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gese tz t  oder  in  den  zuf i ih renden  Sch l auch  inj iz ier t ,  
w o d u r c h  ein h6he re r  K o n z e n t r a t i o n s g r a d i e n t  e n t s t a n d .  
Es  w u r d e n  K o n t r o l l e n  m i t  NaC1-L6sung ans te l le  des Azid 
sowie m i t  e iner  Fa rbs to f f lSsung  zur B e s t i m m u n g  des 
Ze i t punk t e s  des Auf t re f fens  der  S u b s t a n z  a n  der  N e t z h a u t  
durchgef i ihr t .  Dieser  lag bei  25-30 sec n a c h  der  In j ek t ion .  

Ergebnisse. Es zeigte sich, dass  Zusa tz  yon  Azid zu 
e inem Ans t ieg  des R u h e p o t e n t i a l s  f t ihrte,  dessen Ampl i -  
t u d e  in unse ren  Ve r suchen  zwischen 300 u n d  800 ~V lag 
(Figur).  Die H 6 h e  des P o t e n t i a l s  erwies sich als abh/ ingig  
v o m  K o n z e n t r a t i o n s g r a d i e n t e n  u n d  dem  Z u s t a n d  des 
Pr&parates .  A m  gleichen Pr~tparat  w a r  es mSglich,  d u r c h  
wiederho l te  I n j e k t i o n  in den  Zuf lusssch lauch  einige Male 
Azideffekte  auszul6sen,  obwohl  das  N & h r m e d i u m  bere i t s  
Azid en th ie l t .  Die sp&teren Ef fek te  waren  j edoch  me i s t  
k le iner  u n d  langsamer ,  wobei  gleichzei t ig eine for tschrei -  
t e n d e  Sch&digung der  E R G  K o m p o n e n t e n  P I I  u n d  
sp~ter  P I I I  n a c h  GRA~IT s b e o b a c h t e t  werden  konn te .  
Der  Azidef fekt  erfolgte  p r a k t i s c h  gleichzei~ig m i t  d e m  
E i n t r e t e n  der  S u b s t a n z  in die N e t z h a u t .  Die Ans t iegsze i t  
b e t r u g  bei  den  v e r w e n d e t e n  K o n z e n t r a t i o n e n  yon  1-5 m M  
ca. 15 sec. Der  K o n z e n t r a t i o n s g r a d i e n t  is t  auch  fiir das  
Abk l ingen  des Ef fek tes  yon  Bedeu tung ,  wie aus  der  
F igur  he rvorgeh t .  WS~hrend im oberen  Ante i l  des Bi ldes  
Azid in den  zuf i ih renden  Sch lauch  in j iz ie r t  wurde,  
w o d u r c h  ein rasches  An-  und  A b f l u t e n  gew&hrleistet  
wird,  wurde  die u n t e r e  K u r v e  n a c h  Zusa tz  yon  Azid  zur  
ge samten  z i rku l i e renden  N~thrl6sung regis t r ier t .  In  d iesem 
Fal l  wi rd  die e inma l  in  der  N e t z h a u t  erziel te  IKonzentra-  
t ion  au f r ech t  e rha l t en  und  es fehl t  ein P o t e n t i a l a b f a l l  im 
u n t e r s u c h t e n  Z e i t r a u m  von  3 min .  L&ngere Reg i s t r i e run-  
gen e rsche inen  m6gl icherweise  wegen re in  t e chn i sch  
v e r u r s a c h t e r  I n k o n s t a n z  des N u l l p u n k t e s  bei  der  ver-  
w e n d e t e n  Me thode  fragwiirdig.  

Diskussion. Die Ergebn i s se  zeigen e indeut ig ,  dass  Azid 
in der  R e t i n a  se lbs t  eine R e a k t i o n  ausl6st ,  wie auch  b e i m  
Kal tbl i i ter6 ,~ besch r i eben  wurde.  E i n  K o n z e n t r a t i o n s -  
verg le ich  m i t  den  in s i tu  v e r a b r e i c h t e n  Dosen  is t  frag- 
wiirdig, da  die Vereei lung yon  Azid im Blur  und  die zur  
N e t z h a u t  ge langte  Menge k a u m  abgesch&tzt  werden  k6n-  
hen.  Es  soll te j edoch  ber i i cks ich t ig t  werden,  dass  die 
A m p l i t u d e n  des Azideffektes  in  den  vor l i egenden  Re-  
g i s t r i e rungen  e twa  1/2-1 log E i n h e i t  t iefer  lagen als in den  
yon  NOELL in s i tu  gezeigten K u r v e n .  Dies k 6 n n t e  da rau f  
h i n d e u t e n ,  dass  - abgesehen  yon  U n t e r s c h i e d e n  der  b ie r  
und  yon  )qOELL v e r w e n d e t e n  K o n z e n t r a t i o n e n  - der  

