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con t ro l  k idneys ,  b u t  t h e  f o r m e r  m a r k e d l y  r educed  a n d  
t h e  l a t t e r  inc reased  of t h e  c l ipped  k i d n e y s  in  u n i n e p h r e c -  
t o m i z e d  ra ts .  T h e  s ame  effect  was  no t  c lear ly  obse rved  
in t he  r a t s  b e a r i n g  u n t o u c h e d  c o n t r a l a t e r a l  k idney .  A 
decrease  in r ena l  pressor  a c t i v i t y  of t he  c l ipped  k i d n e y  
el ici ted b y  a n g i o t e n s i n  in t h e  r a t  was  r a t h e r  con t ro -  
ve rs ia l  to  our  p r ev ious  o b s e r v a t i o n  m a d e  in t h e  dog 
t h a t  r e n i n  release f rom t h e  c l ipped  k i d n e y  was  a u g m e n t e d  
b y  in fus ion  of v e r y  smal l  a m o u n t  of ang i o t ens i n  s. The  
d i s c r epancy  m a y  h a v e  been  caused  n o t  on ly  b y  a large  
d i f ference  of dose of a n g i o t e n s i n  a d m i n i s t e r e d  b u t  also 
of d u r a t i o n  of t h e  ac t ion  of t h i s  s u b s t a n c e  b e t w e e n  t h e  
two e x p e r i m e n t s  2,10. 

Zusammen/assung. A n g i o t e n s i n  e rn i ed r ig t e  n u r  be i  
i s chaemischen  Nie ren  die R e n i n p r o d u k t i o n  u n d  e r h 6 h t e  

para l l e l  dazu  das  Nie rengcwich t .  Die  A n g i o t e n s i n w i r k u n g  
is t  s o m i t  abh~ingig yon  der  S tof fwechse l lagc  de r  Niere.  
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Visual Unpatterned Input Determines  the Occurrence of Reward-Cont ingent  Posit ive Variation 

Cats  d e p r i v e d  of food a n d  t r a i n e d  to  press  a l ever  for  
1 cm 3 of m i l k  r eward ,  d i sp lay  b u r s t s  of h i g h  a m p l i t u d e  
(180-200 ~V) ~ -ac t i v i t y  of 5 to  9 c/see over  t h e  p r i m a r y  
a n d  s e c o n d a r y  cor t ica l  v i sua l  p ro jec t ions .  Th i s  p h e n o m -  
enon  t r igge red  b y  c o n s u m p t i o n  of reward ,  a n d  t e r m e d  
p o s t r e i n f o r c e m e n t  s y n c h r o n i z a t i o n  (PRS)  1, r ecorded  w i t h  
re ference  to  t h e  skull ,  f r o n t a l  cor tex  or s u b j a c e n t  w h i t e  
m a t t e r ,  is a lways  assoc ia ted  w i t h  a t r a n s i e n t  (3-5 sec 
d u r a t i o n )  a n d  a b r u p t  surface  pos i t ive  s t e a d y  p o t e n t i a l  
sh i f t  of 200 to  400 ~V ove r  t h e  s ame  cor t ica l  regionS, 3 
The  pos i t i ve  sh i f t  s,z, l ike t he  P R S  1,~, depends  n o t  on ly  
on  t h e  p resence  of l igh t  b u t  also on  t he  r e l a t i ve  t a s t e  
a n d  a p p r o p r i a t e n e s s  of food r e w a r d ;  there fore ,  t h e  s t e a d y  
p o t e n t i a l  sh i f t  was  t e r m e d  ' r eward  c o n t i n g e n t  pos i t ive  
v a r i a t i o n '  (RCPV)  3. The  ques t ion  was ra i sed  w h e t h e r  
t h e  R C P V  a n d  P R S  responses  depend  u p o n  v i sua l  per-  
cep t ion  of r e w a r d  (and  poss ib ly  of t h e  e n v i r o n m e n t  w h i c h  
m i g h t  h a v e  a c q u i r e d  cond i t i ona l  proper t ies )  or u p o n  a 
diffuse v i sua l  i n p u t  devo id  of a n y  cond i t i ona l  a n d  infor-  
m a t i o n a l  p roper t i es .  T he  fo l lowing e x p e r i m e n t s  were  
des igned  to  answer  t h i s  ques t ion .  

