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The Relationship of Lateral Geniculate Activity 
to the Electrocort icogram in the Presence or 

Absence of the Optic Tract InpuO 

By G. B. ARDEN and U. SODERBERG 2 

A series of s imilar  l ight -s t imul i  to  the  eye p roduce  
var iable  responses  in the  la teral  genieula te  body  3, and  the  
same is t rue  of t he  media l  genicula te  4. I t  has  been  claimed,  
f rom neu roana tomica l  evidence,  t h a t  a lmos t  all the  nerve 
fibres af ferent  to the  la teral  geniculate  or iginate  in the  
r e t ina  s. Therefore  a s t u d y  of t he  ac t iv i ty  of the  lateral  
genicuta te  body ,  in re la t ionsh ip  to the  ac t iv i ty  of 
o the r  pa r t s  of the  bra in ,  should  yield in fo rmat ion  abou t  
t he  effects  of t he  re t ina l  cent r i fugal  sys t em descr ibed by  
several  au tho r s  s. 

We  h a v e  t r ied  to  t e s t  t h i s  hypo thes i s  b y  recording the  
ac t iv i ty  of t he  la teral  genicula te  b o d y  before, dur ing  and  
a f te r  increas ing the  in t ra -ocu la r  pressure  (IOP) to the  
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po in t  where the  eye became  i schemic :  th is  causes a re- 
versible block of all ret inal  a c t i v i t y L  

Exper imenta l  arrangements. Rab b i t s ,  anes the t i z ed  wi th  
ether,  have  been spinatized a t  C~ and  al lowed to  recover  
(enc6phale isol6). One eye was ev i scera ted  and  the  opt ic  
nerve  head locally anes the t ized  wi th  Xy loca ine  (Lido- 
caine). The  o the r  eye was s t imu la t ed  wi th  a f l icker ing 
whi te  l ight  (Col. t emp.  2760 ° K ,  i n t ens i ty  a p p r o x i m a t e l y  
100 000 lux). No precaut ions  were t aken  to  d a r k - a d a p t  t he  
animal.  

The e lec t rocor t icogram (EEG) was recorded  f rom Ag- 
AgCt e lec t rodes  placed on the  dura .  La tera l  genicu la te  
spikes were recorded by a glass microp ipe t te  filled wi th  
4 M NaC1, t ip  res is tance above 5 M.Q. Techniques  for such 
record ing  and  for ident i f ica t ion of lateral  genicuta te  cells 
are  descr ibed  by  ARDEN and  L:u  a. Ret ina l  ac t iv i ty  was  
abol ished by  raising the  IOP.  This was achieved by  con- 
nec t ing  the  eye to  a co n s t an t  pressure bot t le  via a small  
needle  inser ted  into the  an te r io r  chamber .  A second larger 
needle  was inser ted  for I O P  measuremen t .  

We recorded on an inkwr i te r  (Offner) and a ca thode  ray  
oscilloscope runn ing  synchronous ly .  The spike discharges 
were in t eg ra ted  by  an E K C O  rate  meter .  In t raocu la r  
pressure  (IOP) and  ar ter ia l  blood pressure  (BP) were 
measured  wi th  s t ra in  gauge m a n o m e t e r s  (ELEMA).  

The resting discharge and  eye intact. Many cells dis- 
charged  in bursts .  The changes  in average  f requency in 
some cells were well cor re la ted  wi th  changes  in the  EEG,  
the  ac t iv i ty  being higher  when  the  an imal  was 'aroused ' ,  
Whis t l ing  and o the r  noises also increased the  act iv i ty ,  bu t  
there  was no di rect  response  to sound,  the  magn i tude  of 
whose effect  was corre la ted  wi th  the  effect  p roduced  in 
the  E E G  (Fig. 1 A). Sounds  had  li t t le effect  on the  firing 
ra te  of the  cell if the  E E G  a l ready  con ta ined  much  high 
f requency  ac t iv i ty .  The animals  were ve ry  sensi t ive  to 
noise and  the  correla t ion descr ibed above  only  became 
clear if the  loudspeaker  which moni to red  the  spikes was 
d isconnected .  
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Fig. l .--The relationship between rate meter record of geniculate unit activity, upper row; and El:G, middle record. Light and sound 
signals marked. A. IOP normal, light on. Soft whistle causes EEG activation and increases the discharge rate. B. IOP normal, no light. 
Handelaps arouse EEG and increase spike rate. Note evoked potentials in EEG at each clap. C. IOP raised, no light, no light reaction. 

