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Modification of Visual, Auditory, and Somatosensory Evoked Responses in Cortical 
Primary Receiving Areas by Nigral Stimulation 

T h e  s u b s t a n t i a  n i g r a  h a s  b e e n  t h o u g h t  t o  be  p a r t  of 
t h e  e x t r a p y r a m i d a l  m o t o r  s y s t e m  1, a n d  l i t t l e  a t t e n t i o n  
h a s  b e e n  p a i d  to  i t s  p a r t i c i p a t i o n  in s e n s o r y  ac t iv i t i e s .  
I n  ou r  p r e v i o u s  s t u d i e s  2-~ e f fec t s  of s t i m u l a t i o n  of  t h e  
l en t i cu la r ,  c a u d a t e ,  a n d  r e d  nuc le i  on  t h e  v i sua l  co r t i ca l  
a c t i v i t y  w e r e  i n v e s t i g a t e d ,  a n d  e n h a n c e m e n t  Of t h e  
p h o t i c a l l y  e v o k e d  p o t e n t i a l  w a s  o b s e r v e d .  As  f ibe r  con-  
n e c t i o n s  b e t w e e n  s t r i a t u m  a n d  s u b s t a n t i a  n i g r a  w e r e  
e s t a b l i s h e d  1, in  t h i s  s t u d y  a n  a t t e m p t  was  m a d e  to  in-  
v e s t i g a t e  e f fec t s  of  s t i m u l a t i o n  of  t h e  s u b s t a n t i a  n i g r a  on  
v isua l ,  a u d i t o r y ,  a n d  s o m a t o s e n s o r y  e v o k e d  r e s p o n s e s  in  
co r t i ca l  p r i m a r y  r ece iv ing  areas .  

Methods .  E x p e r i m e n t s  w e r e  p e r f o r m e d  on  30 ca t s  anes -  
t h e t i z e d  l i g h t l y  w i t h  h e x o b a r b i t a l .  A s i lver  ba l l  e l ec t rode ,  
i m m  in d i a m e t e r ,  w a s  u s e d  to  r e c o r d  v isual ,  a u d i t o r y ,  a n d  
s o m a t o s e n s o r y  e v o k e d  r e s p o n s e s  f r o m  t h e  l a t e ra l ,  ec to -  
sy lv i an ,  a n d  c o r o n a l  gyri ,  r e s p e c t i v e l y .  T h e  i n d i f f e r e n t  
e l e c t r o d e  w a s  p l a c e d  on  t h e  f r o n t a l  s inus .  T h e  e l e c t r o d e s  
were  c o n n e c t e d  to  a p r e a m p l i f i e r  s y s t e m  a n d  v a r i a t i o n s  
of  t h e  p o t e n t i a l  were  d i s p l a y e d  on  a N i h o n - k o h d e n  d u a l  

beam oscilloscope. T h e  visual stimulus was a single flash 
delivered from a xenon flash lamp facing the atropinized 
eyes at a distance of 30 cm. The auditory stimulus was a 
click presented by a loudspeaker through a hollow earbar 
contralateral to the recording cortex. The somatosensory 
stimulus was an electrical shock (0.05-0.1 msec; i. 0-2.0 V) 
applied to the contralateral radial nerve. An antero-pos- 
terior row of a pair of insulated stainless steel needles, 0.i 
mm in diameter, was stereotaxically placed in the 
substantia nigra 5 and used for stimulation. The distance 
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Fig. 1. Rffects of nigral stimulation on visual, auditory, and somatosensory evoked responses in cortical primary receiving areas. The upper, 
middle, and lower rows present visual, auditory, and somatosensory evoked responses, respectively. Triangles represent flash (in the upper 
row), and click (in the middle row). Each C shows control record of response, and each T enhancement of the response by nigral stinmlation. 
Conditioning-test intervals are 35, 13, and 35 msec, respectively. Calibration: 100 b~V; 50 msee (in the upper and lower rows), 50 btV; 50 
msee (in the middle row). Negative upward. 
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Fig. 2. Time course of effects of n igra l  s t imula t ion  on the visual  evoked response in the ips i la tera l  Ia teral  gyrus.  Abscissa:  In te rva l .  loga- 
r i thmic  scale in  mill iseconds,  be tween condi t ioning and tes t  s t imula t ion .  Ordinate :  Ampl i tude  of the visual  evoked response condi t ioned 
by  uigral  s t imula t ion  as percentage  of control  response ampl i tude .  Left  graph shows the posi t ive  component  of t i le  response and r igh t  g raph  
the nega t ive  one. �9 � 9  �9 represent  values  from different animals,  and  each electrode p lacement  is i l lus t ra ted  in  the lower diagram.  

160 

T/C% 
14(3 

120 

100. 

