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Fig. 2. Record showing the increase in muscle potential frequency caused by 5-HT (10 -e g/ml) applied to the muscle from the tip of a 
small bore pipette. The effect is reversed by washing the muscle with saline. 

was t he  same  as t h e  l a t ency  of t he  a n t i d r o m i c  p o t e n t i a l  
r ecorded  a f t e r  ne rve  s t i m u l a t i on .  3. The re  was a one to  one 
r e l a t ionsh ip  b e t w e e n  t h e  GSC ac t ion  p o t e n t i a l  and  
pe r iphe ra l  spike a f te r  severa l  h u n d r e d  ac t ion  po ten t ia l s ,  
and  a f te r  GSC f i r ing  a t  h i g h  f r equency  (Figure 1, C). The  
one  to  one r e l a t i onsh ip  was n o t  a f fec ted  b y  b a t h i n g  t h e  
p r e p a r a t i o n  w i t h  sa l ine  c o n t a i n i n g  h i g h  Mg++ a n d  no  
Ca++. 

Individual resting lip muscles, innervated by branches 
of the external lip nerve, exhibited spontaneous muscle 
potentials which were relatively constant in frequency 
a n d  a m p l i t u d e .  W h e n  t h e  GSC was s t i m u l a t e d  tu r f s -  
ce l lu lar ly  to  f ire a b u r s t  of spikes  t he re  was a m a r k e d  
increase  in t he  f r equency  of t he  muscle  p o t e n t i a l s  w i t h o u t  
a n y  no t i ceab le  change  in muscle  l e n g t h  (Figure 1, D, E). 
Severa l  GSC spikes were necessa ry  to  p roduce  t h i s  effect ;  
no  increase  in  e lectr ical  a c t i v i t y  was obse rved  a f te r  a 
single spike  or low f r equency  f i r ing  f rom t he  GSC. The  
increase  in muscle  p o t e n t i a l  f r equency  las ted  for severa l  
sec a f te r  cessa t ion  of GSC s t imu la t i on .  The  effect  caused  
b y  GSC s t i m u l a t i o n  was abo l i shed  if t he  e x t e r n a l  l ip 
ne rve  was severed,  or  if s t i m u l a t i n g  c u r r e n t  was  passed  
f rom a microe lec t rode  p laced  a d j a c e n t  to  t he  GSC in t he  
b a t h .  The  increase  in e lec t r ica l  a c t i v i t y  caused  b y  GSC 
s t i m u l a t i o n  was m i m i c k e d  b y  5-I.IT (10 -~ g/ml) appl ied  
local ly  to  t h e  muscles  f rom t h e  t ip  of a sma l l  bo re  p i p e t t e  
(Figure  2). 

I t  is no t  ye t  c lear  w h e t h e r  t he  increase  in e lectr ical  
a c t i v i t y  is due to 5 -HT l i be r a t ed  f r o m ' e n d i n g s  of t he  
GSC d i rec t ly  on to  t he  l ip  muscles,  or w h e t h e r  t he  effect  is 
ind i rec t ;  for examp le  v i a  o the r  neu r ons  in close associa- 
t i on  w i t h  t h e  muscles .  However ,  f luorescence microscopy  
(me thod  of FALCKT), h i e -a s say  and"  a u t o r a d i o g r a p h i c  
e x p e r i m e n t s  s ind ica te  t h a t  5 - H T - c o n t a i n i n g  n e r v e  end ings  
are p r e sen t  on  these  muscle.  

The  s ignif icance of t h e  increase  in e lectr ical  a c t i v i t y  is 
aga in  no t  ye t  clear,  a l t h o u g h  several  pieces of work  a p p e a r  

