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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. 
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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 -  
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nel converged  on them.  La te r  dur ing the  'ON'  period,  
t he  geniculate  and collicular neurons  u n d e r w e n t  a l t e rna te  
changes.  The a l t e rna t ing  ac t iv i ty  of geniculate  and col- 
licular l~eurons was more  ev iden t  when  the  ' O F F '  s t im- 
ulus appl ied  (Figure I, t rac ings  / and 2). In  b o t h  cells, 
' O F F '  responses  (dots) were followed by  shor t  per iods of 
high t r equency  discharge separa ted  b y  si lent  periods.  
The mos t  intr iguing observa t ion  was t h a t  the  high ra te  
of impulses  in one uni t  coincided in t ime wi th  spike-free 
periods in the  other.  This a l t e rna t ing  f luc tua t ion  las ted 
up to  800 msec af ter  the  init ial  ' O F F '  step.  The mos t  
f r equen t  case of a l te rna t ing  ac t iv i ty  was encounte red  
when collicular 'ON'  response fell be tween  2 periods of 
ac t iv i ty  in the  L.G.N. neuro~s;  th is  was also found wi th  
mul t i -un i t  recordings.  The example  of t rac ings  3 and 4/ 
(Figure 1) shows t h a t  the  'ON'  response of the  collicular 
cell ( t racing 4) appeared  as soon as firing in the  geniculate  
uni t  ( t racing 3) ended.  Ano the r  p a t t e r n  of a l t e rna t ing  
ac t iv i ty  is p rovided  by the  two cells i l lus t ra ted in t racings 
5 and  6 which were bo th  mos t  effect ively s t imula ted  by  
moving  spots.  The back  and for th  m o v e m e n t  of a l ight  
spot  elicits responses a t  every  passage of the  light. These 
specific condi t ions  evoked a high f requency  burs t  which 
did no t  occur s imul taneous ly  in the  2 s t ructures .  Half  
the  uni ts  were tes ted  for sens i t iv i ty  to  moving  ta rge ts ;  
all of these  exhib i ted  an a l te rna t ing  p a t t e r n  of act ivi ty .  
The responsiveness  of the  same cells to  full field 'ON'  
and ' O F F '  s t a t i ona ry  i l l u m i n a t i o n  showed t h a t  geniculate 
cell ac t iv i ty  decreased when  the  collicular neuron ex- 
h ib i ted  an increase in firing ra te  ( tracings 7 and 8). 

'ON'  and  ' O F F '  re t inal  channels  m a y  b o t h  be ac t iva ted  
by  l ight  and electrical s t imula t ion  of the  re t ina  (T.R.S.). 
The l a t ency  of the  response  evoked by  T.R.S.  is deter-  
mined  by  the  polar i ty  of the  pulse (cornea negat ive  or 

positive) according to  the  recept ive  field type~"-~L This  
p r o p e r t y  was used to  modi fy  the  latencies  of the  evoked 
ac t iv i ty  and  spike-free per iods  observed  s imul taneous ly  
in the  L.G.N. and  S.C. An example  of a pai r  of cells re- 
sponding  to  T .R.S .  is shown in ~'igure 1, B,  C. The  t ime  
course of the  response  to an anoda l  (A.S.) pulse of the  
genicnla te  in t e rneuron  (I) (Figure 1, B ,  t racings 1, 3, 5) 
had  a spike-free per iod  of 40 rese t ;  i t  was dur ing  th is  
si lent pause  t h a t  t he  collicular cell r e sponded  ve ry  regu- 
larly wi th  a brief  bu r s t  (tracings 2, d, 6). Rever s ing  the  
po la r i ty  of the  s t imula t ing  pulse (i.e. ca thoda l  C.S.) 
changed  the  t ime  of appearance  of the  responses,  b u t  the  
a l t e rna t ing  p a t t e r n  of firing be tween  the  two cells was 

