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Table  I I .  Response proper t ies  dependent  on sub-uni t  organizat ions  of the recept ive field 

]~XPERIENTIA 26/4 

Response p roper ty  No. cells tes ted No. cells responding 

Center-surround organiza t ion  95 
Direct ional  se lec t iv i ty  �9 92 
Meridional selectivity ~ 90 
Intermittent moveinent of: 

Dark edge 30 
Light edge 11 

Response to alternation of dark images displaced relative to each other in the receptive field 3 
Surround inhibition 12 
Difference in receptive field size for spatial vs temporal changes in the stimulus 9 
Difference in spectral sensitivity of center vs surround 1 

5 (5%) 
18 (20%) 
10 (11%) 

25 (84%) 
7 (64%) 
2 (67%) 
7 (58%) 
8 (89%) 
1 (100%) 

a To da rk  edge or l i gh t  edge or both.  

E v i d e n c e  was found  for s u b - u n i t  o rgan iza t ions  of t he  
recep t ive  field for 51 cells of 99 cells tes ted .  The  tes t s  
a n d  t he  p r o p o r t i o n  of ceils found  b y  each  t e s t  to  h a v e  
these  field o rgan iza t ions  are g iven  in Tab le  I I .  The  
m e c h a n i s m s  of d i rec t iona l  se lec t iv i ty  and  of response  to 
i n t e r m i t t e n t  m o v e m e n t s  h a v e  been  mode led  in t e r m s  of 
such  s u b - u n i t  o rg /miza t ion  s, 9. Mer idona l  se lec t iv i ty  can  
s imi la r ly  be  mode led  b y  s u b - u n i t  m e c h a n i s m s  10. 

I n  a n  in i t ia l  s ample  of 6 re t ina l  gang l ion  cells all 
showed  a s h a r p  decrease  in spec t ra l  s ens i t i v i ty  a t  sho r t  
w a v e l e n g t h s  in  co r respondence  to t he  h igh  a b s o r p t i o n  a t  
those  w a v e l e n g t h s  b y  t he  colored oil d rople t s  of th i s  
r e t i n a  11. 

The  gangl ion  cell p o p u l a t i o n  of the  t u r t l e ' s  r e t i n a  shows 
a b r o a d  reper to i re  of d i sc r imina t ions .  T he  ensembles  of 
d i s c r im ina t i ons  shown  b y  each  of t he  gangl ion  cells 
g raded  in to  each  o t h e r  r a t h e r  t h a n  fa l l ing in to  d is t inc t ,  
m u t u a l l y  exclus ive  classes. Th i s  a r r ay  of d i sc r imina t ions  
would  seem to p rov ide  a r e t i na l  m e c h a n i s m  especial ly  
su i ted  for v i sua l  de t ec t ion  of m o v i n g  ob jec t s  and  shadows  12. 

Zusammen/assung. Die R e a k t i o n s c h a r a k t e r i s t i k e n  von  
Gangl ienze l len  der  N e t z h a u t  eines tZeptils (Emys 
blandings) w u r d e n  u n t e r s u c h t  und  d a b e i  tes tgestel l t ,  dass 
die Gangl ienze l len  mann ig fa l t i ge  D e t e k t i o n s c h a r a k t e r i s -  
t i k e n  aufweisen.  
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React iv i ty  of  J u x t a g l o m e r u l a r  Granule  Cells  to 
A b s e n c e  of the  A d r e n a l  B o d i e s  

The  j u x t a g l o m e r u l a r  region of the  m a m m a l i a n  k i d n e y  1, 
a n d  p r o b a b l y  t h e  g ranu le  cells t hemse lves  2, are t he  source 
of renin,  a n d  t he  r en in -ang io t ens in  s y s t e m  affects  t he  
secre t ion  of a ldos te rone  3 in some species a t  least,  w i t h  
ang io t ens in  as a d i rec t  s t i m u l a n t  of t he  ad r ena l  cortex*.  
Ang io t ens in  is not ,  of course, t he  on ly  s t imulus  to  aldo- 
s te rone  secret ion,  a n d  even  a f t e r  n e p h r e c t o m y  t he  l a t t e r  
m a y  be increased  b y  m a j o r  surgery  5 or h a e m o r r h a g e  s, for 
example .  The  converse  re la t ionship ,  t he  possible  s t imula -  
t ion  of j u x t a g l o m e r u l a r  cells t h r o u g h  t he  m e d i a t i o n  of t he  
ad r ena l  cortex,  ha s  rece ived  less a t t en t ion .  A l t h o u g h  aldo- 
s te rone  does n o t  d i rec t ly  s t i m u l a t e  t he  secre t ion of r en in  
in dogs 7, exogenous  minera locor t i co id  can  increase  j u x t a -  
g lomeru la r  a c t i v i t y  in  ratsS. 