Material and methods. A t o t a l  of 48 e x p e r i m e n t a l  t r i a l s  
were  ca r r i ed  o u t  in  6 a d u l t  ca t s  of e i t h e r  sex, t r a i n e d  to  
press  a l ever  for  0.8 ml  of m i l k  r e w a r d  p r e s e n t e d  on  a 
schedule  such  t h a t  p ress ing  a lever  p r o d u c e d  t h e  r e w a r d  
aper iodica l ly ,  a p p r o x i m a t e l y  once eve ry  4 or 10 sec. All  
sub jec t s  were k e p t  on  23 h w a t e r  a n d  food d e p r i v a t i o n  
schedule  whi le  b e i n g  t r a i n e d  to  press  t h e  lever  u n t i l  
sa t i a t ion ,  5 days  a week  for 3 to  6 m o n t h s .  A p p r o x i m a t e l y  
80% of t h e  t r a i n i n g  sessions were c o n d u c t e d  in t h e  
absence  of l ight .  D u r i n g  t h e  4 weeks  p r io r  to  t h i s  exper i -  
m e n t a l  p a r a d i g m ,  t h e  sub j ec t s  were  a l lowed to  p e r f o r m  
on ly  in t h e  d a r k  in  o rder  to  i nduce  e x t i n c t i o n  of poss ib le  
c o n d i t i o n a l  r esponses  to  l i gh t  a n d  pe rce ived  e n v i r o n m e n t .  
U n d e r  p e n t o b a r b i t a l  anes thes i a ,  3-10 so l id- type ,  non -  
po la r i zab le  Ag-AgC1 e lec t rodes  5 were  i m p l a n t e d  over  t h e  
pa r i e to -occ ip i t a l  cor tex.  Re fe rence  e lec t rodes  were  im-  
p l a n t e d  in  t h e  s u b j a c e n t  w h i t e  m a t t e r  3 m m  below t h e  
surface  for t r a n s c o r t i c a l  r eco rd ing  w h i c h  was  found  free 
f rom a n y  d i sce rn ib le  in f luences  caused  b y  d i rec t iona l  
changes  in  t h e  s t a n d i n g  co rneo - re t ina l  p o t e n t i a l  asso- 
c ia ted  w i t h  eye m o v e m e n t s  3. L a p p i n g  was m o n i t o r e d  b y  
us ing  t h e  m i l k  de l ive ry  cup  c o n v e r t e d  to  a d r i n k o m e t e r  ~. 
T h e  t e c h n i q u e  of r eco rd ing  a n d  i n t e g r a t i o n  of R C P V  
responses  was  p rev ious ly  desc r ibed  2. T h e  i n t e g r a t i n g  
s y s t e m  was  c a l i b r a t e d  to  p r oduce  2 pen  def lec t ions  30 m m  
each  in  r e sponse  to  a 100 [zV pos i t ive  sh i f t  l a s t ing  1 sec. 
Th i s  v a l u e  was  a r b i t r a r i l y  accep ted  as one u n i t  of R C P V  

t r iggered  b y  0.8 ml  of m i l k  r eward .  D u r i n g  t h e  con t ro l  
t r i a l s  each  sub j ec t  was a l lowed to  o b t a i n  40-60  m i l k  
r ewa rds  in a n  i l l u m i n a t e d  t e s t  c h a m b e r  ( the  i n t e n s i t y  of 
l i gh t  was  se t  a t  a p p r o x i m a t e l y  26 cd/m*) and ,  sub-  
sequen t ly ,  30-50 r ewards  in t h e  dark .  Af t e rwards ,  t h i s  
sequence  was r epea ted .  T h e  con t ro l  t r i a l s  were  a l t e r n a t e d  
w i t h  t h e  e x p e r i m e n t a l  ones,  d u r i n g  w h i c h  t h e  s u b j e c t  
was  a l lowed to  p e r f o r m  whi le  i t s  p a t t e r n e d  v i s ion  was  
p r e v e n t e d  b y  e i t h e r  a pa i r  of t r a n s l u c e n t  c o n t a c t  lenses  
or  goggles. S t a t i s t i c a l  d i f ferences  b e t w e e n  t h e  i n t e g r a t e d  
ave rage  R C P V  responses  were  d e t e r m i n e d  b y  S t u d e n t ' s  
t - test .  