i m p o r t a n t  in r e l a t i on  to  th i s  p h e n o m e n o n .  Fi rs t ,  TWAROG 9 
h a s  s h o w n  t h a t  5 -HT increases  t h e  occur rence  of spike  
p o t e n t i a l s  in  muscle  cells of t he  an t e r i o r  byssus  r e t r a c t o r  
muscle  of Mytilus edulis in response  to ne rve  s t imu la t i on .  
Second, i t  has  been  shown  b y  DUDEL ~~ t h a t  5 -HT has  a n  
e x c i t a t o r y  ac t ion  on  t he  c rayf i sh  n e u r o m u s c u l a r  j u n c t i o n  
b y  f ac i l i t a t i ng  l i b e r a t i o n  of e x c i t a t o r y  t r a n s m i t t e r .  Thi rd ,  
COOKE n ha s  s h o w n  t h a t  exogenous  5-I-IT m a y  d i rec t ly  
fac i l i t a t e  n e u r o m u s c u l a r  t r a n s m i s s i o n  in  t he  h e a r t  of 
decapod  crus tacea .  

Final Iy ,  even  if t h e  increase  in electr ical  a c t i v i t y  of t he  
l ip muscles  b r o u g h t  a b o u t  b y  GSC s t i m u l a t i o n  is in  fac t  
ind i rec t ,  i t  neve r the les s  m u s t  be cons idered  an  u l t i m a t e  
func t ion  of th i s  s e r o t o n i n - c o n t a i n i n g  neuron .  

Rdsumd. Le neu rone  g6an t  ~ s6ro ton ine  (GSC) s i tu6 
dans  c h a q u e  gang l ion  m6tac6r6bra l  d'Helix pomatia 
envoie  n n  axone  qui  se t e r m i n e  sur  les muscles  de la 
bouche  de l ' an ima l .  L a  s t i m u l a t i o n  s61ective du  GSC 
p r o v o q u e  u n  acc ro i s semen t  s igni f ica t i f  de l ' a c t iv i t6  
61ectrique de ces muscles.  
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S t r y c h n i n e  a n d  I n h i b i t i o n  o f  B u l b a r  R e t i c u l a r  N e u r o n e s  

I t  has  been  shown  t h a t  s t rychn ine ,  a n  a n t a g o n i s t  of 
sp ina l  p o s t s y n a p t i c  i n h i b i t i o n  1, 3, r eve r s ib ly  b locks  t he  
ac t ion  of g lycine  on  spinalS, ~ a n d  on  b n l b a r  r e t i cu la r  
neu rones  s. F u r t h e r m o r e  biochemicalS,  ~, a n d  electro-  
phys io logica l  i nves t iga t ions  8, 5, s, 9 s t rong ly  sugges t  a n  
i n h i b i t o r y  t r a n s m i t t e r  role for giycine in t he  sp ina l  
cord  a n d  medu l l a  ob longa ta .  An  i m p o r t a n t  c r i t e r ium to  
i den t i fy  a s u b s t a n c e  as a n  i n h i b i t o r y  t r a n s m i t t e r  is t h e  
d e m o n s t r a t i o n  t h a t  a n  a n t a g o n i s t  of t h e  depress ion  b y  

t h e  a r t i f ic ia l ly  a d m i n i s t e r e d  suspec ted  t r a n s m i t t e r  also 
b locks  s y n a p t i c a l l y  i nduced  i n h i b i t i o n  on  t h e  same  neu-  
rone.  In the present study the action of strychnine on the 
depress ion  b y  glycine  as wel l  as on  s y n a p t i c  i n h i b i t i o n  
p roduced  b y  pe r iphe ra l  ne rve  a n d  c u t a n e o u s  s t i m u l a t i o n  
of neu rones  of t h e  ca t  b r a i n  s t e m  has  been  inves t iga ted .  

