of t h e  
a n i m a l  was p laced  in a s t e r eo tax ic  i n s t r u m e n t  (La Pr6-  
cision C i n 6 m a t o g r a p h i q u e  Fran~aise) ;  t he  muscles  of 
t he  neck  were incised and  recl ined.  The  occ ip i to -a t l an-  
to id  m e m b r a n e  was opened  and  a p a r t  of t he  occipi ta l  
bone  was r e m o v e d  in o rder  to  expose t he  f loor of t he  
4 th  vent r ic le .  The  ce rebe l lum was g e n t l y  recl ined.  A 
s ta inless  steel  e lec t rode  of 0.3 m m  in d i ame te r ,  var -  
n i shed  on  i ts  whole  l e n g t h  excep t  for  0.5 m m  a t  i ts  t ip,  
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