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fine s t ruc ture  of the  p resynap t i c  organelles in the  sensory  
cells 7-9, bu t  no t  the  fine s t ruc tu re  of e i ther  the  efferent  
or a f ferent  nerve  terminals .  

The repor t  t h a t  GABA could be synthes ized  by  the  
inner-ear  and  lateral- l ine p r o m p t e d  us to s tudy  the  
effect  of aminooxyace t i c  acid (AOAA) upon the  fine 
s t ruc tu re  of these  sense organs.  This  drug, which inhibi ts  
GABA-t ransaminase ,  p reven t s  the  b reakdown  of GABA ~2, 
and migh t  be expec ted  to affect  the  fine s t ruc ture  of 
the  sensory  cells if t h e y  were engaged  in GABA metab-  
olism. 

In t r ape r i tonea l  in ject ions  of AOAA (8 • 5 mg/kg  over  
48 h) into adul t  Rana temporaria do no t  appear  to 
affect  the  sensory  cell fine s t ruc tu re  (Figures 1 and 3) or 
t h a t  of t he  ef ferent  ne rve  te rmina ls  (Figures 1 and  2). 
The drug  does, however ,  p roduce  d rama t i c  changes  in 
the  af ferent  nerve  fibres. These effects  va ry  in magn i tude  
f rom swelling of the  mi tochondr i a  (Figure 3) t h rou g h  
shr inkage of the  nerve  t e rmina l  (Figure 4) to comple te  
b reakdown  of the  te rminals  in synap t ic  con tac t  wi th  the  
sensory  ceils (Figure 5). Thus  AOAA appears  to produce  
a selective des t ruc t ion  of the  af ferent  nerve  endings  in 
the  inner  ear. 

The electrophysiological  ac t ion  of AOAA at  least  in 
m a m m a l s  is to  decrease the  ampl i tude  of the  aud i to ry  

nerve  co mp o u n d  act ion potentiaN~,z4. I t  also increases 
the  th reshold  of the  P reyer  p inna  reflex in response to  
sound in guinea-pigs ~4. However ,  it  was concluded t h a t  
the  effects of AOAA are no t  med ia ted  by  its act ions on 
GABA metabo l i sm ~4. This is t enable  because r ecen t  
work  ~5 has shown t h a t  AOAA, in addi t ion  to inhibi t ing 
GABA t r ansaminase  also p reven t s  in general  the  up take  
of amino acids by  cells. 

W h a t e v e r  the  physiological  effects of th is  drug, there  
remains  t he  ques t ion  of its si te of action. Our  s t ruc tu ra l  
f indings suggest  t h a t  it  acts  upon the  af ferent  nerve  
fibres r a the r  t h a n  the  sensory  cells. 

The v i r tua l  absence of any  s t ruc tura l  effects of AOAA 
upon the  sensory cells also suggests  t h a t  t h e y  are p ro b ab ly  
no t  involved wi th  the  metabo l i sm of GABA, and fur ther -  
more,  t ends  to exclude this  co mp o u n d  and possibly o the r  
amino acids from being the  sensory  cell n e u r o t r a n s m i t t e r  
in the  inner  ear. 
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Summary. Responses  of the  lateral  geniculate neurons  to l ight were modif ied by  s t imula t ion  of the  subs tan t i a  nigra.  
Nigral  s t imula t ion  of ten caused e n h a n c e m e n t  of firing in neurons responding  pr imar i ly  to  flash, bu t  it  usually had  the  
con t r a ry  effect  on uni ts  inhib i ted  by  light. 

The subs tan t i a  nigra has  been regarded as pa r t  of the  
e x t r a p y r a m i d a l  mo to r  sy s t em 1, and  its pa r t i c ipa t ion  in 
sensory  act ivi t ies  remains  obscure.  In  our  previous 
s tudies  2-5, modif ica t ion  of visual inputs,  b o t h  a t  the  
la teral  geniculate level and at  the  visual cort ical  Ievel by  
s t imula t ion  of the  lent icular  (the lent icular  nucleus --  
globus pai l idus and  pu tamen)  and  canda te  nuclei, was  
demons t r a t ed .  More recently,  e n h a n c e m e n t  of visual, 
audi tory ,  and somatosensory  evoked responses  in the  
p r i m a r y  receiving areas by  s t imula t ion  of the  subs tan t i a  
nigra was found6. The purpose  of the  p resen t  invest iga-  
t ion  was to s t u d y  effects of electrical  s t imula t ion  of the  
subs t an t i a  nigra  on responses  of the  lateral  geniculate 
body  neurons  to  light. 