Record ings  were o b t a i n e d  f rom neu rones  of t he  medul -  
l a ry  r e t i cu la r  f o r m a t i o n  of u n a n e s t h e t i z e d ,  deee reb ra t e  
cats .  The  m e t h o d s  h a v e  been  descr ibed  p rev ious ly  in  
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more  de ta i l  5. Ac t ion  p o t e n t i a l s  were  recorded  ex t ra -  
ce l lu lar ly  t h r o u g h  t h e  3 M N aCl - con t a i n i ng  b a r r e l  of 
4 -6  ba r r e l  m i c r o p i p e t t e s  of 4 - 6  ~zm t ip  d iamete r .  Glyc ine  
(Fluka,  0.5 M ,  p H  3.5, HC1) a n d  s t r y c h n i n e  (BDH,  
10 m M  in  165 m M  NaC1) were a d m i n i s t e r e d  microe lec t ro-  
phore t i ca l ly .  Fo r  t he  s t i m u l a t i o n  of p e r i p h e r a l  ne rves  
(N. i sch iad icus  a n d  N. rad ia l i s  superficial is) ,  b ipo la r  
p l a t i n u m  elec t rodes  were used. Fo r  sp ina l  cord  s t imu la -  
t ion  concen t r i c  b ipo la r  e lec t rodes  were i n se r t ed  in to  t h e  
v e n t r a l  p a r t  of t he  sp ina l  cord  a t  t h e  level  of t h e  f i rs t  a n d  
second cerv ica l  segment .  E lec t r i ca l  s t i m u l i  (0, 05-0, 3 msec  
d u r a t i o n ,  3-20 V) were  gene ra t ed  b y  a Grass  S 8 s t imu la to r .  
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Fig. 1. Effects of strychnine on the depressant action of glycine (GLY) 
and the inhibition produced by squeezing the hind paws (ipsilateral I, 
contralateral C) on a brain stem neurone. A: before, B: during and C: 
after administration of strychnine 60 hA. The gap in trace C represents 
90 see. Ordinate, firing frequency in spikes/see. Abscissa, time 
(30 see). 

Responses  were also evoked  b y  p i n c h i n g  and  squeez ing  
t he  l imbs,  t r u n k  a n d  ta i l  of t h e  a n i m a l  w i t h  t o o t h e d  
forceps.  

I t  has  been  shown  b y  severa l  a u t h o r s  t h a t  i n h i b i t i o n  of 
r e t i cu la r  neu rones  c a n  be  evoked  b y  c u t a n e o u s  a n d / o r  b y  
e lectr ical  s t i m u l a t i o n  of t h e  sp ina l  cord  a n d  pe r iphe ra l  
ne rves  10-1a. I n  t h e  p r e sen t  s t u d y  a c o m p a r i s o n  was m a d e  
of t h e  ac t ion  of mic roe lec t rophore t i ca l ly  a d m i n i s t e r e d  
s t r y c h n i n e  on  s y n a p t i c a l l y  i nduced  i n h i b i t i o n  and  on  t h e  
depress ion  p roduced  b y  glycine on  b u l b a r  r e t i cu la r  
neurones .  S t r y c h n i n e  r eve r s ib ly  b locked  t h e  i n h i b i t i o n  
evoked  b y  squeez ing  t h e  l i m b s  a n d  b o d y  a n d  t h e  depres-  
s ion b y  glycine  on  m o s t  neu rones  tes ted .  A n  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 igu re  1. Squeez ing  
t he  ips i l a te ra l  a n d  c o n t r a l a t e r a l  h i n d  paws  w i t h  t o o t h e d  
forceps m a r k e d l y  r educed  t he  s p o n t a n e o u s  f i r ing  of a 
b r a i n  s t em neu rone  (Figure  1A). Glyc ine  a d m i n i s t e r e d  
w i t h  a c u r r e n t  of 10 n A  caused  a n  a p p r o x i m a t e l y  equa l  
depress ion  of f ir ing.  S t rychn ine ,  w h i c h  was e jec ted  w i t h  a 
c u r r e n t  of 60 n A  for 310 sec, b locked  t he  depress ion  of 
g lycine  as well  as t he  squeeze i n h i b i t i o n  (Figure  113) 
w i t h o u t  a f fec t ing  t h e  ac t ion  of G A B A  (not  i l lus t ra ted) .  
D u r i n g  t he  a d m i n i s t r a t i o n  of s t rychn ine ,  squeez ing  t he  
ips i l a te ra l  h i n d  p a w  caused  a sho r t  l a s t i ng  exc i t a t ion .  
R e c o v e r y  of t h e  squeeze i n h i b i t i o n  a n d  t he  effect  of 
g lycine  was obse rved  6 a n d  10 m i n  r e spec t ive ly  a f te r  
t e r m i n a t i o n  of t h e  e jec t ion  of s t r y c h n i n e  (Figure  1C). The  
di f ference in  t i m e  course of a n t a g o n i s m  of t h e  ac t ion  of 
glycine a n d  synap t i c  i n h i b i t i o n  wh ich  was  usua l ly  obse rved  
m i g h t  be  exp la ined  b y  d i f fe ren t  local  c o n c e n t r a t i o n s  of 
glycine a n d  t he  i n h i b i t o r y  t r a n s m i t t e r  re leased f rom the  
a c t i v a t e d  synapses  3. 

