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creased t h e  n u m b e r  of spikes  resu l t ing  per  s t imu lus  in- 
c reased regu la r ly  to  t he  field b o u n d a r y  as well, f u r t h e r  
s u p p o r t i n g  t he  absence  of m u t u a l l y  i n h i b i t o r y  i n t e rna l  
zones. 

Tab le  I I  shows t he  d i s t r i b u t i o n s  of cells wh ich  could be  
s t i m u l a t e d  b y  e i the r  r e t i n a  or j u s t  one. Th6 re l a t ive  
d o m i n a n c y ,  i.e. t h e  eye r equ i r ing  t h e  m i n i m u m  s t imula -  
t i on  to give a response,  is also shown.  T he  c o n t r a l a t e r a l  
p r e d o m i n a n c e  a m o n g  t h e  m o n o c u l a r l y  d r iven  cells would  
be  expec ted  based  on t h e  h i g h  pe rcen t age  of opt ic  ne rve  
f ibers  (about  80%) crossing a t  t he  opt ic  chiasm.  The  
g roup ing  of cells of t he  same  d o m i n a n c e  seen successively  
w i t h i n  a single p e n e t r a t i o n  suggests  a ve r t i ca l  c o l u m n a r  
o rgan i za t i on  similar ,  for  example ,  to  t h e  c o l u m n a r  
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D i s t r i b u t i o n  i n  v i s u a l  s p a c e  of  r e c e p t i v e  f i e lds  of  cei ls  of t h e  v i s u a l  
cortex of the marsupial D. virginiana. 

T a b l e  I I .  D i s t r i b u t i o n s  of  m o n o c u l a r l y  a n d  b i n o c u l a r l y  r e s p o n d i n g  
cel ls  f r o m  a m a r s u p i a l  (D. virginiana) v i s u a l  c o r t e x  b y  r e c e p t i v e  f ie ld  
g e o m e t r y  a n d  d o m i n a n c y  

M o n o c u l a r  cel ls  B i n o c u l a r  cel ls  
R i g h t  eye  L e f t  e y e  R i g h t  eye  L e f t  eye  
o n l y  ~ o n l y  b d o n f i n a n t  ~ d o m i n a n t  b 

E q u a l  

O n  12 2 3 5 9 
Of f  11 2 1 1 
O n - O f f  28 6 5 4 10 

U n c l a s s e d  1 

C o n t r a l a t e r a l  eye.  b I p s i l a t e r a t  eye.  

organ iza t i on  found  for o r i e n t a t i o n  of s imple  fields of 
cells of t he  ca t  cor tex  5. S u m m a t i o n  b e t w e e n  t he  2 monocu-  
lar  field of a single cell, w h e n  s t i m u l a t e d  s imul taneous ly ,  
could be seen as well. 

C o m p a r i n g  t h e  cor t ica l  v i sua l  response  reper to i re  of 
th i s  a n i m a l  w i t h  t h a t  of his  super io r  coll iculus ~, more  
differences  t h a n  s imi lar i t ies  are n o t e d ;  e.g. (1) t he  pre-  
sence of 3 bas ic  geomet r i ca l  field o rgan iza t ions  a t  t he  
cor tex  c o m p a r e d  w i t h  8 or more  a t  the  mesencepha l i c  
level ;  (2) t h e  v i r t u a l  absence  of m u t u a l  i n h i b i t o r y  zones 
w i t h i n  a cor t ica l  r ecep t ive  field; a l t h o u g h  s imi la r  homo-  
geneous fields were found  for some cells of t h e  super ior  
colliculus, m a n y  concent r ic ,  as well  as a symmet r i c ,  
a n t a g o n i s t i c  zones were found  too ; (3) t he  h i g h e r  n u m b e r  
of b inocu l a r l y  d r iven  cells found  a t  t h e  cor t ical  level, o f ten  
w i t h  addi t ive ,  i.e. r i g h t  p lus  lef t  eye s u m m a t i o n  charac-  
te r i s t ics ;  s u c h  b inocu la r  s u m m a t i o n  was less read i ly  
d e m o n s t r a t e d  a t  t he  mesencepha l i c  level ;  (4) s h o r t - t e r m  
h a b i t u a t i o n  to  r epe t i t i ve  s t i m u l a t i o n  was m u c h  more  
c o m m o n  a t  t h e  col l icular  levelL I n  t e r m s  of s imi lar i ty ,  
however ,  cells a t  b o t h  t he  cor t ica l  a n d  m i d b r a i n  levels 
were se ldom found  select ive to m e r i d i o n a l  or d i rec t ion  
cha rac te r i s t i c s  of t h e  s t imulus  ; cells a t  b o t h  levels, on t h e  
o t h e r  hand ,  f r e q u e n t l y  d e m o n s t r a t e d  discre te  ranges  of 
ve loc i ty  response  a n d  of ten  h a d  o p t i m u m  veloci t ies  for 
m a x i m u m  exc i ta t ion .  

