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Fast  wavelets  recorded through orbital  sk in -e l ec trodes  near the lateral canthus  of the h u m a n  eye 
dur ing  ERG-neutra l i za t ion  
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Summary. F a s t  w a v e l e t s  were  r eco rded  t h r o u g h  sk in -e l ec t rodes  n e a r  t h e  l a t e ra l  c a n t h u s  of t h e  h u m a n  eye whi le  t h e  
e l e c t r o r e t i n o g r a m  ( E R G )  w a s  n e u t r a l i z e d  b y  t h e  n a s a l  d e v i a t i o n  of t h e  v i sua l  axis .  A h i g h  p o s s i b i l i t y  is n o t e d  t h a t  
t he se  w a v e l e t s  are t he  ac t i on  p o t e n t i a l  of t h e  op t ic  ne rve ,  w h i c h  h a s  fai led to  be p icked  u p  clinically.  

T h e  e l e c t r o r e t i n o g r a m  (ERG)  is r o u t i n e l y  r eco rded  
t h r o u g h  a p a i r  of e lec t rodes :  an  ac t ive  e lec t rode  on  t h e  
c o r n e a  a n d  a re fe rence  e lec t rode  on  the  t i s sue  b io-e lec t r i -  
ca l ly  n e a r  t he  sclera.  H o w e v e r ,  t h e  use of co rnea l  e lec t rode  
has  severa l  d i s a d v a n t a g e s ,  and  the  E R G - r e c o r d i n g s  b y  
sk in -e l ec t rodes  h a v e  been  i n v e s t i g a t e d  *, 2. On  t h e  w a y  of 
i n v e s t i g a t i o n  of c h a r a c t e r i s t i c s  of t h e  sk in -e lec t rode  E R G ,  
we h a v e  f o u n d  t h a t  r e s p o n s e s  f r o m  the  la te ra l  c a n t h u s  
were  n e u t r a l i z e d  in a p p e a r a n c e  w h e n  t h e  gaze of s u b j e c t s  
w a s  d e v i a t e d  to  t h e  n a s a l  side b y  a b o u t  35 ~ Th is  is 
cons ide red  to  be  t h e  cance l l ing  effect  of t h e  r e t i na l  a c t i on  
p o t e n t i a l s  w i t h i n  t h e  e lec t r ica l ly-sh ie lded  eyebal l .  W e  

n a m e d  th i s  p h e n o m e n o n  ' E R G - n e u t r a l i z a t i o n ' .  W e  h a v e  
f u r t h e r  i n v e s t i g a t e d  t h e  n e u t r a l i z e d  r e s p o n s e s  a n d  f o u n d  
t h a t  a n e w  c o m p o n e n t  is i n v o l v e d  in a n  ea r ly  p h a s e .  
Methods. T h e  pos i t i on  of  a c t i ve  e l ec t rodes  of t h i s  ser ies  
of e x p e r i m e n t s  are  s h o w n  in t h e  s c h e m a  of f igure  1. T h e  
e lec t rode  on  t h e  n a s a l  c a n t h u s  p i cked  u p  p r o m i n e n t  

1 D . I .  Tepas and J. C. Annington, Invest. Ophthal. 1, 784 (1962). 
2 B. Schmidt and W. Straub, Klin. Mbl. Augenheilk. "156, 808 (1970). 
3 Y. Honda and K. Okada, Acta Soc. ophthal, jap. 80, 217 (1976). 
4 Y. Honda, Acta Soc. ophthal, jap. 80, 242 (1976). 
5 Y. Honda, Aeta Soe. ophthal, jap. 80, 299 (1976). 