W e  h a v e  the re fore  i n v e s t i g a t e d  the  r eac t ion  of j u x t a -  
g lomeru la r  g ranu le  cells in t he  absence  of t he  adrenals .  
Our  ear l ier  s tud ies  9 showed  t h a t  t h e  j u x t a g l o m e r u l a r  
g ranu le  i ndex  10,11 was no t  on ly  lowered b y  increas ing  t he  
i n t a k e  of sodium,  as expec ted  1~, b u t  was  ra ised  w h e n  
p o t a s s i u m  i n t a k e  was increased,  c o n t r a r y  to a n  ear l ier  
r e p o r t  13. I n  o rder  to  ca r ry  ou t  a s imi la r  e x p e r i m e n t  in  t he  
absence  of t h e  adrenals ,  a d u l t  r a t s  a f t e r  a d r e n a l e c t o m y  
were g iven  sod ium or p o t a s s i u m  chlor ide as 2% solu t ions  
for d r ink ing ,  offered ad  l i b i t u m  b u t  w i t h o u t  choice of o t h e r  
fluid. A p r e l i m i n a r y  e x p e r i m e n t  showed t h a t  th i s  potas-  

C h a n g e s  in S o d i u m  and P o t a s s i u m  Intake  in the 

s ium loading  ki l led ad rena l ec tomized  r a t s  w i t h i n  24 h. 
However ,  such  an ima l s  su rv ived  if t h e y  were f i rs t  g iven 
sod ium chloride,  as will  be descr ibed.  
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T h e  a d r e n a l  b o d i e s  w e r e  r e m o v e d  u n d e r  e t h e r  a n a e s -  
t h e s i a  f r o m  a d u l t  m a l e  W i s t a r  r a t s  ( P o r t o n  s t r a i n )  w e i g h -  
i n g  1 7 0 - 2 5 0  g ,  a d j a c e n t  f a t  a n d  f i b r o u s  t i s s u e  b e i n g  a l s o  
t a k e n  t o  e n s u r e  c o m p l e t e  r e m o v a l ,  a n d  c a r e  b e i n g  t a k e n  
n o t  t o  b u r s t  t h e  o r g a n  a n d  s c a t t e r  e n d o c r i n e  c e l l s  i n  t h e  
o p e r a t i o n  s i t e .  N o  a d r e n a l  t i s s u e  w a s  f o u n d  a t  a u t o p s y .  
( I n  m o r e  r e c e n t  s t u d i e s  ~ ,  t h e r e  w a s  n o  d e t e c t a b l e  c o r t i -  
c o s t e r o n e  i n  t h e  p l a s m a  o f  r a t s  a f t e r  s i m i l a r  a d r e n a l e c -  
t o m y . )  C o n t r o l  a n i m a l s  h a d  s h a m  o p e r a t i o n s .  A f t e r  
o p e r a t i o n  t h e  r a t s  w e r e  m a i n t a i n e d  i n  i n d i v i d u a l  c a g e s ,  
e a c h  w i t h  a w a t e r - b o t t l e  a n d  a b a s k e t  f o r  p e l l e t s  o f  s t a n -  
d a r d  r a t  d i e t ,  w h i c h  w a s  t h e  s a m e  f o r  e x p e r i m e n t a l  a n d  

c o n t r o l  a n i m a l s ,  a n d  w h i c h  h a d  b e e n  t h e  a n i m a l s  o n l y  
f o o d  p r e v i o u s l y  a l s o .  

