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Two Types of Response Patterns from Cat Retinal 

Recen t  s tudies  1-3 have  shown t h a t  on center  (and off 
center) re t inal  ganglion ceils of cats  can be separa ted  into 
two types.  The f irs t  or sus ta ined  type  responds  to  a s tep  
inpu t  of l ight  w i th  a h igh f requency  burs t  of spikes 
followed by  a ma in t a ined  fir ing level which  is cons iderably  
higher  t h a n  the  spon taneous  level. This ma in t a ined  level 
lasts for t he  dura t ion  of the  s t imulus.  The second or 
t r ans i en t  t ype  responds  to t he  same s t imulus  also wi th  a 
h igh  f requency  bu r s t  of spikes, b u t  the  f ir ing level decays  
rapidly  to  a f ir ing close to  the  spon taneous  level. The 
two types  also respond  d i f fe ren t ly  a t  s t imulus  off; the  
sus ta ined t y p e  shows a s t rong and  long-last ing inhib i t ion  
while the  t r ans i en t  t y p e  shows a weak and  shor t - las t ing  
inhibi t ion.  

We have  examined  the  responses  of re t ina l  ganglion 
cells of cats  to moving  s t imul i  and  have  found  2 types  of 
response pa t t e rn s ;  the  t ype  1 on-center  uni ts  show a 
decrease in the  fir ing ra te  (inhibition) pr ior  to  the  e x c i t a -  
t ion  f rom the  recept ive  field center  (RFC);  the  t y p e  2 
on-center  uni ts  do no t  show the  decrease pr ior  to  the  
exci ta t ion  r We  wish to  p resen t  evidence t h a t  these  2 
types  correspond to the  sus ta ined  and t r ans i en t  types  and  
to po in t  out  t h a t  the  differences can be accounted  for by  a 
difference in the  spat ia l  a r r a n g e m e n t  of the  center  and 
sur round componen t s  of the  recept ive  field (RF). 

Recordings  were made  f rom single opt ic  t r ac t  f ibres 
f rom l ight ly  anes the t ized  cats  wi th  lacquer-coated  micro- 
electrodes.  The p repa ra t ion  of the  an imal  and  recording  
sys t em have  been p resen ted  in detai l  earl ier  5. The 
s t imulus  was  a square  or slit  of l ight  moved  across t he  
visual field a t  a cons t an t  veloci ty  of 3.6~ The da t a  

Ganglion Cells to Moving Stimuli  

were analyzed on a P D P - 8  compu te r  to give average 
response  h is tograms.  

Average response  h i s tograms  f rom a t y p e  1 on-center  
uni t  which  shows the  inh ib i t ion  pr ior  to t he  exc i ta t ion  
f rom the  R F C  are shown in the  left co lumn of Figure  1. 
The s t imulus  was a 0.7 ~ square  which  moved  at  a co n s t an t  
veloci ty  of 3.6~ across t he  RF.  The number s  a t  the  
left  r ep resen t  the  s t imulus  i n t ens i ty  in log threshold  
unit,  i.e., 0.4 represen ts  a s t imulus  0.4 log uni ts  above  
threshold .  W i t h  a s t imulus  0.4 log uni ts  above  threshold ,  
t he  fir ing ra te  increases f rom the  spon taneous  Ievel 
(40 spikes/sec) to a m a x i m u m  of 200 spikes/sec as the  
s t imulus  passes into the  center  of the  RFC.  As the  s t imulus  
moves  out  of the  R F C  the  fir ing level drops  to 25 spikes/sec 
before re turn ing  to  the  spon taneous  level. W i t h  the  s t imu-  
lus in t ens i ty  1.2 log unt is  above threshold ,  there  is a 
decrease in the  f ir ing ra te  jus t  prior  to  t he  exc i ta t ion  f rom 
the  RFC.  This inhib i t ion  arises f rom the  an tagonis t ic  
sur round of the  RF.  At  2.0 log uni ts  above theshold ,  the  
degree of inhib i t ion  pr ior  to  the  exc i ta t ion  is s t ronger .  