On a smal l  n u m b e r  of cells t he  effect  of s t r y c h n i n e  on  
t he  dep re s san t  ac t ion  of t a u r i n e  a n d  s y n a p t i c  i n h i b i t i o n  
was also s tudied .  S imi la r ly  to  t h e  a n t a g o n i s m  w i t h  
glycine,  s t r y c h n i n e  r eve r s ib ly  b locked  t he  ac t ion  0f 
t a u r i n e  and  s y n a p t i c  i n h i b i t i o n  sugges t ing  t h a t  t a u r i n e  
could also ac t  as a n  i n h i b i t o r y  t r a n s m i t t e r  a t  s t rychn ine -  
sens i t ive  synapses  in  t he  medu l l a  o b l o n g a t a  14. 

The  ac t ion  of s t r y c h n i n e  was s tud ied  on  17 spon ta -  
neous ly  f i r ing  neu rones  wh ich  were i n h i b i t e d  b y  e lectr ical  
s t i m u l a t i o n  of l i m b  ne rves  a n d / o r  of t he  ips i l a te ra l  sp ina l  
cord  (at  t he  level  of C1-2).  A t yp i ca l  examp le  of t h e  ac t ion  
of s t r y c h n i n e  on  t h i s  t y p e  of i n h i b i t i o n  is i l l u s t r a t ed  in 
F igure  2. The  i nh ib i t i ons  p roduced  b y  s t i m u l a t i o n  of t he  
ips i l a te ra l  N. i sch iad icus  (A-C) a n d  sp ina l  cord  (D-F)  of 
two  d i f fe ren t  b r a i n  s t e m  neu rones  are  r eve r s ib ly  b locked  
b y  s t r y c h n i n e  (B, E) e jec ted  w i t h  a c u r r e n t  of 60 hA.  
R e c o v e r y  of t he  a n t a g o n i s m  of s t r y c h n i n e  was obse rved  
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Fig. 2. Effects of strychnine on inhibition produced by electrical stimulation of the ipsilateral ischiadie nerve (A-C) and of the ipsilateral 
spinal cord (D-F) of two different brain stem neurones. D-F: Reticulospinal neurone. A, D: before, 13, E: during and C, F: after 
ejection of strychnine 60 hA. Histograms summing the number of spikes of 10 sweeps (antidromie spike not counted). Oscilloscope trace 
of one sweep is illustrated below each histogram. (Calibration 1 mV). Time of the stimulus is indicated by arrow. Ordinates, number of 
spikes. Abscissae, time (200 msec). 

a p p r o x i m a t e l y  4 m i n  (Figure  2C) a n d  3 ra in  (Figure  2F)  
a f t e r  t e r m i n a t i n g  t he  e jec t ion  of t he  convu l san t .  On t he  
same cells t he  d e p r e s s a n t  ac t ion  of g lycine  was also 
a n t a g o n i z e d  b y  s t r y c h n i n e  (not  i l lus t ra ted) .  S imi la r  
resu l t s  h a v e  been  o b t a i n e d  on  3 o t h e r  r e t i cu losp ina l  
neurones  wh ich  were iden t i f i ed  b y  a n t i d r o m i c  s t i m u l a t i o n  
f rom t h e  sp ina l  cord  15. 

