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Effect of adaptat ion  l eve l  on m a i n t a i n e d  f i r ing  and s e n s i t i v i t y  in recept ive  f ie ld center  
of X and Y ce l l s  1 

J. G. Pol lack and  R. W. Win t e r s  

Psychology Department, University of Miami, P. O. Box 248185, Coral Gables Florida 33124, USA), 3 June 1977 

Summary. Mainta ined  fir ing ra tes  of X cells and  Y cells were compared  at  6 a d a p t a t i o n  levels (AL) be tween  -2.71 
log cd /m 2 and  2.28 log cd /m 2 (10 m m  2 pupi l  size). X cell ma in t a ined  firing was h igher  a t  all ALs and  was s ta t is t ica l ly  
d i f fe rent  a t  m e d i u m  and h igh  ones. Changes in AL had  near ly  ident ical  effects  upon X and Y cell supra th resho ld  sen- 
s i t iv i ty  to a f lashing spot  in the  center  of the i r  recept ive  fields; the  Weber  func t ion  had  a slope of 0.744 for Y cells and 
0.743 for X cells. These values  are no t  s ta t i s t i ca l ly  different .  

Research  over  the  pas t  decade  indicates  t h a t  on-cen te r  
re t ina l  ganglion cells of the  ca t  are of 2 t ypes  2-s. The 2 
groups  have  been  referred to as X and Y cells3, s, t y p e  I 
and t y p e  I I  a, 6 cells sus ta ined  and t r ans i en t  cells 4, ~ or as 
group I and group I I  cells 7. Hence fo r th  w e  will use the  
language,  of Enro th-Cugel l  and  Robson  ~ and refer to 
these  ceils as X and Y cells. The cr i ter ia  for classifying 
these  cells has  been descr ibed in previous  papers  7, 9,19. 
Several  paper s  publ i shed  recen t ly  n- l~  suggest  t h a t  dif- 
ferences be tween  the  responses  of X and Y cells occurr ing 
at  h igh a d a p t a t i o n  (AL) levels are no t  found a t  lower 
background  luminances .  In  the  p re sen t  s t u d y  we compared  
2 charac ter i s t ics  of X and  Y cells a t  6 ALs:  a) the  main-  
t a ined  firing rate ,  b) sens i t iv i ty  to a f lashing spot  in the  
R F  center .  
Single cell recording were made  f rom 37 on-cen te r  f ibres 
(19 X and 18 Y cells) in l ight ly  anes the t i zed  cats.  Detai ls  
of the  record ing  sys tem,  opt ical  sys tem,  and an imal  pre-  
pa ra t ion  can be ob ta ined  by  referr ing to Winters ,  H ickey  
and Pollack% 

Statistical analysis of maintained activity for X and Y cells 

AL log cd/m 2 Type Mean 4- SD Range ProbabiIity of t 

--2.71 Y 25.8 -4- 16.6 0-56 0.15 
X 34.1 4- 16.7 10-69 

--1.71 Y 27.4 -t- 17.4 0-59 0.10 
X 42.4 -4- 23.3 4-83 

--0.71 Y 34.9 ::t: 26.9 0-79 0.05 
X 59.1 -t- 31.6 16-87 

0.28 Y 27.4 i 23.3 0-66 0.05 
X 53.3 -4- 39.9 11-85 

1.28 Y 22.0 -4- 23.9 0-84 0.05 
X 43.3 -b 26.6 4-80 

2.28 Y 18.3 -4- 19.9 0-54 0.025 
X 42.4 ::J:: 24.1 8-93.2 

,~ t . . / /  

5.0 / , , , , , , 
- 2.71 - 1.71 - 0.71 0.28 1.28 2,28 

Adaptation ~evel (log c d / r n  2)  

Mean equal-response plots for suprathreshold response criterion 
(about 10 times threshold for most ALs) for X cells (�9 and Y 
cells ( A-- , ) .  