D u r i n g  t h e  f i r s t  4 d a y s  t h e  1 9  o p e r a t e d  a n i m a l s  a n d  t h e  
21 c o n t r o l s  w e r e  g i v e n  2 %  N a C 1  s o l u t i o n  a s  t h e i r  o n l y  
d r i n k i n g  f l u i d .  F r o m  t h e  5 t h  t o  t h e  8 t h  d a y ,  i n c l u s i v e ,  

e a c h  g r o u p  w a s  d i v i d e d  i n t o  3 s u b - g r o u p s ,  s o  t h a t  6 e x p e r i -  
m e n t a l  r a t s  a n d  7 c o n t r o l s  c o n t i n u e d  w i t h  t h e  MAC1, 
6 e x p e r i m e n t a l  a n d  7 c o n t r o l  a n i m a l s  w e r e  g i v e n  w a t e r  

la M. KRAU$, u n p u b l i s h e d  observa t ions .  

R e a c t i v i t y  of J G  ceils a f t e r  a d r e n a l e e t o m y  

Alter sham operation 

D a y s  of the  D r i n k i n g  No. of Mean da i ly  J u x t a g l o m e r u l a r  g ranu le  i ndex  
e x p e r i m e n t  f luid r a t s  f luid i n t a k e  HARTROFT10 DUNIHUE 11 

-[- S.E. (cma/ 100 g 
I n d i v i d u a l  Mean 

b o d y  wt.)  va lues  ~ • S.E.  
I n d i v i d u a l  Mean  
va lues  ~ :k S.E.  

2 - 4  
5-8  

2 %  NaC1 21 40.5 • 3.1 q . . . .  
2 %  NaC1 7 56.0 • 5.3 ~t 58 b 36.6 • 5.5 16 b 12.9 ~: 1.6 

42 b 14 L, 
33 b 12 b 
36 12 
20 8 
49 20 
18 8 

A q u a  dest .  7 18.7 i 1.6~ 10 25.7 ~ 5.9 5 9.3 ~= 1.6 
50 14 
43 15 
12 5 
28 11 
14 6 
23 9 

2% KCI 7 23.2 • 1.9 t 41 ~' 34.4 ~ 7.7 11 ~ 10.7 ~: 2.4 
75 u 23 ~' 
31 13 
34 8 
13 4 
17 5 
30 11 

Alter adrenalectomy 

2 4  
5-8 

2 %  NaC1 19 16.6 • 2.7 q . . . .  
2% NaC1 6 22.0 • 1.4 ruv 91 b 64.2 • 9.2 w~ 32 b 23.5 ~ 3.4y z 

72 h 30 h 
38 b 15 b 
59 15 
85 31 

40 18 
A q u a  dest .  6 12.3 ~_ 1.3 ~ 12 19.7 _-I_ 2.0 ~ 7 12.3 • 1.2 z 

18 14 
24 14 
26 15 
20 13 
18 11 

2 %  KC1 7 2.5 j_ 0.4 ~ 14 h 15.3 ~ 3.8x l0  b 9.4 :t= 1.5y 
36 b 16 b 

5 o 3 o 
9 ~ 7" 

12 9 
18 10 
13 II 

I nd iv idua l  va lues  to nea re s t  whole  n u m b e r .  ~ Killed on  6 th  d a y ;  ~ kil led on 7th  d a y ;  all  o thers  ki l led on 8 th  day .  qq -yy  Pai rs  of m e a n s  
wi th  same l e t t e r  have  p < 0.01 b y  t - t e s t  ~* Pa i r  wi th  p < 0.05 b y  t - tes t .  
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ins tead ,  a n d  7 of each  t h e n  h a d  2% I~C1 so lu t ion  as t he  
sole d r ink ing  fluid. A n i m a l s  were ki l led on  t he  6th,  7 th  or 
8 th  day,  as shown in t he  Table ,  f rom wh ich  i t  will  be seen 
t h a t  t he  t i m e  of ki l l ing is i r r e l evan t  to  t he  genera l  conclu-  
sions, a n d  f u r t h e r  discussion will be  based  on  t he  pooled 
resu l t s  of each  of t he  3 e x p e r i m e n t a l  and  3 con t ro l  sub-  
groups.  B o d y  we igh t  a n d  f lu id  i n t a k e  were measu red  
dai ly.  Af te r  killing, k idneys  were f ixed i m m e d i a t e l y  in  
10% formol  sal ine (4% f o r m a l d e h y d e  a n d  0.9% NaC1 in 
water )  or He l ly ' s  solut ion,  a n d  s t a ined  w i t h  phospho -  
t u n g s t i c  acid h a e m a t o x y l i n  9 or b y  Bowie ' s  m e t h o d  10. The  
j u x t a g l o m e r u l a r  g ranu le  (JG) indices  were ca lcu la ted  as  
in  our  p rev ious  s tudy.  The  m e t h o d  of f ix ing and  s t a in ing  
was  found  no t  to  af fec t  t he  indices.  

