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axons  a n d  t e r m i n a l s  of t he  c a t e c h o l a m i n e  a n d  5 - H T  
n e u r o n s  al ike,  w i t h  t h e  e x c e p t i o n  t h a t  a sma l l  n u m b e r  of 
t e r m i n a l s  were  s t i l l  o b s e r v e d  w i t h  t h e  lowes t  dose. A n  
a l m o s t  c o m p l e t e  r e c o v e r y  occu r red  20 h a f t e r  t h e  ad -  
m i n i s t r a t i o n  of t h e  lowes t  dose. T h e  t e r m i n a l s  showed,  
however ,  s o m e w h a t  r educed  f luorescence in t ens i ty .  W i t h  
t h e  h i g h e r  dose  also, t h e  cell  bod ies  of t h e  c a t e c h o l a m i n e  
n e u r o n s  h a d  a s o m e w h a t  r educed  in t ens i t y .  

Tei le  d e r  m o n o a m i n h a l t i g e n  N e u r o n e n ,  gefolgt  v o n  e iner  
schne l l en  N e u b i l d u n g  y o n  M o n o a m i n e n  ~6. 
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Zusamrnen/assung. Die  Z u n a h m e  v o n  5-HT,  welche  
s ich  i m  G e h i r n  de r  R a t t e  n a ~ h  V e r a b r e i c h u n g  v o n  che-  
misch  sehr  v e r s c h i e d e n e n  G a n g l i e n b l o c k e r n  vol lz ieht ,  
k o n n t e  m i t  Hi l fe  e iner  h o c h e m p f i n d l i c h e n  h i s t oche mi -  
s c h e n  M e t h o d e  au f  spezif ische 5 : H T - N e u r o n e n  loka l i s ie r t  
werden ,  d e r e n  ZelIk6rper ,  A x o n e n  u n d  T e r m i n a l e n  schne l l  
i h r e n  A m i n g e h a l t  v e r m e h r e n  k 6 n n e n .  Bei  den  K a t e c h o l -  
a m i n - N e u r o n e n  k o n n t e n  ke ine  d e u t l i c h e n  Ve r t i nde run g en  
b e o b a c h t e t  werden .  T e t r a b e n a z i n e  v e r u r s a c h e n  eine 
schnel le ,  r o t a t e  E n t l e e r u n g  de r  M o n o a m i n d e p o t s  a l le r  
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E M G  R e s p o n s e s  t o  C a p s u l a r  S t i m u l a t i o n  
i n  t h e  H u m a n  

Capsu l a r  s t i m u l a t i o n  is c o m m o n l y  used  d u r i n g  s te reo-  
t a c t i c  o p e r a t i o n s  t o  he lp  in  i den t i f y ing  some deep  s t ruc -  
t u r e s  a n d  to  a v o i d  d a m a g e  to  t h e  cor t i co-sp ina l  t r a c t  1. I n  
t h i s  p a p e r  some o b s e r v a t i o n s  c o n c e r n i n g  t h e  l a t e n c y  a n d  
t h e  e l e c t r o m i o g r a p h i c  (EMG) chara~:ter is t ics  of m o t o r  re- 
sponses  o b t a i n e d  in  m a n ,  b y  s t i m u l a t i n g  t h e  co r t i co - sp ina l  
t r a c t  a t  capsuLar level,  a re  r e p o r t e d .  T h e  a v a i l a b l e  l i t e ra -  
t u r e  on  t h i s  s u b j e c t  is v e r y  poo r  ~. 

Our  d a t a  h a v e  been  o b t a i n e d  d u r i n g  s t e r eo t ac t i c  opera -  
t i ons  p e r f o r m e d  u n d e r  local  a n a e s t h e s i a  in  p a t i e n t s  af- 
f ec ted  b y  P a r k i n s o n ' s  disease,  u s ing  t h e  s t e r e 0 t a c t i c  
e q u i p m e n t  of  TALAIRACH s. Capsu l a r  s t i m u l a t i o n s  h a v e  
b e e n  p e r f o r m e d  us ing  t h e  W y s s  m o n o -  or  b ipo l a r  elec- 
t rode .  S t i m u l a t i o n  p a r a m e t e r s  : m o n o p h a s i c  s q u a r e  
w a v e s ;  s ingle  pulses  or  w i t h  a f r e q u e n c y  f r o m  1 to  10 c /s ;  
pu l se  d u r a t i o n  1 to  5 msec ;  1 to  4 V, T h e  m u s c u l a r  re-  
sponses  were  r eco rded  b y  mac ro -e l ec t rodes  (needle  o r  
sur face  e lect rodes)  o n  a t w o - c h a n n e l  oscil loscope (Poly-  
s c o p - H o r s t f e h r ) :  one  c h a n n e l  was  u sed  to  r eco rd  t h e  
s t i m u l u s  a r t i f a c t ,  t h e  o t h e r  one  to  r ecord  t h e  m u s c u l a r  
response .  