1 Supported by NRC A 6943. 
2 The authors are grateful to W. K. Noell for constructive comments, 
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Mrs A. Laperri~re for secretarial assistance. 
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Fig. 1. A Examples of 3 pairs of ceils sinmltaneously recorded from L.G.N. (P) (tracings 7, 3, 5, 7} and S.C. (tracings 2, 4, 6, 8). Tracings 
1, 2 and 5, 6 were obtained from 4 to 5 superimposed sweeps. Tracings 3-4: single sweep. Units lrom tracings 7 and 8 are the same as are 
shown in tracings 5 and 6. The geniculate neuron responded to 'ON' and 'OFF' throughout its receptive field with no direction specificity. 
The collieular cell's receptive field was rather wide and its response to a stationary light spot was feeble (see tracing 8). Both receptive 
fields were not overlapping. Bin width 2 msee. 
B-C L.G.N. unit is an I cell. A.S. anodal polarization of the retina, C.S. cathodal polarization of the retina, voltage unchanged. Single 
sweep for each tracing. 
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m a i n t a i n e d .  Trac ings  3, d, 5 and  6 i l lu s t r a t e  t h a t  t he  
occurrence  of Spontaneous  a c t i v i t y  of t he  coll icular  cell is 
assoc ia ted  w i t h  a decrease  in a c t i v i t y  of t he  genicula te  
neuron .  I n  t r ac ings  d a n d  6 (Figure 1, B, C), i t  is shown  
t h a t  occas ional ly  the  col l icular  n e u r o n  p re sen t ed  a spike 
a t  70 msec wh ich  coinc ided  w i t h  a de layed  d ischarge  
( t rac ing  3) or  a comple t e  absence  of a c t i v i t y  ( t rac ing  5) 
in  t he  gen icu la te  neuron .  
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Fig. 2. Simultaneous recordings from L. G. N., P cell (tracings 1, 8, 
5) and S. C. (tracings 2, d, 6). Following an 'ON' step, the geniculate 
neuron presented a transient i~lterruption of its activity. The burst 
of the eollieular cell occurred while the geniculate cell was prevented 
from firing. All tracings were obtained from 4 to 5 superimposed 
sweeps. The polarity of the eollicular evoked potentials to the 'ON' 
stimulus (tracings 2, 4) and the absence of a distinguishable 'OFF' 
response (tracing 6) confirm that the collicular unit is located very 
superficially in the S.C. 

The  example  in F igure  2 p rov ides  a d d i t i o n a l  ins igh t  
in to  t he  m e c h a n i s m  u n d e r l y i n g  th i s  a l t e r n a t i n g  t y p e  of 
a c t i v i t y  be tween  t he  L.G.N. a n d  S.C. The  gen icu la te  un i t  
s h o w n  in F igure  2 ( t rac ings  J, 3, 5) r e sponded  r a t h e r  
weak ly  to 'ON '  and  ' O F F '  s t imul i  b u t  was capab le  of 
f i r ing  a t  a n y  m o m e n t  for 1 sec fol lowing t he  'ON '  s t imu-  
lus, excep t  for  a s h o r t  per iod  of t i m e  be tween  195 and  
240 msec. I n  compar i son ,  t he  col l icular  cell (Figure  2, 
t r ac ings  2-4),  recorded  s imul taneous ly ,  e x h i b i t e d  a ve ry  
slow r a t e  of firing. I t s  h ighes t  per iod  of e x c i t a t i o n  oc- 
cu r red  w i th  a long l a t ency  (195 msec) a n d  thus ,  precisely 
d u r i n g  t he  s i lent  per iod  of t h e  gen icu la te  neuron .  No such 
a l t e r n a t i n g  effects  were obse rved  f rom t h e  oppos i te  (OFF) 
s t imu lus  ( t racings  5 a n d  6). 

Discussion. Appl i ca t ion  of an  ' O F F '  s t imu lus  shows 
t h a t  t he  cessa t ion  of a c t i v i t y  of t h e  gen icu la te  cell is no t  
assoc ia ted  w i t h  a n  increase  of exc i t ab i l i t y  of a coll icular  
cell and  vice versa .  Thus ,  i t  seems t h a t  d i rec t  m u t u a l l y  
i n h i b i t o r y  r e l a t ionsh ips  be tween  t he  L.G.N. a n d  S.C. 
c a n n o t  be involved ,  a l t h o u g h  such  connec t ions  m a y  
exis t  is. F u r t h e r m o r e ,  e lectr ical  s t i m u l a t i o n  t h r o u g h  the  
record ing  e lect rodes  fails to  el ici ted a response  in the  
c o m p l e m e n t a r y  uni t .  The  2 r e m a i n i n g  m o s t  l ike ly  sites 
to  w h i c h  these  a l t e r n a t i n g  effects m a y  be  a t t r i b u t e d  are : 
t h e  r e t i n a  a n d  t he  v i sua l  cor tex.  A l t h o u g h  t h e  r e t i na  
c a n n o t  be  d is regarded,  i t  is i n t e re s t ing  to  p o i n t  o u t  in 
th i s  respec t  t h a t  t h e  response  in F igure  1 ( t rac ings  6 and  
8) as well as F igure  2 are n o t  t yp i ca l  of r e t i na l  gangl ion  
cells, and  t h a t  abo l i t ion  of cor t ica l  f unc t i on  w i t h  3 M 
KC1 app l i ca t ion  resul t s  in a d i s r u p t i o n  of t he  n o r m a l  
f i r ing  p a t t e r n  of gen icu la te  neurons19. These  resu l t s  sug- 
gest  a possible  i n v o l v e m e n t  of t he  super ior  coll iculus in 
s cann ing  processes of t he  eye 2~ wh ich  m e d i a t e  p a t t e r n  
percep t ion .  