Methods. E x p e r i m e n t s  were pe r fo rmed  on 9 cats  im- 
mobil ized wi th  gal lamine t r ie thiodide ,  and  on 9 cats  
l ight ly  anes the t ized  wi th  hexobarbi ta l .  Immobi l ized  cats  
were art if icially vent i la ted .  All wound  edges and pressure 
poin ts  were anes the t ized  locally w i th  procaine,  and pupils 
were di la ted wi th  atropine.  L igh t  flashes were presen ted  
by  a xenon  f lash l amp facing tile eyes a t  a d is tance  of 
30 cm. Glass microp ipe t tes  (10-40 M D  resistance) filled 
wi th  1.5 M po tass ium ci t ra te  solut ion or 1.0 M po tass imn 
ace ta te  solut ion sa tu ra t ed  wi th  me thy l  blue or fast  green 
F C F  were used for recording of Ulfit ac t iv i ty  of the  la teral  
genicnlate  body.  U n i t  po ten t ia l s  were amplified,  moni-  
to red  by  an ampl i fy ing  sys t em and  pho tog raphed  by  a 
cont inuous ly- recording  camera.  Bipolar  s t imula t ing  elec- 
t rodes  were inser ted  in the  subs tan t i a  nigra 7 (A 5.0, L 4.5, 

H --4.5),  which was s t imula ted  wi th  a single square wave  
pulse (4.5 5.0 V, 0.1-0.15 msec durat ion) .  In t e rva l s  be- 
tween  condi t ioning shock to the  subs t an t i a  nigra and  
l ight  f lash were 9-19, 30-40, or 60-75 msec, which  were 
found to be effective in the  preceding s t u d y  a. The posi- 
t ion of all s t imula t ing  electrodes was his tological ly 
verified. 

Results. 157 neurons  of the  la teral  geniculate  b o d y  
were s tudied.  56 were impaled  int racel lular ly  and  the  
others  were recorded extracel lularly.  According to the i r  
p r i ma ry  react ion to  flash, these  lateral  geniculate neurons  
could be classified in to  3 groups",  3. 51 showed a p r i m a r y  
exci ta t ion  af ter  f lash ( type 1), 48 were pr imar i ly  inhib i ted  
by  flash and were followed by  firing (type 2). The o thers  
were in terneurons ,  i rregularly responding  cells, and  
scarcely responding  neurons  (type 3). Most  of the  la teral  

1 R. JU~G and R. ~IASSLER, fix Handbook o/ Physiology, Sect. 1, 
Neurophysiology (Eds. J. FIELn, H. W. MAGOUN and V. E. HALL; 
Am. Physiol. Soc., Washington 1960), vol. 2, p. 863. 

2 I. KADOBAYASHI and G. UKIDA, Expl. Neurol. 33, 518 (1971). 
8 I. t{ADOBAYASHI, ExpI. Neurol. 37, 463 (1972). 
4 I. I~ADOBAYASHI, Pfliigers Arch. ges. Physiol. 332, 10 (1972). 
5 I. KADOBAYASttI, Y. AMANO, H. YAMANE and Y. MIYAMOTO, Folia 

psychiat, neurol, jap. 26, 95 (1972). 
6 I. KADOBAYASHI and M. NAKAMURA, Experientia 30, 260 (1974). 
7 H. H. JASPER and C. AJMONE-~/[ARSAN, A Stereotaxic Atlas o! the 

Diencephalon o] the Cat (National Research Council of Canada, 
Ottawa 1954). 



1548 Specialia EXPERIENTIA 32[12 

geniculate neurons  (109) were affected by  condi t ioning 
s t imula t ion  of the  subs t an t i a  nigra. In t ype  1 neurons,  
responses  of 23 uni ts  to f lash were enhanced  (Figure 1) 
bu t  those  of 13 were inhibi ted  by  nigral  s t imulat ion,  
while no change  was observed in 15. In  t ype  2 neurons,  
firing of 11 uni ts  in response to flash was enhanced  bu t  
t h a t  of 23 was inhibi ted  by  nigral s t imula t ion  (Figure 2). 
The remaining  14 were no t  affected by  such s t imulat ion.  
In  type  3 neurons,  f ir ing of 19 was enhanced  bu t  t h a t  of 
20 was inhibi ted  by  nigral  s t imulat ion,  whereas  t h a t  of 
the  remain ing  19 was unaffected.  In  each type,  similar 
p ropor t ions  of neurons  were enhanced  or inhib i ted  by  
s t imula t ion  of the  subs tan t i a  nigra regardless of whe the r  
the  nucleus s t imula ted  was ipsi lateral  or cont ra la te ra l  
to  the  recording site. Nigral  s t imula t ion  alone evoked no 
response in 102 uni ts  tes ted.  