Handelaps arouse EEG, but cause decrease in discharge rat('. 

I1 



164 Informationen - Informazioni [ExPERIENTIA VOL. XV/4] 

I 

B 

-!=9, ,r - - ~ r -  v r r  r n "  ,-~ v -~ - ' v  r -m l  ]"  

I 

I 

I 
t I 

1 see 

Fig. 2.--Records as in Fig. 1, from same rabbit. Both ,4 and B show beginning and end of response to a flickering light-stimulus (as in 
Fig. 1A). A. IOP normal--slight decrease in firing-rate at light on. B. Recovery following period of ocular isehemia--light now causes 

great increase in firing. 

Light and the intact eye. The cells r e sponded  to fl ickering 
l ight by  bu r s t  d ischarges  s imilar  to those  seen in the  
res t ing discharge,  bu t  now phased  wi th  the  f l ickering light.  
At  the  slow ra te  of flicker employed,  there  was of ten  
li t t le difference be tween  the  overall  ra te  of d ischarge  in 
flickering l ight and  in da rkness  (Fig. 2A).  At  the  begin- 
ning, and  more  c o m m o n l y  at  the  end of the  flicker, t r an -  
sient changes  in the  average ra te  of d ischarge could occur. 
These were on the  whole  smal ler  t h a n  the  ' spon taneous '  
changes  in average rate.  The average  ra te  of d ischarge  
dur ing a flicker was corre la ted  wi th  changes  in the  E E G ,  
and wi th  noise, in jus t  the  same way  as was the  res t ing 
discharge (Fig. 1 B). Somet imes  noise increased the  firing 
ra te  dur ing  a flicker, b u t  no t  when  the  an imal  was in the  
dark.  

In the  animals  studies,  l ight  had  l i t t le effect  in 'arous-  
ing' the  EEG.  Therefore,  we canno t  assess w h e t h e r  a l ight-  
s t imulus  t h a t  p roduces  'a rousal '  in the  E E G ,  has  the  
same effect on the  response  to l ight  in the  lateral  geniculate  
body  as one t h a t  does not.  

Resting discharge, optic nerve blocked. V~'hen the  I O P  
was increased above BP,  af ter  3-5 miD the  response  to 
l ight in the  geniculate  cell vanished .  Before th is  occurred 
complex changes  in the  spon taneous  d ischarge  and evoked 
responses could occur. However ,  when  the  opt ic  nerve  
was comple te ly  blocked the  res t ing  discharge remained ,  
though  its ra te  migh t  be s l ight ly decreased.  In  those  cells 
whose ac t iv i ty  was previous ly  corre la ted  to  the  E E G ,  
correlat ion was still found,  b u t  was somet imes  en t i re ly  
reversed,  so t h a t  now per iods  of fast  ac t iv i ty  in the  E E G  
correla ted wi th  periods of low firing ra te  in the  la teral  
geniculate cell, and  per iods  of slow wave  ac t iv i ty  were 
associated wi th  high firing rates.  Similarly,  noises such as 
whist l ing or c lapping migh t  cause an ab rup t  decrease in 
firing rate,  associated wi th  the  appea rance  of fast  ac t iv i ty  
in the  E E G  (Fig. 1 C). There  were cells in which  the  cor- 
relat ion wi th  the  E E G  on ly  became  a p p a r e n t  a f te r  
blocking the  inpu t  f rom the  eye. 

Recovery. W h e n  the  l O P  was r e tu rned  to normal ,  t he  
resFonse to l ight  rap id ly  re turned .  However ,  there  was 
now a large increase in the  average ra te  of firing dur ing  
a period of flicker (Fig. 2B); when  full recovery  had  oc- 
curred,  the  initial condi t ions  re turned ,  and  the  average  
rate  of firing was again, in some cells, a lmos t  the  same in 
darkness  and dur ing flicker. 