On th ree  cells where  s t r y c h n i n e  (30-80 nA) c lear ly  
b locked  s y n a p t i c  i n h i b i t i o n  b icucu l l ine  (5 m M ) e j e c t e d  
w i t h  cu r r en t s  of 80-200 n A  for 4 -6  m i n  h a d  no  effect  on  
th i s  i nh ib i t i on .  P r e l i m i n a r y  in t r ace l lu l a r  s tud ies  showed  
t h a t  t h e  i n h i b i t i o n  of f i r ing  p roduced  b y  p e r i p h e r a l  
n e r v e  s t i m u l a t i o n  was a c c o m p a n i e d  b y  a m e m b r a n e  
hype rpo la r i za f ion .  I n  one neu r one  ( m e m b r a n e  p o t e n t i a l  - 
50 mV) i t  was  obse rved  t h a t  a n  i.v, i n j ec t ion  of 0.2 m g / k g  
s t r y c h n i n e  b locked  t he  i n h i b i t i o n  of spike  d i scharge  and  
t he  assoc ia ted  h y p e r p o l a r i z a t i o n  evoked  b y  s t i m u l a t i o n  
of t he  superf ic ia l  r ad ia l  nerve .  

Our  resu l t s  c lear ly  d e m o n s t r a t e  t h a t  i n h i b i t i o n  of 
m e d u l l a r y  r e t i cu la r  neu rones  b y  a f f e ren t  vol leys  p roduced  
b y  squeez ing  t h e  paws  a n d  b y  electr ical  s t i m u l a t i o n  of 
l imb  ne rves  is r eve r s ib ly  b locked  b y  s t r y c h n i n e  wh ich  also 
an tagon izes  t he  d e p r e s s a n t  ac t ion  of glycine.  S y n a p t i c  
i n h i b i t i o n  of m e d u l l a r y  r e t i cu la r  neu rones  evoked  b y  
s t i m u l a t i o n  of t he  p o n t i n e  r e t i cu la r  f o r m a t i o n  a n d  sp ina l  
cord  as well  as i n h i b i t i o n  of hypoglossa l  m o t o n e u r o n e s  
evoked  b y  g lossopharyngea l  ne rve  s t i m u l a t i o n  h a v e  also 
been  shown to be  a n t a g o n i z e d  b y  s t r y c h n i n e  b u t  n o t  b y  
bicuculline16,1L A l t h o u g h  t h e  e x p e r i m e n t s  of TEBgCrS 
a n d  DI MA~IA 16 a n d  our  obs e r va t i ons  suggest  t h a t  s y n a p t i c  
i n h i b i t i o n  on  b u l b a r  r e t i cu la r  neu rones  is s t r ychn ine -  
sensi t ive ,  t h e y  do no t  exclude  t h a t  t he re  are o the r  t ypes  
of i n h i b i t i o n  in t h i s  s t ruc tu re ,  especial ly  since i n h i b i t i o n  
in o t h e r  a reas  of t he  m edu l l a  o b l o n g a t a  h a v e  been  found  
to  be  a n t a g o n i z e d  b y  p i c ro tox in  ls,19 or b y  b icucu l l ine  "~ 

Our  o b s e r v a t i o n  t h a t  s t r y c h n i n e  b locks  s y n a p t i c  
i n h i b i t i o n  and  t h e  d e p r e s s a n t  ac t ion  of glyeine on b u l b a r  
r e t i cu la r  neu rones  in a s imi la r  fash ion  s t rong ly  suppo r t s  
t he  h y p o t h e s i s  t h a t  g lycine  is an  i n h i b i t o r y  t r a n s m i t t e r  
a t  s t r ychn ine - sens i t i ve  synapses  in  t h e  medu l l a  ob longa-  
ta 5, s. 

Zusammen[assung. Mikroe l ek t ropho re t i s ch  ve rabre ich -  
tes  S t r y c h n i n  b lock ie r t  in  revers ib le r  Weise  die synap-  
t i sche  u n d  die d u r c h  Glyc in  erzeugte  H e m m u n g  a n  
H i r n s t a m m n e u r o n e n  der  Ka tze .  Aus  d iesen B e f u n d e n  
geh t  hervor ,  dass  Glyc in  wahr sche in l i eh  als h e m m e n d e  
IFber t r~igersubstanz an  s t r y c h n i n - s e n s i t i v e n  Synapsen  in 
der  Medul la  o b l o n g a t a  wirk t .  
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