zugrund l iegende  B l o c k a d e m e c h a n i s m u s  wohl  zu e inem 
grossen Teil  die besonders  s to f fwechse lak t iven  P i g m e n t -  
ep i the lze l len  bet r i f f t ,  j edoch  auch  A n g r i f f s p u n k t e  in  der  
R e t i n a  se lbs t  ha t ,  wie es bei  e iner  in den  K o h l e h y d r a t -  
s toffwechsel  e ingre i fenden  S u b s t a n z  auch  nahe l i egend  
erscheint .  Da  P i g m e n t e p i t h e l  u n d  N e t z h a u t s c h i c h t e n  eine 
f u n k t i o n e l l - n u t r i t i v e  E i n h e i t  b i lden,  l~tsst s ich der  Azid- 
effekt  a m  <(IunktionsloseI~,, yon  der  R e t i n a  isol ier ten  
P i g m e n t e p i t h e l  n i c h t  n a c h w e i s e n L  Auch  NOELL x I~Lsst 
bere i t s  die M6gl ichkei t  often, dass  Azid  e inen  gewissen 
E f f e k t  auf  die N e t z h a u t  se lbs t  ausi ibt ,  da  er be i  e inem 
Teil  der  j o d a t b e h a n d e l t e n  Tiere n a c h  h i s to log isch  verif i-  
z ier ter  D e s t r u k t i o n  des P i g m e n t e p i t h e l s  noch  Azideffekte  
-- w e n n  auch  wesen t l i ch  k le inerer  A m p l i t u d e  --  aus l6sen 
konn te .  Wie  schon  in f r i iheren U n t e r s u c h u n g e n  b e t o n t  
wurde ,  k o n n t e  dagegen  von  der  i so l ier ten  S ~ u g e r n e t z h a u t  
ke ine  c-Welle abge le i t e t  werden  ; diese e n t s t e h t  v e r m u t l i c h  
bei  i n t a k t e r  F u n k t i o n s e i n h e i t  (Rezep to r -P igmen tep i t he l -  
zelle) in den  P i g m e n t e p i t h e l z e l l e n  8. 

Summary. I n  the  isola ted r a b b i t  re t ina ,  app l i ca t ion  
of azide produces  a pos i t i ve  p o t e n t i a l  as was  d e m o n s t r a t e d  
in s i tu  b y  NOELL ~. The  a m p l i t u d e  of th i s  effect  is a b o u t  
1/5 to  1/10 of t he  a m p l i t u d e s  descr ibed in situ.  The  
resul t s  s u p p o r t  t he  a s s u m p t i o n  t h a t  t he  azide p o t e n t i a l  is 
p roduced  p a r t l y  in t he  p i g m e n t  e p i t h e l i u m  b u t  to  some 
e x t e n t  also w i t h i n  t he  re t ina .  
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D i r e c t i o n a l  D i s c r i m i n a t i o n  - T o l e r a n c e  of V i s u a l  C o r t i c a l  Ce l l s  to  S e v e r e  S t i m u l u s  D e g r a d a t i o n  

Of the  m a n y  t r igger  fea tu res  of vision,  m o v e m e n t  m a y  
be  t he  mos t  universa l .  D i rec t iona l  se lec t iv i ty  is, in  t u rn ,  
one of t h e  mos t  special ized forms  of m o v e m e n t  discr imi-  
na t ion .  A m o n g s t  t h e  m a m m a l s ,  i t  was  f i r s t  descr ibed  a t  
t h e  r e t i na l  gangl ion  cell level  of t h e  r a b b i t  1, ~ and  has  
since been  found  a t  eve ry  m a j o r  successive level  of t h a t  
v i sua l  s y s t e m  3-~. 

I n  t e r m s  of p re se rv ing  f idel i ty,  t he  cha rac te r i s t i c s  of t h i s  
m e c h a n i s m  a t  t he  cor t ica l  level  would  a p p e a r  of p r i m a r y  

in te res t .  The  basic  ques t ion  dea l t  w i t h  here  is h o w  
v u l n e r a b l e  t h e  d i rec t iona l ly  se lect ive  response  e x h i b i t e d  
b y  cor t ica l  cells m a y  be  to  severe  fo rms  of s t imu lus  
deg rada t ion .  