This  m a r s u p i a l  v i sua l  cor tex  t h e n  appea r s  to  offer in  
p r imi t ive ,  or  a t  leas t  early,  fo rm a wide v a r i e t y  of geo- 
me t r i c  a n d  response  p roper t i e s  found  in more  sophis t i -  
ca ted  s tages  of d e v e l o p m e n t  a m o n g  t h e  h igher  p l acen t a l  
m a m m a l s ,  sugges t ing  th i s  neo-cor tex  as an  u n i q u e  neuro-  
physiological ,  a n a t o m i c a l  mode l  of in te r -order ,  as well as 
s y n a p t i c  level,  d e v e l o p m e n t  a m o n g  t h e  m a m m a l s  8. 

Zusammen/assung. E t w a  40% y o n  100 Zellen v o m  
visue l len  K o r t e x  des Beu te l t i e res  Didelphis virginiana 
k o n n t e n  e n t w e d e r  yon  der  r e c h t e n  oder  l i nken  R e t i n a  
gereiz t  werden .  I n  der  Regel  wa r  eine R e t i n a  d o m i n a n t .  
Areale  S u m m a t i o n  i n n e r h a l b  u n d  zwischen den  mono-  
kul~iren F e l d e r n  war  v o r h a n d e n ,  obschon  gegensei t ige 
H e m m u n g  i n n e r h a l b  eines r e z e p t i v e n  Feldes  n ich t  be- 
o b a c h t e t  wurde.  __ 

J. L CHRISTENSEN and  R. M. HILL 

Physiology Laboratory, College o/Optometry, 
The Ohio State University, 
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5 D.  H .  HUBEL a n d  T .  N.  WIESEL.  J. N e u r o p h y s i o l .  28, 231 (1965). 
6 R.  M. HILL,  E x p e r i e n t i a  24. 559 (1968).  
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a n d  N B  05416.  

E l e c t r o n  M i c r o s c o p i c  O b s e r v a t i o n s  o n  t h e  I n n e r v a t i o n  o f  t h e  I n t e s t i n a l  I n n e r  M u s c l e  L a y e r  

The  inne r  muscle  l ayer  of m a m m a l i a n  smal l  in tes t ine  
is r i ch ly  suppl ied  w i t h  n e r v e  f ibres  ( 'p lexus  in ter fasc icu-  
la i res  et p lexus  t e r m i n a u x ' ,  CAJAL1). U l t r a s t r u c t u r a l  ob- 
s e rva t ions  o n  i n t r a m u s c u l a r  ne rve  f ibres  h a v e  been  pro- 
v ided  by  RICHARDSON 2 a n d  TAXI 3. I t  has  r ecen t ly  been  
s h o w n  t h a t  these  inc lude  ad renerg ic  ne rve  f ibres :  f ibres  
r i ch  in ad rene rg i c - type  vesicles 4 h a v e  been de tec ted  b y  
e lec t ron  mic roscopy  s; f luorescence mic roscopy  (me thod  
of FALCK a n d  I-IILLARP) ha s  d e m o n s t r a t e d  t h e  presence  

of c a t e c h o l a m i n e  c o n t a i n i n g  f ibres  ~. The  p re sen t  p a p e r  
r epo r t s  a more  de ta i l ed  ana lys i s  of t h e  u l t r a s t r u c t u r a l  
f ea tu res  of t h e  i n t r a m u s c u l a r  plexus.  