S t i m u l a t i o n  of t he  i n t e r n a l  c a p s u l a  w i t h  s ingle  shocks  
(1-5 msec,  1 -4  V) e v o k e d  responses  local ized to  t h e  mus -  
c u l a t u r e  of t h e  c o n t r a l a t e r a l  s ide of t h e  b o d y  in  t h e  fo rm 
of Violent  m u s c u l a r  j e rks ;  r e sponses  on  t h e  h o m o l a t e r a l  
s ide of t h e  b o d y  h a v e  n e v e r  b e e n  o b t a i n e d .  The  e v o k e d  
m o t o r  r e sponse  cons i s ted  of c o n t r a c t i o n  of a s ingle  musc l e  
or, m o r e  of ten ,  of m a n y  muscles .  W i t h  s t imu l i  of g r e a t e r  
s t r e n g t h ,  t h e  responses  a lways  a p p e a r e d  in c o m p l e x  
musc le  s y s t e m s  of t h e  two  l imbs .  Because  t h e  r e sponse  
gene ra l ly  i n v o l v e d  agon i s t  a n d  a n t a g o n i s t  muscles ,  t h e  
a m p l i t u d e  of  l i m b  m o v e m e n t s  was  gene ra l ly  s m a l l  a n d  i t  
was  v e r y  d i f f icul t  s o m e t i m e s  to  i d e n t i f y  b y  cl inical  obser -  
v a t i o n  all  t h e  muscles  involved .  T h e  j e rks  o b t a i n e d  in  a 
musc le  in a state of c o m p l e t e  r e l axa t i on ,  using rhythmical 
s t i m u l i  (1 to  4 c/s), seemed,  on  c l inical  o b s e r v a t i o n ,  to  b e  

of t h e  s a m e  a m p l i t u d e ;  t h e  E M G  records ,  on  t h e  c o n t r a r y ,  
d e m o n s t r a t e d  s m a l l  c o n t i n u o u s  v a r i a t i o n s  of a m p l i t u d e .  

T h e  l a t e n c y  b e t w e e n  t h e  b e g i n n i n g  of t h e  s t imu lus  a n d  
t h a t  of t h e  E M G  responses  was d i f f e ren t  for t h e  va r ious  

Fig. 1. Capsular stimulation. Parameters: 1 msec, 2 V. Different 
latency of muscular response in various districts of the body. 
M. orbicularis oris: 8-9 msee. M. extensor digitorum commtmis: 13 

msec. Thenar: 16 msec. M. tibialis anterior: 27-60 msec. 
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muscu la r  groups,  and  increased  f rom h e a d  to  lower  l imb 
muscles  (Figure 1; Tab leh  

If, dur ing  s t imula t ion ,  t he  muscle  was in  a s t a t e  of 
v o l u n t a r y  cont rac t ion ,  t he  a m p l i t u d e  of t he  p rovok ed  
response  was  cons iderab ly  h ighe r  a n d  l a t ency  was  1 to  2 
msec shor te r  t h a n  in re laxed  muscle.  

W h e n  s t imula t ion  was g iven dur ing  muscu la r  volun-  
t a r y  con t rac t ion  (or pos tu ra l  cont rac t ion) ,  a f te r  t he  
muscular  tw i t ch  a per iod of inh ib i t ion  of t he  EMG ac- 
t i v i t y  (which could last  for 50 to  200 msec) was o f t en  

Muscle or muscular group Latency 
in msec 

M. orbicularis otis 6- 9 
M. deltoides 9-12 
M. biceps brachii 9-15 
M. extensor digitorum communis 13 
M. flexores antebrachii superficiales 13 
Thenar 16 
M. interossei dorsales 19-20 
M. quadrieeps femoris ~0-22 
M. semitendineus et semimembranaceus 24-30 
M. tibialis anterior 26-33 
M. extensor digitorum brevis pedis 35 

seen. Af te r  t h e  twi t ch ,  a s u d d e n  per iod  of muscu la r  
r e l axa t i on  was  obse rved  (Figure 2). 