F r o m  the  Tab le  ce r t a in  genera l  conc lus ions  m a y  be  
d rawn .  (a) R a t s  w i t h o u t  ad rena l s  d r a n k  s ign i f i can t ly  less 
h y p e r t o n i c  NaC1 so lu t ion  in b o t h  per iods  of t h e  experi-  
m e n t  t h a n  d id  the  con t ro l  an imals .  This  differs  f rom the  
f ind ings  of t~ICHTER 15 who,  however ,  offered a free choice 
of t a p  w a t e r  a n d  3% NaC1 solut ion.  (b) B o t h  t h e  con t ro l  
a n d  e x p e r i m e n t a l  animals ,  w h e t h e r  rece iv ing  w a t e r  or 2% 
KCI solut ion,  d r a n k  s ign i f i can t ly  less d u r i n g  days  5-8 t h a n  
d id  those  c o n t i n u i n g  to  rece ived  NaC1. (c) A m o n g  t he  
ad rena l ec tomized  ra ts ,  b u t  no t  t i le controls, t hose  receiv-  
ing w a t e r  or  KC1 so lu t ion  du r ing  days  5-8  h a d  J G  
indices  s ign i f i can t ly  lower t h a n  h a d  r a t s  c o n t i n u i n g  to  
d r i n k  t h e  NaC1 solut ion.  (None of t h e  con t ro l  groups  is 
precise ly  c o m p a r a b l e  w i t h  t h e  a d u l t  r a t s  in  our  earl ier  
e x p e r i m e n t s  ~ This  is n o t  on ly  because  of differences  in  
t h e  p r o g r a m m e  of ca t ion  load ing  and  t i m e  of killing, b u t  
also because  t h e  ear l ier  s tud ies  did  no t  invo lve  t r auma . )  

I n  t he  i n t e r p r e t a t i o n  of changes  in t he  J G  index,  i t  is to  
be  b o r n e  in m i n d  t h a t  a n  increase  in t h e  a m o u n t  of 
sec re to ry  m a t e r i a l  in  a cell m a y  be  caused  b y  a r ecen t  
decrease  in t he  r a t e  of discharge,  or  b y  a l o n g - t e r m  in- 
crease in ac t iv i ty .  T he  converse  a l t e r na t i ve s  are p re sen ted  
b y  a fall  in  t he  c o n t e n t  of sec re to ry  mate r ia l .  I n  our  

p rev ious  e x p e r i m e n t s  9 and  in m o s t  pub l i shed  s tudies  on  
J G  cells, one is p r o b a b l y  dea l ing  w i t h  chronic  changes  in 
g ranu la r i ty ,  h a v i n g  t he  same sense as t he  changes  in 
a c t i v i t y  caus ing  them.  I n  the  p r e sen t  s tudies,  however ,  in  
which  on ly  4 days  e lapsed a f t e r  a change  in ca t ion  in take ,  
i t  is no t  c lear  w h e t h e r  increased  g r a n u l a r i t y  m e a n s  in- 
creased ac t iv i ty ,  or is t h e  f i rs t  effect  of a decreased ra t e  of 
discharge.  

However ,  w h a t e v e r  t he  i n t e r p r e t a t i o n  of t he  differences 
in  JGI ,  when  ad rena l ec tomized  r a t s  g iven  NaC1 in t he i r  

�9 d r i nk ing  w a t e r  are c o m p a r e d  w i t h  those  g iven  KC1 or  
ne i ther ,  t he  resu l t s  p e r m i t  t he  clear  conclus ion t h a t  dif- 
ferences in ca t ion  i n t a k e  can  lead to  differences in  the  
j u x t a g l o m e r u l a r  g ranu le  cell i ndex  w i t h o u t  t he  m e d i a t i o n  
of the  ad r ena l  cortex16. 