Fo r  th i s  purpose,  samples  of sma l l  i n t e s t ine  f rom 4-6-  
m o n t h - o l d  a lb ino  r a t s  (Epimys norvegicus, var .  albina, 
Erxl .  were f ixed in 4% g l u t a r a l d e h y d e  in 0 . 1 M  phos-  
p h a t e  buf fe r  (pH 7.4) pos t - f ixed  in o s m m m  d e h y d r a t e d  
in  alcohol  a n d  e m b e d d e d  in Ara ld i t e  (CIBA). U l t r a - t h i n  
sect ions  were s t a ined  w i t h  u r a n y l  a c e t a t e  a n d  lead c i t ra te ,  
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a n d  e x a m i n e d  w i t h  a S i e m e n s  E l m i s k o p  1 A  e l e c t r o n  
m i c r o s c o p e .  

I n t r a m u s c u l a r  n e r v e  f i b r e s  r u n  in  b u n d l e s  ( ' i n n e r v a t i o n  
f a sc i cu l6e ' a ) ,  c o n t a i n i n g  f r o m  a few to  s o m e  d o z e n s  of  
i n d i v i d u a l  f ib res .  S o m e  b u n d l e s  r u n  n e a r  a n d  p a r a l l e l  t o  
b l o o d  ves se l s ,  c o m m o n l y  cap i l l a r i e s .  A l t h o u g h  t h e y  a r e  
t h u s  v a s a l  s a t e l l i t e s ,  t h e s e  b u n d l e s  e s t a b l i s h  v e r y  c lose  
r e l a t i o n s h i p s  w i t h  s u r r o u n d i n g  s m o o t h  m u s c l e  cel ls  of  t h e  
t u n i c s  m u s c u l a r i s .  T h e  f i b r e s  d i a m e t e r  r a n g e s  f r o m  0.1 t o  
1.8 ~. L o n g i t u d i n a l  s e c t i o n s  r e v e a l  t h e  a l t e r n a t i o n  o f  
d i l a t e d  p a r t s  (va r i cos i t i e s ,  g e n e r a l l y  o c c u p i e d  b y  ves ic les )  
a n d  n a r r o w  p a r t s ,  p r i m a r i l y  o c c u p i e d  b y  m i c r o t u b u l e s .  
T h r e e  d i f f e r e n t  t y p e s  of  v a r i c o s i t i e s  o r  v e s i c u l a t e d  n e r v e  
p r o c e s s e s  a r e  o b s e r v e d :  (1) o n e  t y p e  h a s  r o u n d  v e s i c l e s : o f  
4 0 0 - 7 0 0  _~, l n o s t  o f  w h i c h  s h o w  a v e r y  d e n s e  g r a n u l e  
( F i g u r e s  1 a n d  2); (2) a n o t h e r  t y p e  w i t h  r o u n d  or  o v a l  
ve s i c l e s  o f  1 4 0 0 - 2 0 0 0  ~ ,  containin~,~ a m a t e r i a l  of  m e d i u m  
e l e c t r o n  d e n s i t y  ( F i g u r e  1) ; (3) a t h i r d  t y p e  s h o w s  d e n s e l y  
p a c k e d  a g r a n u l a r  ves ic les ,  m o s t l y  f l a t t e n e d  L w i t h  a m a j  o r  
d i a m e t e r  o f  a p p r o x i m a t e l y  500 ~-. I n  al l  3 t y p e s  of  n e r v e  
p r o c e s s e s ,  a s  a l so  in  i n t r a m u r a l  n e r v e  cell  bod i e s ,  g r a n u l a r  
ve s i c l e s  of  8 0 0 - 1 2 0 0  /k a r e  o c c a s i o n a l l y  o b s e r v e d  9. 