T/C% 
140 

j ~, 120 

o I v  �9 Q I I ~ ' n  

. .  ;,," �9 : ~  

�9 " "  2 " :  
�9 �9 e 

� 9  

�9 ~ �9 o a R  

i ~ 1  r B r ~ f r ; I r i n I 

5 7 1 ;  30 60 100 '560''~'O00msec 3 7"1 30 60 100 '500' 'i(~OOrnsec 

r 

,--'-K,') :-...'--'. 

Sec. 290 Fr. 5.0 

Fig. 3. Time course of effects of nigrai  s t imula t ion  Oll the v isua l  evoked response in  the cont ra la te ra l  la te ra l  gyrus. The same sign as the 
preceding figure is used. 
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b e t w e e n  the i r  exposed t ips  m e a s u r e d  0.5 ram.  The  
s u b s t a n t i a  n igra  was s t i m u l a t e d  w i t h  a 0.1-0.15 msec  
pulse of 4 .5-5.0 V. T he  cond i t ion ing  s t imulus  to  t h e  
s u b s t a n t i a  n ig ra  p receded  t he  t e s t  s t imu lus  b y  a n  i n t e r v a l  
v a r y i n g  be tween  1 a n d  1000 msec.  Af te r  a w a i t i ng  per iod  
of 75 sec or longer,  t h e  n e x t  s t imulus  c o m b i n a t i o n  was  
given.  A t  t h e  end  of t he  e x p e r i m e n t  t he  b r a i n  was r e m o v e d  
and  p r e p a r e d  for f rozen sections.  All s t i m u l a t i n g  e lec t rode  
p l a c e m e n t s  were ver i f ied  his tological ly .  

Results and discussion. S t i m u l a t i o n  of t h e  s u b s t a n t i a  
n igra  resu l ted  in a n  increase  in a m p l i t u d e  of p r i m a r y  
c o m p o n e n t s  of visual ,  aud i to ry ,  a n d  s o m a t o s e n s o r y  
evoked  responses  in  cor t ica l  p r i m a r y  rece iv ing  areas  bi -  
la tera l ly .  This  is i l l u s t r a t ed  in F igure  1. The  uppe r  row 
shows t he  v i sua l  evoked  response  (C), w h i c h  was e n h a n c e d  
b y  n ig ra t  s t i m u l a t i o n  (T). T he  middle ,  a n d  lower  rows 
r ep re sen t  aud i to ry ,  a n d  s o m a t o s e n s o r y  evoked  responses,  
respect ive ly .  B o t h  were e n h a n c e d  b y  cond i t i on ing  
s t i m u l a t i o n  of t he  substantia nigra (T). Nigra l  s t i m u l a t i o n  
a lone  p roduced  no  response  in each  record ing  site. 

The  t i m e  course of effects  of n ig ra l  s t i m u l a t i o n  on  t he  
v i sua l  evoked  response  in t he  ips i l a te ra l  l a t e ra l  gyrus  is 
shown  in  F igure  2. T he  lef t  g r a p h  p re sen t s  t h e  pos i t ive  
component of the response and the right graph the 
negative one. o O T �9 represent values from different 
animals ,  a n d  each  e lec t rode  p l a c e m e n t  is i l l u s t r a t ed  in 
t h e  lower d iag ram.  Po lyphas i c  curves  could be  seen, a n d  
a m a r k e d  increase  in a m p l i t u d e  of t h e  response  occur red  a t  
cond i t i on ing - t e s t  i n t e rva l s  of 9-19, 30-40, 60-75,  and  
410-590 msec. F igure  3 shows t he  t i m e  course of effects 
of n ig ra l  s t i m u l a t i o n  on  t h e  v i sua l  evoked  response  in t he  
c o n t r a l a t e r a l  l a te ra l  gyrus.  T he  effect ive  cond i t i on ing - t e s t  
i n t e r v a l  r anges  were t he  same.  

Modi f i ca t ion  of sensory  impulses  b o t h  b y  t he  r e t i cu la r  
f o r m a t i o n  and  b y  t he  nonspeci f ic  t h a l a m i c  nucle i  has  been  
wel t  e s t ab l i shed  6-~. I n  t h e  las~ decade  effects  of c a u d a t e  
s t i m u l a t i o n  on  sensory  ac t iv i t i e s  h a v e  been  s tud ied  10-~2. 
I n  our  p rev ious  s tud ies  2-4 e n h a n c e m e n t  of p h o t i c a l l y  
evoked  p o t e n t i a l s  b y  len t icu lar ,  cauda te ,  and  r u b r a l  
s t i m u l a t i o n  wag observed ,  a n d  in t h i s  i n v e s t i g a t i o n  t h a t  
of v isual ,  aud i to ry ,  a n d  soma tosenso ry  evoked  responses  
b y  n ig ra l  s t i m u l a t i o n  was found.  T he  a n a t o m i c a l  f ind-  
ings ~3-15 t h a t  t h e  substantia nigra receives  a f f e r en t  f ibers  
f rom the  striatum, globus pallidus, etc., a n d  sends  e i fe ren ts  
to  t he  striatum, globus pallidus, r e t i cu la r  fo rmat ion ,  etc. 
seem to  s u p p o r t  t he  resu l t s  o b t a i n e d  in t he  p r e s en t  s tudy .  
The  f i rs t  ef fect ive  cond i t i on ing - t e s t  i n t e r v a l  r ange  of n igra l  