Results and discussion. All 6 sub jec t s  showed  well- 
deve loped  P R S  a n d  R C P V  responses ,  b u t  on ly  in t h e  
p resence  of l ight ,  even  t h o u g h  t h e i r  p a t t e r n e d  vis ion 
was p r e v e n t e d .  Af t e r  2 -4  t r ia ls ,  7 5 - 8 0 %  of t he  ave raged  
i n t e g r a t e d  R C P V  responses  (each b a s e d  on  10 single 
i n t e g r a t e d  RCPVs)  o b t a i n e d  whi le  p a t t e r n e d  v is ion  was 
p r e v e n t e d  were n o t  s t a t i s t i ca l ly  d i f f e ren t  f rom those  
o b t a i n e d  d u r i n g  con t ro l  t r ia ls ,  i.e., whi le  p a t t e r n e d  vis ion 
was  a l lowed ( P  > 0.05). A t o t a l  2900 c o n s u m p t i o n s  of 
m i l k  r ewa rds  in t h e  d a r k  were  cons idered ,  a n d  none  of 
t h e  sub j ec t s  showed  a s ingle  P R S  or  R C P V  response,  
p r o v i d e d  t h a t  all  sources  of l igh t  h a v e  been  carefu l ly  
e l imina t ed .  D u r i n g  a p ro longed  pe r fo rmance  in t he  dark ,  
usua l ly  a v a r i a n t  of P R S  deve loped  which  was descr ibed  
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before ;  i t  cons is ted  of lower a m p l i t u d e  (7.0-120 tzV) a n d  
h igher  f r equency  (16-19 c/sec) sp indle  bu r s t s  which ,  
however ,  was  n o t  associa ted  w i t h  a n y  cons i s t en t  epi-  
cor t ica l  s t e a d y  po ten t i a l  shif t .  Two sub jec t s  more  r ap id ly  
b e c a m e  a c c u s t o m e d  to  u n p a t t e r n e d  vision,  and  pe r fo rmed  
welt du r ing  the  f i rs t  or  second  t r ia l  du r ing  which  t h e y  
d i sp layed  large a m p l i t u d e  P R S  and  R C P V  responses  
c o m p a r a b l e  to  those  observed  dur ing  cont ro l  trials.  The  
average  in t eg ra t ed  responses ,  expressed  in units ,  ob t a ined  
f rom one of t he  sub jec t s  have  been  p lo t t ed  aga ins t  t he  
n u m b e r  of rewards ,  and  are p r e s e n t e d  a t  t h e  b o t t o m  of 
t he  figure. At  the  top,  4 samples  or records  are  shown:  
f rom a cont ro l  t r ia l  ( 'a '  in  the  presence,  and  'b '  in t he  
absence  of l ight),  a n d  f rom a second expe r imen ta l  t r ia l  
in t he  s ame  sub jec t  whose  p a t t e r n e d  vis ion was  p r e v e n t e d  
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Number of rewards 
The dependence of the reward-contingent positive variation (RCPV) 
on unpatterned light input in a food-and-water-deprived cat trained 
to press a lever for 0.8 ml of milk reward. The RCPV responses 
were recorded epidurally over the left posterior marginal gyrus 
(PM) with reference to an electrode in the subjacent white matter, 
3 mm beneath the surface. Top left: a) shows a typical RCPV 
response in the control situation, i.e., while patterned vision was 
allowed. In the dark b), the RCPVs were abolished. Top right: 
representative samples of records obtained during subject's per- 
formance in the dark c) and in the light d), while patterned vision 
was totally prevented by translucent oecluders. Note that the ampli- 
tude and patterns of RCPV responses, and the frequency of con- 
comitant alpha waves, i.e., post-reinforcement synchronization 
(PRS) in inserts a) and e) are indistinguishable: It is noteworthy 
that either of the 2 RCPV responses shown here were triggered by 
a second presentation of reward after the light was switched on. 
Abbreviations: 35-PM and 3-PM, records filtered to half-amplitude 
response at 35 c/see and 3 e/see respectively; the polarity of the 
latter is reversed for convenience of recording. INT, integration of 
the 3-PM wave: one deflection of the pen of the integrator is equi- 
valent to a 50t~V positive shift lasting 1 see; 2 such deflections 
equal one unit of RCPV; tile baseline, i.e., zero output was set 
during several non-rewarded lever presses. REINF, rewarded bar 
press; LAP, bursts of 50 c/see signal triggered by each contact of 
subject's tongue with the milk delivery cup. Bottom: average 
integrated RCPV responses obtained either in the presence or 
absence of light in the test chamber. Each average value (with 
standard error) expressed in RCPV units is based on 10 single 
responses. They were obtained: 1. during the control trial, i.e., 
allowing patterned vision (filled circles); and 2, during the second 
(open squares) and third experimental session (open circles), while 
patterned vision was prevented. There were no statistical dif- 
ferences between the control and experimental averages from the 
third trial (P;> 0.05). 

by  t r a n s l u c e n t  eye occluders  ( 'c'  in t he  dark,  and  'd '  
dur ing  t h e  second c o n s u m p t i o n  of r e w a r d  a f te r  t h e  l ight  
in t he  t e s t  c h a m b e r  was  swi tched  on). 