I:[g. I. A series of recordings showing aetkm potentials recorded by skin-elcetrodcs. "l'he position of electrodes is temporarily numbered as 
the drawing schema. Indifferent electrodes were placed on the earlobes of both sides. Responses were amplified (100 Hz to 1.0 KHz) and 
were summed 30 times on an averaging computer. The positivity of active electrodes was recorded as an upward deflectJ.on. A diffuse 
white light of xenon flash discharge was used as stimulus. The discharged energy was 20 joules, and the distance between the light 
source and the eye was 40 cm. The fi'equeney of the stimulus was set at l/see throughout experiments. The duration of stimulus was 
about 10 g, see. Two adult males, with no ocular ahnormality except for myopia, were used as subjects for figures 1 and 2. The pupil of 
the stimulated eye was dilated submaximally by a lnydriatica. The non-stimulated eye was shielded from the stinudus light by a black 
eye-patch. Before the begimdng of experiments, the eve was dark-adapted for 30 mill under intermittent stinmli of xenon light. 

Fig. 2, Another series of record- 
ings showing a limited distribution 
of potentials. The analysis time is 
62.5 msee. 
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E R G s  because  of nasa l  d e v i a t i o n  of t he  gaze, a n d  t he  
responses  t h r o u g h  th i s  e lec t rode  (No. 1) were a lways  
recorded  as cont ro l .  The  eye of sub iec t s  w a s  d e v i a t e d  to  
t he  nasa l  side b y  35 ~ a n d  was f ixed b y  gazing a t  a v i sua l  
t a r g e t  m a r k e d  on  t h e  i nne r  surface of an  a d a p t i n g  dome.  
Results and discussion. 2 series of recordings  were typ ica l ly  
shown  in f igures i a n d  2. Responses  t h r o u g h  t he  e lec t rode  1 
were n o r m a l  E R G s  (control).  T h e y  cons is ted  of a f a in t  
a-wave,  a p r o m i n e n t  b -wave  a n d  osc i l la tory  po ten t i a l s .  
A f a in t  s low wave  on  the  response  t h r o u g h  t he  e lec t rode  6 
was a n  a p p e a r a n c e  of the  v i sua l ly  evoked  cor t ica l  po t en -  
t i a l  (VECP).  I t  was  n o t e d  t h a t ,  on  t h e  recordings  of 3, 4 
(figure 1) a n d  of 2, 3, 4, 5 (figure 2), s e v e r a l  wave le t s  ap-  
peared.  The  impl ic i t  t imes  of pos i t ive  peaks  were mea-  
sured  and  were 13-15, 18-20,  24-26,  30-31, 37-38 a n d  
44-46 msec in t u rn .  A m o n g  them,  t he  l a t t e r  3 (7-8 msec 
in te rva l )  were t he  res t  of the  osc i l l a to ry  po t en t i a l s  super-  
imposed  on  t i le  r e m a i n i n g  and  s l igh t ly  reversed  b - w a v e  
of a low a m p l i t u d e ,  because  of a n  excess d e v i a t i o n  of t he  
v i sua l  axis  to  t he  nasa l  side. However ,  t he  in i t ia l  2 or 3 
peaks  on  these  recordings  a r e  di f f icul t  to  i den t i fy  as 
special  p a r t s  of E R G s  f rom t he  fol lowing reasons.  W e  are 
inc l ined  to  cons ider  t h a t  these  wave le t s  on a n  ear ly  phase  
m i g h t  be t he  po t en t i a l s  f rom the  opt ic  nerve .  1. No wave-  
lets  co r r e spond ing  to these  were obse rved  on  t he  ear ly  
phase  of u p p e r  t races .  I f  t hese  wave le t s  are  p a r t s  of 
E R G s ,  t h e y  should  a p p e a r  more  p r o m i n e n t l y  on  t he  re- 
cord ings  t h r o u g h  t h e  e lec t rode  1. 2. These  wave le t s  h a v e  
n o t  appea red  on  t he  record ings  f rom t he  pos i t ion  6 and  7. 
This  sugges ted  t h a t  the  wave le t s  were d i f fe ren t  f rom 
VECP.  The  impl ic i t  t imes  were too sho r t  to  sugges t  t h a t  
t h e y  are p a r t s  of VECP.  3. I f  these  are p o t e n t i a l s  f rom 
ex t r aocu la r  muscles,  t h e y  should  a p p e a r  also on  t he  l a t t e r  
phase  and  a p p e a r  on responses  of t he  pos i t ion  1, because  