During the  recovery,  the  re la t ionship  be tween  E E G  
and spike discharge ra te  could reverse f rom t h a t  ob ta ined  
during ischemia of the  eye, to  the  original p ic ture  de- 
scribed above. 

Nocicept ive  s t imul i  such as p inch ing  the  nose, were 
effect ive in ' a rous ing '  the  E E G .  T h e y  usual ly  caused a 
p ro found  decrease in the  firing rate.  However ,  since the  
spike size was never  cons tan t ,  a f ter  nocicept ive  s t imu-  
lat ion,  it  is not  possible to exclude a r t e f a c t s - - m o v e m e n t s  
or vo lume changes  in the  bra in  due to va somoto r  changes  s. 

Discussion. There  are grea t  var ia t ions  in t he  behav iou r  
of the  d i f fe rent  la teral  geniculate  cells we have  s tudied.  
We wish to emphas ize  the  changes t h a t  occur in response  
to arousing s t imul i  when  the  opt ic  nerve  is blocked.  Since 
the  average  firing ra te  of the  genicula te  res t ing  d ischarge  
is bu t  l i t t le affected by  the  comple te  r emova l  of t he  
re t inal  afferents ,  and can be more  af fec ted  by  a l te ra t ions  
in o the r  pa r t s  of the  bra in  t h a n  by  a l te ra t ions  in re t ina l  
ac t iv i ty ,  there  m u s t  be an o t h e r  a f ferent  p a t h w a y  to t he  
la teral  genicula te ,  a t  l eas t  as i m p o r t a n t  as t h e  op t ic  
t r ac t .  The a l t e ra t ion  in re la t ionship  be tween  E E G  and  
geniculate  d ischarge which  we observe  on raising the  I O P  
m a y  be due to  the  r emova l  of a loop involving cent r i fugal  
re t ina l  fibres. The a l t e rna t ive  possibi l i ty  remains  of in ter-  
neurona l  in te rac t ions  be tween  the  opt ic  t r ac t  and  the  
' second inpu t '  a t  a level pr ior  to  the  cell f rom which  we 
record.  There  is some evidence t h a t  the  la tera l  geniculate  
conta ins  in te rneurona l  p a t h s  9. The ' second i n p u t '  m a y  be 
ident ical  w i th  the  fibres of the  ' lame b lanche  in ter-  
m6diaire '  10 

Zusammen/assung 
Am ~2aninchen wurde  die Bez iehung  zwischen E lek t ro -  

k o r t i k o g r a m m  und  I m p u l s e n t l a d u n g e n  der  Einzelzel len 
des la tera len Knickes  u n t e r s u c h t  und  die Befunde  bei 
normale r  Ne tzhau t t i i t i gke i t  mi t  denen  am e n t k o p p e l t e n  
Auge vergl ichen.  Die reversible  E n t k o p p e l u n g  der  Netz-  
h a u t  wurde  mi t  in t raoku la re r  Drucks te ige rung  hervor-  
gerufen.  Die Spi tzenpotent ia le ,  die schon im Dunke ln  
g rupp ie r t  au f t ra ten ,  waren  im F l immer l i ch t  reizabh/ingig.  
Die Durchschn i t t s f r equenz  dieser  E n t l a d u n g e n  erwies 
sich nur  wenig vom ve rwende t e f f  Lichtre iz  beeinf lussbar .  
E lek t roenzepha lograph i sche  Weckreak t ionen  t r a t e n  so- 
wohl  im Dunkeln ,  als auch  im Licht ,  m i t  e rh6h te r  Durch-  
schn i t t s f r equenz  der  Zel lenpotent ia le  gleichzeit ig auf. Bei 
e n t k o p p e l t e m  Auge wurde  wXhrend der  Weckreak t ion  
eine Ern iedr igung  der  du rchschn i t t l i chen  E n t l a d u n g s -  
f requenz beobach te t .  Aus diesen Befunden  wird geschlos- 
sen, dass  der  laterale  Kn ick  auch von  anderen  Gebie ten  
aus, n ich t  nur  v o n d e r  Ne tzhau t ,  beeinf luss t  wird.  
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