F u l l  e v i d e n c e  t o  s h o w  t h a t  3 d i s t i n c t  n e r v e  f ib re  
p o p u l a t i o n s  a r e  i n v o l v e d  is s t i l l  l a c k i n g ;  l a r g e  3 - d i m e n -  
s i o n a l  r e c o n s t r u c t i o n s  a n d  o b s e r v a t i o n s  u n d e r  e x p e r i -  
m e n t a l  c o n d i t i o n s  a r e  in  p r o g r e s s  in  o u r  l a b o r a t o r y .  U n t i l  
n o w  o n l y  one  ves i c l e  t y p e  h a s  b e e n  o b s e r v e d  in  a n y  g i v e n  
n e r v e  p roce s s .  N e r v e  p r o c e s s e s  w i t h  ve s i c l e s  i d e n t i c a l  
w i t h  t h o s e  n o w  d e s c r i b e d  h a v e  b e e n  o b s e r v e d  in t h e  
g a n g l i a  o f  t h e  A u e r b a c h ' s  p l e x u s  n .  As  to  t h e  ves i c l e s  
8 0 0 - 1 2 0 0  A la rge ,  t h e s e  do  n o t  s e e m ,  as  s u c h ,  spec i f i c  of  
a n y  n e r v o u s  s t r u c t u r e  s i nce  in  t h e  s m a l l  i n t e s t i n e  t h e y  
m a y  be  o b s e r v e d  in  p e r i k a r i a  a n d  in  s e v e r a l  n e r v e  p ro -  
cesses ,  a l o n e  or  a c c o m p a n y i n g  a n y  o t h e r  k i n d  o f  ves ic les ,  

T h e  v e s i c u l a t e d  n e r v e  p r o c e s s e s  u s u a l l y  o c c u p y  t h e  
s u r f a c e  of  t h e  n e r v e  b u n d l e  a n d  a re  s i t u a t e d  o n l y  a f ew  

h u n d r e d  A a p a r t  f r o m  s m o o t h  m u s c l e  ce l l s ;  o n  o t h e r  
o c c a s i o n s ,  t h e y  m a y  be  f o u n d  in  t h e  d e e p  p a r t  of  t h e  
b u n d l e ,  s u r r o u n d e d  b y  n e r v e  f i b r e s  w h i c h ,  in  t h a t  p a r t i c -  
u l a r  s ec t i on ,  p r e s e n t  o n l y  m i c r o t u b u l e s ,  or, a l t h o u g h  
s i t u a t e d  o n  t h e  s u r f a c e  o f  t h e  b u n d l e ,  t h e y  m a y  b e  
c o v e r e d  w i t h  s t r i p s  o f  S c h w a n n  or  i n t e r s t i t i a l  cel ls ,  o r  o f  
f i b r o b l a s t s ,  or  w i t h  c o l l a g e n  f ib res .  C l u s t e r s  of  ve s i c l e s  
h a v e  s o m e t i m e s  b e e n  o b s e r v e d  in  c lose  r e l a t i o n s h i p  w i t h  
a x o l e m m a  c o n t a c t i n g  g l ia l  cel ls .  

T h e r e  a r e  no  spec i a l  d i f f e r e n t i a t i o n s  in  s m o o t h  m u s c l e  
cel l  m e m b r a n e  a t  t h e  n e r v e  p r o c e s s  s i te ,  t h o u g h  m e m b r a n e  
d i f f e r e n t i a t i o n s  we re  o b s e r v e d  b y  THAEMERT 1~ o n  t h e  
s a m e  m a t e r i a l .  S m a l l  v e s i c u l a r  i n p o c k e t i n g s  of  t h e  cell  

S. R. CAJAL, Histologie du Syst~me nerveux de t'Homme et des 
Vertdbrds (Maloine, Paris 1909). 

2 K. G. RICHARDSON, Am. J. Anat. 103, 99 (1958). 
3 j .  TAxi, Arlnls. Sei. nat., Zool. 7, 413 (1965). 
a K. G. RICHARDSON, Nature 210, 756 (1966). 
.5 G. GAB~LLA, J. Microseopie 6, 863 (1967). 
6 G. GABELLA and M. COSTA, G. Accad. Med. Torino 130, 198 (1967). 
7 Criticism of F. WALBERG 8 about these so-called elongated or 

flattened vesicles as a result of aldehyde fixation cannot be dis- 
cussed here, as our specimens were always fixed in glutaraldebyde. 
The fact that  technical artifacts may  be distinguished does not 
serve to deny that  a clearly distinct type of fibre is involved. 

g F. WALBERG, Acta anat. 65, 224 (1966). 
9 These may be considered equivalent to GRILLO and PALAY 1~ 

type 1 vesicles, while the first type of granular vesicles above de- 
scribed correspond to GRII,LO and PALAY type II vesicles. 

10 M. A. GRILLO and S. L. PALAY, Vth Int. Congress Electron Micros- 
copy (Academic Press, New York 1962), p. U1. 

n G. GABELLA and G. PAGI, IARDI, C. r. Ass. Anat.,  53e R6un., Tours, 
avril 1968, p. 884. 