Ve ry  of ten,  pa r t i cu la r ly  while  s t imu la t i ng  in t h e  t h a n  
amo-capsu la r  l imit ,  no  m o t o r  responses  could be  evoked  
in comple t e ly  re laxed  muscles.  B u t  if s t imu la t i on  wi th  
t h e  same p a r a m e t e r s  was  r e p e a t e d  a f te r  v o l u n t a r y  tone  
h a d  been  supe r imposed  in t h e  muscles,  a m o t o r  response  
could be obse rved  w h i c h  seemed  to  consis t  only  of a sho r t  
phase  of muscu la r  r e l axa t ion :  t he  E M G  showed  suppres -  
sion of t h e  electr ical  muscu la r  ac t iv i ty  n o t  p receded  by  
a n y  m o t o r  response  (Figure 3). This  suppress ion  pheno-  
m e n o n  is obse rved  also dur ing  t h e  s t r e t ch  reflex,  wh ich  
can  easi ly be  el ici ted in  P a r k i n s o n ' s  d isease  4. Th i s  sup-  
press ion  of muscu la r  a c t i v i t y  could genera l ly  b e  obse rved  
for  e v e r y  s t imulus  up  to  4 c/s ;  for h igher  f requencies  (8 to  
10 c/s) t he  suppress ion  was  on ly  occasional ly  present .  
The  suppress ion  of t h e  EMG ac t i v i t y  w i t h  muscu la r  
r e l axa t ion  is p r o b a b l y  of t he  same k ind  as t he  so-called 
' s i lent  per iod ' ,  which  is easi ly  obse rved  following peri-  
phe ra l  ne rve  s t imu la t ion  or  b y  p rovok ing  a muscu la r  
ref lex ~. 
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Fig. 3. Stimulation at the thalamo-capsular limit. Parameters: 5 
msec, 4 V, I cJs (upper) and 2 c]s (lower). Record of M. biceps brachii 
dttring strong voluntary contraction. ]Every stimulus is followed by 
a phase of suppression of EMG activity lasting 60 to 100 msec. 

Riassunto. Gli au tor i  s t u d i an o  la l a t enza  e le ca ra t t e -  
r i s t iche  e le t t romiogra f iche  delle r i spos te  muscolar i  p rovo-  
care  con s t imol i  capsular i  ne l l ' uomo.  Le clonie pro-  
r o t a t e  in muscol i  in s t a to  di  leggera con t raz ione  sono 
segui te  in genere da  u n a  fase d i  r i l asc iamento  muscolaxe 
di  50-200 msec di dura ta .  
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Fig. 2. Stimulation of the thalamo-capsular limit. Parameters: 1.5 
msec; 4 c/s. A, B, C: three responses of the M. rectus femoris in a 
state of slight contraction. A and B: the muscular twitch has a 
latency of about 22 msec and is followed by a phase of suppression of 
EMG activity lasting about 50 msec. C: the EMG potential of the 
muscular jerk is lower than the background activity so that the 
response seems to consist only of a phase of suppression of EMG 
activity. In the lower part of the Figure, the 3 response~ have been 

superimposed. Time 20 msec. 

C. A. PAGNI, G, ETTORRE, 
L. INFUSO, and F. MAROSSERO 

Cliniea Neurochirurgica dell' Universitde di Milano 
(Italy), July  27, 1954. 

4 H. SHIMAZU, T. HONGO, I~. I~UBOTA, and H. ~ARABAYASHI, 
Arch. NeuroL 6, l0 (1962). 

5 p. A. MERTON, J. Physiol. 11~, 183 (1951). - P. PINELLI, Boll. 
Soc. Medico-Chir. Pavia 55, 877 (1955). - H. J. HUFSCHMIDT, 
Pflfigers Arch. ges, Physiol. 271, 35 (1960). - E. F~R~ARL V- 
SPAD~TTA, C. COLUCCI, and G. TEDESCHI, t iv .  Pat. Nerv. Ment. 
ss, 56 (196~). 