Methods. The  responses  descr ibed  are f rom a long t e r m  
sample  of nea r ly  300 m a m m a l i a n  cor t ica l  cell observa-  
t ions  5-s. The  r a b b i t s  in th i s  i nves t i ga t i on  were p i g m e n t e d  
h y b r i d s  m a i n t a i n e d  u n d e r  l igh t  u r e t h a n e  anes thes i a  and  
s tud ied  u n d e r  scotopic  b a c k g r o u n d  cond i t ions  (1.0 cd/m2). 

Condition 5 ...,~"~" ~ " f innJ '" '~.  Condition 4 
. - - " - ~  ~ L, Onal[ions I "  . . . . .  J 

,/ ', ', '~/ J 1 and 2 "--...~; \ \x  ...... , 
, /  / \ " , ,  

,/ / I I Neutral density units ~ \, \, / / ! t ~ ~ ',, Tracings of the densitometrie curves describing the bar (width 
~ �9 L spread functions associated with the optical conditions given 

60'arc,. 222msec , ~ . ~  "-, in the Table. 
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Single cell responsiveness a to a standard directional stimulus b under c o n ~ o n s  of optical degradation 
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Response in Response in 
Optical conditions preferred direction non-preferred 

(No. of spikes) direction 
(No. of spikes) 

No. Description Z a Z a 

Response ratio Stimulus ramp 
Preferred/non-preferred (neutral density 
direction units/see) 

Stimulus duration 
at each fieId point 
(see) 

1 Eye focused for stimulus plane 32.5 2.5 10.0 2.8 3.3/1 14.1 0.555 
(projected stimulus focused, 
see Fig.) 

2 Eye defocused by I diopter 17.0 8.7 3.3 1.9 5.2/1 -- -- 
(projected stimulus focused, 
see Fig.) 

3 Eye focused for stimulus plane 18.7 3.2 6.5 3.2 2.9/1 2.71 0.710 
(projected stimulus defocused, 
see Fig.) 

4 Eye focused for stimulus plane 18.6 4.6 5.0 1.2 3.7/1 1.45 1.017 
(projected stimulus defoeused, 
see Fig.) 

The receptive field of this particular cell was centered 5 ~ above the optical axis of the eye and was responsive to movement (only) over 
a 10 ~ diameter, b The projected stimulus was a vertically oriented white bar of 65 ed/m 2 moved alternately in the preferred direction (tem- 
porally in the horizontal meridian) and in the non-preferred (opposite) direction at an angular velocity of 4.5~ The angular subtense of the 
bar was 1.8 ~ in width by 9.5 ~ in length. The background luminance was 1.0 cd/m 2. 

re f rac ted  and  opt ical ly  correc ted  for the  viewing plane 
57 cm away.  

Stainless steel  microelec t rodes  were used to record f rom 
phot ica l ly  responsive  cells of the  cont ra la te ra l  visual  
cortex.  The p ro jec ted  s t imul i  were spots  and  bars  which  
could be ad jus ted  for any  par t icu lar  o r ien ta t ion  and angu-  
lar sub tence  produc ing  m a x i m u m  responsiveness .  Spike 
responses  were s u m m e d  by  a B e c k m a n  Model 6240 E P U T  
meter .  Record ing  si tes were ident i f ied  using the  Pruss ian  
blue react ion.  

Results. The p rope r ty  of d i rec t ional  d i sc r imina t ion  or 
select ivi ty ,  which  is found for abou t  18% of the  phot ic  
cells of th is  cor tex  9 is d e m o n s t r a t e d  for 1 such uni t  under  
the  s t imulus  condi t ions  out l ined in the  Table.  In  the  
presence  of the  o p t i m u m  focal condi t ions ,  as r epresen ted  
by  condi t ion  1, m o v e m e n t  of a b r igh t  bar  across the  
recept ive  field in t he  prefer red  and non-prefer red  direc- 
t ions  p roduced  the  m a x i m u m  spike number s  for each. 
Note,  however ,  t h a t  t he  ra t io  of those  responses  was 
more  t h a n  3:1, ( they were found  s igni f icant ly  d i f fe rent  
a t  p < 0.001, i.e. r epresen t ing  the  basis of d i rec t ional  
d i scr imina t ion .  