1~ j .  C. THAEM~RT, J. Cell Biol. 76, 361 (1963). 

Fig. 1. Intramuscular  nerve bundle in the inner muscle layer of the rat sinall intestine. (a) Nerve fibre with small  granular vesicles 
(catecholamine-storage vesicles); (b) nerve fibre with large granular vesicles (more than 1500 .~ large) and an elongated mitoehondrion; 
(m) smooth muscle cell. • 46,000. 
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f ibres  is n o t  possible  since each  b u n d l e  t y p e  is i n t i m a t e l y  
r e l a t ed  to s m o o t h  muscle  cells of t h e  t u n i c a  muscular i s .  
Th ree  t ypes  of n e r v e  processes  are  recognized as to  t h e i r  
ves icu la r  c o n t e n t  an d  t r a n s i t i o n  fo rms  were n o t  obse rved  ; 
t h i s  would  seem to i nd ica t e  t h a t  t he re  are  3 t ypes  of 
ne rve  f ibres ;  a t  present ,  i den t i f i ca t ion  e x t e n d s  on ly  to t h e  
ne rve  f ibres  w i t h  smal l  dense-core  vesicles (ca techolamine-  
s torage  vesicles), wh ich  are  to  be  cons idered  pos tgan -  
glionic o r t h o s y m p a t h e t i c  f ibres  of ex t r ins ic  origin.  
Var icos i t ies  seem to bea r  no  c o n s t a n t  r e l a t ionsh ip  to  a n y  
def in i te  s t ruc tu re ,  n o r  to  s t r u c t u r e s  s i t u a t e d  w i t h i n  a 
def in i te  d is tance .  T r a n s m i t t e r s  re leased b y  these  f ibres  
are expec ted  to  ac t  on  p l a s m a  m e m b r a n e s  s i t ua t ed  on ly  
200 2t a w a y  or on  m e m b r a n e s  ly ing  a t  m u c h  g rea te r  dis- 
tances .  Ne rve  processes  w i t h  t h e  same  k ind  of vesicles 
are obse rved  ins ide  t h e  gang l i a  of A u e r b a c h ' s  p lexus  :a. 

Fig. 2. Intramuscular nerve bundle in the inner muscle layer of the 
rat small intestine, showing a nerve process (a) with smM1 granular 
vesicles (catecholamine-storage vesicles); (m) smooth muscle cell. 
• 83,000. 

m e m b r a n e  (microp inocytos i s  vesicles) can  be  obse rved  in 
th i s  s egmen t  of a s m o o t h  muscle  cell, as well  as on  a n y  
o t h e r  p a r t  of i t s  surface.  

S u m m i n g  up,  t h e  i nne r  muscle  l ayer  of r a t  smal l  in- 
t e s t i ne  d isp lays  n u m e r o u s  ne rve  bund le s ;  a d i s t i nc t i on  
b e t w e e n  t rue  i n t r a m u s c u l a r  a n d  pe r ivascu l a r  ne rve  

Riassunto. Nel la  t o n a c a  musco la re  i n t e r n a  de l l ' in -  
t e s t i no  t e n u e  di  r a t t o  si o s se rvano  n u m e r o s i  Iasci di  f ibre  
nervose ;  u n a  d i s t inz ione  t r a  f ibre  i n t r a m u s c o l a r i  vere  e 
p ropr ie  e f ibre  pe r ivasco la r i  n o n  ~ possibi le  in q u a n t o  
ogni  ord ine  di fasci  h a  r a p p o r t i  i n t i m i  con cellule musco-  
lar i  lisce p ropr i e  della t o n a c a  muscolare .  L 'osse rvaz ione  
di  t r e  t i p i  di  e spans ion i  a vescicole d is t in te ,  senza forme 
di  passaggio,  fa  r i t ene re  veros imi le  l ' e s i s t enza  di t r e  t i p i  
d i f fe ren t i  di  f ibre  nervose.  