t he  eye was d e v i a t e d  to  t he  nasa l  side. In  th i s  case, t he  
e x t e r n a l  r ec ta l  musc le  is a n t a g o n i z i n g  and  t he  i n t e r n a l  
r ec t a l  musc le  is an  ac t ing  one. The  ac t ion  p o t e n t i a l  of 
t he  a n t a g o n i z i n g  muscle  is weake r  t h a n  t h a t  of t he  a c t i n g  
muscle.  A n o t h e r  r eason  to exclude  the  muscle  p o t e n t i a l s  
is t h a t  t h e  ac t ion  p o t e n t i a l s  of ex t r aocu l a r  muscles  are  as 
fas t  as 300-800 Hz 6. The  ac t ion  p o t e n t i a l  of pe r iocu la r  
muscle  is s imi la r  to  t h a t  of skell  muscle,  and  is 5-10 Hz  6. 
This  is qu i te  d i f fe ren t  f rom the  f a s t  w a v e l e t s  of t h i s  s tudy .  
The  ac t ion  p o t e n t i a l s  of per iocu la r  muscles  are responses  
wh ich  do n o t  synchron ize  w i t h  pho to - s t imul i .  5. A n o t h e r  
poss ib i l i ty  is t h a t  these  are  responses  f rom the  v i sua l  
t r a c t  of h ighe r  level, for  example ,  t he  l a te ra l  gen icu la te  
b o d y  (LGB).  B u t  L G B  is a n a t o m i c a l l y  far  f rom the  
la te ra l  c a n t h u s  of t h e  eye, a n d  responses  of L G B  cons i s t  
of slow waves  as V E C P .  The  nasa l  d e v i a t i o n  of t he  v i sua l  
axis  pushes  t he  opt ic  ne rve  n e a r  to  t he  la te ra l  can thus .  
Th i s  p h e n o m e n o n  ha s  usua l ly  been  obse rved  b y  a com- 
pu te r - a s s i s t ed  t o m o g r a p h y ,  a n d  is c o n v e n i e n t  for t h e  
e lect rodes  on  t he  l a te ra l  ca i l thus  to  p ick  up  p o t e n t i a l s  
f rom the  opt ic  nerve.  
W e  are i n t e r e s t e d  in these  early,  fas t  wave le t s  recorded  
f rom the  l a te ra l  c a n t h u s  d u r i n g  E R G - n e u t r a l i z a t i o n ,  a n d  
cons ider  a h igh  poss ib i l i ty  t h a t  these  are the  opt ic  ne rve  
po ten t i a l s .  U n t i l  now all  t r ia l s  to  record  c l inical ly  ac t ion  
p o t e n t i a l s  of t he  op t ic  ne rve  h a v e  failed, for example ,  
i n se r t ing  e lec t rodes  i n t o  the  nasa l  a n d  ora l  cav i ty .  Hence ,  
we sugges t  t h e  i m p o r t a n c e  of f u r t h e r  i nves t i ga t i on  of 
these  wave le t s  and  a poss ib i l i ty  of cl inical  use, a l t h o u g h  
t he  s ignal /noise  ra t io  is low and  more  a d v a n c e  in record-  
ing t e c h n i q u e s  is needed.  

6 R.A. Moses, in: Adler's physiology of the eye, p. 121-130. C. V. 
Mosby, St. Louis 1970. 

Alternating activity between neurons of lateral geniculate nucleus and Superior colliculus in rabbit 
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Summary. I n  r abb i t s ,  s i m u l t aneous  recordings  of u n i t a r y  ac t i v i t y  of l a t e ra l  gen icu la te  nuc leus  and  super ior  coll iculus 
revea led  t h a t  some neu r ons  of these  s t r u c t u r e s  p r e sen t ed  f luc tua t ions  in  t h e i r  f i r ing  p a t t e r n  which  are opposi te  in phase.  