Average  response  h i s tog rams  f rom a t y p e  2 uni t  are 
shown in the  r igh t  co lumn of Figure  1. The response  
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Fig. 1. Average response histograms of type t and type 2 on center 
units. The numbers on the left represent the stimulus intensity in log 
threshold units. The stimulus was a 0.7 ~ square for the type 1 unit 
and a 0.7 ~ • 5.6 ~ vertical slit for the type 2 unit. Background lumi- 
nance was --1.0 log ftl. 

Fig. 2. Average response histograms of type 1 and type 2 on center 
units. The responses to 0.7 ~ square are shown in the upper row while 
the responses to a 5.6 ~ • 0.7 ~ horizontal slit are shown in the lower 
row. The stimulus was 2.0 log units above threshold for all responses. 
Background luminance was --1.0 log ftl. 
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p a t t e r n  differs in. severa l  ways  f rom t h e  t y p e  1 uni t .  
Firs t ,  t he re  is no  i n d i c a t i o n  of t he  i n h i b i t i o n  pr io r  to  t h e  
exc i ta t ion .  W e  h a v e  i l l u s t r a t ed  t he  responses  to  a ve r t i ca l  
slit,  0.7 ~ • 5.6 ~ to  d e m o n s t r a t e  t h a t  even  w h e n  t h e  s t imu-  
lus is la rger  t h a n  t he  RFC,  t he re  is no  i n d i c a t i o n  of t h e  
inh ib i t ion .  Second,  t h e  response  a m p l i t u d e  is lower. And  
th i rd ,  t h e  i n h i b i t i o n  w h e n  t he  s t imu lus  leaves  t h e  R F C  is 
weaker  and  shor te r - las t ing .  

W e  h a v e  e x a m i n e d  a p p r o x i m a t e l y  60 on-cen te r  un i t s  
a n d  h a v e  found  a b o u t  equa l  n u m b e r s  of t h e  2 t ypes  of 
uni ts .  The  ques t ion  ar ises  w h e t h e r  these  2 t ypes  of un i t s  
co r respond  to t he  sus t a ined  a n d  t r a n s i e n t  un i t s  descr ibed  
b y  ear l ier  inves t iga to rs .  E x a m i n a t i o n  of t h e  responses  
el ic i ted b y  a m o v i n g  h o r i z o n t a l  s l i t  has  p r o v i d e d  ev idence  
t h a t  t he  t y p e  1 u n i t  co r responds  to  t he  su s t a ined  t y p e  a n d  
t he  t y p e  2 u n i t  co r responds  to t he  t r a n s i e n t  t y p e  of un i t .  
The  ave rage  response  h i s t o g r a m s  of t y p e  1 a n d  t y p e  2 
un i t s  are shown  in F igure  2. The  responses  in t he  u p p e r  
row were el ic i ted b y  a 0.7 ~ squa re  whi le  those  in t he  lower 
row were el ic i ted b y  a 5 .60 •  ~ h o r i z o n t a l  slit .  The  
s t imu lus  i n t e n s i t y  was 2.0 log un i t s  a b o v e  t h r e s h o l d  for  
all  of t he  responses.  Th e  di f ferences  in t he  responses  o5 t h e  
2 t ypes  of un i t s  w h e n  a 0.7 ~ s t imu lus  was used are s imi la r  
to  t h a t  j u s t  descr ibed.  W i t h  t h e  h o r i z o n t a l  s l i t  an  addi-  
t i o n a l  d i f ference  can  be  noted .  Fo r  t he  t y p e  1 uni t ,  t h e  
h i g h  f r equency  b u r s t  of spikes  is followed b y  a m a i n t a i n e d  
f i r ing  level  w h i c h  is s ign i f i can t ly  h igher  t h a n  t he  s p o n t a n e -  
ous f i r ing  level.  I n  t h e  t y p e  2 uni t ,  t h e  f i r ing  level  de- 
creases to  t h e  s p o n t a n e o u s  level  a f t e r  t h e  h i g h  f r e q u e n c y  
burs t .  The  m a i n t a i n e d  f i r ing  level  of t he  t y p e  1 u n i t  is in  
keep ing  w i t h  t he  response  of t he  sus t a ined  t y p e  whi le  t h e  
fas t  decay  of t he  f i r ing  level  o t  t he  s p o n t a n e o u s  level  is 
w h a t  would be  expec t ed  of t h e  t r a n s i e n t  t y p e  of uni t .  
Thus  t he  t y p e  1 un i t s  r e semble  t h e  sus t a ined  t y p e  of un i t s  
b y  showing  a m a i n t a i n e d  f i r i n g  whi le  t he  s t imulus  is 
w i t h i n  t h e  RFC,  and  a s t ronge r  a n d  longer - las t ing  
i n h i b i t i o n  w h e n  t h e  s t imu lus  leaves  t he  RFC.  