is y. HAYASHI, I. SUMITOMO and K. IWAMA, J&p. J. Physiol. 17, 
638 (1967). 

19 S .  M O L O T C H N I K O F F ~  P .  L ' A R C H E V E Q U E ,  P .  L A C H A P E L L E  a n d  J .  

BRUNETTE, Neur. Sci. 2, Abstr., in press (1976). 
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Summary. Typ ica l  mod i f i ca t ions  of the  u n i t a r y  d ischarge  of v e s t i b u l a r  un i t s  h a v e  been  recorded  fol lowing the  t r ansec -  
t i o n  of t h e  sp ina l  cord  of h e m i l a b y r i n t h e c t o m i z e d  a n d  c o m p e n s a t e d  guinea-pigs .  These  resu l t s  s u p p o r t  t he  concep t  
t h a t  t h e  sp ina l  cord  is essen t ia l  in  t he  c o m p e n s a t i o n  of t he  s y m p t o m s  r e su l t i ng  f rom a lesion of one  l a b y r i n t h .  

P r ev ious  r e sea rch  2,3 ha s  d e m o n s t r a t e d  t h a t  t h e  sp inM 
cord  is i nvo lved  in t he  m e c h a n i s m  of c o m p e n s a t i o n  of t he  
m o t o r  defici ts  r e su l t ing  f rom a p rev ious  h e m i l a b y r i n -  
t h e c t o m y .  In  fact ,  i t  h a s  been  obse rved  t h a t  sp ina l  cord  
t r a n s e c t i o n  a t  t h e  mi d - t ho r ac i c  level,  a f t e r  c o m p e n s a t i o n  
of t h e  s y m p t o m s  p roduced  b y  lesion of one l a b y r i n t h ,  will 
be  fol lowed b y  t h e  r e a p p e a r a n c e  of some of these  same 
s y m p t o m s .  Th i s  new s tage  ha s  been  iden t i f i ed  as t he  de-  
c o m p e n s a t i o n  period.  F u r t h e r m o r e ,  c u t t i n g  t he  sp ina l  
a f f e r en t  p a t h w a y s  in a h e m i l a b y r i n t h e c t o m i z e d  and  com- 
p e n s a t e d  a n i m a l  p rovokes  c l ea r - cu t  mod i f i ca t ions  of t h e  
field p o t e n t i a l s  g e n e r a t e d  b y  e lect r ica l  s t i m u l a t i o n  of t he  
a m p u l l a r  r ecep to r s  of t h e  i n t a c t  side a n d  recorded  f rom 

t h e  v e s t i b u l a r  nuc l ea r  complexes  of b o t h  sides. T h e  ef- 
fects  i nduced  b y  t he  t r a n s e c t i o n  of t he  cord  cons i s t  of 
f ac i l i t a t ion  of N 1 or N1-N~ waves  4 recorded  f rom the  
v e s t i b u l a r  nucle i  of t he  i n t a c t  side a n d  i n h i b i t i o n  of the  
evoked  p o t e n t i a l s  in  t h e  v e s t i b u l a r  nuc le i  of t h e  de-  
a f f e ren ted  side. Therefore ,  i t  is e v i d e n t  t h a t  t he  compen -  
s a t ion  of t he  v e s t i b u l a r  defici ts  is con t ro l l ed  b y  t he  o u t p u t  
of t h e  v e s t i b u l a r  nuclei ,  w h i c h  in t u r n  is d e p e n d e n t  upon  
t he  inf luence  of t h e  sp ina l  cord. 
The  pu rpose  here  is to  descr ibe  t he  resu l t s  of series 
of e x p e r i m e n t s  ca r r i ed  o u t  w i t h  t h e  a i m  of a n a l y z i n g  
t h e  b e h a v i o r  of  t h e  v e s t i b u l a r  un i t s  d u r i n g  t he  compen -  
s a t e d  a n d  d e c o m p e n s a t e d  s tages.  E t h e r  a n e s t h e s i a  of 75 