A m o n g  m a m m a l s ,  two neu ra l  n e t w o r k s  p l a y  a role in 
t h e  process ing  of v isua l  i n f o r m a t i o n :  t h e y  are  re t ino-  
t e c t a l  and  re t ino-cor t i ca l  3-s. The  r e t i no - t ec t a l  s y s t e m  is 
i nvo lved  in ocu lo -motor  func t ions  T, s whereas  t he  re t ino-  
geniculo-cor t ica l  p a t h w a y  p r i m a r i l y  serves p e r c e p t u a l  
- funct ions 9. The  re l a t ionsh ip  b e t w e e n  these  2 n e t w o r k s  is 
n o t  ful ly u n d e r s t o o d  1~ Thus ,  t he  a i m  of t h i s  s t u d y  
was  to  d e m o n s t r a t e  b y  s i m u l t aneous  record ing  f rom the  
lateral geni'culate nucleus (L.G.N.) and  t he  Superior colli- 
culus (S.C.) t h a t  t he  occur rence  of spike ac t i v i t y  for some 
cells in  one  s t r u c t u r e  is t ime- locked  to  an  absence  of 
d ischarge  a t  t he  o t h e r  s i te ;  t h a t  is, some gen icu la te  and  
col l icular  neu rons  p r e s e n t  f l uc tua t ions  in t h e i r  neu ra l  
a c t i v i t y  w h i c h  are oppos i te  in  phase:  

Methods. The  e x p e r i m e n t s  were c o n d u c t e d  on  pen to -  
b a r b i t a l - a n e s t h e t i z e d  a n d  pa ra lyzed  rabb i t s .  2 t u n g s t e n  
micro-e lec t rodes  were lowered in to  t he  L.G.N. a n d  S.C. 
I n  t h e  S.C., all  cells descr ibed  in th i s  s t u d y  were recorded  
f rom the  superf ic ia l  layers,  i.e. zonale,  superf icial  g r ay  
a n d  opt ic  as d e t e r m i n e d  b y  t he  m o r p h o l o g y  of t he  field 
potent ia l lY;  e lec t rode  si te  was  ver i f ied b y  his to logical  

e x a m i n a t i o n .  U n i t  record ings  were ident i f ied  p r i m a r i l y  
on t he  basis  of the  w a v e f o r m  14. Cells were a c t i v a t e d  b y  
full-field 'ON '  and  ' O F F '  i l l umina t i on  (4 foot  cand le  a t  
the  cornea) a n d  electr ical  s t i m u l a t i o n  of t he  r e t i n a  ( t rans-  
r e t ina l  s t imula t ion) ,  v i sua l  co r t ex  a n d  t he  opt ic  ne rve  
a t  i ts  ex i t  f rom the  eye. I n  the  L.G.N.,  response  to  op t ic  
n e r v e  s t i m u l a t i o n  p e r m i t t e d  d i f f e r en t i a t i on  be tween  re lay  
cells (P) a n d  i n t e r n e u r o n s  (I), wh ich  gave  r epe t i t i ve  re- 
sponses  or a b u r s t  to  a single a f fe ren t  vol ley  15. The  m e t h o d  
of m a p p i n g  t he  r ecep t ive  field of some of the  cells ha s  
been  descr ibed  elsewhere 16. 

Results. 36 pa i rs  of s imu l t aneous ly  recorded u n i t s  were 
i n v e s t i g a t e d  (36 col l icular  un i t s  and  31 f rom the  L.G.N. ,  
s ince some gen icu la te  n e u r o n s  were  coupled  w i t h  more  
t h a n  one col l icular  cell); 16 pa i rs  of cells e x h i b i t e d  a 
c lear ly  oppos i te  phase  p a t t e r n  of discharge.  E x a m p l e s  of 
a l t e r n a t i n g  a c t i v i t y  b e t w e e n  gen icu la te  and  col l icular  
neu rons  is s h o w n  in F igure  1A for t h r ee  d i f fe ren t  pairs .  
The  cells of t h e  f irst  pa i r  ( t rac ing  /, 2, F i g u r e  1) b o t h  
r e sponded  b y  a br ief  b u r s t  to  l igh t  'ON '  w i t h  iden t i ca l  
t a tenc ies  (see dot) ,  i n d i c a t i n g  t h a t  t he  same  re t ina l  c h a n -  