W h a t  can  a c c o u n t  for t h e  di f ferences  in  t h e  responses  of 
t he  2 types  of un i t s  w h e n  a m o v i n g  s t imu lus  is used ? The  
answer  to  th i s  ques t ion  m a y  be  p rov ided  b y  t he  response  
of sus t a ined  a n d  t r a n s i e n t  un i t s  to  a large annulus .  The  
sus t a ined  t y p e  re sponds  to  a n  a n n u l u s  f lashed in t he  
s u r r o u n d  w i t h  a response  cha rac t e r i s t i c  of t h e  s u r r o u n d  
c o m p o n e n t ,  whi le  t he  t r a n s i e n t  u n i t  r e sponds  to t he  same  
s t imu lus  w i t h  a response  cha rac t e r i s t i c  of b o t h  t h e  cen te r  

a n d  s u r r o u n d  6, 7. Th i s  di f ference has  been  a t t r i b u t e d  to a 
d i f ference in t he  spa t i a l  a r r a n g e m e n t  of t h e  cen te r  and  
s u r r o u n d  c o m p o n e n t s  of t he  RF .  For  t he  sus t a ined  t y p e , ,  
t h e  d i a m e t e r  of t he  s u r r o u n d  c o m p o n e n t  is la rger  t h a n  t he  
cen te r  c o m p o n e n t  so t h a t  t h e r e  exis ts  a r i m  where  on ly  
t he  s u r r o u n d  c o m p o n e n t  is p r e sen t  as in  RODIECK a n d  
STONE'S 6 mode l  of t he  RF .  Fo r  t h e  t r a n s i e n t  type ,  t he  
borders  of t he  cen te r  and  s u r r o u n d  c o m p o n e n t s  are  
co inc iden t  so t h a t  b o t h  c o m p o n e n t s  are p r e sen t  t h r o u g h o u t  
t he  RF .  Thus  for t he  t y p e  1 or sus t a ined  un i t ,  t h e  m o v i n g  
s t imu lus  will e n c o u n t e r  f i r s t  t he  r im  of t h e  su r round  
c o m p o n e n t  wh ich  will  decrease  t he  s p o n t a n e o u s  f i r ing  
rate .  Fo r  t h e  t y p e  2 or t r a n s i e n t  uni t ,  t h e  s t imu lus  will  
pass  in to  a region where  b o t h  t h e  cen te r  and  s u r r o u n d  
c o m p o n e n t s  are p re sen t  so t h a t  t he  i n h i b i t i o n  f rom the  
s u r r o u n d  will  no t  be  noted .  T h u s  our  obse rva t ions  can  be  
a c c o u n t e d  for b y  t he  di f ference in t he  spa t i a l  a r r a n g e m e n t  
of t he  cen te r  a n d  s o u r r u n d  c o m p o n e n t s  of t he  R F  as 
p roposed  b y  ear l ier  i nves t iga to r s  7. 
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fa~on t r an s i t o i r e  ou du rab le  et  p r o v i e n n e n t  d ' u n e  dif- 
f6rence dans  la d i spos i t ion  spa t i a l e  du  cen t re  e t  de la 
p6r iph6r ie  du  c h a m p  r6cepteur .  
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Effect of Growth  H o r m o n e  and T h y r o x i n e  on the 