Effect o / A L  on maintained activity. The  table  summar izes  
t he  re la t ionship  be tween  AL and  the  ma in t a ined  fir ing 
ra te  of X and Y cells. Main ta ined  firing ra te  is def ined 
as the  average d ischarge  ra te  of t he  cell in the  absence  
of any  s t imula t ion  o the r  t h a n  a diffuse background  ( lef t  
h a n d  column of table) .  X and  Y cells show similar changes  
in ma in t a ined  firing ra te  as AL was increased.  The main-  
t a ined  fir ing ra te  was lowest  a t  -2.71 log cd /m 2 and in- 
creased t h r o u g h  the  mesopic  range.  At  h igher  levels 
(1.28 log cd /m 2) t he  m a i n t a i n e d  ra te  began  to decrease 
for bo th  X and  Y cells. Other  inves t iga tors  la-16 have  
also found nonmono ton i c  re la t ionships  be tween  AL and 
ma in t a ined  firing b u t  t h e y  examined  ma in t a ined  firing 
of ganglion cells w i t h o u t  f i rs t  classifying cells in X and Y 
cell groups.  The X cells h a d  higher  group means  t h a n  Y 
cells a t  each AL and  th is  difference was s ta t i s t ica l ly  
s ignif icant  a t  all backgrounds  excep t  t he  -2.71 and -1.71 
log cd /m 2 luminances ,  The general  conclusion made  by  
o ther  inves t iga tors  s t h a t  ma in t a ined  firing is h igher  in 
X cells t h a n  in Y is t hus  conf i rmed s ta t i s t ica l ly  for 
med i u m and h igh  ALs b u t  no t  low ones. 
Effect o / A L  o n sensitivity to spot in R F  center. In t ens i ty -  
response  funct ions  to  a 0.5 ~ spot  in the  R F  cen te r  were 
ob ta ined  at  6 ALs. Po lynomia l  regression equat ions  were 
then  f i t t ed  to the  da t a  and  equal  response p lo ts  der ived 
f rom the  l inear equa t ions  (semilog plots) .  Linear  equa t ions  
p roved  to  be an ad eq u a t e  fit  for all of the  funct ions  
examined ;  second order  coeff icients  did no t  differ f rom 
zero (p > 0.15). 
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The r e l a t i o n s h i p  be tween  log background  luminance  and  
the  luminance  of the  spo t  necessary  to  mee t  a cr i te r ion  
response  was examined  for the  ( t rans ient  f i rs t  80 msec) 
of the  response of X and  Y cells. The cr i ter ion response  
was the  spike ra te  p roduced  by  a s t imulus  luminance  0.8 
log un i t s  above th resho ld  a t  the  0.28 log cd /m e AL. Equa l -  
response  curves  were t h e n  genera ted  by  solving the  in- 
t ens i ty - response  funct ions  for th is  cr i ter ion spike rate.  
Regress ion lines were t h e n  f i t t ed  to the  c o m p u t e d  equal-  
response  data .  Linear  equa t ions  p rov ided  a sa t i s fac to ry  
fi t  (p < 0.001) to  d a t a  for bo th  cell types .  The figure 
shows the  equal - response  plots.  
The change  in re t ina l  sens i t iv i ty  over  the  observed  range 
of adap t i ng  luminances  was smaller  t h a n  t h a t  p red ic ted  
by  Webe r ' s  Law (dI / Ia  = K):  I~ refers to AL and  AI 
the  in t ens i ty  difference be tween  tes t  t a rge t  and  AL 

necessary  to  produce  a cr i ter ion response  ; K is a cons tan t .  
I t  has  been  d e m o n s t r a t e d  prev ious ly  for gangl ion ceils 
considered as a singl e group (for th resho ld  responses),  
t h a t  the  t e s t  spo t  luminance  requi red  to  yie ld  a co n s t an t  
response  does no t  rise d i rec t ly  wi th  Ia, b u t  is p ropor t iona l  
to  Ia n, where  n is smal ler  t h a n  11~. The re la t ionship  
be tween  zJI and Ia is given in the  figure for X cells and  Y 
cells. The values  for the  slope of the  re la t ionship  is 0.744 
for Y ceils and  0.743 for X cells. No s ta t i s t ica l  difference 
could be found  be tween  these  values  (p > 0.15). 
The mean ing  of this  func t ion  is t h a t  the  in tens i ty - response  
curve  gene ra ted  a t  a given AL is sh i f ted  along the  back-  
g round  luminance  c o n t i n u u m  by  the  re la t ion  I = f(Ia)n. 
S a k m a n n  and Creutzfe ld t  le r epor ted  similar  f indings wi th  
the  e x p o n e n t  equal  to 0.7. Th i s  is conf i rmed here for 
bo th  X and  Y cells cons idered  separa te ly .  