Rdsumd. Chez les r a t s  adr6nalectomis6s ,  une  diff6rence 
t rSs  n e t t e  de l ' ind ice  de la g ranu la r i t6  jux tag lom6ru la i r e  
est  a p p a r u e  en t re  les a n i m a u x  qui  a v a i e n t  b u  du  2% 
NaC1 et  ceux qui  a v a i e n t  re~u ou de l ' eau  distill~e ou du 
2% KC1. I1 y a donc  une  r6ac t iv i t6  jux tag lom6ru la i re ,  
i n d 6 p e n d e n t e  du  co r t ex  surr6nal .  
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Masticatory Proprioception in Reptilians (Caiman 
The  cells of t he  mesencepha l i c  t r i g e m i n a l  nuc leus  re- 

p r e s e n t  t he  f i r s t -o rder  neu r ons  of t h e  a f fe ren t s  f rom 
spindles  of m a s t i c a t o r y  muscles  in  m a m m a l s  a n d  b i rds  1-6. 
The  mesencepha l i c  nuc leus  of t he  f i f th  c ran ia l  ne rve  of 
m a m m a l s  consis ts  of a c o l u m n  of un ipo l a r  cells wh ich  
e x t e n d s  f rom the  t r i g e m i n a l  m o t o r  nuc leus  up  to t he  
pos te r io r  commissu re  7. I n  b i rds  t h e  mesencepha l i c  t r i -  
gemina l  nuc leus  is cha rac t e r i zed  b y  cells local ized in t he  
th ickness  of t he  r e c t u m  and  in  t he  pos te r io r  commissu re  7,s. 
Qui te  d i f fe ren t  is t he  o r gan i za t i on  of t h e  mesencept la l ic  
nuc leus  of t h e  t r i g e m i n u s  in r ep t i l i ans ;  in  fact ,  t he re  are  
2 cel lular  pools, t h e f o r m e r  in t he  th i ckness  of t he  t e c t u m  
a n d  t he  l a t t e r  loca ted  in a p a r a c o m m i s s u r a l  pos i t ion  7, 9,10. 
"While t he  func t i on  of t h e  t r i g e m i n a l  mesencepha l i c  
nuc leus  in  m a m m a l s  and  b i rds  is well  known,  no  phys io-  
logical  i nves t iga t ions  h a v e  b e e n  pe r fo rmed  in r ep t i l i ans  
o n  t h e  possible  role of th i s  nuc leus  in  t h e  m a s t i c a t o r y  pro-  
pr iocept ion .  

Our  e x p e r i m e n t s  were  car r ied  ou t  in  35 curar ized  
Caiman sclerops. T he  u n i t a r y  d ischarge  of t h e  mesen-  
cephal ic  nuc leus  was  recorded  b y  m e a n s  of t u n g s t e n  
microe lec t rodes  us ing  local  anae s t he s i a  a n d  ar t i f ic ia l  
resp i ra t ion .  The  effects of lowering t he  j aw or of s t r e t c h i n g  
t h e  i so la ted  masse t e r  muscle  were t h u s  i n v e s t i g a t e d  in 28 
un i t s  o b t a i n e d  f rom 22 loca l iza t ions  of t h e  r ecord ing  

sclerops) 
microe lec t rode  t ip  in  t he  mesencepha l ic  t r i gemina l  nu-  
cleus. 19 loca t ions  were in t he  th i ckness  of the  r e c t u m  and  
3 in a p a r a c o m m i s s u r a l  pool. All t he  explored  uni ts ,  s i lent  
in  res t ing  condi t ions ,  were se lec t ively  a c t i v a t e d  w i th  a 
v e r y  sho r t  l a t ency  (2-5 msec) e i t he r  b y  lowering the  j aw  
(Figure A) or b y  a m o d e r a t e  s t r e t c h i n g  of t he  ips i la tera l  
masse t e r  muscle  (Figure B). 

The  d i scharge  f r equency  of t he  un i t s  in t he  s t r e t ch ing  
of t he  m a s s e t e r  was  a t  t he  b e g i n n i n g  of 120/sec; t h e n  i t  
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