Discussion. This s tudy  demons t r a t e s  t h a t  responses  of 
the  la teral  geniculate neurons  to l ight are modif ied  by  
nigral  s t imulat ion.  Modif icat ion of visual signals a t  the  
la teral  geniculate  level by  s t imula t ion  of the  ret icular  
fo rmat ion  s ~0, lent icular  nucleus '~ and cauda te  nucleus ~ 
has been repor ted .  Ana tomica l ly l ,  ~x-13, the  subs tan t i a  
nigra receives af ferent  fibres f rom the  lent icular  nucleus, 
caudate  nucleus and sub tha lamus ,  and f rom the  frontal ,  
par ie ta l  and t empora l  cortices. Ef fe ren t  fibres f rom the  
subs t an t i a  nigra  t e rmina t e  in the  neos t r i a tum (caudate 
nucleus and pu tamen) ,  pal l idum, midbra in  ret icular  for- 

marion,  superior  colliculus and par ie ta l  cortex.  Recen t  
h is tochemica l  investigations14,15 have  revealed dopami-  
nergic p a t h w a y s  f rom the  subs tan t i a  nigra to  the  neo- 
s t r i a tum and to the  cortex.  

Though  PHILLIS et  al. ~6 repor ted  inh ib i to ry  act ion of 
dopamine  on the  lateral  geniculate neurons,  no di rect  
fibres f rom the  subs t an t i a  nigra to the  lateral  geniculate  
body  were repor ted.  His tochemica l  exper iments  iv demon-  
s t r a t ed  only noradrena l ine  and serotonin  t e rmina l s  in 
the  lateral  geniculate body.  In  th is  s tudy,  too, nigral  s t im- 
ula t ion alone evoked no response in the  lateral  geniculate  
body.  So nigral  modif ica t ion  of the  reponse to l ight  in 
the  la teral  geniculate body  m a y  be media ted  main ly  via 
the  ret icular  format ion.  

Nigral  s t imula t ion  more  of ten b ro u g h t  about  enhance-  
m e n t  of the  response  to l ight  in t ype  1 neurons  exci ted  
pr imar i ly  by  flash, bu t  more  f requen t ly  inhib i t ion  in 
t ype  2 neurons  which  showed a p r i ma ry  neurona l  silence 
af ter  flash. This resembles  the  f inding ob ta ined  by  s t im-  
ula t ion of the  lent icular  2 and cauda te  nuclei 3. FUSTER ls 
also repor ted  similar  p h e n o m e n a  t h a t  re t icular  s t imula-  
t ion of ten caused e n h a n c e m e n t  of firing in visual  cort ical  
cells ac t iva ted  by  l ight  bu t  it  usually had  the  con t r a ry  
effect  upon l igh t - inh ib i ted  cells. I t  has  been  repor ted  
t h a t  the  lent icular  and caudate  nuclei receive af ferent  
fibres f rom the  cen t romed ian  nucleus of the  thalamus1,  
which  belongs to the  re t icular  ascending  sys t em ~9. Re- 
ciprocal fibre connect ions  exist  be tween  subs tan t i a  nigra 
and s t r i a tum (neos t r ia tum and pal l idum).  The pa l l idum 
and subs tan t i a  nigra send efferent  fibres to t he  midbra in  
ret icular  fo rmat ion  and nucleus vent ra l i s  an ter ior  of the  
tha lamus .  F r o m  physiological  studies,  FRIGYESI and 
MACHEK 20 claimed t h a t  duaI project ion sys tems  l ink the  
cauda te  nucleus to  the  dorsal  t ha l amus  and t h a t  nigro- 
tha lamic  connect ions  exist  via collaterals of n igrocaudate  
axons.  

Thus,  the  ret icular  sys tem sends ou tpu t s  to the  nigro- 
s t r ia ta l  system,  and  receives feedback f rom t h a t  a t  the  
midbra in  level and  tha lamic  leveI. So ac t iv i ty  of the  
ret icular  sys tem m i g h t  be modu la t ed  by  feedback th rough  
the  n igro-s t r ia ta l  sys tem.  Thus considered,  i t  can  be 
easily unders tood  t h a t  s t imula t ion  of the  n igro-s t r ia ta l  
sys tem modifies visual signals 2-5 as well as au d i t o ry  and 
somatosensory  ones ~. 

Fig. 1. Enhancement of response of a type 1 neuron to flash by nigral 
stimulation. C) Response to flash alone. T) Enhancement of the 
response by conditioning stinmlation of the contralateral substantia 
nigra 75 msec before flash. S) No response to nigral stinmlation 
alone. Triangle indicates flash stimulus. Positive upwards. Cali- 
bration: 10 mV; 100 msec. 

Fig. 2. Inhibition of firing in response to flash in a type 2 neuron by 
nigral stimulation. C) Responses to repeated flashes. T) Inhibition 
of firing by conditioning stimulation of the contralateral substantia 
nigra 75 insec before each flash. Both are continuous records. Cali- 
bration: 10 mV; 100 lnsec. 
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