s t i m u l a t i o n  is s imi la r  to  t h a t  of r u b r a l  s t i m u l a t i o n  ~, a n d  
longer  t h a n  t h a t  of l en t i cu la r  a n d  c a u d a t e  s t i m u l a t i o n  3, 8. 
The  second, th i rd ,  a n d  f o u r t h  ones are s imi la r  to  those  of 
len t icu la r ,  cauda te ,  a n d  r u b r a l  s t i m u l a t i o n  2-4. Th i s  
suggests  a n  i n t i m a t e  f u n c t i o n a l  r e l a t i on  b e t w e e n  these  
s t ruc tures .  

Since i t  has  been  asse r ted  t h a t  t he  d e s t r u c t i o n  of t h e  
substantia nigra is respons ib le  for pa rk in son i sm,  i ts  role in 
m o t o r  func t i on  has  been  i n v e s t i g a t e d  ~. On  t h e  o the r  h a n d ,  
TATETSU ~6 r epo r t ed  psychologica l  s y m p t o m s ,  such  as 
pe r sona l i t y  changes ,  d i s t u r b a n c e  of t h e  self, a n d  delusions,  
t h a t  were  assoc ia ted  w i t h  d a m a g e  of t h e  substantia nigra. 
F r o m  th i s  a n d  our  f indings ,  i t  c an  be  said t h a t  t h e  
substantia nigra func t ions  as 'nonspec i f ic '  in t h e  b r a i n  
s tem.  

Zusammen/assung. Nachweis  e iner  , unspez i f i s chen ,  
f 6 r d e r n d e n  W i r k u n g  y o n  S t i m u l a t i o n  der  S u b s t a n t i a  
n igra  auf  , evoked  po ten t i a l~  in den  p r i m ~ r e n  sensor i schen  
Z e n t r e n  des Grosshi rns .  
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Effects of Octanoate on the Electrical Activity of Purkinje Fibres 

M u c h  discussion ha s  r ecen t ly  cen t red  a r o u n d  a possible  
a r r h y t h m o g e n i c  effect  of increased  c i rcu la t ing  free f a t t y  
acid (FFA) levels in  acu te  m y o c a r d i a l  infarc t ion .  On one 
hand ,  an  assoc ia t ion  be t w een  h i g h  s e r u m - F F A  concen t r a -  
t ions  a n d  inc idence  of serious a r r h y t h m i a s  and  d e a t h  
ha s  b e e n  found  in p a t i e n t s  w i t h  c o r o n a r y  occlusion 1, a n d  
e v e n  a causa t i ve  role for  increased  FFA- leve l s  h a s  b e e n  
sugges ted  b y  resu l t s  ob t a ined  in dogs w i t h  e x p e r i m e n t a l  
i n fa rc t ion  2, 3. o the r  obse rva t ions ,  however ,  a rgue  aga in s t  
such  a d i rec t  a r r h y t h m o g e n i c  effect  of F F A s  b o t h  in 
cl inical  s i t ua t i ons  ~, 5 a n d  u n d e r  e x p e r i m e n t a l  cond i t ions  ~. 
Inc reased  ectopic  p a c e - m a k e r  ac t iv i ty ,  o r g i n a t i n g  m a i n l y  
f rom t e r m i n a l  P u r k i n j e  fibres,  is k n o w n  to  p l ay  a n  
i m p o r t a n t  p a r t  in  t he  d e v e l o p m e n t  of severe v e n t r i c u l a r  
a r r h y t h m i a s  fol lowing acu te  co rona ry  occlus ionL The  
p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n ,  therefore ,  to  
s t u d y  t h e  effect  of a F F A  on t h e  e lectr ical  a c t i v i t y  of 

Purk i l l j e  fibres.  To pe r fo rm  such  e x p e r i m e n t s  seemed 
wor th-whi le ,  all  t h e  more  because  no  i n f o r m a t i o n  is as ye t  
ava i l ab le  on  t h e  e lec t rophys io logica l  effects of F F A s  in 
single ca rd iac  fibres. The  p r e l i m i n a r y  resu l t s  to  be  
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