G. GABELLA 
Department O/ A natomy, 
University o/ Turin, corso 2Pl. D'Azeglio 52, 
Torino (Italy), 6 August 7969. 

13 This work was supported by a grant from the Italian National 
Research Council (C.N.R.). 

S o m e  C h a r a c t e r i s t i c s  of the  'Audi tory  N e u r o p h o n i c  '1 

The  cochlear  mic rophon ic  (CM) is a we l l -known  
e lec t rophys io logica l  p h e n o m e n o n  which  is a close rep l i ca te  
of t h e  or ig ina l  a u d i t o r y  s t imulus .  However ,  t he  CM is n o t  
a n e u r a l  p h e n o m e n o n ;  i t  h a s  no  l a t e n c y  a n d  is p r e s e n t  
a f t e r  dea th ,  s o m e t i m e s  for hours .  A second p h e n o m e n o n ,  
w h i c h  h a s  been  s tud ied  less ex tens ive ly  a l t h o u g h  or ig ina l ly  
r e p o r t e d  m a n y  years  ago 2, also r e sembles  t h e  s t imulus .  
Un l ike  t he  CM, i t  is of neu ra l  or igin a n d  is no t  r e s t r i c t ed  
to  t h e  cochlea.  W e  h a v e  t e r m e d  th i s  p h e n o m e n o n  t h e  
' a u d i t o r y  n e u r o p h o n i c '  (AN), a p h r a s e  we will  a t t e m p t  to  
jus t i fy  below. 

The  A N  has  b e e n  i n v e s t i g a t e d  in some de ta i l  r ecen t ly  
b y  BOUDREAU a n d  TSUCHITANI 3 5, a f te  r h a v i n g  been  vir-  
t u a l l y  ignored  for  severa l  years .  These  i nves t i ga to r s  ex- 
t e n d e d  obse rva t i ons  of t h e  AN, or ig ina l ly  recorded  in the  
V I I I t h  n e r v e  2, to  t he  t r apezo id  b o d y  a n d  super ior  o l i v a ry  
complex�9 I t  is mi ld ly  su rpr i s ing  t h a t  t h e y  did  n o t  em-  
phas ize  t h e  n e u r a l  s u b s t r a t e  of t he  p h e n o m e n o n .  W e  
c h a n c e d  u p o n  t h e  A N  and  a t  t he  t ime,  u n a w a r e  of 
B o u d r e a u ' s  work,  we a s sumed  t h a t  i t  was  e i the r  s t imu lus  
a r t i f a c t  or t h e  CM recorded  b y  v o l u m e  conduc t ion .  
Cont ro l  e x p e r i m e n t s  to  ver i fy  these  a s s u m p t i o n s  revea led  
i n s t e a d  t h a t  t h e  w a v e f o r m s  r e sembl ing  t h e  s t imu lus  were 
indeed  of n e u r a l  origin.  W e  r epo r t  b r ie f ly  these  observa-  
t ions .  

Materials and methods. T h e  sub jec t s  were  6 adult" cats ,  
an e s t h e t i z ed  w i t h  sod ium p e n t o b a r b i t M  a n d  f ixed  in a 
c o n v e n t i o n a l  s t e reo tax ic  i n s t r u m e n t .  T h e y  were m a i n -  
r a ined  a t  n o r m a l  b o d y  t e m p e r a t u r e  in  an  acous t ic  c h a m -  
ber.  A u d i t o r y  s t imul i ,  cons i s t ing  of tone  burs ts ,  were  
p r e sen t ed  f rom PDIR 10 e a r p h o n e s  t h r o u g h  hol low ear  
bars .  S t imu lus  i n t e n s i t y  was a lways  b e t w een  80 a n d  90 db  
re :  0.0002 d y n e / c m  2. B ipo la r  e lec t rodes  cons i s t ing  of 
0.010 inch  s ta in less  steel  wire, i n su l a t ed  excep t  fo r  0.5 m m  
a t  t he i r  t ips  a n d  aff ixed side b y  side w i t h  t h e i r  t ips  offset  
ve r t i ca l ly  b y  i m m ,  were used to  explore  t h e  a u d i t o r y  
s y s t e m  f rom t h e  level  of t h e  t r apezo id  b o d y  to  t h e  m e d i a l  
gen icu la te  nucleus.  His to logica l  cont ro l s  ver i f ied  i n t e n d e d  
p l acemen t s .  Bioelec t r ic  a c t i v i t y  was  ampl i f i ed  b y  con-  
v e n t i o n a l  d i f fe ren t ia l  ampl i f ie rs  a n d  d i sp layed  on a mu l t i -  
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