St ra in  129Re m u s c u l a r  d y s t r o p h i c  mice a t  3 weeks of 
age were i n j ec t ed  da i ly  w i t h  1 ~zg t h y r o x i n e  a n d  5 ~xg 
g r o w t h  ho rmone .  The  effect  of h o r m o n e  t r e a t m e n t  was 
t e s t ed  b y  m e a s u r e m e n t  of p e a k  t w i t c h  tens ion ,  r e l a x a t i o n  
ra te ,  arid ' I a t igue '  in  sma l l  s t r ips  of excised a b d o m i n i s  
muscle,  s t i m u l a t e d  in  o x y g e n a t e d  R inge r s  solut ion.  W h i l e  
gross d i f ferences  b e t w e e n  n o r m a l  a n d  d y s t r o p h i c  muscIe  
are  repor ted ,  no change  in  t he  con t r ac t i l e  b e h a v i o r  of t he  
h o r m o n e  t r e a t e d  d y s t r o p h i c  musc le  was found.  The  
poss ible  r e l a t i onsh ip  b e t w e e n  h o r m o n e  def ic iency a n d  
m u s c u l a r  d y s t r o p h y  is discussed.  

Methods. S t r a i n  129Re muscu l a r  d y s t r o p h i c  mice1 were 
o b t a i n e d  a t  3 weeks  of age and  in jec ted  for  14-17 days.  
Pur i f i ed  b o v i n e  g r o w t h  h o r m o n e  2 was dissoIved in 9 % 
NaC1, p H  9.0. L- thyrox ine  3 was dissolved in 0.01 N N a O H .  
In j ec t i ons  cons is ted  of da i ly  doses of 1 s g  t h y r o x i n e  in 
0.025 m l  of t h e  N a O H  so lu t ion  a n d  5 [zg g r o w t h  h o r m o n e  
in  0.025 ml  of t h e  NaC1 solut ion.  D y s t r o p h i c  mice  were 
d iv ided  r a n d o m l y  in to  a h o r m o n e - i n j e c t e d  group  (aver-  

Contracti le  Propert ies  of Dys troph ic  Musc le  

age we igh t  7.4 g) a n d  a con t ro l  g roup  (average we igh t  
7.6 g), a n d  in jec ted  da i ly  w i t h  0.05 ml  9 %  NaC1. A t h i r d  
g roup  c o n t a i n i n g  n o n - d y s t r o p h i c  l i t t e r - m a t e s  (average 
w e i g h t  11.9 g) were in jec ted  w i t h  0.08 m l  9 %  NaC1, t h e  
h ighe r  v o l u m e  be ing  in p r o p o r t i o n  to  t he  h i g h e r  m e a n  
b o d y  weight .  

All  mice  were sacr i f iced b e t w e e n  14-17 days  of in jec t ion .  
S t r ips  of excised a b d o m i n i s  muscle  a p p r o x i m a t e l y  2 • 6 • 1 
mm.  (1-3 m g  d ry  weight)  were c l amped  ve r t i ca l ly  in  an  
o x y g e n a t e d  R inge r s  so lu t ion  a t  15~ The  a p p a r a t u s  
used, wh ich  p e r m i t t e d  a u t o m a t i c  a d j u s t m e n t s  of r e s t ing  
l e n g t h  and  t en s ion  has  been  p rev ious ly  descr ibed  ~. The  
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