Increased res i s tance  to sat iat ion in diazeparn-treated pigs  

R. Dan tze r  1 
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20 June 7977 

Summary. Sated pigs, hav ing  a previous h i s to ry  of ope ran t  responding  according to a C R F  schedule,  r esumed respon-  
ing when  pu t  back  in the  Skinner  box af ter  1 mg/kg  diazepam.  This effect  did no t  appear  to be re la ted  to the  dis- 
inhibi t ion of an ex t inc t ion  process.  

Benzodiazepines  have  been repor ted  to increase res is tance 
to sa t ia t ion  in cats  or ra ts  under  condi t ions  in which 
emot iona l  factors  are no t  p resen t  2, 5. This effect  has  been 
a t t r i b u t e d  to an in ter ference  of the  drug wi th  hunger  or 
sa t i e ty  mechanisms.  However ,  in an extens ive  review of 
res is tance to sa t ia t ion,  Morgan 4 has recent ly  suggested 
t h a t  sa t ia t ion  is h ighly  re la ted  to ext inc t ion ,  so t h a t  
the  effects of benzodiazepines  m a y  be viewed as ano the r  
example  of d rug- induced  res is tance to ex t inc t ion  5. Using 
pigs, we have  shown t h a t  d iazepam is effective in increasing 
responding  only in the  early stages of the  ex t inc t ion  pro- 
cedure,  when there  is still some residual  responding,  bu t  
is no longer effect ive when responding  is fully suppressed  6. 
In  s tudies  of benzodiazepine  effects on sat ia t ion,  sa t ia t ion  
was opera t ional ly  defined by  giving the  subjects  free access 
to food dur ing  the  course of the  expe r imen t  5 or, dur ing  a 
l imited t ime, jus t  before the  drug tes t  2. I t  was found,  in 
bo th  studies,  t h a t  cont ro l  animals  ate in the  exper imen ta l  
s i tua t ion,  i.e. t h a t  sa t ia t ion  was no t  effect ively reached.  
If sa t ia t ion  is governed  by  the  same act ive  inh ib i to ry  
process  as t h a t  which  controls  ext inct ion,  benzodiazepines  
would be expec ted  to have  no effect  on the  behav iour  of 

fully sa ted  subjec ts  which do no t  eat  in the  exper imen ta l  
s i tuat ion.  Moreover,  sa t ia t ion  should be 'd i s inh ib i ted '  by  
appropr i a t e  ex te rna l  s t imuli  ~. The p resen t  expe r imen t s  
were in i t ia ted  to t e s t  th i s  a s sumpt ion  using pigs as 
expe r imen ta l  subjects .  
Methods. A p p a r a t u s  and general  t ra in ing  procedures  have  
a l ready  been  fully described~; 5 pigs, 3-5 mo n t h s  old 
and  weighing 25-50 kg were f irs t  p u t  on a res t r ic ted  
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Number of responses and amount of food eaten in sated pigs submitted to a 15 min CRF session under different conditions 

Subject Control session Drug session 
Number of Amount of Number of 
responses food eaten responses 

Disinhibition session 
Amount of Number of responses Amount of 
food eaten a b food eaten 

109 2 0 21 77% - - - 
110 7 0 38 53% - - - 
82 5 0 115 75% 2 0 0 
73 5 0 26 82% 3 0 0 
79 0 0 80 54% 6 2 0 

* Percent of food delivered, a: total number of responses emitted; b: responses emitted during the stimulus presentations. 


