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1.6 mg/kg  of b o d y  wt. Control  groups were in jec ted  only 
physiological  solution. The oxygen  consumpt ion  was 
measured  individual ly  in a gas analyzer,  based on the  
closed circular air ing sys t em adap ted  to the  small  ani- 
mals  n .  The measu remen t s  were s ta r ted  a t  30 min before 
the  in ject ion of noradrena l ine  and cont inued af ter  the  
injection over  the  per iod of the  dura t ion  of the  effect. All 
the  measu remen t s  were realized at  30~ s ta r t ing  at  
07.00 h or 20.00 h. T h y r o i d e c t o m y  was per fo rmed  under  
e ther  anes thes ia  and oxygen  consumpt ion  measu remen t  
was carr ied out  on the  7th day  following the  operat ion.  

Results and discussion. The results  are expressed iri 
calories per  m"/24 h and p resen ted  in Figure 1. As is 
evident ,  the  init ial  values  of the  hea t  product ion ,  prior  
to the  in ject ion of noradrena l ine  or of physiological  solu- 
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Fig. 2. Differences between the maximal level of the heat production 
under the influence of noradrenaline and the initial values obtained 
prior to the injection in the morning and in the evening experiments 
in normal control and thyroidectomized rats (Mean ~ SEM of 10 
animals). 

tion, were s o mew h a t  h igher  in the  evening t h a n  in t he  
morning  exper iments .  These f indings are similar to those  
repor ted  by  P o e o v I d  et  al. a. In  the  normal  control  rats,  
a s ignif icant  increase in hea t  p roduc t ion  was observed 
25 min af ter  the  inject ion of noradrenal ine  in bo th  the  
morning  and the  evening exper iments ,  being 21% and 
40% respect ively.  Max i mu m increase was reached a t  
about  40 rain af ter  the  inject ion of noradrenal ine .  The 
difference be tween the  max ima l  calorigenic effect  regis- 
te red  in the  morn ing  expe r imen t  and  t h a t  ob ta ined  in 
the  evening exper iment ,  in t he  f i rs t  per iod of the  dura t ion  
of the  effect of noradrena l ine  (Figure 2), was s ta t is t ica l ly  
s ignif icant  (p < 0.01). 

The evidence t h a t  the  same a m o u n t  of noradrenal ine  
produced  marked ly  higher  calorigenic effect  if applied in 
the  evening t h a n  in the  morn ing  suggests  the  exis tence 
of the  diurnal  f luc tua t ion  of the  sens i t iv i ty  to this  hor-  
mone in the  rat .  As the c i rcadian r h y t h m  of thyro ida l  
iodine release was foundS2, and  the  d isappearance  of the  
circadian r h y t h m  of oxygen  consumpt ion  af ter  the  t h y -  
ro idec tomy was regis tered 4, we suspected  t h a t  the  t hy -  
roid migh t  be involved in the  contro l  of the  diurnal  
f luc tuat ion  of the  sens i t iv i ty  to the  appl ied noradrenal ine  
in the  rat .  To inves t iga te  th is  possibil i ty,  a p re l iminary  
s t u d y  was u n d e r t a k e n  to examine  the  effect  of noradren-  
aline in the  t hy ro idec tomized  rats.  As shown in Figure 1, 
in thyro idec tomized  animals  the  init ial  values of hea t  
p roduc t ion  prior  to the  in ject ion of noradrenal ine  was 
s ignif icant ly lower t h a n  in t he  controls  (p < 0.01). Nor-  
adrenal ine  still p roduced  a s ignif icant  increase in hea t  
product ion  in bo th  groups, i.e. in animals  examined  in 
the  morning  as well as in those  examined  in the  evening 
(p < 0.01). I t  should be po in ted  out  t h a t  the  level of the  
hea t  p roduc t ion  under  the  influence of the  same dose of 
noradrenal ine  (1.6 mg/kg  of body  weight) was significant-  
ly lower in thy ro idec tomized  animals  t h a n  in the  controls  
(p < 0.01). In  addi t ion  to th is  no difference in the  cal- 
origenic effect  of the  in jec ted  noradrenal ine  was found  
be tween  groups examined  in the  morn ing  and in the  
evening. Therefore,  d iurnal  f luc tua t ion  in the  calorigenic 
effect of the  appl ied noradrena l ine  seems to be dependen t  
on the  thyroid .  
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Summary. The drug  aminooxyace t ic  acid, which inhibi ts  GABA-t ransaminase ,  des t roys  the  af ferent  nerve endings  
in the  inner  ear of the  frog. The efferent  nerve  endings  and  the  sensory cells are no t  affected.  

Sensory  cells in the  acustico-lateralis sys t em of ver te-  
b ra tes  are i nne rva t ed  by  af ferent  and efferent  nerve  
fibres 1,2 (Figure 1). The synap t ic  connect ions  be tween  
the  sensory  cells and  the  nerve  fibres on s t ruc tura l  and  
func t iona l  grounds  appear  to be chemical ly  med ia t ed  3, 4. 
The synap t i c  t r a n s m i t t e r  a t  the  ef ferent  con tac t s  is 
p robab ly  cholinergic 5,6 bu t  the  t r a n s m i t t e r  is u n k n o w n  
at  the  af ferent  synapse,  a l though  catecholamine- l ike  
compounds  7-~, g lu t ama te  1~ and y -aminobu ty r i c  acid n 
(GABA) are possible candida tes .  

In jec t ion  of drugs t h a t  interfere  wi th  ca techolamine  
me tabo l i sm have  previously  been  shown to affect  the  
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Fig. 1. Synap t ic  regions of a control  sensory cell (S). Both afferent (A) and efferent (E) nerve  endings are shown. The afferent presynapt ic  
region of the sensory ceil is eharacter ised by  the presence of a large electron-dense ' synap t ic  bar '  surrounded b y  synap t ie  vesicles. The 
arrows indica te  the p resumed  direct ion of t ransmiss ion at  the two synapses.  

Fig. 2. An efferent synapse  from an AOAA t rea ted  frog. Appearance  is l i t t le  different fronl Figure  1. 

Fig. 3. An afferent  synapt ic  region from an AOAA t rea ted  frog. The sensory cell (S) is unaffected, whereas in the afferent nerve  ending 
(A) the mi tochondr ia  are considerably  d is tor ted  and swollen. 

Fig. 4. AOAA t rea ted  frog. The sensory cell (S) shows li t t le effect, bu t  the afferent  fibre (A) is damaged  and pul l ing away  from the 
sensory cell. 

Fig. 5. AOAA t rea ted  frog. The sensory cell (S) is re la t ive ly  unaffected, bu t  the afferent  nerve  fibre has  ahnos t  comple te ly  disappeared.  
The as ter isk  indicates  the region which should be occupied by  the afferent  fibre. Scale = 0.5 ~ m  and applies to all  figures. 



15.12. 1976 Specialia 1547 

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  
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