Tile ma jor  effect  of s t imulus  blur, induced  e i ther  by  
defocusing the  eye wi th  lenses placed a t  its an te r ior  focal 
po in t  (condit ion 2, of the  Table), or by  degrading  the  image 
at  the  v iewing plane  by  defocusing the  s t imulus  p ro jec to r  
(condit ions 3 and  4 of t he  Table), was to  ma rked ly  reduce 
the  absolute  n u m b e r  of spikes ob ta ined  for e i ther  direct ion,  
bu t  no t  to  e l iminate  t he  di rect ional  d i sc r imina t ion  
p roper ty .  Not ice  t h a t  t he  response  ra t ios  for each d i rec t ion  
remained  at  abou t  3:1 even  for the  mos t  severe s t imulus  
degrada t ion  condi t ions  imposed  [see the  Figure  for the  
bar  (width) spread  funct ions  associa ted wi th  condi t ions  
1 t h rough  4], and  in fact  for the  1 d iop te r  b lur  case 
(condi t ion 2) the  ra t io  ac tua l ly  increased.  The differences  
in d i rec t ional  response,  however ,  even  for the  mos t  
ex t r em e  condi t ion  4, r emained  s ignif icant  at, a t  lesat  
fl < 0.01. 

Comments. As shown in an earl ier  inves t iga t ion  by  LEE 
and  HILL s, a spec t rum of suscept ibi l i t ies  to s t imulus  
degrada t ions  are p re sen t  amongs t  m o v e m e n t  respons ive  
cells of th is  visual  cor tex .  I t  appears  t h a t  such suscept i -  

bilit ies,  a t  least  for the  layer  Va cort ical  cell descr ibed 
here  1~ are of 2 kinds,  i.e. while the  p roduc t ion  of maxi -  
m u m  spike n u mb er s  is h ighly  d e p e n d e n t  on o p t i m u m  
focal condit ions,  p rese rva t ion  of the  d i rec t ional ly  selective 
p r o p e r t y  is re la t ive ly  i n d e p e n d e n t  of focal condit ions.  I t  
m a y  be t h a t  m a x i m u m  spike numbers ,  then,  are more  
d e p e n d e n t  on the  ab rup tnes s  of t he  s t imulus  r a m p  as it 
progresses  across the  recept ive  field, whereas  t he  direc- 
t ional  d i sc r imina t ion  is p r imar i ly  d e p e n d e n t  on any  
supra th resho ld  p a r t  of the  s t imulus  advanc ing  across t he  
recep t ive  field in excess of some m i n i m u m  veloci ty  n.  

Zusammen/asusng. Die Wi rkung  yon  induz ie r ten  Un-  
deut l ichke i ten  auf  die t~eaktionsf/ ihigkeit  der  Zellen im 
visuellen K o r t e x  auf Bewegungsanregungen  werden  be- 
schrieben.  

R.M. HILL and G.D. RITCHIE 12 

Physiology Laboratory, College o/Optometry, 
The Ohio State University, Columbus (Ohio 43210, USA); 
and Laboratory o/Comparative Psychology o/ 
the Department o/ Psychology 
The Ohio State University, Colombus (Ohio 43210, USA), 
5 November 1974. 

1 H. B. BARLOW and R. M. HILL, Science 139, 412 (1963). 
H. B. BARLOW, R. M. HILL and W. LEVlCK, J. Physiol., Lond. 
773, 377 (1964). 

3 G. B. ARDEN, J. Physiol., Lond. 166, 449 and 468 (1963). 
4 R. M. HILL, Nature, Lond. 2JI, 1407 (1966). 
5 G. 13. ARDEN, H. IKED* and R. M. HILL, Nature, Lond. 21d, 909 

(1967). 
s G. HORN and R. M, HILL, Nature, Lond. 227, 186 (1969). 

J. L. CttRISTENSEN and R. M. HILL, Experientia 26, 43 (1970). 
8 j .  M. LEE and R. M. HILL, Experientia 29, 1496 (1973). 

A. HUGHES, Doc. Ophtal. 30, 112 (1971). 
10 C. WINKLER and A. POTTER, An Anatomical Guide to Experimental 

Research on the Rabbit Brain, W. Versluys; Amsterdam (1911), 
plate 19. 

n G. B. BARLOW and W. R. LEVlCK, J. Physiol., Lond. 178. 477 
(1965). 

12 This work was supported by USPHS Grant No. EY00576. 