Our  obse rva t ions  on  R C P V  p h e n o m e n a  seem to  be 
m o s t  cons i s t en t  w i t h  t he  v iew t h a t  these  responses  resu l t  
f rom t empora l  s u m m a t i o n  of synchron ized  and  wide- 
sp read  inh ib i to ry  p o s t s y n a p t i c  po t en t i a l s  t h a t  invade  
apical  dendr i t e s  f rom cell bodies  located  in deeper  cort ical  
layers.  S t rong  e lect rophysiological  ev idence  for a col- 
la tera l  r ecu r ren t  i nh ib i t o ry  p a t h w a y  in t he  visual  co r t ex  
of ca t  has  been  ob ta ined .  The long t ime  course (100 to  
200 msec) of t he  hype rpo la r i za t ion  of cell soma  of pre-  
s m n a b l y  ver t ica l ly  or ien ted  p y r a m i d a l  cells, a f te r  elec- 
t ronic  invas ion  of t h e  apical  dendr i tes ,  is ref lec ted as a 
long-dura t ion  surface pos i t ive  w a v e L  Hence ,  we  pos tu l a t e  
t h a t  t h e  P R S - R C P V  p h e n o m e n a  d e p e n d  upon  dif fuse  
visual  i n p u t  because  t h e  phas ic  r ecu r ren t  inh ib i t ion  of 
large popu la t ions  of neu rons  could n o t  be t r iggered  in  
an  a ler t  sub jec t  w i t h o u t  a suff ic ient  input .  Such cor t ica l  
m e c h a n i s m  would  cons t i t u t e  an  ana logy  to  t he  r ecu r ren t  
hyperpo la r i z ing  inhibi t ion,  con t ingen t  on soma tosenso ry  
input ,  pos tu l a t ed  for t he  t h a l a m i c  synchron iz ing  mecha -  
n i sm s. If  our  t e n t a t i v e  i n t e r p r e t a t i o n  of synap t i c  mecha-  
n i sm respons ib le  for R C P V  responses  is correct ,  it  could 
be a s sumed  t h a t  diffuse l ight  i n p u t  p lays  in an a le r t  
sub jec t  a no t -ye t - r ecogn ized  role of an  energizer  in t he  
process  of w idesp read  cort ical  inhib i t ion .  The  add i t i ona l  
ind i rec t  ev idence  for t h e  occurrence  of such  inh ib i t ion ,  
i ts  func t ionaI  impl ica t ions  in process ing  of v isua l  a n d  
he te rosensory  i n f o r m a t i o n  in t h e  s t r ia te ,  p a r a s t r i a t e  a n d  
assoc ia t ion  cor tex ,  a n d  i ts  role in  in te rna l  P a v l o v i a n  
inh ib i t ion  h a v e  been  discussed e lsewhere  9. 

Rdsumd. Des c h a t s  por t eu r s  d '~ lec t rodes  cor t ica les  
Ag-AgCI non  polar i sables  e t  de  lenti l les de c o n t a c t  t r ans -  
lucides, on t  6t6 entrain~s,  dans  obscuri t6,  A presser  un  
levier  pour  ob ten i r  0,8 ml  de lair. Ils m o n t r e n t  des p6- 
r iodes d ' ac t iv i t6  lente  de  h a u t  vol tage,  c 'es t-A-dire  un  
ph6nom~ne  ECoG connu c o m m e  s y n c h r o n i s a t i o n  de 
p o s t - r e i n f o r c e m e n t  sur le co r t ex  par i6to-oceipi ta l .  Quand  
ce t t e  synchron i sa t ion  associ~e ~ la va r i a t ion  pos i t ive  
de  c o n t i n g e n t  est  suppr im6e  darts I 'obscuri t6 ,  ces ph6- 
nom~nes  d 6 p e n d e n t  de l ' i n f lux  de la lumi~re diffuse e t  
n o n  de la pe rcep t ion  visuelle.  
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